Ha6t K104 Kot %= R Vol. 46 No. 10
20254 10 A CHINESE JOURNAL OF LUMINESCENCE Oct. , 2025

XEHS: 1000-7032(2025)10-1798-21

ANTTRALIMR S E A A 2% 1
EHH, SRR, ERE, TEE, AR W

(1 ERRE B S ADET I SEA5 AR & o, JLat 1000835
2. P ERR B MRRRE SRR BE, JLaT 100049)

FEE 0 BUL T (h-BN) it — i EL A 10 M 19 96 28 7 4k EOR B R, L3601 5 20O 440 B B R i A
LA A D0 S LR E P AR E PR AL S M . O B ARG 1o i Ol A T SR B
AEFLA AR, AT B 2% LT 3 5 0 AR AR A AR R . RSO e R 41 T h-BN [ FEA A LA K
TG BUBR P SRR BE 5 SR R T h-BN Y S5BT J s 4 45 R B  fb 2 R B BT S T RS
S H A RN AT 8 A SO DU BT S 5 A R AN A B R A R h-BN R 9 BRSO 0 M T Rl
M3 HE , NEE RS A B CFET M BUZ (DUVOL R G SO IR DL b RIS 2 4 A 41 1 2T h-BN %
PF R B9 B B S0 R o d R, BT h-BN BT 5 ORI S B TR R, 2 Mt o R TR IR F) — S Bk f AR S, I X
R R A S T 1) i R ER

X OO ZEMRL SOF R B 05k s e N

FESES: 0482.31 THEARIDAD : A
DOI: 10.37188/CJL. 20250128 CSTR: 32170. 14. CJL. 20250128

Epitaxial Growth of Hexagonal Boron Nitride and Device Application

DONG Jingnanl‘z, DUO Yiwei?, YANG Jiankun"?, WANG Junxi"*", WEI Tongbol'z*
(1. Research and Development Center for Wide Bandgap Semiconductors, Institute of Semiconductors,
Chinese Academy of Sciences, Beijing 100083, China;
2. Center of Materials Science and Optoelectronics Engineering , University of Chinese Academy of Sciences, Beijing 100049, China)

# Corresponding Authors, E-mail: jxwang@semi. ac. cn; thwei@semi. ac. cn

Abstract: Hexagonal boron nitride (h-BN) is a representative wide-bandgap two-dimensional layered material with
an atomically complete surface and no dangling bonds and charged impurities, and has excellent mechanical stabili-
ty, thermal stability and chemical inertness. Because it exhibits extraordinary properties in the fields of optoelectron-
ics, quantum optics and electronics, it has become a low-dimensional substrate material carrier for various applica-
tion scenarios. In this paper, the basic structure of h-BN and the properties of optoelectal, mechanical, thermal and
other aspects are systematically introduced, and then the latest preparation methods of h-BN are described, includ-
ing exfoliation, chemical and physical vapor deposition, and molecular beam epitaxy. Then, the latest research prog-
ress of h-BN device applications is introduced from multiple dimensions, such as transfer medium, FET gate dielec-
tric layer, DUV optoelectronic device, single photon source and neutron detection. Finally, based on the research
status and key problems of h-BN, some challenges and bottlenecks are analyzed, and the future development direc-
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Fig.1 (a) Crystal structures of ¢-BN, w-BN, h-BN, r-BN'"". (b) h-BN stacking configuration'*’. (¢) Mechanical strength of

different materials'”. (d)Fracture strength of graphene and h-BN with different thicknesses'"” (inset shows the schematic

of h-BN interlayer sliding). (e)In-plane thermal conductivity versus temperature of h-BN with different number of layers"'>’
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Fig.2 (a)SEM images of h-BN domains on polycrystalline Cu foil substrate’’. (b) Statistical polar plots of different Cu facets

used for the growth of h-BN"*. (¢)h-BN domains on single-crystalline Cu(111) thin film'®’. (d)Schematic diagram of the

h-BN lattice and the atomic step-matching structure of the Cu(110) facets™. (&) EBSD facet scans of polycrystalline Ni
foil ", (f)RSM images near the (11-20) and (20-2) diffraction peaks of h-BN on Ni(111) substrates™". (g) TEM image

