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ABSTRACT 

Room-temperature dynamic light-enhanced galvanometric response of supersonic cluster beam 

deposited (SCBD) zinc oxide (ZnO) films to oxygen (O2) was investigated. The photocurrent was 

recorded when above bandgap light is turned on, being maintained and turned off. Measurements were 

done in dry gaseous environment, and repeated in dry and wet gaseous environment after adding a 

water-proof superhydrophobic polymer coating on top. A dissolved oxygen sensor prototype made of a 

polymer-coated ZnO film was fabricated to detect oxygen content in water. A model involving photo 

generation and recombination of electron-hole pairs, trapping and release of conduction electrons 

associated with sorption-desorption processes of oxygen was proposed. A practical method for 
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determining the O2 concentration in the media based on fitting parameters to the dynamic 

photocurrent was tested.  

Keywords: Porous ZnO films, UV-assisted photocurrent, O2 sensor, dissolved oxygen detection  

1. Introduction  

Oxygen (O2) sensing technology has been widely used in many areas such as mining [1], food 

manufacturing [2], clinical diagnosis [3], environmental monitoring [4] etc. for detecting oxygen in 

gaseous environment. The technology is also used in aquaculture [5], brewery production [6], 

wastewater treatment [7, 8], oceanographic research [9, 10] etc. for detecting dissolved oxygen 

content in liquids. Among various types of oxygen sensors available in the market [11, 12], metal 

oxide (MOx) gas sensors exhibit distinctive advantages [13-17]. When oxygen molecules approach 

an MOx, they may capture conduction electrons and be chemisorbed on the oxide surface. A surface 

depletion layer is formed to increase the sensor’s resistance. Upon desorption of oxygen, the 

sensor’s resistance drops as a consequence. This mechanism requires the participation of free 

electrons. An MOx gas sensor is usually operated at a temperature of a few hundred oC for 

obtaining a high electron concentration, but the oxide would be annealed progressively to exhibit a 

drift of the sensor response [18]. Recent development of MOx gas sensors includes two aspects. The 

first is to use nano MOx materials for making sensors. A nano-structured material has a large surface 

area. The gas reactions on the oxide surface are enhanced to achieve a stronger sensor response 

[19-28]. Furthermore, the variation of the volume fraction of the depletion layer relative to the 

overall nano particle size during loading and unloading is large. The fractional change of the sensor’s 

resistance is more pronounced. In addition, a nano-structured MOx is usually rather porous. The 

detected gas can diffuse more readily in it to result in a faster response rate. Second, 

above bandgap light is more often used to illuminate on a direct-bandgap MOx sensor to help in 

generating electron-hole pairs [29, 30]. The sensor is found to be workable at low temperatures. The 

problem of thermal instability found in heat-operated MOx gas sensor can be alleviated to 4 some 

extent. Though some advancements have been achieved, studies of using MOx sensors for detecting 

dissolved oxygen in a liquid solution are still rarely investigated and reported. In the present study, 

we started investigated the room-temperature dynamic UV-assisted galvanometric response of 

porous supersonic cluster beam deposited (SCBD) zinc oxide (ZnO) thin films to oxygen, where the 

films were post-oxidized at various temperatures from 450 to 600oC. The one post-oxidized at 

500oC was selected for detailed study. Measurements were done in dry gaseous environment 



containing 0 to 18% O2. After adding a superhydrophobic polymer coating, measurements were 

repeated in dry and 95% humid gas. An immersion sensor prototype was then fabricated for 

studying its response to dissolved oxygen in water. A model was proposed to discuss the possible 

mechanisms involved. A method for determining the dissolved oxygen concentration in water based 

on the fitting parameters to the dynamic photocurrent was suggested.  

