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Fig. 1. Schematic plot of the phase diagram and Fermi surfaces of iron-based superconductors: (a) The schematic

phase diagram of BaFezAso family by hole doping and electron doping; (b) schematic Fermi surfaces of monolayer

FeSe or Liy_,Fe,OHFeSe; (c) schematic Fermi surfaces of optimally doped Baj_,;KzFeaAsa, BaFea_;CogAse or

NaFej_5Co,As; (d) schematic Fermi surfaces of heavily hole-doped KFezAsa.
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Fig. 2. Tunneling spectra measured on the surfaces of some typical iron-based superconductors with both electron

and hole Fermi pockets, the tunneling current is injected along c-axis.
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gl 5 g 2]

Fig. 3. Magnetic field dependent intensity of different kinds of characteristic scattering spots on FT-QPI patterns measured
in Fe(SeTe): (a), (b) FT-QPI patterns measured at 0 T and 10 T, respectively; (c¢) a schematic plot of Fermi surface and
inter-pocket scatterings in the momentum space; (d) the intensity difference of characteristic scattering spots by subtracting
(a) from (b) 201,

& B=10T

" Q-0-0:
o
L6 (o) Cu site /A (d)
/ ag 0.6
wn
h=t
2 1.2 /\/ 2a0 E
g 1 3ag "S 0.4 | Cu site
E 2
g 4ay > /
208 1 5 /
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@]
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Bl4  AEREPES AT S RER N RAES  (a) STM WES S Cu B85 7 EJ7 KT Na J5 T ISR (b) 4% Cu [T X KH Na J5 T
SRR (o) B (a) H TSk IR — R AIREES; (d) W2m #4505 2 nm FIREETE S B 10H00) B S 256 42 17 )3 gk (28)

Fig. 4. In-gap bound state induced by the non-magnetic Cu impurity: (a) The topography of the Na atoms on the surface above
a Cu impurity; (b) illustration for atoms near a Cu impurity site; (c) tunneling spectra measured along the arrowed line shown

in (a); (d) the difference tunneling spectra by subtracting the spectra with that measured 2 nm away from the Cu site (28],
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Fig. 6. Calculation and experimental results of phase-referenced QPI signal 0p~ (E) in LiFeAs by
DBS-QPI method [32:33],
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Fig. 7. Tunneling spectra measured on FeSe by different groups: (a) Tunneling spectra measured on FeSe thick

film [39], (b) tunneling spectrum measured on FeSe single crystal (401, (c) tunneling spectrum measured on FeSe

single crystal at a lower temperature 201,

207401-8


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 20 (2018) 207401

2017 4, Sprau 25 POLK ) & I6 FE 4% 51 280 mK,
RKIMEWM B FA R KA KON E, M2
—/ME/ANRE RO, WK 7 () Biw, FERIABERR
I/ME 2> 150 peV, HEBR 1A B8 BT A d RS
YRR, AT AT T AR AR QPL W&, I
F HAEM WA, 2276 5K 4] 5 8 3 BE B IE 75
B RAEZ. E 8 (b) Bor T HAEM M5 % 1
dp~ M, W] LK I py B SRS, B IR T2 /A

+100
G
(b)

I-F : @ Ple ;0.
TR
. PO

Re[p~(q, E =1.05 meV)]

G,

8  FeSe .41 QPT Il EE AN BE AR S A SL IR iE s

—0.2

—0.6

Ayx/meV

—1.0

1.0

0.6

2.0

1.0

o PRI 71 o AR 2 [AHUH, AN IEA]. #E—
N ELEE py HUH PRESU [ Bl N X 380A5 5 24T R,
W 8 () B, SEIRHdl 5 Be T 54 o BB T
RN AR EVE— 2, A E AR A7 AR BERR
g, 458 B QPL 7 #4321 HL A4 ) BE R 4L
fE, K8 (d) FAb ATz I T F R RIRERT IE 5 )5
7 o VAR T & AR R BB A 52 10 384K

(c)

| |
180 270

6,0/(%)

90

(a) FeSe . fin J AL S M HEAR A K oK < B ; (b) B4 QPT #odls

22 HAEM 77 IS %E 5 6p~ (¢F = 1.05 meV); (c) FHF -2 82 [a#t, RE (a), (b) 8 pr HUHBELL
TRy, 1330 9200 45 A ELIR T 3 Lh R, 45 A s Boxt BRR 2R eI AT 2y (d) TRAF BB Bk 48 1 REBRBA FA
Bk £ (30)

