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Ultralow Threshold Polariton Condensate in a Monolayer Semiconductor
Microcavity at Room Temperature
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Monolayer transition-metal dichalcogenides (TMDs) possessing valley degree of freedom and
robust exciton effect emerge as promising candidates for novel valleytronic and
optoelectronic devices. Constrained by the fast intervalley scattering, excitons in monolayer
TMDs can only sustain valley polarization at cryogenic temperatures. By coherently
superimposing excitons and cavity photons, exciton-polaritons in monolayer TMDs have
shown a persisting valley polarization up to room temperature, resulting from the enhanced
radiative decay before valley depolarization. As half-light, half-matter bosonic quasiparticles,
polariton can condense to a single quantum state with spontaneous coherence at low threshold,
which is crucial for the development of quantum technology. Particularly, in the context of
TMDs with unique spin and valley degree of freedoms, this opens up the possibility of
exploiting valley polarized polariton-polariton interactions for novel valleytronic devices.
Robust polaritons have been demonstrated even at room temperature, however, further
progress is hindered by the lack of coherent polariton lasing and condensation in bare TMDs.
Here, we demonstrate for the first time the realization of polariton condensation in a
monolayer tungsten disulphide (WS,) microcavity at room temperature. The WS, microcavity
working in the strong coupling regime exhibits clear anticrossing behavior with a large Rabi
splitting of 37 meV at room temperature. Polariton condensation and lasing with ultralow
threshold around 0.5 nW (~ 0.12 W/cm?) is further achieved with a continuous-wave laser
pumping, which is evidenced by the macroscopic occupation of the ground state, a nonlinear
increase of the ground state emission and the build-up of long-range spatial coherence. The
realization of room-temperature polariton condensation in a TMD paves the way for
manipulating nonlinear polariton—polariton interactions and presents a critically important
step towards the practical utilization of polaritonic devices with valley functionality at room

temperature.
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Toward “quantum supremacy” with single photons

Chao-Yang Lu

University of Science and Technology of China, Hefei, P.R. China

Quantum computers can in principle solve certain problems faster than classical computers.
Despite substantial progress in the past decades, building quantum machines that can actually
outperform classical computers for some specific tasks—a milestone termed as “quantum
supremacy”—remained challenging. Boson sampling has been considered as an intermediate
step for linear optical qguantum computing, and a strong candidate to demonstrate the quantum
computational supremacy.

The experimental challenge for realizing a large-scale boson sampling mainly lies in the
lack of a perfect single-photon sources. In this talk, | will report two routes towards building
boson sampling machines with many photons. In the first path, we developed parametric
down-conversion two-photon source with simultaneously a collection efficiency of 97% and
an indistinguishability of 96% between independent photons [PRL 121, 250505 (2018)]. With
this, we demonstrate genuine entanglement of 12 photons, scattershot boson sampling, and
Gaussian boson sampling. We also made efforts to generate efficient and indistinguishable
entangled photons from quantum dots [PRL 122, 113602 (2019)].

In the second path, using a quantum dot-micropillar, we produced single photons with high
purity (>99%), near-unity indistinguishability for >1000 photons, and high extraction
efficiency—all combined in a single device compatibly and simultaneously [PRL 116, 020401
(2016)]. The highest-quality single photons allowed us to perform quantum interference with
sunlight with 80% raw visibility, which proved the quantum nature of thermal light [PRL
online 2019]. We developed bichromatic laser excitation [Nature Physics online 2019] and
elliptical microcavites [Nature Photonics online 2019] to overcome the polarization filtering
to create truly optimal single photon sources. We build few photon boson sampling machines
which runs 5-7 orders of magnitudes faster than all the previous experiments [Nature
Photonics 11, 365 (2017)]. Plan is to achieve boson sampling with 20-30 photons in the near
term. More relevant papers can be found at http://staff.ustc.edu.cn/~cylu.
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Hao Qiu et al. Nature Communications 4, 2642 (2013)

Zhihao Yu et al. Nature Communications 5, 5290 (2014)

Yang Cui et al. Advanced Materials 27, 5230 (2015)

Zhihao Yu et al. Advanced Materials28, 547 (2016)

Zhihao Yu et al. Advanced Functional Materials 27, 1604093 (2017)
Zhihao Yu et al. IEDM 23.6.1-4 (2017)

Zhihao Yu et al. IEDM 22.4.1-4 (2018)

Ying Zhu et al. Advanced Electronic Materials, 1900554 (2019)
Weisheng Li et al. Nature Electronics, submitted (2019)



HO005
LEgifs: H

KIFERER LR S N RN S5
fAIBRE -, & KiF

 EBMEARE BEFRYER , DETHRICEKEMEE100 5 , 200234

~Email: xyehethz@hotmail.com

L RN LI KR 2% (terahertz, THz) 3 16 Rz, A RIS 284 1k R 3 1
o H 2 5@ A EH(metamaterials, MMs) H1 T A7 E BRI RRIBHGAE , 5 B0 LRI 42 o
R8I, AR AET R KR 22 B AR TR SRR AERE SR I S5 07 I 75 oK. AHEEZ R, K&
T HUE O G 44 BUEE A4 L (all-dielectrics metamaterials, ADMs)fA 2 B A $5i#E /)N FlAE
PRGN RS 2 P IRATTUASE E A A BT, WE5E T 20 PO R LR 2
FERRRAYE, B VIS WS MM EHE IR EACA S G SR B SR R e, 54
JE B RIS AT TR LUIIE T . B FU S5 SRR A e BUEB AR LR IE 2R IR A2, BAA R
s A, A BUARI60 BA L, fiikRF(figure of merits)tB7E20 7245 . AHEL T & @A RHA
R, BN UEMELE R EEOR, BEIIMCKIER .. 7Hoh, B B A S K
Red, AEXIFRZAEMIADMS [fIFano AR 2 i i (5 1 i) R FE ] BLIE £1140% L |

10 (a) = 80 (b) —e—Q-Factor| "
5 081  fom,—m—FoM
- —02um e | ~ “
_"m_’ 0.6 ——10um %60 o l_’\. 202
£ 2.0um ® ‘.h.\ 0
g 0.4 ——5.0um LGI"40_/. \.\ I-.|10u"‘
© I 8.0um 0.
- 0.2 ——10.0um 201 <—.'-...._ -0,
0005 10 15 20 2 4 6 8 10
Frequency (THz) Thickness (um)

KL K220 BLSI 4 BURA RIS 8 R IL R 2, AR JE 2008 0.2, 1, 2,5,8 F110 pm. Si {1145
PSP (0)

ANIFJE LRSI B R R LR 2 A i R T AR IR T

RBE: KBREEBS AR A, SR

W H : ERARREEES (61674106) , EHEFATMITAA %1 (15P]1406500) .

[1] C.G.Wade, N. Sibalic, N. R. de Melo, J. M. Kondo, C. S. Adams, and K. J. Weatherill, “Real-time
near-fieldterahertz imaging with atomic optical fluorescence,” Nat. Photonics 2017, 11(1), pp. 40-43.

[2]1 Z. Zhou, T. Zhou, S. Zhang, Z. Shi, Y. Chen, W. Wan, X. Li, X. Chen, S. N. Gilbert Corder, Z. Fu, L. Chen,
Y. Mao, J.Cao, F. G. Omenetto, M. Liu, H. Li, and T. H. Tao, “Multicolor T-Ray imaging using multispectral
metamaterials,”Adv. Sci. 2018, 5(7), p. 1700982.

[3]1 X.Y.He, F.T.Lin, F. Liu, and W. Z. Shi, Graphene patterns supported terahertz tunable plasmon induced
transparency , Nanotechnology 2018, 29(48), p.485205.
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[1] Zhu Baohua, Gu Yuzong, et al., Nonlinear optical enhancement induced by synergistic effect of graphene
nanosheets and CdS nanocrystals, Appl. Phys. Lett. 2016, 25, 252106.

[2] Zhu Baohua, Gu Yuzong, et al., Oxygen-containing-defect-induced synergistic nonlinear optical
enhancement of graphene/CdS nanohybrids under single pulse laser irradiation, Photonics Research, 2018, 6,
1158-1169.



[3]1 Zhu Baohua, Gu Yuzong, et al., Surface oxygen-containing defects of graphene nanosheets with tunable
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[4] Baohua, Zhang Jiayu, Cui Yiping, et al., Size confinement and origins of two-photon absorption and
refraction in CdSe quantum dots, Optics Express, 2019, 27, 1777-1785.

HEETH: B EE ARSI H (NO. 61404045, U1404624, 61875053) 4 TAEM
?Jé‘:\ﬂjj o



H007 LS H
380K fE B IR E R 4 shritr Al

1% K 5T

22 XFWHEFE, L&, 200433
Email: Faxian@fudan.edu.cn

T I, AR R T AR YR R TR B e FE T AR R I RT S B T i R
Mo XS T THEBRIARL, AR 3RS KT SR R T R AR RO B X, AT
ROy FARANEAE AT T 4 REHIE FesGeTe, (FGT) M I AE K, BIF T T R 6o Y JE2 P 1
IR R, FHIEST N Fe AL FesGeTe, 5 KRN B 18 fi b 25 W R % FGT IR
ko HIRDRHE SR BRI RS BB RME S ALY ¢ B, ARSI, 8-nm-FGT & H
W 216, 4 KE1Y o BEAERES R M, s BRI EAS, DU FGT /s HUR LA 140 Ko
FEVY ) FGT/CrSh AR S A il BIF TR I BE A 6 At R ST G n, J LR B
£ 10 A~ FGT/CS A IAMIAE S, 5 BLR LIS 230 K, SE0R 1L 90 Ko ZERAPEN & id f2
FRAY R IO 5 ) 2 5 2 R R 1) 2 1) IO G B I G, FLZ IS 88 e A 9 2% FGT
JEREEYE (2] o #E—2bHh, Fe 54410 10-nm-FGT J& BLIERE I $E i & 320 K; [HRS, FRAIAE
FGT [) 575 4h— A S fy rp R LY i 380K (18 LR (3 o KOMIABEZ J2 A K A0 ml sl
ML FesGeTer A7 BB H T AR HL T2 I 7T

Time (s)

Bl 1 s e R ) FGT i [1-3]

KB YRR, T AAMNE, R BLIRE

HHHIH : E R B8R4 (11474058, 11874116, 61674040)

7% ik

[1] S. S. Liu, et al, Wafer-Scale Two-Dimensional Ferromagnetic FesGeTe, Thin Films
Grown by Molecular Beam Epitaxy, Npj 2D Mater. Appl. 1 (1) (2017).

[2] S. S. Liu, et al, Tunable Ferromagnetism in Two Dimensional (FesGeTe,/CrSh),
Superlattice, submitted.
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Hexagonal Layered Group IV-VI Semiconductors and Derivatives:

Fresh Blood of 2D Family

Xiao-Qing Tian,"Jin-Yi Duan,” Ya-Dong Wei,” Naixing Feng’, Zhi-Rui Gong,"
Xiang-Rong Wang,*$" Yu Du,*' and Boris I. Yakobson*

"College of Physics and Energy, Shenzhen University, Shenzhen 518060, Guangdong, P. R. China.
‘College of Electronic Sciences and Technology, Shenzhen University, Shenzhen 518060,
Guangdong, P. R. China.

®Department of Physics, The Hong Kong University of Science and Technology, Clear Water Bay,
Kowloon, Hong Kong.

“HKUST Shenzhen Research Institute, Shenzhen 518057, China.

“Department of Materials Science and NanoEngineering, Department of Chemistry, and the
Smalley Institute for Nanoscale Science and Technology, Rice University, Houston, Texas
77005,United States.

New phases of group IV-VI Semiconductors in the 2D hexagonal structures are
predicted. The structures of monolayer group IV-VI Semiconductors are similar to
blue phosphorene and each unit has the same ten valence electrons. The band gap of
2D hexagonal group IV-VI Semiconductors depends on both the thickness and
stacking order. Atomic functionalization can induce ferromagnetism and the Curie
temperature can be tuned. Gapped Dirac Fermions with zero mass are developed. The
Fermi velocity can be compared to or even above that of grap

hene.
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[1] Lei Meng, et al., Nano Lett. 13, 685 (2013).
[2] LinfeiLi, et al., Adv. Mater. 26, 4820 (2014).
[3] LinfeiLi, etal., Nano Lett. 13, 4671 (2013).
[4] XuWu, etal., Adv. Mater. 29, 1605407 (2017); Yan Shao, et al., Nano Lett. 18, 2213 (2018);
Shiyu Zhu, et al., Nano Lett. (2019).
[5] Yeliang Wang, et al., Nano Lett. 15, 4013 (2015); X. Lin, et al., Nature Materials 16, 717
(2017).
[6] Zhong-Liu Liu, et al., Science Bulletin 63,419 (2018); Nano Lett. 19,4897 (2019).
[7] Y.Q.Wang, et al., Adv. Electron. Mater. 2, 1600324 (2016); Y.Q. Wang, et al., Adv. Mater. 28,
5013 (2016).
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[1] Mingsheng Long, Peng Wang, Hehai Fang, Weida Hu*, Progress, challenges, and opportunities for 2D
materials based photodetectors, Adv. Funct. Mater. 2019, 29 (19), 1803807.
[2] Wenjin Luo, Qianchun Weng, Mingsheng Long, Peng Wang, Fan Gong, Hehai Fang, Man Luo,

ﬂ

Wenjuan Wang, Zhen Wang, Dingshan Zheng, Weida Hu*, Xiaoshuang Chen, and Wei Lu*,
Room-temperature single-photon detector based on single nanowire, Nano Lett. 2018, 18 (9),
5439-5445.

[3] Hehai Fang and Weida Hu*, Photogating in Low Dimensional Photodetectors, Adv. Sci. 2017, 4 (12),
1700323.

[4] Tiefeng Yang, Biyuan Zheng, Zhen Wang, Tao Xu, ChenPan, Juan Zou, Xuehong Zhang, Zhaoyang Qi,
Hongjun Liu, Yexin Feng, Weida Hu*, Feng Miao, Litao Sun, Xiangfeng Duan, and Anlian Pan*, Van
der Waals epitaxial growth and optoelectronics of large scale WSe,/SnS, verticalbilayer p-n junctions,
Nat. Commun. 2017, 8, 1906.

