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2.2 Energy Star “Integral LED Lamps” T3

7 A 77

AT 4L ANSI-NEMA (American National Standards Institute

e

B R B i e e R

op

National Electrical Manufacturers Association)ol] 2] &] A= Hix

AN 2™, MacAdam ellipses stepol uwhe}

AE7F s &R 9d Eoeex Fodd ' Arh[9]

2700 K 3000 K 3900 K 4000 K

X y X y X N X y
Center point | 0.4578 | 04101 | 0.4338 | 0.4030 | 0.4073 | 0.3917 | 0.3818 | 0.3797
0.4813 | 04319 | 0.4562 | 0.4260 | 0,4299 | 0.4165 | 0.4006 | 0.4044
Tolerance | 0.4562 |-0.4260-] 0.4299 | 0.4165 | 0.3996 | 0.4015 | 0.3736 | 0.3874
quadrangle | 0.4373 | 0.3893 | 0.4147 | 0.3814 | 0.3339 | 0.3690 | 0.3670 | 0.3578
0.4593 | 0.3944 | 0.4373 | 0.3893 | 0.4147 | 0.3814 | 0.3898 | 0.3716

4500 K 5000 K 5700 K 6500 K

X y X v X y X y
Center point | 0.3611 | 0.3658 | 0.3447 | 0.3553 | 0.3287 | 0.3417 | 0.3123 | 0.3282
0.3736 | 0.3874 | 0.3551 | 0.3760 | 0.3376 | 0.3616 | 0.3205 | 0.3481
Tolerance | 0.3548 | 0.3746 | 0.3376 | 0.3616 | 0.3207 | 0.3462 | 0.3028 | 0.3304
quadrangle | 0.3512 | 0.3465 | 0.3366 | 0.3369 | 0.3222 | 0.3243 | 0.3068 | 0.3113
0.3670 | 0.3578 | 0.3515 | 0.3487 | 0.3366 | 0.3369 | 0.3221 | 0.3261

[ 1] A= Azrg e x, vy Hax9 4 x, v #&
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[3¥ 1]2 CCT(Correlated color temperature) ®W=Z ANSI(American
National Standards Institute)ell A #j23o] Mz x WS Ag APHE Y
xy Fxoltt. [19 7] 99 25 1dZ=E yed 1glold. CCT H#
2 Aol agxal 4 #ARE olo] Mo A aea o] Tt

Ao M= MacAdam ellipses step ol 7-stepx 71wo=Z ALE 3%

t}.[10]
CIE 1931 x.y Chromaticity Diagram

0.46
2700 K

0.44 | 3000K

v.az }

0.40

0.38 '

i 4
0.36 }
0.34
B o lluminant A

0.3z } . DES
—— Panckian

0.30 e

0.28 /

026 028 030 0.32 0.34 036 0.38 0.40 0.42 0.44 0.46 0.48 0.50 0.52
X

[29 10] 870¢] CCT AHARi €1 el CIE 1931 A= =3%[10]
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Omnidirectional Lamp®] wj33+24 2 [19 8]3 v}l Ao w w3y
st WS 7HA 7] flElAd 7 7R 23S wEEloF sk A A 73
7y 0° ~ 135° Afole] Ht B FHa 0° ~ 135° Alele] Hat FE ki)

0° ~ 135° Atelo] §l9] 7te F= gho] Wit F&= 3t Hud +20%H T #}
ofol &, -20% Rt} AoF dry F WA, 27 7} 135° ~ 180° #
o] F &9l 5% o]dolojoF gtk F 0° ~ 135° Alel9] Fm o

FE gEY g s vhA ddd wFgs fAsE Y F

F4o] 5% o] =A ok drt[10]

g

3

_—

E

jus)

ol

ofe

Omnidirectional lamp in base-up position

180 At least 5%

of total flux (Im)in  135°
135°-180° zone .~

Measurements _
repeated in vertical X
planes 45° and 90° / : %
from initial plane f 1 Luminous intensity (cd) at
: = any angle in the 0°-135°
i zone shall not differ from
I .. the mean intensity for the
P e : entire 0°-135° zone by
more than 20%.

