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Space Station and Space Environment Simulation Technology

Zhang Chunyuan®?, Xu Zhongxu', Zhang Guanghui?
(1,Beijing Institute of Spacecraft Environment Engineering,beijing,100094,China)
(2,Tianjin Key Laboratory of Space Environment Simulation Enterprise,300462,China)

Abstract: After 31 years of development, China's manned space program has made remarkable
achievements. From spacecraft to space station, every step of the development process is inseparable from
the guarantee of space environment simulation technology. This report will expound the supporting role of
space environment simulation technology to the development of space station from the aspects of space
environment simulation technology development and vacuum thermal test of space station module.

Keywords: Space station,Space environment simulation technology, vacuum thermal test, pressure

control, pressure relief and recovery
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Design and analysis of the profile with Gaussian waist curve for Roots
vacuum pump

Li Zhengging, Wang Xiaojun, Yang Jianbin, Li Xiaojin, Liu Xiaowen, Han Xianhu, Cai Yuhong
(Lanzhou Institute of Physics Gansu Lanzhou 730000)

Abstract: The design of rotor profile is the important contents of Roots pump. Based on the Gaussian
curve, the rotor profile of Roots pump is designed. The waist curve located inside the pitch circle adopts the
Gaussian curve, and the curve located outside the pitch circle is the conjugate curve of the Gaussian curve.
Firstly, the Gaussian curve of the rotor is determined, and then the conjugate curve is designed based on the
meshing theory. Finally, according to the pumping speed and pitch radius, the rotor profile of 70 L/s roots
pump is designed. It is found that this type of rotor profile has three independent variables, and under the
condition of a given pitch radius, the volume utilization ratio of the rotor increases with the increase of two
variable parameters of the Gaussian curve, which can be more than 60%. Therefore, the profile has obvious

advantages in volume utilization compared with the common rotor profile, it.

Keywords: Roots vacuum pump; Gaussian curve; conjugate; rotor; profile;
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Convolutional Neural Network-Based Fault Diagnosis for
Multi-Arc lon Plating Equipment
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Abstract: Multi-arc ion plating technology is widely used in fields such as tooling, automotive parts,
medical devices, and aerospace due to its characteristics of wear resistance, super hardness, and corrosion
resistance. However, the complex and diverse nature of ion plating equipment often leads to various failures
such as inadequate vacuum degree and abnormal arc discharge, making fault diagnosis and
maintenance a critical step in ensuring production efficiency and quality. Traditional fault
diagnosis methods rely on expert experience and manual data analysis, which are inefficient and prone to
subjective factors. By contrast, convolutional neural networks can quickly and accurately diagnose
equipment faults through automatic learning and analysis of large amounts of data. Real-
time operating parameters of the multi-arc ion plating equipment, such as current, bias voltage, vacuum
degree, and deposition temperature, are collected as input features, and the equipment's operating state
labels are used as output values to establish a fault diagnosis dataset. Combining various neural
network layers such as convolution, pooling, and fully connected layers, using stochastic
gradient descent optimizer based on backpropagation algorithm, and applying cross-entropy loss
function to train the model. Batch normalization, activation function, and Dropout
function are introduced to improve the model's learning ability and accuracy. The
model's performance is comprehensively evaluated using accuracy, recall rate, precision, and
F1 value, and its robustness and generalization ability are assessed through the test set to validate its
practicality. The results show that the convolutional neural network performs well in diagnosis accuracy
and robustness, effectively addressing various fault scenarios, reducing manual intervention, and lowering

production costs.

Keywords: Multi-arc ion coating technology, Coating equipment, Convolutional neural network

Fault diagnosis
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AW FAE N IE Y AT 7 KF BRAGEJE /N SESR . AP ICE MR T RS, 63
K& RGN R G IR N IE R B SRS RE AT 1 FR o i d e JE DR 74 B X P
A EEA ARG Al U R SRAE 80~110 Pa 2 [H]. SERG SRR, WPRHEIL R IX ) S8 B
N, AR BRZR OE I S HEAVBEX, SR AER BEX AT 2V Bt R e e Bk

O Lifting rmg

X : Wisier cuthet
3| @ e 0 o
= K Mg C O F 124314323334
_g L B )
z Theremconphe N = Condenser
Sl T T N Mt ter s
5 ! |$
S Water inlvt ——e b
< o

— ’ pn——— )" Rz

— Winer outhet

Ciws-ginde tube
£ Flectrode
5 Heuter
=
£ o Vacuum pamyp essez— " p————t Stamlcss stoel famace
é Insulation Matenal
Z Thermovouple
= Heut shuehd s
- Cruesble
Water indet -——voq Tpene
—p—t Pcdostal

Kl 1 B i 5 s St s

1.2 SERFIE

SEUS R SR AR A SE A BE /BB A 22 -250 H, Pk C/IMgO (BE/RELD R 2 RA KL, FREL 50 g
FIRARL R INEA R R 0%, 1%. 3%, 5%, 7%. 9%. 11%. 13%f] KF, JR&¥5)E, 1
8 MPa )& /) il s E AR 30mm. 5 20 mm B B F TR, PR IS BE SR N 3 B AN B, [RI)
R E AR BE B SRR R b, K 4 4 B D RHE B R B SO S N2 B ) 3 ey, g M
NFALIRIN, BRI NS A BT B N IX, eI A At as B b 828
BN, TEIRREWNE 2 fis.

B EEG, TR RGEMIEA KA RGE, B8 LT 94 W R R P %2 80~110 Pa i,
JABNFEF A N SEE0 IR B e S 1550 K FHELHEZE N 10 K/min, FRIEET A 1h 82 h. RG4S
WG, KA, REFETRAENKARGUET, FHFESEEFRERESRG, RHET RS,
i RG RAEI KA R GE, BB RRYIAEEY), WS 188 7047
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R

1.3 HBAHHHE
X 80 ~ 110 Pa i [l N [k It FEEAT #1520 M. AR HSC Chemistry 6 1157 1 S b fE
HATHTE A, RIETEEREE TR (D [30], B3 7TAFEEE R SN R .

AG = AG? + RTLNQ, @

G G

1) @
Reactant

A, QP ANJER, Pg NS E, PO N 100kPa., HATEE AR (1) AR (2) B3
TEANFEE TR R BLPEAaIR

& JRACAEYIAEAS RIS R AN 28 U2 i e H R 7l S s 281 40 B i SE AR v o 70 AH [R 0
FER W RN 75 SRR R, R G R - e AT 2 A D6 R AT DU w57 A8 - o b e e 5 FEBUR R,
ﬁﬂﬁ 3 ﬁﬁﬂ—\‘

oU

)

d/dT = I%AV &
MR 78R S5 IR 9% R ] £os Nl (4):
LgP" = AT '+ BLgT +CT +D 4
o PRSI SR, AN Pa, WERAIN K AL By C. D ATz R HEL
HSCER[31] 2 5 .
1.4 SZIRAE

1 KF i Rab SR S8s . JATGETE 14 5 AR R B KF SVInE AR, B o E X
WR, o EBOK, BRI A A BT MR R, BRI AR R G

az((MO_M%AO)xloo% ©)

A, MO AT M1 73 Bl AR AE b B V) e A Bk o .

FIFH x SFEATHMU(XRD) XH5% B PRI B IV IEAT 28T« X ST 614 (XPS) HI Tl
SERR B TC R ML FRAS . SR i T R (SEM) RITBE 1E (EDS) %o v e FIBR B (I T30 B2 A 27 B
Gy AT T RAE.

ZR 508

21 RARER
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2.1.1 EARBRMBE SRR 1F 0T
EABR S TR AR IR FGE 5 BURAR Y B (4) 34T
MgO(s)+C(s)=Mg(g)+CO(g) (4>

SN (4) s —A [ AR B, BT SO s, BT DL R AR IR, X 77 Z2k A B 5 ik
Yo — 2 LWNR A, HKGH K il £ R [28] o iE— D25 FR T S B R S AT AT 14, BT SR AR BRUAR
PRI S5 I 5 A 157 ) FH AR 2 RG0SR REm,  ASRIREE N OV A0 H HAES 804 95, 110 Pa R4
SRR AN 3@) AT . BT, RS AT BRI T PR, 450y 80 Pa B\ %
91463 K If, B EAT T H HAESE T, RIS (4) FFIRIREEN 1463 K. NI Ui B i &
SR 3R 110 Pa [£ % 80 Pa iZ B4, 24/K58°8 110 Pa i, JBITFAAIRE N 1481 K, 1M 24 K SR B
% 95 Pa Iy, JeRETT oG B FE 2 1472 Ko

2.1.2 KF FEME SRR AGE R RS20

MBI R FE RN KF J5, KF 23t AR R BI85 R B #7724 41, FlH T MgO-
C-KF 14 & HH IV TE M. 5

2KF(s)+MgO(s)=MgF2(s)+K20(g) (5)
2KF(s)+MgO(s)=MgF(s)+K20(s) (6)
2KF(s)+4MgO(s)+6C(s)=MgF2(s)+3MgCaz(s)+K20a(s) (7
2KF(s)+3MgO(s)+4C(s)=MgF2(s)+2MgC2(s)+K203(s) (8)
2KF(s)+4MgO(s)+6C(s)=MgF2(s)+3MgC2(s)+2KO2(s) (9
2KF(5)+6MgO(s)+10C(s)=MgF2(s)+5MgCa(s) +2KOs(s) (10
KF()=KF(g) (11

15T 80 Pa. 95 Pa. 110 Pa L& N/ (5) WIFHAATHHAESEERKLR, SRWE 3(b)
JiioR. BRI R, OV AT T E B AEZHT N, (H7E 800~ 2000 K ¥ P9 5 A1 7 B e Ag
PIRTF 0, VEBIAESZIG2F (1550 K. 80~110 Pa) N, [N (5) ANRERA.

JRBE (6 (7D (8)y (9. (100 NE-[E B, BASMAAR . B, [N A E B REA
ZRSRECMREE—2, HAHE ARSI SR KWK 3c)fiac. MEITTLUEH, 7E 800 K ~
2000 K VSN, 5 AN IR AR E BRI N IE, R a] AW EIX 5 AN OREFE R X A AN g
KE.

KF (P45 5508 1131 K, R TESEEIR T, KF BLURASTIERAELE, THE T 80 Pa % M (11)
AT A HEESIRER R L& KFBEMZASESIRERLR, 455 WK 3(d). BEERERF S,
SO AR T E A R Y, MIEEIAR) 1570 K N, HAAMEHAES /N T 0. KF MRS )RR
FUR R BT v kB, 1550 KRR R 6 RN 283 R 14.25 Pa<80 Pa, [ALfE SKIG241F T,
RNADA 2 RA, H KFARSHE R

AT 2E S, #F 800~ 2000 K iR EVE . 80~ 110 Pa RS L5 8], M (5)ZEAL)WARELR
Ao ESRRIRE 1550 K K, KRR KF A5 RN AR, BEAME R AR BRI a It J5i
S
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AGUKSont )

Ak demat 'y
priPa)

3 IR @QRB@)AFEEN N EMYHHGESREXR: (O)RBGE)AFEETT
FATHE ARSI R: () RV(6) 2 (10)H AT H B A SR SR (d)80 Pa [R5 N [ Bi(11) i A
W A SEIE R R, LI KF MAZES R SEE X R

2.2 KF FfEFNLIE

MgO 2B T RIEAY, PR R O2-F1IE L PERE A Mg2+iliid B 7 a4k, BT
AR AR LS R[34], Mg2+A1T O2-F AL %35y 6[35]. AR d R S5 14 1E )\ A, Mg2+f7 T 1k
JNHAR R oy, 10 O2- 548 )\ AR 6 ST A . Mg+ 78 7E AT % 02-43 [z, Mg-O 4t K N 2.104
A[36]. b EE s R Ry BRI S5, \THARI BT 12 23080 5 —AS )\ k3, w4~ 02-1
RANANTHAEIEE . B, Siixs T MgO 5 s HEANEH ., AE 42 iRy MgO IRy 14 mT i B oA
BT MO (1) S S S5 A EAT AR, 16 I e A4 R A

FAHIH T Mg2+. 02-. F-=FE 712K/, F-5 02-f8 T2ERMIE, AN KF 25, F-
Al DAHAR O2-f 7 &, B3R MO FKRIHl A% 2544 . 7RI FEH MgO SRR A48, MIMAE MgO fh ik
RPN, K MgO difAriEtE, IXARIT C X Mg-O IR, fi2ilk C-O fiIIE B,
A, P27 BAERE NG, BENG NS BE A% R R .

F 5 FH T MgO. CO HM¥))iifrdEE. CO H C-O #fEERE LI KT MgO H Mg-O % (1) 5
fe, UL CO ) C-O #ELt MgO H111) Mg-O BRI INfa e . BEAEA RN KF AW, F-ABr it
BRI T IR, AR AR BERE TE ORI CO U kAT, B IE R R N IE A HEAT

4 =P TpapRes

=T Mg? O* F
LA5IA 0.72 1.40 1.36

% 5 MgO 5 CO  felse38]
WA MgO s

HFE/KI mol?t 347 1070.3
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2.3 LIEER

231 REHRKR

Bl 4 BoR TORIE 1 h 12 h SEEGSRAF TR, AR R SLIG N S5 B R R IR R 458K,
KF A1 CaF2 FIMA B 22T fi 842k 2, MR AT, KFIRTHARE . RN AN 1h i, AN
AN KF R HGE R AR B I B 5 0 5N 33.10%, 8N 1% KF )&, i 42T+ 2 42.08%,
{RIRINHE A 2 h N, RN KF B E AN 45.19% 7R 11 1%KF JE 4T+ 52.12%. FE#E KF HRINE
IR, RERARRZ$Em, BERINEKT 7%, FEfRFaT %, wit, EHREET,
BE & CRIRE A K, R RS2 T, KFIRINEA 7%, B R HARIR 1 h /1) 84.23%
FTHRAE 2 h (1 91.48%. (EIEJEIIFEHIIN KF, NI4T 325 F-[RA0 A0 B P A3 213510,
B T IR B ALRE . BEA CRIRET A 3E, F-VE BT RS C, EE AR R I KF AT LLEE
EIL R, (H FERLRARE, B, BEEEE RN HT, YRR, SEaT P, #
IRk . R GRS AT T BRI P R A R R

Hodding 1 3 FakSios 13

232 BREWIT

TE S REHR A S S B ROA SR SEBR 25 R 5 5% B, A XRD. SEM. XPS 735l % HgE AT karil, A
A S 2 A N AR MBI SEY . XRD BA K SEM £5 R ILE 5. XRD g5 R iR, b lE)E, KF IR
W, MO Ui J52 o 5 S 0 2 P85 IR (RO BT 8] P AT IS, M ISR T 790, IEnR
RIS AR . e K SEM g5 R BoR, BEE KF ISIEMm, ZREPel K4 C fl Mgo =311
JUSTZH /AN, AH R IR A 24 N K ARIRIT R, RSP FREAR N, Hodh MgO Bl . B KF
ISINEIE R, MO S5 BRE IR ER ™ B, bl J5 SR (1) 5% SRS BN B HURIRLIR, H S KT 7%,
BTG BLAEICE R, BEE KF 2, R F-EEABIEZ, MgO SR8,
C WiiHFENIRZ, BEE (RIRERIIG, RRT F-A T 782 W/E R, DR ARG 5 37 5 i 78
gy, B F-IPE AR, SHAERB— R, EEBCRE AR, miEaT .
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40 50 o0
2-Theta(®)

5. FREPINSEY. XRD LA SEM 45 3

Fi XPS M5 THREH TR AR, = MAFRZ R R 6 . 6 (a) NI
FESD XPS 4xil, A AL, AP EEAS C. 0. Mg. K. FIGE. 6 (b) N Ols Ea¥t
W2, 1E 529-536 eV A RE M I SEEAFAE = /ME(E, 752 529.8 eV ] MgO. 531.8 eV [ C-O
HEFN 5329 eV [ C=0 &, VLKL HIEIEAE MgoB-4l, (R Z ) O =85 C 454, K5 F M4
&, X5 KF ERAVIEME—2. 7EK 6(c) K2s ma#eitd, 4566600 T 293.3eV[42)4b 2N
KF; [FIRF, J8id F1s e is i e(d)rr s, 454607 T 685.2 eV[43)4b =N KF, B fRHAGE
O FER K 5 F 3R 5 KF (ERTEAE . 7EE 6(e) Mg 1s i MR AR AT &0, 454 REAL T 1304.1
eV Xf N MgOl44], [FIREUERHAE S IEA7AE MgO, SRTTH O 1s HI4r xR . P 6 ATLAE H,
BE#E KF A IIERIHE R MgO. KF. CO X B[ I 58 BE BTk 55, UiBABEAE KF AINERS I MgO ¥ #E
WK, PRARRVBEZARIG, BT RNVASE HA B X AHE:, KL, BEE RO TIR R4 CO 1R
T BE TR B IR R B B 78 =t NV X, BUEE S B2k B i) CO SR ashs el 3« 3K ARIR N 18] MO KF
CO TG, XRE R R F-I1EH EE—E IR . 454 XRD 74T, FEAHEREY
O. Mg. F. KJJeEZLL MgO. KF. C. CO TERAFLE, SRV M5 B B4 R 45 A — 2.

(b)

() we Poond | b 0 .
— N end 1 H "
e P R a0
ff B LEd: Yo
£, 0 —— :
3 = 3 - ——

Mtraivian

3
1 ‘
: l;.‘_lﬂ_ﬁx_k__, L.
e —
yh 3
‘lLJ~——~L—--__ - il >4 .\E
. W e e e e e S M3 SN SO0 S Uk BN M S S s ™ - .
Senliay overgrl ey ) Baedieg reergriet ) Miacting emrgyiaV )

[{d) o (c)

[ i
|

k o |
— —_— ]
- - - - ) 1ias
Mhadtung esmrgyioV | [SrTRO—

Kl 6 FREEY XPS 4r#T: (a) 4if; (b) Ols; (c) K2s; (d) Fls; (e) Mgls
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2.33 BRI
TE AP T VA (X RIS AR IR 653 KO FR IR 15 2 BRIAGE J5F S8 A5, Fl XRD. XPS.
SEM. EDS 75l Fod ATk . B 7 A REIMRIR TR . 7%KF dINE A S XRD il 2 5, A&t
WIEEI XRD U507, SARMER - Mg#PDF35-0821 H—F, WA BEEESS T RIT. AR i
Mg. MgO 1 C, HARHI KF, MgO Fl C & Bl g B (13) AERK, ERARIES ], Mg 58 2 56
W, XS IAER R A KR T CO 5 Mg [ N REUS4SIEAT T OGRS, 45K M. 18
TR CO SRR AENFRMIFAEIIK . FoTRMER, HiZRMNATW, KA g4
B (A R AN AT TR
CO(9)+Mg(9)=MgO(s)+C(s) (13)

e
| Mgt Ih
'h

¢ = A
- g , IR B
]

. )
s I UT - - I G ) S o N

L

Intensity(ap)

MV FDRIA O | | I
; | = ] -
10 40 0 Ko

2-Theta(™)

7 AE) XRD

) XPS S5 Kl 8 . B 8 (a) JNMllAKE it XPS 41, A#)h EEMAE C. O Mg
JeE, WAL KA FuE. 8(b)& Cls KM #ERiE, 1 283-298eV 4iGRe WA IANEE, 4
7] & 284.8 eV ) C-C ##. 285.7eV [f] C-O #E. 289.9eV ] C=0 % LL. m-n*HEX] N 293.4 eV Fll 296.2
eV[47], %4 O1s K/ M6t 8 8(c)iT 4N, 7E 529-536 eV 44 & At 2 IH] ) B8 I A7 AE I NIEEAR, 5331
/& 529.8eV 1] MgO. 531.8eV 1] C-O #2431, P KRR [a], 106 [ MRS [RIEE K, CO b
8(d) Mg 1s 77> PR 253 B AT 40, 45 A BEAL T 1303.2 eV X W o Mg, 454 EAL T 1304.1 eV A MgO[44],
HESE TR B MgO HIAEAE, SHTTH O 1s M xf i, KR BIETA] Mg 58P A ATt n. 454
XRD F3#r, g A& TR KF, MR ERRS.

L g T
« b1 3
| -L\

Tovmayan)

bensdiie e

e
Winibg ewergyieV ) Pinding vwwerzried |
\

A A

' e |
A . ___-A__ _

" ~ v v v v - -
- v - [C I F e $ e ™
S ,
e - —_—

lwwainyinn)

Iomenaly s

e

- - e

" \
Whadiag smrvgs ot | Winding smrgsle® |

K8 ¥l XPS sr#r: (a)4i%: (b) C1ls; (c)O1s; (d)F1s; (e) Mgls
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T B E AR R Mg, O C =FUTER A6 L& &, KA SEM K EDS X AT 4047
Kl 9 AR CRIRIT [H] . IS0 7% KF 38 Ji7 SEEGA- B S A5 Jey SO 1Y) SEM 8. B SEM AT LR
H, A EHELE RV R, ARG, RINEHT, (A WERL., LRI SR . X =3
TR SEM, 45 R BoRB A CRIGI (R IE K, 25 B R AR R, UL, fBe 78 2 AR KT [a], 45
o AR INEA R o D T e 45 BRI R A, AT RSB T T T, 5 LKl 10 AR 11.
ME10 (a) F111 (a) MERIBRIR ARG BRI S, B BOTER SAmERR A £
[, XM EDS A 10 (e) #1111 (e), SR EIRBEMAIEIEAC, XN 56.49%F1 59.51%, iX:&H
TR AL, CO I BAEN IR A B, FEAEFIK. WA 10 (b F1 11 (b) W5
B WMARN IR AASOR, RIME TGS 2, EARSMHER, A BonREESMMTRL, XTRMT
EDS I 10 (f) #1111 (), MHETERIERMEELZEA T, 734 66.28%H 69.25%, X2 HN
T I OAEAE, BAR T RN R A . W10 (o) A1l (¢) AILLAE H iR iR S, Fih e
W, AR 5HE 2 AAAE4ERR, BRon s F B0 THIRALE, EDS 455 8K 10 (g0 111 (@), M
aiEE— PR T, A 70.19%F1 71.48%, X &1 e N — BRI AR . WK 10 (d) #1111 (d) |
VLA AR DGR, Jo4eR, 85, &, Boc®R o migs), B 10 (h) A11 (h) EDS il 45 R
KW, BEMAIREE 3 mlis E] 78.31%K1 80.87%, XN CO IRMEREN SRR NS, WS AR BEIA 3 i
Ko XA R ARIR I TR ) EDS 453, B AR A I BRI 2ERE 40 m, 55 XRD. XPS 2 #A— 3.

R ERICER FRE AR T AT A, KE RN B S B e SRR, VAR b R AR I 3
KF, &, WAFERRPATIRG, BTE B AGEE ik KF $HERRESN, RS 5k M, Hilt
AR .

___‘ ' : .. 5 = -
X - : \ ._; \ )
el 9 el 7% ke SEM Bl: @FRIER 1h: ()i 2hs (@) PR Lh JRIBEOR: (b-)HRE 2h
EEOIEN
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11 ¥IN 7% KF. £RiE 2 h J538 SEM 5 EDS K: (a-d)SEM K; (e-h)EDS 4%

3 &

KA TR KF 7EAAEE B2 B IL JFOd R AT AT 9, aT LATS B BL R 4518

(1D #9155 KFAEAS TR, 75 80 Pa JK5R T, Bl J5 R BT 46 E7E 1463 K L F.
£ 1550 K B2+ 80 ~ 110 Pa kit N, KF NS HHFGEIR N, & FEFEh FEZ F-IEH .