[5] Xudong Wang, Peng Wang, Jianlu Wang*, Weida Hu*, Xiaohao Zhou, Nan Guo, Hai Huang, Shuo Sun,
Hong Shen, Tie Lin, Minghua Tang, Lei Liao, Anquan Jiang, Jinglan Sun, Xiangjian Meng, Xiaoshuang
Chen, Wei Lu, Junhao Chu, Ultrasensitive and broadband MoS2 photodetector driven by ferroelectrics,
Adv. Mater. 2015, 27 (42), 6575-6581.
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Tunable Optical Properties of Atomically Thin Halide
Perovskites through 2D Pbl, Template Synthesis
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Abstract:

Graphene-like van der Waals stacked two-dimensional materials have
revolutionized many areas of electronics, optoelectronics and photonics. In the
meantime, lead halide perovskites have also attracted tremendous research interest
due to their tunable band gap and high-efficient photo-electric conversion, with great
potential for optoelectronic application such as photovoltaic devices, light-emitting
diodes and lasers. Here, we develop a general and facile 2D Pbl, template approach to
synthesize lead halide perovskites at the atomic scale, in a combination with the best
of perovskites and two-dimensional materials. More importantly, this approach
enables us to obtain atomically thin perovskites with controllable compositions,
regular shape, and the ability of cyclic switch from/to Pbl,. We have also examined
the morphology characterizations, advantageous optical properties and potential

optoelectronic applications of these perovskites.
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WL TRkt (b, WRh. BAb) mkrh R EENH, & TERERTR,
[ pre st SR BIE 7 B o AE XN TR) RO B P i B, A 2 5 BLSE . S5
FEPRIG A AN AR S B ROR, FIG L 07 iR A bR e ko [ B b 2 DA PRI — R R T 52
SR, A0ART FH AR T 2R A B B 2 1) 95 0 Ak R ' HL S A S B R 2 R R, P AR i TR A
LA DL e B AL B 2% R AR HEURK T TE 18 R AE g B BN LB IE R AE 2 RO BT 7 T AR A7 AE
% 2 EBRAE A, B A RO BB AR U (R ) B AR SO S T SR R R Th Ee ke b
AL BOLHL S 44T (GaAs PCSSs) fE5 FLI7y I BB P H 4 1 S HI 99Ot i . GaAs PCSSs
ERG KR ZZ (THz) HHLBIALEE. B e Th 3Rk GaAs PCSS. A RER: (1)
Jikh5EE 23ns [ AR PO (LD) il sl fw B R GaAs PCSSs, JET GaAs
PCSSs JGIHUR ML W FRE KA, SRAF AN ) Bk v, LB Baze /N T A O ik ks (2)
ARSIl GaAs PCSSs Sl HA #IAL 75 i AT LA AR 2248 5 (3D 596/
FER GaAs PCSSs a1 7E [F 5 KR TR AN o

KEEIA: GaAs JEHLIFIR R Bk SEHOR HLfr i
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(BBt A RIS MR AE ) o« a7 “4EMP R SEBr B TR A IR 2 1) Uk F ok, 1X
XEATM S, BERME, WA, BATREH X g SR SO ST IET TR
K, BIGEMRHIBEE . e A ash N Qe lUS — L8 RE, #0 MRS 808 1A DGR
D255 7 T s B IVERE o AR — FIRFER IO LG, IRIROCIRI A AR IR S . lifR %
AUEA I BRI, 3 LR S B A 2 S A (IR R 7 T ) A A
TAFMUEHATIC AR . BATVRILEAT e 2R S R S5 F R P9 2% 17 57 1 ) GeSe 55 GeAs =5
FHRRRILH AL 57 (K R IR P RE T HRIN B RT UL IX 7 i ISR X, X PIATRA RS AR

808 nmIF FE IR T LT A1 X 3R AF B AL 1 B

Polarizer I '

Half-wave plate 4
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W2 RO RO B ml . RRAS . ICHIFERT B BB (AR s, 6 [ S Al A T 47 7
SRIAHTBN T, TG KR LA R 40 R L, 2 4 R B R R i s B 43
o AHSE, X TARREDE KT 1100 nm (672 HLEE T 0 6 AR 2, fEA B2 1) HLAAA
B EEIPR ], BN A IE R R, XK 2 T REEDE AR R B . SOk IR
45 2R RE AT DL 25 SO T R AR L T I B G MRS DA F s 2 B 5 #E A4 AR 2740
2B TSRV OV o AL RGN A T A THERAE TG B A R ] £ SEAE
J5E A B AE S LRI 8 1) R R PR R A 1o B 1 N DA R RO i 1 T 2
TUEAE AR 1020 om” (ARIEFHIB R RERE S, ZEBEK 300-1800 nm 3 [l P b MR K
R RER S, X—JHAR T ROSMMER TRRAE, 75—l TRERA
Ec—0.285 eV, JUCHBRIGT ISR AL T R, AR IR 1 B e K AR IR K ok
WIS (1), #E—20, BATT T 5T SR @ &1 CREOES & R AR 15 A4 o,
LRI 25 R 20 1 B o FEIEPEB ik b 5] N i % FE B R Tk, FIFT SRR 2 A 1F
PSR 3 R B BRIA T R AR A K, DR TR0 5 2 00 S 7 It B 1 b 30 20 e 7 (R s TR 4140
VB, H TR 5 e A B R R BROIRUR LA BT B B PO S R e S R, AR
REP AT PL— B4 2] 1600 nm, fE-3 V& TS 1310 nm A1 1550 nm FRI R R 53 74
F) 504 A1 65 mAW ', X H ATTEAEFH45 J kBl s RN 2 h HRE i 10 S5t v 1R 1 40 i S 7K P
[2). smelf, FRATHGA 220 AR 150 2 S AR AR P AT 15 At B2 G il 4 1 I 240 7 A4
T PRI o AT S0 AT DLt BRI - E FEURR AT RO R I A 5 RE g, 7E 030 VIR
MET, SR B 1310 nm A1 1550 nm FIAME T 20CR 5 513k E) 7 97. 26%8 7. 37%;
RN FAGRRRL (Pt NPs) SIN R AR B 7 LR (LSPR) RIS 08, ] BAiE— 25
SRR 45 2% B R 0 B Y IR M e 70 AN R 8 R

KA FEEOUH T AERPE B AN BRI RIS
25 3R
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i 2
HEEBE — A I 1 — Z 54 (] B H A AT 58 R R 2> A B BO IR . T

Hm RS E EAMRAR L R 7, AIURLAE ot 3 el . At SR I & . WOl BB A5 U A A 3
RN, BRI, (ERRZE (TH2) BB, B mall) THz 5P AR, THz Stk
PR FEE AL TP BL. Kifzz (THz) BORFEHEFAL T 100 GHz ) 10 THz (JEK A 3 mm
F) 30 pm), AT 2K ALLAG (8 1 r A . ZEAR A (<1THZ), SsE A AT 20
TR ARE (UTC-PD) 2 LU 1 THz SRR, At D3 — AR BL A T LA 22 L (8]
ERAE R (1-5 THz), S| FHBCELEE (QCL) T HmIha. nl s S Rp ik T 57 2 i
HFH) THz S5,

£ THz QCL Mk Firh, &gk iRl n i 2 — 5t & B B (i (group velocity
dispersion, GVD), JCHAEAME 58 BRI, Eaiss S EUHAR R AR BEA T, it
EBAEERI TR, B, 78 THz QCL HkiiIscitrh, BN ATT L Z2ngo 7,
FAHT THz QCL A IRIX Mt P HFE. MBI =ANT5TH, RERITTT 1445
B TRB 450 THz QCL 4l GVDPl, JET& 6 (Drude) B, 51 7 8% EM
AT 55 22 SR R A B AR A AR A, AT AT AR AT BR i vk S 96 1S VG A THZz QCL 11
BFHAE: THz QCL M IR XK1Y o L Re gk e, RIATAERIERETE (TMMD i+ 521G
PRIX REL oA, T FH 2K 3 4 WU T 43 3 B8 P AT U DX 1 2 8 Ve AR, SeBR AR
THz QCL 1775 25 S A0S, BV B% 2k 480 25 2 o B0 BRI (R0 25 100 ok, kAT 18 3158
PR FARFERI BT AR FE S, EOFHEIE T A URIX Y 2, EA5 TS ok it AR T —BrEi =
B B A MR R B RE TP AR AR I, AR S G o ) A A et PR T AR B R A
Kramers-Kronig ¢ &, (H0]1HHEAG RIS A03E 2 Fy S HFE . PORMROSC S . 8 X
100 pm. 150 pm. 200 pm =FE 55 THz QCL Bt 7, 45 BRI 2 5 GVD 1%



B S R At voE, BRI SFHURES N GVD BUEEN, (HIR X 1 sk At BN A B KR
Wi, AT S0 #5445 ) GVD . b 100 pm 5 98 () THz QCL HH T JoiA £ 5 i E i A 44k A
TEASE, NI 3B P HUREAFAE B, M3 2 A AR 23 UK % 8 %, H HLRE i A YR X 1 26
M3 E 100 pm 5 %6 (1) THz QCL B il 22, 1M 150 pm 5 (1) THz QCL (iR /h.
TEARTHS AR, WX =FCE % THz QCL MR, 26324 150 pm B % 1 THz QCL
TAEEHRIEE N 100 Alem? 154 T, HIAMi{ES (beatnote) Z&%7E =R astErhia, X
H 4.9 kHz. 1E%EREHH beatnote 15 5 AT BESUE MR NHHAMSE |, A RE e &Y
PUESCIL T AR IR, B, FRATTHE R — RSO AR M B AT I, S s
W7 B, AR A S, R L RIRE 2RI R . FRA TR A~ s 4
AN 42 THz, fKoh 6mm, 150 pm 58 ()2 48 B 7RI 3 454 THz QCLM k4t
AR — A b, ISR . MR SS SR R AR A0 1 e B AT N 12.8 MHz,
A B 13 AN, ULEH 150 pm BRI A G5 B R S 451 THz QCL B Myl 1 4
FRIhRe, MME—BEAIE T 3RA T e R it 5
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Abstract: Deep ultraviolet (DUV) emissive carbon nanodots (CNDs) are designed
according to the result of first-principles density functional theory calculations. The
emission of the CNDs is located in the range of 280 nm to 300 nm, which coincides
well with the results of theory calculations. The photoluminescence (PL) quantum
yield (QY) of the CNDs is up to 31.6%, and the strong emission of the CNDs origins
from core-state (m — ™) carriers radiative recombination and surface passivation.
Benefiting from the core-state emission and surface groups passivation, the emission
of the CNDs is independent on the excitation wavelength and ambient solvent. DUV
light-emitting diodes (LEDs) have been fabricated based on the DUV emissive CNDs
and the LEDs can be used as the excitation source to excite blue, green, and red CNDs,
indicating their potential application in DUV light sources. This work paves a new

way for designing and realizing DUV emissive CNDs.



Keywords: Carbon nanodots, Deep-ultraviolet, Emission, First-principles calculation
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>0
wo, ’ o i o
' / I q Qutput
o omparator  Spike Mz R |
>4 | Generator *
— S ane
Threshold e

1 Hodgkin-Huxley #1455t H 4
KA JCBRAR AN LSl N THE& T
SR
[1] Z.-H. Tan et al., Synaptic metaplasticity realized in oxide memristive devices. Adv. Mater.2016, 28, 377-384.
[2] R. Yang et al., Synaptic suppression triplet-STDP learning rule realized in second-order memristors. Adv.
Funct. Mater. 2018, 28, 1704455.
[3] J. Xiong et al., Bienenstock, Cooper and Munro Learning Rules Realized in Second-Order Memristors with
Tunable Forgetting Rate, Adv. Funct. Mater. 2019, 29, 1807316.
[4] H.-M. Huang et al., Quasi-Hodgkin—Huxley Neurons with Leaky Integrate-and-Fire Functions Physically
Realized with Memristive Devices, Advanced Materials, 2019, 31, 1803849.

EEWH: BREARREIESTIH (NO. 51772112 and U1832116)



HO025
LEgifs: H

SRSV RIS A 2 IR R B AR Bk R B
Sheng Li*, Keith M. Taddei?, Xiqu Wang®, Hanlin Wu', J&g Neuefeind?®, Davis
Zackaria', Xiaoyuan Liu', Clarina Dela Cruz?, Bing Lv*

! Department of Physics, The University of Texas at Dallas, Richardson, TX 75080,
USA

2 Neutron Scattering Directorate, Oak Ridge National Laboratory, Oak Ridge,
Tennessee, 37831, USA

¥ Department of Chemistry, University of Houston, Houston, TX 77204, USA

ST SR R B AN AL BIAE 2013 AR TS BB & AT, 2018 4,
BB i VS E B UT Dallas, UCLA, 1 UH =AN/NHPTIESZ, H4h 5 [Hm
RET CREE) 2E 7 ATEINMIUESE T BEEHI R ST e b T A
72 PR L 27 AR ) — RSB R 3R, HoX — i B AR A LR AT e o) B ) =
S AIRER XS LT AU A R TR A T ou R R R B A RSN R, JFIT
JEEAME R T oo A T R S . SN &, BOAES B MR
mo B ERERARGEG TR ARG 2R e, X ma
He AL R UL E ) I 22 58 DL sl A K s SR 2 A Ak B o FRATT 5 T
e R A BAs A1 BP FRLER AN SRR, IESEHANA AR, JF HIEE X 4
AT AN AT A T BAs A1 BP H IR AR 20708 3.6 £ 0.15 X 107
/KAT3.2 £0.2 X 10° /K, RX—ZiREWNX K AAM—LHEA+ES
RFPEE ST A GaAs SEINEGEL M AVZIK 25, o BAs A1 BP (NI BEE 1 24tk
[1] Sheng Li et al. Science 361, 579 (2018)

[2] J. S. Kang et al. Science 361, 575 (2018)

[3] Fei Tian et al. Science 361, 582 (2018)

[4] Qiye Zheng et al. Adv. Funct. Mater. 28, 1805116 (2018)
[5] Sheng Li et al. APL 115, 011901 (2019)



HO026

LR
ST 2 S RN

AR & A

b B AL 17 ¥ AR BT, AL 100083
Email: dhx@semi.ac.cn

W MENFHEETAERE. PSR, M4%Ek. SRARTH, AEELERTH,
Bk, ABA NIRRT, Eedm TR SR RA N, B, O8N TS5
TRIEAFARIER R (B2, Al i P AR A RAT T e, DAUEAT B 28 AR 1
JEA RERONTE R n BB p R G i Ag, A il AL R IOBOR 7 ADE 7 840F, Bk, B¢
LRI R PR L OBRZ — o AR, BATRE S TR 1B 2R S EkE
FIAE SR B R R T 18 . B el i R 2 A SR TP I LB . —ELBR, S b
R JEAAEA F KA Ge - SRR R B3 B AT 4 B 2% 22 57, (B P I B L I F A
THAE . FATRRIIE W] 1 HA AN AR 45 < JRAE AN [ - AR i WU T D 825 22 e O D ARG, 98T T
KIALOR IRV, B4l 1 e R 2% e ARy BOE R 2R . [, BATHEE
X HBTHISREETH B OT T, IR =R, SR PRI B 55 T B E R
PR I 50 5 A T B/ “ Bl ” 0 . SR, TG, — B DCREMFEIR 22 1E
R ANERE b A4, JUHR TARGEA M hy AR 2R o BATERH 1 H S0 AR B A R USRS
PR, I SO IR AR GE N “BER” FAHIRYE - SRS sk T SR A, JRge— T
RPEARGE FAA rh R T R



HO27 LS H
£ FT B 35 A ik 24 = T BRI &S

RrAEE, Mk, RIFS*

LER T KFREE LS EMIAESR, L&, 200093
“Email: ymzhu@usst.edu.cn
T Tk, HET AT (SBTS) MIRMZZE THHANES (THz QWP) 52 2R
ZIRFE . THz QWPSRTE R 223 B TAE M B ZDR FRIINES, FH LA T RABERIZE, B
A NIRRT R . B TR REBUE SRS BT, £ S
Al mROERR G AT BRI T R IS TS TVF 2 e, oIt T
THz QWP fE -

I Bh R TBE (SQW) 1By i B AEXT FR & FBF, 0T CAR T SRR 2% fi 1 7T 18 5 7
BRI @2 TS, 87 4.0-7.0 THzI k& o] SE 2R thab, &
HAAEXFRSQWIRUZ I THZ QWPHY, I T i Al AR R e F i, A SIZ B0 A B i
PIJTTHEAT 7RG M. WK IR E R 2 A WY, R T/ESQW)EH
(10045 B I T AN ARG Tl SR AR o DRI, i F A0 1 A 56 R D' i 238 AN B2 s T 60k FRL P E R
B P ER . B ERE N 0.6 VIR RS, ABEIEARE R, E, D
BREOEIR A NFRE), X FETEy Gei GO BT IR A R A — 2, itk
FECT AR AEAR G AL - 25 SRR, (R S TR RE B THZ I B & 1 BRI S 15 vk,
R 45 R IR R S T RR o A kL A DGR E

Energy (eV)

& 12— S 042
—-06V [ 06V || +06V
pood B 010 » 00V | igdn) |
38 208 AODB} 1 (
- o 3 . Nl AW S
3 Bos 5008 E NN N E,
s ool & 1|
Eos 0.04t — 4 !
! | § | 2= 1 , i 0.2 0.02/ :
'+ +] £ 1E-6 LY 3
o - g 1E8 \-.. ‘,f ; - 0.00+ 1
‘ e} e 0954 5 6 7 8 60 0 60 -60 0 60
i ‘E“{ ‘ —-PN Frequency (THz) z (nm) z (nm)
= s 90 <8 00 05 100 8
Bias voltage (V)
(@ (b) (c)

K1 RFFZERT R T BRI SR, (2) SIS H. Aeraity . S, BER, (b) Bk
M (© PR
A TR E BRI SR

ZHE R

[1]1G. X. Zhang et al., Bias-polarity-dependent photocurrent spectra of terahertz stepped-quantum-well
photodetectors, Phys. Rev. Applied 12, 024035 (2019).

