TITLE:

Flicker Suppression of AC Driven White LED
by Yellow Persistent Phosphor of Ce®-Cr® Co-
doped Garnet

AUTHOR(S):

Asami, Kazuki; Ueda, Jumpei; Tanabe, Setsuhisa

CITATION:

Asami, Kazuki ...[et al]. Flicker Suppression of AC Driven White LED by Yellow Persistent Phosphor of Ce*-Cr® Co-doped
Garnet. Journal of Science and Technology in Lighting 2017, 41: 89-92

ISSUE DATE:

2017

URL:
http://hdl.handle.net/2433/255624

RIGHT:

© 2017 The llluminating Engineering Institute of Japan; #1777t DFFA] &
BTBHLTVWET, ; AROZXFBERILEL XY,

RPRFHWMIERYKFD bV %
Al

KURENAI

Kyoto University Research Information Repository



K 5F

KYOTO UNIVERSITY

A Self-archived copy in
Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

Journal of Science and Technology in Lighting Vol.41, 2017

RBAFFHER)FD b

KURENAI

Kyoto University Research Information Repository

J-STAGE Advanced published date: June 23, 2017, doi: 10.2150/jstl.IEIJ160000599

Paper

Flicker Suppression of AC Driven White LED by Yellow Persistent
Phosphor of Ce*'—Cr** Co-doped Garnet

Kazuki ASAMI T, Jumpei UEDA and Setsuhisa TANABE

Kyoto University, Graduate School of Human and Environmental Studies

Received December 6, 2016, Accepted March 1, 2017

ABSTRACT
The alternative current driven light emitting diode (AC-LED) lighting system has attracted a great deal
of attention because of the high luminous efficiency and the simple electric circuit. However, this system
causes the unacceptable flicker due to rapid fluctuations in the voltage of the power supply. In order to
compensate the flicker effect in AC-LED, we proposed the use of yellow persistent luminescent gar-
net phosphors. The time evolution of luminescence intensity measurement of Ce*" and Cr** co-doped
Gd;Al,Ga;0,, phosphor using a modulated blue laser diode was performed. From this measurement, the
flicker percent of Ce®* and Cr** co-doped Gd;Al,Ga;0,, phosphor is calculated and showed to be about
60%. This result demonstrated that persistent phosphor is expected to solve the problem of flicker caused

in AC-driven LED lighting system.
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1. Introduction

Nowadays, white-LEDs driven by direct current (DC)
are widely used in the commercial LED market. In or-
der to use a DC-LED, the alternating current (AC) grid
supply should be converted into DC. There are some
converting methods, such as a transformer system and
a switching system. However the transformer gener-
ates massive heat, which would cause degradation of
embedded organic resins and phosphors on the LED
chip”. In the switching system, while the heat genera-
tion can be reduced, some other problems such as the
noise of frequency and complexity of electric circuit
arise. Recently, AC driven LED (AC-LED) system at-
tracts the industry attention because of the possibility
to overcome these disadvantages®?. This device can op-
erate directly by the grid power without the AC to DC
converter. AC-LED system consists of two strings of
diodes that are connected to the power in parallel with
opposite polarity. On the half-cycle of AC frequency,
one line of the diode strings conducts and generates
light, while on the other half-cycle the other line of
LEDs works. The AC-LED lighting system has tremen-
dous advantages (e.g., lower cost, higher energy utiliza-
tion efficiency, compact volume and longer service life),
however, it causes unacceptable flicker when powered
from AC line current?. In the psychophysics of vision,
the concept of flicker fusion threshold is defined as fre-
quency at which an intermittent light stimulus appears
to be completely steady to the observer. The human

flicker fusion threshold is usually taken between 60Hz
and 90Hz> 9. Therefore, the human visually recognizes
the flicker effect under the AC-LED device illumination
driven by frequency below 90 Hz. The effect may cause
photosensitive epilepsy, migraines, and headaches for
certain human beings. In this context, the suppression
of flicker effect in the AC-LED device is a challenge.
Many different solutions were proposed to reduce
flicker from AC-LED system such as the designing of
the circuit”, increasing the output frequency with a
light ballast® and applying multiphase power system?.
Recently, the flicker suppression using persistent phos-
phors of Gd;Al,Gaz0,: Ce®* garnet and Mg;Y(Ge,Si);04:
Ce®" inverse garnet have been reported by Lin et
al.!® 1D Persistent luminescence is an optical phenom-
enon in which phosphor exhibits emission of light for
long time after ceasing of the excitation light. It is used
for luminous paints, emergency signs and clock dials.
Using persistent phosphors for the AC-LED devices
instead of non-persistent phosphors, the decrease of the
light output by the periodic change of the AC voltage
can be suppressed by steady persistent luminescence.
Recently, we successfully developed orange and long
persistent luminescence in Ce*" and Cr®* co-doped
Gd;Al,Gas0,5 phosphor based on the crystal field and
bandgap engineering'>'. Generally, Ce®*"-doped garnet
phosphors such as Y;AL:0;5: Ce®* (YAG: Ce®") show vis-
ible luminescence of few tenths nanosecond lifetime due
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to the 4f-5d allowed transition of Ce*" 1. In the case of
persistent phosphor such as Gd;Al,Gas0py Ce®'-Cr?*,
the electrons can be excited to the traps formed by
impurity ions (e.g, Cr’") by blue light, and then trapped
electrons are released gradually and the luminescence
continues for long durations from several minutes to
hours.

