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Fig. 1. (a) Schematic diagram for the angle resolved photoemission spectroscopy and (b) energetics of the

photoemission process.
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Fig. 2. Direct detection of various basic physical properties utilizing angle-resolved photoelectron spectroscopy.
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Fig. 3. A picture of the vacuum ultra-violet (VUV)
laser-based ARPES system which is composed of two

main parts: VUV laser optical system and angle-

resolved photoemission spectrometer.

3 REBTHREETEMN

3.1 BREEBSEHRIAEFIE T4

5 R S AR SRR, Bk R A O AT R T
TARsRM) 4, WAaBR T AAREEAR
PR SR RN RGN, g B IL Ry
fE 2 B A FeSe/FeAs 2, & FRKAENFHEZE. £
FeSe/FeAs JZH1, Fe Ji 74T — /> 1 JE 5 4 77 4%
T, Se/As JR LT Fe Ji7-F ) _E TP, 5 Fe
JE 7K DY A, T2 RN R = VA F 45K, X
B SRR A T, B SRS S A
SFEET) CuO AT AN, B — @ RS, 2t
A TSR B 8 B =4, T S A S
AEAINEPS

eoct

Sr3ScaO5FesAsy

4 R RYIEE PR RIS LR 3 Z g e 17
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layer projection 1,
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Fig. 10. Fermi surface mapping of parent compounds of iron based superconductors for CeFeAsO, NaFeAs,
BaFeaAso, 1 ML FeSe/SrTiOs, 2 ML FeSe/SrTiOsz and 20 ML FeSe/SrTiOs, respectively (43]
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Fig. 14. Fermi surface and momentum dependence of superconducting gap for optimally-doped Bag Ko .4Fea Asa (441,

(a) Fermi surface in the supercondcuting state; (b) and (d) EDCs at the kp of the outer Fermi surface and sym-

metrized results; (c), (¢) EDCs at the kg of the inner Fermi surface and symmetrized results; (f) momentum depedent

supercondcuting gaps for the inner and outer Fermi surfaces.

207413-11


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 67, No. 20 (2018) 207413

3.5 AFe,Se, B RELMMBFEM

2010 4, BRELE 31K A Fea_ySea(A = K, TI,
Cs, Rb %) FIR B P30 JijGhe T 24 ik S 4 5 1
W T8 B — A8 B #m, DRA e AT THE B 98 At 2k
FH SR R Y S — L B AR T PR,
TEEZ H, HA SR B SR AEAT N X ho i
W AFAEA XK. L 7EIX L T SRR
AL S NTTREP Y=Y bl R R Rt E i & N1 Tl Tt )
BB, AR BB T2 N R IR S A T T R s+
i FECAT BRI, Ay Feo—,Seq H R BN IX — W 54
e TR R X, REEHE SRR
M JEE 30 K P b, e I & 50 3% B A2 A7 LN [X rh
DA EA B KT, B DAl A fL TR
VALY & NTTREL S Rits & NP E ) C P ap e s
B BRI AR FE 2 R AR 3 RERR BB AR,
S0t 57 B PR R R L SR I LB AR 7
(oSS

B15%E /8 17 S In i B A32 KB
Tlo.58Rbo .42 Feq 7oSes 8- FARMI 43 HEOGH 7150}
Fo 4k R 02,65 3 A R OE T T i A R
R TR PR, 4R ER, BSAm B X A0
T SO T2 AR, Ti s MO i — A2 oK T A

B (B H A& AN W I s Y g oK), T
RUPIREAT 5 MIESE, T S AFAE 23 B oK T, B
A B2 A F 7 2 B oK, XA [R] T RE A e
ToU LA B 350 4 S B W 45 2 1) ¥ A B — AN 2
KIHIETE, 56 8INR A Feo_,Seq [ HLT-45 14
PRt 7 H BRI, B PRSI A5 KR,
£ Ko.6sFe1.79Sez M Tl 45Ko.34Fer g4Sey #3144
FHOCA R R I T B A AL 9 oK TH 4 1 &5
fy [64-66] S gk RALARHH L T A, Feo,Seq Wik
() BROKTH FH D 28544

B RERR I R W], A,Fea_,Seq 14
R HSE T AN T 2K S 58 MO
HL - R 9 K TH A JC BB R T A AE, R & 1)
() 12 ) LR, 2 B 3 T T R PR 2 i 7] T s 9%,
W 16 fros. X HE— DL T AgFea—, Sep R
SR BA TC T B I [R] R T B BRI — AN G
KA.

