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A Magic Carpet toward Future: Introduction
to 2D-Materials and Large-Area Synthetic
Technologies

Zhen-Yu Juang
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The age of 2D-materials was boosted by the discovery of the first thermal dynamical stable 2D-material, i.e.
graphene, using Scotch tape since 2004. In order to match the requirement of mass production from industry, the
synthetic methods have been wide investigated. In the beginning of this paper, an introduction to 2D-materials will
be addressed followed by the remarkable synthetic method of hot-wall chemical vapor deposition (HW-CVD).
The strength and weakness of HW-CVD will be discussed. After that, the state-of-the-art cold-wall chemical vapor
deposition (HW - CVD) for the synthesis of wafer-scaled 2D-materials will be introduced. This paper provides
audience a vision and insight to 2D-materials for future applications.

. - m — s J 5 RIMBEE K BRBUR AR - (RRR ZRORHY ]
RS —HERTHL 7 RAAJRERTC R - IR REGETEAIEE] - JCAER
BB EH BTG - E3E R — K F%ﬂiﬂ%qﬂH@zk@%jiﬁ%ikﬁéiJﬂéjf o T HIE R
B WFIEANAA RERE BB BRI (=4E) HUZKER IMEE A - EREiE Fr i - KIRE L H
2 U — R R SR A K () 2 e A B IRIERKER » AKBIEELR R RFIRE - HE - 12
- S IREYTTEERBLE 55— Fr B B S E iR 18 HE R RIBRE T — (8 5 R ELR B2

72 FHEFTEN 203 H#7 104.6
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e A SR PR R EEE T AE
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JEZEY o BEAR graphene U FEAF - RIEZ R
HARAV ARG MRy T & ) AR E R e -
BIanE — MRS < R /S TR AL (hexagonal
boron nitride, h-BN) » {E =77 ¥R 27 % =B B
#% (high-resolution transmission electron microscope,
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Mm3E "~FEE, - ETEEWASHE (electron band
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B EREY - TEE S BRE(L &Y (transition
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[8 2. TMDs #4 &% 5% 25 40

SEH E - fl:2F TMDs HEEGE =ERTE
AR ET A& 2(b) Fix - &5 A —REE
Lty graphene B¢ h-BN » {RA] DAAES TMDs AHE5L
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fi o~ W fi i W RO - R R MX,
) TMDs HE 2 “HEMEIAE (M« @EEEIT
F X WETR) - ANEBHIE G R 2R MEE
B EEI - MoS, » MoSe, * WS, Bl WSe, E&iT
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JEFE > AR B EHY phosphorene F LA H B {F
IRH (& 3) - %5 TMDs s2/E#%#% > phosphorene X
R 2 FLME AR © Phosphorene HY4'E BE B FA 1 55
i o ABATEAITANORY-FERS - 1 HEF 2 ERe &
A TMDs » Rt #EE2 Bi77 - MEZ - Eh 2
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SELFAE 2009 4 0 AIRESE AMEM R G R EIF
REIFFER BB T o (5 R ERE 1l 5 ik 2k f 43 T
TRE L EEITEINRZERET T 4312 (University
of Texas at Austin) HIWFFE B[R ZE 02 - RIpFEE
THAEH (Cu) RIAGHRASTRT ~ 895~ BHERE
95% I graphene HYZENEEALEERAHIFE T (hot-
wall chemical vapor deposition, HW-CVD)"® » Firfsf
FHEY 3 2 BB R K i - e 6 Fiow < 58
T e YL 3% 0 2 FH — e IR i B B 2 o
HN#Y - graphene FLTEGE NERL 5 FAEE(E S E
1 5 S BEER A N BRI SR - AT RE Ry T ENEE
N o MEREA RS BN E BRI - 206 6 Fr
R EAERE R BRI R AR - ZERERE - 4
BRHEHEREEANFEN  FEMMEGES
HJg graphene Ht/E A Z 1S EIHIAG R o A6 H
25 um ERVHTERCREN - FH CHY/H, RIEGRE
ESFRIRE R 1000 °C fif5 @ (ESAEREIG S
ii'E graphene ° JE MR EEZZE T 2010 FHI5
—{EEREW  BE = E AR EREEEERS
AT RSFEE 30 WTAYEESE graphene 5 DAL F: i 3%
#7555 graphene 3% ALY - 2012
£+ Sony HE:EFEE CVD ELBEHEEEFIT (roll-to-
roll) &R HIEEEE 100 m Y graphene' » £t » i3
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{Ell HW-CVD J5iEpk | —#EM R & B EEE S
HAREHE h-BN il 4 HRAY TMDs -t ERERTHET
JEONR 7 E sk sh ' - HAt h-BN » MosS, #2
WSe, & HH 7 18 o S pfF 7 e Y 2 e L B o R S
(16-18) |