(2) SLERgh LM, KF Al CaF2 MImASEm T EMAER, MEZMGT, KFRAMEE ST
CaF2 $2FHIFRE o ot EE i 2K R Il 4 VA 00 2 ) 38 A Rl g ] (R 3 T 38 m, 4 & KT 7908,
JREMARE TV, X2 FERARKZSE. KFEFRSZRA B h NS EiAF) 80.87%, Af
R AT SR AR 4510 . KF AZBEAEIR T, A5 S5iGCF B, HEEAEH .
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Real-space BCS-BEC crossover in FeSe monolayer

Shuaihua Ji*"*
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Abstract: BCS-BEC crossover has been long interested due to the fundamental physics. Although it
has been realized in cold atom systems, the real space BCS-BEC crossover is difficult to be achieved due to
the challenging of the microscopic scale tuning by optical methods. Here, by using spatially resolved
scanning tunneling spectra, the real space BCS-BEC crossover has been revealed in FeSe monolayer where
the top of one hole band is shifted cross Fermi level by trilayer graphene substrate [1]. Our theoretical model
based on two-band model explains all main features of experimental spectra for the whole crossover range.
Moreover, the density of state spectrum exhibits Zeeman splitting under the strong perpendicular magnetic
field which is consistent with the condensate behavior. Our work demonstrates that the FeSe monolayer on
graphene surface is an idea system to study the two-dimensional BCS-BEC crossover. It also offers a unique
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possibility to microscopically study the exotic many body states of BCS-BEC crossover in two-dimensional
crystalline material.

Keyword: FeSe, Scanning tunneling microscopy, BCS-BEC crossover
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Emergent Unusual Ferromagnetism and Insulator-Metal Transition in
d-Doped Ultrathin Ruthenates

Jiandi Zhang (7K & 3#b)
Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese
Academy of Sciences, 100190 Beijing, China.

Abstract: Heterostructures of complex transition metal oxides are known to induce extraordinary
emergent quantum states that arise from broken symmetry and other discontinuities at interfaces %2, Here
we report the emergence of unusual, thickness-dependent properties in ultrathin CaRuO3 films by unique
insertion of a single isovalent SrO layer (referred to as “S-doping”) El. While bulk CaRuQ3 is metallic and
nonmagnetic, films thinner than or equal to ~15-unit cells (u.c.) are insulating though still nonmagnetic.
However, 5-doping to middle of such CaRuOQs; films induces an insulator-to-metal transition and unusual
ferromagnetism with strong magnetoresistive behavior. The ferromagnetic ground state does not show fully
long-range order. Atomically resolved imaging and density-functional-theory calculations reveal that the
whole d-doped film preserves the bulk-CaRuOs orthorhombic structure, while appreciable structural and
electronic changes are highly localized near the SrO layer. The results highlight delicate nature of magnetic
ordering in CaRuO3 and subtle effects that can alter it, especially the role of A-site cation in electronic and
magnetic structure additional to lattice distortion in ruthenates. It also provides a practical approach to
engineer material systems via highly localized modifications in their structure and composition that may offer
new routes to the design of oxide electronics.

Hwang, H. Y. et al. “Emergent phenomena at oxide interfaces,” Nat. Mater. 11, 103 (2012).
R. Ramesh & D. G. Schlom, “Creating emergent phenomena in oxide superlattices”, Nat. Rev. Mater. 4, 257
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H#%Z: In this presentation,l will discuss our recent work on the design of 2D layered heterojunctions
and ionic layered materials. These materials hold great potential for miniaturized electronic and
optoelectronic devices at the nanoscale.By assembling different 2D layers into heterostructures, we can
achieve enhanced performance and flexibility.

One aspectof our research focuses on achieving nonvolatile electrical control of spin polarization in 2D
magnets, which is crucial for low-dissipation spintronic nanodevices. We have designed strategies to control
the spin polarization of a bipolar magnetic semiconductor VVSeF using electric dipoles from ferroelectric
monolayers and bilayer Al2Se3. This has enabled the creation of spin field effect transistors such as
multiferroic  memory and  spin  filters in  VSeF/AI2Se3 and  VSeF/Al2Se3/Al2Se3

multiferroicheterostructurest!

<. nonvolatile electric control, spin olarization, ionic layered materials, database,
2D functional materials
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[2] Deng, J.; Pan, J.; Zhang, Y.; Du, S. "Database Construction of Two-Dimensional Charged Building
Blocks for Functional-Oriented Material Design Nano Lett. 23, 4634 (2023).
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[1] Zhang, R.etal.Chemical mapping of a single molecule by plasmon-enhanced Raman

scattering. Nature 498, 82-86 (2013).

[2] Zhang, Y. et al. Visually constructing the chemical structure of a single molecule by scanning Raman
picoscopy. Natl. Sci. Rev. 6, 1169- 1175 (2019).

One-Dimensional van der Waals Polymers with Nonlinear Optical
Performance Approaching Theoretical Upper Limit

Jingyu Yangl,2, Jun Deng1l, Jinbo Panl,2,4, Yonggian Zhul,2, Yan-Fang Zhang2, Yuhui Lil,2, Jia-Tao
Sun3, Shixuan Dul,2,4*
1Beijing National Laboratory for Condensed Matter Physics and Institute of Physics Chinese Academy of
Sciences Beijing 100190, China.
2University of Chinese Academy of Sciences, Chinese Academy of Sciences, 100190 Beijing, China.
3School of Integrated Circuits and Electronics, MIIT Key Laboratory for Low-Dimensional
Quantum Structure and Devices, Beijing Institute of Technology, 100081 Beijing, China.
4Songshan Lake Materials Laboratory, 523808 Dongguan, China.

ABSTRACT : Nonlinear optical materials (NLO) attract great attention because of their applications

in generating coherent laser sources, etc. However, crystals with NLO susceptibilities close to the theoretical
upper limit are rare, playing a pivotal role in generating high-power output.
In recent years, attention has been moved to van der Waals materials, where crystals consisting of low-
dimensional building blocks could be a possible solution to realize large NLO susceptibility. And numerous
two-dimensional crystals were predicted to own giant optical nonlinearities near the theoretical upper limit.
Inspired by a recent report of one-dimensional (1D) material PNF2 with excellent NLO performance, we
extend this region to crystals made up of 1D building blocks, where the dipoles along the chain result in
strong second harmonic oscillations.
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In this work, by high throughput calculations, we searched new NLO crystals from 244 materials constructed
by vdW stacking of one-dimensional (1D) polymers. We found 14 experimentally synthesized bulk vdwW
materials, 11 2D and 11 1D forms as NLO candidates. Nearly half of their NLO susceptibilities approach the
theoretical upper limit, and their working frequencies cover ultraviolet, visible, and infrared regions.
Moreover, we found that their NLO susceptibilities are positively related to the charge difference on the
chains. Finally, we proposed a design strategy that superior NLO polymers can be obtained with proper

bandgap and large charge difference on the chain.

Keywords: nonlinear optical crystals, 1D motifs, first-principles calculations, second harmonic

generation, materials design
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vdW polymers with superior NLO properties

Influence of rare earth doping on the hydrogen absorption properties
of Zr;VsFe alloy

Shuang Yang'?, Zifeng Luo?2, Guo Yang?, Lijun Lv?, Linhua Xu?, Haiyan Leng? *, Xingbo Han? *, Jianhui
Zhu?3, Pengfei Zhu!
1School of Mathematics, Physics and Statistics, Shanghai University of Engineering Science, Shanghai
201620, China
2 Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China
3 Institute of Materials Science and Engineering, Shanghai University, Shanghai, 200444,
*E-mail addresses: lenghaiyan@shu.edu.cn (H. Leng), hanxingbo@sinap.ac.cn (X. Han).

Abstract: As a representative of non-evaporative getter, Zr-V-Fe has attracted widespread attention

78



[

H ] 78 24 2023 SEARAES W EAE

because of its advantages of low activation temperature and fast hydrogen absorption rate. In this work, the
effects of rare earth elements La and Ce doping on the microstructure as well as the hydrogen absorption
properties of Zr7VsFe alloy are systematically investigated. X-ray diffraction analysis show that rare earth
doping causes a decrease in the cell volume of both ZrV; and o-Zr phases, resulting in an increase in the
hydrogen absorption plateau pressure of the ZrV, phase. The kinetic curves illustrate that rare earth doping
leads to a larger particle size after activation, resulting in a decrease in the hydrogen absorption kinetic
properties. As for the activation process, in-situ XPS investigations show that Zr and V are initially in a
highly oxidized state, and change from oxidation state to metal state with the increase of heating temperature.
Rare earth doping reduces the activation temperature and shortens the incubation period of the alloy, and the
content of metal Zr in rare earth doped alloys be higher than that in undoped alloys at 250°C. Meanwhile, the
oxygen diffusion behaviors on the Zr surfaces are studied by first-principles calculations. The results show
that the oxygen diffusion barriers of doped and undoped La are 0.801eV and 1.322¢eV, respectively. In contrast,
the La doping of the surface layer slightly weakens the oxygen adsorption ability and lowers the energy
barrier to the diffusion of oxygen into Zr surface. This study reveals that the doping of rare earth elements
has potential application value for improving the activation performance of alloys.

Keywords : Rare earth elements, Hydrogen absorption thermodynamics, Activation, X-ray
photoelectron spectroscopy, First-principles

Reference

T.B. Zhang,” X.F. Wang, R. Hu, J.S. Li, X.W. Yang, X.Y. Xue, H.Z. Fu, “Hydrogen absorption properties of
Zr(V1-xFex)2 intermetallic compounds”, International Journal of Hydrogen Energy 37, 2328-2335(2012).

X. B. Han, P. Yan, D.X. Zhang, L. J. Lv, G. Yang, L. L. Qin, H. L. Leng”, W. Liu", “Hydrogen absorption
behavior of non-stoichiometric Zrz«TixVsFe (x =0, 0.3, 0.9, 1.5 and 2.1) alloys”, International Journal of Hydrogen
Energy 45, 21625-21634 (2020).

1.0«

x4

X

0] -

I'ransformed fraction

e (265 V F @) Lt
e (21, V Fe )y Cey,

0.0 4 — 71,V Fe

T T T T T T T
{ 1N 200 LIl o SO0 N

time(s)

Fig.1 Hydrogen absorption curves of Zr;VsFe, (Zr7VsFe)solaio, (Zr7VsFe)ooCero at room temperature
after 523K activation.
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[1] Yin, R., J. Wang, Z.-L. Qiu, J. Meng, H. Xu, Z. Wang, Y. Liang, X.-J. Zhao, C. Ma, " Y.-Z. Tan, " Q. Li,
and B. Wang ~ “Step-Assisted On-Surface Synthesis of Graphene Nanoribbons Embedded with Periodic
Divacancies” J. Am. Chem.Soc., 2022. 144(32): p. 14798.
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Atomistic Simulations of Graphene Origami: Dynamics and Kinetics
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Email: zhangyanfang@ucas.ac.cn

Abstract: Origami offers two-dimensional (2D) materials with great potential for applications in
flexible electronics, sensors, and smart devices. However, the dynamic process, which is crucial to construct
origami, is too fast to be characterized by using state-of-the-art experimental techniques. Here, to understand
the dynamics and kinetics at the atomic level, we explore the edge effects, structural and energy evolution
during the origami process of an elliptical graphene nano-island (GNI) on a highly ordered pyrolytic
graphite (HOPG) substrate by employing steered molecular dynamics simulations. The results reveal that
a sharper armchair edge is much easier to be lifted up and realize origami than a blunt zigzag edge. The
potential energy of the GNI increases at the lifting-up stage, reaches the maximum at the beginning of
the bending stage, decreases as the formation of van der Waals overlap, and finally reaches an energy
minimum at a half-folded configuration. The unfolding barriers of elliptical GNIs with different lengths of
major axis show that the major axis should be larger than 242 A to achieve a stable single-folded structure
at room temperature. These findings pave the way for pursuing other 2D material origami and preparingfor

origami-based nanodevices.

Keywords: origami process, dynamics and kinetics, structure and energy evolution, stability of single-
folded structure
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AR S S A B IR T B DU 7, BLUBREEAR (Cu-amd) 275 960 £ Ik PO RS0 D A 3R AA, 555
THNIL RN, #il#% T Cu/y-AlOs. Pd/y-AlO3 Fl Pd-Cu/y-AlOs fiE {671 . FIF XRD. HR-TEM.
XPS. BET. Hz-TPR &M 755 LA bl & AL AT S0 HT 3R AE, 456 CO2 INEMEREVET, W5
JREAX )11 235 R FTARE A B8R T 1) 56 2R o T TR 45 SRR B, Pd-Cuu/y-AlLOs AT — A B I S8R B 4«
EFEZERFMT, N 764001, S ZEALBRELHI Y 4:1, HRIEDIFN 246 W I, 0%
HIE L2 A 38%, HH CO. CHa Fl1 CH3OH i #1443 731 A 80.5%- 6.7%F1 12.8%.
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[1] X. Tian, D. Y. Wang, B. Ouyang, * Q. Chen, Z. W. Liu, " X. W. Wang, * “Plasma-assisted Fluidized-bed
Atomic Layer Deposition of Pd-Cu Nanoparticles on porous Powder for CO, Hydrogenation”, Plasma
Sources Science and Technology, 32(4), 045010 (2023)

[2] D.Y. Wang, T. Zhou, S. X. Tang, D. Tian, H. B. Zhang, Q. Chen, Z. W. Liu, " “Fluidized-bed atomic layer
deposition of Pd catalyst for low-temperature CO oxidation”, Journal of Vacuum Science & Technology A,
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Superlubricity of carbon based films

Bin Zhang??*
aState Key Laboratory of Solid Lubrication, R&D Center of Lubricating and Protecting Materials,
Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China
bCenter of Materials Science and Optoelectronics Engineering, University of Chinese Academy of
Sciences, Beijing 100049

Now days, carbon based materials are extensive explored to reduce friction, which consumes most one
third of energy that human used every day. Some of carbon things are more attractive because of their
superlubriciy properties. Since 1991, M. Hirano and K. Shinjo (Physical Review B, 41 (1990) 11837)
proposed the concept of superlubricity (the friction coefficient in the order of 0.001) , the contribution to
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superlubricity has made great progress. In present work, hydrogen amorphous carbon film with about 25%
hydrogen content were grown using PECVD method. We chose Au and MoS2 coated GCr15 balls as couple
pairs. The tribology test results show superlubricity behabiors that coefficient below 0.01, even low to 0.002.
TEM results shown that flat or curvel graphene were formation in contact interface which might afford for
superlubricity.
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Study on aluminum film evaporation using electron beam equipment

Fu Xuecheng, Qu Minni,Quan Xueling, Wu Liying, Wang Ying ¢
(Advanced Electronics Materials and Devices, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Using electron beam evaporation equipment to evaporate high-quality aluminum film is a
difficult problem in the film process. The main reason is that aluminum forms alloy with almost all metals
and carbon elements, thus reducing the purity of aluminum film. In the actual process, the aluminum material
is often directly put into the water-cooled crucible and melted with a high-power electron gun to deposite
aluminum film . However, the aluminum film prepared by this method will be oxidized due to the release of
adsorbed water molecules due to the rise of temperature in the cavity, with high resistivity and metal elements
of water-cooled crucible. We proposed a method of using a Al203 crucible as the lining pot and adding
materials by pre melting three times for aluminum film evaporation . The purity of the prepared aluminum
film could reach 99.99% , and the resistivity was 50% lower than that of aluminum film prepared by water-

cooled crucible.

Key words: Electron beam evaporation; Aluminum film; Water-cooled crucible; Alumina crucible

BEE RS ERFAMERNEITAR
FRE, E&EE

WE: UL RRE BA NSRRI AR E AT, 2 D) 7] BN 2 Hoi 2 i
KRIBEBN A IR 18 L % S 75 T B 47 ARk o (B L A o e A L7 5 R AR SRR RITE B 2L, A R A
TR IR T AT IR A AT s AR SRR — R R, SR BB IR B IIVE A DU R SCRE T SEHURE - TPl
AT ) — DI T8 At L R MIRR AR S M- R 9% A, DL g BT 7 T M
TR T ARG B SGIEERNRZE ARG HRAE S BT s M A RE RS AR AE, b T IR)Z
DU RE SN A T R B, 47 7 A RN 5 ARSI ORI, iR 2 AT 24T N I

90



H ] 78 24 2023 SEARAES W EAE

H

Bl SR, AR B R B, 8IS w73 Mo JeERIREA, SN TIN IRJZ g1k,
JrHEE 7 HT Mo RYREE, IRJE AR TE BT U] AL 3 BT DI+ Ar 48 3L [ = S LR R EE 38 . AH
KGR T YUK i FR B S5 M- RE G R BRAR, MR R RL R T BT R L S

ETETRENS T EEBAENRENAEBETER
ERKHEHE

EET MAREZY
PREEIRFEZRMFABEFRELRRE, L7 K&, ¥ 116024
"Email: wmllggql8@163.com

WE: IR Langmuir 55 81 412 B SO 0 L 9IUBHL o i 56 8 7 AR B3EAT 2 Wy, R8T
F BTHRERE. HTRE T UAERETHRHEERL A SESH, DUHES TRREMSE Tz
AR AN R 2 HE A, b 7800 58 3 B AR < WA T A LB . 2 g 7P 2 B i iR i KT8 2 ds
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) AR JE B e s iR K. PRI, B ) LNOI B4 JRESE RN LN VI 25464, R G0t T BR A
(AR A, 5T — AN R B R T Bk P AR A I JEEYE L, B SR B 5 1 (REW), mT BARE =1 H A
Ky BEDEP AR & ) T2 22, IR BE I ik 2 B SR i 28 . ASCRAE RGBT 7 T
e Y Ul LN/SIO/ AR5 ) REW, HA bl 4E: WA Bibit. A, a9, 2R
PRI VORI 0 21 40 . L KB LN/SIOL/SIC 18 R B A H K REW. #F—H1F 15° . 20°

F125° YX-LN/SiOo/SIC Ll & T AN [RIAHNT FE AR JE 1 18 HiR 25 FH B 25 o VSR 38 10 T2 PRl 1 45 5L S5
PG5 FE A, UESE [ AADEE SRAIN T AR AT SE . 7E 20° A 25° YX-LN/SiO/SiC il & 1]
Je AR LA, HATL N 20% X TE AT 1.2dB (B AIRFE . 1% TAEAT SN & o 44 SO T
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[1] Han et al. Spin homojunction with high interfacial transparency for efficient spin-charge conversion, Sci.
Adv. 8, eabq2742 (2022).
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REAZEY A BRI AN T R AAR R . (BT TIN 32 SRR AT 2= 78O, TiN IR/
ERIE R, S5amEsE, Aok, K, 568 TiIN RZEREE S I NIRBOR 12 R B2,
FRETHRBER - MIEN R A B 57 e n] DAE SRR I AR B A o A (R 5RAL )=, T ER TR
R SRR Z [BAFE T . BRACEA] LR SR A TS, SR i AU 57 1. BAR S  TA
BRATUMRIRRZ G R, BAT REFERe, BN FEBRINIASAN, TR
PR ANTE ST ) e il o T8 ) RBURT DGE i 2 5 R T A BROAR R A R 5245 2 T AR Bt A A o T AR P
RIELEN ], HERGPERE R B RMAEHEAR TR LI . FE THREE +TINRENE-EES
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[1]F. Sun, L. Wang, X.C. Li, W. Cheng, Z. Lin,” D.C. Ba, G.Q. Song, C.S. Sun, Effect of surface modification
on the long-term stability of dental implant abutment screws by plasma nitriding treatment, Surface &
Coatings Technology, 399, 126089 (2020).

[2] F. Sun, X.L. Liu, S.Q. Luo, D.D. Xiang, D.C. Ba, Z. Lin,” G.Q. Song, Duplex treatment of arc plasma
nitriding and PVD TiN coating applied to dental implant screws, Surface & Coatings Technology, 439,
128449 (2022).
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THE: MgV TR 45 S LR A M T 2 R S5 (AT« b 25 A 25 g i RO A E P B e 55D
T 76 {5 FH 25 i AR AL A B R . R TR Z B MR AR 2 i Ui 0] B 6 0@ A% . AR TAER
FHREFE DRSS HARAE Ti-6Al-4V & & BRI ) 25 T 5 P i —44R 1) (TiZrNbTaMo)1..Nx(x = 0~47%)
FERE . BEA T AR A S EZ R SRS IO . 1R RS AT A IR, R T %
RIRZVERR S Uy« S5HIIORIE. FFLEE SRR, BEER S B, IRZ RO 245
(1) BCC M&EMHLAR Sy FCC AHZER,  [RIET 208 f 138G I JLAROUL 25 440 Hh A (R AR i e A8 S B0 1
YKo BT [ENA SRR R4l BRI IS, (TiZrNbTaMo)1xNx 4 /2 30 B vy (1) B
H A (TiZrNbTaMo)ssN17 342 B S =ik 32GPa. F1| FH 2l B A FHAR AR AL IR X (TiZrNbTaMo) 1 xNyx i J2
(G AT NHEATIE R B, iZ R = IR Z7E 3.5 wt.% NaCl i 8 Kk slith, ARSI %,
TiZrNbTaMoN 42 LA 5 1 J5 it i 97 55 157 (3.2 108 Adem? ) RIS i 1 % FELASZ (-0.02 V vs. SCE.),
R TR e Re . EAbEEA b, SRAZREPTE (EIS) A1 X HFEHFRER (XPS) 5T
T EICEIZIRE I AT NS AL . FHOCZE A Bl T8 v H R A R i) i ook — 4k P v ol 2
WRIZRE R, WK RG22 Y R E IR ROR .
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R R B B TE M REBEAER 1 B e PUIER & 2N (SOC) M3, JydLAE =6 H e 7 4%
PR RN R HE 700 . AT sEB e A EBRIE AT [ fiefanis 2 — D EZ AR O . L5 S
R B REENIE R DLk 8 A i N, I R 2 RUNCRE BRI TIEA R AR R B, Sl e T
FeCo/MgO F&IE 451 GaN i [ e i v s Dhse Bl 17 =8 H BGEN, IE3RAT TR B iesh 1425
U, X1, UM S5 B Rt RN, L H BEARCRIIR AR, BT R B eds 1
A BURH B ekt

AR T AT GaN KT H e B2 18 45 45 MR 7T A AR 10 B e i LSRR . e &
Gt IT 1 BB S5 T TR B 22 L BRIADRL R A SRR RN S s B R B A BEA LA
FAE DAL B e B TE 45 1 R4S 235 3R i () B EE ARG . fEUESERE b, BF9T 1 B EE A At
FERBE, P T GaN A1y~ Tk B et RS s A A mT et o kA R Bkl 4 2 R a1 45 E e
AN, B IR G GaN J: (515 i LED g8+ DA K BA &1 BRI AR InGaN & 1B 4
Ky, s 7R ESKREN M B e R, ARG T AR EO N =R R AR . 22D R
FH iR 57 T RAMERRAE GaN B {5126 e LED A T 2ok REEKFRA P I 11 a8
SOHR TR RUEE AR DA S BB 17 PR A S5 e o ) 4 88 K oxed Ay 55 1 A 280 6 AT e 32
SCHL T AR AN AR T B T R T TR R, AR =R AN KA T IRE T A
22 5% FBUROG B ARALZE, RIS B RSB TR 1 B AR AR - AR P BN T
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[1]J. H. Bub, J. Rudolph, F. Natali, F. S. D. Hagele. “Anisotropic electron spin relaxation in bulk GaN”, Appl.
Phys. Lett. 95, 192107 (2009).

[2] A. Banerjee, F. Dogan, J. Heo, A. Manchon, W. Guo, and P. Bhattacharya. “Spin Relaxation in InGaN
Quantum Disks in GaN Nanowires”, Nano Lett. 11, 5396 (2011).

[3] Jonker B T, Kioseoglou G, Hanbicki A T, et al. “Electrical spin-injection into silicon from a ferromagnetic
metal/tunnel barrier contact”, Nature Phys. 3, 542-546 (2007).