In this study, we measured the time evolution of lu-
minescence intensity in GdsAl,GasO;y: Ce**-Cr3* persis-
tent phosphor (GA2G3G: Ce-Cr) using a modulated blue
laser diode (LD) and investigated the suppression of
flicker effect from the AC-driven LED lighting system.

2. Experimental
2.1 Fabrication of samples

Ceramic phosphor of Gd;Al,GasO,; doped with
02mol% Ce®*" and 0.03mol% Cr** (GA2G3G: Ce-Cr)
was fabricated by a solid-state reaction method using
high-purity chemicals of Gd,O3, Al,O3 Gay,O; CeO, and
Cr,05 as starting materials. These mixed powders were
compacted to form a ceramic tablet (#)10mmx2mm
thickness) under uniaxial pressing of 50 MPa. The tab-
lets were sintered at 800°C for 60h in air for calcination
and at 1600°C for 10h in air. The sample was identified
as a single phase of garnet structure by X-ray powder
diffraction'?. As reference material, 0.2mol% Ce®* singly
doped Gd;Al;Gay,O,5 phosphor (GA3G2G: Ce) was also
prepared by the same method. GA3G2G: Ce has high
quantum efficiency in Gd;(ALGa);0;, system and hardly

shows persistent luminescence'®.

2.2 Time evolution of luminescence intensity mea-
surement
The schematic diagram of the set-up used for the
time evolution of luminescence intensity measurement
is shown in Figure 1. As excitation source, a 442nm

Si detector
LASER diode ND Filter 4
442 nm ” \ 455 nm SF
” Sample

A
O

Oscilloscope

Function
generator
Figure 1 Schematic diagram of the set-up used for the time
evolution of luminescence intensity measurement
system.

doi: 10.2150/jstl.IEIJ160000599

laser diode (LD) was used. Irradiance of the blue LD
was adjusted to 100uW/cm? using a ND filter. The
phosphors were irradiated by the modulated blue LD
which was also modulated by a function generator.
For the persistent luminescence decay measurement,
the modulation frequency was set to 10Hz with a duty
cycle of 1:9. For the measurement of the suppression of
the AC flicker effect, the modulation frequency is 50 Hz
with a duty cycle of 5:5. The time evolution of lumines-
cence was measured by a silicon detector with a 455nm
short-cut filter to collect Ce**: 5d-4f luminescence and
monitored by an oscilloscope.

3. Results and discussion
3.1 Persistent luminescence decay curve in millisec-
ond range

Figure 2 shows the persistent luminescence decay
curves of GA2G3G: Ce-Cr and GA3G2G: Ce samples
of in millisecond range. During blue light irradiation
for 10ms (i.e., blue area in Figure 2, both samples show
the visible photoluminescence. The photoluminescence
intensity of GA3G2G: Ce sample is much stronger than
that of GA2G3G: Ce-Cr samples. However, after ceas-
ing blue light (i.e., white area in Figure 2), the persistent
luminescence intensity of GA2G3G: Ce-Cr sample be-
comes stronger than that of GA3G2G: Ce sample. This
result shows that the GA2G3G: Ce-Cr sample is a good
persistent phosphor in the millisecond range for flicker
suppression as well as the hour range for emergency

10?

10 GA2G3G:Ce-Cr

Intensity (arb.unit)

10° 3
GA3G2G:Ce
10"k
102 ON OFF e . :
0 20 40 60 80
Time (ms)

Figure 2 Persistent luminescence decay curves in millisec-
ond order of GA3G2G: Ce and GA2G3G: Ce-Cr
samples. The time range colored by blue shows the
blue light irradiating phase.

Table 1 Fitting parameters of luminescence decay curves of
GA3G2G: Ce and GA2G3G: Ce—Cr samples.

