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Aol whet, o] Aol e gel A e A Evbe] ¥t ATF2], BB
o] ¥ urle] me we) Mk Hsh o] AAGE Suo Bt AT
[3] 5ol AAAATE O Uolrpq = xHe] Aejz Axe] o FR A% LA
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S/P ratioo] gt dlEA e vebd Aol & 10]TH8-9].

v LEDZ ] A9, ofdf 3ollA Hi= upel o] AMEStE LED
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WA A2 LED Packages ©]-&3te] LEDZW S A2 o 345 ¥
3 ~FEYS AAsE Aol S/P ratioE MAEE © w$ Fasio)
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1.1 =¥ w3l S/P ratio #[8-9]

Lamp Type Typical S/P ratio
Low-pressure sodium 0.25
High-pressure sodium 0.66

Halogen headlamp 1.43
Linear fluorescent 1.3 to 2.3
Metal halide 1.26 to 2.1
Warm white LED 1.21
Cool white LED 2.04
RGB LED(3500 K) 1.39
RGB LED(6000 K) 2.18
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FAAN G LE ok o] Aol s A =AX = W] A EY H )

1.2 ¢A2A(g484 AlZ, Scotopic vision)

FW F =7k °F 0.000001 cd/m” o] ake] el FdA 7} T AetA] Kot
an, 2R RE F2ske AEEA 249 Wovt sElEtA e = Qe A
B S 3o} o] AEolA 7 BA AR E He] AdEd Huuge

507 nmel v}, AR =85 FE WSE (0.000001~0.001) cd/m®] k.
2.1.3 W4 A (574 Al Z}, Mesopic vision)
HlskE Aol At a Aol Aol FErt gEaE ot o=
i

A% wolt 4uE Tk W

cd/m?o] T}



2.2 LEDx4 9] 33 54

LED(Lighting Emitting Diode, 3 t}o] 2 =)& GaN, InP, GaAs 592 3}

T3 el AFE SYW WS WA MEA sl BRULE pn
YFTEE o g3lo] WA EE ATL FYFL o5 AEFEL Fahol
2 gt 19239 MY E el E(SIC) ARAA ARAFE FHS

13_;
w3 EE Hxo] =do] LEDS] A7k AR, A Fhupe] =(SiC)=
Aol @A fhol A=A Gkt 71299 $Q1 1952 A2 2 (Si) ¥
AZwE(Ge) o ¥ p-nA ol A wage] H&oz Buv} Ho BF X
Zupo] E(GaP) ek &2 3%, 559 shghE RHEA|ZF LEDAS 2 A5 At
At 19559 ZF E e BENA AHF A= 9t
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2.2.1 LEDx99 +x
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9} Jone Guilde] ¢1-¢] 7]Wto 2 CIE RGB M%7 wHEo] % a1, 1o 7]t
stol CIE XYZ M#37F wrao] #vH13-14, 18]

o17+9e] ol &= w@u&(Short wavelenght), = 34 (Middle wavelength), %
34(Long wavelength)e] Al 71#] W& wrolEol= AFAH|27F EA) gk}
of AFAME= ko] kel A kS RIS 5 Uk AASA= F=

CIE 1931 M& 3ol X, Y, Z ko= 34
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7= [ 10070 dx (213)
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T} CTY @9 += AWK, Kelvin) .2 389t CTS CCTE 18 AHo] 1
g 2.80|t}.

2.2.4 A AMA (Color Rendering)
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rendering index, CRI)°| ™, o= A 333} vl ste] dupu) A 2~5 A A
S TEHAETE A AomA, AR gl B4 AMAFE 1002
& akal, vl 2o EAY AMAFE 1~1007HA] A +3kg Aot} CIE
o A A A= B Lol AR E = M| (Test color samples, TCS)&= & 1471
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2.2.5 S/P Ratio

S/P ratior B4 dAaA] #HE(Scotopic lumen flux)d HaA] F5
(Photopic lumen flux)2] H]-& & oFgF S4oA =2 = A& 58S 54
g Qe Aoy, AL FA LS e 2

780
@, =683 [ P (A)V(A)dA (419)
380
780
O =1699 [ P, (\)V'(N)ax (2110)
380
Pg
S/P=— (211)
Pp

X += ELF(Effective Luminace Factor)E A|¢tst T} o] & 2 YEFH A9
¥ 2.20]™, S/P ratiool W& TableZ YEFHTHI].

