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Fig. 1. Energy bands (top panel) and orbital magnetic mo-
ment of the conduction bands (bottom panel) of a graphene
sheet with broken inversion symmetry. The Berry curvature

£2(k) has a distribution similar to that of m(k).
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Fig. 2. The source-drain bias dependence of the Hall voltage

for the monolayer device and bilayer device22.
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EARBETE R R] T 4R T R MORHRE A 1Y 5
— N A I R RO R E . AR R R
e A BRI e 2 AL R STE L SR e L A
SN IE. A gl SR EOR TR A TR
FEsPfE, X — PR A B BT AR e A e
JEREFEERIRA. 4RI R AR [l Pk e 4%
SE N ST RITE A SR A ZR P g il 7. BIFSY
N BT SAT B 7 25 8] B BRIV ST A 41 28045 b1
ek T i PR G BRI A T JEE 5 E A 4 L T 1 R L
PRA DL RAH R R, BRI AL E o
_|Pe(B) [P (k)

|Pe (k) + [P ()[*

n(k)

027302-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 027302

Horpr Pi(k) = (c|ps & ipy|v) Z7f7 A BRITFE I, s
k S HLFAERECIUR T AR B Al i BRAE. 7
PIAFBALERUT, BRI EE 7 AT 3oR R
o)== =S e ) — )5
TERER IIRAE A, (k) = —7, B K /TR S
ARG, K A IRGE R 5 ARG . X —
B G2 = RO | PR RN RE A AR A A PT .
BRI Z R A BIETEA RSN T BATHO
FREERI S50, BT I UE T R B 18 5
W0 AE o S0 AR B e = A B, RE A TR D PR '
TR MIAR X I SC e e, PR 2 TMDCs #4
Rk A S 6 9511 BB A 't 2% Wi 1 1 FHLAEUBA e (28301,
FLZE MoS, H iy B i O e 4% 22 WIFE 2012 4R 2T
BHE-I B U (Kohn-Sham) {1 bR B0 BEIZ PR AR
PSR SE A Bk (photoluminescence, PL)
TSI P g UE 28 SEEs A T 633 nm Gk
MEI R PL SEATREATHE TRAFE, G5B 4 s 29,

X

~

g 50t 11000

E 2]
§ 40 F 41800 &
3 E)
= 3
o L -

2 30 600 X
E f:
.—3 20 F —_—— 4400 g
g £
S 1o 1200 7
r-s — =
o of R
19 40

@ , , , ,

A 1.6 1.7 1.8 1.9

Energy/eV

Bl 4 SR MoS, 75 83 K T 19 [ fif #2 #h /b PL 3% Al PL 3%
MR R s AR CR RN s PO N VAR % vy 4
Hoot Fl o B, 6 2R R AL ¥ R B

Fig. 4. Circularly polarized micro-PL of monolayer MoS, at
83 K, along with the degree of circular polarization of the
PL spectra. The red and blue curves correspond to the in-
tensities of ot and o~ polarizations, respectively, in the
luminescence spectrum. The black curve is the net degree of

polarization(?!,

FILARIAELENE o R T, o IR
TR ERT o WP, DO 4k BRI RAE
H K5 K WA, 7TLAH T XA

_I(e*)—1(o7)
P o) I W
Forpr, I(o™) N I(o™) 43 MR o Fl o~ I 56 ik
FE. SEEINAS T 50% B MALEE, AR AL ok
FNFE Y 100% 1R RUE G2 G BRI S HERE

EHR 25 KM K AREG. SRR K(K)
BFRRTE K'(K) AP ar=t 2 A Kt
[ 4F, 53 b IS S8 AL AE 5250 B IR Uk 7 2
MoS, A4 () [5 ig Ye s 8 ) 29301 FE4spe T 4%
[i) 5t ¥4 Ut 5% [ g ' W Ak 23 B R . A AT IR X
B, BEAS AV 32l BB L A B A g 1k 1
ML R T 90 K B, Gk 1Ak A3 il 25 1 B 1Y
T PR T R, FRA%E R A (B B s 4
Bl i 5 B0 SR T RETE S TR D RS RN, BFAE
N B3B8 I R T ot 5 o ) T B = T T 3
TREA IR i BL32 TAE 2018 ARl MoS,
HRKAE (0001) 7 ILFEEET GaN i, AEA IR
TrPRZRACEEE W N2 T 33%%. XFRER
(] — [ €2 P4 1) S B A A AU BR T PL 5
i, 2015 4F L2 WSe, M4 BHA 2 38 2 ] 55 22 e A
A eIz = A 1 Kerr JEfE (5 53800 2 GE4 R I
PRICHE PRV A B4 B T LLRE AT 18] — ) € 1
S BERB AR B 2B Kerr S5 XBLHHAEM T HLF- 9L
23 30 T A2 R AR A B2 WSe,y 2RI T RER
fﬁ[37].

bRk, K Ses s Rk 7 =4k TMDCs
HRMA Z b BB I8 i i 16 48 D) 5 48 g2 AR AN, X
PR REAS SOV B A T FE AR FHBESS R EE )
HEFE.

