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ABSTRACT:  
Due to its large bandgap (3.37eV), ZnO is a suitable candidate for sensing material of UV 
photodetectors with great selectivity to wavelength with high radiation energy. ZnO thin film has 
been deposited by many methods. However, ZnO thin film created by these techniques, which is 
compatible with MEMS process, requires the clean-room facilities and photolithography process to 
remove excessive part of material and form required patterns. In this work, we prepared a solution 
of Zinc acetate precursor with a simple recipe for additive manufacturing of ZnO thin film. We 
demonstrated the fully additive manufacturing of photodetector with fast response, less than 0.5 
seconds, to UV illumination at a low bias voltage. The all-step additive manufacturing process 
introduces a highly cost-effective method for fabrication of UV photodetectors. The as-prepared 
solution may be used for inkjet printing of devices. 
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INTRODUCTION 

UV photodetector is the key component in many sensing systems that requires detecting high energy 
wavelengths such as UV-absorptive object analysis, flame alert, optical communication, UV curing 
system and observational astronomy (Monroy, Omnès, & Calle, 2003). The commonly used Si-
based UV sensors, which are also sensitive to visible light, require a specific filter to remove low 
energy wavelength light before approaching the sensitive component (Razeghi & Rogalski, 1996). 

Meanwhile, research interesting has been focused onto semiconductor with wide-bandgap to make 
visible-blind detectors. ZnO, because of its wide-bandgap of 3.37eV, is a suitable semiconductor for 
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sensing layer in UV detector (Yasutaka, Masaaki, Akiko, Hideki, & Yutaka, 1994) (S. E. Ahn et al., 
2004). Furthermore, ZnO gathers a lot of attractions because of its ease of deposition. Nanostructures 
of ZnO, such as nanowires, were fabricated by many techniques such as chemical vapor deposition 
(Soci et al., 2007), spin-on-glass (Lu et al., 2006), thermal evaporation (Zhou et al., 2009). However, 
it is needed to grow the nanostructure under specific conditions. Furthermore, the process of aligning 
single nanowire is time-consuming which limits its large-scale fabrication (Jin, Wang, Sun, 
Blakesley, & Greenham, 2008). ZnO thin film is more suitable for commercial production because 
it is compatible with MEMS process. Thin-film ZnO may be deposited by magnetron sputtering 
(Sharma, Mansingh, & Sreenivas, 2002), chemical vapor deposition (Liu et al., 2000), spin coating 
of sol-gel ZnO (Basak, Amin, Mallik, Paul, & Sen, 2003). To create required pattern of the film, the 
photolithography and lift-off process must be employed (Wang, 2012). Though this method has the 
capability of large-scale manufacturing high-quality ZnO film, the processes are time-consuming, 
material-wasting, and not friendly to the environment because of the utilization of toxic chemical 
for the etching process. 

Additive manufacturing of ZnO is one solution for these problems. ZnO nanowires were grown from 
printed pattern of Zinc precursor (Ko et al., 2012). In this work, we use a simple recipe of ZnO sol-
gel as a solution for depositing of ZnO thin film, which employs only two material: a zinc salt and 
isopropanol solvent. The printing of silver electrode prior to ZnO deposition make the process 
become extremely simple. Heat treatment is conducted as low as 350°C. The printed pattern of ZnO 
has high quality and sensitive to UV light. 

EXPERIMENT 

Material preparation 
ZnO sol-gel was prepared by dispersing of Zinc acetate dihydrate (5mM) into isopropanol (99.95%) 
and magnetic stirring at 300rpm at 60°C in a hotplate within 1 hour until a homogeneous solution 
was formed. The as-prepared solution could be stable for a few hours, which is enough for the 
deposition process. Glass substrates was cleaned firstly by acetone and then isopropanol. They were 
then be dried using a hand air blower. 

Printing conductive material as electrode 
Prior to deposition of ZnO, micro silver electrodes were printed on a glass substrate by the inkjet 
printer Dimatix 2831 (Fujifilm). The conductive material has been used is the commercial ink (Silver 
nanoparticle ink, SigmaAldrich Singapore). Firing voltage to create a stable droplet was found to be 
23V at cartridge temperature is 35°C. The substrate’s temperature was set at 60°C for partially 
vaporize of solvent. The printed silver electrodes were then heat treated in a controlled oven at 200°C 
in 1 hour to sinter the nanoparticle and induce the conductive path. 