L .
ELF= =00 (2112)
photopic
Ml P s
mesopic m—+ (1 _ m)(K) -1

o714 K=683/1699°¢] i1, S/P+ S/P ratio®] t}.
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3 2.1 S/P ratio®} WAA FEo| mE ELF[9]
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3 2.1 S/P ratio®t WAAl 3 & mE ELF(AS)[9]
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3 2.1 S/P ratio®t WAAl 3 & mE ELF(AS)[9]
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$27h AU o R ALget HE L e Ao oA §an AE Pe

L =0.834P—0.3355— 0.2+ 1/0.696 P2— 0.333P— 0.56 PS+0.1152+ 0.537S+ 0.04
(2114)

FaA] R uhg A el Qe ARk S/P ratio kol B AE

N
-

7b $-2] Foll o A 2t o] & Pupil lumensdt st e #45&
=314 A wet o WA =AAE @)tk o
Aoz yehdl Aol off A3} fr

)—U
jo
=8
=
3
@
=]
2]
o
r
4

Scotopic Lumens

Pupil, = Px (2115)

Photopic Lumens

gk o=, 60 W, 140 Im/W LEDZ% ] 2<% 8400 Ime] i S/P ratio”} 1.96
o] Pupil lumens+ 16,464 Ime] ¥ 3L, 150 W 90 Im/W<e] HPSZ W 35 0]
13500 Imoll S/P ratio’} 0.62°]% Pupil lumens™ 8,370 Imo] ¥ T}, H A
37l 2 AFEY Pupil lumens gko]l & o W Alo A ©] & Holm o]

29 29904 FAE = ATH20].

a9 29 S/P ratioo] @& Ed Ul 817 *x}o][20]
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A3 AEEH
31 Algdeld =29 T4

dAGg M2ZolA S/P ratioo] Hulgts AF=3dt7] fAste], AAH o=
S/P ratio simulator® 53 tH(1® 3.1 FFal). o] T2 A4ke] H
ol = 9J3te] e ~HEY B X E Dr. Ohnool WHH[19]S AH&35te], H
97 (Peak wavelength) 2} WX Z(FWHM, full width at half maximum)

o

AEelH, ~FEH B¥ CCT, CRI, S/P ratio o] AAE == T4
sttt o], S/P ratio®] 2 A9~2119] 248 AFEste] ALt

19 31 1& S/P ratio simulator

- 21 -



2] 7384 AAME 918k, LA LED 5630, 0.5 W, 5700 K ©3%
AEL 2Asj0] 23 BA%, CRI, CCTE Hlaah e, 240 A4

¥l = MEASURFINEAMY] 50 cm A& olw, S A7 o3 2t
aE%32 50 em &7
331 A4
207 A& T2 IAHAL A
ZA% (Im) 32.1 32.1
CCT (K) 5,638 5,635
CRI (-) 875 874

o] SimulatorE A}&3te], MW S/P ratios F5 o2 ALEI o,
CCT % Mz s]-8H9] Dy, RGB 7§ LED =3 =4 59| ogw°] 3l
ojA], MATLAB Z=Z13S Abg-3le] 7§93k CRI simulator[21]e] <5 3}4]
S/P ratioE A4t 4= JEE SimulatorE FA SIS AFE AT
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a9 33 MATLAB= ©]-83%+ S/P ratio simulator

I AN 5)+29° (N A, AN 5)

S(A7>\07A>\0.5) = 3 (}‘\_]I16)

)] (217)

o]7]14 Si= LED E=¥g SPD, g= 7F¢-2 3o tH19].

o] T4 3w REE folEE &3 Red(R), Green(G), Blue(B) =¥ EH
o] Alstnt. /M LED9] 319k Ap, Ap, ApE 243}
o A2 (o]sk CCT)7F Wsh=d], o]i= 1§ 359 #&°] BAp, GAp, RAp

MEEHe 22 248k D,+0.005 o7k ¥ =5 2Hs 3t CCT9

o
[
o
w
=
Yo

o

N
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°o]&2 3000 K, 4000 K, 5000 K, 6000 K7} ¥ == A7 ste] H il S/P ratio

= FdskA 22l

- - Real LED
| —— 1ED Modet

=

Spectral Power Distribution
=]

4%0 : 480
Wavelength (nm)

19 34 LED9 SPDe} ®dlg SPD H|n[21]