3 TMDCs # £HHy #8 & M

B SR A KRR 2 RN T8 AR 7t
MoS, JACFE R — 4k TMDCs B BHE HL T 2514 Ot
LA | B IR | BT S0 I AL 79 A5 U T s (2 B
FE AT P AR TR, R AP RER
SRIEAT RO MR (PR 0T, ELAT 48 HEL 2 o 15:22-30),
9T IR AR TMDCs #RHRE S P, FoAi 1B
LL MoS, HBil- 5% . 22 TMDCs #OEHPY BB
4584,

TMDCs #4 #Fifb 2253 F 208 MX,, M Rt
ELIEILE, X AEITE. )2 TMDCs Ak,
FZAL T« = BHYR ™, IE Y Mo ik W J2 Sl
1 S JE—F LA AR SS G BB B B2 ot
FLE A BAE 4SS BT A, 2R 2R 6.5 A9
25 )2 Z B T SRR [ T L TMDCs {R #4
K3 2H, 3R, LK 1T A1 3 38101, — el T 14
MR Z L 205 1 TR, Hob 21 )22 S0k
PEIR, 1T B4R,

027302-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 70, No. 2 (2021) 027302

A LT MR RO TR A5 A . TE
TMDCs #E+h, BB 4510 2 b5 IR T 2500 2 1k
FEAE AR R AR . B R BRIR >, TMDCs 41k}
23 B (] 4l R S AR A AR Sy T A B ek 142
YR T 52 A T R AT S B0 Mo JR 1Y
d#iE Y S T p, Pl 24 b A 1k (21, 25—
PEIFE AT B AR Z L MoS, RErr 25t &l 5
ﬁﬁ‘i-\‘ [42].

B MoS, HLEATBALT K 5. Ffs 2501
i, ZEHEAERRR, SWIKBE A S, T
R 5. RS [RGB 75 2 7 T 1 W Bh A
RESCEL, PHIH: PL B[R] 2025 11 nf&] 6 fos.

(a) (b) (©) )

TR M| R R

Energy

r MK rr MK I’ MK I'l' MK I’

B 5 (a) 1k MoS,, (b) PUJZ MoS,, (c) BZ MoS, # (d) £
J2 MoS, WY BB 4k . 2.0 7 3k Ron R RE R IRIE. AT £
)2 MoS, B [ 45 47 Bde k. X F 512 MoS,, ‘& 728 H %
A B2 A (2

Fig. 5. Calculated band structures of (a) bulk MoS,, (b) qua-
drilayer MoS,, (c) bilayer MoS,, and (d) monolayer MoS,.
The solid arrows indicate the lowest energy transitions.
Bulk MoS, is characterized by an indirect bandgap. For
monolayer MoS,, it becomes a direct bandgap semicon-

ductorl?),

7

6F § x10 ®
@ 6 lay
B 5r {x10
o 5 lay
3 4 Ix3
S 3 ‘ 4 lay
= 3|
g ‘ 3 lay
2
~ 2 lay
1
0 AN 1 lay
1.4 1.6 1.8 2.0 2.2

Photon energy/eV
K6 HJZEF] 6 )7 MoSy #f i A W+ W65 B (1 19 — 1k PL
i

Fig. 6. Normalized PL spectra by the intensity of peak A of
thin layers of MoS, for number of layers = 1-6141.

