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Network communication
system in ship

= Qverview

The follwing technology relates to a wireless near-field
magnetic communication using a bulkhead as a
communication medium in a ship

- Technology Information

B Description of Technology

* Magnetic field communication is a technology for transmitting and
receiving data and power wirelessly using a low frequency
magnetic field area

* In a metal shielded space, the transmitter and the receiver
communicate wirelessly with each other

« The transceiver is attached to both sides of the bulkhead in the
ship and the magnetic field is formed to transmit and receive data

wirelessly
£i05) 3a| | ERS 34 o
=} i R
| Researcher (o) Bl mwsess B -~ (@)
Prof. Bien Young-Jae
N a4 :

| Contact info.
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Network communication system in ship I

Advantages

+ A conventional ship communication technology uses ultrasound communication to
overcome the obstruction of the radio wave due to the bulkhead

+ However, when the thickness of the partition wall exceeds 57 mm, there is a problem
that the ultrasonic wave can not be transmitted and the communication is disconnected

» Therefore, in order to solve the above-mentioned problem, the present technology
forms a near magnetic field using a bulkhead as a medium. Therefore, it is
advantageous to construct a communication system regardless of the thickness of the
bulkhead or the structure of the ship.

Applicable Area

« Smart ship - In-ship communication technology capable of wireless communication without
using additional communication line

+ Sensor networks - Monitoring technology that can monitor the condition or environment of
an object in extreme environments such as metal, underwater, underground and debris of
collapsed buildings.

* Wireless power transmission technology - Technology to charge electronic devices
wirelessly using magnetic field



LWHUMhsT
Network communication system in ship I

Market Status

+ The demand for magnetic field communication system is increasing due to the spread of
smart devices and saturation of existing wireless communication. In particular, the global
market is growing at a high rate of 26%.

* The domestic market is also estimated to reach 33 trillion won in 2017 from 28 trillion won in
2014.

[Magnetic Field Communication Convergence System Market Status and Forecast]

(Unit: million dollars, billion won)

Growth Rate(%)
Category 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Siowh Rawel
World Market 119,628 161,660 203,692 256,652 323,382 407 461 26.00%
Domestic Market 26,049 27,420 28,901 30,461 32,106 33,840 5.00%

Industry Status

* Hyundai Heavy Industries and UNIST developed source technology for wireless
communication in ship.

+ Ewootec has developed a submersible management system based on magnetic markers that
can track the location of the underground facility with a magnetic detector attached to the
top of the pipe.

R&D Status

. isi i icati - LED Sources
Visible light communication and LED-ID LED.ID Information Reader

system are being developed for non RF
communication environment.

« Magnetic fields are evolving into target
monitoring technologies and wireless - Photodiods
charging technologies. - Image Sensor
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Network communication system in ship I

.] TRL and IP Status

P Technology

System/subsystem model or prototype

Readiness demonstration in a relevant environment(TRL6)
Level(TRL)
P IP Status
Application number Registration number
Country : o
(application date) (registration date)
10-2015-0131519
KR (2015.09.17) 10-1733879(2017.04.28)
us 15-760911(2016.09.19) Communication System
CN 201680054396(2016.09.19)
EP 16846911.2(2016.09.19) 3352390
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KR 10-2017-0020710 olgflo] ERHFA 7|8 ZHH A 38X 30 LHA| L
(2017.02.15) Al H

ARRAY TRANSDUCER-BASED SIDE-SCANNING

US | 15-872414 (2018.01.16) PHOTOACOUSTIC-ULTRASONIC ENDOSCOPY SYSTEM

KR 10-2016-0107773 10-1903074 MY S I MAP| Cofat XotHE Lotste 2Ssk
(2016.08.24) (2018.09.20) LHA|Z A|ABE T Fod

PHOTOACOUSTIC AND ULTRASONIC ENDOSCOPY
SYSTEM INCLUDING A COAXIALLY CONFIGURED OPTICAL
AND ELECTROMAGNETIC ROTARY WAVEGUIDE ASSEMBLY

AND IMPLEMENTATION METHOD THEREOF

us 15-645969 )2017.07.10)
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Photoacoustic-ultrasound
endoscope

= Overview

The following technology relates to photoacoustic-
ultrasound endoscope for canning high quality medical
images with endoscope of small size

- Technology Information
B Description of Technology

» Photoacoustic imaging technology is scanning the object to be
measured using a phenomenon that is converted to ultrasonic
energy when the light absorption.

» The optical diffusers and the array transducers are arranged so as
to overlap each other so that the area irradiated with the light
passes through the entire area of the array transducer.

« The optical fiber and the signal line are formed symmetrically
inside the probe tip to scan the image, so that the scan is
uniformly performed even if the probe rotates

| Researcher

Prof. Yang Joon-Mo

| Contact info.