=
o

% 35 23 gFols g =[2]]
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4163 417 AHg3kel RGB 2 b3 ol A Hashgst WA AEL o]

@O HaIgd A, Ag, Ag 22 420 nm, 500 nm, 640 nm, YA = 20 nm,
CCT 3000 K7} ¥ =5 BAp, GAp, RApE XA 3t S/P ratios 7A4Feot

@ Blue =¥ E & o] 420 nmol 4] 480 nm7}#] 5 nm {HH 0.8 o] &3 HA]
tl S/P ratios Al4kget,

@ Green ~#HEd 9] H1u34S 500 nmoll Al 5 nm S7FA171 §, @2 774
S W53 a1 A& 500 nmoll A 570 nm7FA] o] &stiA ] S/P ratios

@ Red ~9EH 9 HuHAE 5 nm 571412 F @~ #AH & vHE3}
Ares 640 nmoll Al 720 nm7h#] o] F38tH A FH ol S/P ratiog AlLtgHT)

)
o3|
=
@)
[>
B
[m
jaii)
1o
[-'E
kY
i
filo
Do
S
=
5
.
>
w
5
=
5
fru
o|N
)
>,
Y
@
@
1o
A=)

o]

©® ©°] HHo] &= =W, Green, Red®] W2 % o] 27} 10 nm# F7FA1A
Zh 3] Rkl Fo] 30 nm7t 2 wW7bA] REEske] AlAkE K8 gk

@ ®<°] HAHo] ¢asH CCTE 1,000 K 7F4 2.2 (3000 K~6000 K) H <]

AN OD~®° #FAS wHEste] CCTH S/P ratios A4bgth.

RGBY AlE#HOIAE ¢ Ao 93 Red 342 620 nmol A 650 nm,
Green 372 520 nmoll A4 550 nm, Yellow 3} 570 nmol 4] 600 nm,
Blue4-& 440 nmoll A 470 nm=z A A st o, 10 nm 7H2 0.2 o] 538}
o O~0% L #F& wHEgr



A4 29 239 4 a2

4.1 RGB PKG =¥ E# o]

of

3} 3}

=5

At

4 W3t

..h
y_a
p_u
a
U:J
JS&.
|t
o
&
ﬂ
.11+l

20 nmol A 2] A o Fol P&

RGB =#E"] Z47he] wkx &5 20 nmell 1AL, 24 2 E" o] 5o
w2} CCT 3000 K~6000 K7F4] 2] S/P ratio ¥3t& A9 ®.okt), ojuf zF ~
HE o] 34 (Peak wavelength)< CCT 24 & 1314 7/I¥ PowerE
17bekAI v, RGB # a3k & Power &2 TLsHA AAstglon, Ed4
=4 el Aol D,w*0.005 o W7F =5 AR e TH22].

1% 412 Blue LED =¥ E ]S (420~480) nm 9]l A o] 5351 o
CCT 3000 K, 4000 K, 5000 K, 6000 KelA¢] S/P ratiog H] gk A o]t}
Blue #}7o] S71&4 % S/P ratiovx= S7Fste 3¢S Bt CCT7E =+
& Figo]l F7Eel| wel S/P ratio ¥/ At Hdl S/P ratios= CCT
6000 K, #3137 460 nmol A YERETE

1¥ 42+ Green LED =¥ EZE (500~570) nm " SlolA o3&
f CCT 3000 K, 4000 K, 5000 K, 6000 Kol A €] S/P ratiog H|u gk o]t}
Green 373 0] 7185 S/P ratiov #FAadhe A3 Heolal, 30| F7}
g% CCTH S/P ratio #Fo]= tha fFAage),

719 432 Red LED 2= E7S (640~720) nm W S1olA] o] E3t3S W CCT
3000 K, 4000 K, 5000 K, 6000 Kol A1 ¢] S/P ratiog H|a &t Z o]t} 1p4o] F7}
&5 S/P ratior 74dhs A3 Hola, CCT7 245 o] S715el o

2} S/P ratior= A%} 1ey 5000 Kol A S/P ratio Wa7F 74 #o).