M PL AT LB 5B B 2 JZ A BHE 14—
1.6 eV i [N H B v 1 & 60, Rt R -5 (]
H 1A 2 BRAE . TFE 1.90 eV 1 2.05 eV Ab Hi B4
KelE, HARES K-K TP T4, B A
M5 B+, % 150 meV MUfEE 25 BRI
Tl HEPERRAEH BN RE R 2 WL i
Fa&EFE+ d BB, —48 TMDCs Hifiil
YL RS AR R B Y B ERLE RN G . 7EE M
Ak v 23 () S e T B B T, B ()% B A2 B AR
P71, P24 Kramer i3, K445 K43 B H g2
HAF 1 A BeA fr AR B . S50 =1 Y A 3 24
REAIR], A il FE R R T m = 0 MHILIE
AL, HBEPE 7 2B UAE 10 meV | L. M
W e 245 R T e A e AR A, RIGE#R
RS BRI BIE . KA T T F e 1)
5 K SHM, fiT KK ) a4 1 B 6 =i 4,
PE, R 8 WU 2 BB A e G 23 R R E ERY
KA8 K' A T e H el Gl se i ik
AL [ BEEASEEL, X XTRE S i e &
WX, F—J7m, .2 TMDCs MR A Tes
TEAN A 518 % Rashba H BEFLIE KRG 105554006
AR, HowE J5 ) FEBE A JE] LA 2 o B TR S 3R
I, BRIk JLERIL. FE RS T, BF
H e T ETHLAE A1, TR P RESXE LL e As A Ty
], AR FSCE 5. B TMDCs R e
AR TR AR AL A 25 FLRk A e B 149,

WitRe i e e <07, “I" KA.
REAS & L RN 2S o CFER 25 () B 0 PN B2 A
AT LUK R4S A B EEZE L F e A 2, {817
Bl A ] o R e B A REAR B A e, 8
BB RIS [ A RS g tis <07, “17fF B M
Fe T gt 7=, “07, «“17 AT LU AR I
HLHR | BB PLE RERE A Jok SEB, LR 2
PBLREHF G5 A0 B A2 Ak, 5 AN A S8 Jas KR P38 A
W 1 el g

SIMINRE 50— SRy i UL ELA R e
BEFE. )2 MoS, ' K & B Bt H 2 A R
AT AN 7 AT B AR HUZ MoS, Bfg
GG, ARPRLAR Sy )42t B S AR T DU A i,
MR AR A kAR, WES e E AR k. (W
B U2 MoS, Mkt TR 2R R, 73k
s HL - P Sl A7 25 ARG %) 18 R 5 (400 PRI I
N I PRI T MR RE T A5 A8 I AR AL AR A FL - R
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R AR U A % T BRI SEE L. BE TS
K], e RO HY RN AZ B TRNE TR, HJZ MoS,
REF LR 2 th LA B2 o IR . ANl
Je, SRR B 45 FA G AR iy T K45
FRAR g 1 45 T LAY, T I AR DU ph R R A
K A58 A 21 i 10, AESEa Iy, BFsE A A
M AL X L MoS, Jit - 5 1 2% 149 75 sCUE ] T
e BT 1) ] A B A e ), e Y A TR
SR I e B EALJR MoS, B ) 37 Bl e 72 ) ELAR
B2 TS I K 48 10) A 45 i85 3l 31, R 5
W2 T S—Mo—S B 23 B AMIn I 1 A3 K i
HEOR WL BRI, R AT DU R A R RE
45k, X—AC BB A RO DR BR AL TR ] 2%
I HLRAR.

4 %2 TMDCs At 455

FLZ TMDCs A4 8F— X LA IE 2o i 24 T B i
FEREA BN I AT “ T8, Z )2 MRHAT LAE S
W %) 7 2R TR 2 1] R ORI, DA IS 3 HH BB
RN IEANERS 2 5 A, AN FBEAT LA TR A
S Y 25 ] SRR M, (T BT A Ak hr v 9ok
TR, sl iy DU AR, L ae A B iR ot
PR W AN B RN 67, FE S 5 N, IRZ 5T
AR S S [ IRE T e S T i RE S s 5
AT R R A R 2R B 0531,

2015 A 2R R A S A BA 2 1 FH A B 3
FIREOUZ A S50 1) 25 (B ROV FR, LT SE 8L T 4lige
AU A SR SRR — I T ATE
TR, TR, ARG A FAEYN N
VB AE ST Mz 3, BRI R LA i A
%, L A R AR 5 HA AN Y B T T
AR R IR BN 27 Sy — M P A ] ) 3 T FR 2R L Ay
SR, AR R R S RE AT AR A BEAS
DRSNS bl e N (R R3S G L el S R E WA i s RV 23]
I IIRE.