[4] A. Bha, M. Z. Bat, P. Bha, “Electrical spin injection and detection of spin precession in room temperature
bulk GaN lateral spin valves”, Appl. Phys. Lett. 108, 042406 (2016).

103


mailto:ypwu@xmu.edu.cn

H

B4 2023 AR F S

W ICH EAR H

SR WSe, F MBS REEFSHEIERR

REHEDT
Vi RF R e TRE SR, #dKY, ¥R% 410082;
“Email: zhgin@hnu.edu.cn

WE: 4dESEmiY) TMDCs S EA R R DG HPERe. v WG B B3 FR AR
(1) B BESERE A& SR, PIVERIEN T R — RO SRR T ae . TR TR RARREA . W]
PR SR 450, 3 20 TMDCs [ HL AP, AT SR ot #8488 i i AL, 1 L mT BA ]
TYE BRI TR . AR LUK WSeo/ Au(100) WAF TR XS G, A STMISTS 454 55— &
PR T T O SRS b Sk, W 5T R B TR % A1 15 5 A [ (1) P s e R R RE RN 8 7 [ 3 1T 428
TR AR A, SCIL T WSe (945 4<RL 5 A1 NPN B 40K [5) J3 45 (1A 570 B+ WSeo/Au(100) F T
VISEIZ R T2, 45658 M RET S 50 R DU TE )2 0T 2UE N WSe, 5 Au(100) 51 (1) 22
J2, UES T S AR A BER T SR B S AT R I BT HUR , 5 B0 WSe, BEHY 45 1) BRI N ARAE P Y

REEW: WSey, FriHIME, Ay, FARMPRERMEAE (STM/S), HmEmEA
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[1] Q.L. Wu, M. Bagheri Tagani, L.J. Zhang,* J. Wang, Y. Xia, L. Zhang, S.-Y. Xie, Y. Tian, L.-J. Yin, W.
Zhang, A.N. Rudenko, A.T.S. Wee, P.K.J. Wong,* and Z.H. Qin,* “Electronic Tuning in WSe2/Au via van
der Waals Interface Twisting and Intercalation” , ACS Nano 16, 6541-6551 (2022).

[2] Q.L. Wu, M. Bagheri Tagani, Q.W. Tian, S.I. Vishkayi, L. Zhang, L.-J. Yin, Y. Tian, L.J. Zhang,* and
Z.H. Qin,* “Symmetry breaking induced bandgap opening in epitaxial germanene on WSe2”, Appl. Phys.
Lett. 121, 051901 (2022).

[3] Q.L. Wu, X.S. Fu, K. Yang, H.Y. Wu, L. Liu, L. Zhang, Y. Tian, L.-J. Yin, W.-Q. Huang, W. Zhang, P.K.J.
Wong,* L.J. Zhang,* A.T.S. Wee, and Z.H. Qin,* “Promoting a Weak Coupling of Monolayer MoSe2 Grown
on (100)-Faceted Au Foil”, ACS Nano 15, 4481-4489 (2021).

Programming spatial light modulations using mobile electrons

Ming Yang'?, Weitao Dai?, Hyungwoo Lee?, Jung-Woo Lee?, Chang-Beom Eom?, Cheng Cen#"
!Department of Physics and Astronomy, West Virginia University, Morgantown, West Virginia 26506, USA
2National Key Laboratory of Science and Discovery and construction of surface kagome electronic states
induced by p-d electronic hybridization in Co3Sn2S2 Technology on Power Sources, Tianjin Institute of
Power Sources, Tianjin, 300384, PR China
3Department of Material Science and Engineering, University of Wisconsin-Madison, Madison, Wisconsin
53706, USA
4 Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, Chinese Academy of
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Sciences, Beijing 100190, China
*Email: cheng.cen@iphy.ac.cn.

#E: Two-dimensional distributions of mobile electrons are usually optically invisible and thus have
very limited optoelectronic applications. In this study, we demonstrate a reprogrammable spatial light
modulation achieved by two-dimensional electron gas (2DEG) structures formed at complex oxide interfaces.
This result is enabled by a field-induced polar phase transition and the related linear electro-optic effect,
which are systematically studied using tailored 2DEG configurations. The fast optical microscopy
measurements not only produce quick visualizations of the interface carrier distributions but also allow a
unique shock-wave-type polar domain growth to be captured in real time. These results demonstrate a new
method for optically probing low-density carrier systems, and also the great potential for realizing active
nanophotonic applications using material systems where mobile carriers strongly couples with lattice degrees
of freedom.

REE: AT BV EAER], BRI, R T IRME, IR R

Weyl Node Annihilation in CosSn.S. Evidenced by Spin-Polarized
Ultrafast Dynamics

W B 5 A S AT 5P
b E AR F LR
AL SR I E
Email: jmzhao@iphy.ac.cn

We report a very rare evidence of Weyl node annihilation [l in a topological material unveiled by spin-
polarized ultrafast dynamics. We observe a unique type of gap in a magnetic Weyl semimetal Co3Sn2S2
where the electrons are spin-polarized and preserve the spin-momentum locking feature of Weyl fermions.
We report evidence of Weyl node annihilation, which is associated with such spin-polarized gaps. A pair of
Weyl nodes with opposite chirality touch each other at ~210 meV above the Fermi energy. These are revealed
by both time- and spin-resolved ultrafast spectroscopy experiments, combined with first-principles
calculations. As thus, a topological phase transition is observed, and the gap exhibits an unconventional
temperature dependence due to the Weyl physics. Furthermore, we propose possible circularly-polarized
terahertz-midinfrared radiation from such a spin-polarized gap. Our results shed light on excited-state
topological properties and endow application potentials for topological materials.

If time permits, | will also talk about our recent work in ultrahigh thermal conducting BAs 2! and
innovation of an on-site in situ high-pressure ultrafast pump-probe spectroscopy instrument 1
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(d) g of 33 Ni atoms
e N | R
—-::O Ret

v -~ - -
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1. 71 EELS (O 81190 M1. Ni-N-C /8465 (a) HJE1 4 #F STEM-HAADF B F1 (b) Ni-
Nx L5/ Ni FT N JCERAE (a) BHERI S Ai[1]; Ni/a-MoC fE4L7 (¢) Ni JtE AR A (d) Ni #
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[2] Lin, L.; Yu, Q.; Peng, M.; et al. J. Am. Chem. Soc., 2021, 143, 309.
[3] Xu, M.; Bao, D.; Li, A,; et al. under review (2022).
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#ZE: The Au (100) surface has been a subject of intense studies due to excellent catalytic activities
and its model character for surface science. However, the spontaneous surface reconstruction buries active
Au(100) plane and limits practical applications, and how to controllably eliminate the surface reconstruction
over large scale remains challenging. Here, we experimentally and theoretically demonstrate that simple
decoration of the Au(100) surface by tellurium (Te) atoms can uniquely lift its reconstruction over large scale.
Scanning tunneling microscope imaging reveals that the degeneration of surface reconstruction preferentially
starts from the boundaries of distinct domains and then extends progressively into the domains with the
reconstruction rows perpendicular to the boundaries, leaving a Au(100)-(1x1) surface behind. The Au(100)-
(1x1) is saturated at ~ 84 + 2% with respect to the whole surface at a Te coverage of 0.16 monolayer. With
further increasing the Te coverage to 0.25 monolayer, the Au(100)-(1x1) surface becomes reduced and
overlapped by a well-ordered (2>2)-Te superstructure. No similar behavior is found for Te-decorated Au(111),
Cu(111) and Cu(100) surfaces, nor for the decorated Au(100) with other elements. This result may pave the
way to design Au-based catalysts and, as an intermediate step, even potentially open a new route to

constructing complex transition metal dichalcogenides.
RBEAE: R, FRBEIERME (STMD, FEIRT, WHEE, &Rt
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[1] E.W. Zhang, H. Lu, W. Zhang, S.Y. Cao, Y. Wang, R. Rong, Y. Liu, Z.H. Zhang, M. Yang", Y.P. Liu" and
W.L. Guo” “Lifting Surface Reconstruction of Au(100) by Tellurium Adsorption”, Submitted (2022).

[2] EW Zhang, F.R. Lin*, Z.H. Lei, S. Qi, S.Y. Ban, A. Vinu, J.B. Yi* and Y.P.*, “Twist the Doorknob to
Open the Electronic Properties of Graphene-related van der Waals Structure”, Matter, 4 (11), 3444-3482,
(2021).

X.F Wang, F.R. Lin, X. Wang, S. Fang, J. Tan, W. Chu, R. Rong, J. Yin, Z.H. Zhang*, Y.P. Liu* and W.L.
Guo*. “Hydrovoltaic Technology: from Mechanism to Applications”. Chemical Society Review, 51, 4902-
4927 (2022)
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First-principles calculations for Dzyaloshinskii-Moriya interaction and
its application for DMI-torque MRAM

A AT
R KFHIEFIT
“Email: hongxin.yang@nju.edu.cn

#E: Understanding the magnetic interactions is of fundamental importance in condensed matter
physics as well as in the application of spintronic devices. In the past 14 years, the Dzyaloshinskii-Moriya
interaction (DMI) has attracted increasing attention. Here, | will present a systemic survey of the first-
principles calculations methods for DMI -2 along with an overview of the first-principles calculations of
the DMI properties of typical material systems [ and the DMI induced magnetic phenomena, e.g.

skyrmions-based logic gates 61, DMI-torque switching of perpendicular magnetization [’}
REEW: WIEEVIAAERS, AT, PR EAEE (DMD,  DMI-J)HE Bl B
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interaction” , Nature Reviews Physics 5, 43-61 (2023).

[2] Hongxin Yang, André Thiaville, Stanislas Rohart, Albert Fert, Mairbek Chshiev "Anatomy of
Dzyaloshinskii-Moriya Interaction at Co/Pt Interfaces”, Physical Review Letters 115, 267210 (2015).

[3] Hongxin Yang*, et al. “Significant Dzyaloshinskii—Moriya interaction at graphene—ferromagnet
interfaces due to the Rashba effect”, Nature Materials 17, 605-609 (2018)

[4] Qihan Zhang, Jinghua Liang, Kaigi Bi, Le Zhao, He Bai, Qirui Cui, Heng-An Zhou, Hao Bai, Hongmei
Feng, Wenjie Song, Guozhi Chai, O Gladii, H Schultheiss, Tao Zhu, Junwei Zhang, Yong Peng*, Hongxin
Yang*, Wanjun Jiang* “Quantifying the Dzyaloshinskii-Moriya Interaction Induced by the Bulk Magnetic
Asymmetry” Physical Review Letters 128, 167202 (2022)
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Letters 130, 056701 (2023)
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Dichalcogenides™, Physical Review X 12, 021065 (2022)

DR EFHEREREHRBHSFZFHTHERSENA
fLEE
TP AARKFWIEF R, ETAMAEGNEHKFTARETLERT, Jb%, ¥-% 100872

“Email: zhihaicheng@ruc.edu.cn

FE: EMAKRER I, DT RBHOR. S8R B ROR K8 73 H6 2 SR %0 HI 44
KEALGMEBARLS] 7 REEEN . BT, PIEREEE SRR, 55 8RO et
AR LR i O FE AR 2 e AR N FATE 78 SR i oK RO R 45 K« PRI S D RE A% 0 TR
Z—o Hp, RTIEMA (ARM) 2SN 2 MR BAEOR, ] IR RE
Y CERT AT T HHADRAEAMEROARASE &, BATARE )R AR AN 2 8] o AR R LR T
B RR T IR BAORIER b, A AIRAME R IR UT AR 205 1. 2 /). 8y
VIR 73 32 DL R AT S D REAL I T 7 AR, FERRGNR RS 1 AL 5 0 £ T 1)
TAE. EMIEAE E, AT AIRNER LR DBt ARM A0 e B ] BRIR AR 10 A%,
BLIEHARPE S L GBI T4 R DL KN A 55

SR JETHBEAR (ARMD, (RAER TR, IS E, SR SR

SR

[1] SY Xing, LL Wu, ZL Wang, X Chen, HN Liu, S Han, LW Zhou, Q Zheng, L Huang, X Lin, SS Chen, LM Xie,
XL Chen, HJ Gao, ZH Cheng, JG Guo, SC Wang, W Ji, "Interweaving Polar Charge Orders in a Layered Metallic
Super-atomic Crystal”, Physics Review X 12, 041034 (2022)

[2] J Yang, F Wang, JF Guo, YR Wang, CX Jiang, YC Cai, XY Zhan, XF Liu, ZH Cheng, J He, ZX Wang,
"Ultrasensitive Ferroelectric Semiconductor Phototransistors for Low-Light-Level Detection”, Advanced

Functional Materials 32, 2205468 (2022)

113



H

BLES 22 2023 R4S

W ICH EAR H

JEORRR — 4 mATRLE R G TR

~

ROE Ak (BRIFEXRF HEFIR)

23

WE: SEHJUER, DA S, AT R R & AR 4R RHE LR AT 7T
ANEAERHSFE I HRARR T 205 “4EpRbE S48, PGk, MRoed. RN EARIR
() B S LA DR (VD e HUMR 2, BT DALE L Ol L S5 AU AR 32 R A o X T 2R Ak AT 7T
FATAT AT F-IREdh, (ERX T a8 N 5 A 2B RST # RE DRAIE A 1) vt e Jo AT e B SR
AR K A AR T A, A g AR A Lo Bk — 4 5 B kB P 1) 25 0T 7

ES=PNPIE

AN, ERITR AT, LA, AR TRF R EAR (2012), fHtEalk Tt
HURSARTIAE AR FERE (20170 Z JaAEAL TR B A2 e SR8 LS T 7T JF T 2019 4 A AR
FAUTYE RS . FEENF R 4 ARG W BRI 7T, e )3 3R FH 2 T A 3R R 42 — 4R R ek
AREWE. EFERFEN GEFED 3B—1FE RS 17 5, 45 Nature 15T 2 55 Nature 7 4 &
FERFEFE LGOI, AR ERNHEFFEREEFIH

wmENRA

#ET SPM HIARBIGKA EME RIS ERF R RE

Raemr
R T kAR S TSR, =& 29, 650093
*Email: j.cai@kust.edu.cn

TE: (RAEBILYCKAMEIER T, SR, AR, BIENTR. BRI A& E T RAE R 2 AEa
)R BN R R R A RS KN T L AT B R AR R ML R SR R R e R
AR S O PORS A FUIRLERR BN KA B (et 2 AL R A1 SRR KT KA S0 55)
I AT CLAE S (8] B B A B AL 22 OSSR, A B AT S LB . I, FRATTRE WA 3
T — RIURLERRIE DU CANLZ LA 25 . MR BRIE A ZUR T35 2% 10 A SR ImAKal . BAEan

114



H ] 78 24 2023 SEARAES W EAE

H

KA SIS, JFERTHNIBLEATHE T CRIERA L2 SLIA I ZS B30 J7 A0 TT . o SR R SR e 4
KA SR AR AT (5 B S SR R T 18 2 I SR 4R oKty DL <R VE A AR LB L B A0 KA SR04
R IEIEAS S NHLER L 2 EE 5 3 IR )T e e ALl B LRS54 ) o AT FT 4 ROV
FMUH YR 252 N S B o~ AR B AT L TR N T SR B 1 LA o

REEW: UHV-STM; RIS K: UK 8 DTk

S35 3R

[1] Zhang, Y.; Lu, J.; Li, Y.;Li, B.; Ruan, Z.; Zhang, H.; Hao, Z.; Sun, S.; Xiong, W.; Gao, L. Cai, J. Angew.
Chem. Int. Ed. 2022, 61, e202204736.

[2] Zhang, Y.; Lu, J.; Li, B.; Chen, W.; Xiong, W.; Ruan, Z.; Zhang, H.; Sun, S.; Chen, L.; Gao, L., Cai, J. J.
Chem. Phys. 2022, 157, 031103.

[3] Sun, S.; Guan, Y.; Hao, Z.; Ruan, Z.; Zhang, H.; Lu, J.; Gao, L.; Zuo, X.; Cai, J. Nano Res. 2022, 15, 653.
[4] Ruan, Z.; Li, B.; Lu, J.; Gao, L; Zhang, Y.; Cai, J. Nat Commun 2023, 14, 970

[5] Hao, Z.; Song, L.; Yan, C.; Zhang, H.; Ruan, Z.; Sun, S.; Lu, J.; Cai, J. Chem. Commun., 2019, 55, 10800.

ET ZHF T RENAE FRERER BT FER YT

BAR YT m ey L2
L B4 I 4n 2 a7 50 A, AL K, ¥R4m 100190;
2P EMFIRARST, HWEAFFRE, LT, ¥F% 100049
"Email: lhbao@iphy.ac.cn

WE: i TR ARG V2B Y ENERT, AOGROT TR RERR H1 R %% AT 7 M) B R 1 PR
Bora, AR BA AR A MG, RSt PR RIS A R AT AR
(3% . FRATTAI I 2 Y48 DL /R i e Jo 45 0 Ji 5 G B R 5 i e 3G 58 () TR 5 ke P, e B el A
HIasEai R, FEE PR L E ORI TR AR5 R, RSBl TR 2 (~21
INFD) GRFEAEERIN R CRIH INA SN R, Al IERERISNEL (<1010, AR A7 i 18] (10
SELL D) RS At (EE RS KRBT 2000 RD. {ERETE 485 T S ARTEARZE R R E e
RIGHE RN TR, BATERAERTE. R ZE N 4EkpirE 1T-Crie, d ik ng
RIS R ORI B T AR LY S BN SR RN, ANTTIESE 7 HARME e, AL 1 e HL
8 52 32 il 5 B R, ORI T T ZERI PR R EAC R AR FH 55 A3k T 51 AR A RH R 2 1 BT
BOAR o FEAT S A ANAE M3 22 IS R PR RO I T o, BRATIAE < 2R T A1 B A PR v i P i o S0
I 2] SAH i35 B AU 18 AR RN S DAL 55 I Jmy 3 S5 A S8 ANAIE — 4k i1 < S ds PR
M A SR A S LA (R S P TE FE B8 1 8 SR B A

KW 4R VB URIR S, PR ROE R RN, YRR TR

115



W ICH EAR HEREE R 2023 HARES

S 300k

[1] L. M. Wu#, A. W. Wang?, J. A. Shi#, J. H. Yan*, Z. Zhou, C. Bian, J. J. Ma, R. S. Ma, H. T. Liu, J. C. Chen,
Y. Huan, W. Zhou, L. H. Bao", M. Ouyang", S. J. Pennycook, S. T. Pantelides, H. -J. Gao™, "Atomically sharp
interface enabled ultrahigh-speed non-volatile memory devices", Nat. Nanotechnol. 16, 882 (2021).

[2] L. J. Meng®, Z. Zhou*, M. Q. Xu#, S. Q. Yang?, K. P. Si, L. X. Liu, X. G. Wang, H. N. Jiang, B. X. Li, P.
X. Qin, P. Zhang, J. L. Wang, Z. Q. Liu, P. Z. Tang, Y. Ye", W. Zhou", L. H. Bao", H. -J. Gao, Y. J. Gong",
“Anomalous thickness dependence of Cuire temperature in air-stable two-dimensional ferromagnetic 1T-
CrTe, grown by chemical vapor deposition”, Nat. Commun. 12, 809 (2021).

[3] H. Guo#, X. Y. Wang?, L. Huang? X. Jin, Z. Z. Yang, Z. Zhou, H. Hu, Y. -Y. Zhang, H. L. Lu, Q. H.
Zhang, C. M. Shen, X. Lin, L. Gu, Q. Dai, L. H. Bao", S. X. Du", W. Hofer, S. T. Pantelides, H. —J. Gao",
“Insulating SiO. under centimeter-scale, single-crystal graphene enables electronic-device fabrication”,
Nano Lett. 20, 8584-8591 (2020).

REFHEHERSBERRINE STM #353

4T EMR TR
b BAF IS A R PT, dbK, #R% 100190
“Email: chenting@iccas.ac.cn

WE: THRARACEAEME. OFFRM T TR S RNA B TP i, -
REEFEARLE A R, T H., SR> T4 S R N AR B R BSR4 T PR K Z5 4 (1
HEIRAE, AT DR PR Th REM R R LN SRtk fit . AER I 7> 4R, T T EAEH
71585, ZMAEMPFEZTES, B PRt Do, —4eFrREM, Wi, LU T 4ERENE
X =R YMEAERENUE R S RN AAAE . M S, ST IER Jyos, OB AT IS gy, DAk
fEIBE S B R T PRI B VAR AR BB f?%*ﬁ%m%ﬁﬁ@ﬁ%hmAﬁ L, A iex g ARa 2
S, BRARZ T F IR FEVERIUEE, RRF YRR A RAA EEE S AR B E B v 1
EWPRFBL W7 J2KBEFE 7 2 H A4 SRR N 1 P 155 5 s, 3 2u udt e ds: (D
SE AT TIP3 7 I TR s, SCBL AR R PRGN (20 #7251 Br-Br
PERITER 75 TR S AR R b i E AR, el 7 R FrE R F PR (3D IR 71
BEL S mes S FEARAR S, S 1 R AP S B 1) T PRI PR T 42

REER: PR IERMEE (STMD, FE, Rk, RN

S35 3R

[1] Z. Y. Yi, X. Q. Yang, J. J. Duan, X. Zhou, T. Chen,” D. Wang," L. J. Wan,” “Evolution of Br-Br contacts
in enantioselective molecular recognition during chiral 2D crystallization”, Nature Communications 13, 5850
(2022).

[2] Y. Xu, J. J. Duan, Z. Y. Yi, K. X. Zhang, T. Chen,” D. Wang,” “Chirality of molecular nanostructures on

116



H ] 78 24 2023 SEARAES W EAE

H

surfaces via molecular assembly and reaction: manifestation and control”, Surface Science Reports 76,

100531 (2021).

[3] C. Lu, Y. P. Mo, Y. Hong, T. Chen,” Z. Y. Yang, L. J. Wan, D. Wang,” “On-Surface Growth of Single-
Layered Homochiral 2D Covalent Organic Frameworks by Steric Hindrance Strategy”, Journal of the
American Chemical Society 142, 14350-14356(2020).

