M Z BB 2017HE F£62% £ 20H: 2195 ~ 2207 é'\(q:*j#) Tt
T MRS R SCIENCE CHINA PRESS

A =AHDURR Il h-BN

W=, KR, L8, =
HhE R BE A 058 I, dE AT 100190

* K&, E-mail: wubin@iccas.ac.cn; liuyg@iccas.ac.cn

2016-12-11 Wk, 2017-01-11 & (7], 2017-02-13 4357, 2017-04-01 P45 i &k 7%
E5 A AR5 42 (21633012, 21273243, 51233006 F1 61390500) . [ 5 8 A5 FEAlBIF 5T A& J'é1-1](2016Y FA0200101, 2013CB933500, 2013CBA01602) .
At TR TR (Z2161100002116025) A1 H AL 5 A s 56 58145 L 31 B 28350 H (XDB12030100) ¥ B

% ATAMHE-— ML REREMENN ZEERTEFRELGMH, EHEMRROWEMR. A,
AR FHRAE RS, AR KRB URRFEM R T EAABAENLA. 5
Sh, T EXAEARTAFE, A FESERTGH R, HLR N8 EHEFHEN—MERON LR
CATEGHU_EMHARFHEIEELEMNF RS, RALEMFTTOGRELTHETEOBELR. o
R e REMR, GRENSTAMHZE KN ORF A KX ERER T Bt F AR EH &
ANHRMNHE — AP T, LR @ERIMFRIE, R AT AE R R TR T FHNN Bk, FR

2T ZIRM KR F.
ekl

2004 4F- H [ 2 1] 37 47 K 2= 9 H 2% K Geim il
Novosel ov il Uy i A 85 ] 25 1 =0 AR e A e
R s AL T A R HA S B B R
TEHEA FIGR T A 850 i WF 9T #0932 A 880 A &,
N HTRL AR AN AR e B, A K R R T 4
RLATER. H AT AR RS AR PR A B .
Y3 I 4 R G (two dimensional transition-metal
dichalcogenide, TMD)!¥ | 7575 & {1kl (hexagonal boron
nitride, h-BN)“ L & B (black phosphorus)®/4 .

A BIGHEL, h-BNEE—F —4ipt kL, B2
) 5 U fiE AR Sy 45 A — . h-BNJE—Fl B A i 550K
PR 2 A R 1~V 2 MR e e A kR I TE SR DR ol G
FLARGER A BB IERL, h-BNTEG K ZE 1w, DLPt
ZHAFHERh-BNE Hkf . —4ERTh-BNE F1 4k 1)
h-BNZARE5H (BI1). SR se b, FEF4ERE LR
A AR E B X N 2L T Ceolt R AL B 25

N AMH, EAAMTRE, TEAK, REMHEY, EK

My F B B e, T B-BE L #H N-NEEEfE & |
JERHER, BT LA RETE 2K Coo 54, 55—
I, BRSBTS AR T 2 R
Y FH 7 S i o) T B TR, TE SR T X A AR A 1
1, BT T h-BNAE 5 A S B BOM Bt 1 L
h-BN S EEIE R, ZEMhBNERAT N
227~280 W m™* K8, h-BN B A R (0 8 5 1
L 2A 5, 78 25 < 1500 °C fin #7523 i 9% AN
SR 5 . h-BN BT 5K 0 1 424 B
(5.765 eV), &= —F i R Ay )2 Mk, JF AT 52 4h
PO 25 FI AR S O 28 4 O T 2 A — B N
FH0M - e R M h-BNAE i AR, 2
— PP R S R SR Z MR, B R EE R
I h-BN/ A S0 a5 M b, 38 1) el 28 A 55 (h-BN 2 (1]
e =, A AR AR, SR TR
A B 58 B 42 (Hof staditer” s butterfly)!*

SIAR: aws, BOR, Eard, 5. (AU 4 h-BN. Fla#iai, 2017, 62: 2195-2207
Yang Y C, Wu B, Wang L F, et al. The synthesis of hexagonal boron nitride via chemical vapor deposition (in Chinese). Chin Sci Bull, 2017, 62:

2195-2207, doi: 10.1360/N972016-01381

© 2017 (HpIERIE) Atk

www.scichina.com  csb.scichina.com




M % B B 2017ET7TH $62% F208

B 1 (28RO ()(a) BNERGSHE (ST AR (P A AT REAAAE QL B-NTLITER); (b) MRVEZEH; (c) /STr ALl
Figure1 (Color online) (a) BN ball structure (atoms are not colored due to no existence of B—N five rings). (b) BN nanotube structure. (c) h-BN

structure
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Figure 2 The schematic of reaction and decomposition route of bo-
rane-ammonia

