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Multiple layers of colloidal nanoparticles were used to make large area, visible blind and
wavelength selective, ultraviolet (UV) photodetectors [1]. Polyvinyl-alcohol (PVA) coated ZnO
nanoparticles were created by a top-down wet-chemical means and deposited on quartz, glass, or GaN-
based substrates [1-3]. The advantages of high sensitivity, low power consumption, and the ability of to
filter out ambient light, are the result of layered nano-materials on substrates [4]. In separate experiments,
these detectors were tested for both bio-fluorescence and alpha particle scintillator detection as a proof-of-
concept.

A ZnO nanoparticle-AlGaN substrate photodetector was placed in an intrinsic bio-fluorescence
experiment with a 280 nm UV LED with a total optical power of 158 pW. E-coli cells, ATCC-25922,
were diluted in phosphate buffered saline (PBS) solution with an initial optical density of OD4g.500=0.5.
As shown in Fig.1 (a), the solution was placed in a cuvette and the LED light source was set up 90° from
the detector. The bio-fluorescence sensitivity of the PVA coated ZnO nanoparticle-AlGaN substrate
bandpass UV photodetector was found to be better than a UV enhanced silicon photodiode and within two
orders of magnitude to the high sensitivity of traditional photomultipler tubes (PMTs) [4]. Furthermore,
to investigate the direct coupling ability of bio-fluorescence and detector as well as improve the signal
over noise ratio in a more compact and better wavelength aligned system, the setup was modified for 180°
detection (Fig. 1(b)) and the detector substrate was changed from AlGaN, with cut-off wavelength at
300nm, to a much cheaper microscope glassslide, with a cut-off wavelength at 295nm. The new setup
improves the signal over noise ratio from 1.5 to 7 and distinguishes the E-coli sample up to 1/8 dilution of
the original sample, as indicated in Fig. 2.

A similar experiment was conducted to detect light emitted from a YAP:Ce scintillator under
alpha particle radiation. The direct coupling of alpha particle scintillator material with a visible blind
nanoparticle photodetector was demonstrated. The experimental structure is shown in Fig. 1(c). A
YAP:Ce scintillator (crystal of YAIO3: Ce) has favorable characteristics such as relatively high
scintillation efficiency (40% of Nal (T1) light output), fast scintillation decay time (25 ns), chemically
inert and high melting point (1875 °C) [5-8]. In addition, the emission spectral of YAP:Ce is in the UV
range with the peak at about 370nm [9]. This emission wavelength beyond the visible is important to
differentiate the detection signal from ambient light and it aligns well with ZnO’s detection wavelengths
(Fig.3 (a)). As presented in Fig. 3(b), an UV generated current (under alpha radiation) to dark current
ratio of about 3 at -20V bias was observed in the integration of YAP:Ce scintillator and PVA-coated ZnO
nanoparticles.

These two proof-of-concept experiments demonstrate broad and flexible applications of multiple
layers colloidal nanoparticles based devices.

References

[1] L. Qin, C. Shing, and S. Sawyer, “Low-Pass and Bandpass Alternative ultraviolet photoconductor based on zinc
oxide nanoparticles on intrinsic gallium nitride-based substrate”, I[EEE Photonics Technology Letters, Vol. 23, No.7,
pp. 414-416, April 2011.

[2] L. Qin, C. Shing, S. Sawyer and P. S. Dutta, Enhanced UV sensitivity of ZnO nanoparticle photoconductors by
surface passivation, Optical Materials, Vol. 33, pp.359-362, 2011.

[3] L. Qin, C. Shing, and S. Sawyer, “Metal semiconductor metal ultraviolet photodetectors based on zinc oxide
colloidal nanoparticles”, I[EEE Electron Device Letters, Vol.32, No.1, pp.51-53, January 2011.

[4] C. Shing, L. Qin, and S. Sawyer, “Bio-sensing sensitivity of a nanoparticle based ultraviolet photodetector”,
Proc. of the 2010 IEEE Lester Eastman Conference on High Performance Devices, Troy (USA), August 2010.

[5] Kenichiro Yasuda, Shigekazu Usuda, Hideho Gunji, “Properties of a YAP powder scintillator as alpha-ray
detector”, Applied Radiation and Isotopes, Vol. 52, pp. 365-368, March 2000.

ISDRS 2011 — http://www.ece.umd.edu/ISDRS2011



ISDRS 2011, December 7-9, 2011, College Park, MD, USA

[6] S. Baccaro, K. Blaiek, F. de Notaristefani, P. Maly, J.A. Mares, R. Pani, R. Pellegrini, A. Soluri, “Scintillation
properties of YAP:Ce”, Nuclear Instruments and Methods in Physics Research A, Vol. 361, pp. 209-215, July 1995.
[7]L Thinova, C Karasinski, J Tous, T Trojek, “Investigation of thin YAP and YAG scintillator characteristics for
Alpha radiation spectrometry”, Journal of Physics: Conference Series, Vol. 41, pp. 573-576, 2006.

[8] A.Kunka, P.Maly, K.Blazek, F.de Notaristefani, B.Sopko, “New YAP-Ce scintillation detection determination
222Rn in water”, Radiation Measurements, Vol. 38, pp- 829-832, August 2004.

[9] P. Wanddrol and P. Horak, “Problems of the YAP:Ce Scintillator use in detectors of signal electrons in SEM”,
Microsc Microanal 13 (Suppl 3), DOI:10.1017/S143192760708042, September 2007.

Cuvette with E-coli Po210
-
— Cuvette with E-coli S5mm Ia particles
LED '
q ?I:: LED Driver 280nm YAP:Ce Scintillator
LED
Detection | (Eg: LED Driver
EBDnm_ System = Tungsten Tungsten
Detection Bandpass Filter T neadle needle
2

System Photodetector Sthm

Bandpass Filter Vs

(a) (b) (c)
Fig.1 (a) 90° bio-fluorescence system, (b) 180° bio-fluorescence system and (c) experimental structure of
scintillator device.
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Fig. 2: Bio-fluorescence measurements for (a) a ZnO nanoparticle-AlGaN substrate photodetector with
90° setup compared with (b) a ZnO nanoparticle-glass substrate photodetector with 180° setup with
respect to concentrations of E-coli (ATCC-25922) following excitation by 280 nm
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Fig. 3 (a) Spectra alignment and (b) I-V plot of integration of YAP:Ce and PVA coated ZnO nanoparticle
used in alpha particle radiation detection (P0210, 386uCi).
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