1



Blue Spectrum

5 I I I I I
0 4f -
E
% 3Ir S S —m— 3000 K|J -
! ! ! @ 4000 K
—&A— 5000 K
—w%— 6000 K

420 435 450 465 480
Wavelength
a9 41 ¥x]H % 20 nm, Blue 3 o] wWE S/P ratio W&}

Green Spectrum

> T THl . Dl B iy
! — m— 3000 K
4l | | | @ 4000K|
— A 5000 K
o) i —w— 6000 K
E3f
Qa 2+
D
1r 1
0 . \ . \ . \ . \ . \
495 510 525 540 555 570

Wavelenath
18 42 YA EZ 20 nm, Green 3} o] Fo] wE S/P ratio W3}
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Red Spectrum
5'!'!'!'!'!'!

N /xxxxx x\//xx
4 :t..¢=¥d.oxr f&,

n ,t:.f,lf,t,!itt!f,t,li ‘-i;.frr,-iﬁ,,_

SP RATIO
w

— H— 3000 K ‘ ‘ ‘ ‘
| —@ —4000KkQ USRS N
-~ A 5000 K ! ! ! |

—W¥— 6000 K

645 . 660 : 675 : 690 . 705 . 720
Wavelength
18 43 YEA A Z 20 nm, Red 3% o] 5o W& S/P ratio W3}

O 44, 1 41004 1" 4.30] yER W3 Foll A, CCT 3000 Kol A
gl 94 o] Foll & S/P ratio®] W3t FolE R A e]th 3000 Kol
A= Green 3g2] g gko] 71 A3, Blue9t Red 37 J 2 zHe Holt},

T 455, 1% 41004 17 4.30] vEkd WsE Foll A, CCT 4000 Kol A
gl 94 o] Foll wE S/P ratio®] W3t FolE ER A o]t 4000 Kol
M % Green 349 93ko] 7}4 A3, Blue®t Red 3% 3k 2 Ho|t},

19 468, ¥ 41004 19 4.39] e WSt Foll A, CCT 5000 Kol A]
9 o] 5ol W S/P ratio®] W3t FolE e Al olth 5000 K9
s} Fol= 4000 KY wje} frAFste).

a9 47, 19 41004 19 439 YRR WSt Foll A, CCT 6000 Kol A]
gl 9 o] o & S/P ratio®] W3l Fol & YERH Aotk Green ¥}
ol daFol 7Hd 231, Red 39 dF = 2-83HH, Blue 3732 370

F7185 5 S/P ratiod] ol F7kshe Aol tehdth

=

=

e H
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3000 K
o I A B B e

| —m=— Blue Spectrum
1 1 - —@®— Green Spectrum

4 N R | 4 Redspecrum [
O
E
o
7

O 1 1 1 :

o 3 & 9 12 15 18
Wavelength Shift
% 44 WA E 20 nm, CCT 3000 K, RGB 3% o] &l W& S/P

SPRATIO

1 b= Blue Spectrum |
— @ Green Spectrum]
—4A  Red spectrum

e
o 3 6 9 12 15 18

Wavelength Shift
9 45 HEAAZ 20 nm, CCT 4000 K, RGB 3% o] &) w& S/P

ratio ¥ 3}
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SPRATIO

1j‘

—m— Blue Spectrum
—@  Green Spectrum
—4A— Red spectrum

0
0

3

6

9

Wavelength Shift
B2 A Z 20 nm, CCT 5000 K, RGB % o]%o] & S/P

ratio W3}

19 46

SPRATIO

|—m— Blue Spectrum |
—a&— Green Spectrum]
[ |4 Red spectrum

0 . : . : . . .
3 6 9 12

Wavelength Shift
HEX] 4 32 20 nm, CCT 6000 K, RGB 3% o] & & S/P

ratio ¥ &}

18

1Y 47
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4.1.2 RGB £ EQ] WX AE 30 nmoll A o] Haug o] s &
S/P Ratio W3}

RGB Z+7}e] whx]d &5 247 30 nmoll LA shar, 2 A~ E- o] | uuk3
o]5ol wz} CCT 3000 K~6000 K7HA| S/P ratio W 3}& 23 B.gkth. o] A
ol E 411014 A CCT 24 I} /=Y
4 e T4l A&t AlEdeolds stk

1% 482 Blue LED =¥ EJ & (420~480) nm WA o] &3S o
CCT 3000 K, 4000 K, 5000 K, 6000 KelA <] S/P ratiog Hl gk A o]t}
CCT7} S7Fg= S/P ratio’} 5 7Fstt 5000 Kell A # w7k = ek 3000 K
o} 4000 Kol A= ap7gel &gk dko] 79 glaL, 5000 K& 6000 Kol A w7
o] T7t& 45 S/P ratiors T7Fete A &S HAY o S/P ratios
37 475 nmol| A e

