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Fig. 2. (a) A view of the Fermi surfaces and (one half of) the surface Brillouin zone for Au(111), the arrows

and dashed lines indicate the spin orientations for the proposed surface Fermi surface, and the solid line

represents the bulk Fermi surface neck; (b) E-k dispersion of the surface states, experimental data are open

circles and filled triangles, the solid and dashed lines are parabolic fits
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Fig. 3. (a) Band structure of the 24-layer Au(111) slab along the high symmetry lines, surface or resonant
states was indicated with thick continuous lines, contour plots and planar averages of the electronic charge
density of the (b) L-states and (c) Sa-states at I" 311,
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Fig. 5. (a) Electronic band structure around Y in Au(110) (1 x 1) calculated with spin-orbit coupling; (b) electronic

band structure around I" in Au(110) (2 x 1) calculated with spin-orbit coupling [26].
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Fig. 7. Electronic band structures of (a) Ag(111) and (b) Au(111); Au(111) surface calculated (c) with only

p-channel spin orbit coupling, and (d) with only d-channel spin orbit coupling
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Fig. 8. Truncated-bulk structure of Bi(111): (a) top view of the first three atomic layers (b) side view of the

first four layers along a mirror plane 3],
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fIE & Rashba 8 H g $h 1B BS 2. K9 (a) M9 (b)
TR HZE EBi(111) 5 Bi(110) ® H & 1
A4k, 361,

Koroteev 2 18] 5 11 52 7 — ] H W% B 1 22 /4
BOZ Bi(111) ¥ B A6 A, HUHE 0 H 2 R
Bi(111) B AN L A BEAEH. B 10 A E
R RET 41, MR R4 A % I8 H B G, 4
N RE R T HIEPER S, KEHMRKEE S
& REERE A AT, mAEAEE T B
ERA MR, RE5EANZ S NEE. Bi
JET 1 p PUBE BEDR p3jo-p1 o HIBERIL 1.5 €V, HE Au
H K N R BE 2 B% 2 (0.47 eV) K 31%, RIE Bi(111)
R H BT e Au(111) R 1 5 52 /1) Rashba H 8%
2 NE 10 AT LUE R E B, W T-M, H e 3
BERARLAH0.2 eV, & I-K, Bl RaETE K.

IXFh Rashba H BEHUIE R & 1% 7 7 VE B A3 3] 1 sk
BEs 7,

0.3

0.2

0.1
L Bi(111)

E—Er/eV

—-0.1

—-0.2

—-0.3

K

10— H WA 22 D82 Bi(111) MR,
R B R B RPUE RS, 40 MK E T AeE
M B OB ARECE 58 B RIS R & KRR R
i, WO NEER T ARPUER AR RRET, %0
A B4 ok e 28]

Fig. 10. Surface states of Bi(111) calculated without
(black) and with (red) spin-orbit splitting included.

r M

The shaded areas show the projection of the bulk
bands obtained without (violet) and with (yellow)

SOC and their superposition (brown) 28],
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(a)
0.6 =t Direct(I")

=e— Indirect

N
~
Ll

Band gap/eV
o
w0

L

Thickness/BL

Trivial mrtallic surface

2D Tl

Trivial mrtallic surface

\ 4

2D Tl

A e AL A A
1 2 3 4 5 6 7 8

BL-5

Unoccupied

-1

K11 (a) EARHER (1 s A4b) FE T BB B 122 4L; (b) 5 ANXUZ Bi(111) #EARK REHT M Z 1% (c) H WA AT
J& Bi(111) MR B T A MR E B (d) HRHE 5 AXUZ Bi(111) M) RE S AIAT 5 i 140]
Fig. 11. (a) The direct (I" point) and indirect bandgap as a function of the film thickness; (b) the band

structure and the parity information of 5 BLs; (c) a schematic depiction of the electronic property of a

Bi (111) film before and after the H termination; (d) the band structure and the parity information of

H-terminated 5 BLs [40].

