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Note S1. XPS results under different etching time for surface oxidation analysis 

In the initial state without etching, the Fe 2p spectra is decomposed into Fe 2p3/2 and Fe 2p1/2 (Figure 

S4a). Specifically, two peaks at 706.7 and 719. 8 eV come from the Fe(0). The other two peaks at 

710.8 and 724.4 eV are ascribed to the Fe(III). Meanwhile, the Ga 2p spectra is decomposed into 

Ga 2p3/2 and Ga 2p1/2 peaks with binding energies of 1117.8 and 1144.7 eV, corresponding to the 



natively-oxidized Ga(II) (Figure S4b). And then, the Te spectra can be decomposed into Te 3d5/2 

and Te 3d3/2. Two peaks at 572.8 and 583.2 eV correspond to the Te (II). Other four peaks at 576.3, 

586.7, 573.9, and 584.4 eV all originate from the oxidized Te (Figure S4c). Moreover, the O 1s 

spectra are decomposed into three peaks including 530.5, 531.6, and 532.9 eV, corresponding to the 

substitutional oxygen, interstitial oxygen and adsorbed oxygen, respectively (Figure S4d)[1]. 

 

With the increase of etching time, the oxidation peaks of Te 3d gradually decrease and eventually 

disappear. At the same time, note that the emergence of Fe(II), Ga(II) peaks and the increase of 

Fe(0), Fe(II), Ga(II) peaks are attributed to the reduction effect of Ar+ during the etching process, 

which can also be seen in other reports[2,3]. Together with cross-sectional TEM imaging and 

elemental mapping, all these results indicate the presence of an ultrathin O-FGaT layer on the 

surface of the Fe3GaTe2-x crystal. 

 

Note S2. Strong intrinsic ferromagnetism in the bulk Fe3GaTe2-x crystal and 2D Fe3GaTe2-x 

nanosheet 

The temperature dependent magnetization (M-T) curves under zero-field-cooling and field-cooling 

(ZFC-FC) regime of bulk Fe3GaTe2-x crystal exhibit a typically ferromagnetic feature and an above-

room-temperature TC (~358 K) (Figure S5a,b), higher than most known 2D vdW ferromagnets[4-7]. 

Moreover, the magnetization of out-of-plane ZFC-FC curve is larger than that of in-plane ZFC-FC 

curve, demonstrating the PMA in bulk Fe3GaTe2-x crystal. A same conclusion can also be obtained 

from the out-of-plane and in-plane magnetized M-B curves with significantly different shapes 

(Figure S5c,d). The PMA energy density (Ku) is determined by the following formula[8]: 

 Ku=
BsatMsat

2
 (1) 

where Bsat is the saturation field of hard axis, Msat is the saturation magnetization. Among them, the 

Bsat of bulk Fe3GaTe2-x crystal is determined by VSM test under 300 K and in-plane magnetic field 

from -9 to 9 T (Figure S5e). The Msat and HC of bulk Fe3GaTe2-x crystal are measured by VSM tests 

under different temperatures (Figure S5f). Therefore, the Ku of bulk Fe3GaTe2-x crystal is calculated 

as ~4.65×105 J/m3 at 300 K, consistent with the previous report[9]. Such large room-temperature Ku 

is one order of magnitude larger than known vdW ferromagnets (e.g. CrTe2
[10]) and is better than 

non-vdW ferromagnetic films (e.g. CoFeB[8]). The bulk Fe3GaTe2-x crystal is a hard ferromagnet at 

10 K (HC, ~830 Oe) and turn into a soft ferromagnet at 300 K (HC, ~200 Oe). In addition, the Msat 

of bulk Fe3GaTe2-x crystal is ~55.1 emu/g at 10 K and remain ~36.3 emu/g at 300 K, ~2.9 times that 

in 2D vdW ferromagnet CrTe2 at room temperature[7]. 

 

To further study the 2D ferromagnetism, the magneto-transport measurement is performed on a non-

oxidized 14 nm Fe3GaTe2-x nanosheet (Figure S6a). The typical metallic characteristic is observed 

from the temperature-dependent longitudinal resistivity (ρxx-T) curve, where the ρxx (300 

K)=3.24×102 μΩ·cm (Figure S6b). As shown in Figure S6c, the AHE exists when the temperature 

is below TC ~350 K and the square hysteresis loop with nearly vertical magnetization flipping 

persists at ~320 K, demonstrating the coexistence of long-range ferromagnetism and large PMA at 

above room temperature in 2D Fe3GaTe2-x nanosheet. Compared with 2D O-FGaT/FGaT 

heterostructures, the 14 nm Fe3GaTe2-x nanosheet shows no THE in the ρxy-B curves at all 

temperatures. Further, we carefully record the ρAH and HC as a function of temperature, thereby 



implying the influence of thermal fluctuation on 2D ferromagnetism (Figure S6d,e). Unlike HC, 

which decreases with increasing temperature, the ρAH is almost constant at first, and then gradually 

decreases after the temperature exceeds 150 K. 

