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Stacking-Controlled Growth of rBN Crystalline Films with High Nonlinear Optical
Conversion Efficiency up to 1%
Jiajie Qi, Chenjun Ma, Quanlin Guo, Chaojie Ma, Zhibin Zhang, Fang Liu, Xuping Shi, Li Wang,
Mingshan Xue, Muhong Wu, Peng Gao, Hao Hong, Xinqiang Wang, Enge Wang, Kaihui Liu* and
Can Liu*

Nonlinear optical crystals lie at the core of ultrafast laser science and quantum communication
technology. The emergence of two-dimensional (2D) materials provides a revolutionary potential
for nonlinear optical crystals due to their exceptionally high nonlinear coefficients. However,
uncontrolled stacking orders generally induce the destructive nonlinear response due to the optical
phase deviation in different 2D layers. Therefore, conversion efficiency of 2D nonlinear crystals is
typically limited to less than 0.01% (far below the practical criterion of >1%). Here, we controllably
synthesize crystalline films of rhombohedral boron nitride (rBN) with parallel stacked layers. This
success is realized by the utilization of vicinal FeNi (111) single crystal, where both the
unidirectional arrangement of BN grains into a single-crystal monolayer and the continuous
precipitation of (B, N) source for thick layers are guaranteed. The preserved inversion asymmetry
in rBN films keeps the in-phase second harmonic generation field in each layer and leads to a record-
high conversion efficiency of 1% in 2D material family within the coherence thickness of only 1.6
um. Our work provides a route for designing ultrathin nonlinear optical crystals from 2D materials,
and will promote the on-demand fabrication of integrated photonic and compact quantum optical

devices.
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High-speed transition-metal dichalcogenides based Schottky photodiodes for visible and
infrared light communication
Youwei Zhangl,*, Wang Shenl, Su Wul, Weijia Tang1, Yantao Shul, Kankan Mal, Butian
Zhangl, Peng Zhou2,*, Shun Wang1,*

IMOE Key Laboratory of Fundamental Physical Quantities Measurement & Hubei Key
Laboratory of Gravitation and Quantum Physics, PGMF and School of Physics, Huazhong
University of Science and Technology, Wuhan 430074, P. R. China.
2State Key Laboratory of ASIC and System, School of Microelectronics, Fudan University,
Shanghai 200433, China
*Email: youweizhang@hust.edu.cn

Due to their atomically ultrathin thickness, the development of high-performance transition
metal dichalcogenides (TMDCs) based photodetectors demands device designs distinct from
architectures adopted in conventional bulk semiconductor devices. Here, we demonstrate a field-
induced Schottky barrier photodiode with three different TMDCs materials WSe2, MoTe2 and WS2.
Owing to the high gate efficiency of high-k dielectric film, the Schottky barrier at metal contacts is
effectively modulated by external bias, giving rise to a strong diode-like rectifying characteristics
with high current on/off ratio. The WSe2 photodiode shows a linear dynamic range of 112 dB, a
responsivity of 0.17 A/W and response time of 8 ns. When this fast WSe2 device is employed to
visible light communication date link, a maximum real-time data transmission rate of 110 Mbps is
achieved. Meanwhile, infrared light communication was also realized with a maximum date rate of
30 Mbps using field-induced MoTe2 Schottky barrier photodiode as light sensor. This work provides
a general CMOS compatible and controllable fabrication strategy for TMDCs based photodetectors.
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Monitoring and engineering the interface interaction of WS2-substrate through high-
temperature in-situ Raman technology
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Two-dimensional (2D) materials especially the family of transition metal dichalcogenides
(TMDs) has attracted giant attention owing to their superior physical properties and promising
potential applications. The sustainable progress of 2D TMDs prompts extensive interests in
developing the advanced electronic and optoelectronic devices, such as transistors, photodetectors,
etc. With few exceptions, the fundamental investigations or device fabrications are inseparable with
the support of the substrates, which offer an effective protection for 2D TMDs with a fragility feature
due to their atomic thickness. However, the introduction of substrates may result in an obvious
variation of the intrinsic nature of 2D TMDs through doping, straining and dielectric screening
effect, etc. Therefore, the TMD-substrate interaction plays a crucial role in exploring the novel
physics and optimizing device performances. The Raman and photoluminescence (PL) spectroscopy
have been widely employed to study the interaction between 2D materials and substrates. However,
there are still some ambiguities in understanding such interface effect due to the lack of a direct
targeting technology that is highly sensitive to 2D TMD-substrate interaction. Herein, we develop
the high-temperature in-situ Raman technology to systematically investigate the WS2-substrate
interaction through monitoring the low-wavenumber Raman mode. With the assistances of PL and
AFM measurements, the interlayer distance and interlayer impurity molecules are demonstrated to
have a significant impact on the interface interaction. What’s more, by combining the in-situ high-
temperature annealing and rapid cooling technologies, we have successfully realized the resultful
regulation of the interface interaction between WS2 and substrates. Our results not only suggest the
feasibility that the low-wavenumber Raman mode could be used as an indicator to monitor the
sample-substrate interaction in 2D TMDs, but also develop an convenient method to regulate the
interface interaction, which contributes important guiding significance for the design of high-