-100 200
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__________ Acoustic Field [ " Subiect ¢ |
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LWMNST
Photoacoustic-ultrasound endoscope I

Advantages

» Conventional endoscopic ultrasound (EUS) is a single-layer scanning technique that can
acquire information about anatomical structure and depth in the organ

« However, when scanning soft tissue, EUS has difficulty in using the contrast agent to
distinguish between tissue and lesion, so it is difficult to accurately grasp the structure or
lesion status of organs

« In order to improve this, in this technology, the optical diffusers and the array type
transducers are superimposed so as to match the areas where the light and the ultrasonic
waves are irradiated, thereby preventing a blind spot on the image

+ Also, since the optical fiber and the signal line maintain a symmetrical structure even if the

probe tip is rotated, it is possible to acquire a uniform quality image even when scanning in
any direction

Applicable Area

* Medical imaging technology - Applicable to next-generation medical imaging devices that
can more accurately capture the structure of specific cells and blood vessels in the living
body

* Non-invasive medical diagnostic techniques - Applicable to devices that rapidly diagnose
metabolic rate, brain activity, and response to delivered drugs in a noninvasive manner

16



LWMNST
Photoacoustic-ultrasound endoscope I

Market Status

Muclear medicine

Cardiovascular X-ray

 The market related to photoacoustic
medical imaging technology is the
ultrasonic medical device market. Ultrasonic
medical device market accounts for 21% of
total medical device market.

+ As of 2010, the global market for ultrasonic
medical devices has reached $ 5 billion and
has grown to $ 6 billion by 2015

Industry Status

+ ESAOQOTE of Italy has developed ultrasound imaging technology capable of operating at 18
MHz and is now commercializing it as a specialized device for breast cancer diagnosis.

* In 2020, Samsung acquired Medison, a maker of ultrasonic diagnostic equipment, aiming to
become the world's leading manufacturer of medical imaging equipment. It is expected
that the domestic market structure, which had been concentrated in the low- and mid-class
ultrasound diagnostic systems, could be reorganized into high and premium levels.

R&D Status

+ CMUTs (Capable Micromachined Ultrasonic
Transducers) and PMUTs (Piezoelectric
Micromachined ultrasonic  Transducers),
which are transducers that can be
manufactured with a low area, are
attracting attention

« Furthermore, the technique of arranging
the transducer in two dimensions and
imaging three-dimensional ultrasonic
medical images is developing

17
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.] TRL and IP Status

P Technology
Readiness
Level(TRL)

Component and/or breadboard
validation in laboratory environment(TRL4)

P IP Status

Application number  Registration number

(application date) (registration date)
KR 10-2017-0020710 ARRAY  TRANSDUCER-BASED  SIDE-
1 (2017.02.15) SCANNING PHOTOACOUSTIC-ULTRASONIC
us 15-872414 (2018.01.16) ENDOSCOPY SYSTEM
| 10-2016-0107773 10-1903074 PHOTOACOUSTIC  AND  ULTRASONIC
(2016.08.24) (2018.09.20) ENDOSCOPY  SYSTEM  INCLUDING A
5 COAXIALLY CONFIGURED OPTICAL AND
ELECTROMAGNETIC ROTARY WAVEGUIDE
us 15-645969)2017.07.10) ASSEMBLY AND IMPLEMENTATION METHOD
THEREOF
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TERAHERTZ DETECTOR USING FIELD-EFFECT TRANSISTOR
us 15/537064 (2015.01.23) CTOR USING ¢ SISTO
1
P 2017-534574 (2015.01.23) ) TERAHERTZ DETECTOR USING FIELD-EFFECT TRANSISTOR
10020370 Ring-type field effect transistor for terahertz wave
2 us 15/561940 (2015.12.31) (2018.07.10) detection, which uses gate metal as antenna
P 2017-562946 (2015.12.31) Ring-type field effect transistor for terahertz wave
o detection, which uses gate metal as antenna
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Terahertz Detector

= Qverview

Terahertz wave detector based on silicon TFT device

- Technology Information

P Description of Technology

* The Terahertz wave is located between the microwave and mid-
infrared bands in the spectrum and has a unique property of both
radio frequency wave and light. It can be used in areas such as
diagnosis of cancer, one of the deadly diseases, from the unique
nature of terahertz waves.

« Although the terahertz wave detector is formed using a compound
semiconductor having a good charge collection effect due to the
asymmetry between the drain and the source, the manufacturing
process is not easy and the manufacturing cost is high.

+ Although silicon-based FET technology has been developed, it is
not easy to obtain charge asymmetry in the process of forming a
self-aligned gate structure.

| Researcher

» Present technology uses a device capable of achieving a charge
Prof. Kim KyeongRok asymmetry effect using modern silicon-based semiconductor
technology. It derives the asymmetric characteristic of the channel
asymmetrically surrounding the source, and can be further
controlled by adjusting the degree of overlap between the gate and
Terahertz wave

the channel.
X ”ﬁ ¢ e | visible E ﬂ
2 = Electronics Photonics -
Radio Microwave THz wave Infrared uwv X-rays

I I I I | I | 1 ! I

10% mn* Lo 1ot 10 (TR 10 noes 10 107

Fregquency (Hz)

| Contact info.
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Terahertz Detector I

P Advantages

+ According to present technology, it is possible to utilize the silicon-based device process as it
is, so that an inexpensive terahertz wave detector can be manufactured as compared with a
conventional compound semiconductor, and a highly sensitive multi-pixel array type detector
can be formed.

slglarﬂalgsj YUBTYY  EYMAT  BETLEIY

P Applicable Area

+ Present technology can be used in a wide range of industrial fields such as disease diagnosis
field, nondestructive inspection field, milirary and security search field.

24
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Market Status

Terahertz Technology Market Size, by Region, 2016 - 2022

+ The worldwide terahertz technology market is
expected to grow at an annual average growth rate of
31.83% from 2016 to 2022, and the market size is
expected to reach $ 488.9 million by 2022.