Sample Ay 71 (ms) A, Ty (MS)
GA3G2G: Ce 100.6 2.19 3.14 7.7
GA2G3G: Ce-Cr 394 231 397 3539
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signs'?. From the persistent decay curves, the curves
are composed of two decay components. Therefore,
the decay curve was fitted by a biexponential function
expressed as Eq. (1).

y=A exp(—t)+A2 exp(—t) @
T Ta

The fitting parameters of GA3G2G: Ce and GA2G3G:
Ce-Cr were summarized in Table 1. The first term of
Eq. (1), the value of A, is related to photoluminescence
intensity of each sample whereas the values of 7; in
GA3G2G: Ce and GA2G3G: Ce-Cr are almost the same.
From these parameters, this term is inferred to be the
rapid decay of persistent luminescence. In the second
term, the parameter A, of GA2G3G: Ce-Cr is slightly
larger than that of GA3G2G: Ce. In addition, the param-
eter 7, of GA2G3G: Ce-Cr is about 46 times longer than
that of GA3G2G: Ce due to persistent luminescence.
The second term is inferred to contribute the suppres-
sion of flicker.

3.2 Time evolution of luminescence intensity mea-
surement

In Figure 3, the time evolution of luminescence in-
tensity of blue-LD with GA2G3G: Ce-Cr and GA3G2G:
Ce samples in AC periodic cycles is reported. During
the blue light irradiation (blue area in Figure 3), the
maximal intensity of GA3G2G: Ce is about twice stron-
ger than that of GA2G3G: Ce-Cr because of different
quantum efficiency'®. However, when blue-LD irradia-
tion was ceased (white area in Figure 3), the minimal
intensity of GA2G3G: Ce-Cr sample is about 7.5 times
stronger than that of GA3G2G: Ce.

This is because that Ce®* persistent luminescence
of GA2G3G: Ce-Cr is much stronger than that of
GA3G2G: Ce. From these results, it is concluded that

120
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Figure 3 The time evolution of luminescence intensity of a

blue LD with GA3G2G: Ce and GA2G3G: Ce-Cr

samples in AC periodic cycles. Blue/White areas

correspond to the on/off phases of a blue LD, re-

spectively.
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GA2G3G: Ce-Cr persistent phosphor can suppress the
flicker effect of the AC-driven LED device. In order to
discuss the efficiency of suppression, the flicker percent
(6) was calculated using Eq. (2), where [,,, and I, rep-
resent the maximal and minimal luminescent intensity,
respectively'?.

5= Imax _Imin x100 )

Imax +Imin

In the AC-LED lighting with non-persistent phos-
phors, the flicker percent can be expected to be 100%
because of /;,=0. From the values of 7., and 7, of
samples in Figure 3, the flicker percent of GA3G2G:
Ce and GA2G3G: Ce-Cr samples are calculated and
showed to be 96.6% and 59.8%, respectively. Based on
the flicker percentage, it is found that the GA3G2G:
Ce does not suppress the flicker. On the other hand,
the flicker percent of GA2G3G: Ce-Cr (59.8%) is much
lower than 100%, so that it is concluded that GA2G3G:
Ce-Cr strongly suppressed the flicker by the intense
persistent luminescence. In addition, compared with the
previous reports of the flicker percentage in the system
of YAG: Ce** and Gd3Al,Gas0;,: Ce®" phosphors in glass
(69.0%) and the system of Mg;Y,(Ge,Si);0;5 Ce®™ phos-
phor in silicone (71.7%) by Lin et al!% '™ our GA2G3G:
Ce-Cr shows the higher performance for the flicker
suppression. Therefore, GA2G3G: Ce-Cr phosphor pos-
sesses a potential for suppression of the flicker effect in
the actual AC-driven LED lighting system.

4. Conclusions

The time evolution of luminescence intensity in
Gd;AlGaz0yy Ce*-Cr®" phosphor using a modulated
blue LD was investigated. When blue-laser excitation
was ceased, the minimal intensity of Gd;Al,GazO;s:
Ce* -Cr®* is about 7.5 times stronger than that of
Gd3Al;Gay0y9: Ce'. The flicker percent of GdsAl,GasOy:
Ce**-Cr** phosphor was calculated and showed to
be about 60%. The suppression of flicker effect in
Gd3ALGaz0yy: Ce**-Cr* is much larger than that of
Gd3Al;Gay0y9: Ce3*. This result demonstrated that per-
sistent phosphor might be a good candidate to suppress
the flicker effect caused in AC-driven LED lighting
system.
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