performance devices.
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Flexible electronics have been receiving tremendous attention due to its highly flexible and
stretchable and highly sensitive characteristics. On one hand, flexible MXene-based composite films
have developed rapidly in recent years due to the advantages of highly sensitivity, lightweight and
high tensile strength. Taking advantage of the high conductivity of MXenes and the porous structure
of polyvinyl butyral (PVB), we have fabricated a highly sensitive piezoresistive sensor with a wide
detection range (~31.2 Pa to ~2.205 MPa), low detection limit (6.8 Pa), low detection voltage (0.1
mV), low power consumption (~3.6 x 1071° W), fast response time (~110 ms) and good mechanical
stability (over 10 000 maximum-pressure cycles). Meanwhile, MXene-based textile electronics are
of great promising wearable device due to their potential applications in personal healthcare and
human-machine interface (HMI) for artificial intelligence, which are yet generally hindered by the
long response time and absence of signal details. And a novel MXene-based textile pressure sensor
has also been fabricated by assembling MXene into the scuba knit with a hollow structure.
Furthermore, a personalized smart health monitoring system integrated with the MXene-based
textile sensor was made to collect and analyze physiological signals from different people at
multiple time periods, suggesting a new advance in wearable and textile applications for healthcare

monitoring.
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PEsg, REREHITHI4 h-BN. BJEMEASY. BEE. RS2 " 4ebrkl. [N, CLRAHE
FI BRI H) ~HEMRHE A, BATE IR A TR A B T R AL — 4Rk
PPRGURBRL —ERRE . BT R T YEMRI R 2 RS A . R T AERDREN A T F R
AMEAL AR KT, AT T — ikl o fo 2 i b by 2R R 2ROl AR =2 7Rl R A 25
B —HEMEME AR, HARILH B BEREREI SRR R A AR E Vs JEIE U AR R
MR UL U 7 4 0 55 05 20 RAR T 7 HOC IR RE . Bk, BATEI R T — LA,
A R I AR K PERE R —LEMRL, RSB I I/ — YRR J5 A N 1R A7 i 2
H o H3T —HEAP R R S A5 R s 3 R DRV IEE . SIS Ol i) 5T
Bl 7 H AL ERE -

05-20
R4 & R
e
GEERAYHE R &IE -5 L RAURBHEI ST i)

