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Novel Dielectrics for van der Waals Integrated Transistors

Yangbo Zhou!*
ISchool of Physics and Materials Science, Nanchang University, Nanchang 330031

*Email: yangbozhou@ncu.edu.cn

Abstract: Gate dielectric engineering is critical for advancing two-dimensional (2D) electronic
devices. We investigate the application of novel layered and non-layered dielectric material systems in
integrated van der Waals (vdW) stacked field-effect transistors. First, we report a new wide-bandgap
semiconductor, MnAL:Ss, as a novel gate dielectric for assembling van der Waals stacked field-effect
transistors that exhibit superior performance, including high on-off ratio, low subthreshold swing, and low
hysteresis. This gate dielectric is further demonstrated to be highly reliable and thermally stable.
Second, using a  laser-assisted patterning strategy, we demonstrate a TiSe.-TiO. lateral
heterojunction by locally oxidizing metallic 1T-TiSe: into rutile-phase TiO: through focused laser
irradiation. Integration with a MoS: channel enables gate-tunable rectification via inherent Schottky
barriers. Furthermore, the high dielectric constant of TiO: induces a gate-controlled metal-insulator
transition in transistor operation. Collectively, these findings highlight novel approaches to enhance the

functionality of 2D electronics through innovative gate dielectric engineering.

Keywords: two-dimenional materials; gate dielectrics; field effect transistors; van der Waals integration;



(o 2BIC 202WRHBESBHURLBRARENRBUFAS |

wEANEA

JEMs:, B EREESME B AT, B, LA yEEslHEE. Bt
FEIRNATHRINIES o 20034 220 1248 5k 3 T AL 0 K22 2 Be 3l kAR 28 1. 5. 4
AT MR ZE G KA RS AT A& KA KM RE . NS0T S8 0 55 A B 28 1F S ia 1
JRWF T . 20124F 220164 7E /R Ik e =— R NFHLET R, MWERE T RN RE .
PO T R a4 L 5 TR 7, HAE R 2088 T S AR X IR 4R A KPR oG 4 mT 2 1 | 75 T A T
— RA B E FRem S R . fENature Communications, Advanced Materials, Nano LettersZ5 3]
KBSCHRILS0R M, RiFHGI3000RK. 20174E 24, MPIT# B KA HE SR, FBl%—
PERPRLSEM BMA R, TF R VR S gl v #4007 Th R FH A A




(y 9BIC 2025HKHBSBRHEURERASENABEAHAS |
PRE RN RERR 1
e -

UEZRIMYE KA., BT R )1#$500°5, 200241

*Email: bbtian@ee.ecnu.edu.cn

FZEIES : ZAMRIRE K, L HLA BRI I FEAT BT S A 2 A phe v U 1 BB ) 7 £ 3
o BTN I B2 R FH a7 v 45 Bk AR R SR 2 2R AR RIRAS . 234 TAERL
il G 1 1 kT B AR S A AAH A AR S F A AR Sh AR A R AR EE AR, W DL AR Dh#E . itk
Gb, BREMEIAT DRSO H. R, AR Z MM RN, KPR TSR RER
W R RGO AE N, TR B AR B R SR i SR AE REAE AN D RE It T T o 4 EE AR
o ARG F L T IR T RS TR AN AE M T A S T I W Lk R, SR T
8 X A B AL IR 7 AR A R A AT S — 1K B 51 [Nature Communications, 15, 513 (2024)], &
L% 27 V38 18k HE A R (7 % 85 [Nature Communications, 15, 9701 (2024)], N T304 B An eI
ka3 I FH O A7 3 Bk L 22 99 2% [Nature Communications 16, 3027 (2025)]F15E T2k A7 P BN T
25 W2 i AL B [Nature Materials, 22, 1499 (2023); Nature Electronics, 3, 43 (2020)].