 

2. Experimental methods  

2.1. Preparation of SCBD ZnO films ZnO films were prepared using SCBD technique. In an SCBD 

process, a Zn rod of 2 mm in diameter was housed and being rotated in a discharge chamber. 1% O2 

balanced in argon (Ar) was pulsed on the target surface at a frequency of 4 Hz. Electric pulses of -

900V, with a width of 70 s and a delay of 650 μs relative to the gas pulses, were applied to the 

target. Microplasma pulses are ignited to erode the Zn target. Oxidation of sputtered nano Zn 

particles occurred in the discharge chamber to form ZnO nanoclusters. The nanoclusters were 

carried by an Ar flow and were deposited on a substrate placed in a high vacuum zone. Single crystal 

silicon (Si) with (100) plane in parallel with the surface and Corning 7059 glass slides were used as 

substrates for X-ray 5 diffraction (XRD) experiments and electrical conductivity measurements, 

respectively. The deposits is a highly porous thin film. Film samples were further post-oxidized at 

450, 500, 550 and 600°C, respectively, in an O2 atmosphere for 30 min. They were characterized 

using a scanning electron microscope (Hitachi SU8010) and an X-ray diffractometer (Rigaku 

SmartLab). The glancing angle mode was used in XRD experiments, where the incident X-ray beam 

was set to make an angle of 3o from the substrate surface.  

2.2. Galvanometric measurements  

Galvanometric response of the films was measured using a home-made system. Details of the 

system was reported elsewhere [31]. A sample was placed in a stainless steel chamber. 

Measurements were done at room temperature. A potential of 15 V was applied across two 

electrodes made on the sample surface. The electrodes were separated by a distance of  3 mm. A 

365-nm and 40-mW ultraviolet (UV) LED was located on the uncoated side of the transparent 

Corning 7059 glass substrate. Above-bandgap light from the LED passed through the glass substrate 

and film-substrate interface to shine on the film. Photocurrent was induced when UV was turned on, 

and extinguished when UV was turned off. The dynamic change of the photocurrent was recorded 



using a Keithley 6517A electrometer. Measurements were arranged to have the following parts. (i) 

The room-temperature dark electrical conductivity of SCBD ZnO film samples post oxidized at 450, 

500, 550 and 600°C was measured in vacuum and in dry O2-N2 mixture with the O2 concentration 

varying from 0 to 18%. One expects to see that the samples have null or very weak response at 

room temperature. 6 (ii) The room-temperature photoconductivity of SCBD ZnO film samples post-

oxidized at above temperatures was measured in vacuum and dry air. One expects to see that UV 

illumination can generate a photocurrent, and the photocurrent can response to O2 even at room 

temperature. (iii) A representative film sample was selected based on the results of Part (ii) for more 

detailed investigation on the photocurrent response to O2. Measurements were done at 

room temperature with the O2 concentration varying from 0 to 18%. In each measurement, the 

sample was first set until the dark current became stable. We then turned on the UV light, 

maintained it for a period and then turned it off. The dynamic change of the photocurrent was 

recorded throughout the course. (iv) An oxygen-permeable superhydrophobic polymer coating was 

fabricated on the surface of the selected film sample. The coating was fabricated using a 

commercial, NeverWet (Rust Oleum Corp.). It comes with two compressed spray bottles. One of 

them was used first to spray a polypropylene coating on the oxide film. The second one was then 

used to add a layer of organic solvent (containing acetone, silicones and siloxanes) on top. After 

being set, the dynamic change of the photocurrent of the film in dry O2-N2 mixture was detected. 

The O2 concentration was varied from 0 to 18%. (v) The O2-N2 gas mixture was directed to bubble 

through water in a tank and then admitted into the measurement chamber. The humidity in the 

measurement chamber was set to become 95%. The dynamic change of the photocurrent in the 

polymer-coated 500oC annealed SCBD ZnO film was detected again. The O2 was varied over the 

same range. (vi) An immersion oxygen sensor prototype made of a polymer-coated 500oC-annealed 

SCBD ZnO film was fabricated. Its structure is presented schematically in Fig. 1. The uncoated side of 

the glass substrate is attached to the bottom of a plastic bottle where there is a hole. 7 The 

peripheral in between is sealed. UV light from an LED inside the bottle enters the bare side of the 

glass substrate and reaches the film/substrate interface. The oxide film was thus illuminated. Fine 

copper wire feedthroughs are made for completing the circuit. To perform a measurement, the 

polymer-coated side of the oxide film is immersed into water. The oxygen content in water is set by 

bubbling O2 or Ar gas into it. The level is read out using a calibrated commercial immersion oxygen 

detector. UV light is then turned on, maintained for a period and then turned off. One expects that 

oxygen in water can permeate through the polymer coating and causes some changes of the 



dynamic features of the detected photocurrent. The detected changes were associated with the 

change of dissolved O2 concentration.  