19 49+ Green LED 23 E &S (500~570) nm HH A o] &3A &
wj CCT 3000 K, 4000 K, 5000 K, 6000 Kol A <] S/P ratioE H] gk Z o] T},
Green 30| 71845 S/P ratios HAashs A&S Hola, vio] F7}
g% CCTH S/P ratio 2ol ThA #FAaghe)

1% 4102 Red LED =¥ E &S (640~720) nm M olA o] 5at3s o
CCT 3000 K, 4000 K, 5000 K, 6000 Kol A €] S/P ratioE H] L

F S7be W& S/P ratio W37F A3, CCTH S/P ratio ®138l% =t} REX]
AZ 20 nm¥ w e} 2, 6000 KolA S/P ratio ¥®3}l7} 71 zboh

o
r>~l
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Blue Spectrum

5 | | | | |
4 ]
o |
E
s | :
o 1 :
2 | | | — 1 3000 K
2+ e e |—®@— 4000 K |1
| | | -~ A 5000 K
I —w— 6000 K

420 435 450 465 480
Wavelength

19 4.8 ¥ HE 30 nm, Blue 3% o] o] W& S/P ratio W3}

Green Spectrum

4 T W ey o =1
I | | | — m— 3000 K
| | | — @ 4000 K

3 mov-Pa —A 5000k

SP RATIO
N

0 A A 1 A 1 A !
495 510 525 540 555 570

Wavelenath
19 49 ¥R AE 30 nm, Green 3 o] Fo] wE S/P ratio W3}
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Red Spectrum

S | | | | | |
4+ ,, ,,,,,,,,,,,,,,, L,,,,,,,,,,,,,,4,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,g ,,,,,,,,,,,,,,,,,,,
L ot - e
o [ty : = t it £ Hr*\ﬂ s
- 3L ,7 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
gor R A —
i —a— 300K| |
M s ] ~— @ 4000K |
—4A 5000 K
[ i i § ; —Ww— 6000 K
O " i " i " i " i " 1 n 1

645 660 675 690 705 720
Wavelength

13 410 ¥EX]-AZ 30 nm, Red 3% o] 5o @& S/P ratio ¥ 3}

% 4112, 29 48914 17 4109 vER WSt ol 4, CCT 3000 Kel
A Sl 9 o] ol i S/P ratio?] W3t FolE YERH Zelth 3000
Kol A= Green 372 Jgko] 714 =11, Blue®t Red 3% ke 2
o]t} Red = EH 2 34 W3} sAol|A S/P ratio 74 F-&°] AUTH

% 4125, 719 48904 11 4109 YERA ®3) Foll A, CCT 4000 Kol
A w9 o] Fo] wE S/P ratio?] W3l Fo]lE yER Z o]t 4000
Kol A= Green 332 o &ko] 714 =11, Blue 33 J3&Fe 22 Holr)
Red ~9Eql 2 374 W3t Aol A S/P ratiool A & WstE Bl

a9 413 B 2% 414, 2% 48914 ¥ 4100 YERA W3E Foll A,
CCT 5000 K % 6000 Kol A s} a7 o]Fo] W& S/P ratio®] W3}
Fol& ZH7F vERdl Zlelth 5000 KeoF 6000 Kol A+ Green 31749 < &o]

e

0.

7 =231, Bluet Red 982 347o] S71&5 S/P ratio’} 57Féh= 7
o], Red 2HEHL 3% o] Ao A S/P ratio #F4 F-iEo] STt
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SPRATIO
N

~

| e |
1 = Blue Spectrum I\O‘\‘/./f*’-

—@  Green Spectrum
—4A — Red spectrum

L . . .
0 3 _~6G#1/MmI91 12 15 18

Wavelength Shift
a9 411 ¥ d 2 30 nm, CCT 3000 K, RGB 3% o] 5o & S/P

ratio ¥ 3}

O [Sesasacdassasaana
E 3 o N T b |
Q 2t -
o * e

| —m— Blue Spectrum “\.
—@— Green Spectrum 1
- |4 Red spectrum ‘

— .
o 3 6 9 12 15 18

Wavelength Shift
a8 412 92114 Z 30 nm, CCT 4000 K, RGB 3% o]Zo] @& S/P
ratio ¥ 3}
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S/PRATIO

|—e@— Green Spectrum
- | 4 Red spectrum

0 . L — — . .
0 3 6 9 12 15 18

Wavelength Shift
29 413 ¥Ex] 2 30 nm, CCT 5000 K, RGB 3% o] 5o & S/P

1 b Blue Spectrum | 77777777777777 i

ratio 3}
6000 K
5 | | | | |
4k
o |
5l
Qa 2+t
1))

