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Modeling of Mixed Phosphors in White Light Emitting Diode
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Abstract: An optical model is proposed in the white LED using phosphor and LED chip. In this paper a
new model that describes the absorption rate and quantum efficiency with increasing the mixing ratio of
phosphor in silicone, and the allotment of the phosphor absorption optical power in the several phosphor
mixing in the silicone. Single phosphor in silicone from the optical measurement data before and after
molding, the solution to get the blue optical power and the phosphor emission optical power is proposed.
Bv these solution the absorption rate and the quantum efficiency was obtained. The model with single
phosphor mixing in the silicone the validity was confirmed.
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Fig. 1. Schematics of the flat molded LED.
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Fig. 2. 1-D modeling of 1 phosphor in silicone.
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Fig. 3. Hemispherical molded LED Schematic.
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Fig. 4. Optical path in flat mold LED,
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Fig. 5. Differential analysis of optical action in flat mold
LED.
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Fig. 6. Optical path in hemispherical mold LED.
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Fig. 7. Differential analysis of optical action in
hemispherical mold LED.
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Fig. 8. Schematic radiation diagram of the uniformly
distributed phosphor.
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Fig. 9. 1-D modeling of multi-phosphors in silicone.

o] [29 9leA 2 71z ofue dg3 2
tty 1209 BP0 2 2AR K J 3A 5
tPAE Pyl AR, 0t <t

Ex@gA e s 9 [29 9] 2ol YR
ojxitt. Az FFA= 5 WA T4 vio|ZRvH
o] A7|= Wl AHgEH. M HH HLE 992
desy FEAe BE7 Bddd g0l AV
"t o7ldM = [29 9]9] 8% a9 o] o
" AE G9E AEstole FFAI 24 EEH

AT 7Hde B ol¥A HUHoE FUEE
3 7H8e sE ted e Ag dE 4 gtk

Poplt')= P(,jexp{— A'Esa,‘-r};t'} (27

Pou(t')= Pos{ 1= exp(Kgsah—r};t')} (28)

AP, (t') = Pyt ){1 —exp(—gsg,r,ﬁ'}ft')} (29)
= Pyt )§Sa Fydt’ +o(dt'®)

dPok(t') = Pog(t {1 —explagrkdt’)}  (30)

= Pog(t')aﬁ-f'};dt’ 4 O(dt,g)

aekA floll A F A2 (29)/(30)3 Zo] HH &
w7E ire] Fu thg Ao] dojn,

dPOAK(t)= g (31)

dPo, (t) E a_,rf

J= 8

o) W e ¥wE Foho] HRaty thg Ao|
oy},

fdPGM—f U dP(M (32)



572 J. KIEEME, Vol. 26, No. 7, pp. 576-574, July 2013: K. Dowoo et al.

SN FFASI FE2 A7l e} WskA
Rt AT ol A9 FFASF 2 AA F5
A% o] ¥ gol AE ytoz yst g e A
A FFAAZAA 2 AR F5EE g
Ag s 4g 4 Aok

v
CpT g

POAK_ Eﬂ‘ﬂ‘ 0A
J
e

(33)

2.6 MHEI= LED 2¥

Sl A Aol 139 g mdRiE wgre]
o Fxo| me} F&H AHE Fd F o A
g3 mdw dA dPre|leE=e] EA4E ¥ Y F
At

(29 1]¢] ¥ Fx ERGole=9] F¢ 4 Wl
FHo ghAbE I F3Eo] 100%H e A&
Aoz FEY WUsES JEd 5 U T A}
&3 F4&S nesteld Zold (FresneD] whARe}
T3 Aol digh A E ALEsE €

27 w/2 .
Poy= f f p{w(é?)exp{— E&Kr';-t'(ﬂ)}sinﬂdﬁdé (34)
(1] 0 K
/2
=or f pm;{ﬂ)cxp{—Enﬁr_,':ft’(ﬁ)}sinﬂdﬂ
0 K

AN pogt WOl 7ol WE WASHES e
We g4old, (29 119 AFFRAAE FF2E
£'(0)=t/cosf = VERiIZIT AAZ Fel =AY
Aol o 54 o melsiEW LED Ao wyol
ee e ARl g Ao ol Ao ARA
& wagw AANN ARE she] dojof F3w A

7 o}t
2.7 gi=3x LED 24

(29 3l3} o] W7d A=Fx WPrio]Q =4
He BA 7 25 QAs BASA pos7t o
2oz g8y} o] RHWh

P05=2:rexp{— Eu‘,‘,r.};f}fmpoﬂ(b‘)sinﬂdﬁ (35)

0

[29 1, 318 2o HEHA T2 EFTo|2E

o disiA e FHFEHL xHIAsAULH, HE T

Zol M= 9ot 2o wyoz ekl 4 9ok g
I tE FEFEQ dFA FEHE vpazpx Wy
oz Yed + .