Bi i B0 9 U & — Fh R IN R G
b (38:39) 5 A6 0K A% Lin %5 VO R ) 48 — 1 J5 28 0
SR R UL )7 R BB 8BS 1) 40 0 248 2 %k A R
TR, 5 Murakami B8 4040 P (10 27 (5 9%
AR, 11 (a) 45 T i 8t 7 1 )52 R AR AL,
R N T 4 WUR I, Bi(111) 9 4K Jf H.
BAAF R Zo 0 WEER KT 41002
I, A BR AR A SR, Bi(111) M E SRR R 4
J&, F& BRI T 11 (b) LR FTRs I 2 3K 1
AR, TR Bi(111) Wb X PSR AEAT AL T
M b RERR A% B B 11 (c) B, 5 AW
Bi(111) #EHE, 7T RAE A 4ER R M 2 2 ik ke
FEPASFRER) G @ i b SR X i A R A A
MAL ) YRR R, AT Zo B9 0, XL #1041
YedA TTER. 53— J7 i, BUOAARHR Bi & 40 41
LAk, BRI o BRI Bi(111) R 1 & A —

R = 4R INA AR R TS AR E. X 5 A XE
Bi(111) 78 B MW B H 7, mT BB 3, AN
BB, JEHETORBEH T T REFR. X R ARG
W B H R 7 J5 R KT 5 AN RUZ 1 Bi(111) ] L
B YA S A

3 ®iME 4 B &k @ # Rashba B € $L &
A 1E Al

T 1 < JeB 2% TR 2 T [ I A A K 1 58 460 B 88T
Rashba H e85 2, JERI 5 ETE £ 5 H et K1
Yy EL B G 214431 Krupin 25 20 BL Gd(0001) %
T I AE 5 T G 1 42 T 2% T Rashba H JiE 518 5
GRS MATSEIE TR B AR A e R IR T
T 43 J® R 10 Rashba [ JEB52L. il 12 firo, H
W12 (a) A1 K] 12 (e) N ARERE 1 3R 1T / 5 1] Rashba
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I Jie 5% 2 1 ) T PR RTART AR 1), 8 Sk R B RE DT 19
Bl 12 (b)—(d) F (f) M PR 7 / 5+ ] Rashba H i€
B 2L T R AL . NIRRT e, TR R
i/ 7+ 1 Rashba H E55 8¢ 2B % m) . 25 fdk
BV AT y J7 1), WIAE Ky 77 180 B 55 Y Rashba H JiE
BE% {F k, J71H Rashba [ 55 24 2.

ST — R SR BB, Krupin 2 PO 32k 4
J& Gd(0001) K EIA AT 7 HHEAF. Gd(0001) &
HAFEZHIERRZ B RS, B 13 85R
T GA(0001) % [ HL T 4544, 24 T 75 Rashba H
IEBE R, B gy T AR R R T B B e
. HE 13 (a) ATH, GA(0001) F[H 75 H Rashba

e B 2R 55, R 4R /5, 57181 Rashba 12 I B TR T Rashba 1 HEHUE #4207 0
H fie 5% 24 5 2 §§7 FHZHARSELHE A EVERGIR  (a), (e) IEMWIMERIM /541 Rashba F IEHERS
s =) s HHERRER; (b), (c), (), (f) f%@ﬁ?%ﬁ/ﬁfﬁ Rashba
= B2 fe . WEF I K B2
W Rashba B RS RERAR. 5086 LA BB A & kRS BRI T R 5 207 B,
1§ Gd(0001) F & £ ZE B H — 2 GdJE T 5Tk, AR [20]
O/Gd(OOOl) ﬁéﬁ O/Gd BEE5® 2 Gd KA Fig. 12. Nearly-free-electron model showing the quali-
= E/] l% i’% ﬁ EE O/Gd E 5 % - E Gd JE % tative difference between the Rashba effect at (a) and
N N P (e) a nonmagnetic and (b)—(d) and (f) a ferromagnetic
y 1 B 7)) S =
JEfA BT fﬁk’ It H Rashba H e 5558 2R A 2= surface (interface) in the z, y plane, with an in-plane
Gd &7 magnetization M //y 201,
oaf@aaoooy | T rosok
%
B
M
100f (o) : : P
0/GdS, ,~ o
o 50f *"mv'b' s
Wi ol P
e <1E750 Am"am “"vn'w
100 b 0/Gd Sf'"‘""-"
—-0.6 —-04 —-0.2 0 0.2 0.4 0.6
Ey/At