Fig. 8. QPI experimental results and resultant gap function obtained in FeSe single crystal: (a) Schematic plot of
Fermi surfaces below the structural transition temperature in FeSe; (b) calculated phase-referenced term dp~ (¢F =
1.05 meV) from the QPI data measured around a single non-magnetic impurity by HAEM’s method; (¢) comparison
between the experimental data and theoretical calculation results of 0p~ (F) for the inter-pocket scattering spot

p1 between hole-like @ and electron-like € pockets, which confirms the s* pairing in FeSe; (d) angle dependence of

superconducting gaps along the two Fermi pockets (30]
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Fig. 9. Tunneling spectra measured on monolayer FeSe [37) and Li;_,Fe, OHFeSe single crystal [46],

E =14.5 mV

day
Amax = 14.3 mV

E=8.6mV. | o E=14.5 mV

K10 Liy—,Fe, OHFeSe (11 QPI S A3 K T K AEBILEH  (a) 14.5 meV [ FT-QPI E%; (b) #KERZE; (c) B (b)
P SOKTHNR) B ORIBBY; (d), () N BERRAN R RE B 1 B RAE AL & 1Y) FT-QPT BT L BELr; (f) 2405 AN T D4R %L
T 4 DA B B 43 A 146

Fig. 10. QPI results and Fermi surface of Lij_,Fe,OHFeSe: (a) FT-QPI pattern at 14.5 meV; (b) schematic plot
of Fermi surface; (c) self-correlation of the Fermi surface shown in (b); (d), (¢) FT-QPI pattern for the central
spot measured at 8.6 and 14.5 meV; (f) orbital contents and gap maxima along the two electron pockets with

hybridization [46],
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Fig. 11. Determination of the sign-reversal order parameter in Li; _,Fe, OHFe;_,Zn,Se by HAEM’s phase-referenced QPI

method: (a) Tunneling spectra measured at the impurity site under a magnetic field of 0 T and 11 T, respectively; (b),
(c) QPI image p(7r, E = +8.5 meV) and FT-QPI pattern p(q, E = 48.5 meV) measured at the area as shown in the inset of

(a); (d) the phase-reference term dp~ (g, E = +8.5 meV) and the region within the two circles contains most of the signals

from inter-and intra-pocket scatterings which is used as the integrated region of dp~ (g, E); (e) the experimental result of

integral dp~ (F), and the inset shows the theoretical calculation results of integral signal for s and st pairing

(31,
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Fig. 12. Determination of the sign-reversal order parameter in Li;_,Fe,OHFe;_,ZnySe by DBS phase-referenced QPI

method:

(a) Calculated tunneling spectra at the impurity site and some impurity-free place in superconductors with

different gap symmetries; (b) energy dependent integral signal of phase-referenced term gpr(g, £E); (c) tunneling spectra

measured at the impurity site and some impurity-free place in Li; _,Fe; OHFe; _yZnySe; (d) integral signal of the measured

phase-referenced term gp:(q, +E) (48]
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Fig. 13. QPI images and FT-QPI patterns for the

parent compounds of FeAs-based superconductors Ca
Fe1.94Cog.06As2 [52], LaOFeAs [°3] and NaFeAs [74],
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Fig. 14. Possible nematicity in FeSe: (a), (b) FT-QPI
patterns obtained at different energies®9); (c), (d) pos-
sible nematic electronic nanostructure near a Se adatom

and elongated vortex image in FeSe thick film [39],
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SPECIAL TOPIC — Tenth anniversary of the discovery of iron-based high temperature superconductors
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Abstract
Since the discovery of iron-based superconductors in 2008, it has been a hot topic to research the pairing mechanism
of superconductivity. Scanning tunneling microscopy (STM) can be used to detect the electronic information in nano-
scale, hence, it is an important tool to do research on superconductivity. In recent 10 years, many valuable works have
been carried out by STM in iron-based superconductors. In this paper, we try to make a brief introduction of the STM
works in iron-based superconductors. Since the iron-based superconductors have multiple bands and superconducting
gaps, the Fermi surface topology can change significantly among different materials. There are some evidences to prove

a nodeless st

-wave pairing in the optimally-doped iron-based superconductors with both electron and hole pockets by
STM experiments. Furthermore, it has been demonstrated that FeSe-based materials with only electron pockets also
have a sign-change order parameter, which provides a robust evidence for the unified picture of the electron pairing in
iron-based superconductors. Besides, STM experiments provide fruitful information about the novel electronic properties
including the electronic nematicity, shallow band effect,and possible topological superconductivity. Finally, we also give

perspectives about the STM studies in iron based superconductors.

Keywords: iron-based superconductors, scanning tunneling microscopy, unconventional superconduc-
tivity
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