3. Results and Discussion  

3.1. Film structure of SCBD ZnO films  

Figure 2 (a) shows the SEM image of an as-deposited film, and (b) the image taken after 500°C post-

oxidization for 1 hour. Nano-sized clusters are in both pictures. One sees that the film remains 

porous even after the heat treatment. The porosity of the film was estimated by comparing the 

mass-equivalent thickness measured using a quartz monitor with the actual one measured using a 

surface profile, which were found to be 21.2 nm and 126 nm, respectively. The porosity was 

determined to be 83%. After post-oxidation, the film thickness dropped to 85 nm. The porosity 

reduced slightly to 75%. Fig. 3 shows the XRD spectra of the film samples. One sees that the 

spectrum of the as deposited film does not show any diffraction peaks associated with metal Zn. 

Some halos lying around 30-38° are merely seen. This suggests that the film is composed of non-

crystalline ZnO clusters. With increasing post-oxidation temperature, the diffraction peaks 

associated with the 8 (100), (002) (101), (110), (103), (200) and (112) planes of hexagonal phase ZnO 

became stronger, indicating that the crystallization was enhanced. The linkage between the 

nanoclusters was also stronger. A small peak at  52o is seen in some spectra. It does not match 

with any characteristic peaks of Zn and ZnO. An XRD experiment was done on a bare Si(100) 

substrate using the same glancing angle. We found that when the angle , a measure of rotation 

about the axis perpendicular to sample stage, entered a narrow range of a width around 1.5o , a 

peak similar to this was seen, but it diminished for  outside this range. It is thereby attributed to 

the (321) and (311) planes of Si or unknown defects, but not to Zn or ZnO.  

3.2. Room-temperature dark conductivity in O2 and photoconductivity in vacuum and air  

Fig. 4 (a) shows that the room-temperature dark electrical conductivity of SCBD ZnO films post-

oxidized at various temperatures from 450°C to 600°C. It does not show any response to the change 

of oxygen concentration over a range from 0 to 18% O2 in N2. It also remains unchanged in vacuum 

after evacuating the measurement chamber. One generally accepted explanation is that surface 

oxygen sorption occurs, but they are strongly bound to the oxide and are hardly detached. The 

surface sorbed oxygen concentration and the carrier concentration are not modulated according to 

the change of surrounding oxygen concentration. The sensor response is very weak or even 



undetectable. Surface sorption of this type is referred to as “chemisorption” in literatures. Fig. 4 (b) 

shows the data of room-temperature photoconductivity, photo, of the film samples post-oxidized 

at 450, 500, 550 and 600°C measured in vacuum. All of the samples showed rather strong 

photoconductivity. In general, the photocurrent first rises when the UV light is turned on. 9 The 

increasing rate slows down as time proceeds and the photocurrent approaches towards some level 

asymptotically. The current extinguishes after the UV light is turned off. The initial response time, 

asymptotic value and decay time of the current are characteristic parameters of the photocurrent of 

a sample. Their values vary significantly with post-oxidation temperature. In particular, for the film 

post-oxidized at low temperature of 450°C, the photocurrent rose by a factor > 105 after a 

measurement time of 1400 min, and was still increasing until the UV light was turned off. This 

sample is expected to be less crystallized and has more defects. Electrons could be trapped in the 

defects. They can transport through hopping or be reexcited to the conduction band. This results in 

an long effective lifetime for the electrons to contribute to the photocurrent. The response and 

decay times of the current are comparatively long, and the asymptotic limit is relatively high. On the 

other hand, samples post-oxidized at higher temperatures are crystallized more significantly and 

should have less defects. Recombination of the electrons and holes proceeds with a faster rate. Both 

the response and decay times become shorter, and the asymptotic limit is also lower. Fig. 4 (c) 

shows the room-temperature photoconductivity photo of the samples measured in dry air. In 

