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20184
18. 11 =Y T FAZAI M
"18.12 SHM SYESUE 2F

'18. 12 89IX| CVD &H| = ¢

2018

20194

19, 4 O|2EF SZ (US 10,246,795)

19. 5 8" Si Wafer PAT CVDEH4] 8ot Jafl oty 88
19. 5 AE3 600 HIRHUCZE SK}

19. 8 8" PET CvDHA|o| &tat OzjH ohd 8435

19. 8 ZlEfH Hoto| BXA M EYY E5SE
19.10 X3 6,500 YU = FXt

19. 11 IDTechEx Show(Santa Clara) &7t

20204

'20. 3 LI EE YL n|AME THA

'20. 4 CHEHA T2 24HE Roll to Roll EH| A2

'20. 6 1221X| Batch(Multi Chamber) 124 T ¢t MH| =

2020 2022

-___¢

20214

'21. 9 O|7E3 5 (US 11,124,870)

'21. 12 1221%| Batch4{(Single Chamber) J12{Z sHdMH| 3

20224
22. 2 FLIES| 52 (Pat. 1023706920000)

21. 8 TLHES S5 (Pat. 1024386640000)
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2018 HdEet m€aE2 HEE T PAT-CVD 2d7leS HE2=z A LX) R dgfE SEaX =0Fe

7|E0 M ALtetE IS CHY 29 Z[s7HE S flo 12Q1%] &-d2H[2F Roll to Roll BFdEH|E AX[5t2a 7o FHotn on, dafE

Registration KR patent(10-2017251) 12inch based on PAT-CVD
1
Registration U.S patent(10,246,795)

KUK IL GRAPHENE establishment
1

8 inch scale PAT-CVD set-up

1
R2R based on PAT-CVD
! Registration KR patent(10-2370692)
PAT-CVD Graphene module manufacturing 1
1 1 1
1

I
Design of R2R instrument Registration KR patent(10-2438664)
! 1} 1 I
I 1

2014 2015 2016 2018 2019 2020 2021 2022

1 I 1
1 1 1
: NRF project : MSIP
1

1

1

T-CVD euip. Set-up

Publication : S H Na/RSC Advance

1 1
1 1
l - ! l
1
4inch PAT-CVD set-up I i !
; Establishment of Seongnam PM center
Opimizing process of 8"CVD Graphene : I
1

1
R2R facilities set-up |
Publication : BJ Park/ACS Nano 1 !

: 12inch PAT-CVD(Single chamber) set-up

Publication : BJ Park/Sci. Rep. 1

1
12inch PAT-CVD(Multi chamber) set-up
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- FEES  HAME fAFRICIASH0]

« Hi2|0f . XE[ 7tA A, BHO|2 A
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0|4 X|(GO & rGO) @----- X217
(rGO, CVD graphene)

Super-Capacitor =

E=USHEITE Resonator(Z%?1)

2Xt HiE{ 2| B A
4 orsl(Bistable) B2 2|
Wldetn A=
gy &3Y ClAZz0|
(GO and rGO) (rGO, CVD graphene)
Hi#@7| 8 MO MEL A= FY TS
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BILF Y
A28/ 28

HIO|2E|3(GO and rGo) @-------

ECG (&3 &)
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* Energy industry n

- EfYE ], A= HR|
- O[XFEX| 7rIH 7] T Al E

Electronics

Anti-Corrosion
- @HaR Ty
-¢3g 55 ~)
Electromagnetic Shielding
» Medicine . Flexography
- Hol/gH HY L]
-2 X2 Rod-Coating
o _ Packaging Energy Storage
- R ZeME K2
- X|OF 0] 4 »
L
H 4
« Electronics - A
H+ R
-=22
Sports Equipment Biosensor
- EBHR| AR/ A -
- /A0S WAAZE 3D Printing ‘
— .
S EX|232/BUA 2 232 *\
FHERE i Touch Sensor
- ¢f= Eatol =/ 2| ThomalDisspaton =
- BERY/HE A b
Composites Fabric Chemical Sensor Sensors

 Food industry

I g7 Al S
- Aﬂl %ijg-/_l__f jggl' ZX : Printing of Graphene and Related 2D Materials
Leonard W. T. Ng, et al, Springer, 2019

e Others
- A XA ol EFO[O]), A|HIE

=P , 2, ol F, SIEZE, AL, B




- MZ22 AlZS A

= 27} Ofl 7|1& AT QF B0 CHAM|St= A CHA| 2 XH.
- AT AYOM @75tE 7|=M 85 MESE, X 7HLow cost), =% (Purity), X 2= (Low defect), = &4 (Uniformity), Cff & 3},
- e Eo| BF/(LHe E20(3, GO, CVDAHENZ & I L0 5FEl= @7 S82 AZ0CE 2FJ5| tt22n 2 A2 22120 /AS.