2.8 WA LED ZEM S

ol A olz ddPFA B9 B HAF A4
oAl o2 e FFAE Est WA LED 37|
Ag HEUE “ﬂ B4 4F 2de o3 43 g

A9 S AKX (zyy) =(zpyp), BEHLS
Py, BFL ABE}J— St FEHE ¢, =K,V(N) P
2 F3H EHE FFE ay FAEE ks G E
£ (zpyr), T8 Ao 2ok 289, 34 & 39

FA) LED #]71A el Mo 354 g2 2.
Poy=P ﬂ,exp(— e l‘] (36)
Qbyg = Km WAB)POE (37)
Ppy=Pg,— Pop (38)
-
Ol ) i
Poyx=~=F (39)
OAK );:af} 04
A afrht
Pyx= Pf},txA_iﬂqae - % (40)
o E‘T}‘@V!(/y!f an
Y budux
(bl/z E@]w (42)
oy
U= (43)
Z¢Vh’/yﬁ

gepd 2AEAY AFARZEE AL F43e
X, EF AGAL o] PPz Fgol o o
A WAe) sHo=RE ERWAA WA LEDS)
FEA S 9 4 QA ok

=
=
o]
3

3. @3 % 1

FrASF FAREE @7] S5t @Y FRA =R
FFATAH, AESFTAHE 3o LojR LFYolE
o FEAE o3 [E 113 2ol AUt

FEd 2day 4 (25, (26002 o83l FEHE B
ARy FadR FEA5Y FAEE R 2Y
T3t [ 2]e vEr AT

A~ 2L O
W g



A7) MR w288 =), 267 ATE pp. 576-574, 20139 TH: HES F 573

Table 1. Characterisitcs of white LED using 1 phosphor.

Phosphor wight ratio 7"y 1% 5% 10% 15%
CIE Z 0155 0153 0155 0.153
CIE 3 0023 0025 0023 0025
Optical Power[W] 0346 0338 0351 0.339
Blue Optical Flux(lm] 1063 1041 1073  10.39
e Peel 65 4463 4464
Char. Wavelengthlnml] Y4 Hbs 6. )
Dominant = i S0 @ r
Wiyl 4524 4525 4522 4524
Voltage[V] 3551 34 3587 3397
CIE x 0208 0343 0458 0508
CIE ¢ 0083 0233 0353 0399
Optical PowerlW] 0316 026 0222 0.192
Optical Flux(lm] 3302 645 741 6884
. Peak
M = ]
Cf:;:* Wavelengthlin) 4465 4468 5935 594.1
Dominant =
Wavelength[nm] 469 505 588 290
CCTIK] 0 3846 2256 2069
Voltage[ V] 3378 339 3407 3414
CRI 0 68.02 4914 45.03
Table 2. Measured absorption coefficient, guantum
efficiency, extracted model parameters.
Phosphor wight ratio 7y 1% 5% 10% 15%
Absorption Coefficient ¢vpe 1772 1277 1180 983
Quantum Efficiency 7,5 0897 088 0784 0719
Xy 0.541
Yr 0.446
AB 454-7
Quantum U (0) 0.911
Efficiency & :::’ 0.0074
ag(0) 2730
Ahsorption P
Coefficient B s 0.0012
0 0.3
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Fig. 10. Measured and model parameter fit absorption
coefficient oy
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Table 3. Major characteristics data and difference from
[Table 2].

Phosphor weight ratio 7 1% 5% 10% 15%
Pop 02522 0.0978 00404 00173
Pyp 79976 31005 1.2813 05484
Pox 00643 01566 0.1868 01733
Dy 2519 61336 7316  67.856
Py 03166 02544 02272 0.1906
L 33188 64437 74441  68.404

APy/Py, -02%  20% -22% 07%
AP /D, -05%  01%  -05%  06%
Az/x -0.1% -45%  30%  31%
Ay/y 02% -65% 35%  14%
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