AL T A0 5805 , TMDCs # B B A 58K By
Bt 042 R B0 1 H BB RS 00, RS SR
e AR RL. 5 oA SR Ia AR TR RE A 8500
K, EEEH L2 TMDCs B8k ) @ i A

2013 4%, TMDCs #BHEA B 38 i
22 F B BLE S 7EXUZ MoS, 3 iR

PL % 5 i § A% Ak B2 23 Bl Sl i) 28 1 i 22
A BT 2014 45 5 B IR 24 1 01 5% 141 BA G i 0o B2
MoS, #: 47 “Hr&”, NNl 1 2 [A] S A sk il XX
J2 MoS, L, 755 thAEZ Y DL L 3 5UE R T
W T SZ A5 FRIE SR I BEA IR AL Y. 2016 4F,
XUZ MoS, 1Y A 8 2R S50 A1) 7 M i s i 20175
TP B S A Kerr % £ 00 5 19 5 e Sz
VT PRI S T A R 5 5. Kerr 54 MITE
RGe F AR FI N GaAs SE MR UZ I A e fk
1T B, HAE T H e Ao B 900 TifE it
SRR S R LB ARG, SIS AR S A
FERHL 2857 B FB R A SR SRR, AH L T2
L EIRBUZBERLEA Y REAS RN ] 4845 P AT
BA BT AT R,

R )2 K /D)2 TMDCs #4838 K RE G 4T
FLRON W2, SR AL Ge 288 1 2005 A VR R
R G PRI (61-93 A b2 F, 22 TMDCs #1EHE
IMTAESIRZ, [F Z EMEH L T B2 AR
HL AR M T AT, R S S Re A A
s L2 )2 TMDCs MRITRE. 2013 4, £
JZ WSey MRHMA Z 15 UCE AN ES 1 A5 T A
LI T B TR A B2 8] SO R, 4003 1 2 2%
A G PR G B 2L 00, SR i L A s T
B T K(K') 425 758 AR AR 5 ) 55
FJRBAAE 5 1A, JF AR — R R S 2 A
FEFUERE S/ 24RERT LIRS 300 meV. £J2 TMDCs
MERL R Tl B, Bl A T Bl an 52 & Bl g
R SIRMESR IR A5 ., PRI AT LR I8 s >
HL I ALY (circular photogalvanic effect, CPGE)
D75 BRI REAY H . TEfRge -4k CPGE
KT ATEPER G BN ks AR BF 2L, 1M
TMDCs #1 ¥t CPGE (2 I 5 A i IX 5. 7
25 (] SO BRI ) TMDCs ARk, R
SUWBEEMA K A8E K &, T K/8E K' &
FETEMAS T Bl it 1 3R XS FRO'G IR Wit 22 1090, 75 [63] g
LG, 34 Kok K' B b & MR T 1E8h
25 [ AR50 A, SRR CPGE HLUTE S I
KW 3 AN B ARG TE B T A,
IR AL AN 2 DR S %o A LK ISR RGN . (H K
K AW 5Tk L CPGE HURA aAH e, BRI
HAATERMBHEA B fi ik e € W Ay i, CPGE
HLL 5 5 A BEDI R 3], 2015 AR FE SE g rp I ER 3 T
H1Z MoS, i) CPGE B4 69 i s Al 5 3T 8 %) A
PR R FED 5 2] T 2 )2 WSe, 19 CPGE {5 % 167,
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{H2 I 2 EOE AR5 RIE T 0 A B i N ER
i, Ik K(K' ) B 0ME 5. 2017 4E, £)2 MoS, 1
B K(K') () CPGE {55 808 21 631, 5256 ]
5 A BT IR0 B RIR O & £ )2 MoS, # K
TEBA B TR B T, T 22 MoS, #%
HA 23] SRR, CPGE 55026, WK 7(a)
FER. 0 b B A S A iE vy B B Y CPGE
LI, WD 7(b) A O8], 25 SRS 0 B VR A T
£ )2 MoS, i25 Al R FRYE S, R R = A4EZ D
B, K(K") 4 1 BEE e = m k.

635 nm excitation (without IL)

210
() P,
@ Photocurrent JLinear = 21.69 pA
195+ —— Fit line
<
8,
2 180t
5}
g
S 1651
Q
3
S
A 150
135
0 45 90 135 180 225 270 315 360
Quarter wave plate angle/(°)
635 nm excitation (with IL)
32
(b) )
® Photocurrent Jopge = 2.39 pA
30— Fit line Jlinear = 1.24 pA
< ® CPGE
£ 98l — Jlincar
>
=}
15}
5 26
3]
3
2 24
[}
22 F
20

0 45 90 135 180 225 270 315 360

Quarter wave plate angle/(°)
B 7 635 nm Kk T £)2 MoS, FOGHIF S 1/4 W A My
PREER (o) NINE T WK, (b) A B TR
Fig. 7. Photocurrent as a function of the quarter-wave-plate
angle in multilayer MoS, under 635 nm excitation: (a) With-

out the application of ionic liquid; (b) with the application

of ionic liquid®.

