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2/ Pinh luat Moore — Pyng lwc phat trién ciia
cong nghé ban dan
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A Brief History of Semiconductor Industry

« CONng ngh¢ ban dan - linh vuc nghién ctru, phat trién va
san xuat cac thanh phan dién tir dya trén vat li¢u
ban dan.

diode, vi mach, va nhiéu loai linh kién khac

- Cac thanh phan dién t& nay bao gom transistor}

hoc k¥ thuat va Kinh té toan cau,....
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- Dong vai tro thiét yéu trong sy phat trién cua khoﬂ




A Brief History of Semiconductor Industry

Thiet ke 9 Ché tao 9 ong go e Lap rap chip
P va kiem thu vao thiét bi cuoi

¢ &
C o

Cong cu Su hu Vart liéu, Mdy maoc,
thiét ké tri tué hoa chat thiét bi
Tty dong

Chip la san pham cubi cung cuia cong nghiép ban dan. bé phat trlen lau dai thi phai
dau tw nghién ctu cho cac cdng nghé ché tao vat liéu, thiét ké va san xuat.

g
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A Brief History of Semiconductor Industry

Number of Semiconductor Manufacturers with a Cutting Edge Logic Fab

SilTerra
X-FAB -
Dongbu HiTek a %4
- ol Nhat ban
Atmel Atmel
Rohm Rohm
Sanyo Sanyo
Mitsubishi Mitsubishi
ON ON g
| Hitachi Hitachi
Cypress Cypress Cypress Fabless I DM
| Sony Sony Sony
Infineon Infineon Infineon
I Sharp Sharp Sharp 14
Freescale Freescale | Freescale
Renesas (NEC) Renesas Renesas Renesas Renesas
Toshiba Toshiba Toshiba Toshiba Toshiba
Fujitsu Fujitsu Fujitsu Fujitsu Fujitsu
Tl TI Tl Tl T
Panasonic Panasonic | Panasonic Panasonic Panasonic Panasonic
STMicroelectronics STM STM STM STM STM 6 %ﬁq\q
HLMC HLMC HLMC HLMC HLMC O
umMcC umcC UMC umc umc umc umcC ”1.}'31)1 ﬁ
IBM IBM IBM IBM IBM IBM IBM ayers Ieﬁ
SMIC SMIC SMIC SMIC SMIC SMIC SMIC
AMD AMD AMD GlobalFoundries GF GF GF GF \\
Samsung Samsung | Samsung Samsung Samsung Samsung Samsung Samsung Samsung  Samsung Samsung
TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC TSMC
Intel Intel Intel Intel Intel Intel Intel Intel Intel Intel Intel
180 nm 130 nm 90 nm 65 nm 45 nm/40 nm | 32 nm/28 nm 22 nm/20 nm 16 nm/14 nm 10 nm 7nm S5 nm
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A Brief History of Semiconductor Industry
the late 20th century to early 21st century
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A Brief History of Semiconductor Industry

A More than Moore: Functionality extension
Hybrid integration of CMOS-2D semiconductors for added function

PROONIC INEGIFALION - e -
e )
Quantum technologies - Moore’s Law trend
_ , ' More Moore: Continued scaling
Neuromorphic computi ") *
ll <1nm > ¢
ll 2 nm Continued CMOS scaling

through 2D semiconductors

Poly gate | ll 3.5nm

>
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=
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2 | SiGe B SIGe | JFinFE N scaling
& : Y . 7nm
= Equivalent ;‘Jx “14 nm GAA
(o)) , scalmg — 20 nm Post-Moore
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Geometric Y& —. 40 nm

scaling . 65 nm Metal gate

i 90 nm | b
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75 o\ 7 CuBEOL
Scale device and wire
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Strained Si (

IEEE Spectrum Nov. 2011, p50

2003)

Gate length (nanometers)

Silicon

High-k Metal Gate (2008) FinFET (ZO‘fl)

Need innovation for each generation
below 10 nm!

