10

15

20

25

30

35

40

mﬂHiEXEﬁ http://www.paper.edu.cn

PSRN R E K7 3 R A SR AE

HE=, R, ST, KoM, Falb
(REHIRFEREHBFR, LT K% 116620)
WE: -BN I TEERAWNFHEE. RTATEE. RIFWAREEAFREETE
ZHEMBH R, BRI TFFEEETERAFABE ZHNA. #l&EART. BREWK
i h-BN £ 21 5L F B B E B/ EZ — ., AT, AFE AN HEA % &£ K h-BN
FER. BAFLY. REREMZREGFREACEM, AR IR A & 5P 34T &0
B EK, FNXFHMATERG . RPHEATEMNUS L, BINERARLFE., BFSHHTE
e, AEmRERENSTANNERRET B,
KA AN BEREK; BAEE 2R BERAY
RES¥ES: TN304

Growth and Characterization of Hexagonal Boron Nitride
by Medium Frequency Induction Liquid Phase Method

Chen Jiyun, Zhao Yu, Gao Xiangyuan, Zhang Kexiong, Liang Hongwei
(School of Integrated Circuits, Dalian University of Technology, Dalian, Liaoning 116620, China)
Abstract: h-BN has extensive applications in 2D material substrates, deep ultraviolet photonics, and
quantum information science owing to its large bandgap energy, atomic-level flatness, and excellent
thermal and chemical stability. However, producing large-scale, high-quality bulk single crystals is one
of primary challenges in device applications. Conventional liquid-phase growth in horizontal tubular
furnaces has been plagued by low vyield, uneven thermal field distribution, poor temperature control
stability, and suboptimal crystalline quality. In his study, the medium frequency induction furnace is
used to grow boron nitride single crystal. Through comparative simulations of thermal and flow fields
between the two methods, along with characterization of Growth and CharGrowth and Characterization
of Hexagonal Boron Nitride by Medium Frequency Induction Liquid Phase Methodacterization of
Hexagonal Boron Nitride by Medium Frequency Induction Liquid Phase Methodoptical and electrical
parameters, the research provides valuable insights for synthesizing high-quality hexagonal boron
nitride single crystals.

Key words: hexagonal boron nitride; crystal growth; liquid phase method; single crystal furnace;
tubular furnace
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1.1 SERHE

AR (75 um 4, 4iFF 99.95%, AR, HiEHM AR RA R AEF K45 um
e, SERE 99.95%, AR, HHEH MR BR A Al ); 48R4 @ BR (B4R 6 mm e 4y, 4l FE 99.95%,
AR, FIEHMEBHARAR): ZAIHIRRH T AR 7.62 cm, PREE 13.5 cm FIEAE
I IR); USRI B s ;s Gelpak HLAKHI B F PF Bt 5 (PDMS).

1.2 SEEOHVE

1.2.1 &R h-BN

BB N EREE R AN B 1 BT AR SR VBRI & R h-BN IS RE R, B Seks 84 g 1 Ni-Cr
REARM(NI) * m(Cr)=1 : 1)L 42 g FNJEHVEAEAR) h-BN 3w, RIS R R S
2o PRI NI )@k 126 g, I HI A BEIOE K LB Ni B Jm BRI, N Ni-Cr
REWMAR Lo SRR R ARBENHIRIF RS, AR 2 RN 2 m(Ni) @ m(Cr)=4 © 1, 1FN
SIS I AT o R SRTBON S B S AR R R AP ORIEE, OSSP R AR A
£ 10%Pa, DAFERS 7 R4 e
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Fig. 1 Internal structure diagram of medium frequency induction furnace
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Fig. 2 Growth temperature curve of h-BN in medium frequency induction furnace
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Fig. 3 Simulation of magnetic flux, temperature field and flow field of liquid phase method in medium frequency
induction furnace
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Fig. 4 Simulation of temperature and flow field of liquid phase process in tube furnace
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2.2 h-BN BERRAE

I 5(a) o T AEK S8 R HHR 5 07 BALTIRE RO SR, i B FTR1E 48 BV 2 T
H T OKTRL, SRR h-BN i, [N, B 5(a)Fs ISR A FE e — R B SR o, L
KT B 1 HUC -5 B o o 5 96 v A9 o 1 R 4 8] B(0) SR T SR SEAE I
AR, &R EAZ550m, BEREZ 1.9cm. B 5(c). (d)ER T ARRHIEE KSR
BIVAT& ST 975 77 UGB 20 0l 2 S R . i S i vy, 76 &I ehir 1A
B2 B R ~F 2024 500 um FSE s, IR 0T U X 48, % T 20 5 ) S S M R 2 1 )
@, i R AT e R SRR DA S A K RIS R], AER A K h-BN P2AE R T, 1 B dm
PR S ETOC EAE SREE, HE5 R R 100-300 pm A&, UK R
FERESST,  RIIRE S 35 2o ] B 8 L3t i — R S«

ok 2 . . B
K5 WA h-BN A ER. (TP RRERIES: (D)@ BB EERIRNT: (0). (d)SREHDEY: &
B RIEIE () UL % 1) h-BN 5.4 SEM JE35
Fig. 5 Images of h-BN single crystals prepared by liquid-phase method: (a) Morphology of the sample in the
crucible; (b) Dimensions of the metal ingot; (c), (d) Optical microscope images after the experiment; () SEM
morphology of h-BN single crystals prepared by liquid-phase method

Kl 6 SR 2 h-BN #£5 EDS 704, BT B onRMEF /740N, SEM &4 1) EDS
KE/R B GERENES. CMNAG—EMEE, FBA LGSR RIE, IERMESREAE
XFFOCER. O ME =M 2SS, N 20 TaE A RS b, e R B O kA T Sio2
FALZE, [FEF T 30 kV FIHEARXS O yoakid i, ol R 28 AE Mk RE B R 7RI O o
WRAEH K, 7E 5KV FHE T AT LRI O TERE 53R TH & 2 AR TR A IRIR 2, AT BAIERA
ZHT BN AT B BRI . Cr BIS EAENT T Ni BERKIRZL, AR 30 KV AYHLEAIXT Niv Cr
TLRIES, AFEMIEI TR ERTE.
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160 Fig. 6 EDS analysis of SEM images of h-BN single crystals grown by liquid phase method:( a) Boron ;(b)
Carbon; (c) Nitrogen ;(d) Oxygen; (e) Nickel; (f) Chromium
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Fig. 7 X-ray Diffraction Patterns of h-BN Monocrystalline Prepared by Liquid Phase Method
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Fig. 8 Transmission Absorption Spectra of h-BN Single Crystals Prepared by Liquid Phase Method
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Fig. 9 X-ray Photoelectron Spectroscopy of h-BN Single Crystal Prepared by Liquid Phase Method
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FI10 A4 0 h-BN LR TEM B (8) WS 20 (b) FFT 2
Fig. 10 TEM images of h-BN single crystals prepared by liquid-phase method: (a) lattice fringes; (b) FFT
transform images
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200 Fig. 11 EDS Analysis of h-BN Single Crystal Prepared by Liquid Phase Method
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