Deposition of ZnO precursor 
The glass substrate with printed silver electrode was then heated on a hotplate at 60°C. The heating 
of substrate has the purpose of making the solvent vapor quickly. ZnO precursor solution was then 
dropped over the electrodes using a syringe with 0.3mm needle diameter. The dropping of ZnO 
precursor solution was repeated ten times to ensure the thickness of ZnO thin film. 

Heat treatment 
Two step of temperature treatment was used on sintering of ZnO printed film. A preheat treatment 
step was conducted using a micro-controlled oven set at 200°C for 1 hour. The films after this step 
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of treatment are easily degrading in air. Therefore, the deposited film was then treated in a furnace 
at 350°C for another 1 hour to improve the crystalline quality. 

Characterization 
The morphology of deposited material was characterized by Scanning electron microscope. The 
characterization system was setup for biasing and measuring current as can be seen in Figure 1a. 
Device’s dark current and photocurrent were measured by the multimeter Agilent 34410A which 
was connected with a computer to synchronize the data. Bias voltage was generated by a DC power 
source. The device was illuminated by a UV curing lamp (Lightningcure LC5, HAMAMATSU) 
which employs a shuttle to rapidly turn on and off the light. 
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Printing and heat treatment 
of  Silver electrodes

Glass substrate
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ZnO precursor

Droplet deposition of ZnO 
precursor on hotplate

Heat treatment up to 
350°C
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Figure 1. (a) Fabrication process and schematic of additive manufactured ZnO photodetector 
structure. (b) Setting for biasing and measuring of photocurrent. 

RESULT AND DISCUSSION  

Morphology of the film 
Figure 2a is the Scanning Electron Microscope image of the fabricated sensor. The film is not 
uniform due to the manual droplet formation leading to the difference in size of each film layer. The 
inset shows an optical microscopic image of printed silver microelectrodes and deposited ZnO thin 
film. Despite the non-uniformity, the film has good transparency. Figure 2b shows the morphology 
of the film very porous having a rough structure which is due to the fast vaporization of solvent 
when the solution contact with the heated surface. 
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a) b)
Figure 2. (a)  Microscopic image of additively manufactured device. Inset is a microscopic optical 
image, shows the film is quite transparent that the silver electrode can be seen clearly. (b) 
Morphology of the ZnO film. 

Photoresponse 

Figure 3 shows that the response of the device with relaxation curve under UV light illumination is 
significant. Although the signal is noisy due to the limitation of voltage source and measurement 
equipment, the ratio of average photocurrent over the average of dark current is large, Iph/Idark = 
0.86uA/0.006uA �  143. 

Figure 3. Photo-response of the device under UV illumination with rising time and decaying time, 
the sampling time is 1 milliseconds. The inset shows multiple operations. 

The response curve is the exponential function. Both rising time and decaying time are less than 
0.5s. Multiple operations are conducted by repeatedly turning on and off UV light. The changing of 
the current during multiple operations is stable and repeatable. It is well known that response of ZnO 
to UV illumination is the combination of two phenomena, the instant generation of the pair electron- 
hole by high energy photons and the absorbing and desorbing of Oxygen and Water molecular on 
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the surface layer. The interaction of ZnO film with surrounding air has been reported to be the origin 
of the slow portion in response curve of the device (S.-E. Ahn et al., 2007). 

CONCLUSION 

In summary, we have fabricated micro-size ZnO UV photodetector by the additive manufacturing 
method. Dark current and photocurrent of additively manufactured ZnO film are investigated in the 
time domain. The response time is significantly lower at low bias voltage compare with the other 
works with ZnO thin film which is claimed by crystalline quality. 

The device is successfully fabricated by a fully additive manufacturing process, including printing 
of microelectrodes and depositing of functional material. There is no removing of material is 
required in our process. The deposited patterns are controllable in shape and thickness, therefore, 
might control the sensing area as well as current loading of the device. The sol-gel process has been 
employed in this work to prepare the solution for film deposition which might also be suitable for 
inkjet printing. Hence, this is the initial result for fully inkjet printing for fabrication sensor device. 
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