« By 2015, the security and military security markets in

North America will be identified as the greatest @ o
markets, and the Asian market will grow from 2016 to @
2022. o

The market for Il
pplications is expected to
srowth rate be

Source: MarketsandMarkets Analysis

Industry Status

« Advantest Corporation (Japan), TeraView (United Kingdom), Menlo Systems GmbH (Germany),
Acal plc (United Kingdom), and Microtech Instrument Inc. (USA) are leading the market.

+ The worldwide demand for precision security systems, defense and medical services is
expected to lead the global terahertz technology market.

R&D Status

* Research on terahertz is led by universities and research institutes in the United States (RPI),
Europe and Japan, and many venture companies are leading the commercialization of
terahertz technology. In Europe, unlike the United States, several universities and research
institutes have formed a large-scale research consortium to efficiently concentrate and utilize
research resources.

+ Korea is conducting research on terahertz at Seoul National University, KAIST, National
Institute of Standards and Science, POSTECH, and Seoul City University.

25
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.] TRL and IP Status

P Technology

Identification and Characterization

Readiness R
of Preliminary Product (level 3
Level(TRL) y ( )
D IP Status
Application number Registration number
No. Country A5 S 2 . o
(application date) (registration date)
TERAHERTZ DETECTOR USING FIELD-EFFECT
1 us 15/537064 (2015.01.23) TRANSISTOR
TERAHERTZ DETECTOR USING FIELD-EFFECT
JP 2017-534574 (2015.01.23) - TRANSISTOR
Ring-type field effect transistor for terahertz
us 15/561940 (2015.12.31) 10020370 (2018.07.10) wave detection, which uses gate metal as
5 antenna
Ring-type field effect transistor for terahertz
JP 2017-562946 (2015.12.31) wave detection, which uses gate metal as
antenna
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1 ot PCT-KR2017-000416 ] SURFACE-PASSIVATED QUANTUM DOTS AND METHOD
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QUANTUM DOT AND
QUANTUM DOT LIGHT EMITTING DIODES

= Qverview

Passivating quantum dots realizes uniform quantum dot
formation and multicolor emission characteristics

- Technology Information

D Description of Technology

« The quantum dot is an inorganic particle having a size of several
nanometers. The quantum dot can control the band gap between
the valence band and the conduction band by controlling only the
size of the particle, and the frequency of the light emitted or

absorbed therefrom , And wavelength can be controlled.

+ Attempts have been made to realize quantum dots using a
perovskite-based material, but only monochromatic light emission

is feasible so far, multicolor emission has long way to go. Further,

| Researcher

it is difficult to realize a large-area device.
Prof. Park Jongnam

| Contact info.

Core Shell Ligands QD core/shell
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EMITTING DIODES

* Present technology involves quantum dots containing a perovskite-structured compound
represented by ABX'; and passivates the surface of the quantum dots to a surface treatment

layer containing a short-chain ligand.

+ Specifically, first, the quantum dots are pretreated using a fatty acid-based organic ligand and
a fatty amine-based ligand. Subsequently, the pre-treatment layer is removed through a

ligand exchange reaction to form a final passivation layer..

Advantages

+ Passivation rate improves as the quantum dots are surface treated with short chain ligands.

Photoemission and multicolor emission properties are improved by the surface treatment

Applicable Area

* Present technology can be widely used in the display industry such as large area displays and
mobile device displays.
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Market Status

USD-39
Milion

+ The global quantum dot display market is
expected to grow at an CAGR of 25% from
2017 to 2023, reaching approximately $ 3.9 3

u"“ﬂh ; -
billion by 2023. 2 2
* North America is the largest market in the 2 |
global quantum dot display market. I I

2016 2017 2018 2019 2020 2021 2022 2023

rk

Industry Status

* Key players in the QD market include Samsung Electronics, LG Display, Sony, 3M, Sharp,
Microvision, Inc, Altair Nanotechnologies, Inc, Evident Technologies, Inc., Quantum Materials
Corporation, QD Vision, Inc,, Nanosys, Inc. And others.

« Samsung Electronics is believed to have dominated the entire QD display market as demand
for consumer electronics products increases.

R&D Status

+ Patent activity related to the QT-spot keeps increasing every year. Looking at each country, it
shows application patents and registration activities in the US

* The United States and Europe are mainly developing in universities and research institutes
and filing patents for materials related to QTD materials.

» Korea is conducting research on quantum dot materials in public research institutes and
companies.
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.] TRL and IP Status

Technolo . L
D 9y Identification and Characterization

Readiness -
of Preliminary Product (level 3
Level(TRL) y ( )
P IP Status
Application number  Registration number
No. Country A5 S 2 . o
(application date) (registration date)
KR 10'(3812'?1123)939 10-1878340 (2018.07.09) | SURFACE-PASSIVATED ~ QUANTUM  DOTS
1 - SCT-KR2017 000416 : AND METHOD FOR PASSIVATING SURFACE
(2017.01.12) OF QUANTUM DOTS
KR 10_(3?)12_1011523)939 10-1878340 (2018.07.09) | QUANTUM DOT LIGHT EMITTING DIODE,
2 - ST K207 000477 : AND METHOD FOR PRODUCING SAID
(2017.01.12) QUANTUM DOT LIGHT EMITTING DIODE
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METHOD OF PREPARING HETEROATOM-
DOPED CARBON NANOMATERIAL

= Qverview

Provides a manufacturing method capable of mass
production of high-quality carbon nanomaterials doped with
hetero elements at a low cost

- Technology Information

D Description of Technology

* The present technology can prepare high-quality heteroatom-
doped carbon nanomaterials in a short time with a simple process
at low cost.