D IIEE NN AR ENE RN

[2¥8 11] Omnidirectional Lamp®] ®3% T+Z[10]

_13_
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0°~135°9] # %= Hr gk [ed] | +20% [cd] | -20% fed] | Max [cd] | Min [cd]

103.4 1241 82.7 205.3 105
il s
3% [m] F3420] 5% [Im] | 135°~180°Ako] 9] &34 [Im]
909.8 45.5 138
¥ 2] AAF LED A+-9] Energy Star 77422 A3 vjd7) 5 gk

_14_
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TdE
0°~135°9] #%= gk [ed] | +20% [cd] | -20% [cd] | Max [cd] | Min [cd]
80.1 96.1 64.1 98.2 28.1
5-ul g
4% [Im] F4%9 5% [Im] | 135°~180°AFo] 9 344 [Im]
892.2 44.6 33.2
[ 3] BAF LED A9 Energy Star 77242 & 3haksl vid7| & 3t

(“)Collection @ pknu
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[z 13] BAFS] LED A+ w214

[2¥ 9]& EW A} LED A9 wjd =4do] gads] Fujdo] gle
A& & 7 Atk doldE ®Aste] t4el A3teA [ 215 Hoks o
0° ~ 135°Abele] Hit FE e 1034 cd oltf. FdAAS w7 93]
+20% #2124 cdelar, -20% #H> 82.7 cd oty A wE3Er] 9§
A 0° ~ 135°AFe] 9] FmFke] A 827 cd ©]4 olojof dhaL, 124 cd ©]
&F o]ojof gt} SFA|RE AA Sk HdgkS 2053 cd o3, HAFS
105 cd #to= A el #A 3] @ol o] drh, RS HoLS W F
F42 9098 Imelx, F4¢] 5% 455 Im otk &Fxvt A ge 138

Im 0% o g EF wEslA ekl
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[ 101> BARe] LED d+- wid=ridojty. BARS] wjg=4d2 AALS]
g 1o Fujsge] o @el Yot AL Fd & F gl 4

E3t=A F1s7] fAsiA BAF] i
3lez A slxEogtt BAY LED A+ #dAdS 2¥ 0° ~ 135°AF0] 9]

Hit FE F2 801 cd olth. Ht FE +20% T 96.1 cd °o]aL, -20% =

rx
=
5
a
i
=
i
2,

ju]

1=}
X,

5

180° Abol9] % BEE 332 Im o2 o] HAL A F4 AEA 1)
o] ¥ Ah[12]
B =5 A7]e 3Alet= 28] Energy Star vj#7|Fo] wHEel=

AvrgFo = W3st= LED bulbE T@38t7] fl8] ol AFstAE AH&3] Al
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3.2 345 FEAA
7}, LED #7]A &7

LED #7]1#A F/F& X3 Y, SMD(Surface mount device)®l|7]#],
COB(Chip on board) 317]#] 37} 7} ot &8 Y dubygdo=z d
g AREE F7) Aotk LY B Y A [ 1113 el Z <l

oll= # Holl LED Heol A4 Hodloew, 71 F9E5 o FA

FEgtgos 2 k18] Alz=nlEo] Adstal 4o oyl

o WdEAgo] ¥a FF o] Yol xHFYPOE 2ola A FL
P

olt}, SMD I 7R = [238 1219 #o] T

7V ZAska, EAde] e EE7H Y9l E(PC : Polycarbonate), BTS 4]

(bismaleimide triazine resin) &s°l Ut 53] ol FX & WA 5}
e

WARES Eoln Atk AW FAARE G FA A o] vy B
oF dshsl WART F WAL A JROE WAR ARE A4S
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M
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i
2
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o
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v
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gl

o
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ke

i
=@ B Bu aaselH, =7 ERt oby et TV back light, Enbd
A 1 PCB(Printed circuit board) 7]3el 7}
Azmsol Arh[l4] viA = ez COB A7) A+=
A Fokvba Azpstd Hu. W Asg COB 7]

mlo

LED #H¥} PCB 7|3

°1¥F
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Aol 49 PCB 71#$lol v e A% & vg 1 Aol 37 &
AA g oA WA dog iy gk COB H71A &= 3 97]X
of ol FeoF Heojglel & EAE 7HAm SMD #H7]A ¢} o
PCB 7|%o]l £9 ¥ &tal thA] LED 29l #&ebx oFa & =z 21
71ge] A & oA d5Ae] Frh[15]