HW-CVD 3% R L B2 fii 57 DR Mg -
HRETFEFANES 2 - BFRIFER HW-
CVD [RI{E L ZmhES : (1) CVD HREE HEM KL
BEER EHEM 2 L8 (2) HW-CVD HIH 5 k%
BB RS BRI RN AEE - BAREE—EE -
40 graphene 37 {50 FH MO ZAT ()« K7 T34
RN IR S RS R N il OF =3 % i
W oL B B 3 - R R HEA RS R TR A
JR AR B F RS S 0 o B BB S AR AL o DA
graphene R » BEFEHYE—A 2k HW-CVD &
Y graphene/Cu #% F—JF PMMA {Ri€fg (R
ety R DUAHEERED M. PMMA/graphene/
Cu ° B3 Cu ¥ 3% PMMA/graphene/Cu J& 1%
£ Cu BEZVRHYEE L £F Cu BhZI5E 2R H
REELA E5 IR H L HY PMMA/graphene & © {RHY
IRIE= &S - W2 "1, 19 | 15 PMMA EfrZ
& ERRBUERTE A T — AR - (RN 2 JEIE 2
AR | BRANEE 20 FENE 2 AEL— B > —
B BUE —KEEEREN graphene BGET
MR ESAE M - (RAEEG A B RS 2 B
R BIFE N - AR TMDs #8H (B 5L = &1k
U8R (ALO,) EA 5 B ALO, BIESESIT ARG
# ¢ BEE T (sapphire) » BT RLABE(E S FEASE
G N JEZAG B A FnE G R
ATE G/ KK B RS S Ay (BB E AR
AIVE PR BRI AR RS - (HARE 55— R
T FEAER) - i SR - BRI TR R
HIEEM A2 EE®  HEEEEMEERE - 3
1£ CVD JiE#ER e RIEEE -

B AR T DUE R A HAEEA | - T3
FUR RS HW-CVD BLE 45 R 2 B~ g g el
R AR EE - R —E 2 KR HW-
CVD [ iRfGE %1% - HW-CVD SR AT PUfE 30 45
FEANTHRE] 1000 °C CEfERHERHE KL
DI Z)  HAIFEENG A et R = -



BM Il System

BM Pro System

BM 300 Process Module and Handler System system °

{EAEb Ve o A =1 Y A SN =2l
F-Hrf4El - HW-CVD 1E 24 /NEF R A AR T 5%
Hi G IEE S B EREEEE ERE—E
38 | S ERER - MR EESE - RE T
fEEF It AR E—/ NI AEmE - —
Fr 8 GBI e T A i (B R HE 2 - 5 B AR S
RR/INVINAFEIHHE ~ 52 ~ B2 55 52 3% i
o (B 7E AN [F] 3% fif FET ) (ER SE Y 2 28 B A oL (B (%
fZE#E (transfer chamber) NI B =2 L EIfE
FHEES P AL B TEHESE (load-lock chamber, LLC)
F5ER » FERZHEYED T - HW-CVD fEEEE
LLC - KM EREE B RE RREAEE -

B 7.
AIXTRON & % &k ey BM

M~ #i TR EBRRARIIRSE

Ry TR HW-CVD SR-FE R R i A HE
HIRE - G R AR R BE UL B AR DU
1% (cold-wall chemical vapor deposition, CW-CVD)
SEEMAE - FH HMEME CW-CVD BLEEFT
HI7ZH{EE AIXTRON F# &R Black Magic 5247t
(BRI EHZIATH R MB system) * A& 7(a) Fix o &
PIATEY E AR E AN HEMRL - TR ZORIRE
(carbon nanotubes, CNTs) HIFE L& (supper growth)
GO IR EEZEE LLC » ATLAER HW-CVD
—BRIRFE R RARE RN HE - HW-CVD HY%f
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Load-lock
chamber
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8. RHF R IEFik

hoYL]
4rAEAL B 09 R TE

7 BB e Ui o S B R M I BRI = 0 T CW-
CVD A EEM NN - (S pl e R R
R BAZIRE - FTDABZ R T 128, - £ 2009 4F
graphene # HW-CVD &% » AIXTRON &t
TERMRF graphene & S A BM system * il H{E
2010—2011 ZEAHUSEER » Bta{ETS EIRE AT
DAE B graphene HU#ThR BM-system ([& 7(b)) - BM
system HJ— il (2 BIFE 2 B0] DIBERR (off-line)
g - FRERE BRI DUE B CRYE IS AR i RE
SZHREE - B LEZE BM system WETT °
S R S BM system © B 155G EE 2 —{f4F
Bli7 - AIXTRON ik 1 — (I FE A B2t 8 B B
RpEEE MM BLERIAE - Al AIXTRON 2 ANH
RN R ERE 2 ERE RS PIRE - B8 )1 —
it © 2014 5 AIXTRON 7E%(H 2t af & 5 5
TMDs HYEIFEZ2ETE BM system @& - (HEE
BRI ANEA o ST HYRRARHY BM 300 th B {55
S AHAEARIGRETT » 206 7(c) Fi