* A solution carbon nanomaterials are dispersed is sprayed to
generate small droplets(first droplets) via an ultrasonic spray nozzle,
and then a gas containing a heteroatom is sprayed to dope the
first droplets to prepare heteroatom-doped carbon nanomaterials.

| Researcher

Prof. Kwon Tae-Hyuk

1% Deposition y.
4
Ut sonjg Spray

Layer-by-Layer deposition for

I Contact info 3D carbon electrode
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Advantages
. M.anufa}cture of high quqllty carbon na’n.omatgrla'ls FREPAE OBPERSONSOLTONBYOPERSNG |1
with improved electrical conductivity, ionic CARBOH NAKOWATERAL
bonding, and specific surface area '
PERFORM SONICATION ON BISPERSION SOLUTION —~ 520
T
+ Easily doped carbon nanomaterials in a few e
. . FORM FIRST DROPLETS BY SPRAYING o
microseconds with hetero-elements that do not CARBON NANOWATERIAL DISPERSION SOLUTION — 820
chemically react well, such as nitrogen or oxygen '
FORM SECOND DROPLETS INCLUDING DOPED 40
CARBON NANOMATERIAL BY SUPPLYING GAS TO FIRST DROPLETS .
» Performing continuously Carbon nanomaterial i
i TRANSFER SECOND DROPLETS ONTO
doping process and transport process on A T B B s -850
substrate
1S PROCESS

* A short-time and low-cost processe COMPLETED?

» The doping efficiency according to the present technology (unit : %)

before after before after before after before after
Carbon 99.45 92.18 91.19 80.70 84.47 78.12 99.99 95.16
Oxygen 0 3.29 0.72 9.45 9.88 4.57 0 2.55
- ygen:
before after before after before after before after

Carbon 99.48 88.34 S1LIES, 74.33 84.47 78.06 9999 94.27

Oxygen 0 10.92 0.72 16.47 9.88 2212 0 4.51

Applicable Area

+ High-performance energy storage devices
- battery electrode materials, separation membrane materials, electrode materials for fuel
cells, etc.

« High Performance Electronic Materials
- highly integrated semiconductors, high conductive adhesive materials, smart fiber, sensors,
catalysts, conductive films, displays, etc.

« Applicable to various fields such as energy storage, aerospace, automobile, medicine and
IT parts
- The present technology can be used as core technology of convergence industry such as BT,
IT, ET, ST, CT, .etc.
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Market Status

[Global Market Size and Prospect of Nanocarbon Materials]

« Nano carbon materials have excellent it 5 ks %)

electrical, physical, chemical and mechanical bisen e e

properties and are emerging as new Nano carblmn s | | coan | wses | awsy | dges | oo
. . teri
materials that overcome the technical e

limitations of existing industries. woe | PO | 1AL LR | LR L) w
Total 2175 2415 2740 3,048 3389 3. 770 bk

. . (Estimated with reference to Nanotechnology: A Realistic Market Assessment. Global

 The world nanocarbon material market is Nenotechnology Market though 2015.. BBC Research. 2010.07. BCC Reseerch, 2011

expected to reach about $'] 6 b||||on |n 20'] 8 L. 2010 Naotechnology Research Rewview. BCC Research. 2011. 02. 2010 Graphene:

e . Technologies, Applications and Markets, [DTechEx Conductive Ik Markets

and reach about $2 billion in 2020. 3012-2018, KETI CNT Market Prospect, 2013, Chemllocus 2012, Ministry of

Commerce, Industry and Energy, Carbon Fiber Market, 2013)
Industry Status

» Hyperion Catalysis (USA) produces and sells masterbatches and compounds based on FIBRIL
nanotubes in the field of conductive polymers, and is focusing on automotive, electronics and
plastics development now.

+ XG Science (USA) is producing cathode materials for heat dissipation materials, printing ink,
raw materials for energy storage materials, heat dissipation films, and developing cathode
materials for secondary batteries.

« Angstrone Materials (USA) is in the process of developing raw materials for electromagnetic
shielding materials, energy storage materials, anode materials for secondary batteries,
adhesive materials, barrier materials and electrodes for capacitors.

R&D Status

« Continuous R & D is underway, centering on quality control that acts as an obstacle to
commercialization; high-quality, low-cost mass production, and detailed technology by
application field. The difficulty in supplying and delivering uniform quality materials is an
obstacle to the development of commercialization of application products.

« Carbon nanomaterials still have high production costs due to difficulty in mass production. it
is necessary to be able to manufacture high quality intermediate materials.

+ The development of flexible displays, ultra-high-speed transistors, next-generation batteries,
ultra-lightweight materials, and heat dissipation materials, which utilize the carbon
nanomaterials, is expected to surge.
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.] TRL and IP Status

P Technology
Readiness Full-scale prototype
Level(TRL)

P IP Status

Application number  Registration number

No. Country

(application date) (registration date)

Us 15/645,933 10,056,603 METHOD OF PREPARING HETEROATOM-

(2017.07.10) (2018.08.21) DOPED CARBON NANOMATERIAL
1 0|F A7t ZdE EALERO HZ
R 10-2016-0154445 . % ¥ (METHOD  OF  PREPARING
(2016.11.18) HETEROATOM-DOPED CARBON

NANOMATERIAL)
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Boron/nitrogen co-doped graphene and
preparation method thereof

= Qverview

Boron/nitrogen co-doped graphene for semiconductor
applications and a method for producing the same

Description of Technology

« The present technology can provide a graphene flake in which
boron and nitrogen are doped by bonding an alkali metal or an
alkaline earth metal to the carbon precursor and then doping the
boron precursor and the nitrogen precursor. The graphene has a
high band gap, and can be used for semiconductor manufacturing.