[

ol
=

A |EDY AL,

Sy x|
4 ll ‘./ = o | 5‘)\[‘}‘1[)

o
+

=23 20/0(3)

| —LED &

T~ 2 BlojAs

SUrX|(UAM | FDo| H<,
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- Tz
e | " , m\\\*“\g HO|AE
S = HAacs I§7|X| 7|2t

[Z29 15] SMD E}{J o] R %=[14]
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.....

(@) (b)

[2% 16] (a) COB B¥ #1714 (b) COB B #7]# X-ray[15]
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L. COB #7]x 44

Ao m wgel= LED bulb FH o= 918 714 F7 FolA =
Holal 5ol o 29 7T s 2d 4 A= COB H71A

2 A3 34tk COB 7] A+= Creerle] XLamp CXA1512 2 XA 314

0. COB 7142 ART2 2450 Batd 54 e [E 419 2ol

v ghoh,
%%% m] | 3% Om/Wl | CCT [K]| CRI | «x v
i ——_\_\_\_\_\—_
7] %) 1471-/1/ 112.3- 2994 \%O 0.4404 | 0.4105

512 COB. 77 A o] 484 54

[Eﬁ XLamp CXA

[Z27 17] Creert2] XLamp CXA1512[16]
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[-29 20] COB ¥

A 2171(16]
COB 714 9] A w5 2o a2 o WA £
&2 14711 Im, %3 , CRI:= 820, x+
0.4404, y+ 0.4105= g 19 1519
Zom CCT7h 2094 Kol7] ol 343

A welth Fuas Fgae] sHE

M717F AlaL 500 ~ 700 nm 3] A 7]7

-

1+
~

2= ol \l&] COB 7]~

+ 400 ~ 500 nm o] A7|7F ¥a 500 ~ 700 nm 3Fe] Al 77 Al

o [29 1712 AA COB =Z7] o]aL o] &
to] Bl &= AF-&-3} 9 t}.[16]

= dolHE AlE#H oA back
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AL oF 3tk el wokd AALS] LED bulbe #j71A wigL&
oz SMD si7]A & widd FElelth. BAFS] LED
bulb®] 371 ¥lH-& Heat sink$} 42 W3Fo 2 SMD 37| & wj &3t
gelolth. BAMe] A5 A o2 LED 7|45 wdstslr] wWio] a%o

o= M JHE 2o =
Auon AH7IAE FAY7] "ol FAGNE F HHI FEReIH. A

=
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=
)
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(1% 18]S COB 71X E ¢oA & mFolx, [28 19]= =Wo|A COB
7145 Hoks W Eolth o 91Xo] COB #H7|AE AA s ST
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3.3 LED bulb €71 & A4

7}. LED bulb €719 3

>
il
=)
)
ges
ol
ol
R
=
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(28 25] Tl 717h& cap BEISIA Rays A 2she

SECRR %!

(28 20], [ 21], [19 22]8 ®HHW A A Rays i A AS
T 2 ulFoll A 5 HPs A Tk o) olye 2F

Fol FAgtsitt. 48 S0 A RayE WA A A S o) Ray7b vpA] %
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(2) ¥4 (14 9)