 

Note S3. Discussion of excluding the artifact “THE” signals 

Recent criticisms about some THE may come from the artificial multiple conduction channels, since 

most hump and dip features can indeed be superposed by two-component AHE with opposite signs 

and different HC
[11-15]. Identifying this concern requires understanding the rationale behind it. An 

artifact “THE” mainly happens in heterostructures with parallel multi-conduction channels, or in 

inhomogeneous ferromagnets[16]. Fortunately, Seung-Hyun Chun et al.[17] and Kang L. Wang et al.[18] 

reported some guidance methods for distinguishing the artifact “THE” and real THE. 

 

For the concern of parallel multi-conduction channels, one example is a (Bi, Sb)2Te3/(V, Bi, Sb)2Te3 

heterostructure which contains both surface and bulk ferromagnetism, forming two-component 

AHE with opposite signs and different HC
[12]. To discuss this case, we let a 2D Fe3GaTe2-x nanosheet 

oxidize naturally in the air for 48 h and record the change of ρxx at 300 K (Figure S9a). Note that 

oxidation for 48 h is sufficient to completely oxidize this Fe3GaTe2-x nanosheet, forming an ~8 nm 

O-FGaT layer confirmed by AFM and cross-sectional TEM (Figure S9b,c). The room-temperature 

ρxx of this 8 nm O-FGaT layer reaches to 1.23×107 μΩ·cm, which is ~105 times that in non-oxidized 

2D Fe3GaTe2-x nanosheet (Figure S6b). Therefore, we believe that the current totally flow in the 

Fe3GaTe2-x, as the resistivity of O-FGaT layer is too large to contribute to the conduction. A similar 

method of excluding artifact “THE” has been endorsed in another report[17]. 

 

For the concern of inhomogeneous ferromagnets, a ferromagnet with inhomogeneous thickness (e.g. 

SrRuO3
[14,15]) or containing hidden ferromagnetic phase (e.g. MnBi2Te4 films containing MnTe2

[18]) 

sometimes leads to two spatially separated ferromagnetic regions and present two-component AHE 

with opposite signs and different HC
[13]. The difference in the temperature dependence of such two-

component AHE results in the polarity change of the total AHE in a narrow temperature range, 

where an artifact “THE” occurs[11,14]. In contrast, temperature-dependent real THE with AHE 

reveals no such polarity change of AHE, as real THE only occurs around the spin-flipping region of 

the AHE and should not affect the polarity of the AHE[18]. In this work, no temperature- or thickness-

induced polarity change of AHE are observed in all 2D O-FGaT/FGaT heterostructures (main text 

Figure 2d,e and Figure S8c), and robust 2D THE exists in a wide temperature window ranging 

from 2 to 300 K (main text Figure 3e). Also, as a controlled sample, the non-oxidized 14 nm 

Fe3GaTe2-x nanosheet shows neither the temperature-induced polarity change of AHE nor the THE 

(Figure S6c), and the selected-area electron diffraction (SAED) result for non-oxidized Fe3GaTe2-x 

shows a set of clean diffraction spots for single crystals without hidden ferromagnetic phase (Figure 

S2b). Therefore, we believe that the 2D THE in this work is induced by magnetic skyrmions rather 

than a superposition of multiple AHE. 

 

Note S4. Additional analysis of THE and resulted THE-derived skyrmion sizes 

For ferromagnetic materials with skyrmion lattice, the Hall resistivity (ρxy) can be decomposed into 

ρOH, ρAH and ρTH, which is further expressed by the following formula[19]: 

 ρ
xy

=R0μ
0
H+RsM+ρ

TH
 (2) 



where R0 is the ordinary Hall coefficient, Rs the anomalous Hall coefficient, M the magnetization, 

and ρTH the topological Hall resistivity. 