general, its value is much smaller than that detected in vacuum, and the response and decay times 

are markedly shorter. These observations confirm that above-bandgap light illumination can help to 

cause changes in the dynamic behavior of the room-temperature photocurrent associated with the 

change of O2 concentration. Low temperature oxygen detection can thus be realized. This is 

explained by using a published model [32, 33], which states that when an MOx material is exposed 

to above-bandgap light, the oxygen species chemisorbed in dark are first desorbed by interacting 

with photo-generated holes. Oxygen in the environment can also be captured by interacting with 

photo-generated electrons. They are weakly bound to the 10 oxide and are referred to as the “light-

induced surface absorbed” species in this paper. These species are active and readily desorbed from 

the oxide, such that a high operating temperature as that required by a heat-operated MOx gas 

sensor is no longer required. In particular, the asymptotic limit of the photocurrent of the 450°C-

oxidized film sample in vacuum is 105 times of the dark current and that measured in 18%-O2 is just 

200 times of the dark current. This shows that light-induced surface sorption of oxygen suppressed 

the photocurrent markedly. The films post-oxidized at higher temperatures are less defective and 



contain less trap states. The photo generated electrons and holes recombine faster, and hence the 

suppression of photocurrent by O2 is less significant.  

3.3 Oxygen concentration dependence of photoconductivity of 500°C post-oxidized SCBD ZnO film in 

different measurement environments  

After confirming that the films had excellent oxygen sensor response, one further carried out cyclic 

stability tests on the 450oC- and 500oC-oxidized film samples for identifying which would be more 

suitable for the use in further investigating the oxygen sensing properties of the material. The tests 

were done in air. The UV light was turned on and off for ten cycles. Meanwhile, the photocurrent 

was recorded. Results of the tests are shown in Fig. 5. One sees that the 450oC oxidized sample 

exhibited stronger photocurrent response, but the signal was less stable. The peak values of the 

cycles drifted successively to accumulate a total 24% increase after ten cycles, showing a less 

satisfactory cyclic stability than the other sample. On the contrary, the photocurrent of the 500oC-

oxidized film sample only varied by 4% over the test. It was thereby considered to be more stable. 

Samples oxidized as even higher temperatures showed similar or even slighted improved stability, 

but the response of the photocurrent dropped continuously. This result is understandable 

considering that the film structure after going through a higher 11 temperature treatment should be 

more stable, and hence the gas sensing properties should be more repeatable over the cycles. The 

reduction of the photocurrent response may be associated with the enhanced crystallization of the 

material structure. Based on these observations, one believed that the 500oC post-oxidized film 

exhibited better compromise between the magnitude and stability of O2-induced photocurrent 

response, and was thereby selected for further oxygen sensing study. Fig. 6 shows the dynamic 

photocurrent of 500oC-oxidized film sample observed when turning on and off UV light, measured 

in zero O2 environments (vacuum and nitrogen atmosphere) and in O2-containing environment with 

the concentration varying from 0.1 to 18%. In zero or low O2 concentration environments, the 

photocurrent rose first and approached high asymptotic limits. It was not stable yet at the time 

when the measurements ceased. In higher O2 concentration environments, the photocurrent 

stabilized much faster. One can identify a saturated photocurrent, Isat in the curves. Its value 

dropped monotonically with increasing O2 concentration. This is because more oxygen species 

participate in light-induced surface sorption to reduce the photo generated charge carriers. Further 

discussion of the relationship between Isat and O2 concentration will be presented in Section 3.4. 

The relationship would have practical application in quantitative determination of O2 concentration. 



Figs. 7 (a) and (b) show the dynamic photocurrent of the 500oC-oxidized SCBD ZnO film coated with 

a superhydrophobic film, measured in zero O2 environments (vacuum and N2) and in dry O2-N2 gas 

mixture containing various O2 concentrations, respectively. One clearly sees a systematic drop of 

the asymptotic limit or Isat with increasing O2 concentration. One asserts that oxygen can permeate 

through the polymer coating to react with the ZnO film so as to change the photocurrent. The 

feature of the dynamic photocurrent is thereby useable for determining the ambient O2 

concentration. Compared with the results obtained before adding the polymer coating, 12 (i) the 

asymptotic limit of photocurrent or Isat is smaller by more than 10 times, and (ii) the rising rate of 

photocurrent is much faster, giving a much shorter response time below 10 min for reaching Isat. 