1™ Blue Spectrum 777777777777777777777777 ./. 777777777777 i
—@  Green Spectrum ‘

- |4 Red spectrum

0 1 1 1 1 1 : 1 : 1 : 1
0 3 6 9 12 15 18

Wavelength Shift
a9 414 H9Ex] % 30 nm, CCT 6000 K, RGB 3% o] 5o & S/P
ratio W3}
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RGB 7z} 2~9Eg o W4 d % 30 nmol A& Blue 30| F7kgdl e}
S/P ratio’} =o}A W, Green?] ®3lo welA]= 20 nme} L3 delow
Ho] A X vk Red®] Watol] we} S/P ratio W37l & F-Fo] EAsAT

413 RGB 71 WX A% F71o] & S/P Ratio "3}

jus

RGB PKG®| 71 A~ Ed o] Wb & wgte] mE 5/P ratio MeE &
¥ X 312k gk}, Blue, Green, Red®] 37 §EX] 74 3-8 20 nm, 20 nm, 20 nm
2 AdAsta, 321 =2 ER CCT, S/P ratio Al Edlo]Ad W’ A A A g
W AR Algdelde I 5 kA HEFS 30 nmE F7HA AT

19 4.15% 4162 71 RGB LED ¥HA A Z& 247} 2
W S/P ratio®] W3S YEtd Zojth WiAAEF S S EAFF S/P
ratiov #4dhs A S Holil 53] 6000 Kol A+ Blued w1 % F7}

gto] wal S/P ratio 4 7F =t}

73

sk

ol

S | | | |
4
e
3p A e —®m RGB(20/20/20)] 1
1 a — e RGB(20/20/30)
A RGB(20/30/20)
~ v RGB(20/30/30)

3000 I 4000 I 5000 I 6000
CCT (K)

19 4.15 Red, Blue ¥EX] A% F7to] & S/P ratio Mg 1
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S/P Ratio

—m RGB(30/2020)f
— @  RGB(30/20/30)
— A RGB(30/30/20)
v RGB(30/30/30)

3000 l 4000 l 5000 l 6000
CCT (K)
719 416 Green, Blue ¥+ 42 F7)o] W& S/P ratio W3} 1T

4.1.4 CCTY® S/P Ratio ¥ 3}lo] w2 CRI W3}

ATl Z S/P ratio W3t} CRI W3t #AE A B a4 o) 3000 K
Zy Al Ats

-

4000 K, 5000 K, 6000 Kol A 2] S/P ratio ¥ &}oll wel By ~RsS 2+
of Fi 3k R[19]F ©]&3to], S/P ratio®} CRI ®3t& Al&#olAdsta 1

(b

5 17 417904 420004 ¥ ekl

CCT7} #7182 Humg o] 2 S/P ratio ¥ CCTe W37 A

2} S7peeh 218l S/P ratioZt S7bshW CRIE #H4shal, CRT7F 5718t

o PN
Ae & T A

-

W S/P ratio’} 743k, A% Trade-off 74 o] w9 73
S/P ratio 2.5 H-<+ollA CRI 0¢] YElY™ CRIZ} 50 ©]Ao]® S/P ratio”}

2 olet= W=tk

¢
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00K 3000 K Spectrum
) ) ) ) 100 W — ; ;

s )

(T[] e — — O -

2P RATIO

D005 b oo + ......... ]

(AR :
100 0000 L-f‘“w_ A

—i— SPRATIO 40 ¥

Speciral Power Dimird misoen

il f'é':' 00
. Warelength (um)
19 417 CCT 3000 Kell A 34 o] %o m& S/P ratio®t CRI W3}

00105

[
L=J

[

H iR

I

Ypecical Power Dimirghuisom

[ B
M

NP EATIO

=)

|:
]

(e

[he
L=

ST

—— TRATIO
—— ER_‘[

19 418 CCT 4000 KellAl 344 o]go] wt& S/P ratio®t CRI ™3}
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SPEATIO

