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1. Uniform NiOx thin film on a polyimide substrate 

 

 

 

Figure S1. A uniform NiOx NP thin film spin coated on a polyimide substrate 
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2. Schematic of the laser setup for the laser direct patterning process. 

 

 

Figure S2. Schematic illustration of the experimental setup for the laser direct patterning process 
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3. Atomic force microscopy (AFM) image of the Ni/NiOx electrode generated by laser-induced 
reductive sintering process during the laser digital patterning process 

 

 

Figure S3. Atomic force microscopy (AFM) image of the single Ni/NiOx electrode. 

 

Fig. S3 shows the AFM image of a single electrode that was generated from single scanning of the laser 

beam; the width of that electrode was measured at approximately 5 µm. However, each NiOx electrode as 

the sensing channel were generated through two scans of the laser beam (the sensing channel (left): one 

scan was the last laser scan for the left-side Ni electrode area while another scan was the first scan to create 

the center electrode area, the same scanning procedure was applied for creating the sensing channel (right) 

between the center electrode are (last scan) and the right-side electrode area (first scan). Thus, the width of 

each sensing channel will be twice (~10 µm) as that of single scanning of the laser beam. 
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4. Surface morphologies of the as-prepared NiOx thin film and the sensing channel 

 

 
 
 
 

Figure S4. SEM images of (a) the as-synthesized NiOx thin film and (b) NiOx as the sensing channel. 
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5. High magnification SEM images 

 

 

Figure S5. SEM images of the sensor at a high magnification.  
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6. Schematic illustration of gas sensing mechanism 

 

 

 
 

Figure S6. Schematic illustration of humidity sensing mechanism. 
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7. The performance comparison of the breath sensors for different materials reported in the previous 

literature and in this study 

Table S1. Performance comparison of the breath sensors for different materials reported in the literature 

and in this study. 

 
Sensing materials Substrate Number of 

layer 
Response/recovery  

times (s) 
Ref. 

CS-DMV nanofibers glass 2 2.2/1.05 [1] 

ACNT@PU nanofibers -- 2 1.6/1 [2] 

VO2-PDMS PI 2 0.5/0.5 [3] 

MoS2-coated ESMF glass 2 0.066/2.395 [4] 

rGO Side-polished 
fiber (SPF) 

1 5/29 [5] 

Agarose gel-coated  
tapered fiber 

-- 2 5/55 [6] 

WS2 glass 1 1/5 [7] 

NiOx PI 1 1.4/1.7 
This 

work 

CS-DMV: coronene tetracarboxylate – dodecyl methyl viologen, ACNT@PU: acidified carbon 

nanotube@polyurethane, PDMS: polydimethylsiloxane, ESMF: etched single-mode fiber, rGO: 

reduced graphene oxide.   
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8. The trend of resistance change of the sensor when CO2 gas and humidity 

(1) The effect of CO2 gas on the sensor performance was tested. The sensor was in a small chamber, and 

CO2 gas was injected into the chamber from the CO2 diffuser. The increased resistance of the sensor is due 

to the reaction of the NiOx sensing layer with CO2 molecules to form nickel carbonate and nickel hydroxyl 

carbonate, thereby increasing the resistance of the sensor [8,9] 

 

Figure S7. (a) Response of the breath sensor to CO2 gas 

 

(2) The effect of humidity on the sensor performance was tested. The water vapor flowing from a humidifier 

was applied on the sensor surface. The response signal of the sensor to humidity was fluctuated because the 

flow rate from the humidifier was not constant. However, the increase in the response of the sensor to water 

vapor could be verified. 

 

Figure S7. (b) Response of the breath sensor to humidity 
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Video S1. A video clip showing the response of the sensor to the human breath. (provided separately) 
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