@ Conventional planar transistor
PY A. Thin-channel transistor
(6] Dennard’s law

o Gate-length

100 - O scaling stalled

Thin-changfl A A

solution gath A

197 1980 1990 2000 2010 2020
Year

5 "x
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Moore's Law — the observation that compl 1atic: creases in cost 2 AQI
at a regular pace - is short-hand for rapid . Over the past :

50 years, it has ushered in the dawn of the personallzaﬁon of technology and
enabled new experiences through the integration of technology into almost
all aspects of our lives. N ‘(

2015: Intel introduces
the 5 generation ntel” WHAT CAN BE DONE, CAN BE UUTDUN[
Core processor (1.3 billion } | ‘ intel continues to deliver on the promise of Moore's Law wit

transistors). the introduction of powerful multi-core technologies, uans\slor
architecture, advances in materials science and new innovations.

Zmz 2012: intel introduces the Intel* Core i5

LU SR processor (1 billion transistors).
’
& .

Firstimplementation of
n-«/metal gate in
e manufacturing

2“04 2004: Intel introduces Intel*

First implementation of

strained silicon in Pentium* 4 processor with
high-voliame manutacturing HT technology (125 miltion & m‘ld
g transistors). nside

’

2002

300ren weker peociction 2001: Intel introduces 04
begins Intel* Pentium®* 4 processor ’
(42 miltion transistors).

1995 1995: Intel introduces
Intel* Pentium* Pro
processor
(5.5 million
transistors)

Moving from aluminium
to copper

1993: Intel introduces Intel® Pentium® processor
(3.1 million transistors).

1991

200mm water production
begins

1989: Intel introduces.
486" processor (1.2
million transistors).

1985: Intel introduces
Moving from NMOS 386™ processor

cMos (275,000 transiste
B 1982: Intel introduces 80286 ki

processor (134,000 transistors)

1977: Apple* 1t 8088 and ignites the trend of
personal computer personal computing.
Introduced.

T ——|

1975: Gordon Moore updated his prediction of the rate
of growth of IC components from doubling every year to
doubling every two years.

1971: Intel's Ted Hoff invents the first microprocessor
19708 (called the 4004, 2300 transistors).

Moving from Bipolar 1968: %
o 968: Gordon Moore and Robert Noyce leave Fairchild® to

form Intel Corp.

1965: Gordon Moore authors paper predicting the rate of growth of IC components in
Electronics magazine. His observation was later termed ‘Moore's Law.

965 1970 1075 1980 1985 1990

For more information, please visit

Intel, Pentium, Core, Intel386, Intel486, the Intel logo and the Intel Inside logo are tradema: ed trademarks of Intel Corpo-
ration o its subsidiaries in the United States and other countries. *Other nas y of others.

Moore’s Law

(Gordon Moore, 1975): The number of
transistors on a microchip roughly doubles every
two years, whereas its cost is halved over that
same timeframe.

2012: Core 15 (1,3 ty transistors)
2004 Pentium 4 (125 triéu transistors)
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1979: Intel 8088 (29.000 transistors)
1971: Intel 4004 (2300 transistors)
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Moore’s Law Trend

More Moore

e Tiép tuc lam giam
kich thwéc bong
ban dan, g1am anh
hu’O'ng cua hiéu
tmg Kkénh ngan
bang cach tim kiém
vat lifu méi co
kha ning thay thé
SI.

\4

More than Moore

« Nang cao hiéu suat

hoat dong cua linh
kién bang toi wu
thiét ke, thuat
toan va phwong
phap bao goi va
da dang hoa chirc
nang cua cua vat
liéu ban dan.