[2] X. G. Guo et al.,, Recent Progress in Terahertz Quantum-Well Photodetectors, IEEE J. Sel. Top. Quant.
Electron. 19, 8500508 (2013).

[3] X. G. Guo et al., Negative differential resistance induced by thermalization of two-dimensional electrons in
terahertz quantum-well photodetectors, J. Appl. Phys. 113, 203109 (2013



H028
LS. H
BEE NI ER GaSh KL E B IR 214

B, HAEE

LA RFRETFIE, & 250100
Email: zaixyang@sdu.edu.cn

MR ES

e

R BRI S 32— AL MR 35 1) 2 B — o S i eV TE AR RS 20K A
THARTHLAMR I E5 R B AE IN-V e SRR D, BT A B AR 50 2.(0.72 eV)
A S IR 2 7 GER 2 (1000 em? V' s™), BBfbER (GaSb) il i M e L0 AN A0 2% )5
HEA SR RN, BEECH TS RT ANEBTEN, —4EPUR A RHEKER 2 (13
Wt TFatERE G AR E R k. SRT, PR TR GEE 2, GaSh 4KZIot 1
a R RS . R GRS HDIRE (CVD) & GaSh 44K 2k 238 B 9K 2
T A K, S EOL AT SRR 2 L SPGB RN T 40 em? Vs,
HAR —FR 2, TEBE R R B 2 TS PR A B AR K = TR~ SARGOKR I T ik, sk
BLT BRI AR, A TGER R B IRE (330-400 cm? Vs, #IRE T
W 10" em™) 1) GaSh gk £k[2-4].

— K, BT DL SRR IR TR L AR ER AL, BEIT SEIUN R AT R R
PIRYE . S — R E AT AT fEGaSbA R, B SniEBA%, GaSbi K
VN, ARITIERRMIES: [N, Z2GaSbja, M R MEE 5 B K #kin A JUR =351k
—HBEN, BGER RGN . AR RN, ES ORI SR BRI, KR
B, N SRR R R, W0f SEELSN X GaShah K £k (45 2 i T RUME s, ¥
BE— IR T GaShA KL 1A YT 2, Dy S IEE TR AR 82 ) 21 AN 25 S (L B AR RV S A R

VR R DA AR LR AR R R ey, BT P 1 < AR A TR S SR (K 3B 2 B PR R it
R R EEYE A CVD J7i%, SR Sn AE R EAE K I AR B4R, 135 18
F A TGRSR I Gash Ak (F/GERS R 1000 cm? Vs, & HATERIER GaSb
AL R Fd . PR ENRIEOR, SEIL 7% 1550 nm ZLAR6 BAT @b N (BT
NI TR]A 195.1 ps/380.4 ps) [ GaSh KA FEFILLAMRINES, K LEAE L AN 43
JSE IR R A RO 12 [5] -



24
77

Ton =~

195.1 ps
A= 1550 nm

Tot ~
380.4 ps

Intensity (a.u.)

0 800 1600 500400 501200

Time (ps)
Kl 1 BT R AL GaSb AR L S AN K LI H 2 AMAR NI 23 1F

FHEI: GaSb KL BBk BRI E YA ZLAMEN 3
223K
[1] Z. X. Yang et al., Crystalline GaSb Nanowires Synthesized on Amorphous Substrates: From the

Formation Mechanism to p-Channel Transistor Applications, ACS Appl. Mater. Interfaces 2013, 5(21),
10946
[2] Z. X. Yang et al., Surfactant-Assisted Chemical Vapour Deposition of High-Performance Small-Diameter
GaSh Nanowires, Nat. Commun. 2014, 5, 5249
[3] Z. X. Yang et al., Approaching the Hole Mobility Limit of GaSh Nanowires, ACS Nano 2015, 9(9), 9268
[4] Z. X. Yang et al., Complementary Metal Oxide Semiconductor-Compatible, High-Mobility,
(111)-Oriented GaSh Nanowires Enabled by Vapor-Solid-Solid Chemical Vapor Deposition, ACS Nano
2017, 11(4), 4237.
[5] J. M. Sun et al., Ultrahigh Hole Mobility of Sn-Catalyzed GaSbh Nanowires for High Speed Infrared
Photodetectors, Nano Lett. 2019, accepted (DOI: 10.1021/acs.nanolett.9b01503).
EEHH: EXESUIRITER (2017YFA0305500), AR RIIFEFELXIH
(ZR2017MF037), YT H HHRZETIH (JCYJ20170307093131123), LA KEF & HEY
FHIRWH WA KRR HFERESE,



H029
L g5 H

ETE " HMBIRETRIFE
345
SRR TIRER, MOBTEE, WILK%, B 310027, i

A SR 5 oA 48 E R RME i B A | A RS — R D B R A T AR A
AL THL o AERXE, AT RZF A AR T Z4EJuiEAe T i s 1) 4 —4E v 1
EaAR (van der Waals Hot Electron Transistor, vdW HET)®. 7EiZ2&{4+,
DF 3 R IR SRR S, T8 AR A A 5 e 2R AL B 7 9 e
VR SR - R A A~ AR 5 22 o I ()38 2 A =R 0 va) DAY /D 3 5 O S
AT T YR R T R BRE A AE X S v IR AR R e S AR B R
TYERRL AR B T8 B ) 2 A R A 4GS A ] A R P nT DL A ] R 2R 98 BEAL
BRSO B T4 RS . B 4G, 1% vdWHET s sEB AR 1 i A AL
e, X fAT AN RIR L B NV TR LA nE . K,
ARSI 2 A G, 300) a4 1) 2 FH R Ul AR AR R R © SE B (Y
&, 2R E AT DL TARZE R X (hot—h) AT (hot—e) B30T, IX— LR & IRAE
BT MR R I T AR TP oW R B il R TR, BRATR I Z A
HIMCERRCRAE A hBN O R S W A 22 B P T00%HIBIR AR IR . S34h, W T
Bl YRR A, vdW HET dE8&E SRV 8T RN A . BAE
SRIR A RERN], BT vdW HET AMBEAE A E PR Re e 0F 5 T BA R 1, 1 H.
REWE TR i s A MR AR L Sl - F B
5% X
1. Geim, A. K.; Grigorieva, I. V., Van Der Waals Heterostructures. Nature 2013, 499, 419-425.
2. Rodriguez-Nieva, J. F.; Dresselhaus, M. S.; Levitov, L. S., Thermionic Emission and Negative Di/Dv
in Photoactive Graphene Heterostructures. Nano. Lett. 2015, 15, 1451-1456.
3. Vaziri, S.; Lupina, G.; Henkel, C.; Smith, A. D.; Ostling, M.; Dabrowski, J.; Lippert, G.; Mehr, W.,;
Lemme, M. C., A Graphene-Based Hot Electron Transistor. Nano. Lett. 2013, 13, 1435-1439.
4. Zeng, C.; Song, E. B.; Wang, M.; Lee, S.; Torres, C. M., Jr.; Tang, J.; Weiller, B. H.; Wang, K. L.,
Vertical Graphene-Base Hot-Electron Transistor. Nano. Lett. 2013, 13, 2370-2375.
5. Chandni, U.; Watanabe, K.; Taniguchi, T.; Eisenstein, J. P., Evidence for Defect-Mediated Tunneling
in Hexagonal Boron Nitride-Based Junctions. Nano. Lett. 2015, 15, 7329-7333.

6. Guo, H.; Li, L.; Liu, W.; Sun, Y.; Xu, L.; Ali, A.; Liu, Y.; Wu, C.; Shehzad, K.; Yin, W, et al.,
All-Two-Dimensional-Material Hot Electron Transistor. IEEE Electron Device Lett. 2018, 39, 634-637.



H030
LIS H
ETHSEEBM RS AE S K2k RIS

F3'. RELZ Xin Zhang®

"REHEREAEHR G RMEAFELERE, BLEIRYF, H% 710048
Department of Mechanical Engineering, Boston University, Boston, Massachusetts
02215, United States
Email: wangyue2017@xaut.edu.cn

FZE N AR IR S48 0 5 Fo Aol i Bt ) 17 ] I i B, IR
ar HA e R MR OB T RG0S, i 250 e
FCSTUAR DM 24 IR AR AF 4R At — P LG, AR ARG B« AR ARSI L A% B A 40
HATEENHME . Jorl iR B A, 247 AR 2GRl ISl lie o
TE&E/ N/ EEN =W S TAESEIL I, REZREM, X
K 3G N 1) o5 e B2 R I BARALR 1 S A o i T2 SRR 42 A BRI A R BT
SIS A R SR AL T — BB B U7, R AT LS I A R AT R CRE T, TR
CMOS FEASHEA R A 26 PRI 5 il AR A F 2N

ARIAEFAL PR RS R LB 7 ‘0 BEEEH, 3RAT 1 ERAS v KRR 24
B, RN, BRI 1 B RO . T R A R RS
FEFFL TAREMAR 1THz Ak AT EASELR T 589 0. 9THz HOE5 IR o FF A IS5 280 o 22
W LS AT BRIk ZE 73 AR i 0 M 1 e i SRR O D B L . foe ), i
79 800nm H=K Ny 100fs HIFGHk o Bcas, SEBL T o sl & U o L & A,
PRIRLGE R o WFFC 45 AL S AT % I8 B0 VA 1) 5 O SR 11 Hh AT VB A L FH B
RPN VWb N A S
REEI: KL MR AR RIS

Pump fluence'
—No pump
- = 25 plicm?

50 pJicm?

— = = 100 pJlem?

: Pump beam 200 pJlem?

i % vivé 400 pJleny?
TH bey 800 pJiem®

2 probe
beam

Absorbance

~ = 1600 pJicm?
——4000 pJiem?

0.5 1.0 1.5 2.0
Frequency (THz)

ZHE R
[1] C.Watts et al., Metamaterial electromagnetic wave absorber, Adv. Mater. 2012, 24, OP98-OP120.
[2] R. Kakimi et al., Capture of a terahertz wave in a photonic crystal slab, Nat. Photonics, 2014, 8,
657-663.

HELETH: HEKERE%IEL T H (NO. 61975163) F125 [H H 4R B %34 (NO.ECCS-1810252)



HO31
LEfs: H

HINRERBGFAZKRRENE T TIHBEMR

{RigAe ' NTIL 2, fRERe " T A3, EHIKRS

1. RERFESFIR, LEiE 200620
Email: bhwu@dhu.edu.cn
2, AALRFESE, L 110004
3. YEMAFRLEME RS EHARMAAH, LiF, 200050

M
TRy 2 ST U W] ORI B 2 G AR e AN TN G35 SN AN B R B A, JF R R T
HL T BB RS IS VT o T FUAR Th 2B AR A G AR A AR U S5 R B P B R 1 Ik
MW FE R RS, AR IS T R E, R AN AR A G R S AR i) 2
RARGA B SLBUR U Sk AR K S R T8, A ESEBUAME R T B 1 T4
¥ (SQUID). ML B IRARE ) 1 2 T MU AR iR BUA G A Fi i, 2038 R AR I Fa it
e 2 2NN A, KR TR, B T ALt 88 5104 s iRt A i G re iR
T G a2 i IR 9% il 2k e AR 9 IESE 26

BT R RS MR eR BOE, BATHER T A SR I L ER L SR A B R BRI E T
WRN[L]. BUESSRAUE, 25 B S B GG R BB R 5 T B s il 1
AFEREISRAL . i, 588 i SRR N RGN R IOV E TR T S A,
2058 R AR Al P T BE 0 P 9 L G I8 7 R PR 3 P AL, ELUAARLAE S Ak TR H i 5
RIS NI AN ZIERR LG GARAI G DL BATTHT T 2038 R ARGE A IR HLIL 3 BE A1 b B 51
WEFES LR IR AR S REW: MRS Tt 2R, 25 amfEiom, &
24935 I AR I P AL S RE A 2 R, (ELR IR 5% T8 BB R0 AT DU i) PR o TR ZE RAIE B,
5 FRLIAL PR BT PP RIS AT DA SE AT RO R AE 3 4D e B AR A AR (AR AR I AR

K 1 I A S N IR R GAR L) B R AR IR T I 5 PORRERAI L I T A 2R

KA b ZERA LR BT QB RRBM
Z#HR: [1] B.H.Wu, W. J. Gong, X. F. Xu, C. R. Wang, and J. C. Cao, J. Phys.:Condens. Matter 31, 285301
(2019)



HO032
LEgifs: H

BT A% TIRE I - E ISR TR R AT
RR5

HAX, BAH, HAE, TR

BAHEKF, ©F 58K T4 F, K| 518055
Email: wangk@sustech.edu.cn

WM. B RO HE (QLED) ZARAME 7 R EHENHIRZE R RO s a1l
HAHIEEWRME B MU R, BER e E T A X, HFEEAEREURE.
QLED KA GIERE S a4 N B 80T BIVE NP S AR SR VA A B I 3R, R 7y
BHLHIANZ) S AR T sk — Ak QLED PERET 7 2L,

BE BT TS K AL AL Al L A A T >R A A - R IR R e i 2 (C-V MR REREAR I S il H 4G
VA ds T LT AL, DRI AN ] T2 A S B BOR T amis R SR . HAT,
Sk LED. OLED. VLK PLED (&Y LED) BB X AR E A IR, Mixt T8 %
f) QLED, C-V HiZAH R FLIMAL THIHIB B, & Zxf C-V M RIRA T, 455 QLED
DB WAE L C IR

ARURR R X — o) @, R FH B8 ] - S W R SR A 77325, % H R LR 2K
QLED (AN EERE QLED, LK CdSe/ZnS QLED) ff) C-V HiZkitsT T 3
WEES M. Bk, WANET AN C-V &, S VS CHE N QLED i
JUTHAEST BEBA AR [, #XKBET QLED HhEui TG E & 5005 A HIAL
b, FATFRE TR [ e B R A, R E UOWEERIESERT QLED I AR ILA .
B0, FETIRAVEH AR RIS, X QLED 41 HLZE T b3 AR i A b AT R 1
I HT. Ak, FRATHIE AR QLED #8444, JFMNA T C-Vv HhZk. seinsh RS Eig
MEIWIA R, HE—PIUE T QLED o CV EAR K& i A /i (48 S 47 6T
ZARALE T, AL T ASERET QLED #e ity , s Ah e T30 EQE M 8% 2 #4713 16.7%.