We note that NeverWet was sprayed on the ZnO film surface in air. Some oxygen molecules were 

inevitably enclosed at the interfacial region when the polymer coating was formed. This created an 

effective oxygen-rich environment on the oxide film. In addition, the presence of the polymer 

coating slowed down the exchange rate between the surface sorbed oxygen and O2 in the detected 

gas. These conditions made the oxide film to exhibit a high level of surface sorption of oxygen, such 

that Isat achieved by the polymer-coated ZnO film is markedly lower than that of the uncoated film. 

Fig. 8 shows the dynamic photocurrent of the polymer-coated film against O2 concentration of 0.1 

to 18% balanced in N2, with the relative humidity of the gas set at 95%. One notices that the time 

required for reaching Isat is almost the same as that achieved in dry O2-N2 gas, but its value is 

generally 10 smaller. Isat drops monotonically with increasing O2 concentration, indicating that O2 

can penetrate through the polymer film in humid condition. The variation of O2 concentration in 

humid gas can be detected. In this case, some water molecules would adhere to the polymer film 

surface and interfere the diffusion of oxygen. This results in a reduction of effective sensing area and 

weakening of the response of Isat to the change of O2 concentration. Fig. 9 shows the dynamic 

photocurrent of the immersion sensor prototype against the dissolved oxygen content of 0, 25, 50, 

75 and 100% of the solubility in water at 25°C. The solubility is known to be 258 mol L-1. These 

settings are equivalent to 0, 0.14, 0.29, 0.43 and 0.58% molar concentration of O2 in gas phase at 

standard temperature and pressure (Table inset in Fig. 9), which are well below the molar 

concentration of oxygen in air. One sees in Fig. 9 that 13 after turning on the UV light, the 

photocurrents measured at various dissolved oxygen concentrations rise along similar tracks. 

However, after turning off the UV light, the curves drop diversely. The one measured at a higher 

dissolved oxygen concentration dropped with a faster rate. This confirms that the design of the 

sensor is possible to be used for detecting the dissolved oxygen concentration in water. We noticed 



the necessity of adding the water-proof polymer coating for dissolved oxygen measurements. The 

left bottom of Fig. 1 shows a picture of a sensor well covered by a polymer film taken after 

measurements. It remains clear and intact. The right bottom of Fig. 1 is the picture of another 

sample which is not well protected. When a voltage was applied to across the electrodes, the 

current density leaking through water was large enough to burn away the oxide film.  

3.4. Modeling of oxygen concentration dependence of photoconductivity of SCBD ZnO films and its 

potential applications  

We start from reviewing the early findings of Yamazoe et at. [34]. They carried out a study of a 

temperature programmed desorption chromatogram analysis over a broad temperature range to 

observe oxygen desorption from a metal oxide in dark condition. Electron spin resonance was 

employed to examine the states of the adsorbed species. The change of the electrical conductivity of 

the oxide was measured concurrently to correlate with the respective desorption processes. Results 

verified that the adsorbed species at temperature below 150oC are in a singly charged O2 - state. 

They are specified as chemisorbed species, O2 - (ad). The reaction is described using the formula:  

O2 + e- → O2                   (1)  

At around 150oC or above, the O2 - (ad) ions are thermally desorbed by interacting with free holes:  

14 h + + O2  → O2(g)      (2)  

Electrons from the desorbed species contribute to a pronounced resistance drop of an MOx. These 

results explain why a high operation temperature is needed for activating a conventional heat-

operated MOx gas sensors. Under above-bandgap light illumination, photoelectron-hole pairs are 

generated in an MOx:  

 

hv → h+ + e-                   (3)  

A large photo-generated charge carrier population is set up at room temperature. The 

photoelectrons also help to desorb the chemisorbed O2 - (ad) ions [35-37]. On the other hand, 

oxygen from the detected region can reach the oxide surface and be adsorbed to become weakly 

bound light-induced surface sorbed O2 -* ions:  