TEL R R PR T AN 10 )5 24T i 4 [f)
XERRYE, #546] TMDCs faiRA K8 3R MRS =
A2 BB RN 9. 3R MY MoS, B b 23 [ BEN Ry,
A AR B 23 [0 RO B PER B, REAS TRk A
TERRTI, Ho2F R W AL RE AR 7E )2 ] () 5t 7 2> 37 5|
e KA 09, Wide i 2 2 AR e d b, 5L
B K4S K e EAa SR m RN —4,
e ELA% 07 1R R SE AT RN . 2019 4, £

JZ WSe, #ALE 3 AN S T ARG T 77k T A
BEIRBGN, SLIRSEEL T £ )2 TMDCs (K& K Fil K
BRI T AL S 2 [E) B, E—2Y R T4
L 22 R AR 2R 0,

B2, L RMZE 222 TMDCs #AL #B
AT LGE A AT B R R g | AJEZE DL BLT R, fF
SR PE— A £ 2 TMDCs # R BEAS 8500 ]
DI FBE, A AT AT 2Aa .

5 HABARA

REAT TR 3800 1 I AL AR A W oA PR H o
oy EE. 7EH)Z TMDCs #PEH A JiE 5 REA Z [H]
SRR A IR AL T —MRRES A th BTk, RIA
FIDEH T BEEHEA F M AL 2800 T CBLREAT (Y
EA. MREA AL ] DI TI K /5 K A2
AL RIS BE, fe i LA T BERIUR N AR 77 He 26
2%, SRR/ LU A B AR R R T, MR
(RIS RS IR L

A B B I 75 5 U2 A REAS IR i D't 2k
B S I E2A TR AL 2016 4R R4 1 B e 4
WFFE 4L O A B IRGCLE WS, R0 S AR A i
T S REAS P RO 1 A B IR A B R
JEREFEE M BIHIZ0S , MR RO RO S
AR R K5 K AR RHET. i
1 3 B 2 260 % S ANk < S 2H R T ) e R P 245
g, FE R REALIN, Zefié S A L AE R IE 7 AR Y
FLIR/INAS TR, S BT 7y e 0 Fi BEL 2 =2 TR A 5%
1k, Bk T EE P REA RO AL H BB R
WO T B AR R e ek SE B, IR A T H 22 5
IETEA AL B RE AL A T2 2R F T ST Y

Ff SR AT AR AR S AL AR, R p B LAY
P AR (Ga, Mn)As [0 52 WS, 1A A etk
B2 0, BRI T X REAF [ Fh 2 %) H ff s 10,
FIA p B A Ji X2 B2 TMIDCs #iis 19 A Té
BFRELR R TS B2 WS, s A iesF 2
IKF] 400 meV, BRI EFZNNEH T 28 7EA T —
FRER ALY, A S S PLREA L. 38 ) 5
TR FLECR G, FEANIRIREAL T 1) B R T A8 X
F e T AR, B E A A B A . A A e B
RICHIALRAAE 15% 2247, X 25 B A R 5h g
K (Ga, Mn)As F i E L2 A2, 5Tk
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L, Ni/Fe &4 )@ T 7] p 9 WSe, 7 AL
23 B RR A A A 1,

BT R B AL B By, Rt s
WEAT WA LA Z 5 18] SO XA, R K8 5
K' % Z Mg s R el SEERE AR T Bk
ik, S 2 S RES B E 2 A, TEfE R
B S5 R Ao 3 g S A RS 2 0 I YT 2K B S
HHALF KRS K A A IRs A 0z 6], Biny
BT IR A AL, BRZE MoSe, Fl1HLJZ WSe, il
1 MR IR 6 O I B T A B SE R SR
HEIIMRIOC R, NS T REAS 2E 2 43543000 [7273),
R XRE 1) 4354 X REAE AR IR AR =5 1) RS S8,
Tk F BN PR g 24 .