Kb BT RAOCTE, WR-RRAE, g, @R

HEETH: ERARFYEESTE (NO. 61875082), [H 5 = st K 1HRITH (NO.
2017YFE0120400.



HO033

LS H

p—GaN I HEMT iR EBR FIEA K RE B EZHHLH
At g, Fa@k®. Sima Dimitrijev?
TERYIC T e s TR0, 7811518060,

QAR AEAR, 3WOHI B4 25 i TR 7T ol

Email: libk@szu.edu.cn
WE: ZNHERRENRETBRIUNE (AlGaN/GaN powerHEMTs) HAFF
A FEPUEMC . TSRS R A, RRKEE AR R
FF. AIGaN/GaN 5 Jiii 5 S Ab I T A A ANE SR ¥ — 4 F B #i 7S (2DGE) 7E
AT RIGIE R, e 7 AlGaN/GaN HEMT A R84 . 1 £ 8 F
BT 4 R At A 5 18, W R SR R ORI . BT, p-GaN MR
CLA RN SEBVAIEFER . ik H 97 AlGaN/GaN HEMT FI b %, & T2
A TG R AN TN TR 1. MRS p-GaN 2 [A] AT DL R AR il B 1
R R, 5 H LA AT P e R R (A P T R - B
BT R I, B RF A p-GaN Al HEMT (14134 BB K 3l = R I B R I E R ILE
% GaN I HEMT zE I S FH s SR Bk i o

ARSCHFSE T p-GaN M HEMT 1) i FL i Bl A 51 50 Hi s 2 3R 3l B 1] £
BRI . 7ECUMRIRB R, BRME F IR NS, SRS 5 I OIX ) F e R O
AT TG0 FEEAMR SRS B T, BRE FR SR IS B, M R 5 e
JEREAR sy 6V BEIRENI G, BIE R R SRR . A,
RuE 1 Fros. W5 EA & AR R4 J&/p-GaN/AlGaN/GaN(2DEG)”
TR (E2) FRREUREEE . e R R AT IR R R, BAER T p-GaN
M5 AL v L A R N, ] T p-GaN Mt HEMT SIS #% I P 3L
il SRR, B e EE NS p-GaN, # T ERHTEIR, FEGE R 1
BBV AL IE R MR R, HF i 2DEG V9IEE AN F p-GaN, i Hi -1 [ P
FifEsk, SEOERBEES, MIERMEED 6V i, K&E237CH p-GaN 7=
WIS, 5 2DEG HIF4G AT GaN il oMa T, XAk e 1b T T LA



KETFABE, M5 20 e R RS B PR, p-GaN MR 4t £ AN [F] 4l & T () g
i B SR NI FE W 3 B

1.8~
. JBr tressi
= o f_rffsé%% ms / ressmg
51'4_\ —.-—01m5
= . —0-—10 ms
1.27 \ —A— 100 ms
1.0L . ' . —e—500ms
=10 -5 00 1 2 3 4 5 6 7 8 9
10%} | i i
"&“ 10'6 1 r :
= 10% e injection 10 S|gn|ﬂcant —
= 10 h injection
ety | T RL D YL ! BLAUV
-10 -5 00 1 2 3 4 5 6 7 8 9
Vs (V) Vs V)

1 p-GaN #ft HEMT BRI{E VAL Rr: S B H - H Rk o

Semitransparent
Schottky contact

{ HINL Y

15 20 25 3.0

———AlGaN/GaN
p-GaN/AlGaN/Ga

1045‘26;‘5-nm Ias:ar
10°)
1022
10'}

Substrate

PL intensity (a.u.) EL intensit

20 25 3.0
Photon energy (eV)

1.5 3.5

2 HA 3% W e A I <4 )R /p-GaN/AlGaN/GaN(2DEG)” —# e, K HEUE CADEE R
ik



e injection
~ =1

(a) e injection ' (b) T
V>15V . Eel |/~ T -

=

Hole-assisted

! =
Electron trapping RIL X de-trapping
Q

Red luminescence

sdesy

= ©
s Hole accumulation

p-GaN AlGaN GaN

(c) £ | (d) Ec
- - EF EF
E; E,
h injection h injection
V>45V V> 7

® UV emission
Optical pumping

p-GaN AlGaN GaN

Blue emission
- Yellow emission

p-GaN AlGaN GaN

P 3p-GaN il A A [Fl i [ R R s i B, Rt TIE NI R

KRB EALEK, HEMT, #¢8Y, BIfH, ®BECRb

225 3R

[1] Xi Tang, Baikui Li*, et al., “Mechanism of Threshold Voltage Shift in p-GaN Gate AlGaN/GaN Transistors”
IEEE Electron Device Lett., vol 39, pp1145, 2018.

[2]Xi Tang, Baikui Li*, et al.,“Effect of Hole-Injection on Leakage Degradationin a p-GaN Gate AlGaN/GaN
Power Transistor”,IEEE Electron Device Lett., vol 39, pp1203, 2018.

[3]BaikuiLi, et al., “Impact of carrier injections on the threshold voltage in p-GaN gate AlIGaN/GaNpower
HEMTSs”, Appl. Phys. Express, vol 12, p 064001, 2019.

[4]BaikuiLi, et al., “Asymmetric Bipolar Injection in a Schottky-Metal/p-GaN/AlGaN/GaN Device under Forward
Bias”, IEEE Electron Device Lett., early access, 2019.doi:10.1109/LED.2019.2926503



HO034

BT H
Enhanced Terahertz All-Optical Modulation Based on
anganese Ferrite Nanopartlcles

Weien Lai ™" Peng Huang, Beaztrlz Pglaz Pablo del Pino® and Qian
an

'National Engineering Laboratory of Special Dlsplay Technology, National Key
Laboratory of Advanced Display Technology, Academy of Photoelectric Technology,
HeFel University of Technology, HeFei, 230009, China
?Key Laboratory for Thin Film and Microfabrication Technology of the Ministry of
Education, Department of Instrument Science and Engineering, School of Electronic
Information and Electrical Engineering, Shanghai Jiao Tong University, 800
Dongchuan RD, Shanghai, 200240, China
$Centro Smgular de Investigacidn en Qu mica Biol&ica e Materiais Moleculares
(CIQUS), and Departamento de F gica de Part tulas, Universidade de Santiago de
Compostela, Santiago de Compostela, 15782, Spain
Email: wnlai@hfut.edu.cn

Abstract: The development of interdisciplinary science is facilitating the integration of

nanotechnology with terahertz (THz) technology, which makes the nanomaterials play a key role
in the field of THz technology. Furthermore, THz technology has become increasingly attractive
for its potential applications, such as THz imaging and THz communication. With the
development of high-speed telecommunications, THz communication has become an increasingly
attractive research area. In THz communication systems, there are desired demands for THz
modulators with excellent performance, which include some important parameters such as
modulation bandwidth, modulation depth and modulation speed. In the past, various THz
modulators, which based on metamaterials, graphene, superconductors, and vanadium dioxide,
were demonstrated. However, these modulators have complex fabrication requirements and are
limited by the properties of materials, which restrict their practical applications.

Here, we present an all-optical modulator based on manganese ferrite nanoparticles (MnFe,O,
NPs), which provides an enhanced attenuation of broadband terahertz waves. A wide-band
modulation of THz transmission was observed in a frequency range from 0.15 to 1.2 THz. Our
work demonstrated that coatings of MnFe,O, NPs can be efficiently used to improve the
performance of THz modulators based on optical modulation. This paper describes a new route to
increase the surface photoconductivity of semiconductors by coating of MnFe,O4 NPs. This work
demonstrates that the THz modulator based on MnFe,O4 NPs can significantly boost the overall
performance of THz communication systems, and MnFe,O4 NPs may offer some useful solutions
for future THz devices.
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Abstract:

The need for continuous size down-scaling of a silicon transistor, the industry is
sinking strategies for further footprint reduction. The atomic thickness of
two-dimensional materials provides the potential for realizing a high area efficiency
transistor architecture. However, the architectures of two-dimensional materials
devices still mainly depend on the basic architectures which are similar to silicon
circuit. Here we show a transistor based on two-dimensional materials, which can
realize photo-switching logic (OR, AND) computing in a single cell. Interestingly,
materials thickness can also change the logic behaviors. The architecture can be
flexibly expanded to achieve in situ memory (logic computing and data storage
integration in same transistor). These devices could be potential candidates to
construct brand new chip which can perform computing and storage with high area

efficiency and own fancy functions.
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Bose-Einstein condensate of exciton polaritons in a semiconductor microcavity is a
macroscopically populated coherent quantum state subject to concurrent pumping and decay.
Debates about the fundamental nature of the condensed phase in this open quantum system still
persist. Here, we will gain a new insight into the spontaneous condensation process by imaging
long-lifetime exciton polaritons in a high-quality inorganic microcavity in the single-shot optical
excitation regime, without averaging over multiple condensate realisations. In this highly
non-stationary regime, a condensate is strongly influenced by the ‘hot’ incoherent reservoir, and
reservoir depletion is critical for the transition to the ground energy and momentum state.
Condensates formed by more photonic exciton polaritons exhibit dramatic reservoir induced
density filamentation and shot-to-shot fluctuations. In contrast, condensates of more excitonic
quasiparticles display smooth density and are second-order coherent. Our observations show that
the single-shot measurements offer a unique opportunity to study formationof macroscopic phase
coherence during a quantum phase transition in a solid state system.

Figl Single-shot real space images of the photoluminescence intensity (proportional to polaritondensity) above
condensation threshold Pth at 10 mW, in the far red-detuned (large negative detuning, -22 meV) regime for various
pump powers. Each panel represents a single realisation, of a spontaneous condensation process. The intensity is
plotted on a log scale for the experimental images to elucidate the details of regions with low density emission. Far
right column shows corresponding images obtained by numerical modeling.

A . Exciton polariton  Bose Einstein condensate

[1] Estrecho, E;Gao, T;Bobrovska, N;Fraser, MD; Steger, M; Pfeiffer, L;West, K; Liew,
TCH; Matuszewski, M; Snoke, DW; Truscott, AG; Ostrovskaya, EA, Nature Communictions
9,2944(2018
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Abstract: High-performance and stable p-type optoelectronic semiconductors, such as
transparent conductors, have been searched for with decades of efforts. We herein
proposed based on first-principles straightforward calculations and structure searches
Sn(I)-containing phosphates Sn,P,0s., (n=2, 3, 4, 5, ...) as promising p-type
semiconductors for optoelectronic applications [1]. We found that these materials
have large band gaps and at the same time still can have moderate effective masses for
both holes and electrons. Calculations of optical properties show that interband
transitions in the visible are weak under hole doping. We also find an interesting
inverse Burstein-Moss shift, which can be understood in terms of the Sn character of
both the states at the valence band maximum and the conduction band minimum. By
investigating the intrinsic defects properties with the state-of-the-art supercell
calculations, we identified deep defects that are detrimental to the carrier transport
and revealed ideal growth conditions for p-type Sn(ll) phosphates. The results
indicate that Sn,P,Os., with large n may be doped to p-type with promising attainable
hole density [2]. The unusual combinations of relatively high band gap, low carrier
masses and high chemical stability suggests possible optoelectronic applications of

these Sn(Il) phosphates.
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FIG. Crystal structure of SnsP,0g (left) and calculated formation energies of defects in SnsP,0g, as a function of

Er (right)
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ABSTRACT: 2D layered materials have emerged in recent years as a new platform
to host novel electronic, optical, or excitonic physics and develop unprecedented
nanoelectronic and energy applications. By definition, these materials are strongly
anisotropic between the basal plane and cross the plane. The structural and property
anisotropies inside their basal plane, however, are much less investigated. Black
phosphorus, for example, is a 2D material that has such in-plane anisotropy. Here, a
rare chemical form of arsenic, called black-arsenic (b-As), is reported as a cousin of
black phosphorus, as an extremely anisotropic layered semiconductor. Systematic
characterization of the structural, electronic, thermal, and electrical properties of b-As
single crystals is performed, with particular focus on its anisotropies along two
in-plane principle axes, armchair (AC) and zigzag (ZZ). The analysis shows that b-As
exhibits higher or comparable electronic, thermal, and electric transport anisotropies
between the AC and ZZ directions than any other known 2D crystals. Such extreme
in-plane anisotropies can potentially implement novel ideas for scientific research and
device applications. The properties of field-effect transistors (FETSs) strongly depend
on the thickness of crystals. In the monolayer limit, the performance shows relatively
high carrier mobilities and large on/off ratios. Moreover, the b-As crystals exhibit a
relatively good ambient stability. The few-layer arsenic based FET still function after

exposure to air for about one month. Therefore, b-As is expected to be a promising



2D material candidate in nanoelectronic devices.
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2 Kff2% (Terahertz, THz) & FHEHRINIZS (Quantum Well Photodetector, QWP) i
ARG P B i 3~7 THz. ST 7 [MERIE ) THZ QWP BAT AR/ FH AR M L i
M S PR, R THz PR e RS A U ) — Pl AT 384 1 D67 BRI 45 -
IRATEA IR T PRI R U THZ QWP 234F (Nl 1 i), ek &5 il i
FL 45 RN SRS & A K S R RS &, W ARSI 4 THz, S0 AR
RIGE A 10M~10" em HZ W, 5% B0 45T SHE A AL, K & s b 71 4
EEAE PN, BB, ks BRI B S <5 R R S A T R AT, e
RO IR RIS I, i m] DU E ST THz SR 77 R A e, IR 777 8] BT
T E W TR A FAT YR XIS 28—, MR RS (R U] <2 Ja 454 PT LAKE D R A1l 4E — MRS
RIRARTE A, RS QWP IE{E M AR — BNy, Sl A ) 7 R AR SRR 5
AN TE I, B TSRO SRR . U RS S S5 ) THZ QWP wT LUK F EE
HHL AL S AR & 2 1T LR R R, (SR BRI RO AR IR K IE e A
8 THz QWP 0y THz BB i, ey R BRI B2 (R A% 0 # A

B 1 ST B U B AR A S5 M) THz QWP 2844 B3 F
KB K ZE, ETPHRINES, e, & RBUE
HEWH: FExRESEP AR (2017YFF0106302). [H 5% & AL 5t K e iR (FhHES
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Abstract: MSM Structure Ultraviolet photodetectors have been fabricated based on
amorphous InGaZnO (a-1GZO) on sapphire and PET substrates. The PD show
self-powered photoresponse. Aphysical model based on band energy theory is
proposed to explain the origin of the photoresponse at zero bias in our device. The
flexible PD shows good photoresponse characteristics and fast response speed. The
devices reported in this paper provide a way to realized self-powered and high
performance PD based on simple MSM structure..