T Fee oY 7ha ER7E QAR oM AEel MM whEe

Yoz ABUNAL a3t WELHE AN Q6 T7} RayE

WA A7) @Elsh B @e] Akl A Ray® WA A7l GulE AEYo|
A s

ﬂ\;\\

[2% 26] RIEFRIE O] =H oA Rays 24t A7

_29_

(“)Collection @ pknu



\srf"’\\\\V

. _,f\\\‘

[ 27] ¥tepld o] ArtolA Rays 24 A7l HE)
[1¥ 23] ZHeolA Raye fanEFo =2 TAAAHTH AikE Rayw &
g2 x4 FHsts @4 Bt o FH GA Fde] A= A
olal H=Z o] HAA yrtolsxlnt HZ 5ty wjEo] dwgo=m
H3stE LED A 92 FA4A480 (29 24]= FA2 7he 243 do
2 7he o] ZaF F4F Hol yrta k. 9ol whARES ARE-E A
Ao s wikstE LED A& AREst7]ol& o FErt 71 A3t
=3
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U. LED AT €749 AA Al

LED A+ Q& Algdelidsty] fs A4 23 22 A7[= Yzt
Al 8kl Sfel 3xd FAVIE AlTol dvist= CARSl ©I) g A

SASAT. CAL Y B wetd G A AA dEeg

il

7 [mm] Y [mm] 7 [mm] Y [mm] 7 [mm] Y [mml]
-2 32.5 17.452 30.144 35.809 18.931
-1.13445 32.777891 17.986 29.995 36.174 18.464
-0.42661 32.89992 18.509 29.842 36.527 17.993
-0.0342 32.70512 19.036 29.684 36.872 17.517
-0.01899 32.13235 19.562 29.519 37.206 17.033
0 32.087 20.084 29.347 37.535 16.54
0.643 32.084 20.614 29.169 37.85 16.043
1.143 32.082 2l 13 23.988 38.155 15.542
1.65 32.076 21.655 23.799 38.455 15.026
2.152 32.071 22177 23.602 38.737 14.516
2.656 32.066 22.693 23.403 39.014 13.994
3.155 32.066 23.208 23.198 39.278 13471
3.645 32.061 23.72 27.989 39.534 12.939
4149 32.059 24.241 27.769 39.776 12.407
4.665 32.052 24.759 27537 40.016 11.857
5.207 32.04 25:286 27.292 40.237 11.317
5.737 32.017 25.805 27.04 40.446 10.775
6.286 31.989 26.324 26.773 40.648 10.223
6.817 31.9%4 26.843 26.494 40.836 9.673
7.356 31.914 27.353 26.205 41.012 9.125
7.882 31.87 27.855 25.908 41.179 8572
8411 31.823 28.358 25.602 41.333 8.022
8.943 31.768 28.851 25.284 41.478 7.466
9.476 31.708 29.342 24.952 41.611 6.907
10.013 31.644 29.829 24611 41.734 6.346
10.541 31.573 30.299 24.267 41.844 5.787
11.082 31.496 30.775 23.903 41.944 5.229
11.541 31.413 31.235 23.538 42.033 4.667
12.148 31.324 31.689 23.165 42.111 4.105
12.683 31.232 32.14 22.778 42.176 3.541
- 31 -
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13.214 31.133 32.572 22.389 42.231 2.975
13.746 31.026 33.011 21.98 42.273 2.416
14.285 30.917 33.436 21.569 42.306 1.859
14.808 30.8 33.846 21.156 42.329 1.307
15.344 30.68 34.262 20.719 42.343 0.759
15.873 30.553 34.656 20.29 42.349 0.214
16.397 30.422 35.052 19.84 42.354 0
16.932 30.285 35.434 19.393
[3 5] cap®l <& W A
7 [mml] Y [mm] 7 [mml] Y [mm] 7 [mm] Y [mm]