of Niy;B¢/Ni interface™ (scale bar 200 nm)
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FEJZ . AN, NHL BB #5175 5 A & B 42
b v 5 B A B A A, A5 B 3 TF W Y h-BN
I BRI A 5T 2 BT FE 950~1 100 CHY R Y
il P9, 2 s V /I EE 72 20~70 B, AT LA 345 TG (4
% B h-BN AR, [ B & B8 h-BN (0002) W/ ¢ &
& BB FWHM Bl A= 4 IR BE 09 T e TR A . aX
T, AR A TR T A AR AR R AR
15 AR T A9 BN R A B L Bl b R A B
A SR 5T BT A4k M A2 K 40k, BRI S B T 4
] 2% J5E sp>-BN 3 51 ey o1 4 2E KPS i TAEAE
t(NH,)/t(TEB) = 2 s/1 s Jik of 651 & 1 460 °C 5 i
SRR A 0 R T S B B AT RS A RS
HLBE B AU 1. 6 nm, 5 2 OGI% W 400 s, 2E &
Yok % 31, 18 em™, 5 4 BERIE G L W IR IR
RN 4(g) iR H72m T sp™-BN HA A F 124k
S5 (R A K I A A T I JEE B A, sp>-BN
TS 1% ML 1) 25 X % T A AU 3 R A e 2
T % AR 21 5 R 1 R A0 AE A K AL T s T o
ol )2, I R P AR A R S R A R A O AR T
B AT REME o T K A A4 K B h-BN
FH T 5 i ] B R ik R 822 S DA R R 2 TE K
FEAERNAR  H AT, BT AR I AR R R A KA h-
BN ZZ [0] 7R N 28 vt J22 DA s 48 A R TR I g i A2
iZ AT BA A A AIN AR A2 K h-BN BB, R H PR
B KT, HEAE 1300 CFAEK—)Z272 im
) h-BN 28 ojt )22, S8 J5 R THIR 28 1 460 “C4k 24
KA = T 1) h-BN #EBES AH H E R K,
A LLE F h-BN 25 AIN B 2 181 JE B T 15 0 119
EORHES Can & 4(h)), H¥EA W BT R 8
(INE4Ci)) . S50 FR, WD A Kk RE 0 A 20
/b BT BB, 5 h-BN AY R B A OFS2 B h-BN
5 AN Z B R4 6 EITTREE R 2
2 BN 5 R 2 B o S RS BT A AR L 4R
— Ff ) 902 h-BN AE A 4 A2 Y o [F] 5 A1 4E 1Y

J5 ¥k A4 i h-BN Y S A4 5T 5550 BIF 98 3 fiE ] LP-
CVD 758§ I A < R 1 AR 5 JE h-BN, JF 3
PMMA K LB B B 8 5 A 40 B0 SR5 i
MOCVD J5 ¥ 76 5L 2% h-BN A& Ui i) i 5 A1 S0 bk
T h-BNAMEAE A, S5 2R R I, 5 B HTE 1 5 A0 2k
JE b A K A h-BN A LE, #E 7] BT 46 4 A 4K 1Y h-BN
R B ORI R R B 4() Y AFM R AIE B
T AR A A LA R, BT 4(k ) Y XRD BE R BT T
B g 0 A A R RN Y A A B R X RO A
A B TH#E3h 5 B8 | h-BN 6l &, JF x5
W0 A 40 7 M AR Tl A R N ik — 2P R R — 4
oA BRI LA S

b2 S AU 48 h-BN AT S0k i AR 4T
7o 4 B LR T . A B RS R
AN % VR 455, (BB o AL SN, AR BT IR T 44
SR, CVD A T AR MR A AR (IR R L T At
AR AT TN R B T2 BAR & Jm
A AT IR ATS 2 32 U R 4, L o 3 1 A AP AE R T
A A b A 2% LI L S S BAMAE A KL BB
AL BT R EE L T2, T S IS A R PR
R IEFCAS [N 3 5y S e Aok . X b 2
Y B B3 B B, i CVD B 32 £ h-BN 7E 5 P
AE HL 7 J 2k o A R )2 A5 4 i 4 U A5 AL
J7 T B R 0 AR A5
3.3 YESHERR(PVD)