*Email: weiyang@tsinghua.edu.cn

G2 ARG R 2 SR O 4 SRR Rl R b R BRI
RN T a2 AR A A R AT A, JTACHT M s T R &R il BA HE R R
Mo AT T -4 @ HBER A K (SWCNT) Ff 5844 (Graphene) HFH %M S5 1) 37
KRt (CIFS) Mg isAT R, KIE T IR X Ik M SR ae Zoa 5440 CIFS
BT TR E AR 04T, FHEIE T Schottky-Mott FUNNE I IE A T2 48 21 Sk fih. 78
SeEEAl b, JATHE PSR I T g SRR 4R SR A, Ko B BB IR PK
FAE 4 SARRIRIG A, SEPL 7 AW 2 nm 0K E RN SRS 2 E . XFR A
Y P2 2 SRR PT DATE B i 37 R SRR A s - HL 2 1 A S S AR 15
(%) 4 i P, BEL 150 PR B ) KA e — - AR T TR AR 2 - 8 1 AR oot ARk Y T B
e A BORIT S R 7 A 3 — 8 /N EME B S 3
SE IR
[1]Li, X.; Wei, Y.; Wang, Z.; Kong, Y.; Su, Y.; Lu, G.; Mei, Z.; Su, Y.; Zhang, G.; Xiao, J.; Liang,

L.; Li, J.; Li, Q.; Zhang, J.; Fan, S.; Zhang, Y. Nat. Commun. 2023, 14: 111.
[2] Li, X.; Wei, Y.; Lu, G.; Mei, Z.; Zhang, G.; Liang, L.; Li, Q.; Fan, S.; Zhang, Y. PNAS 2022,
119 (17): €2119016119.
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G £ “BRikiE, BT B X7 WERE, O ORBER” KT E LT
Ao R SEABISORIS BE, BRI TE. e tE, RN SO0 Rk 2 58 AR B BOR RIS Ak
AR, 20 A 50 FEAURA R MBHUAE 8 (neEkAeng, %58 K55, 1A
ATRZIE IR B AN SR RETRTH 2 450, IR SEBEIRANA B S L. AERXFRHT, Poiis
TREIE R SR O ARBR B NAZ T A, NATTo7 A B R XA ] RS I L ) St RE TR
B GACAT REIR . AEIX L R ] FPEEREIR A, AR4EGUR BEIRMEAL AT LR A T AR AL B
AR Z N, RENSAEACIL R A2 RSO, B LA 0L I ORR, HEZAE{L MOR, #f
ZUXN HER, HrU% M OER, LK 4/KM#SE. ARk /a7 IR AR S # ) )L
M, DASE e HLAE RS AT A L o

05-22
BB 5L a1
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*Email: zaixyang@sdu.edu.cn

WAL BRI 2 e Bk BWSE -V R R8BI G
FERTRIRTE T IR 36, B RSB E KA RAKHFT, M 2009 FR2RKEY 5
PRFNESAF 9 O BB W AR . fEARZ B, B8R (GaSb) HIHFRR (0.72eV)
LMK B H AR N-V R T RS 2 7OE 2 (1000 em2V's™), #A A2 SE
B — A RE 2L A MR 25 R s A s FR i A 2 A e I B AR VA TEHT M R 2 — o ARGEA ) 3
FE MR — UG BB R %0 o ¥ GaSb (RGEA N —4EGN KL, — T THI v LA 8
—REPERE B AMRNZE, 55— J7 0 ] CLEE M R & A0 I SE G rL % (BRI AR
Beyond Moore FJEE R BT M2 —). EHNHMZ BT HIN— B2 T 51 GaSb 49K
BT, AW, SRR Z R T EIRR T /0T R, Bk, HonancE
RGN 2 51 k™ B R T FAE K, S8 GaSb YKL HANA I, REASEE, TBE
fik; HIX, GaSb 9K mAGEMFER, WIS, FEERFHSHER .. SR FkEA
A, TR MEMELLORIE: 5, TR RS BRI M AR Y R ERAE SR EAT R T
BEXT UL ERFEEMER, 47 T AE RS RR Bh T0 2B IR AROR 7 A BT s e A
BYORERINE”, KIPET “SMUYRAESE 0 S5 asfh” wts, B ARSI YIK
AL AN K B2 540 B R o (R AR 22 W B AR, 774 51 45058 — AR PR £ BRI A =k £ Bl
HLER K JE