Beyond Moore

Kham pha cac linh
kién tién tién
(th1et bi hrong tur)
cO kha nang thay
thé cac linh kién
truyén thong.
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Sw tien bo trong linh vwe ban dan dwoc
quyét dinh b&i cac cong nghé san xuat
ban dan, nhwng twong lai sé |1a
“ky nguyén vat liéu”
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/
Semiconductor Materials

16" Electrical Resistivi 1018
; ity: Qcm R
Low < Resistance >High

- Semiconductor Insulator
Silicon ! Glass

Silver Germanium Rubber
Copper Selenium oil
Iron GaAs Plastic
Aluminum etc. Diamond
etc. etc.

e Lavat liéu trung gian gitta chat dan dién va chat cach dién.
« Dan dién & mot dieu kién nao do, con ¢ diéu kién khac s€ khéng dan dién.
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Semiconductor Materials

Ving dan Ving dan Ving dan
» Kim loai: Khong co x

vling cam, E, =0 eV Ving o
Eg <3eV ung cam Eg >3 eV

> Ban dan: C6 vlng

cém, Eg <3eV

» Cach dién: C0 vung

cAm 16n, Eg >3 eV

Kim loai Ban dan Céch dién

The Proven Path to SUCCESSW
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® 2004, Andre Konstantin Geim cung Konstantin
GRAPHENE Novoselov tai Pai hoc Manchester (Anh Quéc)

Phuong phap boc tach graphite thanh mét
The Nobel Prize in 16p don nguyén tir.
Physics 2010 ) o
e “Tach 16p graphene tir than chi dé mé
ra hwéng nghién eiru mang tinh dot pha
vé irng dung ciia Graphene vao dién tir”

Photo: U. Montan

Andre Geim Konstantin

e shares /2 Novseor > Graphene - vt liéu ban dan
cO cau truc dién tir dac biét
vai “vung cam” br?mg 0;
» Khong c6 kha nang déong/mé
dong nhu ban dan khac.

linh kién.
The Ma M‘giﬂd ﬁ; the ﬁ&he‘af C
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Creating a Bandgap in Graphene

Graphene Nanoribbon

Valence band

Single-layer

graphene '/

Conduction band

Armchair edge

Energy

\J
/)

0] Gii) (i) (iv)

Direction of current
flow in ac GNRs

—

K K K K

Momentum

Place Graphene on Semiconducting Substrates

13t graphene layer

s Claim First I

Graphene-Based Chip

IEEE Spectrum

NEWS | sEM

0.3

A (eV)
0.2

H%ﬁ

I I $

012 3 4 0
Number of layers

*' Tailoring graphene for electronics |

Researchers Claim First Functioning Graphene- beyond silicon

Based Chip > The semiconductor bests silicon
alternatives for electron mobility

on | 18 JAN 2924 | 4 NIN READ | []

Nature 625 6065 (2024)

PANG KY KET QUA THUC HIEN NHIEM VU KHOA HOC VA CONG NGHE
SUDUNG NGAN SACH NHA NUGC
56 damg k§: 2019-66-0122KONC
Tén nhigm vg: Nghién ciru tinh chat dién tir v truyén di graphene

trén cic 16p d bin din: Anh huong ciia wong ngodi

Clp nhigm vy: Qui

The integration of non-silicon semiconductors into systems on chips is needed for
advanced power and sensing technologies. A semiconducting graphene ‘buffer’ layer

grown on silicon carbide is a step on this path.
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https://www.nature.com/

How to Make Graphene

Try This at Home ...
You may win one of these ten years ago....

Also works for other 2D Materials!
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How to Make Graphene?

Viéc phéat trién mot siéu vat liéu khong hé don
gian. C6 nhicu rao can can phai vuot qua.

o

Uy

Ché tao

Qué trinh ché tao graphene c6 thé mat
nhiéu thoi gian. Mot trong nhimg thach
thic 16n nhat cta nganh céng nghiép
graphene la dat dugc san lugng 16n.

Hinh thai cau tric

Nhiéu @mg dung cdng nghé cao yéu cau
graphene tinh khiét khéng tap chat, diéu
nay la mot thach thirc trong qua trinh tong
hop graphene.