13 (a) EEMER GA(0001 M) ¥ I-M BAKZHATRRRNS AR, (b) p(1 x 1) O/Gd(0001) FtiH
W I-K B2 B A RS (Sr) 508 ARS (Sy); i M IX LA Hift AEex = 450 meV, 065 B EARM K
BIER; (c) M (a) 55 (b) 3K Rashba HIEE AL R, FH5 V(A) RESH (DH) Al 20

Fig. 13. Experimental dispersion of the (a) majority spin surface state of Gd(0001) along I'-M; and (b)
exchange-split majority spin (S4) and minority spin (S,) states of of p(1 x 1) O/Gd(0001) along the I'-K,
the exchange splitting AFex is 450 meV at the SBZ center, red and black symbols: opposite magnetization
directions; (c) Rashba splitting Ae obtained from the data in (a) and (b); V (A) symbols refer to majority

(minority) spin states (201,
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€

z

N

Bﬁsin@ .. Bh
/:L)*\ Y
T 4By, BlgCOSG

()

K14 (a) HEETEEERE, BTSSR m S 2 TRFMN
0, W BT K k (977 FIU04A, Rashba F HEHUERE & 741
3kt Br #1E z-y P ; (b) dE#EM: 48 1 Rashba H
WS EREET; (o) M m BETHIMESIE RN, B e
X5 T 2 0 A R AE— A 6, BOUAE o-y T (b) B AT
5 (d) B AT TN g e, 2808 eSS S 8E S
I3 & U RS, AR T o B AN R — AR
150 5EANBRMEZ ], For o X R H IS 2 /71, ek
B BT BEI % g J7 i 4]

Fig. 14. (a) The electric field is perpendicular to the ferro-
magnet surface while the order parameter direction m, is
defined by the angle 0 relative to £, whatever the direction
of k, the Rashba magnetic field By lies in the Z-y plane;
(b) the Rashba split bands of a nonmagnetic metal; (c) for
a perpendicular m the electron spins make a constant an-
gle § to the vertical such that the projection is as in (b);
(d) same but for 7 parallel to the plane, with m along
the g-direction the majority and minority Fermi seas shift
along the Z-axis in opposite directions, the tilt of the spin
relative to m is no longer a constant being zero along the

#-axis and a maximum along the g-axis [44].

TERGME 4 @ 2 i, 181 Rashba B EHLE A
B ] RESC UL HL R AR EEYE. 2014 4 Barnes
2t 4 3 i FHAS R 7 VE T 7T T % T Rashba H g
BB G F R B A ) e . R AR
Bk 4 BRGSO AL N
Eine P2 AEROR O &8 25 0] S PR BE, 5 RIS SR
137 K/ AT DL G 480 FL 3 B 4%, Rashba
G 00 T R 0o i o % 1 S PR B R 4 5 F g 1Y)
FI7 (Eint + Emax)? K. WGBS A

2

R
H = % - JOS -0+ ?(pry - O'ypa;),

Hop NHETFIE, o NIBFIERF, ar = enoF
NERNIERMEG S, ERRIBIY, no NET
HIRNER G R, Jo RS Bl 14 (a)
T 4 )8 F 1 Rashba H e LER &7~ E0H
kG Br UA K JoS i B B 14 (b) N AERL R
[fl Rashba H HEHUIE # &1 H T B e B 2 g8 i
Bl 14 (c) M 14 (d) 70 A R WEFE /)2 5 m/ /g i
ﬁ%%%%ﬁﬁ. X ARG SR T, AR S RO
eng%w—MW—Em%@%ﬁ%%éﬁ
Eko = h—Q[(km — okgsin0)? 4 k%] — Ersin® 6
2m Y

— 0[(JoS)? + af (k2 cos® 6 + k;)]lﬂ.

