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Fig. S1 (a) EDX spectrum of the quartz tube after synthesis of excess-oxygen-incorporated Tb2O2Bi 

with CaO. Inset shows a photo of the quartz tube. (b) SEM image (top) and EDX mapping (bottom) 

of excess-oxygen-incorporated Tb2O2Bi.
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Fig. S2 X-ray diffraction patterns of the sample with the nominal composition of (a) Tb2O1.6Bi1.4, (b) 

Dy2O1.4Bi1.6, and (b) Lu2O1.3Bi1.7 for resistivity measurement in PPMS. Brown, black, and blue curves 

denote measurement data, simulation pattern, and their difference, respectively. Green and red bars 

denote the diffraction positions of RE2O2Bi and RE2O3 phases, respectively.
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Fig. S3 X-ray diffraction patterns of the sample with the nominal composition of (a) Tb2O1.8Bi1.4 + 

(CaO)0.2, (b) Tb2O1.6Bi1.6 + (CaO)0.2, (c) Tb2O1.8Bi1.4 +(CaO)0.4, (d) Tb2O1.6Bi1.4 + (CaO)0.4, (e) 

Tb2O1.6Bi1.4 + (CaO)0.6, (f) Tb2O1.2Bi2.0 +(CaO)2.0, (g) Dy2O2.0Bi1.2 + (CaO)0.5, (h) Dy2O2.0Bi1.0 + 

(CaO)0.5, and (i) Lu2O2.0Bi1.0 + (CaO)0.5 for resistivity measurement in PPMS. Brown, black, and blue 

curves denote measurement data, simulation pattern, and their difference, respectively. Green, red, 

purple bars denote the diffraction positions of RE2O2Bi, RE2O3, and Bi phases, respectively.
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Fig. S4 X-ray diffraction patterns of the sample with the nominal composition of (a) Tb2O1.6Bi1.4, (b) 

Dy2O1.4Bi1.6, (c) Y2O1.3Bi1.3, (d) Er2O1.4Bi1.6, and (e) Lu2O1.3Bi1.7 for resistivity measurement in a 

dilution refrigerator. Brown, black, and blue curves denote measurement data, simulation pattern, and 

their difference, respectively. Green and red bars denote the diffraction positions of RE2O2Bi and 

RE2O3 phases, respectively.
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Fig. S5 Synchrotron X-ray diffraction patterns and fitting results of Rietveld refinements for (a) 

stoichiometric and (b) excess-oxygen-incorporated Y2O2Bi samples. Red, blue, and green curves 

denote measurement data, simulation pattern, and their difference, respectively. Black bars indicate 

the diffraction positions of Y2O2Bi phases (Rwp: R-factor).
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Fig. S6 Temperature dependence of (a) resistivity, (b) magnetic susceptibility, and (c) a- and c- axis 

lengths for stoichiometric Tb2O2Bi. Standard deviations of a- and c- axis lengths were within the 

marker size in (c). (d) Temperature dependence of normalized resistivity for Tb2O2Bi with various 

amounts of oxygen. (e) Phase diagram of Tb2O2Bi as a function of c-axis length. Magnetic 

susceptibility was measured for the same Tb2O2B sample in Ref. 1.

Figs. S6a and S6b show the temperature dependence of resistivity and magnetic susceptibility, that 

was measured by a magnetometer (MPMS, Quantum Design), at low temperatures for stoichiometric 

Tb2O2Bi with c = 13.326 Å. From the resistivity measurements, three anomalies were observed at 11 

K, 28 K, and 35 K. From the magnetic susceptibility and neutron diffraction measurements,1 a kink 

at T = 11.1 K corresponded to antiferromagnetic ordering, indicating that the anomaly in resistivity 

at 11 K could be attributed to the suppression of magnetic scattering (Fig. S6a). Because of no 

structural phase transition below 40 K (Fig. S6c), the anomalies at 28 K and 35 K could be attributed 

to the crystal-field effect and the Kondo scattering, respectively, as was discussed in the heavy 

fermion systems such as CeIn3.2 These behaviors of stoichiometric Tb2O2Bi clearly indicated a 

correlation between conduction carriers in Bi square net and magnetic ordering in Tb2O2 layer. With 

increasing c-axis length from 13.345 Å to 13.365 Å, the anomaly at 11 K was slightly suppressed, 
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followed by the emergence of superconductivity below 2.2 K, suggesting the competition between 

superconductivity and magnetism (Figs. S6d and S6e). In Tb2O2Bi with c = 13.376 Å, only 

superconducting transition was observed below 2.2 K without antiferromagnetic transition.
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Table S1 Crystal structural data and superconducting transition temperature (Tc
onset) of stoichiometric 

RE2O2Bi samples for resistivity measurement in PPMS (RE = Tb, Dy, and Lu; Rwp: R-factor, Re: 
expected R-factor, S: goodness-of-fit indicator).
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Table S2 Crystal structural data and superconducting transition temperature (Tc
onset) of excess-

oxygen-incorporated RE2O2Bi samples for resistivity measurement in PPMS (RE = Tb, Dy, and Lu; 

Rwp: R-factor, Re: expected R-factor, S: goodness-of-fit indicator).
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Table S3 Crystal structural data and superconducting transition temperature (Tc
onset) of stoichiometric 

RE2O2Bi samples for resistivity measurement in a dilution refrigerator (RE = Tb, Dy, Y, Er, and Lu; 

Rwp: R-factor, Re: expected R-factor, S: goodness-of-fit indicator).

Table S4 Crystal structural data of stoichiometric and excess-oxygen-incorporated Y2O2Bi samples 

evaluated by synchrotron X-ray diffraction measurement. (Rwp: R-factor).
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