Wy B S AH BT FH (Physical vapor deposition, PVD)
JETE B A PR b A ) BT BORE S B S A
B AL N AS T o T B A BB R B T, X A
AW WAL i B — A4S IS T BE LS I T 4
BB — E WA ER . B A S TR (Ton
beam sputtering deposition, IBSD) J& — F & F 19
PVD AR, Al DL SE 4 4 42 il 190 AR A% 5l ok g /b
A K S BB A 3 5 A L T LA SE B h-BN JREJEE 1Y
Al P P . Sutter 577 #8 B H 4¥ (Ultrahigh vacu-
um, UHV) A1 & 26 Av/N, S5 T X B S8 I8 oo B
45 (Radio frequency, RF) % ¥ &4 , 7~ 2 K& a0 &
5(a) iz o 7E Ru (0001) 4 Ji 45 3] &% it & h-BN
JEE, A 5(b) PR o 5 LA T AR KA h-BN %
A BRI OC R, S BOR R RS AL i B R 22
AR BT b R o B R S AT 5 e
IBSD W5t N R #h N A A S, DA 36 2o 35 0 28046
Y DR e 2 A S AT ) A o N o o
B e B Y 4 h-BNJZE B A1 S (e) B[]
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z,
5 .
| sien £ : sp’-bonded
w100 14000 £ = _ BN(E,)
:;}igg 01):.5 4!0 4'.5 50 55 6.0 § % AIZ()3(E;"I)
——S1390 EnergyleV g ;E
42000 2
=
' T=8 K 2
/| =
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Energy/eV Raman shift/cm™

IS (a) BEda M43 K h-BN R ZEE™ (b)) Ru(0001) /B K h-BN # I H9 HRTEM FHL™ s (o) W 5 A R /R K h-BN # i
HRTEM R 5 (d) 53 F HRAMEB AR R ™5 (o) B AR IR L4 h-BN 1 PLOGIE™ 5 () h-BN B RIS A4 & 6 3%
Fig.5 (a)Schematic diagram of magnetron sputtering growth of h-BN"*. (b) HRTEM image of h-BN cross-section grown on Ru

(0001)"**. (¢)HRTEM image of h-BN cross-section grown on sapphire substrate™. (d)Schematic diagram of molecular

beam epitaxy equipment™. (e) PL spectra of h-BN grown on sapphire substrate”™’. (f) Raman spectra before and after

h-BN annealing'®”

B, 32 AT B AR AR R 25 N 5 NH, 7E 700 “CAIR IR
JE T B AR IR N AR R IE N,
2 T h-BN B2 R AR BT i

PVD 9 B AR HF s T W BEOR % Ha ) A i
Ja& P PR BRI B T A K v Al R R kA T Ak
25 SR DT AR i B A 43 i vT B SN A 2% IS G
[F] B, W S T 2 1 1 S o AU BB 1 o R S )
JE RS SE AR R TR SO PYVD RS
To 5 2% (0 SOAE B Ry 28 i B 00 L 16 T 2 6 kLA
DU & A T2 55 2K [) B 5 Ao Jee 1 48 4k 305 % JE
JERS IR ORGSR e ) Al AR
IR RES I TR U AR AR PR B S S Nl
A T 2N
3.4 SFRNE(MBE)

4y F AN E (Molecular beam epitaxy , MBE) J5
R B E AN E S (d) BT R™, fg % LUK i 1Y) 38 A
AR A AR ORORE R BT I BR A 2 R B AN R E
PRI 2 20 2R R o Vuong 2 WF S T w5 iR 45 5
T B MBE £E K h-BN (1% 45 8 , 4 98 B 7
£ 1690 CHE, AR B4 i 3 350 B 9/ 5 AR iR
T i 42 FE L h-BN [ 0% 2 & O 3% (Photolumines-

cence, PL)1E 5. 36 eV HE £ 4 & 3 1 i 5 21U 1Y PL
i (WA 5Ce)) o Lin % W5 T & iR K (High
temperature annealing, HTA ) X EARIAERKK
h-BN 58 & 1R 5T B 2 I . I OF S R B AR
KRBT 1 250 “CH h-BN 25 ) it it FDOE 2% ik
Sy PR AR AT AE 1700 CHY R B T IR K h-
BN A 437 8 068 b By, WA 5 R W 35 (A
5(6)), I H A5 SN2 29 13,0 em™, 15 W
1B K5 h-BN i 5T B ks

MBE i i i 5 L 25 21 58 5 50 9 O 3 G
A A R Y B B R S AR TR DO
2o H&E RIS KB & A RG M Z R
R HIRT I BRI U R & (H %) 5
S JTUAG R A A 5 o) B AT A Al A

