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Epitaxy of IlI-Nitrides Based on Two—Dimensional Materials
Tan, Xiaoyu Yang, Shaoyan* Li, Huijie*

(Institute of Semiconductors, Chinese Academy of Sciences, Key Laboratory of Semiconductor Materials Science,
Beijing 100083)

Abstract III-nitrides have attracted huge interest from commercial market of lighting, power electronics and communica-
tions due to their unique optoelectronic properties, while their further enlargement is hampered by the limited crystal quality
resulting from current heterogeneous epitaxy techniques. Recently, the exotic properties of layered two-dimensional materials
have caught wide attention. The weak van der Waals interaction between the layers of two dimensional materials may help
I-nitrides improving the crystal quality by relieving mismatching between lattice and thermal expansion, reducing costs of
preparation by reusing expensive substrate, and realizing the fabrication of flexible devices, which will facilitates their gener-
alization in wearable and foldable applications. This review present a comprehensive summary on the recent progress in re-
gard of the III-nitride synthesis on the two-dimensional materials, including graphene, hexagonal boron nitride and transition
metal dichalcogenides. Various attempts and their results are presented. Two important aspects in the preparation of GaN and
AIN on two-dimensional materials are presented, which are the nucleation on defects and the lateral overgrowth of the nitride
islands. A detailed knowledge on the nucleation and lateral overgrowth mechanism and precise controlling on the density and
distribution of defects are indispensable for the ultimate realization of this route. The challenges and opportunities are also
discussed.
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Figure 1 If one considers 2D crystals to be analogous to Lego blocks,
the construction of a huge variety of layered structures becomes possible.
Reprinted by permission from Macmillan Publishers Ltd: [Nature] (Ref.
19), copyright 2017
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Figure 2 Preferential diffusion of C atoms via GBs in Ni, followed by
heterogeneous nucleation at the defect sites and growth via lateral diffu-
sion of C atoms along Ni/substrate interface. Reprinted by permission
from Macmillan Publishers Ltd: [Nature Communications] (Ref. 42),
copyright 2017
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Figure 3 Cross-sectional high-resolution TEM images of interface
region between GaN and graphene/Si(100) substrate. Stacking faults were
generated at the initial growth of GaN, which resulted in the cubic phase
inclusion. Copyright 2014 The Japan Society of Applied Physics

J£ 1040 C. JEi# 6650 Pa i}, Ffidg RV H V/II HeAl
FI 38 K(500~4500), AIN & B B ) 5238 i ] [1017]. HF
FENBE MR Z AR A S EAK T GaN/AlGaN
=TS InGaN/GaN = TR, REBETH A ZEZ
fn 1), LG I B — ROt B B B 2 4y
basfae.

Araki ZWIREIRAER CVD £ 8805 EROBRIG, RS
Al MBE i ARSME T GaN. A T¥ 4 F - VD K1)
LR L A BRI EERS B Si(100)A JEE b, T T BLREAMAE
GaN. FMEZJFE N 400 nm B, A3 GaN FEIR 5 5 1% )
FRSE 0.5~1 pm, (0002)H [, 4% LA AIBE. GaN
ANIE IR 75 G0 R RIS S BT TRV 285 4 19 S A TR 7
3.2 eV)FILFEET 257N 7 H R J6I& (3.4 eV).
TEM {4 2o, GaN A& 2 WITEHYE 7S 7 A II[0002] 75
AR K BRI R A B 2 PR R, KN E T2
JaHE RS, FEEIT AR, 2910 nm 5 FIREE
RN IR FHIE[0002] 77 AR, EEERKAR, W3
Fion. AB% SiC AME A I RHTI A JEC i b0 2 45 1 H IR,
WEFEE AT N BEAE A 520 R TH TR B G B 4544, T
SEATE G Z A I I, S GaN [ s i R AP E.

IBM ] Kim Z5M95280 7 EiRAEE. AR 4H-
SiC #KHI%& T BA e a A smE, H MOCVD
SEPLT GaN B EAME. 1EER(1575 C) FBEAS
X, 4H-SiC R Si J&F7E Hy %00k T kiR, B
TH C JRFEMWESA S, BT 4H-SiC #1 R
T B Bl i B [0002] 77 [0, TR IR TR J 1) A 580 B R 1 )2
WG MGt S0 ] FE BE 25 00 A R RO N,
TS (R A7 BE vl SIC AT JERI G I 7 T e . SEBrh S Y
HE 5~10 nm, G AEE 5~10 um. 15, fiH
MOCVD 7E &5 W R IR AME 2.5 pm JE 1) GaN i, 4
bl T 55 VR RO G AR IR — =l 9 25025, SR FH Bk 5 1)
PisD A K (RTE 1100 C N AEK GaN Wil )Z; BE
1250 C FHHT GaN [I#hE) i) L1 3 &1 i 51 GaN