Advantages

» Graphene structures produced by conventional methods cannot be
used in semiconductor applications due to the absence of band
gaps therein.

| Researcher « The band gap of the graphene co-doped with both boron and

Prof. nitrogen was calculated to be 3.3 eV sufficiently high.

Beak Jong-Beom » The graphene co-doped with both boron and nitrogen s
manufactured at high temperature, so has excellent thermal

stability.

Contact info.
I * The graphene co-doped with both boron and nitrogen exhibits

markedly improved dispersibility in organic solvent.
« The manufacturing process according to present technology

enables doping of graphene with larger amounts of boron and
nitrogen.
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and preparation method thereof

» Carbon tetrachloride(CCl,), potassium(K) and
boron tribromide(BBr;) was put in to autoclave
under a nitrogen atmosphere and then heated to
produce graphene flakes

4ccly - 28Br; - N; o+ 10K — g[czsfhewfs: S+ 4xel + sker

1.4

1.2 1

1.0 1 + The band gap of the graphene co-doped with
~s 0.8 - both boron and nitrogen was calculated to be
= o6 | 3.3 eV, which is sufficiently higher than the band

0.4 gaps of undoped graphene(0 eV) and

o2 conventional doped graphene structures(=3.0 eV)

0'01 .5 2.0 2.5 3.0 3.5 4:0 4:5

hou (eV)

1.6 BCN-graphene + The on/off control ratio to the measurement

A = D results of the field effect transistor to make the
< :ﬁ ] bandgap presence bore exemplary case of the
2 o Si0, (300 nm) 7 graphene co-doped with both boron and
Sy nitrogen, it was confirmed that it has the

0.4 properties of a semiconductor.

g-z V,=0.1V

-80 -60 -40 -20 0 20 40 60 80
VoIV

C-graphene BC-graphene BCN-graphene
K= R il = « The graphene co-doped with both
] e & boron and nitrogen exhibits markedly
= improved dispersibility in N-methyl-2-
pyrrolidone(NMP) compared to
B graphene doped with either boron or
- nitrogen.
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and preparation method thereof

P Applicable Area

» Graphene used on a commercial scale is that in optoelectronics, specifically touchscreens,
liquid crystal displays(LCD) and organic light emitting diodes(OLEDs), composite materials,
photovoltaic cells, energy storage

- Market Status

D Market Status

» Graphene is expected to be widely used in

the transparent electrode market is 50 Solar Cel
projected to expand to 71 trillion won in 40 =

the future, is expected to create a $ 2.7 g . u
billion material market in 2020 and more g o -
than $ 27 billion in various parts and 1

materials markets. w e

200 20m 202 ‘2‘013 ?L'Hl‘- 7015 ?Ulﬁ ?0‘7 ?D’fci a8 2020

D Industry Status

« Haydale Limited(Korea) focused on the application of graphenes and other nano-materials in
fields such as inks, sensors, energy storage, photovoltaics, composites, paints and coatings.

* NanoXplore(Canada) provides customers with graphene-enhanced polymers, including master
batches in pellet form, few layer graphene powders, and custom graphene solutions.

P R&D Status

« The United States and Japan published their i
first papers in graphene in 1985 and 1992,
respectively, and went strong until around

2010 when their publications began level-off

and even began to decline after 2013. In : ‘

contrast, publications from China has grown v

dramatically after 2010, surpassing the ‘ fz

United States. 0% ao¥
« The publications from South Korea overtook %

Japan since 2010, but increased only slowly 0%

afterwards, to be in similar strength as India o

. 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
In recent years. Year

3

g
Z
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Number of records
I
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Boron/nitrogen co-doped graphene
and preparation method thereof

NS T

.] TRL and IP Status

Technology
Readiness |dentification and Characterization
Level(TRL) of Preliminary Product (level3)

P IP Status

Application number
(application date)

Registration number
(registration date)

No. Country

us 15/645,933 10,056,603 METHOD OF PREPARING HETEROATOM-
(2017.07.10) (2018.08.21) DOPED CARBON NANOMATERIAL
1 0|F A7t ZdE EALERO HZ
R 10-2016-0154445 . % ¥ (METHOD  OF  PREPARING
(2016.11.18) HETEROATOM-DOPED CARBON
NANOMATERIAL)
50



T

I

w| ofo

< O
i ol

O

11
&3

D
KI-

= 7lgle

~_

oK 3! K Ho
Hu_ILﬂ
K . K
P I [l 1
TN R

" HERS]

DIz uUg

= 7|&9] dejE A[E= 170 LHX] 2074 a2iE S =ZestH, 1

7tg ool agE Fof F

=
[

7Tt HE55t

=
S

oju

-

7o

B0

ol Ko olJoju
T 50 [0 360
klo B K|- 80

2c H3l Qo] M=o, defjE st

pum >
=4t
o
et

o4k

Ha

o

<
r
oo
<k
g

= 7tH 8719 §20| 2=d

| A|E= 274Q/square O[5}, XX 22 £3] 100Q/square O]
-

gl
lo] w2 B

e
s

HA S788lo] tEHM 2l e

51



| u
S e IS
0| &

« 170 LHX] 20702 B2 HWME g

é é é ol stE AIEQt 1pm WX 50pm =

/ [ 30nm WX| 100nme| 2|X| AtO|Q| X|CH

\ \ AE|E 7HX| 1, 87| RE22 ML 3
; : JHol dej® £22 0|20

100 e —

o ———

o
=]
iy

80 |- - =]
o
Ct

>x
1o
x

Transimittance (%)

