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Abstract; Slurry method based on a phosphor suspension in a water-soluble photoresist was discussed. A confor-

mal-coating phosphor layer was deposited on the surface of LEDs. The luminous performance of power white LEDs

was found to be mainly depending on the concentration and ratio of ingredients in slurry and the structure of coating

layer. In this paper, the parameters were investigated and some advices, which were suggested to improve the per-

formance, were proven to be effective in our experiment. The aging testing of LEDs with this slurry method showed

that the luminous flux was 95.95% of that of the beginning after the LED was lightened for 168 h at 700 mA.
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1 Introduction

LED is for light-emitting diode. The first blue
GaN LED was invented in 1993"" and subsequently
white-LED in 1996 was fabricated. Advantages of
LEDs include high brightness, reliability, low power
consumption and long life'>*’. Currently, LEDs
play an important role in many applications including
large area displays, automotive and aircraft lighting ,
traffic signals. LEDs will soon play a much larger
role in the future of architectural lighting and general

4=90 " As a result, more and more atten-

illumination
tions had been paid to the LEDs industry by world
wide governments and companies.

White light can be generated by LEDs with the
one of three ways or approaches'®’. The first is
through combining light of red, green to, and blue
LEDs. The second approach is to use a UV LED
emitter to excite red, green, and blue phosphors,as
the same way of fluorescent lamps to generate white

light. The most common approach for producing

white LEDs is to use a broadband yellow-emitting
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phosphor such as YAG: Ce’* which effectively ab-
sorbs 460 nm blue light of a blue LED chip and
emits 560 nm yellow light. Nowadays, the typically
phosphor coating process is that phosphor-containing
epoxy is dropped on the surface of a blue LED chip.
There are three disadvantages to the white LEDs fab-
ricated with this method. First, the production effi-
ciency is lower, which cannot fit the modern indus-
trial production; second, the thickness of phosphor
layer is non-uniformity, which introduce non-uni-
formity within the light spot of LED; third, the chro-
maticity deviation among LEDs is inevitable. In light
of above issues, a conformal phosphor coating me-
thod""* " i e.

our experiment, which firstly used for color CRT

the slurry method was employed in

production. A conformal-coating phosphor layer
covered LED chip emitting surface was realized by
slurry method based on a self-developed phosphor

suspension in a water-soluble photoresist.

2 Slurry Method

As a coating process, slurry method involves
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dipping, flowing and photo-development of a phos-
phor suspension in a water-soluble photoresist. A
slurry comprised of polyvinyl alcohol(PVA) , ammo-
nium dichromate ( ADC ),
yellow phosphor particles( Y,Al,O,,: Ce’*) was pre-
. After the slu-
rry layer was coated on the surface of blue LED chip

deionized water and

pared with certain proportion''"'*'*/

and then dried in darkroom, the layer was exposed
to blue light emitted from the LED chip as applied
with direct current, a photochemical reaction inclu-
ded oxidation of the PVA and reduction of the ADC
occurred and resulted in cross-linking between frag-
mented PVA chain. A desired pattern of phosphor
layer (exposed area) was remained on the surface of
LED chip after developed with hot water, which was

schematically shown in Fig. 1.

Fig.1 Schematic diagram of the slurry method for phosphor

coating

The luminous performance of white LEDs fabri-
cated by the slurry method depended on the concen-
tration and ratio of ingredients in slurry, stand-time
of slurry and packaging silicon layer after phosphor

coating.

3 The Influence of ADC

Cr, which was dissociated from ADC, was im-
portant in increasing cross-linking, but it can con-
taminate the radiative recombination sites of some
phosphors and quench light output'"™'. The absorp-
tion spectrum of Cr’* mainly has two wide bands:
one was around 433.60 nm ( corresponding to the
*A,—"T, transition of Cr’*) and the other one was
at about 620 nm ( corresponding to the *T, —*A,

[15]

transition of Cr’ ") , as shown in Fig. 2.

Fig.2  Absorption spectrum of Cr’*

Because of the two wide absorption bands, es-
pecially the band of 433.6 nm which is close to the
emission band of blue-LED, the luminescence effi-
ciency of white LEDs with slurry method was re-
strainted and lower than that of LEDs with silicone
packaging layer.

It was then suggested that the luminescence ef-
ficiency of white LEDs should increase by deceasing
the concentration and usage of ADC on the slurry,
i.e. Cr'* in phosphor-dispersed layer.

Two experiment concerning on the ADC con-
centration in slurry were carried out to investigate its
influence on the efficiency of LEDs.