() 3L TE 24 AL AE AR /1N, BiF LA h-BN -5 4 3% 1T A £k 2
W B AR /0N i h-BN L2 55 4R BIL3E 2% AR AR FH A,
T A I 22 6] W B . i TR R s s )R
(R K 22 80 T #B 2 1 LA 4 R A o 0 LR R T
142531 20104F, Kongift 4 o7 FI a4 b S0
ATORIR, &EEEN ARV, ARBHEREmE
JZh-BN. [AI4E, Ajayaniftii gl R 1 S0 R
— AT (B o 2 245 5 40 ) 70 4 L 1l 45 h-BN 22 )2 S A1)
TAE. 27 R AR M REE | 6 /N DL B R 4% B 7
T ELA AR T . X A4S TAF i 4 Preobrajenski
PRV A T B 2 R AR T S0 0 SRR, XA E L
f— > 1T 8 B ff B s A HE T VRS A B RS A I
Jo7 R SR A, o8 D T 2 A 0 o 2R 24 5 W T ) 4 ) LB
HHRAR R, N HTHE 5 8 0] 78 2] 15 b i
FTE [ R k.

Bt J= K ongift A 28 P97 il 6 i 4 A i b, i o
CVDil % T RS A1 umAh-BNHL S, AT 3)],
i = T /Y JE 2 (morphology) 5 h-BN i) 8 4% %5 £ i o7
BEARKAEZ, MM AT LU o % JE 5 2 1 Y &b 2R
SEPN h-BNA B A KAk, flan, FEAEE A
ST, U B RCAR LA 43, AT LA R 1 w5
Ko L 5340, T i A Al Y O A AR
T IS4 W, AR K A h-BIN Y A% T O 250
I3 A, VR E— IR R B, T4 K h-BNAY I
Tt S 2 D B ARG, B (T 1) W T S 6 235 S 174 59 i . ¢
K(EI3). ToH60CHT, A Hiskrh-BNJE = MIEH.
B TR A T, AERERR AL G S5 R B A h-BN = A iR
Wi 2, WON R EENAAEIE. RS AP
PUEEE K B £7100°C )5, h-BN2:LAZS 044K 3K (hollow
nanospheres) 19 JE X ULFLTE S F . vl BE Y I X 2,
h-BNZEIZIRE T E LI R T I E Y, KAERA.
TEAREBO T, °l L — BB 1 3Bk S h-BNAY K ER (1)
DURR, X IR R B T A 25 D A0 K BROR 25 Bifi 5 31 <k
TR 5.

K i 21 B 37 h- BN B A% A K 40 47 2 Tl B
BRWE &, Wi HER KRR 2 h, F4AE
ey, 4G T RBEZ) K120 umfgERE, AR K
T TR A h-BN B e 4. VR 148 T £ )2 h-BN,
DL A )2 i 4 T A BB m ek, P8 T RS A
BRI %(6850 cm? V7 Y. RIS, A AR
255 W I AL B HR v 1) 110~130°C, S Kongift R4
SGERMA ANFER R, TR SR, KR

2197



M % B B 2017ET7TH $62% F208

(@, T=60C

i

N (b)"::r,;'mf; 3] ,\

Boron termination

Bl 3 (MR 0)(@~(d) AT, h-BNAEK 10 minfa#id 7 BAUE(SEM) K, RV S/ HE. () NERIMh-BN=AMA T, =M

S5 H RSl 1 29

Figure 3 (Color online) (a)—(d) SEM images of h-BN growth for 10 min in different T;. (€) Schematic illustration of a nitrogen-terminated h-BN

triangle, the triangle next to it can only have boron-termination at the edged®
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Figure4 Enhancing the dissociation of borazane oligomers by introducing Ni. (8) SEM images showing the morphology of a Cu foil after the growth
of h-BN for 10 min at 1050°C. (b)—(d) SEM images of Cu—Ni aloy foils with 5 atom% (b), 10 atom% (c) and 20 atom% (d) Ni after growth of h-BN