OCIS codes: (000.0000) General; (000.0000) General [8-pt. type] For codes, see

http://www.osapublishing.org/submit/ocis/

Ultraviolet (UV) photodetectors (PDs) have drawn increasing attention due to their potential
applications in air-pollution/waste-water monitoring, missile plume detection, flame alarm, and
secure communication.™? From the application and energy saving point of view, the PDs working
without consuming external power are very important. In this work, the self-powered ultraviolet
photodetector has been fabricated based amorphous InGaZnO (a-1GZO) film on sapphire and PET
substrates at room temperature. The photodetectors show the responsivity of 4 mA/W and 0.1
mA/W, respectively. The self-powered characteristic is attributed to the hole-trapping process
occurred in the electrode/a-IGZO interface of MSM device structure, and a physical model based
on band energy theory is proposed to explain the origin of the photoresponse at zero bias in our
device. The unbiased photoresponse characteristic is attributed to the hole-trapping process
occurred in the M1/a-1IGZO interface, which has been confirmed by the responsivity characteristics
of the PD and an asymmetric Schottky barrier formed at the two sides of the Au/a-IGZO
interdigital electrodes under reverse bias.Our flexible PD shows relatively good photoresponse
characteristics before and after bending, and retains good folding reproducibility after repeated
bending up to 500 cycles. More importantly, it shows a fast speed with response and recovery
times of 0.8 ms and 2.0 ms, 33.8 ms, which are much faster than that of most reported flexible
ultraviolet detectors. Our results may provide a way to realize self-powered photoresponse on
rigid and flexible based on the simple MSM structure.
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Fig. 1. UV photodetector (PD) based on IGZO film on sapphire: (a) The photoresponse characteristic of PD at 0V bias. (b)
Fitting results  of the I-V curve of the PD and (c) Energy band diagrams of the PD in UV light: at reverse bias, forward bias
and OV bias. (d),(f) The photoresponse spectra of the PD as a function of the incident light wavelength under different forward
bias and reverse bias. (e) The responsivity of the PD under each absolute value of forward (red spot) or reverse (blue triangle)
bias. (g) The schematic diagram of the PD. UV photodetector (PD) based on IGZO film on PET: (h) The photoresponse
characteristic of the flexible PD at 0 V bias, (m) the temporal response spectrum of the flexible PD in a single on/off cycle. (I)
The photoresponse spectra of the flexible PD as function of incident light with different bending angles under 2 V bias. (n)

Typical photoresponse spectra of the flexible PD after different folding cycles under 2 V bias.
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TR Z SRR QT R R SR EOE- AR 2R e R o AL, RBRE EJe-K
o 25 R A A [ SR B, QPR A 2 e S SE N bt S 3 ) sl oy — k. 3K
ATRAIE BRI R 26 1 R 4, RotsA R 8 5% Purcell RN i B AM 2435 BL -
W1 IR A TARAE R 24 B, HIT DR, ATl AR T AR RIS IR T 2R e 1
YRR LR o IXT 2B IR R LR RES [ I 1 9 Sy RUBE R 28 e B0, TR g i 2
IR 2L R B RBREEARR & 2 o BATMTH RS R AT, RANZ PRI R G F B [F) A, 3
FARGMEAISE, R A2 0 K 24 e B EL A R AT AR A A, 1898 2 x 10° % 2.

BEAh, B T @ fmaiAKIe RSN, FATIERTTT 1 3 T2 34k GaAs 62451 I REAR AR 1
IR P SERLIRDL R 2L Fe 0 55 . GaAs MR TR BB R T &, HobsA il RS,
) [ B SR LA AR T IR S AR AR T R . RIS, X BRRERL B B i e R4,
B, HOG- KR 2 R AE U RIS 7 5l A AN R st . A TREAREE T GaAs
FEIREH, JCHR ML ARAN T I IRAE R 247 A2 v R S 5 O o
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K%L (THz) 9% OFRTVEH: 0.1-10 THz; 1 THz=10" Hz) {7 T 5404Me 2 16, 4k
TR T B AT 3 SO X 3. KRR ZEHARTEBE 2 R . 2% 1A A A5 AT L
HEENH . KPLCE, BTEZ &3k THz SRR S, THz SiBCR 5 2178 0
Fe, ARZHE PR A e AN, BT AHARAR Y THZ [JBR (“terahertz gap™).

THz B FZ0E0ESS (quantum cascade laser, QCL) J& — kT H 775 1y [ BRI T 5
PLEIH - S22 488 . THz QCL TAET 2-5 THz iy, HAAMLLK, HintHTh®
LA RSV R AR RS BIRR KSR T, 78 THz 38135 5 B8 07 B A R EF RO R AT 5. 2
T2 ET LK THz & TFHEN2E (quantum well photodetector, QWP) REMESZIH 2-7THz
BUBLR) THz e, BA W RGEER . S5 5 THRMREER S, 5 THz QCL FAHR A
AARMF RIS ICRCREE . AT T THz QCL M THz QWP KBt S5 T4, 83 TR
2R DD R 1) THz QCL RHR I R B IAE] pW/HZY [¥) THz QWP 2. 3£ TiX ek Ag )
PSR THZ G F 2880, Bk T PO R R G, SEBL T 2T THz QCL ik AR R US4 -
JSAG F SR P XU S S L A RGO, SRR e R PR AR R4, A8 TR T 110
pem AR . THz SRUSEEARKAE VB A 50 ToAA Il LA S AR ) 4k 2
FEFAE S 7 T A ARG 1 8L FH e
gt A T/RS 2 E 5 E SRR (2017YFF0106302. 2017YFA0701005) ¥ B,
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##%L: ZnSnN, belongs to the family of Zn-1V-N, (IV=Si, Ge and Sn) whose properties are similar
to Ill-nitrides (I11=Al, Ga and In). ZnSnN, has a direct band gap and the forbidden band gap
depends on the crystalline structure. It also has high absorption coefficients, Earth-abundance of
constituent elements and nontoxicity, etc. It has the potential to be used in photocatalysis,
photovoltaics and light-emitting devices, etc. ZnSnN, has been prepared with many methods. All
the obtained polycrystalline or single-crystalline samples are n-type conductive, usually with a
degenerate electron density and a mobility lower than 10 cm®V™s™, which hinders its device
application. In this report, we will analyze the conduction mechanism and scattering mechanism
of ZnSnN, prepared at different sputtering pressure. Our results show that relatively lower sputter
pressure results in unintentional oxygen doping of ZnSnN,. Oxygen is from the residual in the
sputtering chamber. It substitutes nitrogen and substitutional oxygen atoms are donors inside
ZnSnN,. Substitutional oxygen leads high electron density, impurity band conduction with lower
mobility well below 10 cm®v's™. On the contrary, higher sputtering pressure can reduce
unintentional oxygen doping. This leads to low electron density, conduction band conduction and
higher mobility limited by ionized impurity scattering. We will also report our recent progress
about reducing the electron density of ZnSnNs,.

KBEE]:  ZnSnN,, S HUHLE] HORHLEI
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2 ZnO YKL BA m LRI SR E, Kk, RiW&SHOVIER] Zno gkt
Jer AR AR ORI R, APRER ISR KRR T ZnO PR N = R REJE FL A1 1) B 2255
0o LEATCH, BATH T BE SRR AL B U™ A A B T R R, AR T R AR 2R T 5
TS HOR, WA RO RIS, ST X AQIZnO KL M 5 5L 34 22 1) e AN F 27 A%
AR R R R T S RS AR S &, W LSS S A EE T T R . T3t
M SARE TIPSR, i ZnO 9K F RF L5 22 AN A I I R IR TRLI 77 s B AR
0.3s, MANET . A BEEA R RIS hSeBURE D CRN & 75 . AR ST
IR T A T AHEE AR, FTRASE . SR AL R GR R R, XA R TIA =A4
SERIZNA R, KEETEROC AR, St THIEE, BT RN TR

KU ZnO gKL:; HErIES 4, RiE: R Pul sk

EETH: HEXARPIFIESRREE RIS (616522405). WA T ET A RIFBHL G
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PR FEE G T BN R AR, SR DhRERL SRR IE R AN, & BA L
Fi SR L 2R (RIS B T A )T oK. SEA0EE (ZnO) Sy MUY

HE MR —, HEARPPUARSIE, @GR, WAL, F8 Mg sE
R AR A R R RO G L 3 o AN TRAZE R AL 2 SO DTRR IR 7 A B ZnO
oKL, IR E RS, AR B B RIS, AR KA AR R A
SRR ROKEE. LL Ga O TRV B AR, %Sl Ga 8% ZnO (ZnO:Ga)ill
KL, AP ZnO TOK& R AR AT . IR 4 i IRt
ML 2R, RT TR R0 T 5 RO . DRI, FE FRAR MR 2 53 o 45 58 RO IR 1)
WA : (1) B4R ZnO:Ga WK 4 LB m I LT BEAIR 7 i 3 L RE ), P ST B 4 45
XAERZE RS A ZnO:Ga WK I iy i Aot N T SRR AN IR (2) B A
VU] ZnO:Ga k4 ek, - THI51 Fabry-Perot (F-P) Ftfs IS HRBL I Ly
Ber-MA RO =R, USRI F-P B B0 A (3) DABEELIHE /S i B
R ZnO:Ga KL, R A AL 7 BRARAE R AT A TR B WGM B IR, O HE BT -
WAL RO B A SRR A S 1) Bd

AR
a~

i

1 ORI BL AR IOK 26 7t Jo 45 3 — A8 R 50k
REEE: FAEE, BORZR, RREROCTE, Wi, JetERlE
3CER: Mingming Jiang, Wanggi Mao, Xiangbo Zhou, Caixia Kan, and Daning Shi. Wavelength-Tunable
Waveguide Emissions from Electrically DrivenSingle ZnO/ZnQO:Ga Superlattice Microwires. ACS Appl. Mater.
Interfaces 2019, 11, 11800-11811
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W2 FT GaAs 1 M-V - FARGOR LRI R HIE R AR RN, &5 RTRN, A
FEL PR IR 85— 2R IR 4R AR 28 T4 A AR A AR 1 s A B0 76U SRR 201
ar (1) JCHEERM A8 KFHRE IS B AT Z N . J8E GaAs AR R ZE 14 9 TN £
Bgk, AR R KRR R, BT AR R R IAARLE, 111V RS
PRGIR L IEH BRI AR K —IN BT (ZB) SR ML (WZD 45k . AR RSy
BRI SRR L RE T 54, TS B SARGUORZR (R SONUAO G iR (4 25 17 A
I GaAsBi Mt kAR, BA MR BRAEERE, ARERSER
Bi LT LAHEATBOR AR 58 BE T (2], IXXAKRIEE T GaAs DG &2 A FI .
ARG E e A 73T RANE SR BRIl 4% 7 R E AT (W2Z) 45141 GaAsBi
KL, FFRIRMRIRA AOEHE, FOCBORE, SEIREL 2 SEIRIF 45 & w0 PEIE ST F Bt
TCT LR (W2 S5H[1 GaAsBi ZKRLLREME5 M. SKIRRI: Bi 5 NS PEET4H0 45
1) GaAs [IRETT Ik [R5 ZUSEMA A 217 517 (R 702, FRATTE R 225 1Ay S 926 p (9 Bi 540
W A0 IR R A0 s 38 X BEE (valence-band anticrossing theory) i IhfiERs 7 W43 i
PG HRE—, BAVKIUEDL Bi 51 NTT LUK /N 18] BRI e 50 TRLRE 1 BBURRE,
ERPREIEAT 2 T3 AR SR T GaAsBI ANoK L D HL s AF I PR RE .

K CFEET GaAsBiALKLE RMRBIORE JHRERE

SR
[1] B. Mayer et al., Lasing from individual GaAs-AlGaAs core-shell nanowires up to room temperature, Nat
Commun,2013, 4 ,2931.
[2] B. Zhang, et al.. Photoreflectance and photoreflectance excitation study of optical transitions in
GaAsBi/GaAs heterostructure.” Journal of Applied Physics 2018, 123(3), 035702.

HEWH: Hx AR IE4ETH (NO. 11874377), g AR 4 (NO. 18ZR1445700)
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W ERZ IR SHM R, 8L (TIo) & AARMRIRHERT I3 T B2
—. TiO, HA TaEmmesm, EAGHRENAEREME. PREd. ok, 3
TRk, BTUAgE) iz BT PR AR il e b, BIETES. DI Rk
LA EEA R BT, STR Tk, SRR, R AT, BT TiO, (1
AT TEELIN 3.2 eV, ANRERI RSN, KBHJCRIHZAL: Bhoh, 7E6A4 A2 R
H5EAWEL AR T ERESRIREN-3]. AL RIETES, SINES S Jr
ZT] ATEARMNT P B N4 BRBE R 0GE TiO Jef LTI, 2 MRT G TR

BEXT RIS AL AN RRSE PR AT A R FH 15 B0 ) vl 280 UGB K AR L T3 (1 4
2040 TiOp MARKNBIN T KREMAEMESG, KT TETFEaBE, AREREESIE
R RE P RE IR R AE B AR . 1% TiO B AR T WGk B IS 35, K406 Tio,
R R B RS AR i T L7 i, SRIR PN/ T R A B AR T 90%. S HEALIE TE
{1 B 8 3 A DR A LA AT AR A A By, FLH L TSR0 Tt 2 Il A R K T3
Ko MAb, 1% Tio, MIERIH T EA B, SIENEEHEE 25 <100 A5
WHFURILEA IR A IR FA TiO, B AR IE 7 B FERIE R T R E AR T, K
T X3 BT S0 AR 1 Bk BR R A )t T, AR KR Xt B T 2R Bk R E RO AR IR
Maxwell-Wagner % . %77 Z3/Ew#, Bt a5 Tioo By ARG b e A1/ ik fE A5
FIH RS, FERYERRIE, % TiO M AE A1F K FH A Lt R IR B 25 14 1 SR A
k.
KRB EER A AR T

>*

SR

[1] J. X. Low,J. G. Yu, M. Jaroniec, S. Wageh, and A. A. Al-Ghamdi, Heterojunction photocatalysts, Adv.
Mater., 2017, 29, 1601694 (20pp).

[2] K. A.Rahman, T. Bak, A. Atanacio, M. lonescu, and J. Nowotny, Toward sustainable energy: photocatalysis
of Cr-doped TiO,: 2. effect of defect disorder, lonics, 2018, 24, 327-341.

