
1. Introduction 
Ultraviolet (UV) detectors have drawn much attention due 
to its industrial and military applications1–7. Basically, all 
those applications required fast response and high sensi-
tive photodetectors. Several UV detectors technologies are 
currently available such as Si-based detectors and photo-
multipliers. Despite the high sensitivity and fast response 
of those detectors, they have some property limits such 
as the need of filters and low efficiency specifically for the 
Si-based detectors8–10 and the need of high vacuum and 
high voltage supply for the photomultipliers, in addition to 
the fabrication difficulties and the high cost of those detec-
tors. Recently, wideband gap materials such as zinc oxide 
and titanium dioxide semiconductors have been used in 
the fabrication of the UV detectors due to their wide band 
gap (~3 eV)11–16. However, these detectors required addi-
tional work before they become commercially available. 

Among these, Dye Sensitized Solar Cells (DSSCs) 
have been extensively studied as an alternative to the con-

ventional silicon solar cells due to its low cost and easy to 
fabricate.17–19 However, the lack of efficiency has limited 
their commercial implementation. On the other hand, 
dye sensitized cell was proved to be used as a photodetec-
tors as well. This is due to its self-powered and excellent 
physical and chemical properties20–25. In this paper, new 
fabrication steps were added to the original design of the 
dye sensitized cell photodetector to improve its proper-
ties. Additionally, new testing techniques were applied to 
evaluate the detector for commercial production.

2. Device Fabrication
TiO2 nano-powder was mixed with ethanol and then soni-
cated for 1 h. A TiO2 layer of ~ 200 µm was deposited on 
the ITO glass which has dimensions of (50 × 50 × 1) mm, 
then was heated on a hot plate at 180°C for 15 min to form 
TiO2 electrode. The TiO2 electrode was dipped in a dye 
solution (Eosin) for 15 min. After that, a drop of electrolyte 
was put on the TiO2 electrode. Prior to combination of the 
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two ITO glasses, a drop of electrolyte (Lugol’s iodine, 2.2% 
iodine and 4.4% potassium iodide) was added in between 
the two ITO glasses. The edges were covered by SU8 2025 
photo resist as it is stable and resists most acids and sol-
vents26. In order to obtain cross-linked SU8, the device was 
soft baked for 2 min at 95°C, exposed to UV light for 20 
sec and hard baked at 95°C for 3 min. After the device had 
cleaned by ID water and dried by N2 gas, a silver paste was 
used to connect two wires to the ITO. Finally, a protection 
layer of PDMS was spin coated on both sides of the device. 
Figure 1 shows the schematic of the device.

Figure 1. Schematic of the UV photodetector.

3. Detector Operation 
The expose of dye sensitized cell to UV causes electrons 
in the dye to get excited. The electrons then ejected 
from the dye into the conducting band of the TiO2 layer. 
Regeneration of the lost electrons is handled by the elec-
trolyte27. The electrons that were ejected from the dye 
diffuse through the TiO2 layer than into the conductive 
glass and finally the electrons flow through the output 
wires that are connected to the metal pads. Basically, the 
current flowing through the cell is depending on the 7 
amount of the UV intensity. As depicted in Figure 1, a 
small amount of biasing is applied to the cell to motivate 
the electrons of the cell to flow and also to control the 
current gain and elevate the responsivity of the detector.

4. Experimental Results
The I-V characteristic of the device is shown in Figure 2. 
The UV irradiation at 1 V bias, wavelength of 365 nm and 
intensity of 0.1 mW/cm2, the photo current could reach 
0.9 mA. This means increasing bias voltage from 0 to 1 
V leads to increase in the photocurrent by more than 3 
orders of magnitude.

The responsivity of the detector can be determine 
by R = I/AE16, where R is the responsivity, I is the photo 
current, A is the effective area of the device and E is the 
irradiation of the UV light. The responsivity was calcu-
lated to be 1440 A/W, which is higher than the reported 
values28. The higher responsivity indicates high internal 
photoelectric current gain. This gain can be expressed by 
g = τµVB/L29, where τ is the mean lifetime of the charge 
carrier, L is the inter-electrode spacing, VB is the applied 
bias and µ is the electron mobility. 
A UV Light-Emitting Diode (LED) with a peak wave-
length of 365 nm was used in our experiment. The LED 
was driven by a function generator (RIGOL-G1022), 
which was used to drive the UV LEDs and also to control 
the light intensity and to obtain both discrete (pulses) and 
continuous (sinewave) light signals. The photocurrent 
was measured using HP 4145B semiconductor parameter 
analyzer. In all experiments, the photodetector was biased 
at 0.1 V to increase the device photocurrent. 
Before device testing, the intensity of the LEDs torch was 
measured and calibrated by AB-M model 100-C UV inten-
sity meter [Figure 3a]. The calibration curve was obtained 
by applying several voltage values to the UV LEDs array 
and measuring the corresponding intensities. The calibra-
tion curve showed linear relationship [Figure 3b].