1 (JoS)? > (anks)? B, 12 50T 5 4 1 B 1 At 5
mmmgwmﬁ%ﬁmigzgn:m¢_
oT h2

R] cos? 0, Hrh T = %(<k227>¢ - <k920>¢>

4 4 J& % 1 Rashba B e % & 58 & W
85 A

782 SR 2 45 o, Rashba [ e LB RS A 58
J AT p MR R A 4 (17400 3 2 Rashba [ ESL
T8RN A LA B e B IE R A A P B8 52 D0 1 i A
4 J& R M ) Rashba [ JiE JUE #% & 68 7538 1 4h i
HL 3755k 4% 2 2006 4F, Bihlmayer 25 18] DL Lu(0001)
I TE T LI X 42 8 2 T Rashba H FELE RS &
M. E4RRMAAEE BT RN BB,
ZHL &8 1 T RO DG, X 4 2R T i i A
LI IS, %400 FL 37 T B 0 B 2 T A5 U8 ek )
o R, 38 T 4 5 B ek 55 2% T Rashba [ e 51IE 7%
4. E15 (a) £ 12 )2 Lu(0001) fRET &5, Hrh$
M LORER, oK% FAEM RO T A
MHEE AR ZREE . B150)HE, O£ M
SR T SR TS K RL [ HLAT 2 B o A, (©, @94k
TNEIH A —0.46 V/A K M SR T 5 da gy 2 B AR
1. W15 (b) iTLLE B BIHIER T, M Ak e
AR/, X B A% M S Rashba H JiE
HUE RSB/, TS Ak s e e 2 5 A
BIsm. Fb B E R SRS R AR EEA
RRKKAR.
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1.0
—
0.5 =
> : "_h‘j
[} [ — =
5 &
| .
8 —0.5 | *
- .
~1.0
15 © @

15 (a) 12 2 Lu(0001) g7, HhREEHTROEER; (b) @, ® & M s I s R AR R o fif % B 4y
15 ©, @ JMNEIZ N —0.46 V/A I M SR 5 B3 R g As 1k, (18]

Fig. 15. (a) Band structures of a relaxed 12 layer Lu(0001) film, the top panel shows a comparison of a
calculation without (empty circles) and with (filled circles) spin-orbit coupling (SOC); (b) charge density of
the surface state of Lu(0001) at the M-point @ and I'-point (®); charge density increase (©) and decrease @
of the surface state at I', when an electric field of —0.46 V/A is applied (18]

_— 0.08 ———————————————
A _ A
0.5 Fox = 0.4 V/A -
—O0—FE¢; =0 ‘ )
V—FEe = —0.4 V/A Linear fit

>
Q
oy
2 Zoop ]
< 0r T @
R %
o
Q
=1
[€a]
(a) | (b)
—0.5 N N N N N N —0.08 1 N N N 1 N N N 1
Z0.2 0 0.2 —0.4 0 0.4
k along I'M/A-1 Electric field/V-A-1
0.2 —————7— ———————
r Ak =0.2A"1
> >
] ]
~ ~
o) >
o0 o0
- -
Q Q
=] =]
[0} o
o0 o0
8 g
+ +~
= £
a8, a
0 [95}
0% L L L 1 L L L 0.13 L . . . 1 . . . 1
0 0.1 0.2 204 0 0.4
k along I:M/A*I Electric field /V-A~1

16 (a) MIHN 0.4, 0, 0.4 V/A, 22 2 Au(111) fEFFIE; (b) KA I SBEHGE LA TF; (c) Rashba [ k%
REERE I R M4k (d) WK k= 0.2 A—1, 0.1 A~1 I, Rashba [ 255 2L A5 R B % (A8 4k [47]