[B] ZEWME, Rulbk, &, HRSC, WA, ESOIH T ARTGK Tio, Safi b e s m & T Fidt e,
MR A 27185, 2014, 28, 22-26.

HEWHE : PR R AR AR P L gt e ¥ (No. XDJK2018C003) FH22JH K

R R AR AR 55 P E Wt e Bt B (NO. 1zujbky—-2019-23).
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TE: HEl, ARGREC T AR A REAL K 22 B S A v A28 (3t 22 I 24 1 3l
FA). BERITER] SRR [BIF R B AR A . STV 223X A ] AT A
I A LS 3 B AR o, e LI T RO N B e R 1Y) SR /IR AT B RO
R[4, TR, FHRA RN EAR R AR R AT, R R R K L R A ) )
Fefit 7 — e m AT R o 2 AR P BT AL BOT R T A T R R A T K — AR
Bt BA BT R T By R AR S BOL B IR IR AR L DT R T T
EWERA R R, A Sl T Rt 2 TR . Ik, AR E #OE A
FERTIXAERL 5 BEAT P 208 HL Oy &7 TS I E Y B 2R [B].

SEACEE T BT BB R A RENR 790 5, WU iR AL OT RO BEAR AL .
AR AL R I SO 23 A B OR B, il 17— 2 ST IUIE (O T AR A e et S A e
o FESEIEAS b, FRATEBIERRS KRR R 2 18], AR ARA 2 BUE . KT e
AR AL AHARRER A Z M A 2B A 0 (ARG, AR n RAAD . X fefik
ATAES], AR B A A 2 T A B e, AT DA v e it — 2B B ek AR OREIULER -
DRI TR, S BRATE R AR OGS A B, R 8] A AR 2 A LA
i, XAE IR A e B B AR AR E TEHT B, SEUA R RS — 15
/AN RV AR A SIS B e £ Tt TR o X 45 RO S T T AR O TR R A i 2R B
Jle T RAUASAT T R 15t

KB W iBoe, ek, i

[1] R. Rojas, Neural Networks-A Systematic Introduction Springer-Verlag. (New York, 1996).

[2] Pierce N A, Winfree E. Protein design is NP-hard[J]. Protein engineering, 2002, 15(10): 779-782.

[3] Hayashi M, Yamaoka M, Yoshimura C, et al. Accelerator chip for ground-state searches of ising model with
asynchronous random pulse distribution[J]. International Journal of Networking and Computing, 2016, 6(2):
195-211.

[4] De las Cuevas G, Cubitt T S. Simple universal models capture all classical spin physics[J]. Science, 2016,
351(6278): 1180-1183.

[5] Berloff N G, Silva M, Kalinin K, et al. Realizing the classical XY Hamiltonian in polariton simulators[J].
Nature materials, 2017, 16(11): 1120.
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IR,
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HOBRPRR A R LU 06 il TARSE IR RE R 75 2, 12U B B AR K
R, FEAARIAE SR E A EE0  AMERSA . 5T T Z SIS AR . Z4Ep R,
JEHFE A B T EAT R SO s PEREZLAh L ARR 2506 F T AR I A et oK 1 321 il 24,
AT RIS fe TR s MR BRTY RISE B EOTS T A T, R0 7 LLRBE it
RUARGR AR Y 72 7 R — 2 SRR A S LD AR 2400 L a4 LT R4S O 1 e B4 -
(1) 38 A R BTt SEBL T A iR L v i R B B ARG, IR T R U
RN PSR AR, AT T RIERET KAmis tERE M IRIE [1-4];  (2) A 820/ A AL
SR R4 A SR AR SR 0 S0 MR A R RS A BT I, RAT T Z0Ah- KRR 2%
P B AR A BT A B FE BN A S AN R 1837 1 5 [5-8] . (3) TREASEAR IR 4 1A
TALAh, KRG S IR S GRS . WO IR R R S1ERER i [9-14] .
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Superconducting flux qubits are based on a superposition of clock-wise and
anti-clockwise currents formed by millions of Cooper pairs. In order to excite the
system in a superposition state, the half-quantum flux of magnetic field is passed
through the superconducting circuit containing one or several Josephson junctions.
The system is forced to generate a circular current to either reduce the magnetic flux
to zero or to build it up to a full-quantum flux. Circular currents of exciton-polaritons
mimic the superconducting flux qubits being composed by a large number of bosonic
quasiparticles that compose a single quantum state of a many-body condensate. The
essential difference comes from the fact that polaritons are electrically neutral, and the
magnetic field would not have a significant effect on a polariton current. We note
however, that the phase of a polariton condensate must change an integer number of
27w, when going around the ring. If one introduces a n-phase delay line in the ring, the
system is obliged to propagate a clockwise or anticlockwise circular current to reduce
the total phase gained over one round-trip to zero or to build it up to 2z. We show that
such a m-delay line can be provided by a dark-soliton embedded into a ring condensate
and pinned to a potential well created by the C-shape non-resonant pump-spot. The
physics of resulting split-ring polariton condensates is essentially similar to the
physics of flux qubits. In particular, they exhibit pronounced Bloch oscillations
passing periodically through clockwise and anticlockwise current states as Figure 1
shows. We argue that qubits based on split-ring polariton condensates may be
characterized by a high figure of merit that makes them a valuable alternative to
superconducting qubits.
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Figure 1. The considered shape of a non-resonant pump spot (a), the oscillations of the
topological charge of the resulting split-ring polariton condensate (b), snap-shots of the absolute
value of the many-body wave-function of the polariton condensate (left panels), its phase (middle
panels) and phase for the fixed radius (right panels) at different stages of the time evolution
((c):m=0.3, (d):m=0, (e):m=-0.3)).
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231447078, project A04) and Heisenberg program (Grant No. 270619725)
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T2 4559 CulnGa(S,Se), F1 CuZnSn(S,Se)s N E H17 IR S A Mk, B
AR RS, B TR, KR ML, PUE ST MR SR S R AL DAHR
SRS A ] 46 B VIS A IS B B 7t TG A R 30t DA R 2 T T2 e R 5 T L
AT TS . CulnGa(S,Se), 5 ARH e HLt (1) S5 = e ok i s 4
BH] 23.35%, UL AT ORI F7. LEHARGED R BRI T SR AN WG K
TR T, 2 — DI E R BH A it I R 3o o A BE IS OR B fE i it g T 2
TOE G U 5 ST 25 2 o 22 TORORL IR PR AN S T S 0 S5 4 PR T RS R A
MR VAT J22 P 0 AR P2 ARl 2> S5 O S TR PRI 0 1 2 e 4 v 2 PR e R I O
FEARTRE A, 4T AV R J& = 8 i B4l & W) ROK B e By T, 14
SR TIEEAG I B T A, DSBS S PR SR Bk B R B AR 7 R0 1A
HERE . @I R T SRR L BREE R AN SR RE DS R, 7E CulnGa(S,Se),/CdS
FHARACRETT Z5 W15 B BR T 19%1K) CulnGa(S,Se), ABH fit dijth; i ik
D ER TR E Cu SREEHE R R T 11%) Cu,ZnSn(S,Se)s A RH AE HLtH .
Jekgia: KPHAER ML CulnGa(S,Se); Cu,ZnSn(S,Se), FLHifssty A stk

B3R

http://www.solar-frontier.com/eng/news/2019/0117_press.html, Solar Frontier Achieves World Record Thin-Film
Solar Cell Efficiency of 23.35%.

Y. Zhang et al., Nanoparticle-Based Cu,ZnSn(S,Se), Solar Cells With a 9.1% Efficiency Obtained by an
Optimization of Sintering Process, Solar RRL, 2017, 1, 1700063.
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5L SR CAT AL BE AN IR ZHT DGR v it KB R I TE AN A FRE 1) P 2 S A
. CuO EMEIEE, WA, T, HRBREK (~10°%cm), HREE (~14 eV),
e i AR A I 30%, 2 AR A R SRR R (HZ , CuO #1151 (1026°C )
HAEKE i 20 i, ASEE ] s R % AT i iR K s 4l i itk . A SR (Rl
Wb« AAVEIREE) H95 ) CuO RS Rt (RERIARRMNGR), SaZ, HRTES
FEE, HBACRIL ONT6%), HETHEFES] 7.

RIRBHAE ZFRE, BB HK Cu0 5 Se iRA, LidiRiB K, WK Se Xt
CuO IR AT R CuO B (2 R AS R 5, /b okBe, D38 CuO HITERE. RATHIMLE
T AR IR Kl 46 T CuO/Se B M BREI . 45 RGN, MRS KRG
XA SRR PRI IEI 80%), Il 1. BARZMERRTI AR/ EE, Hi
HOLARGR T AR ERR (3.147 mm) (UIE 2), 3@ KT i1 p B RE K6 AE B0R

T HKBE (L5 CH3NHPbls 29 0.32 mm,® £ 58 15 0.014 mm). PLZ i A EHME A 56Tk
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A new Mg-based ternary compounds MgsSigAss Was recently discovered'. The finding of
MgsSigAsg indicates a novel member in the form of I131VeVg in 1-1V-V family. In order to gain
deep insight of this new member, we predicted the Mgs;IVVg compounds through substituting the
IV and V elements in MgsSigAsg crystal. Using DFT, we systematically studied their elastic,
electronic and optical properties, and explored their photovoltaic potentials.

Nine crystals of Mgs;lVeVs (IV=Si, Ge, Sn; V= P, As, Sh) are respectively predicted. These
predicted compounds are stable both energetically and dynamically. They are all pseudo-direct
bandgap semiconductors, with bandgaps ranging from 2.5 eV to 0.88 eV.

We calculated the absorption coefficient and reflectivity of these compounds. Using these
parameters and the graphical method addressed in the work of Henry C. H.2, we estimated the
photovoltaic (PV) efficiencies of the compounds. The predicted PV efficiencies of both
MgsGesSbg and MgsSngPs are close to that of crystalline silicon (26.740.5%), and larger than that
of CIGS (21.740.6%)° and perovskite (19.7+0.6%)°.

We note that the lattice constants of the different MgslVsVg compounds predicted above are
quite close to each other, thus some of them could be formed in tandem with small mismatch in
lattices. Double, triple and quadruple layer solar cells stacked with different MgslVgVs cells are
respectively considered. The tandem cells with maximum PV efficiencies are presented in Fig. 1.

Triple layer  Qu
tandem cells

As, (2.156V)

Mg, GeP, (2.14cV) Mg Ge,As, (1.69¢V)

Mg Ge As, (1.69¢V)
Mg Ge Sb (1.10¢V)

Mg’.Sn.I" (141eV) |

Mg, Ge, S, (1.10eY)

= i

Figure 1. Schematic of the tandem cells.
As shown in Fig. 1, The maximum PV efficiencies obtained for the double layer tandem cell is
predicted to be 27.52%; The maximum PV efficiencies obtained for the triple layer tandem cell is



predicted to be 27.10%; The maximum PV efficiencies obtained for the triple layer tandem cell is
predicted to be 31.25%.

The optimum efficiencies obtained for double and quadruple layer tandem cells exceed that of
a-Si/nc-Si/nc-Si  (14.040.4%)? and perovskite/Si (23.640.6%)° and is close to that of
InGaP/GaAs/InGaAs (31.2+1.2%)°We can conclude that the Mg3IV6V8 compounds hold

promising potential for PV devices.

Keywords: photovoltaic, semiconductor
This work is financially supported by the National Natural Science Foundation of China (No.
11275191 and No. 11875247).
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Abstract: Due to controlled sizes, surface morphology and crystal structure, semiconducting
micro/nanocrystals have been utilized as a pivotal platform for multifunctional optoelectronic
devices, such as solar concentrators, photodetectors, light-emitting diodes, lasers, etc. Especially,
the crystal being foreseen as the key elements can be employed to tailor the fundamental optical
and electronic transport properties of the integrated hetero/homo structures. Herein, the
synthesized ZnO microcrystals deposited on the pre-synthesized Ga-doped ZnO microwires
(Zn0O:Ga MWs) can be utilized to construct optically pumped violet Fabry-Perot mode lasers, with
the lasing band ranged from 398.5 nm to 413 nm. In addition, the green/red dual-emission with
color-tuning in wide spectral regions can also be achieved from electrically driven single ZnO:Ga
MW prepared with controlled ZnO microcrystals decoration based fluorescent emitters. To probe
into the working principle of redshift of the lasing, as well as green/red dual-color
electroluminescence, the feature of these homogeneous architectures may be attributed to the
built-in electric field at the interface of ZnO/Zn0O:Ga and the dual-color response originates from
asymmetric junction barriers between conduction bands of ZnO and ZnO:Ga. Therefore,
individual ZnO:Ga MW prepared with ZnO microcrystals decoration can endow a new sense of
the oldest and simplest incandescent light bulb. Meanwhile, the construction of ZnO microcrystals
sheathed ZnO:Ga radial structures can also supply potential applications in high performance
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photonic and optoelectronic devices, such as laser, multicolor emitters, white-light sources, optical

switches, optical barcodes, etc.

Figure 1. The characterization of single ZnO:Ga MW prepared with ZnO microcrystals decoration:
(a) PL spectra. (b) SEM (c) EL spectra

Keywords: Tuning Emissions, ZnO microstructures, Homogeneous Architecture, dual-emission
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Abstract:

Two-dimensional (2D) atomic crystals, such as graphene, black phosphorus (BP) and
transition metal dichalcogenides (TMDCs) are attractive for use in optoelectronic
devices, due to their unique crystal structures and optical absorption properties. In
this study, we fabricated BP/ReS; van der Waals (vdWs) heterojunction devices. The
devices realized broadband photoresponse from visible to near infrared (NIR)
(400~1800 nm) with stable and repeatable photoswitch characteristics, and the
photoresponsivity reached 1.8 mA W™ at 1550 nm. In addition, the polarization
sensitive detection in the visible to NIR spectrum (532~1750 nm) was demonstrated,
and the photodetector showed a highly polarization sensitive photocurrent with an
anisotropy ratio as high as 6.44 at 1064 nm. Our study shows that van der Waals
heterojunction is an effective way to realize the broadband polarization sensitive
photodetection, which is of great significance to the realization and application of
multi-functional devices based on 2D vdWs heterostructures.
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Abstract: In recent years, 2D materials is becoming an increasingly popular hot area.
These low dimensional materials have attracted much attention in application of
Photodetector, Phototransistor etc. due to its unique advantages in low dimension scale
and optoelectronic properties compared to its bulk counterpart—MoS; is a air-stable 2D
semiconductor that have suitable band gap (1.8 eV) and low dark current and thus
high on/off current ratio. These properties make 2D MoS, a promising material for
photodetectors. While it suffer from poor absorption efficiency due to its low dimensional
nature. Here we propose to build a 2D-0D hetero-structure MoS,-CulnS, to improve the
photo-electric performance by carrier-transfer between 2D MoS, and QDs. And when Au
NPs is further added, the electric-performance of the photodetector is significantly
improved due to SPR.

