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Homoepitaxial growth of hexagonal boron nitride on high quality HPHT substrates
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We have studied homoepitaxial growth technique of hexagonal boron nitride
(h-BN) on exfoliated h-BN substrates synthesized by high-pressure and high-temperature (HPHT)
method. During the course of this research, the new characterization method for growth substrates
based on photoluminescence imaging technique has developed. By employing the characterization
system, we have given light of the 3D impurity/defect domain structure for h-BN grown by HPHT
method, and confirmed that the crystallinity of the CVD layer can be improved compared with that of

HPHT exfoliated substrates.
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Pristine Partial Domain Domain

3. AAREBARIRFBERDITES - TMBISIRAY ShEBINENRABEHEREL R T
LIZKYTHY - REprEE & W SN i-fRE. ENoSMERBOADER. Y - RKEHE

HEEUER. T - RGEEOHDER

THZ IRV ERITGER L TWD, BHRERESEE L TEREHEEET LI R0 T
WHDT, ZNETIZEH A7 7 A= L —VEE I M STk — 2 TE
BINERAE AT 72 > TN, PEROIEE AR 20 (—0 & SRR O ethd 6 —) Tk —
PRI K D HEGHRE R ~DOFES | L—FEE B R~OR Y OB ER EH L—
THEOEE CTH & = Zh, L—VPEESCHIHBERORESC, R O RPTNEUC X 5 FE
OWHRZIRIR & T HHAY — 7 I EOERRRWBEZ D 952 RPN, 22 T2
RTE DI, MEVH L — Vet & RO A ST E U BEHREE G otk & o BES S s A e Lis,
A ARF L OGREMREE I pEki@m v & Uiz, ML —YeihzX 2 o X5 IliT 5 2 LIz
X0 LU= REHIF L —FARFHICES> TZRWVOTRERD X 95 L—FRE D I L DR
JEFRONREEAD A — T DIFAITIEL 7p o, ALEE Z ) CrEniE ik < o BAF 72k Rk
ENTELMESREEZRE LI,

4. Hr7ERE

(1) FIBEER BRI N 2 i s s RS i O R A

Q3 fE FEAR O FFAM

Z 2SR EAL R v R & A IR IETE Y TR T B 72 9 O SRV BRI ER I Z DV T
HLZFEIR U, SHIBERSAR ORI B 2 797, X3 1d, SRANELBAMEI S AT 22 L0 ) 3 VR bR
i _EICHIBERR G L 7o ST Al A v FBRIBE R OFHMIB] Ch 5, SNV BRMEI > X 7 L%, fibkd
W RACEAFZ T 7 OISR (198 nm) ZHWTEY . =% b 3B R X ORI K
BHBOW % 7 4 VH—THlf, BIITED L O ->T0D, TDO X H I L THEERELEIC
DT, =% T M RNIREE & AR R BEFE iR & i U AR K a5 5 0 5 R IR A B I
EE U CHERR L72fk D~ A 7 % BMBHRICH YT 5 A, A—Y O RlicEREZTLH 2L
IC L VA R A2 GD 2 N TE D, EBED T T 7 2 T 84 ZFHETIE, K3 ko X 5 7R
Hidy - R FpE & S E IR OB R 2 [ A IR oslE 2 VO, SR A D X ) IT/ERR L 7[R
—T A AL AR - REGREROFHMBZ{T72 ) 2 &N TE D, ZOMEEEH W/ 772
E Rl OB EIC oW TR, SCRITHZFE LS HESN TV D,

O ik R B2 O R

AR O FEIZ LY WrimBlee s L Chd &5
FEBEEL DO RPN & =% b RO
FELRD B A « KRR 4 D K 5 128>
TS Z Wb o T, Rl « KGR DR
meiE R (10-10) & ZOZEME S 720 |
NATGRZE > TWA Z R bholz, £
7o, CL BX T~ U BELIC K D o mOBlEEN
5. ZONRMAREROIGIR 2 FE oA i - K IBE
BIZEW T, EAOEF AL LT mE A
b oG BIER ST, AR O VIR EEN
O VARER~ORERRRITER I N 5 ! < s 48 AR

B SR - W o B T s B B 4 W E FAMYBEIBIERE (ERLTM ¥
< ZORMREED AR R STy RREXRY)

TENFRTEDL, ZOLIRBIERIZLY, &

JEEHRE RIS L, TN oIS BRCHE L7z SR ESRTE 2 BB L T 2 LT,
REOEEICERT 5 Z EnMifr N5,




(2) FEZEX X v VEEIZ X DG EDM
INETICBIRSESME UTREIRE 1300CUL F2ET A2 L Rbho TWAD T 2 12
RT XD R IHUINEERE L RAMVRE I L — Y R W B nEUC kv 2 wotEkE T 2 A
BFTWa, K5 (L) X, 774
7 MR EICHERE U 7 v R A
W KA L 7= h-BN R D 3
HPAMBETE CTH D, RO KM
RVENE L & L THRERR O KA
FLOIDIENIX B ISHREE 2
1Thhiz, ZoREZ2ntEKSE
TR LT, BRI OE
BrATIo TR ZK 5 (F) IR
T REIO T v VERWZ, FREAT
~—F% 7 LI TIX, RER
E xRN &9 2 R R E 155 <
Bl EN T D, #ACVD IZX VAR i
EXn-SMREEE (mos B 50D RREDH : BHESTE () LHEABMEICL
120.5 mmBEDEL) 1220 Tl = % 5o -2 <4 XS

