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Abstract. Weinvestigate the properties of GaN semiconducting nanoparticlesasa
potential candidate for photodetection in the solar-blind region. The photocurrent
spectral response is studied spanning the range 16-5% V. A dgnificant fraction of
the responseisin the range 4-5% eV. Theresults are compared to other optical pro-
perties and the origins of the features observed in the spectra are speculated upon.
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1. Introduction

Lage bandgap maerids such as GaN offers interesing properties required for UV
photodetection and ‘solar blind detectors. Solar blind detectors are required to respond to
UV light and be insengtive to the large part of the solar spectrum (> 300 nm). This vaue
of wavdength has been edtablished from the fact that there are few photons in the solar
emisson with a waveength shorter than 285nm which reach the surface of the Earth due
to amospheric absorption. The research work on short-wavelength UV detectors has
therefore been recently focused on redizing short-waveength ‘solar-blind’  detectors.
There have been a growing number of gpplications that require the use of such sensors
examples of such gpplications include UV agtronomy, flame detection, furnace control,
engine monitoring, water purification, UV rediation dosmetry, pollution monitoring,
optical autocorrdators used to characterise ultrafast pulse lasers, ealy missle threat
warning, chemicd/biologicd battlefidd resgent detectors, and Spaceto-gpace  communi-
cations™? A nove consumer gadget available in the market presently is the UV sensor
built into wriswatches and clip-on watches which monitors the UV content of the sun-
light. In many of these applications, it is important to detect UV light without detecting
the infrared or visble light, in order to minimize the chances of fadse detection or high
background.

Typicd desgn requirements for these products are (i) active layer of visble-blind
semiconductors, (i) absence of filters, (iii) photovoltaic mode of operation diminating
the need of an externd bias Severa combinations of semiconductors based on S, Ge,
GaAs, SIC have been looked at to redize efficient solid-state UV detection to replace the
photomultiplier tubes and extend the spectra window. It is only in the second haf of the
1990s that wide bandgap Ill-nitride semiconductors and, in particular, AlGaN have
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emerged as the most promising materia systems for such a device. Although the thrust
behind most of the research work on Il nitride semiconductors and, in particular, AlGaN
materids had been the redization of blue light emitting diodes and lasers, the
technologicd advances that resulted have renewed the interet and led to sgnificant
progressin UV detectors

Apat from the advances in wide band gap semiconductors where the fabrication
process involves high temperature epitaxia growth techniques, there has been condde
rable exciting ressarch in the area of nanopaticdes of these semiconductors which are
processed using low temperature routes. The didtinctiveness of the nanopaticle pro-
peties aises from the nanopaticlesize dependent fundamentd properties such as
ionisation potential, melting point, optical fluorescence and absorbance®* Typicd range
of sze to observe these variation in properties depend upon the solid being periodic over
a range in the nanometer regime. In case of nanoparticles of semiconductors such as
cadmium sulphide CdS and cadmium sdenide CdSe when the paticle size is smdler
than that of the exciton in the bulk semiconductor the lowest energy opticd transtion
Sgnificantly incresses due to quantum confinement® By precisdy controlling the size
and the surface of a nanocrystd, its properties can be tuned. It was demongtrated that the
spectra window for the photoinduced current in the device structures based on these
active nanopaticles can be tuned by controlling the particle size. However, due to the
large surface to volume ratio, the surface induced defect dtates, contributing to the sub-
gap dates was dso obsarved to a Sgnificant extent in certain cases. A cdlear evidence is
the decrease in the radiative luminescence with the nanoparticles paticle sze due to the
higher fraction of non-radiative processes mediated by the surface dtates with increasing
size® In this context, GaN nanoparticles offers a good choice with a large intrinsic gap
and the avallability of routes to synthesize such nanoparticles. It is expected tha the
presence of shalow trgps do not dradticaly dter the spectra window of operation for
designing such photodetectors.

2. Experimental

Gdlium nitride nanoparticles were prepared by solvotherma technique. Details of the
gynthesis and characterization of the GaN particles will be published esewhere. In a typi-
cd solvotherma reection 08 mmole gdlium cupferon [Ga(CsHsNOs)s] were dissolved
in 6ml toluene. 30mmoale 1,1,1,3,3,3,3-hexamethyldislazane [(CH3)3SNHS(CH3)s] was
added to it. The mixture was trandferred in a teflon-lined autodlave (20ml capacity). The
autoclave was maintained at 240°C for 3h and then alowed to cool to room temperature.
The precipitate obtained was then washed with absolute ethanol and then dried a 70°C
for12h.

Transmisson eectron microcopy observetion reveded that the dried product contains
hexagond GaN patides of average dianger 5nm. Particles of different szes were
obtained by varying the concentration of Gdlium cupferron under the same reaction
condition.