117



PR

W ICH EAR H

H
mt
H

1
p

2023 HARES

HhO KA

Discovery and construction of surface kagome electronic states
induced by p-d electronic hybridization in CosSn»S»

Qi Zheng (#£#) 12, Li Huang®?", Xianghua Kong'?, Yuging Xing*?f, Hui Chen'?, Yan Li%?, Zhixin Hu®,
Shiyu Zhu'?, Jingsi Qiao”#, Yu-Yang Zhang?, Hai-Xia Cheng?*, Zhihai Cheng*, Xianggang Qiu®?, Enke
Liut?, Hechang Lei*, Xiao Lin?, Zigiang Wang®, Haitao Yang?*, Wei Ji**, Hong-Jun Gao%?%*

1 Beijing National Center for Condensed Matter Physics and Institute of Physics, Chinese Academy of
Sciences, Beijing 100190, China
2 School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100190, China

3 College of Physics and Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China
4 Beijing Key Laboratory of Optoelectronic Functional Materials & Micro-Nano Devices, Department of
Physics, Renmin University of China, Beijing 100872, China
5 Centre for the Physics of Materials and Department of Physics, McGill University, Montreal QC H3A
2T8, Canada
6 Center for Joint Quantum Studies and Department of Physics, Institute of Science, Tianjin University,
Tianjin 300350, China
" MIT Key Laboratory for Low-Dimensional Quantum Structure and Devices, School of Integrated
Circuits and Electronics, Beijing Institute of Technology, Beijing 100081, China
8 Department of Physics, Boston College, Chestnut Hill, MA, USA
9 Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China
*Email: hjgao@iphy.ac.cn, * wji@ruc.edu.cn, * htyang@iphy.ac.cn

Keywords: p-d electronic surface kagome electronic states, scanning tunneling microscopy, non-
contact atomic force microscopy

Kagome-lattice materials possess attractive properties for quantum computing applications, but their
synthesis remains challenging. Herein, based on the compelling identification of the two cleavable surfaces
of CozSn,S;, we show surface kagome electronic states (SKESs) on a Sn-terminated triangular CosSn,S;
surface. Such SKESs are imprinted by vertical p-d electronic hybridization between the surface Sn
(subsurface S) atoms and the buried Co kagome-lattice network in the CosSn layer under the surface. Owing
to the subsequent lateral hybridization of the Sn and S atoms in a corner-sharing manner, the kagome
symmetry and topological electronic properties of the CozSn layer is proximate to the Sn surface. The SKESs
and both hybridizations were verified via qPlus non-contact atomic force microscopy (nc-AFM) and density
functional theory calculations. The construction of SKESs with tunable properties can be achieved by the
atomic substitution of surface Sn (subsurface S) with other group I11-V elements (Se or Te), which was
demonstrated theoretically. This work exhibits the powerful capacity of nc-AFM in characterizing localized
topological states and reveals the strategy for synthesis of large-area transition-metal-based kagome-lattice
materials using conventional surface deposition technigues.
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L. Huangt' X. Kongf, Q. Zhengt, Y. Xingf, H. Chen, Y. Li, Z. Hu, S. Zhu, J. Qiao, Y. Zhang, H. Cheng, Z.
Cheng, X. Qiu, E. Liu, H. Lei, X. Lin, Z. Wang, H. Yang*, W. Ji*, H. Gao* " Discovery and construction of
surface kagome electronic states induced by p-d electronic hybridization in CosSn,S," arXiv:2305.00826
[cond-mat.mtrl-sci], submitted to Nat. Comm.

Selective C-H bond activation on surface and enabled formation of N-
doped graphene nanoribbons

Yixuan Gao'4, Li Huang'4, Yun Cao'4, Marcus Richter?4, Xinliang Feng™ 2, Shixuan Du™! and Hong-Jun
Gao™!
institute of Physics & University of Chinese Academy of Sciences, Beijing 100190, PR China;
2 Center for Advancing Electronics Dresden (cfaed) & Faculty of Chemistry and Food Chemistry,
Technische Universit& Dresden, D-01069 Dresden, Germany
“Email: xinliang.feng@tu-dresden.de; sxdu@iphy.ac.cn; hjgao@iphy.ac.cn

Abstract: Selective C-H bond activation is one of the most challenging topics for organic reactions.
The difficulties arise not only from the high C-H bond dissociation enthalpies but also the existence of
multiple equivalent reaction sites in organic molecules. By introducing heteroatoms, such as nitrogen and
sulfur atoms into the organic skeleton, the ortho C atoms can be more reactive than the other C atoms. This
strategy, however, lacks selectivity among equivalent ortho C atoms, as previous studies show all the ortho
C atoms have almost equal probability to be activated. Therefore, in route towards ultimate control over C-
H selectivity, the selective activation of equivalent/quasi-equivalent ortho C(sp®)-H with new methodologies
would be a major achievement in the field. Here, we successfully achieve the selective activation of four
quasi-equivalent C-H bonds in a specially designed nitrogen-containing polycyclic hydrocarbon (N-PH).
Density functional theory calculations reveal that the adsorption of N-PH on Ag(100) differentiates the
activity of the four ortho C(sp®) atoms in the N-heterocycles into two groups, suggesting a selective
dehydrogenation, which is demonstrated by sequential-annealing experiments of N-PH/Ag(100). Further
annealing leads to the formation of N-doped graphene nanoribbons with partial corannulene motifs, realized
by the C-H bond activation process. Our work provides a new route of designing precursor molecules with
ortho C(sp®) atom in an N-heterocycle to realize surface-induced selective dehydrogenation in quasi-
equivalent sites.

Keywords: selective C-H activation, on-surface synthesis, density functional theory, scanning tunneling
microscopy

Reference:

[1] Yixuan Gao et, al. “Selective C-H bond-activation induced C-C/C-N bond-transformation on surface and
enabled formation of N-doped graphene nanoribbons”, submitted to Nature Communications (2022).

119



W ICH EAR H

H

B4 2023 AR F S

Intrinsically Honeycomb-Patterned Hydrogenated Graphene

Lei Tao, Yang Song, Kai Qian, Xiao Lin, Shixuan Du, Hong-Jun Gao

Institute of Physics and University of Chinese Academy of Sciences Chinese Academy of Sciences,
Beijing 100190, China
E-mail: xlin@ucas.ac.cn; sxdu@iphy.ac.cn; hjgao@iphy.ac.cn;

Since the advent of graphene ushered the era of 2D materials, many forms of hydrogenated graphene
have been reported, exhibiting diverse properties ranging from a tunable bandgap to ferromagnetic ordering.
Patterned hydrogenated graphene with micron-scale patterns has been fabricated by lithographic means. Here,
successful millimeter-scale synthesis of an intrinsically honeycomb-patterned form of hydrogenated
graphene on Ru(0001) by epitaxial growth followed by hydrogenation is reported. Combining scanning
tunneling microscopy observations with density-functional-theory (DFT) calculations, it is revealed that an
atomic-hydrogen layer intercalates between graphene and Ru(0001). The result is a hydrogen honeycomb
structure that serves as a template for the final hydrogenation, which converts the graphene into graphane
only over the template, yielding honeycomb-patterned hydrogenated graphene (HPHG). In effect, HPHG is
a form of patterned graphane. DFT calculations find that the unhydrogenated graphene regions embedded in
the patterned graphane exhibit spin-polarized edge states. This type of growth mechanism provides a new

pathway for the fabrication of intrinsically patterned graphene-based materials.

Keywords: hydrogenated graphene, intrinsically patterned graphene, scanning tunneling microscopy,

density functional theory

Reference:
[1] Song, Y., Qian, K., Tao, L., Wang, Z., Guo, H., Chen, H., Zhang, S., Zhang, Y.-Y., Lin, X., Pantelides, S.
T.,Du, S., Gao, H.-J., Intrinsically Honeycomb-Patterned Hydrogenated Graphene. Small 2022, 18, 2102687.

Continuously tunable ferroelectric domain width down to the
single-atomic limit in bismuth tellurite
Cong Wangl, wei Jil”
! Beijing Key Laboratory of Optoelectronic Functional Materials & Micro-Nano
Devices, Department ofPhysics, Renmin University of China, Beijing 100872, China

wcphys@ruc.edu.cn

Abstract : Emerging functionalities in two-dimensional materials, such as ferromagnetism,
superconductivity and ferroelectricity, open new avenues for promising nanoelectronic applications. Here,

we report the discovery of intrinsic in-plane room-temperature ferroelectricity in two- dimensional Bi2TeOs
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grown by chemical vapor deposition, where spontaneous polarization originates from Bi column
displacements. We found an intercalated buffer layer consist of mixed Bi/Te column as 180° domain wall
which enables facile polarized domain engineering, including continuously tunable domain width by
pinning different concentration of buffer layers, and even ferroelectric-antiferroelectric phase transition
when the polarization unit is pinned down to single atomic column. More interestingly, the intercalated
Bi/Te buffer layer can interconvert to polarized Bi columns which end up with series terraced domain walls
and unusual fan-shaped ferroelectric domain. The buffer layer induced size and shape tunable ferroelectric
domain in two-dimensional Bi>TeOs offer insights into the manipulation of functionalities in van der Waals

materials for future nanoelectronics.

Deep learning enabled topological design of exceptional points

Peng Fu'? Wenze Lan'? Leyong Hu'? Shuo du'?" Changzhi Gu'?"
! Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of
Sciences, Beijing, 100190, China
2 School of Physical Sciences, CAS Key Laboratory of Vacuum Physics, University of Chinese Academy of
Sciences, Beijing, 100190, China
"Email: czgu@iphy.ac.cn

Abstract: In photonic systems, the topology associated with branch point singularities around outliers
(EPs) can provide tools for controlling light propagation. However, traditional EPs search and related
topology optimization methods rely on trial-and-error methods to obtain the target EM response, which
requires considerable effort to study many possible structures. To make matters worse, most methods
sacrifice computational accuracy for efficiency, which can easily lead to the omission of critical information,
especially when studying parameter-sensitive EP problems. Here, we demonstrate that a bidirectional neural
network trained with a few finite element methods (FEM) simulated data is not only capable of retrieving
subwavelength dimensions from the desired topological singularity but also directly solves the inverse
problem. With the help of deep learning, topological charge conservation under perturbation is observed,
where EPs with opposite charges are generated and annihilated in the parameter space. We also demonstrate
optical parameter distributions that take advantage of topological protection around scattering EPs and show
the independent amplitude and phase addressing mechanisms. Our work allows rapid discovery and high-
resolution topology of EPs provides a powerful tool for mining relevant physics and provides a new paradigm
for multi-optical parameter manipulation with high performance and low crosstalk, which is helpful for
imaging, encryption, and information storage applications vital.

Keywords: exceptional point, deep learning, topological charge, inverse problem.
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Observation of topological edge states and field distribution
in graphene-like photonic crystals

Wenze Lan" ? Baoli Liu***
' Beijing National Laboratory for Condensed Matter Physics, Institute of Physics,
Chinese Academy of Sciences, Beijing, 100190, China
? School of Physical Sciences, CAS Key Laboratory of Vacuum Physics, University of
Chinese Academy of Sciences, Beijing, 100190, China
° CAS Center for Excellence in Topological Quantum Computation, CAS Key Laboratory
ofVacuumPhysics, UniversityofChineseAcademyofSciences, Beijing, 100190,China
* Songshan Lake Materials Laboratory, Dongguan, Guangdong, 523808, China
"Email: blliu@iphy.ac.cn

Abstract: Topological photonics provides a novel route for designing and realizing optical devices with
unprecedented functionality. Most remarkably, edge states with topological protection exist in the interface
between two topologically distinct regions, allowing for the robust and directional propagation of light
along the interface. The information on photonic dispersion and field distribution is essential to understand
the topological properties of edge states. In this work, we experimentally investigate the helical edge states
and field distribution in SiNx photonic crystals by angle-resolved photoluminescence spectroscopy. In our
structure, the graphene-like lattices with trivial and non-trivial band topology are stitched by a zigzag or
armchair interface. Helical edge states are observed when the interfaces parallel to the detected momentum
direction in two types of interfaces. When the interface is perpendicular to the direction of the detected
momentum, the intensity of the spectra becomes asymmetric. We show that the stronger photoluminescence
of lower energy bands mainly comes from the trivial side, while the upper energy bands have the
stronger photoluminescence on the non-trivial side. These phenomena indicate that most of the energy
radiated into free space comes from the region dominated by the p-orbital, which gives an intuitive picture
of the field distribution characteristics of the topological edge states. Our results deepen the understanding
oftopological edge states and provide important

guidance for the exploration and design of on-chip topological devices.

Keywords: Topological photonics, Topological edge states, Field distribution, Angle-resolved
photoluminescence
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Imaging correlated insulating states and topological states in 2D
heterostructure

£ FHA
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Email: yuhangjiang@ucas.ac.cn
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[1] Si-yu Li, Zhengwen Wang, Yucheng Xue, Yingbo Wang, Shihao Zhang, Jianpeng Liu, Zheng Zhu, Kenji
Watanabe, Takashi Taniguchi, Hong-jun Gao, Yuhang Jiang” and Jinhai Mao, “Imaging topological and
correlated insulating states in twisted monolayer-bilayer graphene”, Nature Comm. 13:4225 (2022).

[2] Yuhang Jiang, Xinyuan Lai, Kenji Watanabe, Takashi Taniguchi, Kristjan Haule, Jinhai Mao, and Eva Y.
Andrei, “Charge-ordering and Broken Rotational Symmetry in Magic-Angle Twisted Bilayer Graphene”,
Nature 573, 91-95 (2019).
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WE: o], —FiEA 80-100 K Hif & BB AT BT M ZRTEH (kagome) S5 AR 3
&, AV3Shs (A= Cs, Rb, K) i) & i thioi . IR BN Sk T4 BRI R O 8 H 25460 17T R B L 5 5 K
AN A S A%, HAE s BRG] T ORERIBETT . H BT TERINZAEMA R B A R AU T 1R L
Ko JSCHE T FLAT S P, X (R R LTS B X 2K kagome B 344 RT A2 e x4 I HH B
AR . FEDCUAR S, BKGSr R FRATIE A P AR AT SR A 7 A F RS T B B A (STMIS) Bk &
RGAE CsVaShs N HH B AR F Aonf i T st . HIAT 85 BE RN IO X 85 BE 3R AT 1 R AR FC LA . Bk

123



W ICH EAR H

H

B4 2023 AR F S

Hb, BATE Ti a2 B AT A 45 i v ET, SEEL XS CsVaShs RS A FAT 4 LI BT
X LIRS P TR A, SRS 1O R A R 3 A L T (A LR

REEH: FMBBERME (STM), JEH &K, BSA, FXIE=RER, HaE K

S35 3R

[1] H. Chen, H. Yang, B. Hu, Z. Wang and H.-J. Gao et al., Roton pair density wave in a strong-coupling
kagome superconductor. Nature 599, 222 (2021)

[2] B. Hu, H. Chen and H.-J. Gao et al., Robustness of the unidirectional stripe order in the Kagome
superconductor CsV3Shs. Chin. Phys. B 31, 058102 (2022)

[3] H. Chen, H. Yang and H.-J. Gao et al., Superconductivity and Unconventional Density Waves in
Vanadium-based Kagome Materials AV3Sbs. Chin. Phys. B 31, 097405 (2022)

[4] H. Yang, H. Chen and H.-J. Gao et al. Titanium doped kagome superconductor CsV3-«TixShs and two
distinct phases. Sci. Bull. Online (2022)

Visualizing spatial evolution of electron-correlated interface in two-
dimensional heterostructures

Xl HEE FH2 Tzl
TR I RFEREHK ST, LT, H5% 100081 ;
P AARKFWIEZ, LK, WL 100872
"Email: xuwu@bit.edu.cn

#E: Microscopically visualizing the evolution of electronic structures at the interface between two
electron-correlated domains shows fundamental importance in both material science and physics. However,
despite the developed theoretical prediction, the experimental visualization of interfacial electronic
structures is still rarely due to the difficulties in three-dimensional systems that the interface always
exists in the inner. With phase engineering, two-dimensional (2D) transition metal dichalcogenides
(TMDs), a typical class of 2D materials with widely different phases, show diverse electron-correlated
properties, such as Mott insulator, superconductivity, and charge density wave (CDW). With the exposed
interface, the 2D TMDs can be an outstanding platform for studying interfacial electronic structures of
electron-correlated materials.[*?1 Here, we report scanning tunneling microscopy and spectroscopy studies
of the interfacial electronic structures evolution in a phase-engineered monolayer NbSe; heterostructure.[!
The H-NbSe; metallic state penetrates the Mott-like insulating T-NbSe; at the H/T phase interface, with a
prominent 2D charge density wave (CDW) proximity effect. Moreover, an insulating Mott gap collapse with
the disappearance of the upper Hubbard band is detected at the electronic phase transition region. Our
findings promote microscopical understanding of the interactions between different electron-correlated

124



[

H ] 78 24 2023 SEARAES W EAE

systems and pave the way for controlling the Mott insulating states with phase engineering.

<8 2i[: UHV, SPM, MBE, low-dimensional materials, electron correlated materials, heterostructure
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[1] X. Wu, J. S. Qiao, L. L. Liu, Y. Shao, Z. L. Liu, L. F. Li, Z. L. Zhu, C. Wang, Z. X. Hu, W. Ji*, Y. L.
Wang*, and H. J. Gao, “‘Shallowing interfacial carrier trap in transition metal dichalcogenide heterostructures
with interlayer hybridization”, Nano Research 14, 1390-1396 (2021)

[2] Q. Z. Zhang, Y. H. Hou, Z. Q. Xu, Z. P. Huang, P. W. Yuan, L. G. Jia, T. Zhang, H. X. Yang, W. Ji, J. S.
Qiao,* Xu Wu,* and Yeliang Wang*, “Visualizing spatial evolution of electron-correlated interface in two-
dimensional heterostructures”, ACS Nano 15, 16589-16596 (2021)
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[1] Lu, J. Q.; Yang, B.*; Yu, B.; Li, H. N; Huang, N.; Liu, L.; Jiang, X.* Fabrication of ordered diamond
nanoneedle arrays containing high-brightness silicon-vacancy centers, Adv. Opt. Mater., 2021, 21001427:1-
11.

[2] Lu, J. Q.; Yang, B.*; Li, H. N; Guo, X.K.; Huang, N.; Liu, L.; Jiang, X.* Revealing impurity evolution
in silicon-doped diamond film via thermal oxidation. Carbon 2023,203, 337-346.

Local gate enhanced correlated phases in twisted monolayer-bilayer
graphene

e
L @A IR K, Jbw, @R 100049
“Email: jhmao@ucas.ac.c

#E: To understand the complex physics of a strongly correlated system, it is ideal to have control
over and monitor its electronic properties while adjusting the external field. The twisted van der Waals
heterostructure provides such an unprecedented opportunity with the great tunability of its correlated phases
by an external electric field. Additionally, scanning tunneling microscope (STM) serves as a powerful tool
for revealing these strong correlation effects. Our previous success includes utilizing the STM tip to create a
perfect PN junction surface and detect the transition from an atomic collapse state to a whisper gallery mode
on the surface of graphene. we present further investigations into the tunable correlated phases in twisted
monolayer-bilayer graphene (tMBG) using an STM tip integrated with a high displacement field. We found
that the functionalized tip enhances the displacement field and directly leads the system into the correlated
insulating regimes. Through our technique, we have been able to achieve the correlated insulating states in
the hole-doping regime of tMBG, due to the remarkably enhanced Coulomb interaction strength in our device
configuration. Our work shed light on exploring and manipulating the novel quantum phases in larger
parameter space, wherein the different ground states are expected due to the diverse band topology and width.

RE#A]: functionalized tip, scanning tunneling microscope (STM), strongly correlated system

SE k-
[1] “Tuninga Circular p-n Junction from Quantum Confinement to Optical Guiding” Nature Nanotech. 12,
1045-1049 (2017)

[2] “Local gate enhanced correlated phases in twisted monolayer-bilayer graphene” under reviewed
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[1] S. Y. Li, Z. W. Wang, Y. C. Xue, Y. B. Wang, S. H. Zhang, J. P. Liu, Z. Zhu, K. Watanabe, T. Taniguchi,
H. J. Gao, Y. H. Jiang, * J. H. Mao, " “Imaging Topological and Correlated Insulating States in Twisted
Monolayer-Bilayer Graphene”. Nat Commun 13, 4225 (2022).

LiFeAs F SCILREED LRI P T REIR

AFdH ! AT FRI OTH! HE4 Y
Lop @A e 2T 5L AT, $R%m 100190
“Email: hjgao@iphy.ac.cn

#E: The iron-based superconductor is emerging as a promising platform for Majorana zero mode,
which can be used to implement topological quantum computation. One of the most significant advances of
this platform is the appearance of large vortex level spacing that strongly protects Majorana zero mode from
other low-lying quasiparticles. Despite the advantages in the context of physics research, the inhomogeneity
of various aspects hampers the practical construction of topological qubits in the compounds studied so far.
Here we show that the stoichiometric superconductor LiFeAs is a good candidate to overcome this obstacle.
By using scanning tunneling microscopy, we discover that the Majorana zero modes, which are absent on the
natural clean surface, can appear in vortices influenced by native impurities. Our detailed analysis reveals a
new mechanism for the emergence of those Majorana zero modes, i.e. native tuning of bulk Dirac fermions.
The discovery of Majorana zero modes in this homogeneous material, with a promise of tunability, offers an
ideal material platform for manipulating and braiding Majorana zero modes, pushing one step forward

towards topological quantum computation.

A : LiFeAs, Majorana zero modes, vortex, scanning tunneling microscopy
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Liu, Fazhi Yang, Xiancheng Wang, Shixuan Du, Changging Jin, Liang Fu, Hong-Jun Gao*, Hong Ding*,
Majorana zero modes in impurity-assisted vortex of LiFeAs superconductor. Nature Communications 12,
4146 (2021).

Prediction of Two-Dimensional Quantum Topological Materials Based
on Metal Organic Frameworks

sRALAF
R AAF P OREF, K, ¥% 100190
Email: zhanglz@nanoctr.cn

# Z . Two-dimensional topological materials, such as quantum spin/anomalous Hall insulators
(QSHI/QAMHI), are a highly promising class of materials for spintronic devices and quantum computations.
To date, the investigations of topological materials are mainly focused on inorganic systems. Compared to
the inorganic materials, organic materials have potentially the advantages of low cost, easy fabrications, and
mechanical flexibility. Here, we propose several 2D organic topological materials in three families of 2D
metal (M) organic frameworks (MOF): M2(DCA)3 (M = Cu, Au), M2(DCB)3; (M = Cu, Au) and Mx(C,04)3
(M = Re, Pt). First-principles calculations show that M2(DCA)s (M = Cu, Au) are intrinsic QSHI which have
been synthesized in experiment, M2(DCB)3 (M = Cu, Au) are intrinsic QAHI, and M2(C20.)3 (M = Re, Pt)
are room-temperature QAHI with the spin—orbit coupling gaps >120meV and Curie temperature >300 K.
Based on the orbital and tight-binding model analysis, we also confirm their topological properties and
explain the original of these properties. Our findings not only enrich the families of the topological materials,

but also provide a new avenue to track these materials in the 2D MOF systems.
REEHE: SR AVE SR, Ik, gk Sk
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[1] L. Z. Zhang, Z. F. Wang, B. Huang, B. Cui, Z. M. Wang, S. X. Du, H. J. Gao, F. Liu, “Intrinsic two-
dimensional organic topological insulators in metal-dicyanoanthracene lattices”, Nano Letters, 16(3): 2072-
2075 (2016).

[2] Y. X. Gao, Y. Y. Zhang, J. T. Sun, L. Z. Zhang, S. B. Zhang, S. X. Du, Quantum anomalous Hall effect in
two-dimensional Cu-dicyanobenzene coloring-triangle lattice, Nano Research, 13(6): 1571-1575 (2020).