(a)
@ CulnS, QDs

® cisabs
MoS,-CIS compound
2D MoS: model
C
() (d)
1.5x10 e e- e-
.| Mos,.cis . -—\
1.0x10°4 -38¢ ﬁ o o
__5.0x10°1 hv =~ LA 446V
< _ Photo-carrier
§ o0f
5 Charge Transfer
© 5.0x10° ——dark
_ —— light
1.0x10°4 Ingm’ lian=10
-6.0ey ——————
-1.5x10°* v JE—
* 25 0.0 2.5 5.0 CulnS, -6.3eV
Voltage(V) MoS,

Figl. The photocurret response of MoS,-CIS photodetector and its charge transfer mechanism
Keywords: MoS, , CulnS,QDs, photodetector, 2D-0D heterojunction, charge transfer,
surface plasma resonance
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Recently, the halide perovskites have attracted our tremendous attention because of their great
abilities in large-scale and cost-effective manufacturing in optoelectronic devices. However, the
study of photodetectors is still short of important breakthroughs that can promote perovskite-based
photodetectors into practical applications, which is mainly because of the difficulty in preparing
high-quality perovskite light absorbers with a good compactness and a good crystallinity and also
the undesired hypersensitivity of perovskites in air with moisture. It is well known that when
organic—inorganic hybrid perovskites are exposed to air ambient, they suffer rapid deterioration.
However, inorganic perovskites CsPbX; show remarkable stability except for all the superior
characteristics inherited from the organic—inorganic perovskites, and many reports have argued
that CsPbX3 has a high thermal stability until its melting at ~500 <C. Here, a novel photodetector
configuration was proposed by employing vapor-processed micrometer-scale inorganic CsPbBr;
microplatelets as the light absorber. Temperature-dependent steady-state and time-resolved
photoluminescence spectrum were firstly performed to study the emission mechanisms and carrier
recombination dynamics of the CsPbBr; microplatelets. Further, a photoconductive detector was
prepared, and the device exhibits good performances with a high on/off photocurrent ratio of
4.6x10°, a responsivity of ~1.33 A/W, and a specific detectivity of 0.86x10"? Jones. Additionally,
temperature-dependent current-voltage and current-time characteristics of the photodetector were
studied to assess the thermal effects on its photodetection ability. In particular, the unencapsulated
photodetector demonstrates a prominent stability over the long-term temperature endurance
measure in air ambient. Even operated at 373 K, the photodetector can operate properly, showing a
high temperature resistance. Moreover, the device performance can almost be retained even with a
7-month storage in air. The experimental results obtained above suggest that the CsPbBrj
microplatelets can serve as a good candidate for the fabrication of high-performance
photodetectors compatibility for practical applications.
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Figure 1. Stability study of CsPbBr; microplatelets.
Key words: perovskite, vapor evaporation, CsPbBr; microplatelets, Photodetector
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Owing to weak coupling to nuclear spins, long spin dephasing time and CMOS-compatibility,
spintronics based on holes in silicon have attracted much attention. However, the lack of the linear
Rashba spin splitting of two-dimensional heavy holes substantially prevents its potential
applications. In present work, we present the emergence of linear Rashba spin splitting in
conventional two-dimensional semiconductor (including Si/Ge) quantum wells arising from the
applied electric field induced coupling between valence subbands in combination of symmetry
allowed heavy-hole and light-hole coupling in quantum wells. In the conventional k p method,
“farsightedness” replaces the symmetry of two-dimensional systems with a fictitious higher
symmetry of bulk materials, leading to construction of an effective Hamiltonian with only k-cubic
Rashba spin splitting. By using our atomistic pseudopotential method, we demonstrate the
existence of k-linear Rashba spin splitting, which origins from a direct dipolar coupling to the
external electric field and heavy-hole-light-hole mixing. We verify the existence of
heavy-hole-light-hole mixing with a view of group theory and propose a two-dimensional
effective Hamiltonian to give an illustration of the k-linear direct Rashba effect. In addition, we
study the relationship between k-linear Rashba parameters and quantum well thickness, electric
field in [001]- and [110]-oriented quantum wells, respectively. This discovery enables us to better

understand the hole spin physics in quantum wells.

Key words: Rashba effect, two-dimensional hole gases, heavy-hole-light-hole mixing
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f#%L: Upon heating, almost all zinc-blende (ZB) and diamond-like semiconductors undergo
volume contraction at low temperature, i.e., negative thermal expansion (NTE), instead of
commonly expected expansion. Specifically, CuCl has the largest NTE among these
semiconductors with a coefficient comparable with the historically record value of ZrW,0g. The
underlying mechanism remains ambiguous. Here, we reveal that the material ionicity, which
renders the softening of the bond-angle-bending and thus, the enhancement of excitation of the
transverse acoustic (TA) phonon, is fundamentally responsible for the NTE of ZB and
diamond-like semiconductors. With the increase in the ionicity from the groups 1V, 111-V, 1IB-VI
to IB-VII ZB semiconductors, the coefficient of the maximum NTE increases due to the weakness
in bond-rotation effect, which makes the relative motion between cation and anion transverse to
the direction of the bond more feasible and the mode Gruneisen parameters of the TA modes more
negative. Since CuCl has the highest ionicity among all ZB and diamond-like semiconductors, it is
expected to have the largest NTE, in good agreement with the experimental observation. This

understanding sheds new light on the NTE of tetrahedron materials.

(a) ' | (b) b s
\ Ak v

Volume

a (=107 K7

| L
Temperature 0 B ooa ]

(a) AFBEIRE RS REE, (b) BIRTHE S SR I & 1 S AR R 2.



i 1A]: Phonon, Thermal expansion, Anharmonicity, Electron-phonon interaction



H-P039
LEgifs: H

Impurity diffusion induced dynamic electron donor in
semiconductors

Wen-Hao Liu(X3%).  Jun-Wei Luo(BBEE)

State Key Laboratory of Superlattices and Microstructures, Institute of
Semiconductors, Chinese Academy of Sciences, Beijing 100083, China
Email: liuwh@semi.ac.cn, jwluo@semi.ac.cn

Abstract: Low energy impurity diffusion in a host material is often regarded as an adiabatic
process, characterized by its adiabatic potential energy barrier. Here, we show that the diffusion
process in semiconductors can involve non-adiabatic electron excitations, rending it to be a more
complicated process. Impurity diffusion in a device working temperature can pump one electron
up from localized impurity state into the host conduction band and causes the impurity to be a
dynamic donor since it temporarily loses its electron to the host. This will render the impurity as a
positively charge state during the critical diffusion process, thus different from the common
ground state impurity charge state calculation results. Such “dynamic donor” behavior can result
in fundamentally different diffusion path, barrier height, and potential energy surface (PES), and
can resolve some of the long-standing puzzles, including why the experimentally measured
activation energy is usually higher than the ground state based on barrier height calculations. In
the text, we mainly demonstrate this process with Au metal impurity in bulk Si through
time-dependent density functional theory simulations, as shown in Figure 1, and this could be a
rather common phenomenon as it is shown that the similar phenomena also exist in Zn, Cd
impurities diffusion in bulk Si, and Ti diffusion in TiO,. We believe this study can open up a new

direction of inquiry for such diffusion behavior in semiconductor.
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High-performance broadband photodetectors are highly desired because of their great
importance and application potentials in numerous fields." In this study, we proposed a
perovskite-based photovoltaic broadband photodetectors using silicon nanoporous pillar array
(Si-NPA\) as the hole-transport layer as well as the growth template.’ By optimizing the conditions
of solvent vapors annealing approach, the conformal growth of high-quality CHsNHsPbls
(MAPDI;) thin films was achieved with a high material integrity,” Thus enabling a rapid and
efficient carrier transport at the MAPDI3/Si-NPA interface. The photoresponse analysis reveals
that the devices exhibit a high light sensitivity from the deep ultraviolet to the near-infrared region
and a pronounced photovoltaic behavior. Typically, a high on/off ratio of 1.6 x 10° a
photoresponsivity of 6.46 mA/W, a specific detectivity of 0.397 = 10! Jones, and fast response
speeds of 253/230 ps were achieved at zero bias under a light illumination of 780 nm. Because of
the usage of inorganic and air-stable carrier-transport layers (Si-NPA, ZnQ), and the desirable
coaxial core/shell heterojunction architecture for a full protection of vulnerable MAPbI; active
layer from exposure to air ambient the studied photodetectors without encapsulation can operate
with excellent stability and repeatability in a wide frequency range over 5000 Hz and continuous
light switching (1200 cycles). Even after one-month storage in air ambient condition, the devices
can still operate properly. The results obtained will provide an effective strategy for the design and
development of high-performance broadband photodetectors by combining the advantages of

perovskites and functional Si-NPA template.

Key words: silicon nanoporous pillar array; perovskites; self-powered; broadband; photodetectors
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Abstract: Recently, the halide perovskite-based materials have gain so much attention because of
their superior capabilities in photoelectric applications. However, the instability and lead-toxicity
are two major obstacles for their practical production. Consequently, a kind of new material, the
all-inorganic lead-free stable double perovskite Cs,AgBiBrg has drawn widely attention due to its
extremely excellent photoelectric and physical performances, such as the adjustable band gap,
non-toxic and quite stable, and the photodetectors based on this double perovskite material have
also emerged in large numbers. However, the investigation on the self-driven photodetectors for
this material is still as a shallow research. In this paper, we have been prepared high quality
Cs,AgBiBrg films by one-step spin coating, and the optical properties of the as-grown Cs,AgBiBrg
thin films were investigated. To verify the potential applications of the Cs,AgBiBrs material in
photoelectric devices, the Ag/p-NiO/Cs,AgBiBreg/n-GaN/Ag photodetectors were therefore
fabricated, which the p-NiO was by the magnetron sputtering deposition. The device performances
are as follows, the highest responsivity was 0.0013 AW™ and the on/off photocurrent ratio was
0.48x10", besides, the specific detectivity was 1.47x10™ Jones. Our results indicate that this
lead-free double perovskite Cs,AgBiBrs will promisingly be an environmentally friendly
alternative material to fabricate high-efficiency and stable perovskite photodetectors.

Keywords: perovskite, photodetector
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TAE it B 48 [ CLiRiE A AIN SBD it E. BHEEEMN 240 K #nB 400 K. SBHM 08
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ARSI T HéCHiER AIN SBD E 2 RERNEERN T, HEET O FRH5E
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[1] P. F. Satterthwaite, et al., High Responsivity, Low Dark Current Ultraviolet Photodetectors Based on
Two-Dimensional Electron Gas Interdigitated Transducers, ACS Photonics 5, 4277, 2018.

[2] Xi Tang, Baikui Li* et al., Photocurrent characteristics of metal-AlGaN/GaN Schottky-on-heterojunction
diodes induced by GaN interband excitation, Appl. Phys. Express.11 ,054101, 2018.
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[1]T. Fleetham, J. Y. Choi, H. W. Choi, T. Alford, D. S. Jeong, T. S. Lee, W. S. Lee, K. S. Lee, J. Li, and I. Kim,

"Photocurrent enhancements of organic solar cells by altering dewetting of plasmonic Ag nanoparticles,"
Scientific Reports, vol. 5, pp. 14250, 2015.



[2] K. Wu, J. Chen, J. R. Mcbride, T. Lian, "CHARGE TRANSFER. Efficient hot-electron transfer by a
plasmon-induced interfacial charge-transfer transition," Science, vol. 349, pp. 632-5, 2015.
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[1] Algra, R. E. et al., Twinning Superlattices in Indium Phosphide Nanowires, Nature. 2008, 456 (7220),
369.

[2] Joyce, H. J. et al. Phase Perfection in Zinc Blende and Wurtzite 111-V Nanowires Using Basic Growth
Parameters, Nano Lett. 2010, 10 (3), 908.
[3] Jiamin Sun et al., Nonpolar-Oriented Wurtzite InP Nanowires with Electron Mobility Approaching the
Theoretical Limit, ACS Nano. 2018, 12 (10), 10410.
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[1] S.Congetal., Noble metal-comparable SERS enhancement from semiconducting metal
oxides by making oxygen vacancies, Nat. Commun. 2015, 6, 7800.
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. Fit —H% (avalanche photodiode, APD) HlIA w56 mitlas s i, 7E9915
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[1] Q. Li, J. He, W. Hu, et al. Influencing Sources for Dark Current Transport and Avalanche Mechanisms
in Planar and Mesa HgCdTe p-i-n Electron-Avalanche Photodiodes [J]. IEEE Transactions on Electron
Devices, 2018, 65(2): 572-576.
[2] W. Qiu, W. Hu, L. Chen, et al. Dark Current Transport and Avalanche Mechanism in HgCdTe
Electro-Avalanche Photodiodes [J]. IEEE Transactions on Electron Devices, 2015, 62(6): 1926-1931.
[3] M. A. Kinch, J. D. Beck, C.-F. Wan, F. Ma, and J. Campbell. HgCdTe Electron Avalanche Photodiodes
[J]. Journal of Electronic Materials, 2004, 33(6): 630-639.
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Annealing effect on the optical/rectification characteristics of
GaN/Si nanoporous pillar array prepared with/without using
platinum catalyst

Bing Xin Duan, Yan Cheng, Dong Qi Song, Shu Ting Yin, Zhao Yang

Wang, Xin Jian Lif

Key Laboratory of Material Physics, Department of Physics and Engineering,
Zhengzhou University, Zhengzhou 450052, China

Email: 1220115958@qg.com

Abstract: Gallium Nitride (GaN) as one of the core materials of the third generation compound
semiconductors, has direct wide bandgap (~3.39 eV), higher carrier mobility (~1350 cm?/V s),
higher melting point (~1700°C), higher breakdown electric field (~4 MV/cm), larger electron
saturation velocity (~3%10"cm/s), smaller dielectric constant, higher thermal conductivity (~2.3
W/em™K™). With higher chemical and thermal stability, it’s an ideal material for manufacturing
solar cells, light-emitting diodes, gas sensors, photodetectors, microwave devices and so on. In
order to reduce the defects and imprve the quality of GaN films, GaN/Si-NPA nanoheterostructure
was prepared by chemical vapor deposition, under Ga-rich conditions, the most easily introduced
defects were gallium vacancy (Vg,), nitrogen intersititial (N;) and complexes with oxygen in the
growth process. After high temperature annealing treatment in NH3 atmosphere, the yellow and
red defect luminescence peaks decreased, indicating that the type and quantity of defects had
changed obviously and the Vg, and N; reduced in the annealing process. These results showed that
the optical and rectification behavior of GaN thin film with and without catalyst Pt had some
differences, and the quality of GaN film with catalyst Pt was higher than that without catalyst
before and after annealing treatment. What’s more, annealing is an effective method to reduce

defects in the growth of nanomaterials.