 

Further, the ρTH induced by static skyrmions can be evaluated by the following formula[19]: 

 ρ
TH

=PR0Beff=PR0nsk∅0 (3) 

where P is the spin polarization of carriers, R0 the ordinary Hall coefficient, Beff an effective 

magnetic field generated by the skyrmions, nsk the 2D skyrmion density (assuming uniform, regular 

2D skyrmion lattices, and each skyrmion carries a topological charge |Q|=1), and ∅0 magnetic flux 

quantum (∅0=h/e, where h is the Plank constant and e is the electronic charge). To extract the R0, 

the effect of ρxx on the ρxy is eliminated by the antisymmetric procedure: 

 ρ
+
' (H)=[ρ

+
(H)-ρ

-
(-H)]/2 (4) 

 ρ
-
' (H)=[ρ

-
(H)-ρ

+
(-H)]/2 (5) 

Since the value of P have been recently calculated to be 67% at 10 K and 55% at 300 K in 2D 

Fe3GaTe2-based magnetic tunneling junctions[20], the single skyrmion size (nsk
-1/2) of each 2D O-

FGaT/FGaT heterostructure can be roughly derived (Table S1) if we reasonably suppose 2D 

Fe3GaTe2-x has similar spin polarization with Fe3GaTe2 since they have similar ferromagnetic 

properties as shown above. 

 

Note S5. Discussion of Joule heating effect in current-controlled THE at room temperature 

Before we study the current-dependent THE, the Joule heating effect should be discussed and 

excluded, as the increase of temperature may also influence the THE. In this work, we perform the 

current-controlled THE in 13 and 19 nm O-FGaT/FGaT heterostructures and evaluate the Joule 

heating effect by recording the longitudinal resistivity (ρxx) and saturated anomalous Hall resistivity 

(ρAH) at each current density. This evaluation method has also been applied to current tunable THE 

in other 2D skyrmion systems[21,22]. As we all know, the Joule heating effect will gradually increase 

with the increase of current density. Therefore, if the Joule heating effect is dominant, as the current 

density increases, the ρxx will increase while the saturated ρAH will decrease, similar to the metallic 

nature and temperature-dependent AHE, respectively. However, as shown in Figure S17, the 

fluctuation of ρxx and saturated ρAH with the increase of current densities are negligible, implying 

the negligible effect of Joule heating effect on the current-controlled THE tests. Furthermore, the 

relationship of j vs ρTH and j vs vd in main text Figure 4c,d are consistent with the general magneto-

transport law of skyrmion motion according to the previous report[22]. Thus, we believe the reduction 

of ρTH in this work may attribute to the current-driven skyrmion motion.  



 

Figure S1. Crystal photograph and XRD pattern of the bulk Fe3GaTe2-x crystals. The size of 

each square in inset are 1×1 mm. 

 

 

Figure S2. TEM characterization of a 2D Fe3GaTe2-x nanosheet along the [001] direction. (a,b) 

HRTEM image and corresponded SAED pattern of a Fe3GaTe2-x nanosheet. (c,d) EDS elemental 

mapping images and corresponded EDS spectrum of Fe, Ga, Te. 

  



 

Figure S3. Quantitative analysis of Fe, Ga and Te content in three pristine Fe3GaTe2-x single-

sheet nanosheets by EPMA. (a-c) EPMA images of three as-tested Fe3GaTe2-x nanosheets on 

SiO2/Si substrate. The black points are sampling point. (d) Atomic percentages of Fe, Ga, and Te 

for each sampling point. (e) Average atomic percentages of Fe, Ga, and Te for sample 1 

(Fe:Ga:Te=3.09:0.93:1.76), sample 2 (Fe:Ga:Te=3.11:1.04:1.70), and sample 3 

(Fe:Ga:Te=3.11:1.01:1.73). Error bars s.d., N=3. These results demonstrate the existence of ~15 at% 

Te vacancies in the Fe3GaTe2-x crystal. Notably, before the formal EPMA test, Fe-contained, Ga-

contained and Te-contained standard samples are used for calibration. For each Fe3GaTe2-x 

nanosheet, three positions are randomly selected and each is tested once. 

 

Figure S4. XPS analysis on an O-FGaT/FGaT surface under different etching time. (a) Fe 2p, 

(b) Ga 2p and (c) Te 3d. In order to present the relationship between etching time and intensity, a 

series of graphs for each element keep a same range of intensity scale. (d) Decomposed O 1s spectra. 

Note that the C 1s (285 eV) used to calibrate the peak position. 