129



H

B4 2023 RS

W ICH EAR H

SEREES/HSRBEBSRREPKEERNAZ R FRER

PR, ALY EFH KM, A, £E, 43 KKFY gl
L BAFHARKKFHAAFE S TR, 28EE 230026
2 Ly KFEWILFER, T &AM 510275
S EAFHAR K FHEAFFIR, LA 230026
o B AR HAR K F B RS ET 80T P sAR (ICQD), “#i4- e 230026

Email: wangzh356@mail.sysu.edu.cn; binxiang@ustc.edu.cn

WE: BREEYEAE S 2 P AN 2 WA Fett, (EORIEEER, AAEBNe RIS Bk
DA B AR AR S T 40175 ) e = B A rRR RE S AE BRI P B UM IR KB, A
X B e = A R T SO A R R N R T B A B B R S R AR A 2k
Witk Z 2 HiE =B AN IR SCHE, AL SRR /BRI J 2 o T BT DL S R e R T
I HSE T A5 R SRR AR E IO VERE, 1T R VAR AR A 5 A 1 R B A () 25 AL R I AT
T R T AR DA A AU ISR B BB SR O 7 AR A SR8 6 o AT T AR B OOR] VA
Bk )R FesGeTer Mrk My >R HL 5 34K NbSez, I 1 — AP HIVEIELL)Z KAk SIF/S d3fF.
XA BT SIF/S SRR F Ak, SR s BB i BHAS DU AR 3 HL L (~ 300
nm). SEAERISEIEE FIT, 12 KRR T T R 3 BT S F O E AN e S, S
T EET PR WIERG RIS . XAEEFIUESE SIFIS FAFEAN R T-4& Gl bidi it 29 B R ARk 5
B, e B KBRSV ) 3 KA S . SN2 KIS S A RN, AT 7T 1A
SEH T PRI R S I BRALA . T I R R AR SIFIS Vit MR R BREEYE S S IR AR TR
M BT —ASEE TS . S RES A 2B A e, O 4B B R T T R T T
REAS T AE L] DL SEBL R AN 3R B T — T T 5

REEHE: FesGeTez, NbSex, LIFRARFILS, KIHESHER, BRI
S35 3Rk

[1] G. Hu, C. Wang, S. Wang, Y. Zhang, Y. Feng, Z. Wang*, Q. Niu, Z. Zhang, and B. Xiang*. Long-range

skin Josephson supercurrent across a van der Waals ferromagnet. Nat. Commun. 14, 1779 (2023).
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VIBRALN . FRATIE R T iU & BB A VI RL TaS, KWt ORI FIE LT, 76 TaS: 1 Ta (L F4514)
RE TR Ta [T BA—DNREEME T X1 1T I TaS,, HAEMRIR T B A B Rk,
B 13 4 Ta Ji 7 JRER LKL David Star(DS), {13 XG0 Ta JiFHA KRB BT, XA &
FURFRY, IXRRORIRHL TR RIRIE S A T FORL TR T

PR PSR 7 — b F > B Ti 38 2% IR IR IR f T 3RS 28 IR R i s 2 el e A
R A R AL T BORT OB T Z R BLAR A . T 7 Ta JrA— A mANRE T, T
B fe Ta 2 J5 Al IAEASAR R 7 @i AR D0 43 XS B2 DS AN AR R ARECKH fL 7, AE D i R HL
=R Triangular Star(TS). JHIE PGS Ti FBIRKEE, W] LAt — D0 FU SRR v 1 2 8] A AR LA
Mo NIEIRATSE W TP ISR AL, JFAEsLIe EXUINE] 1 /i) TS B, e, ﬁmLt%W%
A 5 SR SR LT B R S EE B IO ER AN, FESRIER L TR R I FE R e T A R A 22

SRERAE: FAMRETE A, SRR AR A R L R R AL S
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[1] H.Y. Li, S.W. Li, E.C. Regan, D.Q. Wang, W.Y. Zhao, S. Kahn, K. Yumigeta, M. Blei, T. Taniguchi, K.
Watanabe, S. Tongay, A. Zettl, M. F. Crommie, F. Wang, “Imaging two-dimensional generalized Wigner
crystals”, Nature. 597, 650-654 (2021).

[2] X. Huang, T. Wang, S.N. Miao, C. Wang, Z.P. Li, Z. Lian, T. Taniguchi, K. Watanabe, S. Okamoto, D.
Xiao, S.F. Shi, Y.T. Cui, “Correlated insulating states at fractional fillings of the WS,/WSe, moiré lattice”,
Nat. Phys. 17, 715-719 (2021)
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HE: P15 kagome A E} AVsSbs(A=K, Rb, Cs)lH T HAIEH I T . [ROEE /RN %R
e FHIC XS 25 B ST B MM T 4% 52 0 o BR T =P AVaShs H -5l A7 CETHT P 2 X 2 8 ¥t U 1] 147 L A
Y% (Charge Density Wave, CDW) 4, 7E RbV3Shs Fil CsV3Sbs 1) Sb KM I L F] T 1 X 4(4ag) H-
[F) SR 80U, 1% dao 2 S0 RS E AN I B ATOAF i o AR A adaed Al FH AR ARG iR A i e S Ak 5/
% (Scanning Tunneling Microscopy/Spectroscopy, STM/S) 71, RGIHHTFT T CsVaShbs H Sb T L
[ dao 2 SUBRMTT . BHFERINZ dao 2RSUTERCRIN R R U WAREAAAE,  FF H IR fw A0 57 0w 1 1)
STM BEURAE X EL BE AL ReE, X2 Peierls Y HLAG 25 FE IR bR G . Bk, 7EZY 60K Il 5 il LA
T, dag ZKBUFAZHRINZE Cs JR PR mskia. KRG AN W, HA&EE. AT
YEN CsVaShs HAFE B ] HIAif 25 P % e it 1 S ik 4t

SR EEES, FHPEE DAL (STM/S), kagome # 544k, HAFZER (CDW)

SR

[1] H. Chen, H. T. Yang, B. Hu, Z. Zhao, J. Yuan, Y. Q. Xing, G. J. Qian, Z. H. Huang, G. Li, Y. H. Ye, S.
Ma, S. L. Ni, H. Zhang, Q. W. Yin, C. S. Gong, Z. J. Tu, H. C. Lei, H. X. Tan, S. Zhou, C. M. Shen, X. L.
Dong, B. H. Yan, Z. Q. Wang*, and H. J. Gao*. “Roton pair density wave in a strong-coupling kagome
superconductor”. Nature 599, 222-228 (2021)

[2] B. Hu, Y. H. Ye, Z. H. Huang, X. H. Han, Z. Zhao, H. T. Yang, H. Chen* and H. J. Gao. “Robustness of
the unidirectional stripe order in the kagome superconductor CsV3Sb5”. Chin. Phys. B 31, 058102 (2022)
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WE: JEHH SR CsVaShs K i HLGT 3 FE i (CDWD L HILAT Al FIE DL R 5 R 5 3 A7 1
Bex) & L2 (PDW) S8 ar ) B 532 212 ki . WEFT CDW AR HGER T s, S5
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B LT A ORI R T 73 57 HL 1 O ROV AT B o AR B IR n] A R SN LT B
I AT FUR T AR R LT i A ORI A 2T B AR L, S THHREIE BB (STM), K
ITEARIE 1 Ti JTERB IR CsVaSbs 177 57 HiL 1 Fr AL G SIRIAL OS5 R, 7 th P AS TR 3
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Hu, K. Zhu, L. Y. W. Zou, H. Zhang, J. P. Sun, J. G. Cheng, C. M. Shen, X. Lin, B. H. Yan, X. J. Zhou, Z. Q.
Wang, S. J. Pennycook, H. Chen*, X. L. Dong*, W. Zhou*, H. J. Gao*, “Titanium doped kagome
superconductor CsVs.TixSbs and two distinct phases”, Sci. Bull. (Beijing) 67,2176 (2022)

133



St [ L2 2 2028 AR 2
E TR I, PO T
N T
R 4N tres
ST

MR RF €THRFHIAEFR a7
"Email: xiaomu.wang@nju.edu.cn
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S MTOTIEREE AR, R SCHA R, RN TR R . kil i e 182k T REr AL
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B m i B oTHE SRR R R RO G BRI ARV B AR, R SEILZ B AR AR08 e, M
EE T2 P ARBA MK, &R0 i BIARAE M As e v AT A AN PR 32025 R A5 J7 T HAT S A L%« SR
fegie @y AN DR s, @RI SO RS ERICRCRAR, PR E T RCR (G
T (~10*-108 E 4. R <e)E G R IR A ZE A, W DA B B, ARG ) 2k Al E 5
NS B, RSO RN T IR AR . Sy — T, AT DL R f R, Kl — 2
TFE LS WOCHIABIE S Bipdi B E S KBRS RS SRk 2D, wTLL
E 1R < AR RN v A& A an 45 4, ST B NS0 7 ISR IR A
JEIIS R A R PEREAT RSB, SEEU HL 7 A S E M R R TR 1%

STt AR AR TG 6 A R T A B < R AR AR R AL, RGUT
TRPRIEE R BETE S TR A R PERE ST S AT, 3RS T RS TR . AR, R TR
Tl S AL R A ) R R TR DTRR T B BOR, #8017 SEBUESIAT 2 Mg KR I
OSSR B AR R 1R B R BOR R AL 4R H T L RIS BT/ T H T R BT, TR A
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WE: FE N TEREN KB RRHIZR, 25— A O R RS, A7k S REIZHT R
ARGRE IR . AP F T T St MR AR 5 R AR S B O T BRI S AR, 2R
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KA. RINAE, TR, CARPRL fER 1A

MANFEA: XFER, HEHAR, AR, SRREMBTEY L, SER¥METY¥S
i A o 7o e, B AE R R S RLBE N R E LE A T, BUEIR T B B R 5 R G
FORWE TR . WEFCTT IR M aE R BB B B A et PARO R RGN L. ERFER
HERFFIE . B HRZREMBEX TR Caft) FmE, S3RPEPHME LEEFEAA L
T2 R TR A E I B A E BoRER B DUE —EE @ T E R KRB 21 /5, 645 Nature
Nanotechnology (6 £ ) . Nature Communications. Advanced Materials A1 TEDM Z£ AT/ <83,
A TAERE SCT @5l (4 5%) « #Sie s (2 /) SRR, BIRAFME A 3 1% R Y LAEW Nature
Nanotechnology PP Ay 48 46 5 5T DA A3 o SR AR ME LA .
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WE: 4 TR R B A MR SR A BEVE RS, FERCE T a2 2 AT . A
AN FIRTE ) — 4ERP R VS SR A S R 454, BT AR ML AR Do Re . &1k, AT
F FURFIERT MoS2. WSea, ZEGAHFIERT h-BN S8 9% A 1t R i 45 IR R de ik, £ 57 4l
TEIRNL AR R N A A S5 T TR I, RIE 1A L [0 i s 2% 1 R 1E LR AR B R b
PAK BA H BT NKHE T MoS VWTE R TRINAF (20ns) H5ttk. BbAh, £ —dEdeft 5t T 2ZaTr
I, FAVREWL T 4RGSR BOh A 4RGSR A O R, BL45 T 2D MRHE UE N
FFHEPEATI A RAERME, R T ARKRKETT 17 K AT e BB . e, FATER
B AR B SR A S, 5 R AR RS AN e SR SR T T T T ARSI,
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[1] L. Liu, C. Liu, X. Huang, S. Zeng, Z. Tang, D. W. Zhang*, P. Zhou*, Tunable Current Regulative Diode
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Mater., 2022, 8(4):2100869

[2] L. Liu, Y. Sun, X. Huang, C. Liu, Z. Tang, S. Zeng, D. W. Zhang*, S. Deng*, P. Zhou*, Ultrafast Flash
Memory with Large Self-Rectifying Ratio Based on Atomic-thin MoS2-Channel Transistor, Mater. Futur.,
2022, 025301.

[3] S. Wang#, X. Liu#, M. Xu#, L. Liu#, D. Yang, and P. Zhou*, Two-dimensional devices and integration
towards the silicon lines, Nat. Mater., 2022, 21,1225.

[4] J. Chen#, L. Liu#, J. Huang, H. Chen, N. S. Xu*, S. Deng*, Interface Engineering for High Quality
Bubble-free Vertical Van der Waals Heterostructures. (unpublished work)

[5] L. Liu, Z. Cai, S. Xue, J. Chen, N. S. Xu*, S. Deng*, and P. Zhou2*, Mass Transfer Printing of Wafer-
Scale 2D material Arrays for High-Density Devices Integration. (unpublished work)
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WE: By rEE M BRI IR, B TEREAC. TERFEORINE A, M
H TS o TR R E R Z R o 45, T2 Aot 7 0 B B ER, I fEE R
SICRAG . RSP EENERE. yT S T AR GhE o f s R TE RO F R S RS, FRATTER
T BT KT R o A5 R B R R R I, IR R T T o A S KT B 2 A TR
(IR ITEE s BRI, BT B o AR KBS 2 445 H U AT DASEEI Ik 83.7% 1) K S A e AT
4.4X10° Alem? [R5 BER, e OB AL GEbE o HL TR IR B s RO R (48.5%) Filiw i R A
£ (2.25 X102 Alem?) o JE T 7K~ Fi% 28 45 ri I8, AT A 1 IR RS 2 v YR RT IR ATBE 2 el YR 4],
££ 600pum X 600pum AN SEIL 1 36 X 36 N IFATHL T USRES, SRS LA 2 1 mA, K LR RIS
£ 0.28 Alcm?Bl, HE—IBHF SR I, BTl g AR RS 27 H YR TAE S EERAK, RETE M4 8 Pa
PR EZS R TAES, I BAG R HIRESI— 1, 7E 15X 15 (34T BT IR PRS- S8l T 99% L 7
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FE: WIS TR T HA SRR IR FREE AL IRIIFE. KAdn. M P iy,
I 2 N T IS S AEVERE 0 HL AR g b o AP — R FH I A v AR s R, L O AR AT
SRR ENME R FIBHE .. ThiREm A 2. AEANINS TR L HEDSk, RECEf
KE R T H A IR AU IR 7T, MELA R m e B, K AE B HL AR A IR HE s AT R A9 2R
Yo ARSI RAESS B FIE TR0 & TARBUIT R P4E (=20 nm) [I/STIACEIDREEA M . 76 107
Pa M3 RS E A N, X H AT 2R AT RAE . HARBI SR RIHE BRI A, £
AT ik 100 A/m2/sr/V, BEHH S AERUIRE 0.17 eV, HAELU/N T 1% shitk 884 & TAF 16 h,
S A KT 1000 /N [ @30, BB TERZER RS S B P T HEREIITE, 7E 60 KV N
MR, 2287 5 AR TIRRESN RS (96 pm) A EER, IE HE RS Bk ~ S
BT LAY H YRR N T RE R REL. AL, LRELL/NT 1%k s PEAEIESE 100 /NI AR E AT,
FEILAHRIE 1) B R e A AR s rE IR, B A A B F IR AR R T T P BL | B % T
VEREILT 7544 50 40 K 4 BRI BRI R P 52 o 82 P T 3% A3 - B B« 85 F P SRR I/ D Tk 2%
(18 77 -

SRR IR BT NIE, A0KME, IR, B R
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[2] S. Tang, J. Tang,” E. Okunishi, Y. Ninota, A. Yasuhara, J. Uzuhashi, T. Ohkubo, M. Takeguchi, J. S. Yuan
and L.-C. Qin,” “A stable LaBs nanoneedle field-emission electron source for atomic resolution imaging with
a transmission electron microscope”, Mater. Today 57, 3542 (2022).
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WE: REWEIRIE N BT IR 2 H TAT IS . R R IR 28 45 Bl 4
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WA FRH IR BRI R SR, R LT, RE T Z2MEAR B BIRES, Hrik
g H LR FH B N 32 R 9 T 7 SRS [ A 140 T e AR R V2 s B 43 [ A LA L i i
BSOS IR EAR R (K PERE B
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1010°Cbr, SCHUR BT 3AIcm?, FELETAE 41517 /NN, MR RS BIR R W46 R 56 () 90%,
BT T 1.84eV. JESETAE 65346 /NN 5, ARSI HLIAL I B 46 K A K 80%, % tH Dy b Tt
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M LZHAENE. RUATTERMES B R R RN SR B EIRISEE 2 SUA B R R
MRS LR, TR SRR DUIEBOR 3T S 30 FURE L PR T 18 HLAR 5 2% (T R4
FEFT R C A B AU SR T AR IR . AR MR R S WA AR R SR AR P R, Bl Ge L
FE AT R E O R B A E RO SRt e, BdE T B R 0 i AR SR SRR e dR A . R AR IS
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AU AT EAAM B SRR R R R T . — B NHERE T R ARG T 8t 5T,
FOT I FEAH ARG ds . TIIE R & . RS 52 TERY. BEELENAFGIETRE, &
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P StV T I AL — B SRR AT O . AR, SR ST R RSk
i, A% Geik TR Bk B A 1 25 WA 37 B o T AT oRAT SO0 S — ik rERRL 2 R R AR
FERE BB, A R o Rkt i 2k AR AL AT SR & — APk TEIX HL, FRATTZE A ReSz. h-BN Al
YRR AR a -InaSes T AL TR 5K (vAWHS) SR OUHIERE £ B AT DARS E AT RO Ak Ak
a -InzSes, AT LATE M mMEREAE 5 AT B TT Y FR B IR AR AN A0 FELAR I N AR o AE AR 5 R MEAT
firds, HARFMERE O, KIFECH (109), ERImFRIRA R (10 A) A (Al FH 14 (104 s).
EA Wi Bmas, BAT Z M rT i BAT A, I B RA REIRLEL (3X10%). [F] s FH Tiia &5
PR, SAE AT LRI B 1) £ rE 237 38N e R VR i, R I HH B 1) BRMEL DX 38, 5 2B Ih#E
WA e 7~ 1Bk FR VG A S o 45 2R I V2 R R .

140



H ] 78 24 2023 SEARAES W EAE

H

REEE: PRl JEAEE RS (vAWHS), XU S, JE S RVEAAERS, RS, R A A

m

275 3R -
[1] A Century of Ferroelectricity. Nat. Mater. 2020, 19 (2), 129-129.
[2] Qi, L.; Ruan, S.; Zeng, Y. Review on Recent Developments in 2D Ferroelectrics: Theories and

Applications. Adv. Mater. 2021, 33 (13), 2005098.

BRAKRE R AR K #HZE B hEE B R R R G5

EERY KF?2 2HEHELVIZG AP RS E2
Ve FHERFETHF LS TSI, WA, W% 611731;
2Ly kK F T 56 TSR, SRS, BR% 510275
“Email: yuanxs@uestc.edu.cn

W KRR R ARG R A BORBZ e F, A BT R 24 I A2 H i AC#b
2B DR B R IAR IR o JETRRANAKAE ¥ BAARAIT il (X A 24 [0 e 7 AR A B Al AT
R i HHE SRE SR AL EINE G M T ARG RS, R TRECR A S Il KRG
W 0.4THz - FLZBRANAE ¥4 BAAR [ ie & F6 i AR AR 48, Al A 245 s AR S A4S 5 5% AN IR
MEIDAREAT 1 IE AN S UG TE . FRATH R AR SRR S5 R, BESE T RRINKE 4 B A 2445
SR ) Ik R R G AT AT

REEE: KA, AR, K2k iz, B0

Ka 371E% 1kW Bk of 2= (BT B RO R

Fl#Ara*  FhEE i AAE NeH
AR RERARNS], LHET, ¥4 211800
*Email: yisu020220722@163.com

WE: TR HATHE TRCE R TE P — R m R EHSAR T E &%, &
SCAVE T EETT2) T Kalk BEIKWI K 2 )47 98 A IR AR BT ARl ik e, AR A 2 SE 3G HZ 7y i v [l
W, Bkob TR =1 kW, a5 H20%, 35 =42dB, BRAERS2%LL L, AN TR 5 <0.8dB,
HME R ~F298mm X 92mm X 68.6mm, FE1.9kgIFAIRES,  Fabrik 2 E Brde K.

141



H

2023 HARES

A5

s
Dl

W ICH EAR H

REEW: Ka BB, 1kW, Bk mAT3eE, M CrEd)
e = PEN

[1] Z2chs. EA 23 SAR KRG A KR R S () R EREEN A2, 2011
[2] FEEAFH . Ka BB IkW Bk AT s sl [0 . (EAR =4 —TH iR C4E), 2019

142



H ] 78 24 2023 SEARAES W EAE

A\
¢ Re
S

g M
W kg
zg)‘?:'
R
Ay
=4
o

EENFTEER 2D/3D BEEAR

IS B BT
ATEMEMRARFENEZAF SR TS5, 4L 100191

“Email: gionghua@buaa.edu.cn

TEE: P IO T — RSS2SR R 2D/3D WS . Z BB B A E S, @i
FL P 0 R 5 P i R SR SN 2 AR R, IR IR IE TR 2= . PR E SRR 41 5 2D
BORFFRE M AL 2D3D AR WHEI RIS T IELE A AR SN IR 22,
FLAR fna LI RIY 2 50 =80, HHEAG 2D/3D M BonThae, HAT WM N AT 5.

KRB WRES, B, ESOLEARS, 2DBD &R

&35 3R -

[1] C. Liu, Z. Jiang, X. Wang, Y. Zheng, Y. W. Zheng, Q. H. Wang", “Continuous optical zoom microscope
with extended depth of field and 3D reconstruction”, PhotoniX, 3, 20 (2022).

[2] F. Chu, Y. Q. Guo, Y. X. Zhang, W. Duan, H. L. Zhang, L. L. Tian, L. Li, Q. H. Wang", “Four-mode
2D/3D switchable display with a 1D/2D convertible liquid crystal lens array”, Optics Express, 29, 37464-
37475 (2021).

S SPGB R AR R

E
PAE S RAE R BRBRBRFRE T M

“Email: wangtw@aircas.ac.cn

WE: KA T SIgasb e a), R Is:. MoplaE. B A 555 SRR i
EHTNENT B AR R R T 1 ) — R B AT K 28 SEIR i 781 6, B4R AR I AR &
gt #TEH (1-30THz) KMFREIHIREAE Rt IR RSG5, LURAE “4ERPRIE 7T )7 T B 1) &
REE, (RN BBl 58 I 220 A 2 471 4 0 2 PR 3 R AT Tk AT A, A3 T 5 AR 24 B B
LRARALIE R S T, ARG A AR 2830 BV SR AR AT R

143



W ICH EAR H

H

BS54 2023 SEARAES

RIhFER FRIIBFHFNIES RN

1% 4 1%
FLRFACMBERRKARLELERE, T AALTHHEBRRELRRE, €T 5246145
M2, JTHRJM, R4 510275;
“Email: paulyang68@me.com

WE: AWM. N TR G5 o7 iR BRI, AT E YRR ¥t i 7 R S naE bl
FUK R (EPD) BAG RIFHIBI LR . BB RThFE ke i S B R S5 M A DU ARl . SR
R AR R AL I AE AT 2 T R R @8 7E N — N BRI AR R /0, AR AR i B
AR 7RI AT, AEE AN TS, TR T AR i DL S S ] o R R
VAR A, DI T3 ) ELIBR R P B I s AP ARk Sl TR BRI 1 6 o
Speaker Photo, Biography & Abstract

YR 5
Photo &

Biography &

Bitafi, Tl RS EER M-S, $04E SID 2023 [H PR s S or B2 R 5 . SID 2022 [E PR i s 5
2 a2 CFERI E % . 35 [E SID 4E42> DW2021 Seminar ., HE ICDT 2020 o8 K& FEEFE . SID
China HL FACRIZEME BoR FIR T A SEI . 2017 EPx SID Rtk BR TR B HAL RS
2> Oversea Advisory Board Ji% 74« 5 [E IMID SR HRZE 7 ISID o252 AT &I =6 9 S5 504 2
RERS . WFENHERIT, ERMER S FAMPER R CEHENF. KE SCULSIE T
100 X4, ENAMZERL R 40 RIT, FFF 863 11 RI/FFEEEE R YGRG/IHE 3 T, NESIER bR
SHORIEIR S 30 K, FFIREPR IR 284 SID 2022 fe i e, E PR R4 54 SID 2016
AR, HARLERY 2 IDW 2019 i ER S0, EHPRE/RY2 82 SID 2021 kw2, Eis
RS Ab R 4> 4> SID 2021 Bk R .

144



H

H

B4 2023 RS W

Holographic Waveguide Display Technology
Yuning Zhang

Joint International Research Laboratory of Information Display and Visualization,

School of Electronic Science and Engineering, Southeast University, Nanjing 210096, CHINA

Augmented reality (AR) has received huge attentions nowadays. Generally, an AR system should
Combine Real and Virtual Images. At the same time, the virtual content can interact with the real word in
real-time and appear fixed in space. Different from the virtual reality, the see-through ability is an important
feature for an AR system. To obtain the See-through ability. Typically, an off-axis optical system is required
to combine the real and virtual image.

However, the traditional optical structure illustrated in the figure suffers limited field-of-view and exit
pupil size, which is due to the inverse relation between exit pupil size and field of view. In addition, such
structure is usually heavy and bulky, which also limits its application scenario.