-2 32.5 18.736 30.496 34.681 18.678
-0.5 325 19.202 30.339 34.928 18.329
-0.25 325 19.624 30.178 35.164 17977
-0.1 325 20.043 30.012 35.4 17.625
-0.01 32 20.46 29.847 35.626 17.272
-0.001 345 20.871 29.674 35.852 16.91
0 33.928 21.286 29.501 36.073 16.543
0.622 33.97 21.688 29.323 36.289 16.177
1.107 33.886 22.086 29.142 36.499 15.806
1.602 33.871 22.478 23.959 36.706 15.431
2.075 33.849 22.854 28.774 36.909 15.052
2.552 33.824 23.241 28.581 37.103 14.674
3.033 33.795 23.622 28.381 37.298 14.288
3.504 33.765 24.003 28177 37.483 13.903
3.976 33.73 24385 27.965 37.666 13.512
4.444 33.691 24.7153 27.753 37.843 13.12
4915 33.648 25.125 27.536 38.015 12.724
5.38 33.604 25.485 27.317 38.182 12.326
5.844 33.55 25.845 27.088 38.345 11.919
6.308 33.499 26.202 26.86 38.5 11.517
6.765 33.439 26.553 26.624 38.654 11.105
7.227 33.377 26.903 26.382 38.797 10.7
7.698 33.308 27.256 26.136 38.939 10.281
8.151 33.24 27.596 25.887 39.072 9.871
8.616 33.164 27.939 25.632 39.204 9.451
9.067 33.088 28.275 25.374 39.325 9.033
9.531 33.007 28.599 25.115 39.445 8.607
9.982 32.921 28.933 24.849 39.556 8.186
- 32 -
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10.443 32.833 29.249 24.58 39.663 7.759
10.889 32.7742 29.578 24.3 39.761 7.334
11.346 32.649 29.895 24.022 39.857 6.901
11.794 32.547 30.209 23.737 39.945 6.47
12.237 32.446 30.524 23.447 40.027 6.031
12.692 32.342 30.828 23.157 40.1489 5.591
13.134 32.231 31.132 22.861 40.177 5.153
13.581 32.119 31.428 22.564 40.24 4713
14.02 32.002 31.722 22.261 40.301 4.268
14.458 31.882 32.011 21.954 40.3%4 3.826
14.898 31.76 32.299 21.644 40.4 3.375
15.333 31.632 32.546 21.331 40.442 2.923
15.776 31.5 32.856 21.012 40.477 2.47
16.211 31.366 33.124 20.693 40.506 2.014
16.645 31.23 33.396 20.367 40.528 1.562
17.076 31.09 33.663 20.033 40.547 1.105
17.502 30.946 33.924 19.698 40.556 0.647
17934 30.801 34.183 19.361 40.561 0.183
18.355 30.649 34431 19.024 40.565 0
[ o 1fcap=] 1] T 4]
-EID -'1I|:l 0 10 20 30 40 E-IT.:' E-Ifé
[ 28] cap?] &% W 1d
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[1% 29] cap®] W}Z W 1=
,;-"’:::- 7 IS i;:h
A !
17 “\.\, :
"’f. "j{f .\_.k"" l"‘._
I _.-"'; "\'-.x -\\'-.
;7 \ \
/ I.-'Il 1._.. ""1.I
.'"II f .
f Il'I "ll \
[ !!.
| II .|
L
[z 30] Al E# o]l A4l LED bulbel &7
[ 261904 [29 27)m e} Zgke] 7] & olfi= 3abel 347
dold Aol &A= vk [85], [#6]¢9] vlolH = [ 2718 ©E
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3.4 HkALE A A