Chi phi
TUy thudc vao diéu kién sir dung dé ché
tao graphene voi chat lugng khac nhau.

O
ZEcimcry

Large-Area Graphene Growth by CV

SEM of CVD graphene on Cu

CH, CH,
L P
v
\\. /*600°C
&
C
c C
C | Cool down X s
— AT
| \C l A I Y
c t iy
(& .C»_ C c
& Metal (Ni, Cu, Ru, etc)

Metal (Ni, Cu, Ry, etc)

Low-Cost Graphene Production

A;)wth
| Cop

Clean copper\

and reuse

Electrochemical
delamination

“
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GRAPHENE - TiNH CHAT

PO BEN , )
CUNG HON TINH DAN
200 LAN 50 VOI THEP DANBIEN TOT HON

1000 LAN so vl
DAY PIEN BANG DPONG

EN CO
° TINH DAN
DAN NHIET TOT HON
‘LAN SO VGI DONG

MANG HAI CHIEU
PO DAY PON LOP

DAN DIEN VA NHIET
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LINH HOAT
CO THE UON CONG

20%0 MA KHONG BI HU HONG

PO TRONG SUOT
LEN TG1 97,3 %




Graphene vs. Bulk Semiconductors

Si GaAs In;3Ga ,;As InAs InSb

25,000 (flake)
Electron mobility 600 4,600 7,800 20,000 30,00 ~3000 (Epitaxy)
(cm2/Vs) atn= 0 ~>000 (CVD)
1012¢cm-2
Electron saturation
velocity (107 cm/s) 1 1.2 0.8 3.5 5 8
Ballistic mean free 28 80 106 194 226 400
path (nm)
Band-gap (eV) 112 1.42 0.72 0.36 0.18 0

The Proven Path to Successw




GRAPHENE

\\\\“\\\\\\\ \!

glass

1cm

graphene

<|||

Austin di tong hop duoc tim mang graphene dong
nhat, chat lwong cao kich thuwée 1 cm? bang cach phat
trién chung trén cac la dong mong.

= Pau nidm 2009, IBM cong bd di co thé diéu chinh do
rong ving cAm cia graphene 2 16p dén 130 meV.

= Thang 10, 2009, IBM tao ra dugc Transistors
Graphene c6 thé hoat dong & tan s6 26 GHz.

Thang 2, 2010 - 100 GHz Thang 4, 2011 — 155Ghz

W
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E TAO RA NHUNG

A TAO RA MOT

HE SINH THAI BEN VONG.

2

TAC DONG KINH NGAC DEN NHIEU
BEN HON V

02 NANG LUQNG ‘ g

GRAPHENE €O TH
LINH VUC TRONG TUONG LAI:
01 VITINH
FU
GIOP MOI THU NHO HON,

03 VAT LIE
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Graphene Technology Roadmap

K.S.Novoselov, et.al; A roadmap for graphene; Nature, VoI 490,(2012),192

—— — ——— — /' IRANSFERRED {}Fﬁl DIRECTLY GROWN LARd;E AREA GRAPHENE ‘l
GRAPHENE TRANSFERS |l ; (High Quality) |
I[I"T"Iedlum Quality) h \il RF Transistor i i Future Devices
’ " Logic Transistor/TFT | I
—— o T B D e —— — ”
030 2035

Flexible and Rigid

\ Graphene touch panel ) \ ) \ Circuits

Rollable Display Graphene FET and

5m
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Céc vat liéu méi, cau tric méi twong
tw graphene, co kha nang thay the Si
trong twong lai

......
Sl 0 T
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2D vdW-Layered Materials Zoo