As an alternative, the waveguide structure has been proposed for years. The advantage of the waveguide
structure is that it is easy to obtain a larger exit pupil by multiple total internal reflections when propagating
the light in the waveguide subtract. Specially, all the couplers are thin film gratings, so such waveguide
scheme makes the system as slim as possible. For such planar waveguide structure, the elemental display
system includes the micro display, collimation part, coupling or turning gratings, a planar guide. This paper
will review the progresses in such aspects from the view for AR applications. Special focus will be on the

coupling gratings, and especially the polarization volume grating technology.
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Beam deflector based on dielectric metasurfaces

Kangkang Chen 1, Enguo Chen 2", Yun Ye'?, Sheng Xu'?, Kaixin zhang2,Jie Sun'?,Qun Yan'?, Tailiang
Guol?
'National & Local United Engineer Laboratory of Flat Panel Display Technology, Fuzhou University, 2
Xueyuan Road, Fuzhou,350116 Fujian Province, China
2Fujian Science & Technology Innovation Laboratory for Optoelectronic Information of China
Corresponding author: ceg@fzu.edu.cn

Keywords: metasurface, nanostructure, beam deflector,wavefront shaping Metasurfaces have emerged
as a platform for novel flat optics in recent years. Metasurfaces enable arbitrary wavefront shaping with
unprecedented flexibility by producing controllable abrupt changes in the phase, amplitude, and
polarization of light waves at a thickness comparable or smaller than the wavelength of light. Metasurfaces
have been demonstrated that have unique abilities to manipulate light for a wide range of applications
including wave converging, polarization controlling and beam steering. This letter promotes a dielectric
metasurface for beam deflection.

A dielectric metasurface consists of a rectangular lattice of periodically repeated supercell. The
incident wavelength is 550nm.The period of nanowires is set to 250 nm, about half of the wavelength, to
meet both the equivalent medium requirement and weak electromagnetic coupling between nanowires.The
elements constituting the supercell are nanowires with a height of 1um and a circular cross section to
ensure polarization independent operation.The variation in diameter of the nanowires elements in the range
of 30 -120 nm helps to achieve phase shift (PS) variation in the whole 0-2x range. The diameter is smaller
than the half of the working wavelength to inhibit a diffractive effect.

To achieve beam deflection, we design the PS to build the inclined plane wavefront.We assume that the
incident light of the vertical is the plane wave. We design a metasurface that is able to deflect the light at
angles of 107, 20°, and 30°, as shown in Fig.1., respectively.The transmissivity is calculated to be 84.5% ,

82.1% , and 69.8% for a metasurface deflected at 10°, 20, and 30°. The planar and compact configuration
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together with high spectral resolution of these metasurfaces have significant potential for emerging portable

and wearable optics technology.

Fig.1. Beam deflection-based metasurface: normalized light intensity for 10° (a) , 20° (b), and30°
(c) angle deflection configurations.

References
[1] Wang L, HuangJ, Hu Z, et al. Unidirectional-Emitted Resonant Cavity GaN-based Micro-LED with
Metasurface for 3D Display.Optics Letters.2021.

[2] Meinzer N, et al. Plasmonic meta-atoms and metasurfaces.Nature Photonics.2014.

Controlled synthesis method of sulfide nanorod

Longwen Yang 1,Yun Yel, 2* , Enguo Chen 1,2,, Sheng Xul,2, Qun Yanl,2, Tailiang Guol,2
1National & Local United Engineer Laboratory of Flat Panel Display Technology, Fuzhou University, 2
Xueyuan Road, Fuzhou,350116 Fujian Province, China
2Fujian Science & Technology Innovation Laboratory for Optoelectronic Information of China

Keywords: nanorods, Hot-injection, Cation exchange reaction, Heterojunction

P
L L u

St
L .}_
St

Ry
Ve SN

. '.."

(Ze G R
-k L
Wt 47 =

Itra-high resolutin field

Figure 2 Single-ended
ZnS—-Cu1.93S heterojunction

emission scanning electron microscope
images
In this paper, the Cu2«S nanorods with good morphology and controllable size were prepared by a pot
of heat injection method, and the nucleus and growth mechanism were explored. The experimental results
show that the prepared products are rod-shaped, the stoichiometry of Cu:S is 1.93:1, close to 2:1, the size is
uniform, the diameter is about 22 nm, and the length is about 62 nm. Experiments have found that the type
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of sulfur source, the amount of sulfur source, the reaction time, and the nucleation temperature have an effect
on the size and morphology of the Cu,.xS nanorod. The experiment found that the type of mercaptan is the
key to the synthesis of rod-like Cu>S, the change of injection temperature will change the diameter and
length of the nanorod, the reaction time has less impact on the synthesis of the nanorod, and the amount of
mercaptan injection has a greater impact on the size of the nanorod, the more mercaptan is injected, the larger
the size and the more obvious the change. Using cation exchange technology, the Cu* ions in the prepared
single-oblique djurleite Cu1.93S nanorods were replaced with other cations, such as Zn?*, Cd?*, etc., and the
single heterojunction ZnS-Cui93S nanorods and the ZnS-Cu;93S-ZnS nanorods were prepared by two
different synthesis schemes, and the morphology was maintained well. According to XRD analysis, the
arrangement of atoms within the crystal was almost unchanged when the replacement region crystal was
transformed from the djurleite crystal structure of Cu193S to the ZnS of the wurtzite crystal phase. By
adjusting the reaction temperature, reaction time, and volume of the ion exchange solution, the length ratio
of the two materials in the heterojunction can be adjusted, and the complete transition from Cu1.93S to ZnS
can be achieved.

It is expected that the preparation process of light-emitting nanorods will be simplified by cation
exchange technology.
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Augmented reality display combining optical waveguide and retinal
scanning

Zijian Lin %, Enguo Chen 27 Yun Ye!?, Sheng Xu®?, Qun Yan'?, Tailiang Guo*?
!National & Local United Engineer Laboratory of Flat Panel Display Technology, Fuzhou University, 2
Xueyuan Road, Fuzhou,350116 Fujian Province, China
2Fujian Science & Technology Innovation Laboratory for Optoelectronic Information of China
Corresponding author: ceg@fzu.edu.cn

Keywords: optical waveguide, retinal scanning, augmented reality, polarization

Augmented reality (AR) is the superposition of digital content and the real world to enable the human
eye to see virtual images and real environments at the same time. In order to obtain comfortable visual
experience, the AR display system needs to maintain a large field of view while taking into account a large
eye box. For this reason, a scheme called scanning waveguide display (SWD) has been proposed in recent
years, which combines the wide field of view of retinal scanning and the large eye box of waveguide display,
and its FOV is directly determined by the f value (f/#) of coupler lens. However, large FOV will lead to too
large gap between adjacent viewpoints, which may make the observer unable to see the imaging or partial
imaging at the viewpoint. An improved scheme of the waveguide display system is proposed in this paper.
The schematic diagram is designed as shown in Fig. 1 (a). A pair of polarized holographic gratings are used
to couple circularly polarized light with different chirality to the waveguide. For the out-coupler, the off-axis
reflective chiral lens array with two layers of f/#=1.25 is used to cross replicate the exit pupil of different
circularly polarized light and achieve retinal projection display. The structure of the out-coupler is shown in

Fig. 1 (b). The horizontal field angle of view of this scheme can reach 43.6° , and the distance between
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observation points is close to the size of human pupil. In conclusion, an augmented reality display combining
retinal scanning and waveguide is designed and simulated, and the theoretical feasibility of the scheme is

verified through simulation.
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Fig. 1. (a) An improved scheme of scanning waveguide display
system; (b) The structure of the out-coupler.
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FHE: LT GaN B i e iSRS AP AE AR, B 05 Mg 37 O 47D AE A7 PR A SR C AT A 2 TR, ) R o
AH B 55T AN E B BAGEE AL, [R)J53 S0 RE A R 4] ik B 5 2 PR AIC 22 20 2-3 DN, mT LA &2 /= 1 e GaN
F TR T 2RI R . L], GaN 2% Micro-LED DL 32/, mE AR, mifklHs
i A RS, AR RO T WGBS A A BRI S AR 2 A BT A SR M (H TR T
R NP (Quantum Efficiency Droop) FUREN, FE/NFELEE B (<1IA/em?) [FIH AL o AR HE 25 B
(>1kA/cm?) A WGBS FI TAEXE, Micro-LED #RACTE SRR XK LR AL E, BHAS T H A A
FEMVAG R o

X LA E, BRATRAZAE R R AMER A, M ABC Model it i &, Z%i#01#] Shockley-Read-
Hall (SRH) 1 Auger JF4a5S 2 &1, &, @ LLFERE Pocket fJ#it, Micro-LED #ME v HI K
BIEIE/NT Inm, B Wafer (9K 225 =2nm DAY S8R0 IR A E 2 ) S AR B, $RTHAE K
O o B AR R, fHRE 2 Ra B % 2 0.1nm.

FATR)FH [F) 57 S E J2 () A% B eI T 37 S A 8 FR AR 2, £ Mlicro-LED Bt Hsg 1R 7R
TUZFA P RIS A5, [RGB RN 7RI IV KR 8 RIE A A R L A TR X =
TR, BT 0-1A/em? FLRES B R IR R E BRI PUd R Tt .
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TR DA EEN . RGN SRR RG] T ATRERE. (2R, &Nia
BAFEREER. B TiER R G dig g m. PURS e sm5 5 nl. TRl LRt sk,
sl HL RSO e T A S PRI A A HL PRI 5 R B AR BRI A ) o 6 FLBEONL A A AR AT R A BN 22—
RN E ) T AL . AR T, FRATRACIRDT UL B WA SRR R RS B PR RERALL |
VRN SETT i A HE R, DRI T NI AP PR T 01 R SONE BT PR D' FEL ARSI RN P A% S T T
H9pei

KEEW: NI, JEHRN, MREAER, St R

AIN EFHIEETE S SFEMRIMNERR

BRREVZ BRIV HREFED TaMb B X4l
L R F IR R A LFAABEIMRE WA R AAF AL AR L E LFEE, FHKA 130033;
2 EAF IR RS, MR 5heF T4 .0, 4L 100049
“Email: lidb@ciomp.ac.cn

WE: AIN EMREA BRI, S0 34eV & 6.2eV IELLTTH, FAT R

priEE e, AR E e M T IRAIE R M T IR, RHI IR
TR LA S e A T 2 - 2 B AR AR . AN SRR o 7E W 50 55 e i R s e e A
WAL SAHDIR (MOCVD) B4 FIRAME (MBED 3R1%, KIS R EC AN E B AE AR A7 7E =
LRI G 2 PRI 15 AR R T AT LUK BEFEAIR,  (H2 AIN SERPRL SRR IE 528
T 10%cm?, 2T FEHTISNENLEL S A ARGEZRARL, e A7 S MoS 55, B AT H (e
AFEENE, HIEJR A AVEEE AR AR 2 TARGEAD R A MEBIE T RENS 22 iR AL 7 i M e e
FH R RS R B AT AR S, SEBL s i R T R AT RL B, BeAb, ST AR E R AN SRR 35 A0 IR
T LASEILANE 85 45 K PO f SR AT USRI 125, A S RAT SR A rL SR AR A S 2 W] 2 S5 7 T 1) 22 T
M. B, JT R BHEE RS ME R BT TOR e = S R SR 48 /)
A BN FE e B A D Ta s A E S AR T AT A . BRI R T R . kT [ A BRIV S
AL A TGO 6 A ) PR B R B R 23 3l SE B 1 e~ A 580G A0 MoS, IR A, —
AR BATEAER SNEAS K PRI A AR K BE RIAFHIAR AR, R MOCVD il
NHs Ab B SEHL 1A S8 I RAL N RT3 0%, A ROt B A UL AL S B Az s B, T A oh 2
JERETEIA AN [Fi, 32 7T MoS i\ B I Bt e S E AR Ve R 3T %, 3R
3 7 MR N #PE GaN, H I LR — MR D), tesh, JHE T 2 e Eit R ERL
VIRITEAEEAN S, SEIL c-BUR AIERILAE S, FFRIETE VG AR AR AN E R G rELERIN 25 1 1% RERE M o

G AN, JEEHESME, BRI, SEASESIE, R
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KBAEL2 PHmegt KR LAKY!?
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NGEREAY R ZE (LED) O Z A TR, RoRFNE S, SR E skl A
FR) 5 R A 20 7 7 L PR ) T Lk E AR o SEARAK FE3A 2 TE LED B TR A = A B B e 30 2 e kN
(QCSE), HHTRIZ /KRB EZS 03, FEEEN 2 &R G WEB AR 86117 55 9k
AN, XX 1-N LED IR, REAZTERA LED SoRr AT WO S (VLC) ZEHM4us 1) v
F 2R AR

E15%F 111-N LED ()4l 37 i) /i, AR AR @I ARG TFE R InGaN/AIGaN 8 it fs (SLs) #42
TERGMETH B SEIRT a5 Ak Fi3% Dt LED i€ o i 258 A% AlGaN 24, InGaN/SLs
ZETHE (MQW) Ak L7 AT FARE 0.5 MV/em. JE T 18984k Hi3% InGaN/SLs MQWs 1] 4% (]
LED JE3l it SRR Z Droop. R A4F A ACH E A = 1-3dB M 98, 1ER I InGaN/AlGaN
SLs #22 % QCSE MR HMHIIER, kT Fidatkib s LED Ml d@ 4t T —F i HEoR %
2.
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K 1. (@) PEstikibrls LED ssfFaitn @K (b~c) flEstib ilz & 7t
RAEAR; (c~d) gL Y% LED RALEE R

GaN E4I3% LED #IMER 56 &

EHRY FE L AL RIFEXT nx! AT BLIE2 BAT 2 E A3 Jason Hud FE#-F 3
Blieg okt
b KFHEE e, dbwx, #5% 100190;
2REFMREFETHRARARNS], J &K, R4 523773;
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“Email: wangshi@pku.edu.cn

WE: Mini/Micro-LED B KRB A S S, mxt b, SmrsEtk, R /% ay
KA, TERT BB EIE AR . P AMEoR, NS AR ER LK VRIAR, B RE % 8REEH
TVH B A B A ORI R R T BALIM B Va 7 55 T BN T WO By, RS IS 4
% Mini/Micro-LED 2 R ILIEMEHMA R, # S RATIE T 5.

HAT, ZAiEss LED Il HiR H i ledl, AMENLN LED Wil &R AP ER 2+
AR EREX—HAR M, AT T —F R S &2 b SRR fE kY & GaN
HNE JZ R T SE S 10 R T3, T E IR T InGaN 4% 2 & B IR T 1. FRAT
SEEL T UEAE KA 629nm. EQE A 7.4%M1 InGaN £15% Mini-LED ith F, Ht—b % 7 g K% E
) InGaN FE4£15¢ Micro-LED [ B A& AL 4% Mini-LED S Rtk . S84 HAE ] 1 2Lt kie
4% Mini/Micro-LED &7 N F A il 4714

A= ==

g8 GaN #4056 LED, MOCVD, Mini/Micro-LED, 42% IR
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WE. S (Ga0s) & Fhilivizti (~4.8eV) (L BikME, HEmdiFmim (<8 MVicm).,
i Baliga SR IKEL (~3444) ARAA AL AR KR L R HExT B H E /M BRI S5 5
PR AE D) 2R 254F (SBD. MOSFET) K H B 5 AMRI e B A7 S B N H o A ORI AR PR ZH
1E Gaz0s V2 M4 K H B SRAMRMZ AR ALt . XS T GaoOs Dy M Fa8 A TAE, 18
A GapOs R, Wl T mtERE L& 5 Gap03 SBD (PFOM =1.32 GW/cm?); F|H Ga,0s )
PEAL R B, BT I % R & SBD, i 78 HUR A F] 1800 Vs 1%t Gao0s #ELASLEL P #l45
AR, SN p B NIO A1k}, W] NiO/Gax03 5ot PN 45 AR, Il el KLk At i i A A
At s B — 2D Hh R FH &5 i 4 R G540 (OTED BB K T 255 L 45 & e i R A i i 8, PN 45 Al (250 °C,
1770 V); Ak, 454G p A NiO M5 Havatiaity, et JFseiigsn ! GayOs il . X1 Gax03 )t HL
PR A OB TAE, B TR RIAER GaOx, WIS H G55 TR THEIL T ORI EE T (Rl
AR T REAR D ARRIUE S R BUE M HEHRNE: MR CBFEEER, 28, av B e RS
JLER CELFER o A FER AL FET. JFET. HALHAD Jr RN Z AT 8T, SCBl 7 AR A =
PERE Gax03 HE SLAMRMI % S PRI S AR N A, Wit THRMIEESY (1010, 16x16, 32>32) Jf
SZEL T I M H AR BRI .

REEW: A, BTSSR, DR T, HERAMRI
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W [E IR AL MOCVD SMER %, MARBREESNE B KOS R R, $RH T R
AFRZES G AE KA, 7E c-plane W F A4 L4 T B4 B-Gax03 Al e-Ga 03 i, it A&
JE kb MOCVD 4 K H AR E— 5203 T GaoOs ML, 4T AN RIS . 7F B-GaOs WML ]
JFAE KB FE, SEBLT GaoOs MR A — 4 K I R LRSS MG E~0.5 nm, A1 E LR 4 75 5
5] S e B AT T ) FRI 5 R Bk o 7E(-201) B-Gap O B b, STBIL T A/ AGE v BB ) f5 s (K 307 T T RS e
it 140 cm/Vs, LB T EIBRSEHEAKCE . 7E(L00)RTES I, MBI % Sn 52T SRk B AR B, ]
IR S Gap0s T P E BRI RE A 1E FH T 7 S MU, MM T8 TI0 A
ROR R, RTE T S AT R R, A IR TR EEAE] 2.9 10 em3, AR REAIEK
MT TR AL H] 87.4 cm?/Vs, FEFEBRFSEAT . HEH T I AL S R S R SR AR L
) GOOI G5H4 41T i A0 S5 S0 24 S e 1 FELIZ T 8 WIS K T RVETRA M Mg . 2B p-GiaeOs R TT
T HUAG i B PN 45 £ DL ORI 1T PN SR 495 A 5 780 5 R A5 A5 AL BHT B, BT R T o
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ZEEALER MOSFETs, 3 USR0S i) A, R By S8 o 2 B I AT 2800 o I8 7 e s # 7t» E [E
B B RO B S R 45 S G NI S, JRFE T AL HI S Bl T R F S B P B BRI, S T
GapOs B & A i A 403k [F) S A 7 1) B i v E2 A UAINAEAE. 13.2 GW/em? LA K2 1 GW/em?.

SR FULE, SMERE, MOCVD, BiTh, ik st

EME RGB = A LHE Micro-LED £ K E5RB4Ni#HERE

XK FIELY AL AR FaL? KR 12
IR REETAFEI SR, %, % 210093
2EINMKF, BRITARETHRARIE, BT, % 361005
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WE: E T2 (GaN)IE L 2R Micro-LED FHEH G AW 2T IREFEH TR,
VR/AR FEAUL 5 S 7 55 5 TN FH 32 31 AR S5 P SRR 263 24 6T Micro-LED ot AR AT 1
EEHER R S8R 6B, O XK Droop RN SRR S ARMEM . £Fxf Lk 8, KA 4
J& A HLIEAL 25 AR TTR(MOCVD) — YA ) /1 i A K AR (GaN) i 5 & ke M, BF 98 T iR
SR EA R A A A KA RINLEE: AR KSS T ERE . §5463% InGaN/GaN &g,
SEIRFE LT KK 630nm fr) LED #844-LL & Micro-LED [%%1, Droop RN 433 B & 406 it I 4%
H— PR B IR A 451 GaN & FBHI-VI R E T AR LED, SRAEIMRYUK IR BRI ZIHR,
SEL 7B AR R RGB =67 20um*30pm JyJE HHI Micro-LED F%1, k455 (4% 45 380% (CCE);
GAEPEH T 3T 4 MoS MR TRT X2 FL IS AR 5 8 i 0 HF U AR Micro-LED 57t Jo3 4 it i
IRHTEE, SEHLT R 1200 PPI (S S R gs . EIRHTEE . B E R o o HEE
TNy BTG THEE R IR AL T Hr R oR % A%

FEE: ZLE (GaN), Micro-LED (5f/MNRSF LED), BN ILZE, &SI, Al LG
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FE: AL5E10 GaN HAOE — A (LED) I TAFE AL By, BRI T 3 7 s i 2 & e ik —
ATt T IRPEIXAS L, R AR AR IR 9 A TR B AR AL I AR . H AT,
Tk 3 X A AE VR 4% R I AP PE T =4 GaN 25BN, (R4 TR MRS T 1%4
A1) b A PR HET

ARSI T — Rl 4 i B 5 A PR AS IR BB 3 I = 4N 45 1 GaN SMEE KR, T &R
AP SARTTR(MOCVD)HAR , SRAME S 1) GaN“Pi B A K75, i A% a2 v 2 )5
LIS BEARAR ARG B it = 4E A4, ARSI 3 um A BE S0 A I B B AR K AR < B R
GaN =ZEZ5ry ARkl HARTm i/ o T ANME] 5755 Y RO PR AR PR T AL R O A p A
T, BB PRD A i i AR Z AR R TS R AR o B St AR ST, IRAT 13— [k
PE(LOLL)T . IR, 385 T4 L T S5 B (SEM), LR B3I L 045 IR S (1 e s 2 10 A7
T X RALE R AR e FE TR AR B A RS RIS EL, R4S T ASARR RS ARSI GaN =
eSS RADRE. HHE—2, TR A BB R B & T /NGB &7 A GaN =4E45H, 1
ai THEE LED FIJGHRIURCR M AOCIE R vE I R AL, (BRSSP Rl db .

BT IR A B AR B 5 510 = 4Ean S50 GaN bkl b, Je gt — bl & 7 2Rl InGaN
BTPIAOGEE, 8L 7 0 MESE LED FHil Al Bl i B s AE A, R R MR, BoR ik
P FE 702,

REEHFE: MOCVD, =Fiett, =4eght, Kot~ (LED)
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WE: = EEGUE(High Energy Photon Source) & %5 T3 B 1 28 DUAR YR,  RIALRE F /2 6GeV, itk
200mA. 5, HEPS ¥ BCAIRIE 28— & mie 2 FP RS GIR, 2t At 28 DA LD A S 6 IR
2 —. HEPS HLFEIIRRS . JooRLkuh. Ml L TR B R iiss . o hnidies th B4R ik a8 . s
2oy WERAFEAAIAE . HT HEPS RSB GEMELE, THZIR, St Esiiieg. ]
AR BT AN TR T2 EORAEE . ARSI T HEPS A RSttt iR, KA
RFTE 77, UL . H AT B INIES 52 R HAC R, #aH 1A E] 107Pa~108Pa
VEE WIRERIT A H T R AR A, SRR PR S ERE R WA EENEN

TROCATERN, BE A G T B A ) RE S5 1) A P A G IR 38 12T
TAPRRIAA R T2, RN T IEAERE T SER T AFHS RE RO SUE Bt —ERS
SRR E OB R, S AW, CHEAHEDE NEG &M,

KB fHAEH, &, WL e TR, RF Rl SUE

SHINE fiEsRRE RS
MAB Y pr At RMERL H e LEMET
L EHF R LS EA R, Lk, 9% 201210;
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WE. B X S A BB TS0 E (SHINE) IEAEERY, HinsEse s KEL4 2km, M8
GeV [ ELLE I 2% LU 3 25 A 2R 41l SHINE N 3% 2 35k 83 5 vy AUl (o inak 4544, th T o
Jo DR B0 T s P BRE AN ) 2 oK RS ORI IR R, AR I8 AT P AR I BUR S 55 S B0 e TR RE R B%,
DAL S DI 2 B2 RGO 1 B R H TR R R . SHINE DI 28 B2 R G0 1 X E oG
PEIE S B SR RGP RIS AT S5 25 75 B A B R R (e i Wy T, R
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Analysis and Research of Arsenic Thermal Cracker Based on DSMC

Yu Guangchen! Wang Junli!  Wang Xiaodong® *
'Northeastern University, College of Mechanical Engineering and Automation, Shenyang 110819
“Email: xdwang@mail.neu.edu.cn

Abstract: GaAs, AlGaAs film are usually obtained by molecular beam epitaxy. The intensity and
uniformity of the beam current directly affect the speed and quality of the thin film epitaxial growth. In this
paper, the analysis and investigation of As, cracking in the inner wall heated region of Ta in the presence of
transition regime (Knudsen number between 0.01 and 10) is conducted. Direct Simulation Monte Carlo
(DSMC) method is employed for simulation to assess the efficiency of Ass gas cracking under working
process inflow rates and temperatures. Additionally, the optimization of beam quality is explored by varying
the tilt angle, number, and distribution of holes in the diffusion plate. The Direct Simulation Monte Carlo
(DSMC) method is a stochastic particle-based technique that is widely used for simulating rarefied gas flows.
It was first introduced by Bird [Yin the 1960s and has since become a widely accepted approach for solving
flow problems in the non-equilibrium Knudsen number regime. In this study, the DSMC+[? module in
OPENFOAM is utilized. It is employed to simulate the collision-induced dissociation of Ass molecules and
the collision recombination of As, species within the cracking source, as well as the influence of
microchannels on the beam in the diffusion plate. By optimizing the design of the cracking source and
diffusion plate based on simulation results, it is possible to reduce As, recombination, enhance cracking
efficiency, and provide valuable data for the As cracking process. Appreciate for the substantial support
provided by the design and structural simulation of the cracking source (ID: 2022YFF0707601) in the
national key research and development plan to this study.

