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Fig. 1. STM characterization after Mg deposition on SrTiO3(001) substrate: (a), (b) STM topographic

images (Vs =2 V, It = 40 pA); (c), (d) the In I measured as a function of increase in tip-sample distance z

taken on the island and between the islands, respectively, at the positions marked by dots in (b).
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K2 A4 STM, STEM fl EDX R1E  (a) #)Z FeSe MR H 1) STM S, (b), (c) FFR 4 B it [010) 5
) HAADF J& 72 #E, () 2 (b) =5 & X s ok s (d) B (c) %R X 38 St, Mg, Ti, il Fe Jt 3 EDX ##i il
HAADF A& B, BFM&A#HAELY MRS 4.0 A; (e) Ti (L ASLE) M Fo (BAILLITER) BT Log KR/ 50F
A K% Fe J5+ L3 Fl Lo AR SR EELL T(Ls) /I (Lo) (W 5005 8) W (o) 38 L i Sk B A BBk, ARFR 3 sl i € 1E FeSe

25 MgO Z5 54t

Fig. 2. STM, STEM and EDX characterization of interface structure: (a) STM topographic images of monolayer
FeSe; (b), (c) atomically resolved cross sectional HAADF images of the hetero-structure capped with FeSe layers
viewed along [010] direction; (d) a combination of HAADF image and EDX map of Sr, Mg, Ti and Fe elements, the

two yellow dashed lines are 4.0 A separated; (e) integrated intensity of the Ti Laog-edge (red dotted curve) and Fe

Los-edge EELS (black squared curve) and the corresponding Fe I(L3)/I(L2) ratio (blue squared curve) taken along

the yellow line shown in (c), the zero point is set at the interface between substrate and monolayer FeSe.
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3 )R FeSe WE A M UGR KJG M STM 58 (a) #1 (b) 43 il 2 B[R A& 1 812 FeSe HRAE 450 °C iR K51 STM JE i K
((a) Vs = —0.1 V, Iy = 300 pA; (b) Vs = —0.1 V, Iy = 200 pA), {HE N FFT El; (c) M (d) 43 & 7 Bl (a) # (b) FHIR
P B IBE 7% (Ve = 30 mV, Iy = 500 pA); (e) il (f) 75l 2 518 F1 & E 1) 52 FeSe BETE 460 °C Z IR K EHI STM JESiE
((e) Vs = —0.08 V, Iy = 500 pA, (f) Vs = —0.15 V, Iy = 500 pA); (g) 1 (h) 775 T B (f) FE (e) TR AT B 1R 2 i
(Ve =40 mV, Iy = 500 pA); (i) TFHEEHHTIIBEF I (Vs = 40 mV, Iy = 500 pA), #HEER THER A (o), (d), (g), (i) B
LR A BT 23 HEkE 5 Re R T i B AR

Fig. 3. STM characterization of monolayer FeSe after annealing twice: (a), (b) STM topographic images ((a) Vs = —0.1 V,
It = 300 pA and (b) Vs = —0.1 V, It = 200 pA) of monolayer FeSe between the islands and on the island annealed at

450 °C, respectively, with corresponding FFT image inserted; (c), (d) tunneling spectra taken at positions marked as dots
in (a) and (b), respectively; (e), (f) STM topographic images ((e) Vs = —0.08 V, Iy = 500 pA and (f) Vs = —0.15 V,
Iy = 500 pA) of monolayer FeSe between the islands and on the island annealed at an increased temperature of 460 °C,
respectively; (g), (h) tunneling spectra taken at positions marked as dots in (f) and (e), respectively; (i) tunneling spectra
taken around an impurity in monolayer FeSe on the island, at positions marked as dots in the inset topographic image.
The spectra shown in (¢) and (d) were taken at Vz = 30 mV, Iy = 500 pA, and the spectra in (g), (h) and (i) Vs = 40 mV,
I; = 500 pA. In (c), (d), (g) and (i), the horizontal bars indicate the zero-conductance position of each curve, and the