05-23
RATAE LB REREKTR
K
W B RE R E A s, bR
*Email: zhzhang@ustb.edu.cn

I AR AR R TR R R S MUt T
RERFVE . @I R HEL A 2 DI AE e P 45 B A A bk B IR S 34k (CMOS) T
SR AR i R R B AR BRI A 2 o 4 r AR 17 S o I T T I P 2 )
WA SELES I D REAL S SR A, FLAT IR AT R AR v o B — 4 R AR ARA L ) 2 o B
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R e oS . .o b o e A K
EROAA EFERSE, AR T SRR, B T @i Kmie. (12,
ELA R SR M R KR S HOR AL TR GRS, T 1T — A RIS R0, 1650 e
B KT R 5 40 T 4 K, R AR P T b 0 b 67 LA 153
EHARE X RARASURIIBNE, XA E LRI . A KA1 Ksh )
SR, MR KL, R AR R KA SRR TR, SO0 T KRG
L IR B B R S R ) 6 5 PR B LR

05-24
K — 4 R TG
AR, S
Fa A B SEIR = R n R ARG 3B, TR AR 5E T IR R A LA R S e
%=, 523000

M2 BEEOH RO AW/, FRERN AN R, TR E T EA
F VAL R B A A N O TR R SR A DI 55K —4EM R R IR A& 1
JRIEEEAIIH S, BT R IR VA TE RN A M AR T L2, AR% A 2N T8
A PERE SRS ) o HEAPRLE T AR R R A6 0 B . KRS ) 4 B A R )
e PRIE, AR R R 2% SR ASE IR RS S R R A — 4 5 ot 1 1 o AHERORE Y
LR [ A AE 2 ST 8 42— 2 B it KRS 1) 28 AR R SR T et e, oK 20 — 448 5t 1
TR K 12 FEf SR AR BoR S o AR A0 Z4ERPRHE AR Fr 23418
3 TR R AL L SR AL B ST 4

S 3 i ER 7 7 PRSP 7t K B

05-25
REMBEIN “BREUN” 5 “REER” SR AR HERFEHR
JHEAE*, MR, RADE, g
QPN 27/ P e v p ST et (RS 287 SUN ER T WS IR << et (RS SE kv SR i AR
MR, KD, 410083)
* Email:chzhou@csu.edu.cn

W2 WAL (Two-step method) & 85ERH TR AE K1 FH (1] 28T, BT
5 PbI2 Z A S SRR, IR Z L. Z a5 ZMESE RS, SXHZE, i
B NIE R R AE VSR AR KB AT %, K: 1, PAA 4 F5E T MfELE
HIA EAE 55 S B AN " (slow-release effect), FEZ% [ NI R SE5ERT 45 i fE, $emdh
KA 45 . [FAIBS 2 FrR ) CO B R T LABEAL Pb2+. I FHZRNKE ~F 1 n-i-p 4 PSCs 1)
T HLIFA 3 (PCED A 19.96 (+0.41) %32+ 28 21.84 (£0.25) % , 2D 73§ F 28 (OAD
R MBI G TR RS T 2 24.19%. [2]
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S0 B AR R R = Wiz T — 4SRRI

@FA/MA ©Pb «I/Br «-C=0 ~~—<PAA ..-.;-.p- .6 ;@
R EE PR ‘, )
/ Y r Y ‘e Yo
Y o o a \-a ‘ A
....... et e

Slow release of

"
(o] rgan ic ions
Improved
\/ crystallization

K 1. PAA 5 3R R e E

2. RILPVP XHSERA A=K = A BRAAE A, b BBk R AT AR B SRS 1, K 3
PCE M 19.46 (£2.80) %IEEF] 21.50 (£0.99) %, OAI FHEMi il RIRTFE 24.11%;
[ o 22 s VA 5 AT AR B R e M o [3 13— 2B WF 7T R BIL, PVP X PbI2 [RIREAFAE PR AAE