  



 

Figure S5. Above-room-temperature strong ferromagnetism in pristine vdW bulk Fe3GaTe2-

x crystals. (a) Temperature-dependent ZFC-FC curves (M-T) under out-of-plane and in-plane 

magnetic field. (b) First derivative of the out-of-plane ZFC curve. The red arrow shows the 

ferromagnetic-paramagnetic transition. (c,d) M-B curves under varying temperatures with out-of-

plane and in-plane magnetic field. (e) Room-temperature M-B curve for bulk Fe3GaTe2-x crystals 

with in-plane magnetic field from -9 to 9 T. The saturated field Bsat is ~3.5 T. (f) Temperature-

dependent HC and Msat extracted from (c). Error bars sd., N=200. 

 

Figure S6. Magneto-transport measurement of a non-oxidized pristine 14 nm Fe3GaTe2-

x nanosheet. (a) Optical and AFM images of a Hall device based on a Fe3GaTe2-x 

nanosheet. (b) Temperature-dependent longitudinal resistivity (ρxx) curve. The room temperature 

ρxx of this 14 nm nanosheet is 3.24×102 μΩ·cm. (c) AHE under different temperatures. The TC is 

determined as ~350 K. (d,e) Temperature-dependent ρAH and HC extracted from (c). Error bars sd., 

N=25 for ρAH and N=3 for HC. 



 

 

Figure S7. AFM images and the corresponded profile height of six as-tested Hall devices based 

on 2D O-FGaT/FGaT heterostructures. 

 

 

Figure S8. Magneto-transport measurement of a 13 nm 2D O-FGaT/FGaT heterostructure. 

(a) Optical image of the Hall device. (b) ρxx-T curve. Note that the 2D O-FGaT/FGaT still exhibits 

metallic nature. This is because oxidation occurs mainly on the upper surface of the sample exposed 

to air rather than the lower surface in contact with the electrodes. (c) ρxy-B curves at varying 

temperatures. 

  



 

Figure S9. Natural total oxidation of the 2D Fe3GaTe2-x nanosheets in the air for 48 h. (a) ρxx 

as a function of oxidation time in the air. Inset shows the optical image of a Fe3GaTe2-x nanosheet 

after 48 h air oxidation. (b) Corresponded AFM image and profile height along the dash line. After 

the 48 h air oxidation, the thickness of this Fe3GaTe2-x nanosheet is 8 nm. (c) Cross-Sectional 

HAADF image and corresponded EDS elemental mapping of the 2D Fe3GaTe2-x nanosheet. The 48 

h air oxidation is enough for totally oxidizing the Fe3GaTe2-x nanosheet, forming a ~8 nm O-FGaT 

layer. 

 

Figure S10. Observation of Néel-type skyrmions in 2D O-FGaT/FGaT by Lorentz-TEM with 

the perpendicular magnetic field at 300 K. (a-c) Magnetic-field-driven evolution from stripe 

domains to skyrmions at α=29°, d=-3 mm, where α is the angle between the sample plane and xy 

plane, d is the focus distance which positive represents the over-focus and negative represents the 

under-focus. (d) Single skyrmion under different d from under-focus to over-focus at α=29°, 

B=1400 Oe. (e) Single skyrmion under different α from 29° to -29 °at B=1360 Oe, d=-3 mm. 

  



 

Figure S11. Magnetic-field-driven evolution from stripe domains to skyrmions in a thin 2D O-

FGaT/FGaT by Lorentz-TEM with perpendicular magnetic field at 300 K. The images are 

taken at α=19° and d=-2 mm. At 150 Oe, the average skyrmion size calculated from 10 randomly-

selected skyrmions is ~65 nm. The magnetic fields perpendicular to the sample are calculated as 0, 

66, 142, 198 and 284 Oe. 

 

 

 

 

Figure S12. Lorentz-TEM images under different perpendicular magnetic field in a pristine 

non-oxidized thin 2D Fe3GaTe2-x nanosheet at 300 K under α=29°, d=-2 mm. 

 

  



 

Figure S13. Extracting the THE signals in 2D O-FGaT/FGaT by step function. (a-c) (ρAH+ρTH) 

vs B curves at different temperatures. Contributions from AHE and THE terms are marked by red 

solid lines and light green area, respectively. (d-f) Corresponded ρTH vs B curves extracted from a-

c. 

 

 

Figure S14. Temperature-dependent ρTH-B curves for two 2D O-FGaT/FGaT heterostructures 

with different thickness. (a) 16 nm. (b) 9.8 nm.  