dashed lines are guide for eyes, showing the change of superconducting gaps.
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fi& 7 SrTiO; L 5 JZ FeSe 1) 48 F fig B 1H (18—
20 meV) [L7261 3% IF & %5 — JZ FeSe 1 HL T 55 Si-
TiO3 75 T #8445t FE B BE 25 3% I i 48 $505E 0 1) 25
R AU BTN EK, FeSe/MgO WUJZ /SrTiO3
B 1415 meV B3 g B — 45 B3 L] B
B U9 25 RE A 25 S 305 T H A % F% il FeSe L
T 5 SrTiO; = TRy G ILFEE R4 R, (HEAF
51 5 ) A, MgO & A B AT 2950 meV ) /=1 B8 7
T BABL MgO(001) T A 2180 meV [ i fE F-K
o 101K e i B 7 T 75 BB 1 9 FeSe JIEEHR (¥ Ha
THRSHAR 505

S E BT 5 FeSe i T REMH 5 G 5
AR I 1 RO R O] Al 1 FeSe/MgO XUz /
SrTiO3 [ 14—15 meV 8 5 BB AE X B[ # 5 5%
R 2 4050 K, i TR A 2 A iE i s
DL AE AR A MgO(001) 4 JiE - B = FeSe 7 i b WL
TE) 18 K (¥ ST 1 5 i 50X — A B g5 L B0l A
FeSe 5 & #1 ¥} MgO(001) 7 1H, Fe J& 7 & QA1
1—2 7 MgO H Mg J5i -1, F#AIK 1 5t MgO )= I bR
K, 3 T T BT A B A% ST B FeSe (1)
HL 75 2% P9, 7F FeSe/MgO M2 /SrTiOs 14 & H,
FE ST B T I 2R 0000 38 B (2 7 Fe J5 747 i/ B AR
(B2 (e). RFETHAMMgO(001) #1)E L #.JZ FeSe
J I A7 7 K 2 A7 5 R A 7%, A SR (1 52 FeSe
JRE R T AR 5 — (B i, B AR I 2 L/ B 7
J&, 1% AT g A I 3 B 5 5 A M 0 — AN EE R
K. AT 3k — 1 & FeSe/MgO F 1 18 545 1,
B R G TR A R MgO & _F 2 FeSe I 1)
T L. X TR R A KOG DT (pulsed laser
deposition, PLD) B sl 8 (L ¥ MBE 545 R, 7E78
AT R AS SR T U Mg AERIIE T AR
B R MgO B . Bt —25, dlid oE MgO
J2 R A K R R A TR 45 Mg O R 3
BRBAE 25 oV S SRk B9 78 Al BT
J& R 5 ia R B N A A P LRSI 7T AT
56 3 T 7 70 T G A TR P A DA B AR R
PR AR 5 KT AN BE A 2 18] ) S BE.

B, (A1 BT R S 6 45 A AT RE N . AL
A SR SR U E R/ A
R =R 858, #) 3 TiO, /FeSe/TiO, =]
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TiO2/MgO/FeSe/TiOy 5 % |2 77 i 4.

5 & W
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FEMME] 7 14—15 meV [ FHEFL. X — KM
TR MgO A 4% TiO4 Z J 3 — 7] LUK 55 B 2 FeSe
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Abstract

We report on the observation of a superconducting gap of about 14-15 meV, significantly enlarged compared with
the value of 2.2 meV for bulk FeSe, in monolayer FeSe film interfaced with MgO epitaxial on SrTiO3(001) substrate
by using the scanning tunneling microscopy. While the MgO exhibits the same work function as SrTiOs substrate,
the gap magnitude is in coincidence with that of surface K-doped two-unit-cell FeSe film on SrTiO3(001), suggesting
that the interface enhanced superconductivity might be attributed to cooperation of interface charge transfer driven
by band bending with interface electron-phonon coupling as discovered at FeSe/TiO. interfaces. On the other hand,
the observation of such an enlarged superconducting gap, complementary to our previous transport observation of an
onset superconducting transition temperature of 18 K in monolayer FeSe film on a bulk MgO substrate, implies that
FeSe/MgO interface is likely to be a new interface high-temperature superconducting system, providing a new platform

for investigating the mechanism of interface hightemperature superconductivity.

Keywords: FeSe/MgO, interface enhanced superconductivity, scanning tunneling microscopy, scanning

transmission electron microscopy
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