Sl S B N1 <0 5 Sy 5= v 2l B S T
FR 2 7 12 R O A e TR R R A R 254
T IHBAC R Ty o GE RS R S A K S H0H
P, T 8 RORST 2 HOHS — 1 v 245 ot v e, e 6 %)
BB ROT R A B )2 8] 75 G TR) e 5 R i 5 2
T T FU T, RS 2 T A AR L R R
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4.1 HBNIR

1 22 P HL R EL A e s AR R T
SRR R g AR IR A W R A A A T Y R
AT, WA 215 TR 25 G % %
R T R AR F A I 2R 1 B 0 JC R B HE
H XA T e i GEH 8 >1 000 °C) FAERKITA
AR B RS R DRI, 2R M I R R S R
HEZEHT AW IMNEA K, SR A8 18 (M E 2

BT RS540 )23 () A 59 MY TR AR 25 5 ) L h-
BN A] LUFAE A AW 3 B 5 A% 1 A T2 )28, SR A I
JEAE A AT LA L AL 53 B 912 B 3] S0 Aef
S b, IR s 2 v AR A & 2012@5,K0bayas-
hi S5 5 7 A 4E JZ R 5 A AT Z A4 A h-BN
2, T Al B Y GaN 3£ LED, h-BN J2 8 I 1
2z o 2 DA R GaN W09 BT &L OF 1E 0 B
PLSEEE GaN SE85PF WL L B8 . X AT 49 25
e 6(a) it 7n , 5 % J5 2 & F Bf (Multiple quan-
tum wells, MQWs) i T2 0B A K A=A 1k, Ul I 5%

MR BB I F RS B b R 10 A58 B MR 20 R U5 1 MQWs S50 0548 (35 7 IS4 HY A B
R B A P T Y . %% LED ) EL G an & 6 (b) fr s , WA 3 &l
(a) ‘ (b) 100 (¢) 0.8
GaN(0002)  Sapphi —50mA _ L After transfer
0 AlGaN (23350611;6 ¢z 80 | Transferred :ggislj\k 06k Vg"_+2 Mol g Before release
E (0002) g5 “lomt | =
3 —1 i1/ - £35 60F £
N =9 S 04t
g w Before transfer J % \jé 40 %
- g5 0.2
i ﬁ fi \f *T After transfer =g =
i ! 0 0
30 32 34 36 38 40 42 300 500 600 0 5 10 15 20
20/(°) Anm L4
10* ; ;
(d) After exfoliation 0 _?r,lyi}(\lz/;)111_\](;\?/,\|N(1)//\120_Y AN A

GaN films
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0
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K6 () #HJE InGaN/GaN MQW X 5 28 fif 5 18135 ; (b) ¥ %% LED 9 EL Y& 3% ; (¢) AlGaN/GaN HEMT ¥ % 1 J& 1-V
ek 2175 (d) &b B 9% GaN 2188 18 5775 (e ) 188 BT 5 76 h-BN/IE A B /£ K LED B ELYGTE™ s () #1 B /i 7 AIN

J2 X AHER AT BT 5 (o) AIN B 15 A 300 5 L 1T B R 2 S BB RT3 (h) AIN b A= R
SO (i 1] Dl it 9 0% 6 I 1 AN )

G ) EE RS HTS AIN L

1% h-BN [ FTIR

Fig.6 (a)InGaN/GaN MQW X-ray diffraction pattern before and afier transfer'®. (b) EL spectra of the transferred LED". (¢)
I-V characteristic curves before and after AlGaN/GaN HEMT transfer'®’. (d) Wafer-level GaN stripping photos ®’. (e)EL

spectra of LEDs grown on h-BN/sapphire before and after peeling

. (f) X-ray diffraction patterns of AIN layers before

and after peeling®”’. (g) AIN-peeled and unpeeled interface photographs and light microscope images' . (h)FTIR spectra

of h-BN grown and annealed on AIN'"’. (i) Raman spectra of AIN before and after transfer'*"’

wafer-level transfer)