O2 + e- + photon → O2 -*                    (4)  



 

These O2 -* ions are at an excited state are more readily desorbed at low temperature:  

h + + O2 -* → O2(g)                       (5)  

We further propose a model for describing the relationship between the dynamic features of the 

photocurrent and oxygen concentration detected in the study. Let n to be the electron 

concentration and [O2] to be the oxygen concentration in the detected area. The reaction is:  

dn = G dt - n R1 dt - [O2] n R2 dt        (6)  

The terms on the right are referred to as photo-generated electron-hole pairs and recombination, 

and trapping of electrons by surface sorbed O2. G, R1 and R2 are constants. Eq. (6) is integrated to 

obtain the conduction charge carrier concentration. If nd is the carrier concentration in dark, the 

overall induced current is:  

I = (VaA/L) e[nd+ (G/R) [1- exp(-Rt)]] = Id + I1 [1-exp(-Rt)]            (7)  

15 Va is the applied voltage across the electrodes, A the cross section area = film thickness  width 

of the electrodes, L the length of the measured region and  the carrier drift mobility.  

R  R1+[O2]R2.  

Eq. (7) is used to fit the curves of dynamic photoconductivity with I1 and R to be adjusted as the 

fitting parameters. The optmized value of I1, combined with the measured dark current Id, is used to 

calculate the stabilized saturared current Isat = Id + I1. Furthermore, some relationships between 

the fitting parameters and oxygen concentration are established. These relationships are found to 

be useable for quantitative determination of oxygen content in different detected environments. 

Three examples are presented in the following. The first example is to set up the relationship 

between Isat derived from the curves in Fig. 6 by applying Eq. (7). A function-type relationship is 

obtained as shown in Fig. 10 (a). It could be used to read out the O2 concentration in a dry gaseous 

environment according to the detected Isat value using an uncoated SCBD ZnO film. The second 

example is the relationship between Isat derived from the curves presented in Fig. 8 by applying Eq. 

(7). A function-type relationship between Isat and O2 concentration is established as shown in Fig. 

10 (b). It is useable for reading out the O2 concentration in a highly humid gasesous environment 

according to the detected Isat using a polymer-coated SCBD ZnO film. The last example is the 



relationship between the decay time obtained from the decaying parts of the curves presented in 

Fig. 9 observed after UV light is turned off. This relationship is shown in Fig. 10 (c). It can be used to 

read out the dissolved oxygen content in water at room temperature according to the decay time of 

a photoconductivity curve. The common advantage of these approaches is being capable of 

estimating the oxygen concentration in a specific environment according to a fitting parameter 

derived from part of a dynamic photocurrent response, without the need of waiting for equilibrium.  

4. Conclusion  

In this study, we investigated the UV-assisted dynamic galvanometric response of SCBD ZnO films, 

both uncoated and coated with a superhydrophobic polymer film, to O2 concentration in various 

environments. The measurements carried out in the study include the combinations of (i) uncoated 

ZnO film in dry O2-N2 gas; (ii) polymer-coated ZnO film in dry O2-N2 gas; (iii) polymer-coated ZnO 

film in 95% humid O2-N2 gas; and (iv) polymer-coated ZnO immersion sensor in water. In all cases, 

the dynamic photocurrent illustrates systematic change according to the oxygen content in the 

detected area. The features of the dynamic photocurrent are explained using a model combining the 

mechanism of e-h pair generation and recombination, trapping and releasing of conduction 

electrons by surface-adsorbed oxygen species. Results illustrate the feasibility of using the fitting 

parameters to the dynamic photocurrent response to determine quantitatively the oxygen content 

in all of the above detected environments.  
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Figure Captions  

Fig. 1 Immersion dissolved oxygen sensor prototype made of 500°C post-oxidized SCBD ZnO film. 

Left and right bottom: pictures of well and poorly protected immersion sensor taken after 

measurements in water.  



Fig. 2 (a) and (b) SEM images of an SCBD ZnO film captured before and after post-oxidization at 

500°C for 30 min. The roughness is 15.0 nm and 13.6 nm in respective cases.  