http://sioc-journal.cn 273



¥ F R

4=

LRk

JE, Wil 4 R, MEEET 1250 CHE, BT Ga B
F AR, TESRBONH R GaN 4ME. GaN {74
LN 1X10° em 2, HRBLH WS 1 8 S 1E, S5
AT 2005 A E T 1 1 45 AR, fE Uk A b, @it 7e
GaN [IRMYIRR—Z Ni, B0 EERBR P E R 5k
LT HMNE GaN JIE 5 47 82 45/SiC AR 2058, anl&l 5 fik.
Pr 2R, AEGHEET SiC AE, MRS 1
GaN i . HREEH GaN Fi+-F%, Bl B
FeAm BRI AT 5 Si0,/Si A E 4 S E—ke. RN, #EE
()4 507/ SIC 4ef JES T LAZK 224N E GaN J S, HAME )5
HEKIAMR R, BWEZFEFRN SIC KT LEF
Fl. X8 K KB#R GaN [ A E il AS.

B4 (a) fidh SiC #HEKE A S5 AFM SR, (b~d)sME GaN #
JEEf) SEM Rfg, Horf(b) AESEPIH A KIA: 580 CHit%, 1150 CHAK;
(c) 1100 C FH—HEK; (d) BGERIB L EKE: 1100 CHL,
1150 “CAEKLe)

Figure 4 (a) AFM image of the surface of a graphitized SiC substrate.
(b~d) Plan-view SEM images of GaN films grown on graphene by (b)
the conventional two-step growth (nucleation at 580 ‘C and growth at
1150 °C), (c) one-step growth at 1100 °C, and (d) modified two-step
growth (nucleation at 1100 C and growth at 1250 °C). Reprinted by
permission from Macmillan Publishers Ltd: [Nature Communications]
(Ref. 46), copyright 2014
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Figure 5 (a) Graphitization of a SiC substrate to form epitaxy graphene.
(b) Epitaxy growth of GaN on graphene. (c) Deposition of a stressor layer
(Ni). (d) Release of GaN from the substrate with a handling tape. (e)
Transfer of the released GaN/Ni/tape stack on a host substrate. (f) Re-
moval of the tape and Ni by thermal release and wet etching, leaving a
GaN film on the host substrate. Reprinted by permission from Macmillan
Publishers Ltd: [Nature Communications] (Ref. 46), copyright 2014
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Figure 6 (a) The formation of circular arrays of photoresist mask on the
sapphire substrate by photolithography process. (b) Deposition of gra-
phene oxide on the sapphire substrate by the spray-coating method. (c)
Removal of photoresist using acetone (during this step the graphene oxide
film with arrays of hole patterns is created). (d) Thermal reduction and
direct growth of GaN epilayer structure on the rGO pattern (the hole
arrays facilitates the direct growth of GaN). Reprinted by permission from
Macmillan Publishers Ltd: [Nature Communications] (Ref. 47), copyright
2014
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Figure 7 HRTEM image of the AIN/graphene/sapphire interface shows
the presence of an approximately 0.7-nm thick graphene layer keeps its
original structure after 1200 ‘C AIN growth. Copyright 2016 The Japan
Society of Applied Physics

2.2 HIERSINGRBE

2010 4, E/RESL K Chung 2SI 47 S0
RIMFATER TR, Bkl 72 e &% L
PN, Gl 8 i, AR B LIRS 1 7 v e e
WA BT RSFAT 1 pm~2 mm {4 28445 502,
i J5 i A% 31 706 5 A (0002) 4 KR T, 2 J5 A58+
P S I AR T AT s, OB ek fe. SR )5 FI
MOCVD W7k, fEAREE G B A SR EAEK ZnO
gkht, i E il KR - mER600 "C/1100 C)MkE
KT GaN . BRI, WA TESE TR
B, R ARG ZREMIAUZN GaN =245 T s
R, EHERE R, RAFEM GaN BRAEK, AE5H
FARA L (A SR - B EEAME GaN B, GaN [ i %
FESE R, B ARRLR B B AL, R HDRRE ER RO, B2
ENHRIZERT ZnO KBS 1% P BRI, AR 2= 52