KA PR R BREE 1A
SR

[1] Guangdi Feng#, Xiaoming Zhao#, Xiaoyue Huang#, Xiaoxu Zhang, Yangyang Wang, Wei Li, Luqiu
Chen, Shenglan Hao, Qiuxiang Zhu, Yachin Ivry, Brahim Dkhil, Bobo Tian*, Peng Zhou*, Junhao Chu,
Chungang Duan*. In-memory Ferroelectric Differentiator. Nature Communications 2025, 16, 3027

[2] Guangdi Feng#, Yifei Liu#, Qiuxiang Zhu#,*, Zhenyu Feng, Shengwen Luo, Cuijie Qin, Luqiu Chen, Yu
Xu, Haonan Wang, Muhammad Zubair, Ke Qu, Chang Yang, Shenglan Hao, Fangyu Yue, Chungang Duan,
Junhao Chu, Bobo Tian*. Giant tunnel electroresistance through a Van der Waals junction by external
ferroelectric polarization, Nature Communications 2024, 15, 9701.

[3] Guangdi Feng#, Qiuxiang Zhu#, Xuefeng Liu, Luqiu Chen, Xiaoming Zhao, Jianquan Liu, Shaobing
Xiong, Kexiang Shan, Zhenzhong Yang, Qinye Bao, Fangyu Yue, Hui Peng, Rong Huang, Xiaodong Tang,
Jie Jiang, Wei Tang, Xiaojun Guo, Jianlu Wang, Anquan Jiang, Brahim Dkhil, Bobo Tian*, Junhao Chu
and Chungang Duan. A ferroelectric fin diode for robust non-volatile memory, Nature Communications
2024, 15, 513

[4] Guangjian Wu#, Xumeng Zhang#, Guangdi Feng#, Jingli Wang, Keji Zhou, Jinhua Zeng, Danian Dong,
Fangduo Zhu, Chenkai Yang, Xiaoming Zhao, Danni Gong, Mengru Zhang, Bobo Tian*, Chungang Duan,
Qi Liu*, Jianlu Wang*, Junhao Chu and Ming Liu. Ferroelectric-defined reconfigurable homojunctions for
in-memory sensing and computing, Nature Materials 2023, 22, 1499

[5] Guangjian Wu#, Bobo Tian#, Lan Liu#, Wei Lv, Shuang Wu, Xudong Wang, Yan Chen, Jingyu Li,
Zhen Wang, Shuaiqin Wu,Hong Shen, Tie Lin, Peng Zhou*, Qi Liu, Chungang Duan, Shantao Zhang,
Xiangjian Meng, Shiwei Wu, Weida Hu, Xinran Wang, Junhao Chu and Jianlu Wang*. Programmable
transition metal dichalcogenide homojunctions controlled by nonvolatile ferroelectric domains, Nature
Electronics 2020, 3, 43



RENERBERAFE A

(TR PR FH AR AR 5 280D
HEHE, RRIMERZEER, HAPRTRIE R EFERER, BRI
Ho FEWFT N R HAAE AR D@ (E3LED
1% & 1)y fENature Materials, Nature Electronics fINature Communications
G EPRIZ AT R RAEE ARSI SCS0R R . BHRIR R — R e
R R N L2024 N TR BER ST HEMFH R . AR E B
ZRPEL RN R 2 Z &0, Exploration, Nano-Micro Letter
FllnfoMat. Brain-X&F = 5200 1 EA AT H F . S2@ AL N Y
PH 22 AR E T Journal of Physics D: Applied Physics/f) % FEdmaE, FF
MR BRI A AT RN R .




AR TF R SR

LGN
VEASE RS, BT RAT X AR #8005, 200240

*Email: daiqing@sjtu.edu.cn

HEIEX:

L7 R PR RE IEAE S L BEAR R, M DA e At 2 R s R A AR B oKk . 5T AL,
T AR BRI, FEAEEE DS w70 A BEREA B 7 ae A AT U
B, XEERIEOCT RIS, AT LURIRIRTHE S AL PERE 1y, ARG BB EZ T M. At
O, S IR e 1 AR, MM AL, 25T R PERE R . B RESE
It IR AR I G LN SEBDE FL AR S, (E R TGS AAT S AR R A A AE R DR S 4 /N B0 K
P, FEERMEAELLIET . ISR MRS R BE S REBRAR, R FERD R 1 27 R I IR/ N e HL LR
SFRIRT, PR i SRR (GBI AE