T s e = e T T s put
f o P
Black phosphorus
| 2D periodic table )
T Monatomic 2D materials ;._l’: 5 & oz e Hexagonal boron nitride (hBN)
Graphene U Be '8 Te [N o TF e
"Na ‘Mg PR s 'a s TR Ys Ta A
K Ca iy o “cu “zn "Ga ‘Ge "As ‘se Br Kr
‘"o “sr "v [z 'Nb Mo "¢ "Ru “Rh “Pd|’Ag “cd “In "sn "sb e "1 “xe
“es Ba " ['ME Ta ‘W Re “os ‘v "pt|’au Hg T “pb "Bi “Po At Rn
. ke " » “fr "Ra "7 Rt Db Sg Bh Hs Mt DsTRg cn Nh H Mc v 'Ts ‘og
‘? "' ' ‘t Transition metals
. Transition metals dichalcogenides (TMDs)
> ™ "y )\]
? Mo%S '
) N

v oy OO

WSe,
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Kénh dan MoS,

Sub-1nm Sub-10nm Bulk
10000 4 "
5 A Noawwe2010, H Ko ezl i ' por
1 @ eomz005 A e a E . InAs
Josmmie- Gt |/ }'
Nature Nonotech. 20) 0, Radiorierc et af A.
? 1000 . Nare Lo 2012 Wang &f al , 'S"’
- E ' '_,' !
E
o -q— e
2 +4*--"1‘ s
-
o 100 - ’ ‘
] 1 |
= n’ :
Amir et al. (2015 VLSI)
1 10 100

Body Thickness [nm]

2D materials could exhibit high mobility values
for sub-nm thickness!
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V4

at liéu ban dan ving cam réng

Power electronics 2D Materials Database

~-

First-principles calculation workflow

A
Application

Synthesizability

\ A\
1 T -
s of Ultrawide- \ \

Experimentally realized bulk, ease af
monolayer isolation, thermodynamic
stability of monol

* 2D Young's moduli

Mechanical
Properties -
Properties from RILPONEPTONONS
DFPT

« Static dielectric tensor
« Piezoelectric tensor

HSE06

+Band structure
+ Band alignment
* Band gap

Layered Structure
% Form van der Waals layered
structures, < 25 atoms

« Lattice constant

Structural < Thickress

Re=optimization
30 op

Structural properties
Optical Properties

* Frequency-dependent
dielectric function

« Transmittance

« Absorbance

Sustainable UWBG
2D semiconductor

Proof-of-concept applications

High-k gate dielectric
Leakage current simulations
Low-power limit 10-2 Afem?

Sub-10 nm transistor
DFT-NEGF simulations
High-temperature performance

UV photonics
Photodetector &
polarizer applications

SOZEROBEORER.

Communications [UV—visibIe optoelectronics] T( e
B) KHOA HOC VA CONGNGHE  CONG m’)A°¢ XA HOI CHU NGHIA VIET NAM

L

1 18

In villa
| H i He ¢
[ Supply risk 13 i 15 16 17 (

Hla VA VA via vila

[l Environmental risk

2 L . Human health risk B C N (@] F Ne

[l Radioactive and/or synthetic

¢
2 o 1 :
ville vile =3
4
¢
<

CYC THONG TIN KHOA HOC Dije 1§p - Ty do - Hanh phic
VA CONG NGHE QUOC GIA

GIAY CHUNG NHAN
DANG KY KET QUA THY'C HIEN NHIEM VU KHOA HOC VA CONG NGHE
SU DUNG NGAN SACH NHA NUGC
56 ding ky: 2021-66-1888/KQNC
Tén nhigm vy: Cdu triic, cic tinh chit dién tir va truyén din cia vit ligu
hai chi®u va cic vit lidu xép 16p van der Waals giira chiing
(M s8'nhim vy: 103.01-2019.05)
Cip ohigm vy: Quéc gia
Té chire chii tri nhigm vy: Hoc vién K§ thujt Quin sy
Co quan chil quin ciia t3 chire chil tri: B§ Quc phong
Chii nhigm nhigm vy: TS. NGUYEN VAN CHUONG
Cinhdn tham gia:  PGS.TS. Nguyén Ngoc Hiéu; PGS.TS. Nguyén Vin Hiéu;
THS. V5 Thj Tuyét Vi; ThS. Lé Thi Phuong Thao; ThS. Lé Minh Diic
Hgi ddng dénh gid nghi¢m thu chinh thirc két qué thye hidn nhi¢m vy khoa hoc v cdng nghé
duge thinh 13p theo Quyét dinh s 259/QD-HDQL-NAFOSTED ngiy 31 thing 12 nim 2019