AyFeo_,Ses F 5 E A w1 1) T 1 540 B,
EDS S LoD ARSI VAN 6 N T TS S Bl A = V1N
RSOKTN S M L2 2 K TH B A D FE - e 6T
Ji ERIE X A LR AR AN R ). o — PP T
Ha, 2 2 K 1T 2 [A] (%) 5 LR A Sy F - BT 6 %) 2
WA R, (B RXBUR YL A, Feo_Ses

Cutl Cut2

M3 I M3 I

04
ky/mea=!

ky/ma=!

K15 Tlo.ssRbo.a2Fer 7oSes HIBEKIIHH TN MR g i 4544 162)

Fig. 15. Fermi surface and band structure along high symmetry directions for Tlp. 58 Rbo.4a2Fe1.72Se2

62

207413-12


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 207413

High

270°
® (3 Fermi surface near I”
® ~ Fermi surface near M

16 Tlo.58Rbo.a2Fer.70Ses #FHESR M E A< 2 162]

EDC intensity/arb. units

SRS

—0.10
E—FErp/eV E—FEp/meV E—FEp/eV E—Ep/meV

~ near

R N N
1 N
S &: N
SN

(a), (b) HElZE M gifl

0 —100 0 100 —-01 0O —80 0 80

FFRKTE; (), (d) F%E M R

PR LR kp EDC BIERRIXIFRIEIISE RS (o), () FSE  MANZHIFOKE LK kp EDC MEAFRERISR; (g) P4

KT FR 0 B A AP A S RE RS R 2

Fig. 16. Superconducting gap and its momentum dependence of Tlg s8Rbg.42Fe1.72Ses [62], (a) and (b) Fermi
points; (c) and (d) EDCs at the kr on the Fermi surface

surface in the supercondcuting state around M and

around M point and symmetrized results; (e) and (f) EDCs at the krp on the Fermi surface around

point and

symmetrized results; (g) momentum depedent supercondcuting gaps for both Fermi surfaces.

BT RE B 106 2 d YO 07701 X R M s
FIPIAS B R S oK T B A R IR AL, EATRE B
o NAZ H BLRERR Y A, X BB 5 SRR E R A
FF. JCHAEEIGE T SR ANR BT ORI A &
P BERGTT U RIE R, 0 d W BC AT REVESR 1
PR, ApFea,Seo HAMRT ) Bl 2K T 25 44 A1 BE Bt X
PRPE, 0 BE AR R JR i S LS B TR AR, Bk
S e AL AT TR T —NE I S .

3.6 FeSe/SrTiO; & fEEB FHEMMEB S
FE 1
T, TR A S AR IR
£ TR 5 LA v U L £ 7 A L
A P T T R BRI S b
AT 5 o A IR S 0 B 55 K 112), (L 7E gk i v
MRLEOBE ST b, ORI T v B T I S 2, 437 2
FeSe MR, & 56 2T T Hebt i 55 v s 00 7 1
2o 3 [T FeSe ¥ M5 i 7 J8 ik MBE A= K76 A7 58075
BRI RS I 1S (STS) W& BoR T %R
BEEAT 8 K 8 FEATIRE L 2.2 meV HIH T AL
RNV B P 5 S B0 AR e, A S b U 5 B
FeSe 1) — B, {H & B A IR 5 2 1 FeAIS, HoBE il
L A I, BLE R Z I Gk (7, x5

AR SR B0 Ph B0 2R B 5 AL (731, (H 2 Bt
JETE & e A SrTi0; J5, KIHAR H1 2 5 FeSe
HEIEE A K H R, STS & M 2] T 2520 meV K
BERERR (K 17) M xR LB SEES K
W 2.2 meV [P FHERR, 20 meV 8 T B FR =k
FAFAE R AIRE (77 K) W8 5 5 AR5 R (Al
BE. ZAR— RIS SR R = S
W 55 K 403k, 7 —J5 i, BN 5
T Y FeSe & T 1 3 57 AL IR FE ~8 K F [k
TREAFIN T, ~ 36.7 K, %45 RAEw H A&k 3
JE AT 4 JE R #43 SrTiO3 4o i A K ) 1 JZ FeSe
VL N O L A L AT S R SRR X — i
Fi, R ER AR I TR 1) e S AL DA BRI 5 G
TR AR T, #A S BN R X

A5 %55 AR 4 G FL - R R R R
JZ FeSe/SrTiOg i JE I H 45 F4 FEE 5 H 1 (1) A
FHATNH. FEAFE: $)Z T FeSe/SrTiO; i
FEL PR BE AT 45 F AR 5 fL ;. L2 FeSe/SrTi03 1 i
) LT 45 R AR P B2 FeSe/SrTiOs 1 5 b i) 4 2%
Pt FAREE AR, B2 RIXUZ FeSe/SrTiO3 i 5 HL
TEEMIFIHE S f e 22 74 75 SCHR [75) A AE G
4.