PABTT AR NSO (I IR T AR R AR AL I, T BAT SEBAT S A BR AN Bl 25w T S5
XEEPERE HAPRL 2 TR B R e, AR EAEHES . A R BOR R 4RSS . BRATIIEIE IS B AE R A
Sl B SHR4EGURIE T AMRE Fr WSEBDE L B e i, v AU PR EOE Fr fE it —
PR REROE LI 58 fEFS RUE 2 FH I AR 8 BT, ek w4 Rk AR AL oT AT v 280
2, KB ERTT R ORBERLA R BATRWE T ARG M BT A, GBI AR AT 2
ey FERRIBA Y IR, R EYINE S SRRSO DA BR B AN R T2 A R, DR STk
T AR AL BT AT B IR S PR RERTR PN, SCBLA FDG(E B IREIT. RIFEIER
. ZFHN 2 R s A T 2 AR SRR S AL, SEAS FIARAL OT DD RE AR 2 TR ) v 2K
MESEE, ISEIGURCZ B IR K.

KB : THEGURARE JBHE REUT: BRI T

RGN

[1] Hai Hu*, Na Chen, Hanchao Teng, Renwen Yu, Mengfei Xue, Ke Chen, Yuchuan Xiao, Yunpeng Qu,
Debo Hu, Jianing Chen, Zhipei Sun, Peining Li, F. Javier Garcia de Abajo*, Qing Dai*. Gate-tunable
negative refraction of mid-infrared polaritons. Science. 2023, 379, 558-561

[2] Xiangdong Guo, Ning Li, Xiaoxia Yang*, Ruishi Qi, Chenchen Wu, Ruochen Shi, Yuehui Li, Yang
Huang, F. Javier Garcia de Abajo*, En-Ge Wang, Peng Gao* & Qing Dai*. Hyperbolic whispering-gallery
phonon polaritons in boron nitride nanotubes. Nature Nanotechnology. 2023, 18, 529-534



WE NIRRT

(fa AR R AR 115 7440

B, BB KFMEE S TR R EE. ML AESIm, ANEEEL
2o, REPEFEIZEEFEEN. BEEZNFS=RKERS L. REXREEFER
P4 (2019  EERESPRUFRIERERSK (202D « FEEFERER (2019) . ]
AR (2022) =k BRSO RS SR 2 . 2011 A2 3R g[8 S i K18+ 4r,
PO R ENEE R GINEFEANA TR, TEGPORM RIS ST, 7E = 4EpPRR AL
TGRS IS B R . i A LLEWAE /E Science (2 #) . Nature (1 7)) K&
Nature ) (22 /) FFKE SCIR I 120 Riw, HURME Nature 5524 R1E, AL F] 46 T,
HHAEE LR S VEE PR S WUHAT TR, BIAE Nanoscale 53T &I 39 M Nature 5113
SUESRAN VNS



	分会场六：纳米器件分会
	半导体微纳激光及光谱学
	铯铅卤量子点发光材料的先进制造
	波导中激子—极化激元凝聚流的可控开关
	智碘二维半导体材料及其光电性能调控研究
	纳米复合电子材料及其可拉伸器件应用
	窄带隙二维材料与器件
	InAs纳米线器件的界面改善和性能提高
	缺陷工程调控二维过渡金属二硫化物助力析氢反应
	Bi-O-X(X=S,Te)二维结构的化学气相沉积制备及物性
	低维铁电物理与类脑器件
	二维半导体的掺杂调控与高性能神经形态器件
	二维半导体界面构筑及光电特性研究
	一种热响应纳米壳聚糖净化水中微塑料装置
	仿生皮肤的电子器件
	基于二维半导体材料的可重构光电器件
	室温有机自旋运算研究
	二维氮化硼晶体的精准构造与调控

	Bookmarks
	OLE_LINK1


