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"The phenomena of photoluminescence
blinking in InGaN materials”
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InGaN D s IR R

5 nm

"~ mGaN ____ |3nm ° Materials commonly
used in LEDs

* InGaN between GaN
forms single quantum
well

4 ym

« Sapphire as base

1 mm
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Observing the blinking —
photoluminescent microscopy

CCD * Excitation and observation of
the samples using a
photoluminescent
microscope

* Filming the behaviour with a
camera
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After few seconds the PL image change structure
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Time characteristics:
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The yellow band peak
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band can induce
observable PL
intensity variations

Model concepts
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- Distortion of band due
to trapped carriers

- Band overlap is
induced, F~2 increase
and PL increase

- We are observing the
time constant of this
deformation process
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j_ deep trap
(uncharged)

Lt . deeptrap
(charged)

Blinking mechanism for
InGaN QW.

Strain incoherently
grown InGaN QWs
between GaN barriers
causes a strong
piezoelectric field of
the order of 1 MV/cm
to 3 MV/cm.

As a consequence the
transition is red-shifted
(quantum confined
Stark effect, QCSE)
and the transition
matrix element is
reduced.
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[Exposition “History” was found to be important }

}

Design of ad hoc experiment

}

A routine of illumination and darkening Intervals
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Seqguence 40sec 40 sec 40 sec

R 40 seC  measure measure measure
lllumination

1 hour 50 min 40 min 30 min 20 min
L L - Increase of dark-time provoke
8 I a longer time constant
®:1, 567 - Graph (b) is the same as (a) in
5 & . ' reverse time order
P T I
1o &% - At corresponding times, in (b)
27 | the time constants are almost
[ > o ] double.
0 La 0 ® e PO
0 10 20 30 _ 40 _50 60 - This demonstrate an evident
\ =365 nm Dark time (min) memory of the process history.
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FIG. 1: InGaN QW with blinking dot. The photolumi-
nescence map of InGalN guantum wells emitting in the green
to red spectral region consists of bright, diffraction limited
spots, many of which are blinking on a millisecond to second
time scale at room temperature (provide length scalc]
Excitation wavelength is 380 nm, the area is 3 x 3 um?. The
red circle marks a spot in its on—state (a) and off-state (h).
In contrast to most systems exhibiting telegraphic blinking,
the off —state is not completely dark. A movie of this blinking
spot is included as supplementary material.
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FIG. 5 Blinking induced by gold nanopheres. (a) and
(b) show the same area of the sample before and after re-
distribution of gold nanospheres, causing a variation of po-
sitions, number, and photoluminescence intensity of bright
spots. Yellow circles mark blinking spots which appear only
after the redistribution.
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Systematic analysis of single pixel time profile

Intensity
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Video data |:> Single |:>
(3D file) frames

y y 5
t(sec) :‘ t i 5
X X
_ _ @ A single point (x,y) on sample
(DImage is decomposed in 6 is isolate and its time profile

variables: time, x,y, R, G, B recorded
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New dots appears at
' Low temperatures
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- We detected intermittency in PL fluorescence in
GaN/InGaN sample

- We found dependence with Indium concentration,
Excitation wavelength, excitation power, temperature

- Blinking is not a random process, it is not pure chaos.

- We found several domains that show autocorrelation.
- There is correlation between distant blinking domain.

- Correlation depends on time lag, suggesting space drift

- We found new spatial structures in the crystal that
manifest themselves only in the blinking phenomenon.
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