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Abstract—ZnO bulk material (bandgap 3.26 eV) was reduced 
in size via a top-down wet-chemistry synthesis process into 
colloidal nanoparticles that were then coated with polyvinyl-
alcohol (PVA). When the nanoparticles were excited at 340 nm, 
strong UV emission at 377 nm was observed, and parasitic 
green emission (510 nm) which normally appears in ZnO nano-
material was suppressed. Quantum confinement effects of the 
nanoparticles were observed by a 5 nm blue shift from ZnO 
bulk material (380 nm) in the absorption spectrum.  The same 
characteristics held true when the particles were deposited 
onto substrates to form a photoconductive detector.  Point 
contact current-voltage characteristics of the detector were 
measured under darkness and 340 nm UV LED. The ratio of 
the UV photogenerated current to dark current was as high as 
105. Spectral response of the detector demonstrates a sharp 
cut-off wavelength at 375 nm, with a UV responsivity 
equivalent to twice that of a commercial UV enhanced Si-based 
photodetector. The time response indicated the rise and fall 
time were 22s and 11s respectively. The results confirm that 
top-down wet-chemistry synthesized ZnO nanoparticles are 
suitable for small signal visible blind UV detection.  

Keywords-ZnO colloidal nanoparticles, top-down wet-
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I.  INTRODUCTION  
Photodetectors based on wide band gap materials, 

including ZnO, AlGaN, and GaN can provide improved 
sensitivity in the ultraviolet (UV) spectral region.  These 
detectors are poised to compete with photomultiplier tube 
(PMT) technology for applications that require visible blind 
operation, low power consumption, ruggedness, and compact 
size.  In some cases, these factors reduce the impact of the 
high current gain (~106) of a PMT [1].  Benefiting from the 
maturity of Si-processing technology, the semiconductor 
alternative to PMT technology for UV light detection is 
based on Silicon (Si). UV-enhanced silicon photodiodes 
address most of the above characteristics but these 
photodetectors exhibit some inherent limitations: the 
requirement of filters to block out visible and infrared 
photons and the degradation of the devices on exposure to 
intense UV light energies. Also, for blue/UV detection with 
high-responsivity in Si, methods must be employed to 
enhance this detection, including ion implantation and 
cooling to reduce dark current [2]. As such, alternative wide 

bandgap materials, including ZnO, AlGaN, and GaN, are 
better matched for detecting UV.  

ZnO is a direct wide bandgap semiconductor material 
(documented values range from 3.2 to 3.4 eV), with 
attractive characteristics including large exciton binding 
energy (60 meV), high radiation hardness, and relatively low 
growth temperature [3-7]. These characteristics have 
prompted its use for transparent conducting electrodes 
(TCOs) [8, 9], varistors [10], sensors [11], UV photodetector 
[3-7, 12], light emitting diodes (LEDs) [13], transistors [14], 
solar cells [15], magnetic [16], biological applications [17] 
and catalysis [18]. Nanoparticles, especially colloidal 
nanoparticles, are attractive as they take advantage of three 
dimensional quantum confinement effects, are easy to 
fabricate, can have a large active area, and are relatively low 
cost [19]. Currently, the methods of manufacturing colloidal 
ZnO can be classified into two groups:  bottom-up and top-
down.  Photodetectors based on ZnO colloidal nanoparticles 
made by the bottom-up chemistry process exhibited good 
UV performance [3, 19,]. But devices based on the ZnO 
colloidal nanoparticles produced by a top-down chemistry 
method, especially a multi-layer heterostructure comprised 
of colloidal nanoparticles embedded in GaN-based 
semiconductor substrates to our knowledge have not been 
investigated. These devices could be potentially integrated 
with GaN-based heterojunction field effect transistors 
(HFETs). In addition, ZnO materials usually exhibit strong 
parasitic green photoluminescence which is caused by excess 
Zn2+ ions and oxygen deficiencies [20-23].  Many 
researchers seek to suppress the green emission by surface 
passivation thus to increase the UV performance of ZnO.   