Fig. 16. (a) The surface Rashba splitting bands under the electric fields Eext = 0 (open circles), 0.4 V/A (up-
triangles), and —0.4 V/A (down-triangles); (b) electric-field dependence of the energy shift (squares); (c) Rashba
splitting energies under the electric fields Fext = 0 (open circles), —0.4 V/A (down-triangles), and 0.4 V/A (up-
triangles); (d) Rashba spin splitting energy versus the electric field, under the different wave vectors k = 0.1 A-1
(down-triangles) and 0.2 A=1 (up-triangles) [*7].
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T2 X 4 2R T i 0 A L3 AT DL 5 R
[l Rashba [ JEHUIE #E & 58 FE 110471 2013 48, FAiT
FIH S — PR B B T HIA R Au(111) 1
Rashba E iEHE R &R U7, B16 (a) BT
22 J7 Au(111) R A LESM MB35 5 R —0.4, 0,
0.4 V/A R R AR, X HEEATE LIEBHE
PR, BRI, S RE, B g
WAl TH FF AR N B B, i la) B3 L B
MRJZ, NREH R, 1E M ISR SRS
F#, i A ARIASREAE TR, B 16 ()%
7RIS T SREANINEI AR, S RER DA
sl 5 Mg gk o8 &, WIS KB Au(111)
I ) Rashba H e 5% 24 [F] I 278 53 K k gt
KAM—TUREHEL M RN I 5 5E T &
TG, HEPUERE PRI

h 1 1
H,, =— (1 - 2 4. )
ST Am2c2 4m202p + 16m4c4p

x (VV xp)-o.

B 16 (c) 1 i 5 SR 2k 73 il R 2 Mt S5 AR 4t (B & 4
By g A, a0 = MARER S — P R S R
M AT LAE B JE 0L & 5 58 — 1 S5 B B 2
RAFEBE. I — P AT, RATIE RIS
Hi3%) R % Rashba H HELIE & I 2V B0A PR 4
F, BEAT R A 3 M G R 2 B TR S I a5 s
PRZS A3 38 W 3G T, 17 R T B OB F I R E AT
SEMAAR /)N, DR b 38 B 450 52 40 H 3 52 00 £ A 280k
I EB T

2014 4F, Ishida &5 F51 ) I 4% bk o6 40 77 725 %t
Au(111), Ag(111), Cu(111), PA K Sb(111) f3¥7
BR &5 K EAT T W 9T, P JoBR 45 0 1 I AL 7E T ] B
figf e — LU E AT R JE R T b wf DA AL B ) R AE
Au(111) v, Ishida Z5HF5E § Rashba H 255 2L e &
HERIAEZME R R, LIRS ) R ZS i il
B R, BT (a) fE 17 (b) 43 345 H T Au(111)
> TG R % T 11 2 T 7 R = C BAOC &R 1 e % 2L .
M 17 (b) 7T LAE R MG B, IRk, BORE, B

IEES AR R 5 R CAH RIS TN SR, XM
i B8 261 ¢ R IR — J5 T2 R A H e #5 &
s I, 5 THD R DR R R T S U R B
TSR R e M 5E 2. IX A Rashba [ g 838 75
A BB TILE 2 SR ) b i (9.

B T H B 4 A 2R T e n Ab B3 PO 7 4
J& /R B S A AR T, R Bk AR A B A T
A RO 2 51 Ak Rashba, [ 5E 0 R & 58 & P12,
2010 #E, Abdelouahed % 21 Fi| F 58—k R 1
WH9E T Bi/BaTiOs £ &1k &, W5 KM BaTiOs
HL A 16 B 5 5 Bi-6 p 3L 18 T2 bR [¥) Rashba H JiE 8%
HERMEA—Ewm. K18 & BiJi 7 i 7£ Ba-
TiO3(001) 2 TH 1 AL B FA AL B, (a), (b) A Bi
JE 5B AE TiO, J2 L5 (c), (d) 9 BiJ& 7 W I £
BaO JZ.

3t (a v
(a) 5 ./,,
o
> 2 o
c #
= 7
<y A
1 s
W ::;
0 e’
4=l5ﬂ%:/ 2
_a“'_'_t"‘-\-\,
0.15} (b) =573 \\ Slab
> 0.10 - \
]
S~
4
0.05F J Semi-infinite
4

0 " i i i i i
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
k;/arb. units

17 (a) Au(111) RE&SE DK BRI AR (M R,
e (ko) (b) K TEMR Au(111) R U F-K B2 10 B e 55 2
Bt Ae = eq (ko) — e— (ko) 5 35 2 Au(111) # R B e dh 2
fi [48]

Fig. 17. (a) Energy dispersion of the L-gap surface
states along I'-K, 4 (kg ); (b) spin-splitting energy Ae =
€+ (ks) — e—(kz) for a semi-infinite Au(111) surface along
the I'-K direction (solid line) and calculated by using a
35-layer slab is shown by dashed line (48],