Key words: GaN; silicon nanoporous pillar array; annealing behaviors; catalyst; defects
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WARE— 5 R (1) VR R E S IN TaL K BR  T 25 B 40 RO 3 (2) BRAJi J8 [1) 7 76l
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[1] D. M. Wang et al., Time delay signature elimination of chaos in a semiconductor laser by dispersive
feedback from a chirped FBG, Opt. Express 2017, 25 (10), 10911.
HEETH: ERXARRHEIEESTH (NO. 61822509, 61805170,61731014, 61671316)
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Anisotropic carrier mobility of monolayer GeAs2-SiAs?2

lateral heterostructure under electric field

Leihao Feng, Xi Zhang, Gang Xiang*
College of physics, Sichuan University, Chengdu, 61006, Sichuan Province, People’s
Republic of China
*Email: gxiang@scu.edu.cn

The effects of the vertical electrical field on the electronic structure of monolayer
GeAs2-SiAs:2 lateral heterostructure have been investigated by using first-principles
calculations. It was found that the applied electrical field can not only effectively
modulate the bandgap width of the lateral heterostructure but also lead to the bandgap
transition from indirect to direct. Besides, we also discussed the influences of the electric
field on the parameters of device performance such as carrier mobility. As for the carrier
mobility, the electron and hole mobility exhibit different changing trends by applying
different vertical electronic field in different directions, which suggests that GeAs2-SiAs2
lateral heterostructure shows strong anisotropic carrier mobility under electric field. Our
results imply that GeAs2-SiAsz lateral heterostructure can be used in linear polarizers and

other anisotropic photoelectric devices.\
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Reversible direct-indirect band transition
in alloying TMDs heterostructures via band
engineering
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Abstract
Alloying is a feasible and practical strategy to tune the electronic properties of 2D layered
semiconductors. Here, based on first-principles calculations and analysis, we demonstrate

band engineering through alloying W into a prototype MoS,/MoSe; heterostructure.

Especially, when the W compositions x > 0.57 in Mo;-,W,S,/MoSe;, it exhibits remarkable

and reversible direct- to indirect-gap transition. This is because for Mo, -,W,S,/MoSe,, the
valence band maximum located at the K point originates from dominant MoSe,, while the
competing I state stems from the hybridization of both Mo;-W,S, and MoSe,, which is

extremely sensitive to the interlayer coupling. Consequently, alloying in MoS; layer induces
direct- to indirect-gap transition and gap increase due to the weakened p-d coupling. We also
observe that whether initial alloying in MoS; or MoSe,, the umo—uw poor condition should

always be used. Our findings are generally applicable and will significantly expand the band

engineering to other alloying TMDs heterostructures.

Keywords: alloying design, band engineering, TMDs heterostructures, electronic band
transition, chemical potential
HEEWH: ERARPEIEESTIH (NO. 11304288) 4
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2 CusSbS R —FIEIT R AR, AR SRR, (26 CusShS HHRHI IR K,

FECLZT EBUL (ZT<0. 1o ARSEHRABRENTI SR hedt (SPS) MJ7i%Mi 4% T CusSbay
Bi,S: (x=0.02, 0.04 , 0.06 , 0.08, 0.10 , 0.12 , 0.14) . FIFH X HHLEATHS (XRD) XfEE
A RPIAHSERIEAT 1 3RAE, XRD 455K Cus Sba-y Bix SiHUAATEHE) XRD Bl CusSbS.
XRD RS R —8. i Bi B4R B IR EE, WIS Cus Sbo.ei Bioo Seff) ZT EAE 623K £/
3] 0. 42, FERERE I, FATGHAT T Sn #8244, CusSbio oo BiowSn.Si(x=0. 01, 0. 03, 0.05, 0.07,
0.09). [FFEXTFESMIMIMIAERIAT TRAE, S5REIT Cus Sbo.srn Biows Sne S HUARELT) XRD K]
P55 Cu,ShS: ¥ XRD EIREAHLL, TCBA R (1) 4 AH . B Sn % 8139 22, Cus Sbo o Bio 6 SneSi 1) Seebeck
FHOR PR B N BRI THE, Cus Sbo.ars Bio.os Sni S RHLH I I 4847 M. 24
x=0. 05 I, FAREBGIHE A TR e bEUEHER, 0% B, Cus Sboss Bio e Snoos St [ TIZ &1k
1292510 W 'K *, KL RIBAAITHZE T 8.6 1%, Cus Sho.ss Bio.w Snows Si7E 623K I FIF R
IKEN0.76, ZIEARIBARMICu 5 SbS & AR 7.6 fi.

B MR Cu sSbS: CusSbosBinwSi  CusSbosBinwSnowS: IHERET 2T H

ZEHR:
[1] Kan.Chen et al.Enhanced thermoelectric performance of Sn-doped Cu 3 ShS 4, J. Mater. Chem. C,
2018, 6, 8546—8552.
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15 HARCMOSEARFRA WS i b H#%E A K GaSh K 2k AT /& — AN At .

AR T HRAMEBCR, B USRS R e R BIN 72, MR Si (11D
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[1] Y.N.Guo etal., Structural Characteristics of GaSb/GaAs Nanowire Heterostructures Grown by
Metal-Organic Chemical VVapor Deposition, Appl. Phys. Lett. 2006, 89, 231917.

[2] M. Jeppsson et al., GaAs/GaSh Nanowire Heterostructures Grown by MOVPE, J. Cryst. Growth 2008, 310
(18), 4115.

[3] B. M. Borg et al., InAs/GaSh Heterostructure Nanowires for Tunnel Field-Effect Transistors, Nano Lett.
2010, 10 (10), 4080.
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[1] Hu. Q. J. et al Enhanced thermoelectric properties of nano SiC dispersed Bi,Sr,Co,0, Ceramics, Mater.
Res. Express 2018, 5, 045510.
[2] Chen. H. Y. et al Thermal Conductivity during Phase Transitions, Adv. Mater. 2019,31, 1806518.
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[1] C. N.F. Zheng, X. Hao* et al., Purified dispersions of graphene in a nonpolar solvent via solvothermal
reduction of graphene oxide, Chem. Commun, 51 (2015) 3824-3827.
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BT AL (CQDs) & 45 IR AL 22 75 55 B RSTAE 2-20nm Y [ Y BIRZE - A4 41 K
HRSFRT DR T, PRS0 KEITE 5% 10%6 B A . fERCFH 7T, BT, Hob TR
BRI BTG RO ERZ —, RV R A0 224 @, S R PERTE 78 B B3
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[1] F Wu,J.Z. Zhang *, R. Kho, R.K. Mehra, Radiative and nonradiative lifetimes of band edge states and deep
trap states of CdS nanoparticles determined by time-correlated single photon counting, Chemical Physics Letters,
2000, 330(3-4), 237.

[2] Chaodan Pu, Jianhai Zhou, Runchen Lai, Yuan Niu, Wennuan Nan, and Xiaogang Peng, Highly reactive,
flexible yet green Se precursor for metal selenide nanocrystals: Se—octadecene suspension (Se-SUS), Nano
Research, 2013, 6(9), 652.
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Abstract: A uniform CdS nanowires array is grown on the Cd foil through a simply solvothermal
method using the Cd foil as the precursor of Cd®* and the substrate. The CdS nanowires are
perpendicular to the Cd foil and show the preferred (002) orientation, which have the diameters of
~20-40 nm and lengths of ~10-13 xm . The optical band gap of ~2.46 eV (~505 nm) for CdS
nanowires array is obtained by the Kubelka-Munk method. Utilizing the Gauss-Newton fitting
method, four emission peaks from the temperature-dependent PL spectra can be determined. From
the high energy to low energy, these four peaks are ascribed to the band gap emission of nc-CdS,
the transition from the interstitial cadmium (l¢q) to the valence band, the recombination from I¢4 to
cadmium vacancies (V¢g) and from sulphur vacancies (Vs) to the valence band, respectively.
Understanding of the defect states in the well-aligned CdS/Si nanowires array is very meaningful

for the performance of devices based on CdS/Si.
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Figure (a) Temperature-dependent photoluminescence of CdS nanowire array on the Cd foil.
(b) Energy of peak as a function of temperature. The solid line is the fitted line according to

Varshni equation.
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ZnO fER—FEAEH 1S4k, TERINROE IR (UV-LED). WOR M (LD) %75
THIA AR KR 7o SRTM, ZnO K384 (1 & R ATy SR T I A LASE N ZnO p BU45 4% 1y 1] 8
A (N EF5HE (O FEFRAAM, B ZnOo A RERMZ 6% (E= 040 eV),
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Bk [1]. T Be JATRSF/NF Zn JiF, Be 7F ZnO H WA AR MR 2, AR
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BeZnOS &4 MtaEtt, M S 7RIS AN KIEREIRTE ZnO MM THALE , AT SE3 p
B R2]-

BATEM T BeoosZnogaOo27S073 M E F, LALAESN PLD $E44, 7EME & NO S5 &ME T,
FEBIEAT R A KR, IFEARNRE (450-625°C) FIRAE KIGH] 25 B H . XRD
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50V 5T, FERREA RSN ROEE (0.00558) KRB OUREHLIATEL 62100
MM TIEEE M. BEBENREE (0.1V-200V) K71 E, WIREEAR (1 e M 0.3727s
NF£F 0.0055, T goun M 0.1584s |43 0.0094s), YiEHLF LG (M 132 H % 6707). A
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[1] Zhang W, Xu M, Zhang M, et al. Pulsed laser deposited Be x Zn 1-x O 1-y S'y, quaternary alloy films:
Structure, composition, and band gap bowing[J]. Applied Surface Science, 2017:50169433217330015.
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Grain boundary and electrical transport properties of
Gallium Phosphide under high pressure
Yugiang Li, Ningru Xiao, Liyuan Yu, Jianxin Zhang, Pingfan Ning, Zanyun Zhang,
Pingjuan Niu
Engineering Research Center of High Power Solid State Lighting Application System of Ministry
of Education, School of Electrical Engineering and Automation, Tianjin Polytechnic University,

Tianjin 300387, China.

Email: liyugiang@tjpu.edu.cn
Abstract: The electrical transport properties of gallium phosphide (GaP) under high pressure (up

to 50 GPa) were investigated using in situ impedance spectrum and Hall-effect measurements. A
discontinuous resistance was observed at 9.9 GPa due to the pressure induced grain boundary
effect, while the pressure induced metallization of GaP occurred at approximately 24.6 GPa. The
metallization transition was determined by measuring the temperature dependent resistance and
resistivity, while the transition was observed to be reversible. The main cause of the sharp decline
in the resistance and resistivity was a pressure induced structural phase transition at 39.3 GPa, as

reflected from the observed Hall parameters.

[1] L. Zhang et al., Pressure-induced Emission Enhancement, Band-gap Narrowing, and Metallization of Halide
Perovskite Cs3Bi,lg, 2018, Angew. Chem. Int. Ed. 57, 11213-11217

[2] F. Oehler et al., Measuring and Modeling the Growth Dynamics of Self-Catalyzed GaP Nanowire Arrays,
Nano Lett. 2018, 18, 701-708

[3] Y. Li et al., Metallization and Hall-effect of Mg,Ge under High Pressure, Appl. Phys. Lett. 2015, 107,
142103.
[4] Y. Li et al., Electrical Transport Properties of BaWO, under High Pressure, J. Phys. Chem. C. 2012, 116,

25198-25205.
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18JCQNJC03700, 18JCQNJCO01800), K i i #Z B Xil I H (NO. 2018KJ210, 2017ZD0,
2018ZD15).
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High efficient photocatalytic activity of photonic crystal structural-induced
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Designing high-performance nanostructured photocatalysts is valuable for water
pollution control, yet challengeable. Herein, by combining the n-type Ti’* self-doped TiO,
photonic crystal structure with p-type ternary semiconductor CusSnS,;, a new potential
nanostructure of photonic crystal structural-induced p-n coaxial heterojunction arrays (denoted as
CTS/Ti*"-PhC-TNAs) was designed and successfully fabricated by periodic pulse anodic
oxidation combined with in-situ self-assembly technique. To be used in photocatalytic H,
production and organic pollutant removal after optimizing both the structure and Ti’" doping ratio,
CTS/Ti*"-PhC-TNAs exhibited significantly enhanced photocatalytic activities of 159.29 + 1.7
umol-h™-m™ for H, evolution and 0.08308 h™'-m™ for methyl orange degradation under simulated
sunlight irradiation, which was 9.4 and 3.1 times higher than that of the PhC-TNAs (Figure 1).
Detailed investigations revealed that the improved photoactivity of CTS/Ti’"-PhC-TNAs could be
attributed to the accelerated photogenerated electron-hole separation at p-n heterojunction
interfaces, the facilitated electron transfer along the coaxial heterojunction arrays and the
enhanced light-harvesting through the unique designed photonic crystal composite structure as
well. The present study shows a new insight and significantly improvement of photoactivity when
Cu;SnS; is introduced to form a p-n coaxial heterojunction arrays with photonic crystal structured
TiO,, which provides a new means to design and fabricate novel film photocatalyst for high
efficient solar energy conversion and photodegradation.
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Figl. lllustration of the significantly enhanced photocatalytic activity of CTS/Ti*"-PhC-TNAs
and the corresponding comparable samples.
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Abstract: Narrow-band semiconductor InSb has attracted tremendous attentions due to the high
electron mobility, small electron effective mass, and large Landé€ g-factor, which indicates that
InSb is promising material for novel electronic and spintronic devices. In addition, with the
dimension lowering and size downscaling, various quantum phenomena might emerge in 2D InSb
materials. In this work, high-quality free-standing InSb single-crystal nanosheets combining
fascinating characteristics of two systems are systematically explored. An unexpected large and
unsaturated linear magnetoresistance is observed at a wide temperature range. This linear
magnetoresistance exhibits non-monotonic temperature dependence, which increases gradually
before dramatically dropping with temperature decreasing. Further analysis indicates this
phenomenon beyond classical theory, quantum magnetoresistance model should be used to
understand it. Useful information for understanding InSb as well as the linear magnetoresistance is
provided via our work. Furthermore, a magnetic sensor based on nanoscale 2D InSb nanosheets

might be viable.
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Figurel (a) 3D surface plots of temperature dependence of MR ratio. (b) and (c) are 2D detailed plot of

temperature dependence of MR ratio at selected field and the MR ratio at different temperatures.
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Abstract: The electronic structure and magnetic coupling property of Zn vacancy (Vz,) in ZnO
nanowires (ZnONWSs) with screw dislocations are investigated using first-principle calculation
based on density functional theory (DFT). The O atoms in dislocation cores are 3-fold
coordination sites and constitute especial screw structures, which facilitate the formation of Vz,
defects to release strain. The Vz, in the form of V, pairs reduce their formation energies greatly
and stabilize screw dislocations. Besides, the dislocations are 2D periodic enough to capture
abundant Vz, pairs. The calculation results show that the 03-03 V, pair is the most stable one
and reveal stable FM states which can be achieved by spin polarization of the surrounding 3-fold
coordination O atoms. Of all the Vz, pairs, 03-03’ V2, pair at kink site has opportune D value and
the most stable formation energy. Furthermore, the screw dislocations along [0001] direction have
two-dimensional (2D) periodicity including numerous periodical V2, pairs. The p-p coupling
between O atoms around 03-03” V, pair is continuous along [0001], and that lead to long range
FM ordering of the system. In particular, the presence of 03-03” V, pairs are easier to obtain

stable macroscopic FM ordering.
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Fig. 1. The isosurface (0.002e/Bohr®) of the spin density distribution in side view of dislocation

with 03-03° Vz, pairs (b). Red and blue spheres designate O and Zn atoms, respectively.
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