H 57 TMDCs MRS 2RRER RS &, FIF S
THIAL ARG SN BT g PR, A R S ] UL g
B, MR, HU2 2 H AR MoTe,
HYMA AR EuO 454, AT L7 A A 300 meV
(REAS 024 M, B F SR G L ARAT K 179 | el 4
J& Co, Ni #JJEE 70 IR CH) 54 (half-Heusler) %f
JiE 7 TMDCs [IREA S L AIFES A R RER

2017 4F, WAL AR5 N T B REAT 2E B 4 243
RIRGAWIE) [, ZEAH R IR T, Eus 4
JiE_E 1 WSe, IWREA /M40 2SR LS Si/Si0,
FHIE ) WSe, ™. 5B Y ZE 2 /-S4 L, SE5
I B S RN, X JE T EuS 5 WSe, 11
BT FASERAE, I ELURRHA] ) S 2 i th 2 9 559 8
B30l R A NAESE T BuS #JE E
WS, 2774 16 meV/T IRES I FRER 2, IF
PRI T R Ak I A 1 oA oy J T PP 28 (Bu-mk S-) X
REAT 2E 2 S 245 1801,

AR, “HERETEY SR R R AT 183 o
— SR T RSB TR A L. 2018 45,
WSe,/Crly 1 Z & BT R RS T 10 8
REES ARG B fE 12 T AN T,
MEHEEL T HBERIIRER 7024, ML T SR A Bk
MR, iR SRS TMDCs A1k 2 ) BA7 7
TSR A, T E A AR FRSS A A Bh T
B v S B ST A, St 4 B AR RHR LAY
S A R T2 5 AE TR RE A #5814 v S B Al 159,
LB AR R A B X TMDCs/Crl, 5 454
(ARG SRS 5 T 30— S TR oY, HARTR
VT G SR RN KT REA BB, LA RLHE ffr L W 5

SRR SR () R M) (86.87), fH 2 — HE g PE S
TR — e 2 ST IEATRGE, JF HGIR & EuS b2
Crly Ho o HOR AR /N TR IR, Teps = 16 K,
Te.cs = 61 K, BUB B H IS g T fe.
i LR B v 1 2 TR I A2 A R A R R R A IR
5 TMDCs #RI 25 A, (R SL808AA A& PR Sk 4 2
& oy 54 BT JE BLIER R IR 768 K Y HL)Z h-VN
BRWE 2 4 JB AR A ARG AT RS BEE TA3E B AT LAl B
JZ WS, REAMI /324553 376 meV, 5555k 2703 T
WIS 9, A A R T RE A AL S8, (HiX —45
AR EAIE. 25 b, T4k 8 BIR R m T 7
S50 R A R I SRR FH (R R A R A IS 2 7
FERHIF N DY R A A T 1 1] R

LR R F I FBAB RS AT AT K55
K' R Z R Reit f I, BIanR R i54e 0o,
o BTN P v B TR 2= BT A BAAE B2 MoS,
B2 T REIVE RS Co, P24 T RIRE, 1HikE
B4R g A3 T 358 02, i 52 MoS, H
B — BN Fe, BT8R0 3Bk B/ FHBE
9 & 4y AR REARAT T 1 i 1931, 3 5k 25 B4 A it o
N AE A AT AT BEAT 17 O 04, ZEAD RS | ARG, R
JZ MoS, kA RIBFFEIESS, S &5 o7 B TR 23 T
KA HT e Mo TG R d B #E A /5% i #8 4
SIREA R g PHFB3G5E (9], (R 3R i) s 45 SR A0
FAREA BN, Tovkak B g F v 2k, IF
BT R 4% AR I 2 B A0 T AR 2 Xt L2
TMDCs #4 B AAE Ja 24 17 4 28 0 Wk B e 2544 58
JE S T 1

6 AwTFEEARIR

T K5 K e =m0 8 S5 eEa T
FUERLERE A1, ARIBES i TR T AR 2
FIORAP, DUHREAS AT LA 1 Heke i it 13t
B BN R I T SR I REA LUAR AR F
R 16, R il PN 4L, 7R T AR AR
6% A iead TS E A, TN R T LA
REAT IR 1 REF) T 16] , [F) AR a5 2 18] ) B A At 7T LA
YA 7 R R A L AR A .