(inset shows AIN film after
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5HR 85 IS i o P IAL B 1 I g B A AR R R R R
5% LED M58 & T 8038 0 /5 48 LED., 2014 4%,
Hiroki 5578 Wi % A1 41 I Ll & T GaN % HEMT,
FEFIH h-BN B H B 3 Cutl b o -V 552k i A
6(c) JT7R ,1E V=2 VI B Vo 35 3 20 v, &
) L AR T 30% ; 14 T 2l 58 1 HEMT, 1, 1)
WAL R 8% ,iX EEJEH TR 5 itk om . &
T, E R A B S R B SE T h-BN L SEEE T
TCIE T3 GaN AR 1 i 158 9 A= R AIL AR ) B, O e
7~ T HAEZME LED th g i H o #F 5% AT BA R HT AIN/
h-BN & & 22 vh 2, 7E PR 5 JF i F vp o] AR 6% 5K
VL 3 LA A S BT A0 SE 7 A 1 s 46 2 ), 3 3 5 AL
) B B 3R £ )2 h-BN [8] 7 55 40 BLVE AR 2
T i [ 2 B GaN VA R B . BE RS IR R A A
6(d) i , 75 8% J5 1) 22 Ml I LED (1) EL G
K 6(e) s, KGRI INZ) 66%, HHA R4
(AT REME o I TAR Ry R A AR B 5 B GaN
TS 1 2B A D R R TR R AR O F 25 1 1) & e
PR T E B EOR B AS , A EHE 3h A G G Bl 7E 2
W8 AT SRR A Ay T b AR

2021 4F , Park %' % BL7E AIN | 4E K A h-BN
EEAMR TR, A58 T 7 h-BN/AIN
(& 6(f) ) A1 h-BN/ALOS (4 6(g) ) 5 1 A K Ay
AIN JZ 09 #) 5 . 8 B ik AR 27 46 6 3 (Fourier
transform infrared spectroscopy, FTIR) .78, 0t &
iR K, h-BN #B 7R H 2 1 368 em™ (115 Wi Ik 2
R (A 6(h) ), 3X F B h-BN 78 i iR ol 72
RERE . 5 AIN LA SBE AR, IF A B R
1SR W BAR B o 202448 P BL Bk
PRAF 5T Ir S 80 T h-BN 4l Bh R B A & AR
HAYTERY S AIN B AR K IR R OR T (R B
AIN A HLARR B . BFSR R (O 55 55 7
PR AL H Y h-BN W] LAY 85002 #F AINJE iU &, 1 )2
AIN B9 3R 43R J1 M 1. 06 GPaF& 1% % 0. 08 GPa, h-
BN 4l A JZ A7 By 1 B HlOSUh B 7 IF: B AR A1 48 2% rh
F 7 4l 3 B SR BS BT IS AN T 1) 7 2 Ol 3 dn 1K
6(i) , WEAH > 55 i B — 30, AR W] 1 ALN g 5 i) 5
B o KT T AR Ay T 20 2601k A ikt FEE ) Joie i A
fE T LK, O Oy A5 A SR PR R R A H AR
TR0 R R B8 E T BLAil

FE W T A AT AR K AL GE N 1) 2 fih LED
A7 E BRI H B R L AR 25 R T3 1T R 9 A RR A []
Bl . Karrakchou 25 A Ffl 2D h-BN Hfi Bl AL bk 41 25

+ R (Mechanical lift-off technique) 78 < T R 7 37
WM 3 T I H InGaN £ LED. fi{i]14E LED &%
P TS BT AR T — )2 J5 L B8 4 )22, 3 vl 9 4 )2
R G5 R BRI T R DB Ok TF 2 4 v RO B il
LED 25 ¥4 75 440 33k # v 3 #1025, A h-BN/E 5 40
— 2B R . O T R T 4E h-BN B 59 HLAR
B, Vuong 25" % B, AIN 7E h-BN | i 55 21 KR B
(~1280 C)ATfE£ S H ALY HUE h-BN o, M 184
R I RN A TE R AR, Y AL A 17% B )2
ARAIN TCEF B . G5 R Y 1 X 2D/3D 5 i 4k
FE [, 78 h-BN RE % B B2 e L 22 1) Tl
N o 8 h-BNAE Sy Ak P A1 SE 22 ol 12 DL R R
A )2 R — ol o ik 2 T R T B B R AR W A A A T S
T3 [ B A8 38 i B A KRR B S A IS 11
A EE A T B AR A o