‘ciia Chi tich HOi ddng quin Iy Quf Phat trién khoa hoc v cong nghé Qubc gia, hop nghy 16
thing 12 nlim 2021 tai Ha Noi

d ding ky két qua thyc hi¢n nhi¢m vy khoa hoc va cong nghé./.
Ha Noi, ngdyJrthang 12 ndm 2021

KT. CUC TRUONG
TRUONG

&3 &
e

=7yt Ting TN
Sl

H8 50 lew tgi:
Cyc Thang tin khoa hoc vi cdng nght qubc gia
Dia chi: 24-26 L§ Thutng Kit, HANGi

S5 b sor luu: 20149

SO DO

CHUNHIEM TONG CUC CHINH TR] QUAN DOTNHAN DAN VIET NAM
CHUNG NHAN

AO TRONG QUAN DOI LAN THU 23
tievi truyén din cia vit 1y hai chita
adp ap van 44 Weol laichbeg

Van Churon,

g nghé vt ligu, Khoa Co khi,

i
Hoc vién K§ thudt quin sy

5m
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‘Cong nghé vat liéu

o MY
v/ Cong nghé vt liéu dugc coi 1a mot trong bon tru cot ciia Chién lwoe quoc
gia vé sian xuat tién tién tr ndim 2012 (con lai 1a Nén tang cong nghé san
xuat, Quy trinh san xuat tién tién va Co s& dit liéu, ha tang, thiét keé).
v' Giao cac chwong trinh phat trién vat liéu méi cho ting nganh cu thé: Phat
trién vat liéu cho vo tau vii tru, hé thong tén lira day (NASA); Vat liéu nhe
(B6 qudc phong);...

< NHAT BAN

v Tu 2001, Chinh phu Nhat Ban da dinh vi cong nghé vat liéu, vat liéu moi la linh
vue quan trong trong “Ké hoach co ban Khoa hoc va Cong nghé lan 2.

v" Pua ra 4 yéu cau dé phat trién:
- Phét trién céc linh vuc cng nghé vu tién, 1ay cong nghé vat liéu dé thic day
sang tao d6i mai.
- Xay dyng mot nén tang sang tao vat liéu hap dan.
- Cai thién nang suat thong qua hoat dong R&D.
- Thuc day céc bién phap dong bo dé phat trién cong nghé vat liéu.

“

The Proven Path to Succr:"_-‘.ss



‘Cong nghé vat liéu
<% HAN QUOC

v' Ban hanh Pao luit vé c4c bién phap dic biét dé ting cwong kha ning canh
tranh ciia nganh cong nghiép vt liéu, linh kién va thiét bi (4/2020) gom:
- Lap ké hoach;
- Co ché thyc hién;
- Van d¢ thuong mai hda vat liéu, linh kién va thiét bi;
- Nguon nhan lyc.

<% TRUNG QUOC

v/ Xé&c dinh Cong nghé vat liéu 12 1 trong 10 linh vwe quan trong ctia Chién
lvoc “Made in China”.

v' Phét trién cong nghé vat lidu v6i cha thé 12 doanh nghiép, hd trg boi cac
truong dai hoc, Cac t6 chire nghién ciru.

v' X&c dinh cac hudng phét trién: Vat lidu co ban tién tién (Thép, hop kim, cao su
tong hop, ...); Vat liéu chién lugc quan trong (Hop kim dic biét, soi cac bon, ...);
Vit liéu méi tién phong (Vat liéu ban dan, vat liéu nano, vat liéu nhd hinh, vat liéu
tu phuc hoi, vat liéu siéu dan nhiét, ...)