Key Words: Arsenic Thermal Cracker, DSMC, transition regime, Structure Optimization
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Analysis and Research of Hydrogen Dissociation Based on DSMC

Wang Junli! Wang Xiaodong® * Yu Guangchen?
'Northeastern University, College of Mechanical Engineering and Automation, Shenyang 110819
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Abstract: Hydrogen atoms are widely used in surface cleaning and thin film experiments. It is
particularly important to improve the thermal dissociation efficiency of hydrogen molecules and reduce the
probability of collision recombination. The thermal dissociation and recombination processes of hydrogen
molecules with Knudsen number greater than 10 in ultra-high vacuum are studied in this paper. DSMC
(Direct Simulation Monte Carlo) method was first proposed by G.A.Bird to solve the relaxation problem of
uniform gas ™ and shock wave structurel? in aviation system, and has been gradually applied to complex
geometric problems. According to different inlet pressure, flow rate, temperature, geometric structure and
other parameters, simulation was carried out by DSMC to study the influence of different parameter changes
on the thermal dissociation of hydrogen molecules, analyze the influence of beam plate structure on the outlet
pressure and the collision recombination probability of hydrogen atoms, then optimize the internal size
structure and beam plate structure of gas source furnace. The recombination of hydrogen atoms after colliding
with the beam plate is analyzed by monitoring the amount of hydrogen atoms entering the coating chamber.
At the same time, the relationship between the size of the cracking furnace and the variables such as inlet
pressure and temperature is obtained, which provides a good prerequisite for vacuum coating. Appreciate for
the significant support rendered to this study through the design and structural simulation of the cracking
source (Project ID: 2022YFF0707601) as part of the national key research and development plan.

Key Words: Ultra-high Vacuum, DSMC (Direct Simulation Monte Carlo), Thermal Dissociation,
Structure Optimization, Rare Gas
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#ZE: Roots vacuum pump has been tested in petroleum, chemical, plastics, pesticides, steam turbine
rotor dynamic balance, aerospace space simulation and other devices for a long time. Therefore, it has been
vigorously promoted and applied in China,lt is also widely used in petroleum, chemical, metallurgy, textile
and other industries. The vacuum pump drives the shielded motor as its core component, the loss and
temperature rise of the shielded motor directly affect the operation efficiency and safety of the pumping
system. The shielding sleeve loss and cooling system design have become the focus of the research. In this
paper, based on the theoretical basis of eddy current field and temperature field, after modeling according to
the given shielded motor parameters, Maxwell software was used to analyze the internal loss of the motor,
and the conclusions were drawn: The eddy current loss of the shield is directly proportional to the thickness
and inversely proportional to the material resistivity. The stator shield loss is much greater than the rotor
shield loss. The loss of each part of the motor was mapped to the heat source on workbench platform, and
the magneto-thermal coupling calculation was carried out by co-simulation with Fluent module. For the
motor, a cooling system with water cooling inside the shell is adopted, and a fluid-structure coupling model
is established to simulate and analyze the temperature field changes inside the motor. Comparing the cooling
effect of spiral type and reentry type, it is concluded that the reentry type cooling effect is better. This paper
has some reference significance for the design of shielding sleeve and cooling system of vacuum pump driven
shielded motor.

Key words: vacuum pump, shield electric machine, eddy-current loss, temperature field, cooling
system, magnetic-thermal coupling
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Nanoindentation Simulation of Silicon - doped
Diamond -like Carbon Films Based on Molecular Dynamics and
Artificial Neural Network

Zhili Chen, Yutai Liu, Quanwei Li, Wen Si, Guangyu Du”
College of Mechanical Engineering and Automation, Northeastern University, Shenyang, Liaoning, 110819
Email: gydu@mail.neu.edu.cn

Abstract : Molecular dynamics is a computer simulation method commonly used in the study of micro-
level materials, which is often used to verify the theory and predict the phenomenon. In general, the larger
the scale of the model used in molecular dynamics simulation, the more accurate the simulation results, but
the larger model will lead to greater loss of computing resources. The artificial neural network can establish
a mapping model between input and output after training, which can occupy less computing resources. In the
molecular dynamics simulation, the silicon-doped diamond-like carbon film model was prepared by melt
annealing. After heating to 10000K, it was kept in the molten state for a period of time, and then cooled and
quenched to 300K rapidly. Keeping the rest of the parameters unchanged in addition to the number of Si
atoms, In the simulation, nanoindentation of diamond-like carbon films with different silicon doping ratios,
silicon-doped ratio ranging from 0 to 30%, a total of 31 groups of simulation experiments. In this paper, 28
groups of 31 groups of data were used as training sets, 3 groups were used as test sets, the proportion of
different silicon atoms in molecular dynamics simulation was used as input, and the load value at the same
indentation depth was used as output to train the artificial neural network model. Finally, the trained neural
network was verified by the verification set.

Keywords: DLC, silicon, molecular dynamics, artificial neural network, nanoindentation
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Effect of fretting wear characteristics and damage morphology on
insulation performance of insulated bearing

Quanwei Li,Zhili Chen,Yutai Liu,Wen Si,Guangyu Du*
Mechanical Engineering and Automation of Northeastern University, 110819

Abstract:Insulation bearing outer ring and bearing seat at work is interference fit, when the motor in
the process of transportation, installation and service bearing seat and the outer coating can produce micro
wear, cause bearing vibration or shock, and changes the structure of the coating, which can make the
insulation performance of bearing, eventually lead to bearing failure under the galvanic action. In this paper,
the influence mechanism of fretting wear characteristics and damage morphology on insulation properties of
insulated bearings is explored by combining test verification with finite element simulation. The test
verification part includes fretting wear test and axial current damage test. Scanning electron microscope, X-
ray diffractometer and insulation property tester are used to test and analyze the samples. In the finite element
simulation part, the fretting wear calculation model was established by ABAQUS software, and the
cylindrical plane wear device was simulated and analyzed. The results show that microcracks appear on the
coating surface of the insulating bearing under fretting wear. With the increase of fretting cycles, the cracks
will gradually expand until the electrical insulation failure of the coating occurs. This paper will provide a
theoretical basis for the development and application of technology to improve the performance of insulating
coating and improve the reliability and stability of insulating bearing.

Keywords:Insulated bearing; Fretting wear; Alumina coating; Electrical damage
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Composition and Development of Vacuum Exhaust System

Li Run-xia, Han Yong-chao, Zhang Shao-lei, Song Yan-peng, ZHANG Ji-feng,
(Beijing Vacuum Electronics Research Institute, Beijing 100015, China)

Abstract: Vacuum exhaust system is a special production equipment for baking, exhaust, refining and
other processes of electric vacuum devices. The main device components and principles are discussed in this
paper. The ultra-high vacuum exhaust system of small batch production, semi-automatic sealing, ultra-
sensitive leak detection, automatic exhaust, X-ray protection and large ultra-high vacuum exhaust station are
introduced in detail. Driven by the application demand and the development of the profession itself, the
vacuum exhaust system is developing and progressing in the direction of production automation, function
integration and application specialization.

Key words: ultra-high vacuum exhaust station; Small batch semi-automatic exhaust table; Compound
exhaust system; ultra-sensitive leak detection
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Study on the mechanism of the influence of pore characteristics of
thermally expanded coatings on the corrosion penetration behavior of
fused calcium-magnesium-aluminum silicates

Liang Xiao yu', Liu Yu tai', Zhao Zhi peng?, Guan Zhong yu*, Wang Chuan bin?, Du Guang yu **
1.Northeastern University, Shenyang 110819, China;

“Email: gydu@mail.neu.edu.cn

Abstract: As the service temperature of aero-engines increases, the corrosion behavior of molten
calcium-magnesium-aluminum silicates (CMAS) seriously impacts the service life of thermal barrier
coatings (TBCs). Under thermal shock conditions, when the operating temperature is higher than the melting
point of CMAS, CMAS will melt and penetrate the coating along the pores and cracks, resulting in changes
in the microstructure of the thermally expanded coating and phase changes in the material; during the cooling
down phase, the crystallization behavior of CMAS will also produce adverse effects such as volume
expansion of TBCs, deterioration of the mechanical properties of the coating and reduction in the thermal
conductivity of TBCs. To investigate the relationship between the permeation behavior of CMAS and the
microstructure change mechanism of thermal barrier coatings, and to explore the process of TBCs with high
anti-corrosion performance, TBCs with different porosity and pore diameters were prepared on Ni-based
high-temperature alloys using atmospheric plasma spraying (APS) technology in this paper, and CMAS
thermal corrosion experiments were conducted in a high-temperature environment to investigate the effect
of TBC microstructure on CMAS permeation behavior. The microstructure of TBCs was observed by
scanning electron microscopy (SEM), the physical phase changes of the coating before and after the thermal
corrosion were observed by XRD, and the changes of elemental species and content in TBCs before and after
the corrosion were detected by EDS. The results showed that the higher porosity of the thermal barrier coating
would promote the lateral flow of CMAS in the TBC structure and slow down the rate of infiltration so that
the coating structure could be better preserved intact, while the infiltration behavior of CMAS would be
limited by the entrance angle when facing the larger diameter pores, and the large diameter pores with smaller
entrance angle limited the infiltration behavior of CMAS. This is different from the conventional perception
that large pore diameters are more likely to absorb CMAS. In this paper, the corrosion behavior of CMAS in
TBC with different porosity and pore diameters is investigated by varying the preparation process parameters,
to lay a theoretical foundation for thermal barrier coating process improvement and coating structure design.

Keywords: TBCs; APS; CMAS; Pore characteristics; Penetration behavior
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Harmonic Response Analysis of YSZ Coating Damping Performance
Based on Half Power Bandwidth Method

Li Pinan?, Liu Yutai!, Du Guangyu®”
'Northeastern University, Shenyang Liaoning, Postal Code 110819
“Email: gydu@mail.neu.edu.cn

Abstract:The blades of aircraft engines are prone to high cycle fatigue failure under vibration and cyclic
loading during service. The blade vibration failure caused by the composite action of aerodynamic load,
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centrifugal load, alternating load, and high-temperature thermal load has become the main factor for the
failure of aviation enginest™l. The current common practice is to add discrete damping elements to the
structure to improve the service life of the engine and ensure the reliability and stability of the components.
But with the development of thrust to weight ratio and the compact design of aviation engine structures, there
is an urgent need for a new way to delay blade vibration damage. At present, YSZ and other ceramic coatings
have been proven to be able to be coated on the surface of components through atmospheric plasma spraying
to achieve passive vibration suppression. In order to deeply study its damping mechanism and analyze the
contribution of its microstructure to damping performance, this paper establishes a cantilever beam model
with different porosity and crack density in Abaqus software, conducts modal analysis and harmonic response
analysis, and calculates the damping ratios of each mode based on the half power bandwidth method. The
results show that micro defects have almost no effect on the overall modal shape, but the presence of micro
pores and cracks can reduce the frequency response peak of the system.! According to the simulation results
of orthogonal experiments, the contribution of micro cracks to the damping performance of the YSZ coating
is relatively higher.

Keywords: Damping, Ceramic coatings,Microstructural,vibration suppression
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Abstract: Aiming to separate the trace impurities in crude antimony and to provide a foundation for the
preparation of front-end high-purity antimony, two processes of low temperature-high temperature vacuum
distillation (LHVD) and high temperature-low temperature vacuum distillation (HLVD) were performed for
the deep purification of crude antimony. The removal rates of Bi, Zn, and Cd from the experimental products
using LHVD were 77.20%, 34.78%, and 27.82%, respectively, under the optimal conditions of 1-10 Pa, a
holding time of 90 min, a low-temperature stage of 873 K, and a high-temperature stage of 923 K. The total
content of impurities in antimony was 39 ppm, and the purity of antimony was 99.9961%. The removal rates
of Bi, Zn, and Cd from the experimental products using HLVD were 43.89%, 83.51%, and 56.21%,
respectively, under the optimal conditions of 1-10 Pa, a holding time of 90 min, a high-temperature stage of
923 K, and a low-temperature stage of 873 K. The total impurity content in antimony was 52.94 ppm, and
the purity of antimony was 99.9947%. The trace impurities in crude antimony can be effectively removed
via a two-stage vacuum distillation. This study provides a reference for the deep purification and front-end

preparation of high-purity antimony.
Key words: High-purity antimony; Vacuum distillation; Crude antimony;Impurities behavior
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Preparation of Antimony Sulfide and Enrichment of Gold by Sulfuration—\olatilization from
Electrodeposited Antimony[J]. Minerals,2022,12(2).
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T ASCEPXT AR ARG R 70 B T EXKA T, 1HE REIEAT IS 1540 T A SCRR A 22 M
TEBN S AR, SRR, HES S A R AT R RSN AR, AR S
ZER T BELE A T 2R, HURES A EOb B, ARYE AR A R R AT T
KIS RA LR, S5 REONVIG . NAFRALER & T 25— I BER SR AEE SCRF .

REEW. Hlakit, SREMRSE, HR, s)ERE

SR
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FE: BT o BTmEEdl, R4EmaKesi BAFErmriir:, Sonthivr 20w b7,
H e 7 5002 Rt 2l fE b 2 i ROBE b, SRINBREE G K rh RO T 25 449 1) 52 2 AH ELAE FH 2 IR N B Al
HA P E A 2 i i oS . AR TAEH, WATLRH RN A7, L 6,13-bis(dibromomethylene)-
6,13-dihydropentacene(4BrPn) 7> F1E AT IRAA, 8t S /R 2 RBAE Ag(LIL)A R B T —4E R EM
B, FIHIRATR R E s . AR T B o aRbi g (STM-AFM-TERS)
IC BRI, 7 Bk 22 B RO 2 AR R A BES M RFAE . LT 221 ot DA SRy R IR S AR A5 B kAT T
E O HERIE. AFM F1 STM S5 KR AT dI/dV & EIR B, 124k R A7 42 ROR WA AR 51 1) = £ Fa W
ToF 55 I A A ), HAT A RS 4 (6] v 70 ) TERS % K145 15 d1/dV % P S ik 1) J= ek H, 1 AR 25
A3 AT—3 . £E TERS & KBl , W BRANAAGR R IR, Sl 7 T FRms sk B 7= A2 1) Je
S AT P A AT AR AN o FRANI 5 SRR — R S R P AR R L AR S OUWE L, R R KPR
— 4 H ff 5 RO AR RO L PR A B 42 () 2 S B0 UE A, AR RG22 Fh IR AR IR AL
IRHYEBRIN A S KR Z2 b S 28 A0 AR A 20T B .

FKEEF: STM-AFM-TERS #REFBEFFIAR, HATEER, HEHEE, —H#R 5

S35 3Rk
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WEE: il el T EAR R PR e T 4t A AU T2 A A S T RSO B SR SRR FE R A R, BER
T HAESP IR AR I 2 ISR B R AR, 1 B DU S AR SRR 0 — 2 th e 20
ANSLE ESEJE R DI, AR TAR, AT M B N izl 2 Cu(L11)R i UiAR &, IRk
TR 458 o BT BEE B EoR (STMD M 2 HG T RETE (ARPES) HoARIEATH B A
TEE AT T S RAL . BT AR 2] — A Fraif)a, T 20R51K STM RS A BLHE
B AERSE S5 AN E T Ag(111) K EAF B oo PR IIE BRI N TT S5 AgTel®l, T 4k
FERG M . ARPES REUE R i S BLHAE S0 AR 7 1) BRI CUBRRET , FAE PR T IR BN 2 17 7 4k
FR 28 AL RE Y o
BE— DI R UTAR R, 1530 55— M EI A P 454 . ARPES Il R B B SRR IR i s T 254, I
HIRILT 5 B 30 AR BEHE 45 R A2 S IR AR IR B T 2 LA [F) )t BSCRF L, P BENTREHY BY 2B Weyl
nodes FIFFFEA 5%; A He | A1 He 11 PARIANFI BE R IERIIDGIN R, A HRE e 45 K HA HE —4ER) %y
fiEe BATHISEIR A I Te ££ Cu(111)FR i YA KAFHLEA AR T HAh 5t & @ AT R R A RFAE, IF 23
I ik 52 3 A R AR P F A s AR LI R T Te 1 A2 5% A AR K il )l o) o B A = 241

KgiE. HEES, PRPEE BB (STM), MaPothTaEE: (ARPES), fif —4E4i#,

SR
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WE: Bi,0,Se HATHE M (L TIEM A RIUFIIM SR ETE, X —4E i P28 R BT E 2R
o AHBEEYERL A AR, 2RI RS AT IR0 2 BN 2 . BiO2Se BA7 AR H =A% 4R 1 HH A
(M, g5 AR VER BT TTR R TR, FEARTAR S, JATFI ARSI B T E R, K3 Bi02Se
FRIPA SR THTAS 778 175K BYIEAFAEIR BE e o, Hoh i RE R A TIRAE 175K AFAEAR BRI A4 5o 3
AR EAE DU BRI 7T rh 28 PR B R R AR AR 23], BN BioO2Se (1 bz,  dania Al LL #AG &
OB ELIR L RPN, R W] BioOoSe BeA AL . FIHI B 1 f ik 7o R 2R i A5 11 55
TN T AE A TR, RIS TSR EM A EVINRR . AR X GHEATH S5 R B
Bi202Se [11(006) LA_E [y AT T I AAE 175K Y 2%, S & iH0 A AR sk, JATTE = 715+
5 Bi0.Se MAMALIALNAT R BATHINE TR WA LR ALE (4 3K Bi202Se HA7#E 75 4 LA
PG HNEAE ST R AR, For i W EENLAR S L AR s i A A T3k — 2B Ut 7t .

ek Bi0,Se, i TREEHILIE (HREELS), RHFE T4, 722457 (Shell model)

SR
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Wavelike electronic energy transfer in donor-acceptor molecular
systems through quantum coherence
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Abstract: Quantum-coherent intermolecular energy transfer is believed to play a key role in light
harvesting in photosynthesis and photovoltaicsil. So far, a direct, real-space demonstration of quantum
coherence in donor—acceptor systems has been lacking because of the fragile quantum coherence in lossy
molecular systemsl?l. Here, we precisely control the separations in well-defined donor—acceptor model
systems and unveil a transition from incoherent to coherent electronic energy transfer®l. We monitor the
fluorescence from the heterodimers with subnanometer resolution through scanning tunneling microscopy
induced luminescence. With decreasing intermolecular distance, the dipole coupling strength increases and
two new emission peaks emerge: a low-intensity peak blueshifted from the donor emission, and an intense
peak redshifted from the acceptor emission. Spatially resolved spectroscopic images of the redshifted
emission exhibit a ¢ antibonding-like pattern and thus indicate a delocalized nature of the excitonic state over
the whole heterodimer due to the in-phase superposition of molecular excited states. These observations
suggest that the exciton can travel coherently through the whole heterodimer as a quantum-mechanical
wavepacket. In our model system, the wavelike quantum-coherent transfer channel is three times more
efficient than the incoherent channel. Our findings provide spectral and spatial evidence for quantum-
coherent EET in donor—acceptor systems at the single-molecule level, which opens up new routes to explore
intermolecular energy transfer, as well as to harness the coherence to enhance the functions of artificial light
harvesting structures.

Keywords: STM induced luminescence, sub-nanometer resolution, quantum-coherent energy transfer,
plasmon enhanced fluorescence, phthalocyanines
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Visualizing dark exciton states in cyclic molecular structures by tip-
enhanced photoluminescence
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Abstract: Energy-transfer and optical properties of molecular aggregates are determined by the
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collective exciton states, depending on the intermolecular dipole-dipole coupling™l. However, limited by the
complication of ensemble averaging, the diffraction limit, and the selection rule at far field, far-field optical
spectroscopies often fail to provide a clear microscopic picture on the exciton states?l. In this work, we use
sub-nanometer resolved tip-enhanced photoluminescence (TEPL)E! to break the dipole selection rule in far-
field optics and visualize the molecular exciton states, especially dark states, in artificially constructed cyclic
zinc phthalocyanine (ZnPc) molecular structures. The PL spectra of the constructed 2>2 cyclic tetramer
structure is more complicated than that of an isolated ZnPc because of the dipole-dipole coupling.
Nevertheless, combining with theoretical simulations, the dipole coupling configurations for all the exciton
states of the 2> tetramer can be designated by the energy level alignment and the consistency between the
experimental spectroscopic images and the simulated patterns. Specifically, the imaging pattern for the
lowest-lying electronic dark exciton state in the cyclic tetramer reveals the rotation of the transition dipole
orientations for each monomer constitutes. Furthermore, we find that the lowest-lying exciton state can be
tuned from dark to bright through changing a hollow 3>3—1 octamer to a solid 3>3 nonamer structure. Our
results not only characterize the optical properties of both the bright and dark exciton states in molecular
aggregates, but also laid the foundation for the rational design of artificial light-harvesting complexes in
photosynthesis.