3.1 Decreasing the Concentration of ADC at
the Same Phosphor Quantity

The thickness of phosphor layer was kept to be
the same in the case of the same yellow powder con-
centration in the slurry were applied. By reducing
the ADC concentration in slurry its quantity can be
decreased in the coating layer, and then, the lumi-
nous intensity of the white LEDs would be improved.
Table. 1 shows the data of luminous intensity of
LEDs with different concentration of ADC.

As shown in the table above, it is obviously
that the luminous intensity of LEDs increase with the
decrease of concentration of ADC in slurry. A con-
clusion can be made that the luminous intensity of
LEDs will continually increase along with the further
decrease of concentration of ADC. In table. 1, the
correlated color temperature (CCT) and colorimetric
chromaticity data of white LEDs were different be-
cause of their different exposure time, in other
words, the CCT and colorimetric data of white LEDs

were controlled by the exposure time.
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Table 1 The luminous intensity data of LEDs coated slurry with different concentration of ADC

Sample ADC CON. (Mass fraction) Intensity (med) CCT(K) Coordinate-x Coordinate-y
1 0.02 4 663 8 165 0.291 1 0.3173
2 0.02 4 567 8 569 0.287 3 0.3139
3 0.10 3 850 7114 0.302 4 0.336 5
4 0.50 2213 7 058 0.303 6 0.3349
5 0.50 2 000 - 0.2539 0.243 3

3.2 Increasing the Concentration of Phosphor
on the Same ADC Quantity
The thickness of phosphor layer would lessen
with the increase of concentration of phosphor in the
slurry. The reduced thickness of phosphor layer
made the content of Cr'* in phosphor layer de-
creased, which led more blue-light and yellow-light
to come out from the device and enhanced the lumi-

nous intensity of white LEDs, as shown in Fig. 3.

Fig.3 Contrast of the exposure time and luminous intensity

of LEDs coated with two different slurries

The curve [ indicates the luminous intensity of
LEDs coated with the slurry comprising 2. 76 mg
PVA and 0.02 mg ADC in 1 ml aqueous solution,
as well as 250 mg phosphor (slurry 1) and curve
Il indicates that of LEDs coated with the slurry con-
sisting of 2.76 mg PVA and 0.02 mg ADC in 1 mL
aqueous solution, as well as 100 mg phosphor.
(slurry I ), as shown in Fig.3. Generally spea-
king, the luminous intensity of the curve [ is higher
or more intensive than that of the curve II at the
same concentration of ADC and PVA in slurry. This
could be interpreted that the thickness of phosphor
layer was thinner with higher concentration of phos-
phor, less blue-light and yellow-light was absorbed
again, consequently leading to luminous intensity

increasing. It can be concluded that the luminous

intensity of white LEDs might increase through in-
creasing the concentration of phosphor in slurry and

lessening the exposure time.

4  The Influence of Stand-time

The adhesive strength of the phosphor dispersed
in coating layer on the surface of blue LED chip was
weak when there were many air bubbles in the slurry.
The reason is that when fresh slurry was coated on the
surface of LED chip, the phosphor layer was not
uniform after these bubbles in the slurry broke. the
fresh slurry was stood in darkroom for hours in order
to release these bubbles and improve the adhesive
strength. However, It was found that the luminous in-
tensity of the LED with slurry which stood for longer
time (for example one day) in darkroom was lower
than that stood for 3 ~5 h, which might be due to the
darkness reaction of polymer ingredients and more re-
duced Cr’* of ADC in slurry. The luminous intensity
of LED coated with the slurry of different stand-time
was measured. As shown in Fig. 4, the ingredients in
the slurry was 5.9 mg PVA and 0.1 mg ADC in 1 mL

aqueous solution, as well as 250 mg phosphor.

Fig.4 The luminous intensity of LEDs coated slurry with dif-

ferent stand-time

5 The influence of Silicon Gel Layer

After such processes as coating, exposure and
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developing, a proper thickness and uniform yellow
phosphor layer was deposited on the surface of blue
LED chip. The admixture mixed silicon gel A with B
according to the same volume was coated on the LED
which was already coated with phosphor particles. A
layer of silicone admixture of two part A and B was
introduced above the phosphor layer, then the gel
layer was solidified in a oven at 120 °C for 2 ~2.5 h.
Comparing LED, before and after silicone coating,
the chromaticity and luminous flux were different in
the test.

