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Color Quality Evaluation of High Color Rendering White LEDs According to
Phosphor Types and Composition Ratio
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Abstract: Eight types of LED packages were manufactured according to the type and composition ratio of phosphors by
using commercialy available white LED phosphors. CRI (Ra), a conventional color quality evaluation method was
evaluated by using manufactured white LED; the Rf, Rg, color vector graphic, and color distortion graphic were
evaluated with a new method, |IES TM-30-15. The results of the evaluation confirmed that the new method compensated
for the disadvantages of CRI, which was found to be inadequate when the color was saturated. The added evauation
index identified the chroma variation and color change. Furthermore, the study showed that the changes of Rf and Rg
are small when controlling phosphors based on CRI, questioningthe necessity of identifyingchroma variation and color

change.
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Table 1. Comparison of color rendition evaluation method.

CRI calculation engine
(1974)

CIE 1964 U*V*W*

TM-30 calculation engine
(2015)

CAMO02-UCS (CIECAMO2)

8 color samples
(+6 colors samples)

99 color samples

Ref illuminant step function
1f<5,000 K, Planckian
radiation

If>5,000 K, CIE Daylight
series illuminant

Ref illuminant continuous
uses same reference sources,
but blended between 4,500 K
and 5,500 K

Fidelity metric only (Ra) Fidelity (Rf), Gamut (Rg),
Graphica (Color distortion
and saturation), Detailed (hue
angle, Increase or decrease

in chroma)

No lower limit for scores 0 to 100 scale (fiddity)

7} A] 5,000 K o]&tof| 4]+ plankian radiatorS A-835}
, 5,000 K o]Ato]- = CIE daylight illuminantZE 7|
o7 At o= 71EgdEY Alo]2 Qlsto =A

&3t 542 o5 ZAIAC] A71=d 4,500 Ket

,500 K Afo]Q] d&Aol 7|12 S Aestoan 2

Kil’é.*% HoFsIeict. [ES TM-30-159] Mixfo]S e

Al&=2= color fidelity (Rf), color gamut (Rg),
color vector graphico 2 UERATEH
Color fidelity (Rf)= ARXjd A T (closeness to a
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(Rg)2 AR A H(increase or decrease in chroma)
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2.3 LED TH7|X| M= 2 =F ity

LED m{j7]x]:= 450 nm@] WImfZ 2= GaN 7|yt
o] HM AR S AFRstL 18 13t 2o] 5.4X5.0 mm
FF(SMD)e.z A|AFsHA.

‘3%"3011 FEA FF H x2/dvlof T2t ® 29}
Fo| W7|X2 5/ 22 AAHTE YAG:Ce
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171x] 2550] W7]212 717 MAtsteict. LED 17]%)
= Alg AUAX|(TOE 8952, Toellnerjit)2 60 mA~S]
HAREE BIoHL AE7(0.3 m, PSIi)E o] &3}
SPD (spectrum power distribution)® Z=7%35t9ct.
77k 5704 578" SPD H|ol&9] H#3t2 IES TM-
30-159] calculation toolof] A23to] Rf,

B7} st

LT

Rg, color
vector graphicg H|il

@ (b)

Fig. 1. Fabricated LED package. (a) Mounted blue chip and
(b) encapsulated with phosphor and silicone.

Table 2. Classification in composition ratio of phosphors.

Retio (%) m-lg)?a?lng
sample - Emission Silicone Phosphors compound
(mg)
1 Yellow 90.0 YAG 10.0 7.3
2 Yellow 92,0 YAG 80 7.3
3 Yellow 94.0 YAG 6.0 7.3
Silicate 12.4
4 Green+Red 87.0 7.3
reen +Nitride 0.6
Silicate 10.4
+
5 Green+Red 89.0 Nitride 0.6 7.3
Silicate 9.4
6 Green+Red 88.7 +Nitride 1.9 7.3
LUAG 9.5
7 Green+Red 90.0 7.3
reen +Nitride 05
LUAG 7.6
8  GreentRed 920 u 7.3

+Nitride 0.4
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Table 3. Results of optical properties.

Classification CRI ccT L;f;ri](i:gs

(Ra) (K) (W)
1 YAG 10% 69 5,315 158.9
2 YAG 8% 72 5,743 153.2
3 YAG 6% 75 6,662 144.4

" -

4 Nmmoms T B 143
5 e 1o % 555 1160
7 imdeoms 5458 1323
8 LUAG 7.6% o6 625 o1

+Nitride 0.4%

3.2 IES TM-30-150 2|8t &7} Zx}

FEA EF H 2dulo] Tt AAE 859 mj7]A]
oA ul=wEFe] #A(ANSI C78.377)0 T2t 54
A @ & (Nominal CCT)7}F 5,700 K (5,665 + 355 K)
I I{7]A] 3FS AAstAT [10]. sid%+= 1A=
B 49} o] FAPYRI(YAG)7} 8%< Th7|A], =AY
Al(silicate)?} 9.4%0] 11 AARS 3| (nitride)7F 1.9%921 T
717], =AFGANLUAG) 9.5%0]1L MANYSFA|(nitride)
0.5%¢<1 m7]x]olct. 7= mi7]X]o] dish CRI (Ra), Ry,
Rg, color vector graphic, color distortion graphic&
W27} skt
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Table 4. Results of color quality.

L CRI ccr
Classification R R

(Ra) f 9 (K)

@ YAGS8% 72 74 90 5743
LUAG 9.5%

®  Nitride 05% & 8 % e
i 9

© Silicate 9.4% % 89 102 5559

+Nitride 1.9%

140

Combinations not

130 1 possible for white light.

120 +—

=
=
=
|
|

Increase saturation

(C).
100 -

Reduced fidelity
@) (E’)

90 +—

Gamut Index(Ry)

80 +—

70 —

Decrease saturation

60 ! T T T
50 60 70 80 90 100

Fidelity Index(R;)

Fig. 2. Fidelity index (R;) and gamut index (Rg). (@) YAG 8%, (b)
LUAG 9.5%+Nitride 0.5%, and (c) Silicate 9.4%+Nitride 1.9%.
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Fig. 3. Color vector graphic and Color distortion graphic. (&) YAG
8%, (b) LUAG 9.5%+Nitride 0.5%, and (c) Silicate 9.4%+Nitride
1.9%.
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Table 5. Comparison of color quality.

CRI

Classification (Ra) R Ry
Y1 YAG 10% 69 74 89
Y2 YAG 8% 72 74 9
Y3 YAG 6% 75 75 o1
GR1 fmselgfgg 70 72 81
GR2 f,'\jict":itselgl'g;/z 71 72 81
O eome % 8 @
ORA 0w B %9
Grs ~ licate 9.4% 9% 89 102

+Nitride 1.9%
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Yll ' YI2 ' YI3
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Fig. 4. Comparison of color quality in LED packages using YAG
phosphor.
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Fig. 5. Comparison of color quality in LED packages using green
and red phosphor.
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