Keywords: STM; tip-enhanced photoluminescence; excitonic coupling; molecular aggregate
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WE: DNAFEFYIHEN T HEMBEER, WEYAME SR A RIS REH
CLFIRZTTEA LB DNA 73T, B R A3 A5 T T A7 AEAR 22 PR 3 5 2250
Mo BFOIGHEIGIHERIAR (TERS) AA MU HRARE /), I HARER MR 7> 73 B AL =7
SAE, AT SEBLNS BN 37 INER SR AT AL [1], RIS DNA 4371 TERS J6ik it 5t A &
TR . £S5 TERS JuilBie T REFR ZR M DFT &8 U207 ik TH R A 7 7 AR
[2], 1E%5 T DNA RXFPAEYIR 7, JRTF8HE 102-100 &4, f£48 77537 TERS J6ik v 52 ANl
SEH, SEAN I BEEAT S22 (] AR A REAEL . AR T — MR DNA 7> TERS Jeili B slis ik, Fitk
it SR a2 24 L o(NJ)BEAIRE T o(N?), [ AR M o(NHFEARE] T o(N). AT5iAIH] DNA 7
B B B A R, SR T B B B TS T A A DNA 70, 15318 a5 H N ) SR
Wb, SR JEIRE 5 K751 DNA K77 HEAT TS5 DL ECAT A (8] BUF DL RS, 3RAS K0 1 IR BT Al fL
REE, HMEHIREE R RS A3 TERS LM SE K. sbih, ATEIAT T ns KK
DNA 7378 J =840, THE AWl TERS BRI, KBLZ I ARETRIE H B4 (LR 8] 551 L J
7k DNA 73 7 BB ANN, BAE B . ZIEPROEE O 194 7] LU 41 DNA 751 TERS
6T B DA S PROGIE BRI 45 S 4R G I BE SCRe, JF HAEA/E RNA, RS R A ER R
TCAE Ry T BRI Z R
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On-Surface Synthesis of Electron-Deficient Bisanthene Tetraimide
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Abstract: Imide-based conjugated molecules have emerged as a highly promising class of building
blocks for constructing n-type semiconducting materials with low-lying LUMOSs and exceptional stability.[™!
Although imides, such as naphthalene diimides (NDI), perylene diimides (PDI) and their lateral fused analogs,
have been synthesized extensively, the design and synthesis of larger n-extended molecules incorporating
more than two imide groups are significant but still very challenging.?! Herein, we report the synthesis of an
unprecedented electron-deficient bisanthene tetraimide (ATI1) containing a bisanthene conjugated core and
four five-membered imide groups, which is successfully achieved via a combined approach of solution and
on-surface synthesis. The chemical structures, electronic states, formation mechanism and aromaticity of AT
are systematically investigated by scanning tunneling microscopy (STM), noncontact atom force microscopy
(nc-AFM), scanning tunneling spectroscopy (STS) and density functional theory (DFT) calculations.

Key words: Bisanthene Tetraimide* Dehydrocyclizatione Combined Solution and On-Surface Strategye
Mild Temperature
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R iR T 2 TB] 93 55 P RE S AH B4R F 2 15 Rk G S oo la] e A BV RSl vk, FRATIRE T EJET
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AugTe12Ses 37 J7 VB 8] 77 1] 1) =% &) 31 Ha. 57 2 £ 3% (triple-cube charge density wave, tc-CDW), %5 —F#
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AN T IR B ZS . ERED=FIRIN, PR A S DUSCTAT 077 NBUE DLZESRF F a7
Ji B SExS e (UL Figure 10, B H FRLr 8 P2 AR AL 6 A5 58 SR e i A (anti-polar) & J& 25 -
P2 OGS AN BL IS T ST AR 45 RER WP A r A P 2 BRI i ORI AR A AR & o IX I TR, BRI
HL R LA A A AR AR L b A P H - S A o T T R A AN R AR, AT AR B
AR TR R BRI d iR St 7 HE R 7R,

JogE: HE T, PRBEEMEE (STM), EEZ KIS (DFT), Wiks)E, HAarEE

Figure 1. AusTe12Ses 7 [ [ HL a7 %5 52 U A1 S Bl Ak 45 J 4.
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Tip-induced bond weakening, tilting and hopping of a single CO
molecule on Cu(100)

Xiao-Ru DonglT, Ben Yangl:T, Rui Zhul, Rui-PuWangl, Yang Zhangl, Yao Zhangl:2* and Zhen-Chao
Dongl.b™
1 Hefei National Research Center for Physical Sciences at the Microscale and Synergetic Innovation
Centre of Quantum information and Quantum Physics, University of Science and Technology of
China,Hefei, China
a*zhy2008@ustc.edu.cn), P*zcdong@ustc.edu.cn
Abstract. The interaction between a probing tip and an adsorbed molecule could greatly impact the
molecular chemical structure and even induce its motion on a surfacel:2. Here, we use single carbon
monoxide (CO) molecules adsorbed on the Cu (100) surface as a model system to investigate tip-
induced bond weakening, tilting and hopping processes of a single molecule by sub-nanometer resolved
tip-enhanced Raman spectroscopy (TERS)3’4. The vibrational frequency of the C—O stretching mode is
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found always redshifted as the tip approaches, revealing the weakening ofthe C—O bond due to tip-molecule
interactions. Further analyses on both the vibrational Stark effect and TERS imaging patterns suggest a
delicate tilting phenomenon of the adsorbed CO molecule on Cu(100), which eventually leads to the lateral
hopping of the molecule. While the tilting orientation is found toward the hollow site along the [110]
direction of the Cu(100) surface, the hopping event is more likely to proceed via the bridge site to the nearest
Cu neighbor along the [100] or [010] direction. Our results provide deep insights into the microscopic
mechanism of tip-molecule interactions and tip-induced molecular motions on surfaces at the single-bond

level.

Keywords: Scanning tunneling microscope, Tip-enhanced Raman spectroscopy, Carbon monoxide,
Electrostatic field, Force field, Stark effect, Tip-molecule interaction
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FLE 0 .
SRR B TRONE BIE T TUCEE RO TR

Abstract: This paper mainly describes a method of manufacturing method of secondary emission layer
of electron multiplier for magnetically selected cesium beam tube. Based on the study of the performance
attenuation mechanism of electron multiplier, we comprehensively consider the advantages of various
preparation methods of magnesium oxide secondary emission layer, a method of preparring the secondary
emission layer of MgO by combining themal sensitivity and pyrolytic deposition is proposed. In order to
solve the problem that the lifetime of the electron multiplier used in the homemade magnetically selected

cesium beam tube is too short.
Key words: Electron multiplier; MOCVD; MgO; Secondary electron emission
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Structure of Amorphous Two-Dimensional Materials: Elemental
Monolayer Amorphous Carbon versus Binary Monolayer Amorphous
Boron Nitride

Xi Zhang?!, Yu-Tian Zhang?, Yun-Peng Wang?, Yu-Yang Zhang** and Shixuan Du?
tUniversity of Chinese Academy of Sciences and Institute of Physics, Chinese Academy of Sciences,
Beijing, 100049, China
2Hunan Key Laboratory for Super Microstructure and Ultrafast Process, School of Physics and Electronics,
Central South University, Changsha 410083, China
“Email: zhangyuyang@ucas.ac.cn

Abstract: The structure of amorphous materials has AT A0 been

debated since the 1930s as a binary guestion: amorphous

materials are either Zachariasen continuous random o
networks (Z-CRNs) or Z-CRNs containing crystallites. It % 2 "Q:}-:.jr ol was
recently demonstrated, however, that amorphous b s

diamond can be synthesized in either form. Here we « 7«0 500

ma-BN

address the question of the structure of single-atom-thick
amorphous monolayers. We reanalyze the results of prior
simulations for amorphous graphene and report kinetic Monte Carlo simulations based on alternative
algorithms. We find that crystallite-containing Z-CRN is the favored structure of elemental amorphous
graphene, as recently fabricated, whereas the most likely structure of binary monolayer amorphous BN is
altogether different than either of the two long-debated options: it is a compositionally disordered “pseudo-
CRN” comprising a mix of B—N and noncanonical B—B and N—N bonds and containing “pseudocrystallites”,
namely, honeycomb regions made of noncanonical hexagons. These results suggest that compound
amorphous 2D or 3D materials have more options than the binary choice, which has implications for other

nonelemental 2D and bulk amorphous materials. !

Keywords: Amorphous materials, 2D materials, kinetic Monte Carlo, pseudocrystallites
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Thermal transport of monolayer amorphous carbon and boron nitride

Yi-Yang Yin,! Yu-Tian Zhang,! Yun-Peng Wang,?* Yu-Yang Zhang," and Shixuan Du,*
L University of Chinese Academy of Sciences and Institute of Physics, Chinese Academy of Sciences,
Beijing, China, 100049
2Hunan Key Laboratory for Super Microstructure and Ultrafast Process, School of Physics and Electronics,
Central South University, Changsha, China, 410083
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Abstract: Two-dimentional materials show intriguing properties in many aspects, including thermal
transport properties. Graphene and h-BN are two well-known examples among them that  possess very high
thermal conductivities. However, thermal transport properties of their amorphous counter parts remain
unclear due to the absence of an accurate model. In this work, we report calculations of the in-plane thermal
conductivities of monolayer amorphous carbon (MAC) and monolayer amorphous boron nitride (ma-BN),
by reverse nonequilibrium molecular dynamics simulations. We find that the thermal conductivities of both
MAC and ma-BN are about two orders of magnitude smaller than their crystalline counter parts, and are
independent of temperature and strain due to their extremely short heat carrier mean free paths. Furthermore,
the ma-BN shows strong vibrational localization across the frequency range, while the MAC exhibits a
unique extended G diffusion mode due to its sp2 hybridization and the broken E>g symmetry. The present
results reveal the intrinsic low thermal conductivities of MAC and ma-BN, suggesting potential applications

of these two materials in thermal management(],

Key words: 2D materials, amorphous, thermal transport, carbon,boron nitride
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First-principle study of the electronic structure of layered Cu,Se

Ju-Xia Yi, Rui-Zi Zhang, Yu-Yang Zhang” and Shi-Xuan Du
University of Chinese Academy of Sciences and Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China
*Email: zhangyuyang@ucas.ac.cn

Abstract: Copper selenide (CuzSe) has attracted significant attention due to the extensive applications
in thermoelectric and optoelectronics over the last few decades. Among various phase structures of Cu,Se,
layered Cu,Se is found to exhibit many intriguing properties, such as purely thermal phase transition, high

carrier mobility, high optical absorbance, high photoconductivity and relatively large band gap. In this work,
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we carry out a systematic investigation for electronic structures of layered Cu,Se with several exchange-
correlation functionals at different levels through first-principle calculations. It can be found that the
electronic structures of layered Cu,Se are extremely sensitive to the functionals. Moreover, the correction of
on-site Coulomb interaction also has a significant effect. Compared with the results calculated with hybrid
functional and GoWo method, it is found that the electronic structures with LDA+U functional are relatively
accurate for the layered CusSe. In addition, it’s found that in-plane biaxial strain can lead to the transition of
electronic property of layered Cu,Se from metal to semiconductor. We further explore the spin-orbit coupling
(SOC) effect of CuzSe. The results demonstrate that the slight effect of SOC for electronic structures mainly
results from spatial inversion symmetry of Cu,Se. These results provide a guidance for further deep
investigation of this compound.

Keywords: first-principle calculations, layered Cu,Se, exchange-correlation functional, on-site
Coulomb interaction, strain, spin-orbit coupling
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Controlled synthesis method of sulfide nanorod

Longwen Yang %,Yun Ye: 2" | Enguo Chen %2, Sheng Xu'?, Qun Yan'?, Tailiang Guo*?
1National & Local United Engineer Laboratory of Flat Panel Display Technology, Fuzhou University, 2
Xueyuan Road, Fuzhou,350116 Fujian Province, China
2Fujian Science & Technology Innovation Laboratory for Optoelectronic Information of China
Corresponding author: ceg@fzu.edu.cn

232


mailto:ceg@fzu.edu.cn

H ] 78 24 2023 SEARAES W EAE

H

Keywords: nanorods, Hot-injection, Cation exchange reaction, Heterojunction

In this paper, the Cu2«S nanorods with good morphology and controllable size were prepared by a pot
of heat injection method, and the nucleus and growth mechanism were explored. The experimental results
show that the prepared products are rod-shaped, the stoichiometry of Cu:S is 1.93:1, close to 2:1, the size is
uniform, the diameter is about 22 nm, and the length is about 62 nm. Experiments have found that the type
of sulfur source, the amount of sulfur source, the reaction time, and the nucleation temperature have an effect
on the size and morphology of the Cu>S nanorod. The experiment found that the type of mercaptan is the
key to the synthesis of rod-like Cuz«S, the change of injection temperature will change the diameter and
length of the nanorod, the reaction time has less impact on the synthesis of the nanorod, and the amount of
mercaptan injection has a greater impact on the size of the nanorod, the more mercaptan is injected, the larger
the size and the more obvious the change. Using cation exchange technology, the Cu* ions in the prepared
single-oblique djurleite Cui.93S nanorods were replaced with other cations, such as Zn?*, Cd?*, etc., and the
single heterojunction ZnS-Cu1.93S nanorods and the ZnS-Cu;93S-ZnS nanorods were prepared by two
different synthesis schemes, and the morphology was maintained well. According to XRD analysis, the
arrangement of atoms within the crystal was almost unchanged when the replacement region crystal was
transformed from the djurleite crystal structure of Cuie3S to the ZnS of the wurtzite crystal phase. By
adjusting the reaction temperature, reaction time, and volume of the ion exchange solution, the length ratio
of the two materials in the heterojunction can be adjusted, and the complete transition from Cu.93S to ZnS
can be achieved.

It is expected that the preparation process of light-emitting nanorods will be simplified by cation
exchange technology.

Figure 1 Ultra-high resolution field emission
scannina electron microscone imaaes heterojunction nanorods

Direct synthesis of moirésuperlattice through chemical vapor
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Abstract: Vertical van der Waals (vdW) heterostructures composed of two-dimensional (2D) layered
materials have recently attracted substantial interests due to their unique properties. However, the direct
synthesis of moirésuperlattice remains a great challenge due to the difficulties in heterogeneous nucleation
on smooth vdW surfaces. Here, we report a controllable chemical vapor deposition growth of complete
monolayer WS, on highly ordered pyrolytic graphite (HOPG) substrates through the plasma pretreatment.
The results show that the morphologies of the grown WS, have a strong dependence on the plasma parameters,
including gas composition, source power, and treatment time. It is found that the surface C-C bonds are
broken in the plasma pretreated HOPG, and the formed small clusters can act as the nucleation sites for the
subsequent growth of WS,. Moreover, the height of cluster dominates the growth mode of WS; islands. A
transition from a 2D mode to three-dimensional (3D) growth mode occurs when the height is higher than the
interlayer spacing of the heterostructure. Besides, diverse moirésuperlattices with different twist angles for
WS,/HOPG heterostructures are observed, and the formation mechanism is further analyzed by first-
principles calculations

Keywords: chemical vapor deposition, plasma pretreatment, van der Waals (vdW) heterostructures,
moirésuperlattice
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Development of a cryogen-free sub-3K low-temperature scanning
probe microscope by remote liquefaction scheme

Ruisong Ma, Le Lei, Yuanzhi Huang, Yani Liu, Huan Shan, Li Liu,
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Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, Chinese Academy of
Sciences, P.O. Box 603, Beijing 100190, China
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Abstract: We developed a new scheme for cryogen-free cooling down to sub-3-Kelvin temperature
range and ultra-low vibration level. An ultra-high-vacuum (UHV) cryogen-free scanning probe microscope
(SPM) system was built based on the new scheme. Instead of mounting a below-decoupled cryocooler
directly onto the system, the new design was realized by integrating a Gifford-McMahon (GM) cryocooler
into a separate liquefying chamber, providing two-stage heat exchangers in a remote way. About 10 L of
helium gas inside the gas handling system was cooled and liquefied in the liquefying chamber and was then
transferred to a continuous-flow cryostat on the SPM chamber through a ~2m flexible helium transfer line.
The exhausted helium gas from the continuous-flow cryostat was then returned to the liquefying chamber for
reliquefication. A base temperature of ~2.84 K at the scanner sample stage and a temperature fluctuation of
almost within #0.1 mK at 4 K were achieved. The cooling curves, tunneling current noise, variable-
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temperature test, STM and non-contact AFM imaging, and first and second derivatives of 1(\V) spectra are
characterized to verify that the performance of our cryogen-free SPM system is comparable to the bath
cryostat-based low-temperature SPM system. We also successfully upgraded a bath cryostat-based SPM
system with our cryogen-free scheme to realize long-term data acquisition. This remote liquefaction close-
cycle scheme shows an ultra-low vibration level and paves a way for other applications requiring low
temperature but sensitive to vibration.

Keyword: Cryogen-free, Scanning probe microscope (SPM), Low-temperature, Remote liquefaction
scheme. Submitted to Review of Scientific Instruments

On-surface synthesis and edge states of NBN-doped zigzag graphene
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ABSTRACT: Zigzag graphene nanoribbons(ZGNRs) with spin-polarized edge states have potential
applications in carbon-based spintronics. The electronic structure of ZGNRs can be effectively tuned by
different widths or dopants, which requires delicately designed monomers. Here, we report the successful
synthesis of ZGNR with a width of eight carbon zigzag lines and nitrogen-boronnitrogen (NBN) motifs
decorated along the zigzag edges (NBN-8-ZGNR) on Au(111) surface, which starts from a specially designed
U-shaped monomer with preinstalled NBN units at the zigzag edge. Chemical-bond-resolved non-contact
atomic force microscopy (nc-AFM) imaging confirms the zigzag-terminated edges and the existence of NBN
dopants. The electronic states distributed along the zigzag edges have been revealed after a silicon-layer
intercalation at the interface of NBN-8-ZGNR and Au(111). Our work enriches the ZGNR family with a new
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dopant and larger width, which provides more candidates for future carbonbased nanoelectronic and
spintronic applications.

KEYWORDS: zigzag graphene nanoribbons, nitrogen-boron-nitrogen (NBN) dopant, edge states,
scanning tunneling microscopy (STM), non-contact atomic force microscopy (nc-AFM), density functional
theory (DFT) calculations
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Abstract: Millimeter-wave high power devices demand long life and high current density for cathodes.
As the electron emitting material of dispenser cathode, the active composition ratio of the barium-calcium-
aluminates directly affects the emissivity and lifetime of the cathodes. In this paper, the sol-gel method was
used to precisely adjust the ratio of the barium-calcium-aluminates, and the water cooled anode diode was
used as performance test carrier to study the effects of excess BaO and CaO on the cathode emission
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properties and lifetime reliability. The experimental results show that BaO:CaO:Al203=4:1:0.6 aluminate
has a strong emission capability, working temperature 1050 °C, the inflection point emission current density
reached Jo=52.2A/cm?, K=1.39; under (1.2~1.5) X 10-5Pa vacuum conditions, the current density of working
load at 3 A/cm?,working life is 15400h, emission fell 5.9%, and the current density of working load at 11
A/cm?, working life 3500h, emission fell 4.2%. The dispenser cathode prepared by high performance barium-
calcium-aluminates can meet the application requirements of millimeter wave kW pulsed traveling wave tube.
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# 2 : Monolayer molybdenum disulfide (ML-MoS;) is an emergent two-dimensional (2D)
semiconductor holding potential for flexible integrated circuits (ICs). The most important demands for the
application of such ML-MoS; ICs are low power consumption and high performance. However, these are
currently challenging to satisfy due to limitations in the material quality and device fabrication technology.
In this work, we develop an ultra-thin high-k dielectric/metal gate fabrication technique for the realization of
thin film transistors based on high-quality wafer scale ML-MoS; on both rigid and flexible substrates. The
rigid devices can be operated in the deep-subthreshold regime with low power consumption and show
negligible hysteresis, sharp subthreshold slope, high current density, and ultra-low leakage currents.
Moreover, we realize fully functional large-scale flexible ICs operating at voltages below 1 V. Our process
could represent a key step towards using energy-efficient flexible ML-MoS; ICs in portable, wearable, and
implantable electronics.

REEiE: 2Dmaterials, MoS2, flexible electronics, low power consumption, integrated circuits
S35 3R
[1] Tang, J., Wang, Q., Tian, J. et al. Low power flexible monolayer MoS2 integrated circuits. Nat Commun 14,
3633 (2023)
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Abstract: Micro-LED [1-3] display technology is one of the most important advances in the LED field
after blue GaN materials and white LED lighting. Gallium nitride based Micro-LEDs are considered to be
the most promising display technology with high contrast ratio, low power consumption and high response
frequency. Therefore, Micro-LED has a wide application prospect in near-eye display and 3D display.
However, research on the Micro-LED device itself is still insufficient. Due to the Lambertian emission of
traditional Micro-LED, optical components such as Microlens gratings are needed, resulting in complex
systems, bulky volumes, and low efficiency.

A Micro-LED with adjustable unidirectional emission should have potential in a naked-eye 3D display
and near-eye display. Different from controlling the emission direction of coherent lasing, it is difficult for
an incoherent micro-LED. Photonic crystals (PhCs) can only finitely improve the light emission pattern. A
resonant cavity has been used to increase the LED spatial coherence. Schubert reported a GaAs-based Fabry—
Perot (F—P) resonant cavity LED with an emission spectrum full width at half-maximum (FWHM) to be 6.4
nm and light output power that is 3.3 times that of conventional LEDs.

Here we demonstrate a confocal cavity based design of a vertical micro-LED that generates
unidirectional emission with controllable FWHM at arbitrary subpixel. And the simulation model was built
in FDTD with the light source generated by the Micro-LED was simulated with a dipole to collect some
preliminary data. We propose a bottom metal reflector that utilizes two layers of Ag at top and bottom of
Micro-LED to form the confocal cavity that is simultaneously compatible with the GaN device fabrication
process. This new structure produces 5.4 times light output power than conventional Micro-LEDs, with
efficiency of 11.2%. New structure diagram of confocal cavity, light intensity distribution and simulation

model are shown in Fig.1.

Keyword: Micro-LED, Microcavity, FDTD.
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Table 1 Material physical parameter

. elastic . . thermal thermal
. density/ Poisson’ yield . .
material (kg 1) modulus/( sratio  stress/(MPa) conductivity/ expansion
GPa) (W-m?t K1) coefficient/("C™?)

Ti-6Al-4V 4430 113.8 0.36 880 6.7 8.6x10°

A5083 2660 71 0.33 145 117 23x10°

316L 7980 193 0.3 290 15 12106
OFHC 8940 115 0.343 340 391 17.7x10%

Be 1844 303 0.1 240/345 216 12x10°
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n"lll W\
lang “ﬁ

K1 SRR
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Gb, G AMIN B E KV IS, AR B BT A R UK, KR R RE BT A
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ML TR I R d FE e = AR TR D, TP RA R T
nP dE. dE n
dx dx
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2 Jfirso
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Fig. 1 Hexagon metal seal ring sample and its sectional dimensions
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Vacuum System Design of HEPS Beamlines

Abstract:Vacuum system is the basic component in High Energy Photon Source(HEPS) beamlines.
Only when the optical devices in beamlines are operated in a high vacuum or even ultra-high vacuum
environment, can avoid the carbon deposition of the optical mirror which might result in the optical
reflectivity reduction, and reduce the absorption of synchrotron radiation light by residual gas. The purpose
of vacuum system design is to obtain and maintain a reasonable vacuum degree to ensure the stable operation
of the beamline. This article introduces the vacuum system design in HEPS beamlines from the aspects of
pressure distribution calculation, vacuum material selection, vacuum acquisition, measurement equipment
selection, vacuum system gas desorption analysis and vacuum equipment layout. The key point lies in using
Molflow software based on test particle Monte Carlo method to analyze and simulate the static pressure
distribution which is without beam throughout the vacuum system and the dynamic pressure distribution after

beam cleaning.

Keywords: pressure distribution calculation static pressure dynamic pressure vacuum equipment

layout
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FE. EUV CZINLE I 4 ZIFL (Extreme Ultraviolet Lithography), &2 L 13.5nm 3 K1)
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Vacuum technology of the EUV lithography

LI Xiaojin, CAIl Yuhong, LI Zhengging, QIN Lili, LIU Xiaowen, WANG Yi
Lanzhou Institute of Physics, Lanzhou 730000, China

Abstract: EUV lithography is also called Extreme Ultraviolet Lithography, which uses extreme
ultraviolet light with a wavelength of 13.5nm as the light source. Extreme ultraviolet light is easily absorbed
by many materials, including air, so EUV lithography can only operate in the vacuum environment. At the
same time, EUV lithography have special request for vacuum system. In particular, vacuum system with
good compatibility important impact on improving the life and yield of the EUV lithography. This paper
described and summarized the acquisition of the specific vacuum environment in the main chambers, design
of compatibility, influence of vacuum system materials on the quality of lithography, and the methods of
monitoring contamination in the vacuum environment of the EUV lithography through the vacuum
technology involved in the key architecture and process of the EUV lithography.

Key words: EUV lithography, vacuum technology, compatibility design, inhibit contamination
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