@ 1ciE L AT A

1M A Y 7I222E defE L= S2f|0[3(G. flakes) HSO| EiE 0|0, H7HA| 52

S HEFY.
- defu FF0 w2k MXE2| 7], CIAZE 0], o X, gt Sl A8 20F & B =AY Heles CtEA EXYg.
-k, 7R, [ EAES S0 = CvD 20| SStLE ZHE AEe| 7|=X 270 CHet O30 2aT
Applications
Gr. nanoflakes GO CVD film
*\i;\],: - olo

N

06%

Il Composites I Transistors I Others

ZAX : L Lin, H. Peng, Z. Liu, "Synthesis challenges for
graphene industry,” Nature Materials 18, 2019, pp.520-524.
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2) Transfer-free

- ZbEstn we MEEY
-HAE SHYoE I x|t
- 152 FZEEe HEs
3) Low temperature
- ®2 Ol X M =EHF
- S A (Flexible) 22 M &7t
-2 8802 Ny ¥ =y

Carbon Carbon adsorption onto Ti
w
- w
v @
- A
~
A
Eping = - 8.22 €V

sputterin

at 150°C
.
°®

Sub-heater

| FTS Method
v (Ti deposition)

S Gos(Ar, H,, CH,)

A & PAT-CVD

(Carbon decomposition)

CH4(g) — C(s) + byproduct(g)

Large area
graphene growth

170°C I
D H‘
(‘ 150 °C /‘r‘\
/ \‘\‘\Wm
-

o\ s
‘C‘ 130°C

] o mcsseemesirag st st |
)ﬂ\ 100 °C

Intensity (a. u.)

1200 1500 1800 2100 2400 2700
Raman shift (cm?)
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® H1& Pilot AH| %t

« Equipment
- Sample size : 4, 8-inch wafer
- CVD : Plasma enhanced
- Type : Batch
- Substrate : Si/SiO, wafer, PET

 12-inch CVD pilot machine
- Sample size : 12-inch wafer
- CVD : Plasma enhanced
- Type : Batch
- Substrate : Si/SiO, wafer, PET

« Roll to Roll CVD facilities

- Sample size : 450 ~ 600mm

- CVD : Thermal, Plasma enhanced
- Type : continuous

- Substrate : Si/SiO,, PET, Pl



4, 8Q1X| AH|
- 4" )él'éé!)él-il Oﬂkl 8" 5’< 12 o|_ |9—|' Roll to Roll A_iHl;}l'Xl I:H 043} 12Q21X| Multi/One Chamber
- %tAl_l-§|- %_SI:”% _?_|'§- )g'EI' PM A‘|| E-I 7|-E Roll to Roll &H]|
- PMAIEO| 22IE AAHO

2 Og Argst =4

4Q1%| 2|

\ 4

OSEBEENL/FE NE

4H| X2t co-worke2 &8 TS K| ME3t HH| 7|& Upgrade

o
FTALCvD 2H| HE 8 X250 Oigt 7 =X
A s

AF 7| &9| YLSHE QI3 Scale-up Process 7|& 75

Unwinder Ti Sputter Graphene CVD Winder

H23](2019 Graphene & 2D materials USA &7h 22 X|&
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1T TUSES A e 22O in-situ M2 10-1877500 s=
2 =USD FHEAA DTS Y 10-1886659 s
3 TUES efH =ofo| FEA MY 10-2017251 s=
4 SHRIE3| Transfer-Free Method for Forming Graphene Layer US 10,246,795 B2 S5
5 oiQIE3] Transfer-Free Method for Producing Graphene Thin Film US 11,124,870 B2 sSE
6 =UWSS A OfEl SAY 3 0| 08¢ defH AL SETXK| 10-2370692-0000 s=
7 =UESH JE SEHIK 10-2438664-0000 S5
8 =USS A DfEl AL SAEXK] 1020200139465 =¥
9 Bl9ES EAC?;E(;SOFUT(?ri?)zseiggthngs?{gLea Graphene Layer And Apparatus For US 17/116,656 =9

[10-1877500= 4110-1886659% WO-ZOWZS1§ US,10,246,795 B2 US,11,124,870 B2
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Level-Up(=27])

Scale-Up(‘d&7])

Start-Up(E 2 7()

2018 ~ 20234 2023 ~ 20284 20284 ~
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> 40" Long Retention Time
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T 10 15 20 25 30
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Graphene photodetector

aphene barrier

< Encapsulation for Flexible Display by Composite Layer of Al,Oy/Graphene >

p o s

\ . womo,

+ cv0 Gaphene

™, < f ALO,/Gr isplay >
< Fleibl Display > Water Barrier of ALO,/Graphene Compasite layer on Flexible Display

By uniformly deposited ALO; on graphene, water vapor transmission rate is enhanced even at flexible substrate

Graphene heater

a b c Graphene transistor
_— ; '

)

ERRC R
Temperature (0)

T
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Idealtty Fector|
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e 08
Veltage (V)
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Graphene touch screen

Capacitive sensing circuit

Glass/polymer

substrate /

Antireflective coating

Liquid-crystal display







OLED Encapsulation

- Pristine graphene2 Li= 81A|7|X| %2 22 X2

- e E LS| HO|X|E F=0 DefectE THEH Li0| &1t
(a) Rs (Q/0))
- 2D
5
L]
2 G
M)
5 lDIIG =0.01
|5 lpllg = 2.1
1200 1500 1800 2100 2400 2700 5 6 (cm)
Raman Shift (cm'1) o Sample size 0 4 Granh
(c) = “'E ] Pristine Graphene (d) ~ 1.0 _ Damaged Graphene
} Lithium § 05 R § 0.5}
0t i 0.0¢ 106%F
amat |l ||l E.o5 62 E.o5 J
> Il - >.1.0! IR IR -
2715 AN HI% = -1 n =-1
MR 58 | Jot g 4z 3 012
RN - 0 13> 2 . il nnnnnnnnOnnrT
v @D OrfCufoll £ 2 M 2~ £ 200w 00>
L —— = 1 = ST
5 U UL D 0 = 1-0.2
2cm © 0 20 40 60 80 100120140160180 O 0 20 40 60 80100120140160180
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