e R A SR P IT T P R R 4 T R
PR REA P 50 S BRAL Gt~ L 2 AR R Y BRI
8. BRI %R (zigzag) BOTHLE ALl SBMAK
i AT LA BEAS A TR IR T AR E BEAS L DB,
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A= R A AR AR LI TT DLSE R R4 7). Yao 45 1)
FIFHILBRER T RES & M (light emitting
diode, LED) My A8. FI 4 U i1 2 1 A1 S5 0 4 K
WAEMBEA L IERS, n KHT5 p KHZS 7024y
SR AR AR R A AE A SR E . SR
I UE AT S U TR — R A, a8 L 2 [
TP, Z5F FE LED #4198, 2012 4F Lee %5199
Wit T — M TR FRAA BIRAUOKH (armehair
graphene nanoribbons) FJ &4 800 Al R4S, X
R PR 5 7 AT Datta-Das #E A ) [ g%
AR Al RS 1001, 8 AR Ty A BB 0 4 KA A
RERREIEA IR, K 85 K A S5308 A g -
i PP, M REA HUE RS 1A Rashba
I BERE AR A FH 100102358 o) 7F ol — 4k A ARV
EHEEEAR TS KAY5 K A2 B2,
SELHL A TEREA A R 1A 47 25 W] Bloch 3K FASHY
el DM L SR DI fE.

W4 T A7 BRI AR 4k TMDCs #RH -t i
PR Z A 25T, — 4k TMDCs MRHEA
AR DG F M R APE, LLREAS IR IR YGaE 426 2 ) oy
Hhith, g7 LED 7 TMDCs Ak il sizag (108107,
AEAY LED BHRARGHY HSRIET75 A fig TMDCs
A RRAE AR 25 [ g X s BT e o € HAC 45 1) S 1108,
TEANFE I E R, LED 8444 p-n 45358 Aab K 45
5 K' i F T2 ] Z RIS KRR, FHtE
G RGN R], HE I AR A . 38
P A0 18 L 3 G O 1) AT DL SE B SO A TE
A THE ey i AR 1104107,

5 LR TR A BRI 4K R RER S 2L,
TMDCs M EHELAmIRGIHCE T, ta] 7= A= #+he
A W AH 25 B8] AR /N T 1 ps 09110 3R
A M TZFE Bloch Bk s Al LUEB ST HTRE K 45
5 K' A2 ARS8, Fsh R IE T4 Al RE
HEFZRN. T TMDCs MoRA B 288 5 5445
/N, BAFASAERE A AH T ) S5 3l A B TS & 2
N, 75 BN T B AR VR FH A i E
3L TR R T AT IR Oy — A

BhR i REA 1S4t ). 4k TMDCs £k
T B MR LR R R B, (H —H R
F7am A BT XN, — ek Pk, M e o A e s TR
300—400 meV, BEAMALIYZS FCTCIEAE R IR F
AR RIELL T i, JA R SR Ges 5 A e
ARBRARE A A= A (RIRI, X7 2 IR R RE

DR e 2 e 5 i i 1 T T A 7R A B SR
H, BEA Ardindnca (1Y, JAEoke, BHIEA UL Bl A
R TBA S “HERPRE, AT LSBT R B RE
A F i 121 e s L H S A v TR
VA 11 M ol W' (B S s S TR R T 0%
S0, SRS Y REA S TR IS [R] AR 12114,
AR T RGeS . TMDCs RN FH AR
SRIG2AMR R PR T, QRES B AT 1), e
JerLA S A EIUE S B D RERLRE LI S
BRI, PSS LR 9K L F5 TMDCs AR
454, MR TR T8 EIRERE R
B A 116],

R BT BLREAOLRL S RIAIESE, LIRS A R
SIS R H B A T AT BT R AR A AR
WAE TR T 15z, 2z A T2 TMDCs
HrA ]S R BRI T, R T BA KRR 4
fir. 2019 4R, SCH A 5TE R Al AR BT i A L2 MoS,
TN E] T AR R AE A FE AR T 02T IR T LT RE
BAEWOK R ERiER%. i, m ot K2z ny it 5 Al
BA T ] T — bR IR R S B RE A AL T
P e i, AR R REAT SRS SRR TR
FIERIAXS FRAE B OTIN R R A2 0] o B A
] Tk G 8, 85 G R I AR 5 R 2N [R] (o X
W72, SEPAE AN S IA i ) F Akl b ek
PEEABEA LTI RE. #8895 755 MoS,
TR RESOR U TE AR REA AL L TV 8, Sl
I TTOCES. BB AL 71l T DL B AR 57
TERE ] AP LR AR A SCBDBIR S I BES
R S BRI IE SR DRI T T S 2 ), REAY
WAL LT 2 BB BE D5 1) 4 1, [RIAE 227 A
Ia] 4 A

