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Abstract. ZnO tetrapodal (t-ZnO) based photodetector has been fabricated for UV applications 

like wearable sensors, optical communications, pollution monitoring, etc. In this study, influence 

of operating temperature has been evaluated on t-ZnO based UV detectors. The structure and 

morphology of t-ZnO were studied using characterization tools like XRD and SEM. Photo 

response was evaluated at different operating temperatures from 25 °C up to 100 °C, observing 

maximum photo response of ~ 7178 for 400 nm wavelength at 25 ℃. The rise and fall time have 

been monotonically reduced ~ 496 seconds to ~ 102 seconds and ~ 1493 seconds to ~ 132 

seconds in the respective tested temperature range (25 ℃ to 100 ℃). This decreasing trend of 

rise/fall time can be attributed to the faster desorption rate at higher temperatures. This work 

shows UV response decreases by increasing operating temperature in temperature range 25 ℃ 

to 100 ℃. This work can be extended to lower temperature ranges to evaluate its optical sensing 

performance in polar regions.  
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 Introduction 

 Optoelectronic devices are of great significance in different fields like wearable 

electronics [1], space exploration [2], optical communication [3], etc. The applications like 

wearable device-based monitoring require moderate operating temperature (~20 ℃ to 40 ℃), but 

applications like space exploration or other polar region UV monitoring require low temperature 

(<= 0 ℃) operationality [2]. It is necessary to study optical properties at high temperatures above 

100 ℃ for industrial monitoring and control applications to ensure their reliable operation at 

high temperatures. These types of applications require reliable and stable photodetectors which 

can work under harsh operating conditions.   

ZnO is one of the direct wide bandgaps (~3.36 eV) semiconducting material being used 

for optoelectronic devices. ZnO due to its good thermal stability, optoelectronic properties and 

its optical bandgap lies in UV regime makes it excellent UV photodetector [4]. ZnO network-

based sensors eliminate high temperature operation requirement and can effectively work at 

room temperature which extends the sensor lifespan [5]. Generally, ZnO based UV detectors 

shows slow charge carrier dynamics at sensing surface due to charge carrier trapping at oxygen 

adsorption/desorption sites [6]. 

This work elucidates on evaluating effect of operating temperature on optical properties 

of ZnO based photodetector. In case of ZnO based UV detector, the role of oxygen 

adsorption/desorption was investigated for wide temperature range 25 ℃ to 100 ℃, which can 

be useful for diverse applications. This thermally stable ZnO based photodetector can be further 
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tested at other temperature ranges like low temperature range to confirm its thermal stability for 

space exploration applications.     

 

Experimental section 

Tetrapodal networks were obtained using flame transport synthesis method, as reported 

before in [7,8]. Morphology and structural properties were studied using SEM and XRD, as 

reported before in [9]. UV sensing properties were evaluated using setup described in [10].  

 

Results and discussion 

The morphology and structural investigation were confirmed through SEM and XRD 

characterization tools.  

 

 
Figure 1. SEM images of ZnO networks at different magnifications: (a) 4000; (b) 9500.  

 

In Fig. 1 we observed that nanostructures have tetrapodal morphology and are 

interconnected. At higher magnification we noticed that tetrapod arms have columnar form, with 

a diameter of approximately 2 µm. The interconnected tetrapod networks have great advantage 

for multiple applications, including UV sensing [11]. 

 
Figure 2. XRD pattern of ZnO networks. 

 

In Fig. 2 is presented XRD pattern of ZnO network used in our study in the 25-50° 2θ 

range. Typical ZnO peaks were detected according to PDF 036-1451 at 32°, 34.64°, 36.46° and 

47.72°. Highest intensity was observed for 101̅1 peak.   
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Figure 3. Dynamic UV response for 400 nm UV illumination at 50 ℃. 