207413-13


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

# 32 % 8  Acta Phys. Sin. Vol. 67, No. 20 (2018) 207413

FeSe (1 UC)

(d)

0.2 [

dI/dV/arb. units
dI/dV/arb. units

e
=

-—4IO —I20 0 QIO 4IO ] —4IO —I20 IO 2IO 4I0
Bias/mV Bias/mV
B17  SrTiOs #K EAEK B FeSe Ml (14 (a) MAUZMIIILI; (b) 2 FeSe/STO 45 R

(c), (d) HERIXUZHIE STS 2k &
Fig. 17. STM topography (a), (b) and STS curves (c), (d) for single-layer and double-layer FeSe film grown

on SrTiOg3 substrate (741,
3.6.1 ¥ ZARF FeSe/SrTiOs ¥ i A v 25 4 REH. H M &P A PG R T AR SE I
Fort @1k TR AT T AR T 18 R T
BT SrTiOs # i EA K 55 FeSe H I B A St FLAPF 9T 5 7 1 Bl A 45 ) AN A B e AR 1 4 SR 76
eI S 2, SRIBCH: FL T 25 A 0 B AR 3 i e 2 Kl 18 (a) &7~ T 2 T FeSe/SrTiO3 HE 1) 9 2K

ky/ma=?t ky/ma=?t

18 HZHF FeSe/STO MKMIFKM (a), FNME, EHHERT (Ba, K)FeaAsy #3145 (), AxFea—ySes il 3k
(b) KB iH 545 20K B FeSe 19K (d) [76)

Fig. 18. (a) Fermi surface of superconducting single-layer FeSe/SrTiOs film; for comparison, Fermi surface of
optimally-doped (Ba, K)FeaAsz (c), AzFea_ySez (b) and (d) calculated Fermi surface of bulk FeSe are shown [76],
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Fig. 20. Fermi surface and band structures along high symmetry direction of single-layer FeSe /SrTiO3 film

for two different phases.
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Fig. 21. Phase diagram of single-layer FeSe/SrTiO3z film under vacuum annealing.
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Fig. 22. Doping evolution of the photoemission spectra and the energy gap of the S phase in the single-layer

FeSe/SrTiOs3 film and its comparison with that in La-Bi2201 system: (a) Photoemisson spectrals, devided by Fermi

Dirac distribution, at different carrier concentration; (b), (c) EDC comparison between single layer FeSe film and

La-Bi2201 at different carrier concentration; (d), (e) the symmetrized EDC results; (e), (g) show the Fermi surface

and symmetrized EDCs of single layer FeSe film at 0.076 e/Fe carrier conctration.
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Fig. 23. (a) Schematic phase diagram of the S phase in the single-layer FeSe/SrTiOs film and (b) its comparison

with that of La-Bi2201.
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Fig. 24. Fermi surface (a) and image spectrals along three high symmetry direcntions (b), (c), (d) in Brillouin zone for
double-layer FeSe/SrTiO3 film annealed at 350 °C for different times; (e) shows the photoemission spectrals at 23 K and 70 K
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Fig. 25. Crystal structure and Fermi surface of three FeSe-based superconductors: (Li,Fe)OHFeSe, single-layer
superconducting FeSe/SrTiO3 film and(T1,Rb),Fea_,Ses 56,
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Abstract

Copper oxide superconductors and iron-based superconductors are two important families of high temperature su-
perconductors. Their high-temperature superconductivity mechanism is a long-standing issue and still in hot debate in
the field of condensed matter physics. The extensive and in-depth exploration of iron-based superconductors and their
comparative study with copper oxide high-temperature superconductors are of great significance for the development of
new quantum theory, the solution of high-temperature superconducting mechanism, the exploration of new supercon-
ductors and practical applications of superconductors. The macroscopic properties of materials are determined by their
microscopic electronic structure. Revealing the microscopic electronic structure of high temperature superconductors is
fundamental for understanding high temperature superconductivity. Angle-resolved photoelectron spectroscopy, due to
its unique simultaneous energy, momentum and even spin resolving ability, has become the most direct and powerful
experimental tool for detecting the microscopic electronic structure of materials, and has played an important role in
the study of iron-based high-temperature superconductors. The revealing and discovery of the Fermi surface topology,
superconducting energy gap and its symmetry, three-dimensionality, orbital selectivity, and electronic coupling mode
in different iron-based superconductor systems provide an important basis for identifying and proposing new theory of

iron-based superconductivity to solve high temperature superconductivity mechanism.
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