CR1
dpeciral Power Distribsutos

-1

—— SPRATIO

—n— 11

00105

| -

|

00w

i

P
Warelangth (mm)

19 419 CCT 5000 KellA 344 o]go] wt& S/P ratio®t CRI ™3}

6000K

100

SPRATIO

-100

—— SPRATIO
—CRI

0010

Speciral Power Distribuation

0.0000

00105 i

6000K Spectrum

445'."] :'sf.:':l 600 "'I:':l
Warelength (nm)

19 4.20 CCT 6000 KellAl 344 o]go] wt& S/P ratio®t CRI ™3}

_39_



4.2 RGBY PKG &9 EH o]Fd W& 3F

<&
I
o
2
b

gl

42.1 RGBY 2= EHY o]Fd W& S/P Ratio W3} 1

Blue, Green, Red, Yellow LED®9] WFx]d %S Z+ZF 20 nm, 10 nm, 50 nm,

20 nmell A4 3HA, CCT 3000 K~6000 K] W ¢]oll A & irulge] Walol ufp
£ S/P ratio W3S ARz} g}

~HEHI} S/P ratio ] WHL 321 ~2HEZ ] CCT, S/P ratio A&
ol oA AAIF eA 9 FLkAl R st

1% 4212 Red LED =¥ EJ S (620~650) nm {1 ollA] o] &35S o
CCT 3000 K, 4000 K, 5000 K, 6000 Kol A ¢] S/P ratiog H| gk H ol 3}
Zo] 7142 S/P ratior =8 CCTIA #AstsE HeS wola, CCT
7V Ve 5 S/P ratioes #4dte Aol AUtk S/P ratiov AAA o2
2.3 o)&t&2 e

19 4.22+ Green LED =¥ ER|S (520~550) nm H{ oA o] 53t &
] CCT 3000 K, 4000 K, 5000 K, 6000 Kl A& S/P ratiog H] gk Z o]},
o] F7FE4E S/P ratios= EE CCTOA #asteE AEdES Hola
CCT7} 57Ve 5 S/P ratiovw S 7Fsh 7 &o] St

19 4.232 Yellow LED 2=¥lE&l& (570~600) nm *H oA o] 533
wj CCT 3000 K, 4000 K, 5000 K, 6000 Kol A <] S/P ratiog H] gk Z o] T},
glo] F74eE S/P ratior S 7FsheE A S Heolal, CCT7F S71Hd =
S/P ratiot= S 7}ttt

1% 4.24% Blue LED 23 E§S (440~470) nm 9] ol 4] o] 5331 &
CCT 3000 K, 4000 K, 5000 K, 6000 Kol A ¢] S/P ratio® Y]l gk A o]t}
Fol S7HEFE S/P ration= T7FeE AdFE Holal, CCT7F 57t

S/P ratio= <7Fgtt}. S/P ratio= 6000 Kol A 2574 57}3gko}.

rl

4 B

Jju
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Red Spectrum

3 T ; T ; T ; T
v v v v Y |
A A A A 4 Y
O 2+ I A, ,,,,,,,,, 14 ,fj’firrAf:,%:::X,,,,,,,,,_
F ’ @ 3‘7777. ‘ o .
S = - .,
% 1} |—m— 3000 K —————————— -
—@ 4000 K ‘ ‘ ‘
L | —4A— 5000 K
—w— 6000 K
0 .

6'20 . 6'30 : 64'10 . 6'50
Wavelength
1% 421 RGBY LED, Red 3¢ o] &l w& CCTH S/P ratio

Green Spectrum

3 T T T T
.
L
O 2 TRy Y e g e e e .
| N Fh=—spy T IR
F ; oy L
< | . o o e i X
3 | T —
o T
] ",
1f+ |—m— 3000k R - -
@ 4000 K ! ! !
- | — A— 5000 K
—Ww— 6000 K

520 . 530 . 540 . 550
Wavelength
9 4.22 RGBY LED, Green 37 o] W& CCTH® S/P ratio
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Yellow Spectrum

i . y——Vv Y
'/X/I/XI A4
A A ‘ -
O 2 — 11"7:::7 ;;i":, ”””” J‘ ””” - ll:f.’:: iiiii ‘ 777777777 . 777777777 g 777777 .
E d s
& I . W m W
% T P - —m 3000 K]-
~— @ 4000 K
. A 5000 K
‘ ‘ ‘ — w6000 K