R Glass substrate - Aoz =22
-——- Example of the present technology/Glass substrate

40 1 | ! 1 L 1 1 L]
400 600 800 1000 1200

wavelength (nm)

14

12

[©)

- 2 710 ME JEo M of
274Q/square2 CVDROIA D29
M= JaiE(@F 1000Q/square Of
o| AL0f Hlsl XS Zfof, M7|H
40| ¢

10

Hu 1

Counts
St

o
. FES A R O S R PR FEN B R TR R 2
O VU A (N (RN SO AR JOHN| U S AN NS AR |

=]
[=]

200 400 600
Sheet Resistance (Q /1)

o

52



_ g u
F& glc 12T A E I
% 0|2] 0|8
D M8 E20f
- FYHF(EUME £ C2Se0|, HAIE, 77|2E4A), 2o 2 (C|2S20], 77|EfS
MR, QIILBARY, QIALKEES 3, M AHES, SN, HALT(EDEY, XHEA
ECU), = 3% 2M(Atsht ATH, g5 £3)0 HE 7tse
D MNE FE
- defEe RIS ANZAM 3 282 A - i
O =2 MYEH AZE= &% 602 27| *
SrfE o2 O M0, 2020 7HX| 279 . @
eefol AX AIZaF 2709 H2 ojde BF 2w
A AIZe| §E0I s RY ¥
W0
ol === g,é‘
20 20m AWz 203 2hna 2015 2NE 20w ?\2‘1—5 AHe 2020
D UM I
* Haydale Limited(2t=)& 3, M, X MF FX|, VX, 5 WE, =8 X 2N Z2
ZOFOl A 22T 3 7[EF L &% HE0| e
* NanoXplore(PiLtth= H3l & H°| ORAE HIX|, J2iE DO S REd defd £RH2 HIR
ob el g3t Z2|0E M

D g 2

o DO|=2 19854, 22 19920 & HWH a
g =22 RO n 2010HANK| =&
O| B7I5tCL7L, 2013 H O|2 2 ZASEI| Al
Kbt
/1 0

« IO = YH7t2 2010¢ O|F SXo=Z
St st=9l 7HMEE 2010E Ol €&
2 XD, X2 H A SO QA= FA
SHA MM Bt

e 2
2

- o=
9?9

2
‘?

Number of records
3 $3 5% 3

2

2003 2004

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

IN
»
=KR
uUS
uCN

53



m ]
= defE AE I
0|8

27t
(Y
PCT-KR2011-
PCT 005438 -
2(()21(11_;80%25)84 GRAPHENE SHEET, TRANSPARENT ELECTRODE HAVING
1 CN 2011.07.22) - SAME, ACTIVE LAYER, AND DISPLAY DEVICE, ELECTRONIC
5011870040 DEVICE, OPTOELECTRONIC DEVICE, BATTERY, SOLAR CELL,
EP - AND DYE-SENSITIZED SOLAR CELL INCLUDING SAME
(2011.07.22)
Us 14/159521 9385281 (201
(2014.01.21) 6.07.05)

54



NS T

Graphen sheet without
wrinkles

= Qverview

The present technology provides a graphene sheet with a large area
and/or excellent electrical and optical properties. The graphene sheet
may have no wrinkles, the present technology provides a transparent
electrode, an active layer for an organic/inorganic electronic device, an
organic/inorganic optoelectronic/electronic device, a battery, a solar cell
or a dye-sensitized solar cell, including the graphene sheet

Description of Technology

+ The present technology, a graphene sheet includes 1 to 20
graphene layers, of which the lowest graphene layer contacting a
substrate is continually formed without wrinkles and may be used
to fabricate a display device, an optoelectronic/electronic device, a
battery with excellent chemical, electrical, and optical properties
and used to fabricate a transistor, a sensor, and an
organic/inorganic semiconductor device with excellent physical,
electrical, and optical properties.

Advantages
| Researcher
Prof. « The wrinkle negatively affect on electrical properties of graphene.
Kwon Soon-Yong the graphene according to the this technology may be prepared
without a sharp temperature change, and thus, its lower sheet may
be even.
| Contact info. « The graphene sheet may have transparency of particularly, 90% or

more. Thus, appropriately used as an electron material for a
transparent electrode and the like.

+ The graphene sheet may have sheet resistance of particularly,
274Q/square or less, more particularly, 100Q/square or less, thus,
applied to an electronic material for an electrode and the like.

» The present technology may provide a graphene sheet with a large
area on a subject substrate without a transferring process.
55
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Graphen sheet without I I r| I E r
wrinkles

ridges in a range of 1um to 50um or
} 30nm to 100nm. The ridges were formed
lower sheet ' of at least three graphene layers

» The graphene according to the present
[ E ( technology had a maximum gap among

100 T T T T T T T T

______________ o ———_ * a graphene grown on a glass substrate
sof  TTTTTTTTTT . had high transparency of 80% or more
in all UV regions and about 2 to 7%
less transparency than that of the glass
substrate itself, the graphene was
identified to have excellent optical
—— Glass substrate i properties.

-——~ Example of the present technology/Glass substrate
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Transimittance (%)
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» The graphene had resistance of about
274Q/square. Which is significantly
smaller than that of
- graphene(1000Q/square or less) by
] CVD method.