7}, 71E Ao 2 w33t E= LED bulbd] 220]= wHALT 3 )

T LED #7]x¢] W& ¢t&ow uvrta, FW LED #7149 2
e Stof FHoR Uy AA Hejdu sHARE ol A He &

2 LED Ao Ax i, HjEasAola A A= qtt

'|.|
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(29 33] 970 <t&wol v 28 Aol Ao Ray ¥
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[ 34] HHe] 59 A
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s

Reflector

[29 35] Y7) ¢tzZdHo)] ARzl 38 9%
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3.5 g4ta A7

7 & N EY AR TR

(1) Lambertian Scattering

et

Sk AlES] A B4 FRe A IHAE EREH AbdE FRE
+ Lambertian scattering, Gaussian scattering, cos"@ scattering®] Ut}
[C19 3312 Ho] Attt wjo) oy ZXE et Aol Azt o
3 L3 Az AL WAL dojub=d ol WEALE S YEuE X

Lambertian scattering= &2 3 oA dojrp= Atgto =z JALSH

Wkl dARe] shutel FAo]l FHel FHe|HE

=
-
ArekS et o) 3 gk A Lambertian AFeHE = U] FA

0= sin” '([sind, —sind,]) (3.1)

¢, = the angle of incidence of the incident ray

0, = the angle of exit of the scattered ray

_40_

Collection @ pknu



o]

_

olt}. whe}A], Lambertian %

ToR

(3.2)

Pycos(h)

P(0)

ole Z¥o= urhlY [Z¥ 34l 2t

)

k3l A 7]

ks

)

*Z)/\

o] A|7]o]al Lambertian Atgho] dojut
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ksl
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Surface Normal

Specular Direction

Incident Ray

Scattered Ray
Energy Distribution

[Z29 36] dubel Blo] Abak || & 2[19]

Surface Normal
F .
Incident u:iw
Ray \ /" T o
T g Po cosl9)

<—Scattered Ray
Energy Distribution

G T S e

[72¥] 37] Lambertian AF&F o4 %] £ 3[19]
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(2) Gaussian Scattering

o

Gaussian AFgho]

3} .

o
™

Ao vehd o

=
=

. ol

o
=il

"

(3.3)
of m 5}

T ATH[18]

standard deviation of the Gaussian distribution, in degrees
- 43 -

Intensity in the specular direction

intensity in the @ direction

P)

B

g
[Z29 35]¢} #t}. Gaussian AFghol A

Lambertiano| A &} &2 {1
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Surface Normal

A

Incident Py

) ref-419]

< Scattered Ray
Energy Distribution
o e I

" S T L

[29 38] Gaussian 2FgF oy =x] £3x[19]

(3) Cos™th Scattering

P(f) = Pycos"(6) (3.4)

P(A) = intensity in the 6 direction

P, = intensity in the specular direction

o] Aol A No| AAFZ WALl

LIS LY

M

ZE HE FolAIWA A& wh
Abell 71 Al Ak gkek N=1o]2}™ Lambertian 2F&F 3§+

de & Un 18]
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weko g2 AbdkE A9 ®wWeol AdEEALS R4t angle resolved
scattering, ARS) &2 UEd 4 o R sss=

R sl vbe BApdLolw, @i ASHE BAAE olth

) (3

)

r
b
o

ARa e QA4 wa BeQAge s s 2hd Hapx

cd] (36)
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EHe  WAEHEL Ed

1=

=

]_

(bidirectional scattering distribution function, BSDF)7} 1t}. <4

rr

e geEE Gl

off
o
ME
5=
il
ol

0+
2
o
M

Aoy
X

rr

(s 1] (3.8)

Source

Detector

[29 39] Akt $h= =3 A20]
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(3.9)
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cost,

A
cos6,

AA, « AR
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[ W/ (m? « sr)] 10

2 ol k=

B
A

I

0
e
B
B

A

B
il

o 4 (3.9)¢ 4 (3.10)

B

AS
<
RES
< | Z
) .
— |
< |
<18
SIS
S | <
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|
I
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Aoz Yrhe 4
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AbgE T E Aotk wEkd 24 (373 2] B1D)EFEH ek st
FE=
ARS _
BSDF = [sr 1] (3.12)
coso,
2 ®dg 4+ Ut
Source

Detector
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S BREFFE AR E Y Rt o R vEo A=, WA

o] S oFWrekulAl g2 X34 (bidirectional reflectance distribution

I zEol Aeolmal, Fapbetel A FHFFAEE X (bidirectional

transmittance distribution function, BTDF)2} 3}H,

Lr( et, ¢t, 9@', ¢2 )

[sr— G

BTDF (0, ¢, 0;, ¢; ) =

oF 2ol A Evh[20]
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WeAbgol ol WbAbEL e T AeAlA Fojop @tk AHehAll:
Sabe  AFE T Sabwe] RSl
Lambertian Scattering, Gaussian Scattering, Cos“th Scattering®] 1Tt}

o] % Gaussian Scattering® 2ol A o9 S 2, 4, 7= W3} A|A A

dol S 3k

e

Gaussian
sigma =2
1.0 4 Ilf'ﬂ'ﬁ
0.8 4 |
06 -

|

Relative intensity(cd)

0.2 4 .
S

] \
0.0 4 _‘j g T

Angle(degree)