#*1 TiOo AN Bi/BaTiO3 Jt 1 Rashba [H FERUE MG RN, 18I 239 py M py B, BEZEMK kg, Rashba fig

B Egr, AR E m*, L& Rashba 34 ap 1784 1

Table 1. Rashba effect at Bi/BaTiOgz interface, with a TiO2 termination contacting with Bi. The splitting kg, the

[51]

Rashba energy ER, the effective mass m*, and the Rashba parameter ag for ferroelectric polarization py and p .

I-M r-x
kr/A—1 ER/eV m*(me) agr/eV-A-1 kr/A—1 Er/eV m*(me) ag/eV-A-t
pt 0.22 0.16 —1.14 1.45 0.25 0.18 —1.36 1.42
py 0.23 0.16 —1.22 1.39 0.27 0.18 —1.48 1.36
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TiO5 termination

BaO termination

[100] [100]

(a) Top view (b) Side view

[100] [100]

(c) Top view (d) Side view

18 TiOy J2 BT i Bi/BaTiOs 1 (a) i ¥LE M (b)
AL E; BaO J= A#E il T 19 Bi/BaTiOs ¥ (c) it 41 E A1 (d)
M K EIRAE BiR T, A EIRMRE O BT, ERRE
Ba JR 7, BEEERAE Ti 1T B2

Fig. 18. Perspective view of the surface geometries of
Bi/BaTiO3 (001) with TiO2 termination top row and BaO

termination bottom row. The left right column shows a

top side view. The atomic species are indicated by color

and size of the spheres (Bi, violet, large; Ba, green large;

Ti, blue, medium sized; and O, red, small); confer legend

in panel (521,

0.6 08 1.0

. 0.2 .0.4
/A1
19 kM py B Bi/BaTiOs MRMA, LEHR
TiOo Hefili T 1 vF 5 45 5, 4 18y BaO il i 1) 1 5 45
B, kr NBZER, Er N Rashba fgfit (02
Fig. 19. (color online) Rashba splitting of Bi 6p sur-

—-06 —-04 -0.2 O

face states in Bi/BaTiO3s. The main panel displays the
dispersion of the surface states for TiOz-terminated
BaTiO3 (unrelaxed, py). The dispersion for BaO-
terminated BaTiOs is depicted in the central inset.
Note the strongly reduced Rashba splitting kg in the

latter case 921,

BI1945 H T 8k Wl 4k 2 py B Bi/BaTiO3 [
RIEA, EENTIO, Bt H 4R, BN
BaO £ fil [ (1) v 5 45 3, B% 24 Y% % kr A Rashba
BE R ErbRiE/EE A, WE 197 LLE H, TiO,
N4 fi THI 1Y) Rashba H g 8% 24 L BaO Sy 42 fil [ 1)
Rashba HHEES HE KR L. R 1A H T TiO, N
ful THT, 2k HLAR AL 23 3 R py Rl py B, BE LUK kg,
Rashba f¢ & Fr, A i & m*, Pl Rashba Z#{
yr AL, 8 B R R ke AR N B TSN
TR A5 B I AR Ak, TR A T 1) O AR R, U
FHIO-MMC-X BIPGERE 502810 7 4.5% A
5.5% 11,

5 4 J& % & Rashba B 2 % ¥ 3 &
R R E

2004 4, Andreev %5 P B 78 T Au(111) & 1
W B S PR AR (A, Kr, Xe) %R W &SR, o
FR I, WP TS PR SR AT S, R A A E R A
50—150 meV IF3h. K 2045 H T 84N T RE
TR AN [F) R P Xe WP R R THIAS TR 311,

T T T
Au(111) A hv=21.2 eV
y T<50K
. -‘.
. ¥i "\‘ 8
g
3
s 1/3 ML Xe
g kY
~
>
Z
<)
2
=
s 2/3 ML Xe o
!,f"\ 1 ML Xe
." \
M \Hb
L 1 1 |
—0.6 —0.4 -0.2 Er=0
Energy/eV