As shown in Fig.5, the same color icons denote
the colorimetric data of the same chip coated and un-
coated with the silicon gel layer. The square and
pentacle denote the colorimetric data of LED coated
and uncoated silicon gel layer, respectively. The
above figure show that the colorimetric value de-
crease, which mean the transfer output light to the
short wavelength after white LEDs was coated with
silicon gel layer. Namely, the hue of light of white
LEDs moved forward to the blue-light zone.

At the same time, it was noticeable that the
colorimetric data of white LEDs with different expo-
sure time were varied. The closer to the blue-light
zone the hue was, the lower luminous flux of white
LEDs was. On the contrary, the closer to the yellow-

light zone the hue was, the higher luminous flux

Fig.5 The changes of the chromaticity of LED’s emission

of white LEDs was. As shown in Table 2, the colori-
metric data of all LEDs coated with phosphor parti-
cles decreased and the luminous flux increased after
silicon gel was coated on LEDs. For the three LEDs
marked by (1),{2) and {(3), uncoated silicon gel
layer, their hues were all in yellow-light zone and
their luminous flux was only 45 ~59 Im. Whereas,
their colorimetric data were into white-light zone and
their luminous flux increased greatly, about 79.4 ~
84.9 Im, after silicon gel was coated on LEDs, cor-
responding to (1),(2) and (3) ;For the two LEDs
marked by (4) and {(5), uncoated silicon gel, their
hues were all in white-light zone and their luminous
flux was only 52 ~53 Im. However, the hues were
in blue-light zone and their luminous flux increased
in different extent after silicon gel was coated over
LEDs, corresponding to (4) and (5). The phe-
nomenon might have something with the refractive
index of the silicon gel. When the silicon gel was
not coated on the LED, the discrepancy of refractive
index between phosphor layer and air was evident,
so the angle of total reflection became small, which
induced less blue light could be extracted from the
white LEDs. More blue light was rebounded by
phosphor particles, and converted into yellow light
or absorbed by the yellow phosphor layer. As a re-
sult, more yellow light came out from the LED,
which made the hue of light from the LED lean to
the yellow-light zone and the luminous flux was low.
After the LED coated phosphor particles was coated
with silicon gel, the discrepancy of refractive index
between phosphor layer and silicon gel layer was not
too and the angle of total reflection was extended and
more blue light could be extracted form LED, there-
fore, the hue of light from the LED was in the blue-

light zone and the luminous flux was higher.

Table 2 The changes of the chromaticity and luminous flux of LEDs

(3) (3) 4) (4) (5 (5)

Sample (1) (1) (2) (2)
Colorimetric data x 0.416 0.3496 0.417
Colorimetric data y 0.518 0.4094 0.518

Luminous flux /lm 49.5 84.9 44.8 80.5

0.353

0.342

0.38 0.2931 0.302 0.2233 0.282 0.2146
0.464 0.3084 0.328 0.1832 0.3 0.175
59 79.4 52 61.4 53 50.9
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6 The Aging Process of White LED

When direct current was applied to the LED,
their luminous flux would lessen gradually as the
working time increased. As for white LEDs, the
degradation speed was a significant guide line for its
practicability and also a assess point of the technolo-
gy. Only the luminous flux of white LEDs is still
high after they were lighten for some time, the white
LEDs could attained the practical demand. The
white LEDs fabricated by slurry method, whose rated
drive current was 350 mA, were applied 700 mA
current in order to accelerate the aging process.

Fig. 6 illustrates the luminous flux of white LEDs
as a function of aging time. Though the luminous flux
of white LEDs decreased as the time increased, the

degradation speed was slow. The luminous flux of

Fig. 6  The test of luminous flux of power white-LEDs
with slurry
References :

the white LED marked by 1% was 95.95% of that of
the beginning after the LED was lightened for 168 h
at 700 mA direct current, and 2% was 79. 26% of
that of the beginning after the LED was lightened for
168 h at 700 mA. During 212 ~404 h, the luminous

flux does not change.

7 Conclusion

The uniform and optimized thickness of yellow
phosphor layer on the surface of blue LED chip was
realized by the slurry method. The thickness and
shape of the phosphor layer was controlled. The lu-
minous intensity of white LEDs could be improved
through decreasing the concentration of ADC or in-
creasing the concentration of phosphor in the slurry.
As a result of darkness reaction, the white LEDs
coated with the slurry stood for one day or longer-
time had low luminous efficiency. Properly exten-
ding the exposure time, not only the hue of light
from white LEDs coated with silicon gel player in
white light zone, but also the luminous flux were im-

proved greatly.
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