  



 

Figure S15. Magnetic field dependence of the skyrmion density and ρTH at room temperature 

in 2D O-FGaT/FGaT. The skyrmion density in each magnetic field is extracted from three 

randomly-selected 2 μm×2 μm regions in Figure S11. Error bars sd., N=3. The ρTH in each magnetic 

field is extracted from the 19 nm O-FGaT/FGaT in main text Figure 3e. Error bars sd., N=25. Note 

that the samples used here for THE test and Lorentz-TEM test are not the same sample. 

 

 

 

Figure S16. Comparison of THE tests-derived minimum skyrmion size (nsk
-1/2) in various 2D 

skyrmion systems[19,23-27]. The [*] is the 2D vdW ferromagnet-based skyrmion systems. 

  



 

Figure S17. ρxx and saturated ρAH as a function of current densities in 2D O-FGaT/FGaT at 

room temperature. (a) 19 nm. (b) 13 nm. Error bars sd., N=25. 

 

 

 

Figure S18. Theoretical model for calculating DMI in Fe3GaTe2-x. (a,b) Clockwise (CW) (a) and 

anticlockwise (ACW) (b) spin configurations of a bilayer Fe3GaTe2-x for calculating the layer-

resolved dL DMI parameters. The CW (ACW) spin configurations of a single layer Fe atoms are 

schematically shown by arrows. The spin of other Fe atoms points along the y-axis direction. The 

orange, green, brown balls denote Fe, Ga, Te atoms, respectively. 

  



 

Figure S19. The density of states (DOSs) comparison of total, Fe-3d, Ga-4p, and Te-5p in 

oxidized bilayer Fe3GaTe2-x with that of pristine bilayer Fe3GaTe2-x. (a) O-substituted. (b) O-

interstitial. The vertical dash lines denote the position of Fermi level. Note that DOSs of total, Fe-

3d, Ga-4p, Te-5p all show the shift toward the low-energy direction after introducing surface oxygen 

atoms in two cases. 

 

Table S1. Magneto-transport parameters for THE calculation in 2D O-FGaT/FGaT 

heterostructures with different thickness. 

Thickness 

(nm) 
T (K) 

ρTH 

(μΩ·cm) 

R0 (Ω·m·T-1) n (cm-3) 
nsk

-1/2 

(nm) 

19 2 1.08 1.05×10-11 5.94×1023 1.6 

 300 0.05 7.95×10-11 7.85×1022 19 

16 10 2.4 1.56×10-11 4×1023 1.4 

300 0.08 8.53×10-11 7.32×1022 15.6 

13 10 5.4 2.72×10-11 2.29×1023 1.2 

 300 0.15 9.97×10-11 6.26×1022 12.3 



9.8 10 0.14 3.65×10-11 1.71×1023 8.5 

300 0.03 1.31×10-10 4.76×1022 31.5 

Note: ρTH is the THE resistivity, R0 is the ordinary Hall coefficient, n is the carrier concentration, 

nsk
-1/2 is the THE tests-derived skyrmion size. 

 

Table S2. Comparison of the THE temperature window and maximum ρTH in various 2D 

skyrmion systems from the literatures. 

 

Materials 
Temperature 

window (K) 

Maximum ρTH 

(μΩ·cm) 

Conditions for 

maximum ρTH 
Ref. 

FeGe 10-250 0.16 18 nm, 150 K [23] 

MnSi 2-50 0.025 20 nm, 40 K [28] 

Mn2RhSn 15-200 0.26 60 nm, 140 K [29] 

Cr2Te3/Bi2Te3 2-95 0.4 5.5/19.8 nm, 122 K [25] 

Cr2Te3/Cr2Se3 10-75 0.25 10/20 nm, 10 K [17] 

Bi2Se3/BaFe12O19 2-80 0.23 6/5 nm, 2 K [30] 

LaMnO3/SrIrO3 3-50 75 5/5 u.c., 10 K [24] 

Tm3Fe5O12/Pt 350-410 0.0046 4/3.2 nm, 370 K [26] 

[Ir/Fe/Co/Pt]20 - 0.03 1/0.2/0.6/1 nm, 300 K [31] 

[Co/Pt]5 - 0.01 0.5/1 nm, 300 K [32] 

Pt/Cr2O3 - 0.00065 2/3 nm, 300 K [33] 

Cr2Ge2Te6/Fe3GeTe2* 2-100 0.31 30-40/4 nm, 2 K [34] 

CrTe2/Bi2Te3* 10-100 1.39 6/- nm, 10 K [19] 

WTe2/Fe3GeTe2* 2-100 1.3 3.2/1.1 nm, 2 K [27] 

Sb2Te3/Sb1.9V0.1Te3* 6-40 0.48 3/5 QLs, 22 K [35] 

O-FGaT/FGaT* 2-300 5.4 

0.15 

13 nm, 10 K 

13 nm, 300 K 

This 

work 

Note: [*] is the 2D vdW ferromagnet-based skyrmion systems. 