10

Counts
[+2]
=

i Ligag ,
0 600 80

Sheet Resistance {Q /1)

Applicable Area

» Graphene used on a commercial scale is that in optoelectronics, specifically touchscreens,
liquid crystal displays(LCD) and organic light emitting diodes(OLEDs), composite materials,
photovoltaic cells, energy storage.
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- Market Status

P Market Status

» Graphene is expected to be widely used in
the transparent electrode market s
projected to expand to 71 trillion won in 0

50 Solar Cell

the future, is expected to create a $ 2.7 g
billion material market in 2020 and more g
than $ 27 billion in various parts and .
materials markets. 10
o | g;
2010 201m 22 2013

D Industry Status

+ Haydale Limited(Korea) focused on the application of graphenes and other nano-materials in
fields such as inks, sensors, energy storage, photovoltaics, composites, paints and coatings.

* NanoXplore(Canada) provides customers with graphene-enhanced polymers, including master
batches in pellet form, few layer graphene powders, and custom graphene solutions.

P R&D Status
+ the United States and Japan published

their first papers in graphene in 1985 and
1992, respectively, and went strong until ET"” N
around 2010 when their publications % son "
began level-off and even began to decline j o o
after 2013. In contrast, publications from " L
China has grown dramatically after 2010, i
surpassing the United States. o

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

» The publications from South Korea overtook Japan since 2010, but increased only slowly
afterwards, to be in similar strength as India in recent years.

.| TRL and IP Status
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.] TRL and IP Status

Technology

Readiness Identification and Characterization
Level(TRL) of Preliminary Product (level3)

P IP Status

Application number  Registration number

(application date) (registration date)
- PCT-KR2011-005438 ]

(2011.07.22) GRAPHENE SHEET, TRANSPARENT
2011-80073584 ELECTRODE HAVING SAME, ACTIVE LAYER,
: CN (2011.07.22) - AND DISPLAY DEVICE, ELECTRONIC DEVICE,
>011-870060 OPTO-ELECTRONIC DEVICE, BATTERY, SOLAR
EP (2011.07.22) - CELL, AND DYE-SENSITIZED SOLAR CELL

us 14/159521 (2014.01.21) 9385281 (2016.07.05) | 'NCLUDING SAME
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KR 10-2017-0092983 TRAP1 XK 2N R8T at2tE A 0|2 Eosts Y&
(2017.07.21)

pcr | PCT/KR2017/007907 COMPOUND USEFUL AS TRAP1 INHIBITOR, AND
(2017.07.21) ANTICANCER COMPOSITION CONTAINING SAME

62



NS T

Novel compounds
with TRAP1 inhibition

= Qverview

The present invention is related to a compound having an
ability to inhibit Hsp90 homologous proteins simultaneously,
which is a heat shock protein, and an pharmaceutical
composition for anticancer comprising the same.

Description of Technology

* The compound according to Cl
the present technology
inhibits Hsp90 homologous N~

\
proteins and exhibit | N R1
anticancer efficacy. HZNJ\N/ N R

+ The present technology 3
provides novel compounds R
and derivatives exhibiting an RS

N L . 4

inhibitory  activity against R
| Researcher TRAP1 which are increased
in  tumor  cells, and
Prof. anticancer compositions

Kang Byoung Heon containing the same.

[The novel compound according to
the present invention]

Advantages
| Contact info. « Conventional Hsp90 family protein inhibitors can not inactivate the
mitochondrial-resistant TRAP1

* The compounds and their derivatives according to the present
invention have an effective permeability to mitochondria due to
their optimized activity on TRAP1.

» Therefore, the compound can inactivate TRAP1, and is very useful

as anticancer agents by enhancing the excellent cancer-selective
cytotoxic activity. 63
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[The TRAP1 selectivity of compounds according to the present invention]

TRAP1 Hsp90 . Grpo4
o o o
(=] | S (=
=t — " —

o 8 \ ‘ oS E | a8

E oMl E_ |4 " E o

g o \& \"\ | [ 8 | L © .

2 S B = | . = 8

® 2 N e = — : & g . .

L < — i b - =2 = | .

0] B . o - 2 LB . 2 D -

[ 8 L} g — o g ‘ - _‘—‘1"”* i o g d'-"‘--!_,_‘-’ — ]
Loy RS _-;l..f. — :i.l o \"-“‘_J — 34_4 [ 5 - e ———— :._ i:‘

0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
# compound according to the present technology Drug concentration (nM)
[The anticancer activity of compounds according to the present invention]
= compound accoding to the present technology

2

E

o

>

b=

o Wy 4

0 5 1 15 200 5 10 15 200 5 10 15 200 5 10 15 200 5 10 15 20
Drug Concentration(uM)
« The compounds have high selectivity for TRAP1, low Hsp90 inhibitory activity and high
mitochondrial permeability.

+ The compounds have potent cytotoxic activity.

« The compounds induce the death of liver cancer cells, prostate cancer, cervical cancer, lung
cancer, brain tumor cells.