4.2 FETHZE

Y5 fb A 2 BT CMOS AR A 2 A 41 1l
T AYT AL S5 1) S SO0 i AR A R I TR 5 1 3D
PR okt (R 45 AR A A& AW 55 ) i iy L B
B B A ST AN 4 /1N, 35 6 4 8} T e 5 — S 4k
o G, B A A A A2 TR R 0N A2 I e Vi
T ), V8 B O R R R Em AR, EVEA
FREEME B 2 A AR h-BN A EE U % G0 0 41
ey M ALY, 78 IR CMOS T Ifs f Pk A% . h-BN J5
T T U LG R 0 3R 1w ] DASCE A 2
(L RE™ , I HL i1 T h-BN BE 5 A 205k il 5 1 F iy
FEL 2% S0 1) S ), M A T O YA TE R T AR RS R A L
Baom . peAh, e SRR 4 8 L 22 A4 A h-BN
AT LA 2o 9 i AR A A R O I TR AR /T 1Y
Pl A B o PR, 28 25 8% h-BN R A A b 44
BRI LRI .

g oK £ 3 %N R B (Nanowire field-effect
transistors, NWFET) J& — Rl 1 24 1 DL 2 SR 94 >k
LAE MBI FET #4545 X F NWFET, 49K 214
TH PN HL P AT LA S Aok 4 oK 2 T B 4 A AR A H 2 AT
BRG] o Dasika " HGE T 1 Te 91 K £k 4E
Sy 8 I A SUAE A 5 80 3 AN AR AR . I 7 (a)
Jes AT 38 o T ALK 15 nm (19 h-BN % 58 3
KL b, H Te 99 K £ 14 38 5 h-BN Mt 4 it )2 B
BT AR (% Ak o T B T, R A Y FET SE 8L T
K570 em® V7' s S S GE R R IF HAE R R AT
IR 1390 em® V' s (AIE 7(b)) o T Te Ry
HL T 26 FRE (200 4 V) HLAF BRAES/IN 75 42 8 422 fih
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Fig.7

SETAS R I T R TRET /R 25 75 (d) T 34K TFET £ 300 KA1 15 KR A% i AR 4E ™5 (e) BT FGFET fy i Rt
AR5 5 AT 4 B 75 (D) FGFET (1) 4 5t AN B B/

(a)Schematic of a dual-gate controlled nanowire FET™'. (b) Characteristics of hole mobility versus VTG at different tem-
peratures”*. (¢) Schematic of semiconductor-free TFETs with h-BN/graphene/h-BN vertical heterostructures ™. (d) Out-
put characteristics of semiconductor-free TFETs at 300 K and 15 K. (e)Schematic of FGFET-based ultra-fast nonvola-

tile memory”. (f) Programming and erasing operations of FGFETs"

P AL ST R R R 2 m IR T AR
JIL it VA O L B o R 3 R | 2 G XU
W, ARSI T K 216 wA - 1Y TR SR B HL
Wi, BB 2310 B FF S L .

% 25 37 %00 K% (Tunnel field-effect transis-
tors, TFET) 514 4t FET A 6] , /2 i 1 b 57 ¥ 4 F
F7IF KB FET . T 5407 Bt A4 i 19 H, - 28 N
fE, h-BN 3L A 5 iy a2 M e i i 2
SR R B A ) HRL 44 1 3K il A5 h-BN AT AR R R sk
(1 % 28 3 4, 6 F TFET Sk 136 )2 52 3K T #€ A g
PEBE MY SCHE P K . Lee L iE T 3 F & 8 /h-
BN/ 2 M /h-BN/4x J& HE F 5 0T 25 44 1 T 2 F AR
TFET, 58 a1 &1 7 () 78 o h-BN/A7 85 95 57 Jit 45
Y BT IR BB A% SE B8 ) M AU R 5
AR TT OCAT O T W R g 2E AL B 3 & G
(Field emission, FE) 1 B 3 % 2 ( Direct tunneling,
DT) o M o (V) T A H R (V) 3 2o 97 i F1
R ) DK BB R R 2 4 4 = JE Dy, 35 B A AL
il (R 5 ok P T T L . A SRR Y PR OK B S
£ F h-BN B% 2 3% 22 (19 BB i), BE 28 LI DL FE
F L FE ML S @y A8 O FR 510 Y A A0 2K
AE 20 B AR H. @y 38 I, FET ] % 88 1 DT HL 3 -
LA EATE V=14 V B 2 B0 BT 804 5647k, Bl