In this paper, a photodetector based on ZnO colloidal 
nanoparticles with PVA coating created by top-down wet-
chemical means are demonstrated on AlGaN substrate. The 
fabrication and measurement setup will be described. 
Materials characterization results including high resolution 
SEM, photoluminescence and absorbance will follow. Point 
contact current-voltage characteristics of the samples 
measured under darkness and 340 nm UV LED sources are 
also demonstrated. Finally, the spectral response and time 
response results are examined.  Results and analysis 
demonstrate the conclusion that a visible-blind UV detector 
based on ZnO nanoparticles made by top-down wet-
chemistry and coated with PVA deposited on a 
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semiconductor substrate is achieved with higher responsivity 
in the UV region than a commercial Si based UV-enhanced 
detector. PVA acts as an effective surface passivation agent, 
contributing to the high responsivity. 

II. EXPERIMENT 
ZnO bulk material was reduced in size by a top-down 

wet-chemistry synthesis process into nanoparticles which 
were then coated with polyvinyl-alcohol (PVA) [24].  Then 
the nanoparticles were dispersed into ethanol to form a 
30mg/ml suspension. For material characterization, including 
SEM, photoluminescence and absorbance measurements, the 
solutions were spin-cast onto quartz substrates and annealed 
in air at 150℃  for 5 minutes. After the performance of 
material was confirmed, the solutions were spin-cast onto an 
AlGaN substrate, whose cut-off wavelength is 300 nm, and 
annealed in air at 150℃ for 5 minutes. Two irregular 100 nm 
Aluminium (Al) contacts were deposited by E-beam 
lithography through a foil mask to fabricate a 
photoconductive UV detector. Wires were bonded by a 
conductive epoxy to the Al contacts. Absorbance 
characteristics were measured using a Shimadzu UV-Vis 
2550 spectrophotometer. Photoluminescence was 
characterized by a SLM8100 fluorometer. Point contacts 
current-voltage characteristics of samples were measured 
using a HP4155B semiconductor parameter analyzer under 
darkness and 340 nm UV LED illumination. The spectral 
response was measured utilizing a Keithley 6487 high 
resolution pico-Amps sourcemeter, a Shimadzu UV-Vis 
2550 spectrophotometer, and a Newport 1928-C optical 
power meter.  The spectrophotometer provided the scanning 
wavelengths from 200 to 520 nm, and the light intensities 
were monitored by the optical meter. Time response was 
measured using a Tektronix TDS 2022B Oscilloscope, 
Agilent 3320A wave function generator, and a Keithley 2430 
as a 20V bias power supply.  The wave function generator 
drove a 340 nm UV LED at a 200 second period. The 
oscilloscope monitored the output wave and the generated 
current through a 10M ohms resistance. All measurements 
were performed at room temperature in air. 

III. RESULTS AND DISCUSSIONS  

 
Figure 1.  High resolution SEM results of ZnO coated with PVA dispersed 

in ethanol and then spin-cast on quartz plates. 

 
Figure 2.  Absorption spectra of ZnO coated with PVA dispersed in 

ethanol and then spin-cast on quartz plates. 

Fig. 1 is a high resolution (100 nm scale) SEM image of 
ZnO nanoparticles coated with PVA dispersed in ethanol and 
then spin-casted on quartz plate. This image reveals that the 
nanoparticles’ sizes are not uniform and range from 10 to 
100 nm. This non-uniform size distribution is caused by the 
limited ability of the top-down wet-chemistry synthesis 
process to control particle size. Despite this, the optical and 
electrical performance of the ZnO nanoparticles 
demonstrates their good UV detection quality. 

The absorption spectrum in Fig. 2 demonstrates a strong 
UV absorption and a weak visible light absorption. As 
indicated, the cut-off wavelength is 375 nm, 5 nm blue shift 
in comparison comparing with the ZnO bulk material whose 
bandgap is 3.26 eV (380 nm).  This shift corresponds to the 
quantum confinement effects of nanoparticles [21-24].  