 

In this study, UV photodetection for 400 nm wavelength has been tested at different 

temperatures to evaluate the effect of change in temperature on UV response of prepared ZnO 

networks. Figure 3 shows the transient UV response at 50 ℃ for 400 nm UV illumination on 

ZnO networks. It can be observed that UV response at 50 ℃ is ~1993 for 400 nm tested 

wavelength. UV response can be calculated by using Eq. (1):  

 𝑈𝑉 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 =
𝐼𝑈𝑉

𝐼𝑑𝑎𝑟𝑘
  (1) 

where IUV, Idark denotes photocurrent and dark current, respectively. 

Figure 4 shows comparative UV response study for 400 nm illumination at different 

temperatures. This study clearly depicts that the UV response monotonically decreases from 

~7178 to ~295 by increasing operating temperature from 25 ℃ to 100 ℃. This can be ascribed 

as due to faster desorption rate at higher temperature leads to faster de-trapping of oxygen 

molecules. The error bar for Fig. 4 is taken as 10% of respective UV response at different 

temperatures.  

 

 
Figure 4. Dependence of UV response for 400 nm UV illumination  

at different operating temperatures 
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The effect of operating temperature on rise/fall time has been evaluated. Tab. 1 shows the 

rise/fall time for 400 nm UV illumination at different operating temperatures. The rise/fall time 

was calculated as time taken by the sensor to reach 10%/90% and 90%/10%, respectively of 

maximum response value in a cycle. 
 

Table 1 

Effect of temperature on rise/fall time of ZnO networks 
Operating temperature 

(℃) 

Rise time 

(sec) 

Fall time 

(sec) 

25 496 1493 

50 343 658 

75 220 266 

100 102 132 

 

The evaluation of rise/fall time trend in Table 1 clearly shows by increase in operating 

temperature, rise/fall time decreases. This confirms the above explained mechanism of faster de-

trapping of adsorbed molecules at higher temperatures. These obtained results can be explained 

well through oxygen adsorption/desorption mechanism in the absence/presence of UV 

illumination, respectively. 

After UV illumination on ZnO networks, electron-hole pairs generated as shown in Eq. (2). 

 ℎ𝜐 →  𝑒− + ℎ+ (2) 
  

Before UV illumination, oxygen adsorption occurs on ZnO networks surface as shown in 

Eq. (3). After UV illumination, oxygen desorption occurs from ZnO networks surface as shown 

in Eq. (4). This oxygen molecule’s adsorption/desorption lead to change in conductivity of ZnO 

network surface. 

 𝑂2(𝑔𝑎𝑠) +  𝑒−  → 𝑂2 (𝑎𝑑𝑠.)
−  (3) 

 𝑂2(𝑎𝑑𝑠.)
− +  ℎ+  → 𝑂2(𝑑𝑒𝑠.) (4) 

where h, 𝛖, e-, h+, 𝑂2(𝑔𝑎𝑠) , 𝑂2 (𝑎𝑑𝑠.)
−

 and 𝑂2(𝑑𝑒𝑠𝑜𝑟𝑝.) represents Planck’s constant, 

frequency of photon, electron generated, hole generated, oxygen gas molecule, adsorbed oxygen 

ion and desorbed oxygen molecule, respectively. 

 

Conclusions 

In this work, we observed the effect of operating temperature on UV response and 

rise/fall time for 400 nm UV illumination on ZnO networks. The morphology and structure of 

ZnO networks were investigated through SEM and XRD showed typical ZnO peaks and 

tetrapodal morphology, with diameter of ~2 µm. The effect of operating temperature on UV 

response of ZnO networks showed maximum response ~7178 for 400 nm illumination at 25 ℃ 

which monotonically decreases by increase in operating temperatures among all tested 

temperatures. The rise/fall time also reduces from ~496/1493 sec to ~102/132 sec by increasing 

temperature from 25 ℃ to 100 ℃. This study exhibits effect of operating temperature on surface 

properties of photodetector which can be attributed to enhancement in oxygen gas molecule’s 

desorption rate with temperature. This study may contribute to the progress of wearable sensors 

and this study can further extended in future to lower temperature regime to find further 

applications in polar regions.  
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