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Abstract. We studied the adsorption of liquids over the surface of InGaN quantum well
based wide band-gap devices and found that the immersion in certain liquids has noticeable
effects on the optical blinking phenomena. We used two samples with different indium
concentrations, emitting on the green and blue range, and immersed them while under direct
illumination with 365 nm UV light. We found that especially water and ethanol provoked
evident optical variations compared to observation in air. While blinking spots can be observed
irrespective of the In concentration, their contrast and luminosity increased for samples with
the emission in the 510 nm range, rather than for those in the 460 nm. Based on these results,
we put forward the hypothesis that the presence of liquids induces the formation of radiative
centers, possibly complexes related to intrinsic defects binding with adsorbed impurities, such
hydrogen or oxygen.
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1. Introduction

Due to the progress in GaN growth and device manufacture, light emitting diodes (LED)
are currently employed for a variety of applications, like visible light communication or
traffic lights. Despite the importance of GaN-based LED, the correct functionality of such
devices is still undermined by a variety of issues, e.g., high density of defect states or large
strain-induced polarization caused by lattice mismatch. In particular, the optical blinking
phenomenon and the optical memory effects[1, 2] affect the optical quantum efficiency of
InGaN single quantum wells (QW).
The blinking phenomenon (blinking in short) is observed not only in InGaN QW, but also
in many crystals such as CdSe nanocrystals[3] and GaAs quantum dots (QD)[4], where the
emission intensity becomes unstable. In InGaN, blinking is induced by illuminating the
surface of the sample with a 365 nm light that excites not only the InGaN layer, but also
the GaN layer. Blinking is known to occur in localized domains where the optical emission
is more intense than the average, called intense luminous centers (ILCs)[1]. While blinking
always occurs in ILCs, not all of them are blinking. As a matter of fact, most ILCs show only
stronger optical intensity, which is caused by accumulation of carriers in localized regions
with high In content[5, 6, 7, 8]. Based on this, a correlation between such spatial non-
uniformity of In composition and blinking was also put forward[9]. This effect was confirmed
in several studies, mainly in samples with emission peaks of 510 nm and 540 nm. For samples
that emit blue light such as 460 nm, the same optical blinking can be observed, but it is less
prominent and noticeable[1, 8].

Among the possible causes of blinking in an InGaN QW, the quantum confined Stark
effect is one candidate[1, 10, 11]. However, this cannot explain the experimentally observed
intensity distribution of the blinking[1, 12]. Later, it was proposed that the interference of
thermal vibration of the crystal lattice may be the cause of the unstable blinking[13]. However,
this idea considers local phenomena and does not concern the external species present on
the sample surface. In a recent study, Tsutsumi et al. found that the concentration of ILCs
increased when oxygen is adsorbed on the surface of an InGaN QW[14], suggesting that
blinking could be caused by the interaction of surface molecules with impurities present
within the QW.
By considering the above hypotheses, we decided to verify whether or not blinking is caused
by the interaction between species adhering to the surface and intrinsic impurities. In order
to do this, we present a detailed study on the effects of liquid adsorption, mainly water and
ethanol, on the total luminosity and presence of ILCs in two InGaN single QW devices with
emission peaks of 460 nm and 510 nm.

2. Experimental Details

The samples used in this experiment are a stack of undoped GaN layer (4 mm ) with a thin
InxGaN(1�x) active layer (3 nm) capped by an undoped GaN layer (5 nm). The sample is
grown in the (0001) direction by metal-organic vapor phase epitaxy (MOVPE) on sapphire.