Acta Chim. Sinica 2017, 75, 271—279

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

GaN MEAEK. HATIE ZnO Kbl i) 2 B i v i
T3 EAK GaN A 2B R HLA U, 600 °C A=
KGR GaN 2 T4 ZnO gokisfe jm s min A K
FREE N B0, 85 1 #E GaN AMEF 5] A% 5. TEM 4y
PRI, KA GaN |25 ZnO 78 FAbAG 15 e 5 FE I e B
RS, BT SET A GaNPYL BIF S E AR AR
G E T SiOy/Si AR IR, RIS HT T
A TR R ZnO KBS N IEZ, )R
FIAARIR E - & B - ANE R =5k K T
RN GaN JERE, SEEL T AR SRR Y GaN A e
DRI SR, ZnO X GaN SMEMIFEMIIR K. 727
HH CVD-A 2245 1) Si0,/Si A& b, ANFEATAE A AbFEED
A A K ZnO K281 3X 88 ZnO 78 CVD-A7 88475 1 iy
LR, AR A SRS R R R £,
ZnO YK LR 125 B A1 B 2 386 T 5 45 T A K B . 3
I, A T OR 20 ok 6 7 vk BT A A AR R TR
SEF ZnO Gk Y,

A 0, plasma treatment
graphene layers

Zn0 nanowall growth GaN thin film growth

TMGa
DEZn
i

B8 AL IR EE I ZnO AR EETE A S 0% L% GaN .
(A) GaN WiEHI#IAIEE], (B) S TAAE G A SIEHIE; (O
A1 B J% LY ZnO H9KEE; (D) SMET ZnO 9kt L) GaN il
Figure 8 (A) Schematic illustrations of fabrication process for epitaxial
GaN thin films. (B) Optical microscopic image of oxygen-plasma-treated
graphene layers. SEM images of (C) ZnO nanowalls grown on plas-
ma-treated graphene layers and (D) GaN thin film grown on ZnO nan-
owalls. From [Ref. 16]. Reprinted with permission from AAAS
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Figure 9 (a) As-synthesized graphene surface. White arrows indicate
wrinkles. Black arrows indicate bumpy structures that formed during the
graphene transfer process. (b) Formation of initial nucleation seeds grown
at 530 C for 5 min. (c) GaN crystals grown at 1040 ‘C for 3 h follow-
ing an initial nucleation step. Reproduced from Ref. 56 with permission
of the Royal Society of Chemistry
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Figure 10 Schematic diagram showing (a) carbon nanotubes and gra-
phene hybrid structure (CGH) on sapphire, and (b) un-doped GaN layer
grown on CGH. SEM images of (¢) CGH on sapphire, (d) earlier stage of
GaN buffer layer formed on CGH, and (e) un-doped GaN layer grown on
CGH are shown, respectively. Reprinted with permission from the author
(Eun Kyung-Suh)
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Figure 11 (a) Cross-sectional STEM image; Zoom and definition of (b)
wurtzite zone and (c)cubic zone; FFT diffraction pattern of the area in the
green box showing (b”) wurtzite GaN and (c’) c-GaN, where (110) faces
the reader; local intensity maxima (111) and (111) make an angle of 70.5°
relative to the origin, characteristic of the zinc-blende/cubic lattice. (d)
STEM analysis and crystallographic directions. (e) Interface in the vicin-
ity of the EG mask, showing both cubic and wurtzite phases on GaN, as
well as the biphasic transition region. Reprinted from [Ref. 59], with the
permission of AIP Publishing
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B 12 MQW M. BRIRIER. (a) AREA EAEK SRS h-BN
JZJ5, HIK AlGaN ZZ0P)E K& MQW £514; (b) H MQW Z5H I E IR 5
F R In B EE—#L; (c) PACLHETE In BREEEE; (4) Bl
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Figure 12 (a) Single-crystal h-BN release layer growth is performed on
a sapphire substrate, followed by growth of wurtzite AlGaN layer and the
MQW structure. (b) The MQW structure is flipped upside down and
placed on a foreign substrate via an adhesive indium sheet. (c)
Heat-sealing of the indium, and then (d) the MQW structure is released
from the host sapphire substrate by mechanical force and transferred to

the foreign substrate. Reprinted by permission from Macmillan Publishers
Ltd: [Nature] (Ref. 62), copyright 2012
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Figure 13 Necessity of MoS, for GaN growth. (a) Hexagonal crystals
of GaN obtained on MoS, flakes; (b) Faceted chunks of GaN on Mo
substrates. Reprinted with permission from the author (Arnab
Bhattacharya)
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