The response speed is a significant parameter which 
can be used to determine the property of the photode-
tectors. Figure 4 shows incident light dependent current 
measured at 50 mV bias with a light pulse of 50 mHz and 
light intensity of 0.25 mW/cm2. It is obvious that the rise 
time and fall time of the detector are almost the same, 
< 0.1 s, which is good Compared to the other photode-
tector technologies16. Additionally, since the device is 
encapsulated, then it would not be attacked by the oxygen 
of the environment. As a result, the number of trapped 
holes would be minimized, and then the combination 
between the negative and positive charge carriers would 
be increased, thus, the fall time would decrease. 

In the reported articles only discrete time (on/off) 
response of UV detectors has been study. In this work, 
the response for continuous UV light was studied too. 
Sinewave light with a frequency of 50 mHz was irradi-
ated on the detector [Figure. 5]. The response observes a 
perfect sinewave photocurrent response with no distor-
tion. This means that the detector has perfect response for 
analog as well as digital light signal irradiations.
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Photocurrent of the device versus incident light 
intensities were investigated [Figure 6]. The photocur-
rent measurements were carried out at 100 mV bias and 
under 365 nm UV light irradiation with light intensities 
varying from 0.1 W/cm2 to 8 mW/cm2. The photocurrent 
increases linearly with the light intensity. This linear rela-
tion suggests that the device can be used not only as a UV 
detector but also for precise UV measurements.

Figure 2. I-V characteristics of the device with no 
irradiation and under the incident light of 365 nm.

Figure 4. Time response of the device to on/off light pulses.

Figure 5. Time response of the device to continuous 
sinewave light irradiation.

Figure 3. Device calibration 
a  The experimental setup for calibration of the UV LEDs torch. 
b  detector photocurrent at different intensities. Inset is the linear relationship obtained from the calibration.
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Figure 6. Photocurrent as a function of the incident UV 
(λ = 365 nm).

5. Waterproof Test
The device was also tested in water based on the reported 
articles30. Several factors affect underwater UV measure-
ments. First, the view angle of the UV detector is reduced 
and then a small amount of UV light reaches the detec-
tor. Second, is the light scattering due to impurities, 
especially when measurement done in ocean or unclean 
water. Therefore, it is expected to achieve a smaller pho-
tocurrent values underwater measurements compared to 
the in air measurements. To run underwater test, a glass 
tank was used with a jacket, as a light isolator. Testing was 
done in the depth of 30 cm. Figure 7 shows the testing 
setup of the device. No significant differences in the time 
response were observed, however, an attenuation in the 
photocurrent was recognized which can be attributed to 
the absorption characteristic of the UV underwater30–32. 
Results show the ability for using the photodetector 
underwater as well as in air.

Figure 7. Underwater testing, inset is the testing setup.

6. Conclusion
Dye sensitized cell was characterized and modified. The 
device exhibits fast response and high sensitivity for 
both discrete and continuous light intensity variations. 
Bias voltage was applied in order to control the gain and 
then the responsivity of the detector. The device shows 
stable characteristic in ambient as well as underwater. 
No significant change in the underwater detector char-
acteristic except attenuation in the photocurrent that 
can be attributed to the water absorption and scattering 
of the UV light that leads to decline in the UV energy. 
This type of photo- detector technology seems promis-
ing towards commercial production of optoelectronic 
components.

7. References
1. Young SJ, Ji L, Chang SJ, Chen Y, Lam K, Liang S. ZnO 

metal–semiconductor–metal ultraviolet photodetectors 
with Iridium contact electrodes. IET Optoelectronics. 2007; 
1(3):135–9. Crossref.

2. Chang SJ, Ko T, Sheu JK, Shei SC, Lai W, Chiou Y. AlGaN 
ultraviolet metal-semiconductor-metal photodetectors 
grown on Si substrates. Sensors and Actuators A: Physical. 
2007; 135(2):502–6. Crossref. 

3. Averine SV, Kuznetzov P. Effect of optical excitation level 
on the MSM-detector high-speed response. UWBUSIS 
2008 4th International Conference on Ultrawideband and 
Ultrashort Impulse Signals; 2008. p. 138–40. 