17T 322 4 F, S B A A 17 1) S BN S ) PR 7 B
ERR IEMBRATESS 4 A AR, A SRR
TN PR 4R S 1 2 AR AT DU i A0 L 3155
FREA RN . e T 5N B AE 1T SEXUZ
2H F TMDCs #4 8}, 8 8 U [ Jig 73 24 0] Lia i
SN B, JF AT ORI E N A e S
REAT AR BRIAI YRR G, T SEBLRESS —— A IERIUE Y
WA 19120, — 2 TMDCs #oEH R 5 A
i T A bR 2 T A4 S 5 TR AR AT B T e 1
s U B RE T i 5 A A S B 02112202017 4
TMDCs # RS )5 A S MRS S8 T A e i
e fh. AEES S T A SRmE K AR KES
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TMDCs HREA e 48 PRI W0 3 (120122 1] ]
TrPRGiH % TMDCs 4 & REA I M 528 A gt 1k,
P HOEN A 54 rh B A R ROK RUEE B
B TR F B RRE . SEER A S B RE A A AL 2K
T R AR 0 R AL RE A 2. REAY
5 A e R iR A AR B B e Uk BH AT DL T AL RE
WAL A (valley polarized spin current)!23].
R R 2 A 5 LU TMDCs MRS &, i
ot 25 1A v 57 B G o B T 2 B0 1Y) SRy e A R
PRI A TMDCs HHiyg FUE, MM AE A il A
ABERE. B2 TMDCs M8 EEZ A D1 B h =%
YEHT, TR N 23 H B A eI ) B 2R 800 . X
T A e T T se s alige 4y H ek iz i K1)
FEIZ AR AT

I, B LB S AE L2 TiSiCo ARk A]
P e SRS B2 Z BIAFE S (valley-
layer coupling, VLC) JRSZEELRER AR 1F 124, X —1%
FUARTH T TMDCs 4 EMA & H LB [a] s 3 55 2 1Y
K(K") S5 B, VLC #g FR RS2 TiSi
Co MEHE T IEAT BN X X(X7 ) e k. 1
LI VLC TE It Be A o0 i el e B 2 ) — s A T
HARHE TR AN AR H 3 4RV ER R, X —
RUZE R SERTRPECR I I I K(K' ) A EAW).
AN, BHE B Z B A VLC B9 RSeik Al LIR I
L HAA B BRI, WREA A G LMt — A
P BEAS B DA e R W R 2 A n s il Ak, S
Z, LADUE fh S 0wl i o AE SR ) RE A R B
T ERA AL, M ReR 52 A 1E R 5T #E
H AR A BRI R T IR
JyIn].

T %

JE4 1L, AT LR BT T A8
SR T B LB SE R b T 3 — A 930
PERERGE L T2 AR 0F, REAS AL IO 7 s
A AT 0 T A K PR T AR B
DR BT IR REA OB A B A R T R
WRFEI1E]. S S EAT S A BB i, VLG
i FHL A% 8 PR I B3 T4 IR0 A S
HIRAEAFRHI R, BRI 5] = ebhR
LRI AR, B2, SCBLPEPERRAY 7 s T2
BRI — ERR O SR bR PE IR AR A

F BRI E— 2 Ak, IR ROk, A
TEEM R EOT I 2 I B B 2 S PE A R,

S 30k
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SPECIAL TOPIC—Toward making functional devices at an atomic scale:
Fundamentals and frontiers

Valleytronic properties and devices based on
two-dimensional atomic layer materials”
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Abstract

Artificial manipulation of electronic degrees of freedom is the key point to realize modern electronic devices.
Both charge and spin of electron have been widely studied and applied to logic circuits and information storage
devices. Valley, the unique degree of freedom of crystal electrons, has also attracted great attention of the
researchers in the past decade. The valleytronics progress benefits from the tremendous improvements of the
two-dimensional atomic layer material growth technologies and in-depth explorations of valley properties.
Valleytronic materials, represented by two-dimensional transition metal dichalcogenides, have become an
excellent platform for the research and design of new electronic devices due to their special optical responses
and distinctive electronic transport properties. The valley devices have the advantages of fast operation, low
energy consumption, less information loss, high integration and long transmission distance.

In this review, we first introduce the basic concepts and properties of the energy valley, such as the valley
Hall effect and the valley circular dichroism. Second, we describe the crystal structures and energy band
diagrams of the two-dimensional transition metal dichalcogenides. Third, the progress in artificial manipulation
of the valley effects is summarized. Some approaches which can break the inversion symmetry and therefore
induce the valley degree of freedom are introduced. Fourth, we discuss the methods of realizing valley
polarization. Fifth, the developments of valleytronic devices in recent years are reviewed. Finally, a summary

and an outlook are given.

Keywords: two-dimensional transition metal dichalcogenides, valleytronics
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