for 25 min at 1050°C. The scale bars are 20 pm'>!
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Figure5 (Color online) The effection of cooling rate on the wrinkle heights. SEM images ((a), (d)) and AFM morphologies ((b), (c), (€), (f)) for the
fast ((@)—(c)) and slow ((d—f)) cooling rate of 171 and 5°C /min from 1100 to 700°C, respectively. The wrinkle heights are 6.4 and 0.6 nm, respectively.
(c), (f) AFM images of fast and slow cooled h-BN transferred onto the SiO./Si substrate, respectively. The step height between substrate and h-BN film
along the white dotted line are 0.62 and 0.63 nm, respectively. (g) The schematic diagram of the possible mechanism for different winkle heightd*!
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Figure 6 (Color online) SEM images of h-BN domains grown at ~900°C and 6x10* mbar borazine exposure on H,-preannealed ((a)—(c)) or
NHs-preannealed ((d)—(f)) Fe foil for 45, 90, and 480 s borazine exposure time, respectively. The preannealing pressure in both H, and NH; is 4 mbar
for al of the above growths. The insetsin (&), (d) correspond to 14 s exposures and illustrate the longer incubation time preceding nucleation of h-BN
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Figure 7 (Color online) TEM and GI-WAXD analysis of EM-h-BN. (a) Schematic illustration of epitaxial grown h-BN on sapphire substrate. An
HR-TEM image of multilayer h-BN grown perpendicular (b) and parallel (c) to Al,04(1120). The scale bars are 2 nm. (d) EF-TEM images for B, N,
and O 1s. (e) GI-WAXD result of h-BN on sapphire substrate. (f) LEED pattern of single-oriented h-BN grown on sapphire substrate at 120 eV
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Figure8 (&) Schematic showing the process of h-BN growth on Cu surface and subsequent etching using different Ar/H, flow ratios. (b)—(g) Typical
SEM images of a series of etched h-BN patterns with different shapes using various increased Ar/H, flow rate ratios. (h), (i) Well- and poorly-defined
etched holes on monolayer h-BN using pure H, and Ar gas at alow pressure of 3040 Pa, respectively. All the scale bars are 10 pm!*?
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Figure9 (a)—(d) SEM images of various-shaped h-BN domains grown on annealed Cu foil surface under different belt heating temperature of 50°C
(a), 70°C (b), 90°C (c)#1 110°C (d), respectively. The scale bars are 5 um. (€)—(h) The corresponding large scale SEM images of well- dispersed h-BN
flakes with different morphologies. The scale bars are 10 uml“?
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The synthesis of hexagonal boron nitride via chemical vapor
deposition
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Hexagonal boron nitride, atwo dimensional wide bandgap insulator material which has asimilar structure with graphene,
has many excellent physical properties. For instance, hexagonal boron nitride has super mechanical properties, chemical
and thermal stabilities, resulting in its wide potential applications in the areas of non-linear optics, ultraviolet laser and
protection layers. In addition, due to its atomically smooth surface that is free of trapped charge and dangling bonds,
hexagonal boron nitride is a super dielectric material for graphene electrical devices. Moreover, hexagona boron nitride
can be fabricated into planar or vertical hetero-structures with other two dimensional materials, which show unique
properties and potential applications in novel electronic devices. How to synthesize large scale and high quality
hexagonal boron nitride is currently key scientific issue. Up to now, many strategies, including mechanical exfoliation,
deposition by ion beam sputtering, co-segregation, chemical vapor deposition and so on, have been developed for
growing this material. Among these methods, chemical vapor deposition provides a versatile platform for modulating the
growth and etching process of this material and producing alarge scale material with high quality.

This review summarizes a series of work regarding the synthesis of hexagonal boron nitride by chemical vapor
deposition method, in which most recent work is also presented, and discusses the choices of reaction precursors and
substrates in details. The use of solid borane ammonia complex leads to better controls over the properties of hexagona
boron nitride such as layer numbers and uniformity compared with the use of mixed B and N compounds as precursors.
On the other hand, the types, surface structures and properties of the supporting substrates are critical for the growth of
hexagonal boron nitride. For example, Cu substrate has advantages for growing single layered hexagonal boron nitride
crystal or film, while the use of Ni or Fe substrates usually leads to multi-layered materials that are applicable to different
applications. This difference largely results from two different growth mechanisms in two typical systems, i.e., surface
diffusion and co-segregation mechanism. Moreover, owing to the nature of complex systems of chemical vapor deposition,
kinetic controls over the growth and etching of hexagonal boron nitride can result in a more precise controls over size,
shape and edge structures of this material, and the related progresses are presented. Finally, the key challenge and future
directions are also presented. From the basic scientific research and large-scale application points of view, there are still
plenty room for further studies of controllable synthesis of hexagonal boron nitride. How to optimize the growth process,
further understand the growth mechanism, and realize the large sized layer number controlled growth of single crystal
hexagonal boron nitride are important issues required to be solved in future. Further explorations of a better substrate
such as an aloy possibly leads to combined advantages of components in an alloy, overcoming the difficulties associated
with uniform production of high quality hexagona boron nitride crystal or film. In addition, searching better reaction
precursors also deserves attention, and working on this may be rewarding.

hexagonal boron nitride, chemical vapor deposition, controllable growth, reaction precur sor, substrate
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