Fig. 3 XRD spectra of SCBD ZnO films recorded before and after post-oxidized at 450, 500, 550 and 

600°C.  

Fig. 4 (a) Room-temperature dark electrical conductivity of SCBD ZnO films post-oxidized at 450°C to 

600°C in 0-18% O2-N2 and vacuum; (b) and (c) room-temperature photoconductivity of the films 

measured in vacuum and air, respectively.  

Fig. 5 Room-temperature cyclic photoconductivity of 450oC- and 500oC-post oxidized SCBD ZnO 

films measured in air.  

Fig. 6 Room-temperature dynamic photoconductivity and photocurrent of a 500°C-oxidized SCBD 

ZnO film to 0 to 18% O2 in N2 in dry gaseous environment.  

Fig. 7 (a) and (b) Room-temperature dynamic photoconductivity and photocurrent of a 

polymer coated 500°C-oxidized SCBD ZnO film measured in 0 – 18% O2 in dry gaseous environment.  

Fig. 8 Room-temperature dynamic photoconductivity and photocurrent of a polymer-coated 500°C-

oxidized SCBD ZnO film in 0 – 18% O2 in 95% humid gaseous environment.  

Fig. 9 Room-temperature dynamic photoconductivity and photocurrent of a polymer-coated 500°C-

oxidized SCBD ZnO film in water with 0 – 100% dissolved oxygen content.  

Fig. 10 Three examples of relationships correlating the fitting parameters obtained from the 

dynamic photocurrent of a 500°C-oxidized SCBD ZnO film and O2 concentration. (a) Isat of an 

uncoated film versus O2 concentration in dry O2-N2 mixture; (b) Isat of a polymer-coated film 

versus O2 concentration in 95% humid O2-N2 mixture; and (c) decay time of photocurrent after 

turning off UV light versus dissolved oxygen content in water. 

 



 

Fig. 1. Immersion dissolved oxygen sensor prototype made of 500 °C post-oxidized 

SCBD ZnO film. Left and right bottom: pictures of well and poorly protected immersion 

sensor taken after measurements in water. 
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Fig. 2. (a) and (b) SEM images of an SCBD ZnO film captured before and after post-

oxidization at 500 °C for 30 min. The roughness is 15.0 nm and 13.6 nm in respective cases. 
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Fig. 3. XRD spectra of SCBD ZnO films recorded before and after post oxidation at 450, 500, 

550 and 600 °C. 
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Fig. 4. (a) Room-temperature dark electrical conductivity of SCBD ZnO films post-oxidized 

at 450 °C to 600 °C in 0–18% O2-N2 and vacuum; (b) and (c) room-

temperature photoconductivity of the films measured in vacuum and air, respectively. 
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Fig. 5. Room-temperature cyclic photoconductivity of 450 °C and 500 °C post-oxidized 

SCBD ZnO films measured in air. 

 

 

Fig. 6. Room-temperature dynamic photoconductivity and photocurrent of a 500 °C post-

oxidized SCBD ZnO film to 0–18% O2 in N2 in dry gaseous environment. 
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Fig. 7. (a) and (b) Room-temperature dynamic photoconductivity and photocurrent of a 

polymer-coated 500 °C post-oxidized SCBD ZnO film measured in 0–18% O2 in dry gaseous 

environment. 

 

 

Fig. 8. Room-temperature dynamic photoconductivity and photocurrent of a polymer-coated 

500 °C post-oxidized SCBD ZnO film in 0–18% O2 in 95% humid gaseous environment. 
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Fig. 9. Room-temperature dynamic photoconductivity and photocurrent of a polymer-coated 

500 °C post-oxidized SCBD ZnO film in water with 0–100% dissolved oxygen content. 

 

 

Fig. 10. Three examples of relationships correlating the fitting parameters obtained from the 

dynamic photocurrent of a 500 °C post-oxidized SCBD ZnO film and O2 concentration. (a) 

Isat of an uncoated film versus O2 concentration in dry O2-N2 mixture; (b) Isat of a polymer-

coated film versus O2 concentration in 95% humid O2-N2 mixture; and (c) decay time of 

photocurrent after turning off UV light versus dissolved oxygen content in water. 
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