4. Wang CK, Chang SJ, Su YK, Chang CS, Chiou YZ, Kuo 
CH. GaN MSM photodetectors with TiW transparent 
electrodes. Materials Science and Engineering: B. 2004; 
112(1):25–9. Crossref. 

5. Bie YQ, Liao ZM, Zhang HZ, Li GR, Ye Y, Zhou YB. Self‐
Powered, ultrafast, visible‐blind UV detection and optical 
logical operation based on ZnO/GaN Nanoscale p‐n junc-
tions. Advanced Materials. 2011; 23(5):649–53. PMid: 
21274914. Crossref. 

6. Young SJ, Ji LW, Chang SJ, Liang S, Lam KT, Fang TH, et al. 
ZnO-based MIS photodetectors. Sensors and Actuators A: 
Physical. 2007; 135(2):529–33. Crossref. 

7. Averine S, Kuznetzov P, Zhitov V, Alkeev N. Solar-blind 
MSM-photodetectors based on Al x Ga 1− x N/GaN het-
erostructures grown by MOCVD. Solid-State Electronics. 
2008; 52(5):618–24. Crossref. 

8. Munoz E, Monroy E, Pau J, Calle F, Omnes F, Gibart P. III 
nitrides and UV detection. Journal of Physics: Condensed 
Matter. 2001; 13(32). Crossref. 

https://doi.org/10.1049/iet-opt:20060084
https://doi.org/10.1016/j.sna.2006.09.017
https://doi.org/10.1016/j.mseb.2004.05.002
https://doi.org/10.1002/adma.201003156
https://doi.org/10.1016/j.sna.2006.10.001
https://doi.org/10.1016/j.sse.2007.10.037
https://doi.org/10.1088/0953-8984/13/32/316


Haider Al-Mumen

Indian Journal of Science and Technology 5Vol 10 (29) | August 2017 | www.indjst.org 

9. Yang W, Hullavarad S, Nagaraj B, Takeuchi I, Sharma 
R, Venkatesan T. Compositionally-tuned epitaxial cubic 
MgxZn1-xO on Si (100) for deep ultraviolet photodetec-
tors. Applied Physics Letters. 2003; 82:3424. Crossref. 

10. Rogalski A, Razeghi M. Semiconductor ultraviolet photo-
detectors. Optoelectronics Review. 1996. p. 13–30. 

11. Lee M, Sheu J-K, Lai W, Su Y-K, Chang S-J, Kao C, et al. 
Characterization of GaN Schottky barrier photodetectors 
with a low-temperature GaN cap layer. Journal of Applied 
Physics. 2003; 94(3):1753–7. Crossref. 

12. Chang S, Yu C, Chen C, Chang P, Huang K. Nitride-based 
ultraviolet metal-semiconductor-metal photodetectors 
with low-temperature GaN cap layers and Ir/Pt contact 
electrodes. Journal of Vacuum Science and Technology A 
Vacuums Surfaces and Films. 2006. 

13. Emanetoglu NW, Zhu J, Chen Y, Zhong J, Chen Y, Lu Y. 
Surface acoustic wave ultraviolet photodetectors using epi-
taxial ZnO multilayers grown on r-plane sapphire. Applied 
Physics Letters. 2004; 85(17):3702–4. Crossref. 

14. Balducci A, Marinelli M, Milani E, Morgada M, Tucciarone 
A, Verona-Rinati G. Extreme ultraviolet single-crystal dia-
mond detectors by chemical vapor deposition. Applied 
Physics Letters. 2005; 86(19):3. Crossref. 

15. Chiba Y, Islam A, Komiya R, Koide N, Han L. Conversion 
efficiency of 10.8% by a dye-sensitized solar cell using a 
TiO2 electrode with high haze. Applied Physics Letters. 
2006. Crossref. 

16. Kong X, Liu C, Dong W, Zhang X, Tao C, Shen L. Metal-
semiconductor-metal TiO2 ultraviolet detectors with Ni 
electrodes. Applied Physics Letters. 2009; 94(12):1–4. 
Crossref. 

17. Lee BK, Kim JJ. Enhanced efficiency of dye-sensitized solar 
cells by UV–O3 treatment of TiO2 layer. Current Applied 
Physics. 2009; 9(2):404–8. Crossref. 

18. Liu K, Sakurai M, Aono M. ZnO-based ultraviolet photo-
detectors. Sensors. 2010; 10(9):8604–34. PMid: 22163675 
PMCid: PMC3231239. Crossref. 