AU R NG () S - - oL N Yl e 4] PR == N [ R R 8
R K BH ALl F RO I 7T 30

R RN FRIEUER] RaV, EKahis ROENE: JeiFmEeE.
EEPE R

[1] Xiao, Zhengguo; Huang, Jinsong*, et al., Efficient, high yield perovskite photovoltaic devices

grown by interdiffusion of solution-processed precursor stacking layers. Energy &
Environmental Science, 7(2014) ,2619.
[2] Lin, Siyuan; Zhou, Conghua*, et al. Improved crystallization of lead halide perovskite in two-
step growth method by polymer assisted “slow-release effect”. Small methods, 7(2023), 2201663.
[3] Wu, Shuyue; Zhou, Conghua*, et al. Improved Thermal Stability and Film Uniformity of Halide
Perovskite by Confinement Effect brought by Polymer Chains of Polyvinyl Pyrrolidone. Small ,
19(2023), 2207848 .
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L AR R LR R SR AN S M) 2 R i R L L D0 S O B R G Bk . Bk
L AR I T EM R T 2 SO IS SRS L e ARIRES . TR RE B e T AR AR
ATIAT VA B S ANEL o G0 i MJE J2 ) % AR SR — E A R A ST I P ) G - AR
T B R REH A AR G SRR FAREE: DT R ERINESSELZ Aoy
L2 MR B T BRI S SR REAT R 2, 6T I SCBREVE AR SRS, DRI U A
JGHLEAE A EIN L, 2046 22 SRR T R & Wi VE Cr SRR SR ASRIAE AL, 20 CrTe,
CrTe2, Cr5Te8 &%, IRAWIIL 4 Cr MBI SHLAVEREZ MK R, 3) —IHEMR
Hi 2D-1D FHEAE G TR W e b S5 1 [ VS-VS2 I Filid, JFE: Tl ah i seil =
R T P K S B ZR U o

R AR ESHTUR, R TR, e, ES
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TR E: = YEAR AR ALY AT SR e S S e LR, DA ISl T Ak .
B DIREAEEE, AT B R ML, MUFERA&CHEN T2, 10 nm
HA 53 nm T2, 1M0HFEF MU TREMA B, RFFGURRUE 51, TRk s pt
B ARG R 2 7 ar e i ) R, PRARSS LRI e R 22 7 o 80T RGTHA 72 O R BRI %
BERE, WIASKRIUE, KRBT IR R (Te) JFIS8sff. FBR Te JTFIS28F RS B R %
FEEE 11 MA/em2, 5 Intel 770 OTS A4, FFEAHER (<15n8). KIKS (~0.4uA).
ik (>2x108) GF At “ORA I BTN S, FIEAGER FARIE ~0.95 eV B 45 5L 35
&, PRRT BAFAERSHIRAET (~0.4 vA) IFA R B TIERIRG, BRER, #
B ERAL R K R IKANRE ) (LB Do ZH R 8 3 T RS- AT O, 5
15 50 AR S TS AN ], & — P AE TSGR A o B TR LA S T oy 35—k, G5 AT R,
ARG, i E A IR TR R . SR K RIEE PRI Science ¢ I
(Science, 2021, 374, 1390), Ak 2022 4F BB} 21Kk e .
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CGRPUREE)
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WE R e SR R R S A DU D BEPERE, 0N T SRIT IR TR A
T PR AT BRI 1R LG RIZLA T Y R A T A BRI AU A BRI
RLFHRTS o AT 80 M DG U B LB, A2 SR PEREA S BE 5 T A4 — 4R~ RIS, —
BRI R mOE R AR AR DA —4E InPOCI 402K J (1156 AR TN 5% 06
PERE, FFRIATE KRS R LEG], SRIRIE T E K gk 7 b, fEasfh e ME T
RAF TARARAORE R, IF HARCR R i 1 8RR
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