The Proven Path to Succr:"_-‘.ss
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‘Cong nghé vat liéu

% Két qua nghién ciru vé vat liéu con han ché, con nhiéu c6ng nghé méi
duoc trién khai san xuat thir nghiém & quy md nho, vat liéu méi tao ra
trong nwée cO chit lwong chwa on dinh, san xuat & quy md 16n con
kho khan.

% Pau tw cho hoat dong R&D con han ché, dic biét d6i vdi cac vat liéu
mang tinh cot |(3i (Néiim 2017, Vieong quoc Anh dd dau tw 500 triéu bing
dé nghién ciru vé 11 chiing loai vt liéu, Nam 2013, Chau Au dau tw 1 ty
Euro thong qua “Graphene Flagship” dé dwa cac nghién ciru vé
Graphene #r phong thi nghiém ra thuec tien).

<% Poi ngii nhan lwe KH&CN nganh vat liéu tuy gia ting vé so luong va
trinh do dao tao nhung chua thuc sy dap tng dugc nhu cau phat trién.

The Proven Path to Successw
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Nghién ctru, lam chu
cong nghe ché tao vt
li€u co tinh nang dac
biét, hop Kim dac
chung trng dung trong
guan su.

€77 Bjmon Vat ligu va Cong nghé vat ligu
M&& Khoa Co khi

Nghién ctru, phat trién
va lam chu cong ngh¢
ché tao, tong hop céac
vat liéu mai, vat liéu
chirc nang Urng dung
trong quan su va dan
dung.

Nghién ctu, thiet ke
va kham pha cac vat
litu ban din mdi
dinh huong tng dung
trong cac linh kién
dién tir thé hé moi.

Vv

N

Phong 1116, Nha S1, Hoc vién K§ thuat Quan sy
S6 236, Hoang Quéc Viét, Bic Tir Liém, Ha Noi

5w
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’ W \ B0 mon Vat liéu va Cong nghé¢ vat lieu

22a Khoa Co khi

Cong nghé vat li¢u: Chia khda dé lam chi san xuat céng nghiép

Xay dung va phét trién céc mé nganh dao tao
chuyén sau trong dao tao nguon luc chat luong
cao cho nganh cong nghe vat liéu.

Pau tu trang thiét bi nghién ctru

A C6 chinh sach hé trg va thiic day phat trién
= nganh cong nghé vat liéu (vat liéu truyen
&y thong, vat liéu chire ning, vat lidu ban dan,.. )
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Hop tac nghién ciru

(U pms] — i.} pm:mmmu .§DAI HOC DA NANG

= I:Hcl.m UNIVERSITY
= "

Hign thiyc héa tiém ndng
SINGAPORE UNIVERSITY OF CHUNGNAM NATIONAL UNIVERSITY
TECH N O |._O GY AN D D ES | G N 305-764 LS| 47 Cf212 99/ TEL:(042) 821-5114, 6114

99, Daehak-ro(St), Yuseong-gu, Daejeon, 305-764, Korea

DAI HOC HUE
HUE UNIVERSITY

DAI HOC CONG NGHIEP HA NI

HANQI UNIVERSITY OF INDUSTRY

Korea Institute of .’
Science and Technology

7 DAIHOC BACH KHOA HA NOI
N h é m Kh 0a hoc Vé. 3 HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
cong nghé vat liéu méi

) /e

BO GIAO DYC VA DAO TAO ‘ BELARUSIAN
w‘( mj 7" ) TRUGNG BAI HOC BONG THAP STATE
@ &9\9/ Nankai Umverclt) UE’I"! Moo UNNERSIW

The Proven Path to Successsu



TRAN TRONG CAM ON

“

The Proven Path to Succe'sss



