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¢ Conformal coating and Remote phosphor technique

¢ Improvement of angular-dependent CCT via pattern remote
+ Improvement of lumen efficiency in white light-emitting diodes

with air- gap embedded package and roughened-dispensing
package

Conclusion
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Introduction
White light-emitted diode (WLED)

- ‘F—-‘—

<

RGB LEDs Blue-LEDS

P~ | yellow phosphors
FHigh color rendering I'
index (CRI) y

- +High efficiency
UV-LEDs FLower cost
~; with
\ RGB phosphors
_——
N ’
A High efficiency +High CRI

A Low energy consumption
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Introduction

Key Index Consumer Cares

-
Brand _
PUYING

EaSy

Replacement

4 Priceis the main focusand entry door for consumermarket , and
how to reducepriceisveryimportant issue

4+ In the future, If the price of LEDcould be reduced,it will help to
replacethe traditional lamps
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Introduction
Development of white light LED

nght source efficiency o Year of invention ;
» Lumen/Watt White
_ o |PowerLED
Standard Metal halide -~
100 |- Light Sources | o Foun
y Fluorescent = . 2007
0 ™ 1938 / Mercury R
2002
1304 ) L 1
/ 1959 _
= Al
s Incandescent 1996
1950 2000
Flg 3 rs. Mat For. 2005; Stath Opto Semiconductors OSRAM

02.08.2005 Seite: 3

Ref Journal of Display Technology, Vol. 3,No. 2, June 2007
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Conformal coating and Remote
phosphor technigue
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Conformal phosphor coating
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Spray NOZZIE e
Moving direction

Phosphor slurry

oooooo
ooooo

Interval Control

Conformal phosphor Iayeroo O
o0

Substrate LED chip

# |t yields a thin , uniform phosphor
along the perimeter of the chip.

Ref. OPTICS EXPRESS, VOL. 18,NO. 102,JUNE 201
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Advantages
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~ (@) Conventional dispensing (b) Conformal coating using pRef. OPTICS EXPRESS, VOL. 18,NO. 102,JU
A Conformal coating technology show the uniform CCT at large angle.
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Three types of white light LED

i If Im W W,
Ref. Blue 1 5151 | 0350 | 137 | 0378 | 450
(Dispense)
Ref. Blue
\_ / (Conformal 3.154 | 0.350 | 13,5 | 0.377 | 450
— coating)
Ref.
N Blue(Remote) 3.160 | 0.350 | 13.4 | 0.372 | 450
Silicate E¥4453

Vi If Im [Im/W | Xx y | CCT | CRI

J Dispense |3.154 0.350(103.80 93.4 | 0.361| 0.396| 4682 | 64.96fl

o
Pulse spray e
\_ / Conformal |3.155 0.350(107.22 97.0 | 0.367|0.409| 4554 | 58.42| K
e Coating
Pulse spray -
LY | Remote |3.169 0.350(116.43105.0{ 0.363| 0.397| 4613 | 58.58| &
: phosphor S

U Blue chip size is 45mil.
U Pulse spray conformal coating has high efficiency than the conventional dispense.
U Development superior package efficiency is fabricated by pulse spray remote phosphor.
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CCT V.S. Luminous f

o1 (o)}
~ o

Luminous flux(lm)
(6]
D

a1
=
L

|

=@ = Conformal coating]

TN \.--J./

°=e | A Chip size 45mil
A Silicate E¥4453 phosphor
A Conformal coating packac

9/28/2011

48 'l 'l 'l 'l 'l 'l 'l
3000 4000 5000 6000 7000 8000 9000 10000

CCT(K)

A The optimum luminous flux is in the range between
CCT = 4500K~6500K.
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CCT V.S. Angle

NCTU
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4 9 J J
o mm |

6000 6000 : 6000

5800 Dispense =] 5800f Conformal 0| 5800F Remote .-°°;;;.

5600 } 5600 } 5600 } . o,

5400 f 5400 f 5400 f o .

5200 f 5200 f 5200F o+ &" "

® u \m

s SRR o o
- i /:.:l»f’ '1.\ = 3 ge 0880 0000g, = 7 o
3 aeo0f gyt R P BT Soanggyf 3 asoofs” )

4400 4400 4400

4200 } 4200 } 4200

4000 b 4000 f 4000

3800 } 3800 } 3800 }

3600 P 3600 I T T R T R R T 3600 I T T R T R R T

-70-60-50-40-30-20-10 0 10 20 30 40 50 60 70 -70-60-50-40-30-20-10 0 10 20 30 40 50 60 70 -70-60-50-40-30-20-10 0 10 20 30 40 50 60 70
Theta Theta Theta

aaCCT=511.26K aaCCT=227.28K aaCCT=1123.3K

E Pulse spray conformal coatinlgas optimum CCT at the large angle compare to
dispense and remote.