19. Durr M, Schmid A, Obermaier M, Rosselli S, Yasuda A, 
Nelles G. Low-temperature fabrication of dye-sensitized 
solar cells by transfer of composite porous layers. Nature 
Materials. 2005; 4(8):607–11. PMid: 16041379. Crossref. 

20. Gratzel M. Photoelectrochemical cells. Nature. 2001; 
414(6861):338–44. PMid: 11713540. Crossref. 

21. Cao C, Hu C, Wang X, Wang S, Tian Y, Zhang H. UV sensor 
based on TiO2 nanorod arrays on FTO thin film. Sensors 
and Actuators B: Chemical. 2011; 156(1):114–9. Crossref. 

22. Li X, Gao C, Duan H, Lu B, Pan X, Xie E. Nanocrystalline 
TiO2 film based photoelectrochemical cell as self-pow-
ered UV-photodetector. Nano Energy. 2012; 1(4):640–5. 
Crossref. 

23. Wang Z, Ran S, Liu B, Chen D, Shen G. Multilayer TiO2 
nanorod cloth/nanorod array electrode for dye-sensitized 
solar cells and self-powered UV detectors. Nanoscale. 2012; 
4(11):3350–8. PMid: 22549639. Crossref. 

24. Matsui H, Okada K, Kawashima T, Ezure T, Tanabe N, 
Kawano R. Application of an ionic liquid-based electro-
lyte to a 100 mm × 100 mm sized dye-sensitized solar cell. 
Journal of Photochemistry and Photobiology A: Chemistry. 
2004; 164(1):129–35. Crossref. 

25. Kim SS, Nah YC, Noh YY, Jo J, Kim DY. Electrodeposited 
Pt for cost-efficient and flexible dye-sensitized solar cells. 
Electrochimica Acta. 2006; 51(18):3814–9. Crossref. 

26. Lorenz H, Despont M, Fahrni N, LaBianca N, Renaud P, 
Vettiger P. SU-8: A low-cost negative resist for MEMS. 
Journal of Micromechanics and Microengineering. 1997; 
7(3). Crossref. 

27. Gratzel M. Conversion of sunlight to electric power by 
nanocrystalline dye-sensitized solar cells. Journal of 
Photochemistry and Photobiology A: Chemistry. 2004; 
164(1):3–14. Crossref. 

28. Chuang RW, Chang S, Chang SJ, Chiou Y, Lu C, Lin T. 
Gallium nitride metal-semiconductor-metal photodetec-
tors prepared on silicon substrates. Journal of Applied 
Physics. 2007; 102(7):1–4. Crossref. 

29. Sze SM, Ng KK. Physics of semiconductor devices. John 
Wiley & Sons. 2006. Crossref. 

30. Markager S, Vincent WF. Spectral light attenuation and 
the absorption of UV and blue light in natural waters. 
Limnology and Oceanography. 2000; 45(3):642–50. 
Crossref. 

31. Ohde T, Siegel H. Derivation of immersion factors for the 
hyperspectral TriOS radiance sensor. Journal of optics A: 
Pure and Applied Optics. 2003; 5(3). Crossref. 

32. Zibordi G. Immersion factor of in-water radiance sen-
sors: Assessment for a class of radiometers. Journal of 
Atmospheric and Oceanic Technology. 2006; 23(2):302–13. 
Crossref. 

https://doi.org/10.1063/1.1576309
https://doi.org/10.1063/1.1587890
https://doi.org/10.1063/1.1811383
https://doi.org/10.1063/1.1927709
https://doi.org/10.1063/1.2208920
https://doi.org/10.1063/1.3103288
https://doi.org/10.1016/j.cap.2008.03.017
https://doi.org/10.3390/s100908604
https://doi.org/10.1038/nmat1433
https://doi.org/10.1038/35104607
https://doi.org/10.1016/j.snb.2011.03.080
https://doi.org/10.1016/j.nanoen.2012.05.003
https://doi.org/10.1039/c2nr30440f
https://doi.org/10.1016/j.jphotochem.2003.12.022
https://doi.org/10.1016/j.electacta.2005.10.047
https://doi.org/10.1088/0960-1317/7/3/010
https://doi.org/10.1016/j.jphotochem.2004.02.023
https://doi.org/10.1063/1.2786111
https://doi.org/10.1002/0470068329
https://doi.org/10.4319/lo.2000.45.3.0642
https://doi.org/10.1088/1464-4258/5/3/103
https://doi.org/10.1175/JTECH1847.1

