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Figures S1S7

1. Selective etching of Sr3Al2O6 layer in deionized water

[image: ]
Figure S1. Snapshots for selective etching of Sr3Al2O6 layer in deionized water. (a) We immerse the VO2/Sr3Al2O6/SrTiO3 in deionized water. (be) The Sr3Al2O6 sacrificial layer starts to be dissolved within 2 minutes. We keep the sample in the deionized water for 6 hours to completely release the VO2 membranes from the SrTiO3 substrate. (f) When we immerse the sample in deionized water again, we can separate the VO2 membrane from the SrTiO3 substrate. We take the VO2 membranes from water and dry them for 60 minutes to remove water.



2. Freestanding VO2 membranes on non-breathable polyethylene terephthalate

[image: ]
Figure S2. Conventional process to transfer freestanding VO2 membranes onto non-breathable polyethylene terephthalate (PET) with assistance of Sr3Al2O6 sacrificial layer. There are three steps: depositing VO2 films, etching Sr3Al2O6 sacrificial layer in deionized water, and transferring VO2 membrane on PET. The photos, from the left under the schematics, show VO2 films on Sr3Al2O6 sacrificial layer-coated SrTiO3 substrates, separation of VO2 membranes from SrTiO3 substrate after complete etching of Sr3Al2O6 sacrificial layer in deionized water, and scooping floated VO2 membranes by the oxygen-plasma-treated PET. The final photo displays the VO2/PET.


3. Monoclinic VO2 phase in freestanding membranes
[image: 텍스트, 라인, 폰트, 그래프이(가) 표시된 사진

자동 생성된 설명] 
[bookmark: _Hlk186895116]Figure S3. Magnified X-ray diffraction of Figure 3, clearly showing monoclinic VO2 diffraction peaks (green-colored Miller indexes).


4. Transition temperature for reversible and colossal resistance changes in VO2 upon heating and cooling
[image: 텍스트, 도표, 라인, 그래프이(가) 표시된 사진

자동 생성된 설명]
Figure S4. Temperature dependence of  (R: resistance of VO2, T: temperature). Independent of the substrates, all VO2 samples show negatively maximum  values near 60.7 ± 1.1°C upon heating and near 37.3 ± 3.2oC upon cooling. Therefore, the temperature at which the resistance changes in VO2 membranes occur are similar to ~68oC of the VO2 bulk.



5. Raw data of Raman spectra of VO2 freestanding membranes
[image: 스크린샷, 예술, 텍스트, 마조렐 블루이(가) 표시된 사진

자동 생성된 설명]
Figure S5. Temperature dependence of Raman spectra of VO2 freestanding membranes transferred on Si substrates. We acquire the spectra at each temperature between 30-100oC with 5oC interval upon (a) heating and (b) cooling.


6. Poor performance of VO2/PET for respiration sensors
[image: ]
[bookmark: _Hlk150350823]Figure S6. Respiratory test of VO2/PET. The resistance changes of VO2/PET are very weak with (a) ‘normal’ exhalation and (b) ‘marathon’ exhalation. 




7. Robust respiration sensors of VO2/nanomesh
[image: ]
Figure S7. Long-term reversible resistance changes of VO2/nanomesh. When we blow dry air (with the constant temperature of ~18oC) towards the VO2/nanomesh, the breathable quantum sensor shows excellent endurance of resistance change up to at least 52 times. Between the exhalation, the resistance was stably recovered to its initial value.
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