E Although remote package has the highest efficiency, improvement of remote
phosphor CCT at large angle is very important in the future.
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Conformal

Dispense
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Remote

9/28/2011

Simulation
Optic Work

CCT =5059.7K
eCCT = 30.6K
CCT =5081.9K
eCCT = 406. 6
CCT =5081.0K
eCCT = 512.5
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Simulation

NCTU Optic Work

" Dispensa Conformal | Remote.

Photonics

CIEx 0.345 0.345 0.345
Ey 0.375 0.375 0.369
Flux 20457 2097.47 2252.08

O

“{.

400.0 460.0 520.0 A20.0 G40.0 F00.0
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Improvement of angulardependen
CCT via pattern remote
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Motivation

NCTU Design a clear space

WK RN

+ In order to enhancethe extraction of blue light, we could designa
region to increase the divergence angle of blue light.

# The window region, a clear space without coating phosphor, is
designed to increase the blue light at the large angle.
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Experiment

Conformal Coating method
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Spray nozzle

Phosphor sIurryC
OO QOO (b B e S L

(@)

M

Pattern of remote phosphor

# Circular phosphor layer is formed by using a circular mask
(diameter = 2.4mm).
#+ The window region is designedto enhancethe blue light at larger

angle.
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Results and discussion

Optical measurement

G 7000 120 — 60
= E b 0\ —B— Conveational phosphor remote $.’. o
2 6500 E 110 —#®—Patterned phosphor remote J;" 450
£ 6000 SO | 1 E
= 2100 |- i PP
Q = g M
g 5500 o { =
3 S WF | P
+. 5000 % I I 35
= so} o
8 5 420 £
9@ 4500 o g =
- === Patterned phosphor remote ~ S300K .E 70k 4 =
% 4000 emlie= Conventional phosphor remote ~ S600K g | Jd10 2
o = 6OF '
™ 35m ................. I A I A [ . [ ™ [ 0
8 80 60 40 -20 0 20 40 60 80 0 50 100 150 200 250
Current (mA)

Angle (degree)

+*Thee lumingsie thosds ALY for padrdhg dré Motapeosppareth
chreendongrsie) aegpeetydipr remote structure at 150 mA.

+\WVe athiavethehsarpetctidadmaresiee deyeidesp g Tae\patiented
thernopticaatpaeigifardnbe e thayblue rays.
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Results and Discussion

Photonics

10F
=
< 0.8F
N
P
@ 0.6
[5hhee |
c
©
_GNJ 0.4F
=
g == Patterned Remote ~ @Blue
c 0.2F =@== Conventional Remote @Blue
Z === Patterned Remote @Yellow
=== Conventional Remote @Yellow

-80 -éO -4;0 -2.0 0O 20 40 60 80 -
Angle Pattern

¢ The blue light intensity of patterned remote at the larger

divergence angle is higher than conventional remote phosphor.

4 In the simulation, the blue light at large divergenceangle canemit from the

window region .
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W=PATTERN VS CONVENTIONAL

NCTU
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Improvement of lumen efficiency in whi
light-emitting diodes with akgap
embedded package
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Motivation
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Air

Phosphor :
n=1.8

Silicone ;] Low n
n=15 1| medium

Because of Snell 6s | aw, t he backsc
embedding low refractive index medium.
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PET
(a-1)
Spray nozzle (b- 1.)
—
Phosphor slurry
2 g u Blue Chip 1n plastic holder Full silicone and edge Air-gap mn the package
9, O

(b-2)

L=~ - [y

Blue Chip 1n plastic holder  Full silicone No air-gap 1n the package

Phosphor coating layer

PET 7

U The blue vertical LED with chip size of 1UL mn? and emissionwavelengthof

about450 nm was placedin the commercialplastic leadframe packageby silver
pasteandwire-bonding

U Thethicknessandconcentratiorof phosphoilayerwasabout100e mand50 wt. %.
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Results

100

- Reference LED @ 350mA

—=— Air-gap —— Air-gap LED @ 350mA

’é gol—— No air-gap g 80F — Silicate phosphor absorptio
- >
N e
> 60} 2 60f
= 3
b +—

c
5 40 o 40}
S E
= L (4]
e 20 o 20}
> nd
—

o

o

160 2(.)0 3(.)0 460 560 600 0 . N
Current (mA) 400 500 600 700 800
Wavelength (nm)

Radiation Luminous Luminous efficiency
EEIA Flux (mwW) Flux (lumen) (lumen/W) ccT
Reference 280.51 88.02 75.73 7325
Air -gap 308.04 95.80 82.04 7358

A The radiation flux of blue chip at 350mA is about 380 mW.