AR i A v BT Ml (B TRIN-FEEIEA MR L 5EE)

T, BHRENTH 2o TNDHZLEZRLTEY, ACVD EETOREZE X F 2 v Ll EIC
L., REOKRENTEDZ ENboolz,

(3) 7T FIEEIZOWT

c @MANOREG MR (77 7VE) 20T, AFgEconE TEIT LIZIR Y 2B\ T,
BER B R O 8 SR, R E M, RREIRESME (900-1500°C) . FEthfEE (V774 7,
BV TT UM, X T AT M) 7o & CHERREEE ORI DR o T2, ANITiEbR
v 3R O K A L SRR 72 2 RTINS ST TidZe < ST ELA Y EBERD
AR ENEHC, TR T ) 74 =7 AGHICBWTHEETH 5 8ICEAR, 5% 35D
WEERBETH D,

FLOLEARORE

B EA RRIEIC X 2 @il R 2 W72 R T 4 % 0 v VR EAR O BIFITFEIZI0) TL
FEARI 72K « AR CVD pliR 24T O 7o D O R BARGHIHA, 36 & O E S RIEIZ BT Db
i RAA L OWIEZWHLNI L, ZOWRREA D= L% P LT, 70, R EHEHEH T 4 B
it L CEL CVD JEIC K0 iR L7 BRI ORHME 217V R SRIFIC K0 IR AR R~
fEpPEOm ETE D AREMEN H D Z & A A Uiz, KRR ORMEHILBNTH S, 77 T VkE
(2 XD BRSO REREIZ, R ETORRPOIIRERPORL T LN TS ol R
T AR U B WD AT 2B EIC S 6722 5 TREEENSBROMRICHETH D,

S R

[1] K. Watanabe, T. Taniguchi, and H. Kanda, “Direct-Bandgap Properties and Evidence
for Ultraviolet Lasing of Hexagonal Boron Nitride Single Crystal,” Nat. Mater. 3 404—
409 (2004).

[2] C. R. Dean, A. F. Young, I. Meric, C.-H. Lee, L. Wang, S. Sorgenfrei, K. Watanabe,
T. Taniguchi, P. Kim, K. L. Shepard, and J. Hone, “Boron nitride substrates for high—
quality graphene electronics,” Nat. Nanotech. 5 722-726 (2010)

[3] C. R. Dean, L. Wang, P. Maher, C. Forsythe, F. Ghahari, Y. Gao, J. Katoch, M.
Ishigami, P. Moon, M. Koshino, T. Taniguchi, K. Watanabe, K. L. Shepard, J. Hone, and
P. Kim, “Hofstadter’ s butterfly and the fractal quantum Hall effect in moire
superlattices,” Nature 497 598-602 (2013).

[4] M. Yankowitz, Q. Ma, P. Jarillo-Herrero, and B. J. Leroy, “van der Waals
heterostructures combining graphene and hexagonal boron nitride,” Nat. Rev. Phys. 1
112-125 (2019).

[6] T. Taniguchi, and K. Watanabe, “Synthesis of high—purity boron nitride single
crystals under high pressure by using Ba—BN Solvent,” J. Cryst. Growth 303 525-529
(2007).

[6] K. Watanabe, and T. Taniguchi, “Far-UV photoluminescence microscope for impurity
domain in hexagonal-boron—nitride single crystals by high-pressure, high-temperature
synthesis,” npj 2D Mater. Appl. 3 40 (2019).

[7] M. Onodera, K. Watanabe, M. Isayama, M. Arai, S. Masubuchi, R. Moriya, T. Taniguchi,
and T. Machida, “Carbon—-Rich Domain in Hexagonal Boron Nitride: Carrier Mobility
Degradation and Anomalous Bending of the Landau Fan Diagram in Adjacent Graphene,”

Nano Lett. 19 7282-7286 (2019).



Watanabe Kenji Taniguchi Takashi 3

Far-UvV photoluminescence microscope for impurity domain in hexagonal-boron-nitride single 2019
crystals by high-pressure, high-temperature synthesis

npj 2D Materials and Applications 40-1, 40-5

DOl
10.1038/s41699-019-0124-4

11 7 4

2019

Observation of Impurity Incorporated Domain in h-BN Single Crystals for Improvement of Crystal Quality

International Workshop TOPOLOGY

2019

33

2019




Observation of impurity incorporated regions in hexagonal boron nitride single crystals by high-pressure, high- temperature
synthesis

38

2019

Observation of impurity incorporated domain in h-BN single crystals

Compound Semiconductor Week 2019[CSW2019]

2019

h-BN

148

2018

Deep UV photoluminescence microscopysystem for exploring luminous properties of hexagonal boron nitride crystals

3rd EU-JP Flagship Workshop on Graphene and 2D Materials

2018




Visualization of resonant second order Raman modes for n-GaN wafer bys patial mapping method

37

2018

14

2017

65

2018

Raman spectroscopy study of homoepitaxially grown hexagonal boron nitride

International Workshop on UV Materials and Devices IWUMD-2017

2017




http://www.nims.go.jp/personal/BN_research/index-j_BNR.html
Boron Nitride Research
http://www.nims.go.jp/personal/BN_research/index-e_BNR.html
http://samurai.nims.go.jp/WATANABE_Kenji_AML-j .html

(
http://samurai.nims.go.jp/WATANABE_Kenji_AML-e.html

(TANIGUCHI Takashi)