Specific precautions were used to peform meesurements of the current induced by
photoexcitation in the range (200400 nm). UV enhanced 150 W xenon lamp wes used as
the light source in conjunction with a UV monochromator. A reflective metdlic grating
blazed & 300nm wes used for dispersng the light. The transmitivity of the conducting
ITO coated on quartz which was used as the substrate was characterized prior to coating
with the nanoparticles and used for normdizing the data to obtain the externa quantum
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efficiency of the response. The substrates used had typica transparency of 30% a
250 nm. Conventiond lock-in measurements were performed to obtan noise free light-
generated dgnds from the device For high resstance photoconductors, a congtant
voltage dircuit is preferred and the sgnd is detected as a change in current in the bias
circuit.

Typicd device of 2mm” 2mm aea weas fabricated by spin coaing and drop casting
the GaN disperson of thickness in the range of 200-300nm on a pre-patterned 1TO
subgtrate. Thermally evaporated Al or Au on the GalN were used as the cathodic contact.

3. Reaults, discussion and conclusion

The current voltage characteristic of the device is shown in figure 1. The 1=V curve is
sgnificantly non-linear, with a blocking behaviour a low voltage which gradudly opens
up and the current incresses nonlinearly beyond 2 V. Moddling this 1-V obtained a
room temperature is quite complex snce severd mechaniams ae involved in determining
the dark current—voltage characterigtics of the wide gap semiconducting photodiodes. The
dark current is the superposition of current contributions from three device regions. bulk,
depletion region, and surface. Further ditinction is done in terms of the thermdly gene-
rated current in the bulk and depletion region, surface leskage currents and the pace
charge limited current which are necessary to apply modd fits. This can be done by
assuming a dominant mechanism prevaling in a certan voltage and temperaure range,
efforts are currently underway in this direction to understand the 1-V response in the
different ranges.

However, upon photoexcitation a clear asymmetry in the current with respect to the
externd voltage bias, measured under illumingtion, is obsarved as shown in figure 1a
which can be accounted by effects such as a possble schottky formation of semiconduc-
ting layer with ITO, and the differences in the charge carier (p and n) generdion,
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Figurel. Current—voltage response under dark and illumination conditions (I =
310 nm) of the ITO/GaN/Al device.
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Figure2. Normalised photocurrent spectral response I(l ) for the ITO/GaN/Al
device and absorbance of the GaN nanoparticle film.

transport and sweep-out rates. The short-circuit current & OV was not significant, indi-
caing low built-in fidd prevailing in the device.

The red-shifted dbsorption and the Iuminescence features of these nanoparticles
indicate the size dependent electronic structures. The photocurrent spectral response a a
revase voltage hiass of 46V dong with an absorbance of the GaN nanopaticle is
depicted in figure 2. The photocurrent response has didtinct festures between 3 and 5ev.
The photocurrent was quite indgnificant in the messurement range bdow 3ev ad
consgs of a amdl contribution in this region with a locd maxima & 2%6 eV and width of
02eV. Buk GaN has found to be dominated by a radidive trap dtae giving rise to
luminecence & 24 eV, and weeker blue emisson & 34eV which corresponds to the
band edge luminescence” In a first approximation, the photocurrent in presence of an
dectric fidd can be thought to be a complementary process to the radiative recombi-
nation events. The absence of photocurrent from these trap-dtates in this spectral region
can then be interpreted in terms of a shift of the trap dtates with decreasing particle size
and absence of bulk GaN inthe sample.

The Ipn(l) closdy follows the absorbance indiceting thet the current is primearily driven
by the charge carrier generation processes. In a smplistic sense, the features in Iyn(l) can
be interpreted to arise from trgp or defect dtates (3eV <E<366eV) and band-edge states
a E>3%5eV. This interpretation is consgtent with the photoluminescence features of the
sample. The finite width and the spread of Ipn(l) around the band-edge cen arise from the
dispersty of the particle size, and broadening effects such as urbach tals, shdlow
impurities and surface strain effects® This interpretation needs to be confirmed and
necessitates systematic studies of Ipn(l) with size variation of the nanopaticle. Excitonic
levels play an important role in the opticd properties of GaN.’ The fundamenta neer
bandgep A, B and C-excitons in GaN are connected with the splitting in the vaence band
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top of GaN into the three states Gy, G;, and G; . It is expected that excitonic features will
be dealy manifeted a low-temperature (<exditonic binding energy of ~15meV) in the
lpn(l) messurements and its dependency on dectric fidd. Upon andysing the derivative
spectra of Ipn(l), and extrgpolating the band-edge region to the energy axis a higher
edimate of the onset for photogenerated charge carier generation of @386V is obtained
compared to bulk GaN vdue of 3deV, pointing out to the sze dependent eectronic
trangtion in these materids.

From the device point of view, it is interesting to observe from the area under Ipn(l)
that more than 95% response comes from | <400nm and about 60% comes from the
region | <300nm; the sola-blind region. It may be posshle to improve these spectrd
properties and responsivity by optimising the sze and contralling the defect contri-
butions. In summary, our initid results point to these GaN nanoparticles as promising
dternative candidates for solar-blind UV photodetectors.
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