A By embedding an air-gap layer, the output lumen flux could be
enhanced by 8.8% .
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Results

0.44 0.52
gooof & S WO PET : n=1.5
7800 .:n -
27600 "' -'.. \\ ﬁ
I " S
O [} ..I ...0 )
O 7400 e - ' \: Saturation!
..=Il- iy .I.. ..0.
() .....
7200 ‘ ‘
Oj 0?2 074 0?6 OTE 1?0
Pulse Current (A) Silicone
AN N/ n=1.5
| .. .= :
air-gap saturation ref saturation : N
. A _ " Hogh wtil|zztimmn
Y Iair-gap turnning point UCI.air_lref turnning point Ud.re Nair
| = Intensity of blue rays =1.123
d = wutilization of blue ray inrl"eiShosphor I
A5dzS 02 0KS aysSttQa 16X GKS dziAf A

12.3%and the backscattering of the agap embedded LED was reduced.

[Ref : IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 17, NO. 6, JUNE 2005



Simulation
Optic Work

Reference Air -gap
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D)

| g . |
o w1 8 W
~NOSp 0

Air-gap

\[ Silicone

i
Alr _
L ey

| b

D

i

ﬁr LAY Wh £

- : f’-' {

Ag?/ﬁﬂ /o
Phosphor$ —ﬁ I/

Air-gap 58

S|
e Sk,

N — |
4, > Silicone |

A The intensity of blue rays emitting into phosphor layer was desig
same.

A The backscattering of affap LED was reduced.
This result was submitted to Microelectronics Reliability.
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Improvement of lumen efficiency Iin whi
light-emitting diodes by roughened
dispensing package

9/28/2011 i v alJus n W v 26 /34



Motivation
AN RN

IRV

jﬁ—i;i

Propose a method
A Rough phosphor structure

A The backscattering of the ‘ U Reducing the baek
LED emission scatter!ng and improve t
extraction of phosphor laye

U More blue rays and yello
\ rays could be extracted
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{89 Surface Roughness of Silicone
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Texture silicone pattern Flat silicone

U Texture silicon pattern was fabricated by ve@&thing method
U Release film was spinoated on texture silicon pattern

U Printing silicone and bake
9/28/2011 I v alus now Y] 28 134




Results
Reference

221.64 12,558 /
.

A Enhancement blue ray output power was due
the texture silicone pattern, that provide gradue
221.89 12.755  refraction.

[ T Y

NCTL

2 221.52 12.558

3 221.15 12.693

N 239.48  13.739
/Texture Silicone 238
. 2 236.65 13.554
+13%
208. .
/ Flat Silicone » ° R
209
4 210.94 12.619
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Blue Chip in plastic holderFiat phosphor structure
LED |

(b),

Half-spherical structure

Blue Chip in plastic holder Flat phosphor-package LED I

()

Blue Chip in plastic holder Flat phosphor-package Imprinting Textured phosphor struct
LED 1l

i The GaNbased verticatinjection LEDs with chip size of 0.5(0.5 mm? and
emissionwavelengthof about450 nm was placedin the commercialplastic lead
framepackagéy silver pasteandwire-bonding
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Results

20.0 pm —] 6000.0 U  Theheightof the randompyramid
structurewasabout4 pm.
U  Theroughenedlispensingsurface

showstheRMS of 1.17 pm.
10.0 3000.0 o
Definition: Tdhcf
Haze=
Ttotal
0 0.0 nm _ _ _
! wul sl T4« = All diffraction transmittanc
T.1o= TOtal transmittance
100 100 - Flat phosphor structure
) Textured phosphor structure .
< S e ~ Light
2 2 ool Incidence
— C
£ S0 Textured silicone structure g
g Flat silicone structure ; 40v / l \
T o
T 20} _
Transmittance
400 600 800 Tooo 400 500 600 700 800 900 1000 (diffraction) Transmittance

Wavelength (nm) Wavelength (nm)

(O-order)
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Results

~ ¥ —e—Flat phosphor structure

9

m— LED 1
— LED II
e LED II1

Ngé_ —e— Half-spherical structure

150

Lumen efficiency (Im/W)

180

2 2 2 2 2 2 2 4
%050 100 150 200 250 300 350 400°
. Current ( mAE1
U The enhancemenbtf the lumen output was 5.4% and 2.5% higher than flat

phosphoidispensingandlensmolding packagerespectively

U Theflat phosphoidispensingwith half-sphericallens show almostthe sameview
angleat thefull-width at half-maximum( 683and703.

U Theview angleof rougheneedispensingvas enlargedto 873becauseof the total

internalreflectionis significantlysuppressetly roughenedurface
This result was submitted to INEC conference 2011.
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Conclusion
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First
The Conformal coating technique were used to finish the
Remote and Conformal phosphor.

Second
We effectively reduced the angular-dependent variation of

CCT by patterned remote phosphor coating technique.
This result was published to Optics Express.

Third
We effectively increased the lumen efficiency air-gap

embedded package.
This result was submitted to Microelectronics Reliabil

Fourtih
We effectively increased the lumen efficiency by roughened-
dispensing package.

This result was submitted to special issue paper in INEC :
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REREBEREREREREREREREERE

Thanks for your attention!
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