TMDs HJ CW-CVD S22 IR IR #EH -
TMEE R graphene FHRYRTEEY) Ry & HE (CH, »
H, » Ar %) RA SR - TMDs HIFI5EY) 2
EE RSN o IR R AN EAIR
R EIRTRTEE Y R b BRI (g s - RAEES
AT R IR B BE T T & B 8 IETERY TMDs -
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Heater foflshower head

Substrate

BT AR 69 CW-CVD (JR 45 B & oy & 3cBHE 32 4E) - (b) & (a) 42
o

18— HEERVENELE HW-CVD FYEE—fE f -h IR
DIET - st F SRRy 22 e R th R EE B T A
[FIFTEEYIHY 56 2T 1 - o sE S DUROR 2 L B 55
AR o HEIRLL - SEE TR R FE R 2 E
Bxh 2013 FEFa% T HLAE R TMDs HyH A2 CW-
CVD ; [T R ERRMEEA IR ER, - A
SR EREBEIR &5 TMDs o HEET B — CW-
CVD S&ift » A 8(a) A7 « VUL EAEHZE R
PR AT R ) TH AV i [l 792 22 5352 B X (shower head)
FHEE & (gas mixing chamber * [l 8(b)) » #E{%IY
(R R R A B+ AT 43 519 17 72 ) A 26 Y R i
BV RALIRE » P E RS L A O SR RS T T
FEVIHZE R ARBRREGIE (8 8(b)) » HEUi K ERT
EHEEREZEHES (mass flow controller) FEHEE
il - EHIEYZERE ARIBR SR - IR
THZLZS (heater for shower head * [E 8(b)) 7J LAFEfHE
REMNEGRE - EREMERELE R ERTRE
IR (AR AR CVD BIRE R SR LEE K JFE AT
REFFEAERA AT IET ) » 2% - BREREH
E—FA T REEMER - ARG TMDs HYE:
B IA AT 4Ry AL B 2428 b (substrate heater °
8(b)) * KAl EH IR S &R H IR EEM A S
HEEPERERE AR ENREM A GREFERE
i E Y TMDs tgk R & EEM R E & -



&89 MoS, 0932 % L -

9(a) SEPHIBEAT N CW-CVD EHER - HE
9(b) HJ sapphire B MoS,/sapphire ¢ [ElHY L AT H]
LA HEELE sapphire ShEIFRAI &L T HLE R T
TMDs - B EH] T2 MoS, ° & 9(c) ) MoS, hif
= (Raman) SUFEFEINAY E,, B2 A, IBRBURHAWEIE
WS By A, IERIEEEUR GBI 4—5 &
(23)

B 9 By CW-CVD #fRBER LA K EE
TMDs » {HiE—f&1fi S TMDs A ESE L - H
HBIAFEERHRAILAT - R > HENHEHE
MIFER - FHFA TMDs £ G2 " RBERERR , -
I g BT ok I e Ry T ELBERERE , @ AL
TE T EERERE ) POLEEREEREE 12 B
TMDs - [fiiE & CW-CVD ;Z2FEE— P HEAE
T AE - CW-CVD B B ER B -« 5
JR R B R RS SR A F R, (HEERYPEE
RS R - LR R - TEREEM AR
THEMRIRURE B R R B R > thEHAT
HEM R BB A RZ— « FHAh - AREHEEE
A EEY HE 5 /8 phospherene » H RiE AN
CVD #i2 - RIER AN EEREHIB -

O
~

E2g

Intensity (a.u.)

SR

200 300 400 500 600
Raman Shift (cm_1)

> (b) #£ 2 *t sarpphire £ & &89 MoS, ° (c) AF

5~ 558

EI8 CVD Hiify - BLEE HEMRHIRK -
AR R ERE T RERERZE - 52 MM
BakiEthEHEEEL  (HEE AR
FEEE—ERERESEMST - KEREEEEER
FHEFTIMA - WIREEM A FEE SN Z TR -
B IR B2 A Ry R 2 B 2 AL B i A 1 B R 2 B
» PRERHVINMEZE R EREEFAUEE A HH R
HeARIBRE T - SR PREE i AELE —HErt
FHa SRR & T T — S EEER -
b o R RER R B R T E AR B SR e R
A 0 BRZ A SRS BRI R S A B DL S R TR
AR IR T 5 S MR S eE S B
Msey TES L 2 TR NREEARN

e, BT RN, o DAEBEE HETE B
BRRREIFEHRE - ASEEFAMEE
{E 2] DU BRSO 5 [ 20 ARIBRTE -
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