The photoluminescence measurements of ZnO 
nanoparticles with and without PVA dispersed in ethanol and 
spin-cast onto a quartz plate are depicted in Fig. 3, where the 
excitation wavelength is fixed at 340 nm and the detector is 
scanned from 350 to 620 nm.  The results directly indicate 
that there is a strong UV emission peak at 377 nm from the 
ZnO nanoparticles, the band edge emission of the 
nanoparticles. The visible emission of the ZnO nanoparticles 
coated with PVA is very small and the strong parasitic green 
emission often found in ZnO nano-materials has vanished. 
But the green emission dominates the emissions from the 
ZnO nanoparticles without PVA. It is reported that the green 
emission is caused by excess Zn2+ ions and oxygen 
deficiency, which can be weakened by surface passivation 
[21-24]. This severely reduced green emission from our ZnO 
nanoparticles demonstrates that PVA acts as a surface 
passivation agent, interacting with Zn2+ and thus contributing 
to the good quality ZnO nanoparticles. The same 
characteristics holds true when the particles were deposited 
onto other substrates to form photoconductive detector.   

Fig.4 is I-V plots of ZnO nanoparticles in ethanol 
deposited onto intrinsic AlGaN with irregular Al contacts 
deposited on them. I-V measurements are taken under 
darkness and under 340 nm UV LED. The dark current is on 
the order of tens to hundreds of pico-Amps.  Large UV 
generated currents are detected under 340 nm UV LED 
illumination. The ratio of photo-generated current to dark 
current (on/off ratio) is as high as 105 when the bias is ±20V. 
The significant UV photocurrents prove the strong UV 
detection ability of PVA coated ZnO nanoparticles. 



Figure 3.  Emission spectra of ZnO coated with/withou
ethanol and then spin-cast on quartz plates (excite

Figure 4.  I-V plot of ZnO coated with PVA dispersed 
spin-cast on AlGaN 
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rise time (from 10% to 90%) and fall time (from 90% to 
10%) of the photodetector can be extracted from this figure. 
The results are 22s and 11s respectively, which are consistent 
with the results found in literature [9]. Further analysis via 
successive I-V measurements without the conductive epoxy 
used for wire bonding demonstrated the photo-generated 
current decreases to dark current immediately after the LED 
is turned off, a number contrary to the previous results. Our 
interpretation is without the conductive epoxy used for wire 
bonding, the time response of the photodetector should be 
faster than the response time indicated in Fig. 6. This 
indicates that the conductive epoxy has a negative impact on 
the photodetector’s response time. Further quantitative 
analysis of the epoxy-device interaction and studies towards 
decreasing the response time to make the photodetector 
suitable for high speed application are being researched. 

IV.  CONCLUSIONS 
The strong UV emission and severely diminished visible 

emission demonstrate that the PVA coated ZnO 
nanoparticles in this paper have good UV emission quality.  
This may be caused by the surface passivation of PVA.  
Also, quantum confinement effects of the nanoparticles were 
observed with a 5 nm blue shift of the cut-off wavelength.   
Photoconductive detectors based on ZnO nanoparticles were 
fabricated and, under 340 nm UV LED and biased at ±20V, 
had a ratio of photo-generated current to dark current as high 
as 105. The responsivity spectrum showed a sharp cut-off 
wavelength at 375 nm, with a UV responsvity about twice of 
a commercial UV enhanced Si-based photodetector when the 
incident UV light is in ten nano-Watt order. The time 
response indicated the rise and fall time were 22s and 11s 
respectively. These results indicate that low cost PVA coated 
ZnO nanoparticles could be applied in, large area, planar 
fabrication, and high sensitive and visible-blind UV 
photodetection with GaN-based semiconductor substrates.  
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