  



Table S3. Comparison of critical current density (jc) and maximum drift velocity (vd) in 

various room-temperature 2D skyrmion systems from literatures. 

 

Materials Thickness (nm) jc (A·cm-2) 
Maximum vd (m·s-

1) 
Ref. 

[Pt/Co/Ta]15 3/0.9/4 2×107 50 [36] 

Ta/Co/[Pt/Ir/Co]10/Pt 15/0.8/1/1/0.8/3 2.7×107 20 [37] 

Ta/Pt/Co/MgO/Ta 3/3/0.97/0.9/2 1.3×106 110 [38] 

Pt/CoGd/Ta 6/5/3 7.5×107 500 [39] 

Pt/CoGd/W 6/5/3 8×107 610 [39] 

[Pt/GdFeCo/MgO]20 3/5/1 1×107 50 [40] 

Ta/CoFeB/TaOx 5/1.2/5 1.39×106 0.45 [41] 

[Pt/CoFeB/MgO]15 4.5/0.7/1.4 2×107 100 [36] 

O-FGaT/FGaT* 13 7.82×105 0.82 This 

work 19 6.2×105 0.54 

Note: [*] is the 2D vdW ferromagnet-based skyrmion systems. The vd in this Table is taken from 

the maximum value in each literature. 

 

Table S4. The binding energies (Eb) for incorporating oxygen into Fe3GaTe2-x and Fe3GaTe2 

crystals. 

 

 O2 Fe3GaTe2 O/Fe3GaTe2 Fe3GaTe1.7 O/Fe3GaTe1.7 

Eb (eV) -9.857 -139.486 -149.151 -134.285 -146.025 

Note: for Fe3GaTe2:        E1=EO/Fe3GaTe2
-EFe3GaTe2

-
1

2
EO2

=-4.7365 eV 

for Fe3GaTe1.7:       E2=EO/Fe3GaTe1.7
-EFe3GaTe1.7

-
1

2
EO2

=-6.8115 eV 

  



Table S5. Average Bader charges (Q) of single atom in pristine, O-substituted, and O-

interstitial bilayer Fe3GaTe2-x. The positive and negative Q values mean that the charges are 

transferred out of the atoms and transferred into the atoms, respectively. 

 

Note: The data marked in bold show that the average Q of single atom has significantly changed 

after introducing O atoms compared with that of pristine case. For the upper panel of this table, the 

Fe-I, Fe-II, etc. represent the atomic layers shown in upper images. After the introduction of O atoms, 

  Pristine O-substituted O-interstitial 

Average Q (e) 

of single atom 

in each atomic 

layer of each 

case 

Fe-I 0.23 0.60 0.49 

Fe-II -0.15 0.02 -0.09 

Fe-III 0.24 0.21 0.22 

Fe-IV 0.23 0.25 0.25 

Fe-V -0.15 -0.14 -0.17 

Fe-VI 0.24 0.22 0.22  

Ga-I 0.15 0.28 0.23 

Ga-II 0.15 0.13 0.16 

Te-I -0.28 -0.36 0.58 

Te-II -0.25 -0.25 -0.26 

Te-III -0.25 -0.25 -0.25 

Te-IV -0.28 -0.28 -0.28 

O-I - -1.03 -1.02 

Average Q (e) 

of single atom 

in each case 

Fe 0.11 0.19 0.15 

Ga 0.15 0.21 0.19 

Te -0.26 -0.27 -0.08 

O - -1.03 -1.02 



the change of average Q mainly happens in the atomic layers adjacent to O atoms, such as Fe-I, Fe-

II, Ga-I and Te-I. For the lower panel of this table, after the introduction of O atoms, the increase of 

average Q for Fe and Ga atoms and the decrease of average Q for Te atoms all indicate that part of 

charge is transferred from these atoms to O atoms. 
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