120
= n.s.
% 110 + compounds according to
2 1 the present technology have
b= 00 few side effects such as
2 90 weight loss or organ toxicity
Eg in experimental rats.
80 ‘DMSO compound
accoding to
this technology
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Applicable Area

+ Applicable for the prevention or treatment of various cancers that act as pathologic agents
of Hsp90

Market Status

20%
189%
16%

« The size of global oncology therapeutic

4% PR e _—
medicine market reached USD 133 billion 12% w - )
in 2017 and is expected to reach an Vo /\ —r— ;:\

8%

annual growth of 10-13% for the next 5 % \/\/\

years(2018 to 2022) and rapidly grow as to g

reaCh USD 200 bi”ion in 2022. o 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Ml Jspsn Il Rect of World Pharmerging -EL'SFO:C’ZT;H' us

Source: IOVIA Instituts, Dec 2017

Industry Status

+ Currently, several global pharmaceutical companies, including Novartis, are conducting clinical
trials on Hsp90 inhibitors.

« Currently, Hsp90 inhibitors are being evaluated in 52 clinical trials according to National

Cancer Institute(2014). Among them, Luminespib (AUY922, Novartis) and Ganetespib (STA-
9090, Synta) are furthest in development.

R&D Status

» The development of second-generation Hsp90 inhibitors-Retaspimycin, Ganetespib, and NVP-
AUY922-is underway after clinical trial failure of the early-generation Hsp90 inhibitors in
oncology due to limited efficacy, poor solubility, and dose-limiting toxicities.

+ Recently, Hsp90 inhibitors have been used in combination with chemotherapy, kinase
inhibitors, and radiation therapy to overcome drug resistance and improve anti-cancer effects.
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.] TRL and IP Status

Technology

Readiness Identification and Characterization
Level(TRL) of Preliminary Product (level3)

D IP Status
No. Country Appllc.atlo.n number Regls.tratlo.n number
(application date) (registration date)
10-2017-0092983 Compounds as TRAP1 inhibitor and
KR - pharmaceutical composition for anticancer
1 (2017.07.21) comprising the same
PCT PCT-KR2017-007907 ) Compound useful as TRAP1 inhibitor, and
(2017.07.21) anticancer composition containing same
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Hydrogel Patch

= Qverview

The present technology is related to a hydrogel patch, a
method for producing the same, and a composition for
treating spinal cord injury including the hydrogel patch.

- Technology Information

D Description of Technology

* The present technology is
related to a hydrogel patch
and a manufacturing
method thereof. ;i

* The hydrogel patch s
provided in the form of a
pharmaceutical composition
comprising  substance X,
peptide or protein Y and
substance Z or salt thereof.

* The hydrogel patch can
repair damaged tissue and
treat various diseases

| Researcher including spinal cord injury.
Prof.
Kim Jeong Beom B Advantages
» Conventional cell therapies
have problems such as :
| Contact info. immune rejection, possibility B )
of  carcinogenesis, and Q\_f/
impossibility after an acute .

period. y

» The hydrogel patch can be
easily attached to the
damaged area and the
composition can be
delivered to the damaged
area without damaging the 70
secondary spinal cord.
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BBS Score

8 weeks after injury

3

—-— Hydrogel patch 3

—-— Hydroge! patch 2

— = Hydroge! patch 1
S

«-eeee Hydrogel patch 6
——— Hydrogel patch 5
—— Hydrogel patch 4
R

BES Score

Weeks after injury

PBS

Hydrogel patch 2

Weeks alter injury

Applicable Area

Hydrogel patch 5

The hydrogel patch was directly
implanted in the damaged area of
the spinal cord injured animal
model, and the spinal cord injury
recovery ability was evaluated.

Hydrogel patch 2 and 5 showed the
most excellent spinal cord injury
recovery ability.

When the hydrogel patch 2 or 5
was transplated, the distribution of
motor neurons expressing Hb9 and
NF in the spinal cord was high,
resulting in a significant restoration
of motor ability.

The distribution of Iba-1 microglia
is significantly reduced, which helps
to regenerate motor neurons and
oligodendrocyte to help regenerate
motor neurons formed by myelin.

It can be applied to various regenerative medical fields such as skin regeneration, damaged

spinal cord regeneration, and functional patch using hydrogel method.
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- Market Status
P Market Status

« Although the incidence of spinal cord injury
is increasing, there is no treatment to
improve the disability after injury. Therefore,
there is a great demand for -effective
neurological recovery treatment methods.

« The size of global spinal cord injury
treatment market reached USD 2.2 billion in
2017 and is expected to show an annual
average growth rate of 3.7% for the
expecting period (2017 to 2025) and grow
as to reach USD 3 billion in 2025.

D Industry Status

Global Spinal Cord Trauma Treatment Market Share (%)
By Treatrment Type (2017)

86.9%

Surgery

HKEX%
Corficasteroid

ey 2017-2025ata
Spinal Tiochon CAGR ot 3.7%

Souce: Fasstenca Markel Reseaich, 2017

« The companies involved in the treatment of spinal cord injuries in Korea include S.biomedics,
Stemlab, and Pharmicell and most of them focus on developing cell therapy products

through stem cells.

« The KIST team developed a hydrogel that injected into the spinal cord to induce spinal cord

regeneration.

P R&D Status

» Currently, studies related to spinal nerve regeneration are mainly related to therapy involving
cell transplantation and combination with other therapies.

+ Effective co-administration of nerve growth factor, regenerative inhibitor blocker, and
transplantation of complex cells have been actively studied by InVivo Therapeutics, BioArctic
AB, Ferrer Internacional S.A., Vertex Pharmaceuticals Incorporated, and Kringle Pharma, Inc

- TRL and IP Status

Technology
Readiness
Level(TRL) of Preliminary Product (level3)

D IP Status

Country (application date)

Identification and Characterization

Application number  Registration number

(registration date)

PCT-KR2018-003011

Hydrogel patch 712
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