K20 S4MumTREEMES R ARKE Xe I T3

A B R R 3 193]
Fig. 20. UPS surface-state signal in normal emission of

clean Au(111) and with increasing coverages of Xe [93].
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Rashba F HeHUE 4 4 0859, XA Lee 55 2] [y &5 it

Wil 4% 42 J& 22 1 Rashba H e HUIE #5 & BE AT LU
I TR P PO-57 =590t AT DA TR (K 2 T A 4
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WAL 21 (b) AT LA, R & & BiJi AL E
W T Ag R 1. KA Bi/Ag(111) Ha8—
T ARAE T R T A RIAFAE, 55— R E R
T FE T BT R I THT P9 R A R IR T A
Y B R 1) B T B 24 R0 3 B TR 10 1 B e AL
23R4 1 LA M KL ) Rashba H EFLIE RS &

SREEXTEE. AHEL TR SR R BT A Ag(111) K
Au(111) R LA K Bi(111) R, Bi/(111) &4 %
[fiiff] Rashba HEPUERGREEIRE. B 225
Bi/Ag(111) SR & aRemm 451, LR Mo HiEt
HLF Re i OO B 45 5, AR e — MR B L A4
R OB 2277 LUE B, 5 — % Rashba H e85 224
(s Hp. $118) 55 =X BB RS (p,, py HUE) 1£
e E = —04 eV, k, = £0.2 A-VHhiE K244k
ky, = 0.14 A=1f10.18 A~ i, seab st 5 H e
AT, B R I Bi/Ag(111) Ffi 4 Lk
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Fig. 21. (a) Schematic top view of the Bi/Ag(111)
surface alloy; (b) side view of the schematic [Bi, light

(a) 1AL

ray (orange); Ag, dark gray (blue)] (611,

%2 JLF# Kl Rashba HiEEE MR L, H i ER  Rashba G, ko NEEZRIN K, ag N Rashba

LA 3 5 (O1)

Table 2. Selected materials and parameters characterizing the spin splitting: Rashba energy

of split states Eg, wave number offset kg, and Rashba parameter ag.

Material ER/meV ko/A—1 agr/eV-A—1 Reference
InGaAs/InAlAs heterostructure <1 0.028 0.07 [62]
Ag(111) surface state < 0.2 0.004 0.03 [63,64]
Au(111) surface state 2.1 0.012 0.33 (63, 25]
Bi(111) surface state ~14 ~0.05 ~0.56 [28]
Bi/Ag(111) surface alloy 200 0.13 3.05 [61]
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Abstract

Spin-orbit coupling (SOC) is a bridge between the spin and orbital of an electron. Through SOC, spin of the
electron can possibly be controlled throuth external electric fields. It is found that many novel physical phenomena in
solids are related with SOC, for example, the magnetic anisotropy of magnetic materials, the spin Hall effect, and the
topological insulator, etc. In the surface of solid or at the interface of heterostructure, Rashba SOC is induced by the
structure inversion asymmetry. It was observed first in semiconductor heterostructure, which has an inversion asymmetric
potential at the interface. Because Rashba SOC at the interface can be easily controlled through gate voltage, it is of great
significance in the field of electric control of magnetism. Metal surface subsequent to semiconductor becomes another main
stream with large Rashba SOC. In this paper, we review the recent progress in Rashba SOC in metal surfaces, including
both the magnetic and nonmagnetic metal surfaces. We demonstrate the findings in Au(111), Bi(111), Gd(0001), etc.,
and discuss the possible factors that could influence Rashba SOC, including the surface potential gradient, atom number,
the symmetry of the surface wavefunction, and the hybridization between the different orbitals in the surface states, etc.
We also discuss the manipulation of Rashba SOC through electric field or surface decoration. In addition, on magnetic
surface, there coexist Rashba SOC and magnetic exchange interaction, which provides the possibility of controlling
magnetic properties by electric field through Rashba SOC. The angle-resolved photoemission spectroscopy and the first-
principles calculations based on density functional theory are the two main methods to investigate the Rashba SOC. We
review the results obtained by these two approaches and provide a thorough understanding of the Rashba SOC in metal

surface.
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