[29 41] Gaussian Scattering o = 2 (Normalized)
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Relative intensity(cd)

Relative intensity(cd)

—=— Gaussian

sigma = 4
1.0 4
0.8
0.6
0.4 -
0.2 -
0.0 -
i 1 1 ; | ! I % I * I ¥ I X I ¥ 1 L 1
25 20 15 -10 -5 0 5 10 15 20 25
Angle(degree)
[1¥] 42] Gaussian Scattering ¢ = 4 (Normalized)
—=— Gaussian
sigma =7
1.0 4
0.8
06 -
0.4
0.2
0.0
LINEE L LA RN CRELIN SR ERNLIN TR T D U CRNT RN TR TR B LA
35 -30 26 -20 -15 10 -5 0 5 10 15 20 25 30 35

Angle(degree)

[¥ 43] Gaussian Scattering o = 7 (Normalized)
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[29 38], [Z2¥ 39], [Z

o

40]2 Gaussian Scattering® o =2,4,7 ¢

T UG olE@ky AA FAkAgke vluwetr] 9slA Gaussian
Scattering W& TH3I EALS 7 EdmondAFe]  Holographic

Diffusers& AF-&3}%

o
S
ot
>

<)
o
>
s
J[m
o,

% (Gaussian Scattering
o=24,73 FA3 27 5° 10°, 15°2 BSDEZ BTDFE =4 313
=3

—=— Diffuser Angle 5(Degree) \

1.0 -

o o o
i -9 [e)] o1}
1 1 1

Relative intensity(cd)

o
8]
|

0.0 -

25 20 -15 -10 -5 0 5 10 15 20 25
Angle(degree)

(19 44] &2F2F 5° BTDF =4 %t (Normalized)
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| —— Diffuser Angle 10(Degree)|

1.0 —

0.8

0.6

0.4

Relative intensity(cd)

0.2

0.0

™ T ' F L I § I imsaly ' g~ 1 r I * 1
-25 -20 -15 =10 -5 0 5 10 15 20 25

Angle(degree)

[2¥ 45] 347 10° BTDF &4 % (Normalized)

| —— Diffuser Angle 15(Degree}|

1.0 4

0.8 +

0.6 4

0.4

Relative intensity(cd)

0.2 4

0.0 +

L PR I L S P . FRE T T, B T G T S PO |
-3 -30 265 -20 15 10 5 0 65 10 15 20 25 30 35
Angle(degree)

[1% 46] &4H7F 15° BTDF 37 %t (Normalized)
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(19 41], [29 42], [19 43]> 439 BTDF#-S NormalizedE A
71 e zol )

2.0 -

1.5 +

0.0 5

Diffuser Angle 5(Degree)
—=— Incidence Angle O(Degree)
—=— |ncidence Angle 10(Degree)
[\ —— |ncidence Angle 20(Degree)
|

—+— Incidence Angle 40{Degree)

? —— Incidence Angle 30(Degree)

Angle(degree)
(19 47] &4b7F 5° A2 ¢ 0°, 10°, 20°, 30°, 40° Azimuth @ 0°
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—=— |ncidence Angle 0(Degree)
+— Incidence Angle 10{Degree)
—— |ncidence Angle 20(Degree)
—— |ncidence Angle 30({Degres)
—=— Incidence Angle 40(Degree)

Diffusar Angle 5{Degraa)
2.0 +
i
I
1.5 - 1l
B, 10 -
L
o
m
0.5 S
0.0 H
I . ! . I 5 i y ! . 1 i ! g 1 ¥ 1
-80 -B0 -40 -20 1] 40 &0 80 100
Angle(degree)

[9 48] g4k2F 5° ¥JARZ: @ 0° 10°, 20°, 30°, 40° Azimuth @ 90°

0.6+

= = =
w S wn
1 1 L

BTDF(sr)

i
(8]
1

0.1 4

0.0 4

Diffuser Angle 10(Degree)
—=— Incidence Angle O(Degree)

—+=|Incidence Angle 20(Degree)
—== Incidence Angle 30(Degree)