& Vo WS, BN DT 55 48 4 FE 25, H i T
KT 10°, MAh, T FERZE SR E T X
T8 HL I 1 7 300 KA 15 K A # 2 2R HE 2840 A% i o
FEPE (AR 7(d)) , TFET S 80 T 76 e 58 I B 3 [
W (15~400 K) 0 H i e Pk o i i 2007 i 1R 48
(Floating-gate field-effect transistors, FGFET) # 1A
SR By e M AR A A AN AT D 1 AR Ay,
T A S 24 7 A F AT B AR A% R T . h-BNE — AR
A TR 0 B A AR, BT R S G T FG-
FET (&Y . WudE /R T 3 F InSe/h-BN/Z
JZ2 A1 B0 (MLG) 5 0 25 44 1) FGFET 19 P Ak &)
RAEAEAE AR L InSe h-BN Fl MLG )2 43 I /E i 36 |
W& 25 HL A 5T R A L 25 00 18 7 Ce) BT o Al AT A
FH R G- 8 1) S5 T R 38 5 1 S TEDR A R A 7
A7 500 TR BB R OB TR R R Y I I A S
PE, BB At o TE S AR AR b, TE R ko fee
FEL - DAY 3 o 2 ) A 0 A 5 T A R R R
0 r e Jok i F, 5 DAV A SR [ 3 9, DT S
1R TH G LG R PO I FE i A . s SE I T
b 9 5 N R L B 8] (~20 ns) (AI 7(6)) ik
10" 1 M = 7 O b DA R K 35 10 45 1) A7 it 1) ], 3
— JBRARER T X B A A A R R B S
I AR A AR K R AL T8 1 Oy
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4.3 DUV £3}254

WA BB 100~280 nm =22 [6] Y HE, % I 9 Bk
DUV RSN, DUV SRR 20 H T & 5o T
P 97 i B A5 SR 1) K B S SOR R T Sk
F AlGaN iy DUV & 5% — #% % (Light emitting di-
ode, LED) HARBUN Fram i IR R DI HE S5
ROJRAE G DUV N ORI L B B E . A&
M, B Mg 22 3 @ 06 K BE 5 BUIR N 7 i ™
(Internal quantum efficiency,IQE) , 4% [a] 5 £ TM {
P K 5t 5 BOIE B9 6 2 BURCR (Light extraction effi-
ciency, LEE) , AlGaN % DUV LED Ky #h i 7 &% %
(External quantum efficiency , EQE) 3 %I f # , X £t

] JIK Bt 2 ALGaN v AL & 5k 4 48 o i 2% 45 8
FEEE T LA — R B DUV G JE A R 00
h-BN H T3 F -7 FH AR 3 45 G Re e .
WO A A, 4N BB RS T Ik A1GaN Kk LED KR
il B DUV &G bR Z | 5K HL A 8] $2787 B 1
5, AH /D 2 TR h-BN HA & 1IQE B DUV &
5 o Schueé %538 12 B ) 9% % A& 561 (Cathodo-
luminescence spectroscopy, CL) 73 #7 T h-BN H [y
W RO, IE S Zn0 F4: WA 5 B AT LU a,
8 (a) CLYG IS IESE T h-BN 19 5 IQE. 7£ 10 K
i, h-BN 9 TQE {8 5 15 2 50% , 55 H 47 B 2 Sk
ZnO A2, 3 H 215 nm(~5.77 eV) &b (1) & 5 78 %
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5 £ 8000f ERal ] d {10 <
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e S——— e £ S l=e : {0 &
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8 1 £ 8000} s K
= b 54 g
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£ 01 T } Diamon = 4000} 2 &
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T=10K i ) A\
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L ! <
E 20 Electrode i; 0.08 F E \;z 12 "\
515 e 001 = £ \
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E Z G 2 s G O D
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s A hBN Da:f = 0
hBN S doped 0 200 2I50 3(|)0 330
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Fig.8 (a)CL spectra (top) and luminescence efficiencies (bottom) of ZnO, h-BN, and diamond at 10 K®'. (b) EL spectra
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todetectors in response to an applied voltage'™”. (e) Photocurrent and photoresponsivity of h-BN and S-doped h-BN photo-

detectors”"’. (f)Photoresponsivity of the detector as a function of incident wavelength"’
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