5'70 . 55'30 . 5&50 . 6&)0
Wavelength
19¥ 423 RGBY LED, Yellow 3% o]&o] w& CCTH S/P ratio

Blue Spectrum

O 2r
% ik |~ m— 3000 K| -
@ 4000 K
- | A 5000 K
‘ ‘ ‘ ~——W% 6000 K

4;10 l 4'50 l 4é0 l 4'70
Wavelength
19 424 RGBY LED, Blue 3¢ o] &) w& CCTH S/P ratio
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19 4259 19 4.262, 19 421904 ¥ 4240 YERA W3 Foll A,
CCT 3000 K 2 4000 KellAl RGBY #7dd 374 ol 5o & S/P ratio®
W3l FolE 7h7 YERd Aolth Green ¥ Red 3% o] 5ol w&} R/P ratio
7V 3 43%a, Blue 2 Yellow 3 o] sol wel S/P ratio’} 7}t
Yellow 378 o] & W& S/P ratio < 7F7F 7H¢ At

1% 4.272 CCT 5000 Kell A RGBY 3¢ 317 o] -gof & S/P ratio?]
M5l Fro] & YERH Aolt) 5000 K T3 3000 K % 4000 Kol A £} H]5=gk
742 Holi}l Blue®t Yellowe] W3t 4 =r} W8t}

1% 4282 CCT 6000 KellA RGBY 33 3174 o]-gof & S/P ratio?]
W3l Fo] & vERA Zlolth 6000 Kol A %= Green 2 Red 37 o] ol wet
R/P ratio”} #43}a, Blue 2 Yellow 37 o] 5o wat S/P ratio’} 5713+
o} Blue 3% o] & @& S/P ratio 7H7F 7H Zd

3000 K
3 T T !
0?21
E
Qo ‘
: ‘ [ -
: | S—
D 1 - = Blue Spectrum | N ® - .
—@  Green Spectrum g ‘
Yellow spectrumfl
—w— Red spectrum ‘
0 . ! . ! . ! .
0 2 4 6 8

Wavelength Shift
1% 4.25 CCT 3000 K, RGBY 3% o]-&ol| m& S/P ratio ¥}
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4000 K

3 | | |
O 21 L R ~— e — & —m—E 4
|: !/_/* V V— v — v
@ o
o | | e
T —— Blue Spectrum | e .
— @ Green Spectrum § 1
i Yellow spectrumf
— v Red spectrum |
0 . ; . ; . ; .
0 2 4 6 8

Wavelenath Shift
19 426 CCT 4000 K, RGBY 3% o] &9 W& S/P ratio W3}

5000 K
3 ! ! !
AR 45
o my—— W :
N _S— ,,,ffi*?;!:i** v v— < A
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Study on Relation of Spectral Characteristics and S/P Ratio of LED
Lightings.

Jong Oh Kim

Department of LED Convergence Engineering,
Spedialized Graduate School Science & Technology Convergence,
Pukyong National University

Abstract

Since LED lightings were presented as new lighting technologies,
researches have been performed on the photopic vision, the scotopic
vision and the mesopic vision under the LED lightings. The S/P ratios
of the warm and the cool white LEDs are 1.2 and 2.04, respectively,
as specified in the IES-TM12-12. In this paper, the S/P ratios in the
CCT range of 3000 K to 6000 K are simulated according to the
changed of the spectral characteristics such as peak wavelengths and
full widths at half maximum of RGB 3-chip and RGBY 4-chip LEDs.
Spectral power densities of RGB and RGBY LEDs were generated by
the Gaussian distribution composed of peak wavelength and full width
at half maximum. As scanning the peak wavelengths of RGB and
RGBY SPDs, CRIs and S/P ratios were simulated. And also the full
width at half maxima increased by some proportions to make changes
in S/P ratio. Thus, the wvariations of S/P ratio and CRI were
represented from the simulation results.

As results in warm white regions(CCT 3,000 K and 4,000 K), RGB
LEDs showed S/P ratio of 32 and 4, respectively. In cool white
regions(CCT 5,000 K and 6,000 K), RGB LEDs showed S/P ratio of
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43 and 4.7, respectively. But CRIs were degraded as S/P ratio
increased with RGB LEDs.

Using RGBY LEDs, in the CCT ranges from 3,000 K to 6000 K, S/P
ratios from 1.8 to 2.7 were achieved with relatively higher CRIs than

those from RGB LEDs.
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