+~ |Incidence Angle 10(Degree)

+ Incidence Angle 40(Degree)

[29 49] &2k 10°

—

(“)Collection @ pknu

AFZE 100, 10°, 20°, 30°, 40° Azimuth : 0°

Angle(degree)
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Diffuser Angle 10(Degree)
—=— Incidence Angle 0(Degree)
0.6 ~ —=— Incidence Angle 10(Degree)
—s— |ncidence Angle 20(Degree)
05 —— Incidence Angle 30(Degree)
= —— Incidence Angle 40(Degree)
0.4 -
2 03 - .
L 1
o \
0 g2 \
*.
0.1 4 1
\
L )
00 4 ; 4 D

T T 1
-80 -40 -20 0 20 40 80 80 100

Angle(degree)

T
-60

[29 50] &4kzh 10° JAHZ @ 0°, 10°, 20°, 30°, 40° Azimuth @ 90°

Diffuser Angle 15(Degree)
—=— Incidence Angle 0(Degree)
0.30 1 —— |ncidence Angle 10{Degree)
—+— |ncidence Angle 20(Degree)
i = Incidence Angle 30(Degree)
0.25 —== Incidence Angle 40(Degree)
0.20 A
B 0.15 -
LC
=
@ 0.10 1
0.05 4
0.00
I 1 * I ¥ 1 . I L I . I , I & | 2 1
-80 -60 -40 -20 0 20 40 60 80 100
Angle(degree)

[ 511 E4k2zF 15° ARz @ 0°, 10°, 20°, 30°, 40° Azimuth @ 0°
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Diffuser Angle 15(Degree)

—=— Incidence Angle 0(Degree)
0.30 —=— Incidence Angle 10(Degree)
—— |ncidence Angle 20(Degree)
—+— Incidence Angle 30(Degree)
0.25 + —— Incidence Angle 40(Degree)
0.20
.T!_
» 015 4
L
=
@ 0.10 4
0.05 +
0.00
T T T T T T T T T 1

Angle(degree)

[29 52] &4kzF 15° fJAbZE @ 0°, 10°, 20° 30°, 40° Azimuth : 90°

T(%) R(%)
Sakzt 5° 39.84 7.23
4k 10° 38.83 7.56
Sakzt 15° 89.26 1.22

[ 7] Babzbe] FRel h2 Faed WA

Fabg 3t HhALES g 100%7F "tk s AN eI dAle S
AL W 100%7F HA ¥ v, Uy A FFge] "k
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4.1 A E# ol wig 23}

Gaussian Scattering®] o = 2, 4, 72 U<
olZlo} Z2 wjFS AU

F A
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[29 55] 2AF&+EA] Gaussian Scattering o = 7 i3
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4.2 N EH oA

-

Mg L ARE 24

410142l (71, (WPl Hlo]HE Energy Star®] “Integral LED Lamp” F

2 Fol wjgo] wrEsl=A] ofg) = AP kA
ol
0° ~ 135°¢] F% F gk [ed] | +20% [cd] | -20% [cd] | Max [cd] | Min [ed]
94.8 113.8 75.9 150.8 69.9
5-ul 3
4% [Im] eS| S50 | 135° ~ 180° &= [Im]
1057.2 52.9 4.2
[3# 8] Gaussian Scattering ¢ = 2 7724 A& Sikzgk
TdE
0° ~ 135°9] Fx F gk [ed] | +20% [cd] | -20% [ed] | Max [cd] | Min [ed]
93.9 112.6 %! 122.0 75.6
Sl
4% [Im]

135° ~ 180° &< [Im]

1052.1

52.6 60.6
[Z 9] Gaussian Scattering o = 4 7+24 %-& 3h2kzk
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Td=
0° ~ 135°¢] F% Ft gk [ed] | +20% [cd] | -20% [cd] | Max [cd] | Min [ed]
92.0 110.4 73.6 108.1 78.2
5-ul g
3% [Im] 3449 5% [Im] 135° ~ 180° 3 [Im]
1052.1 52.6 82.1
[¥ 10] Gaussian Scattering o = 7 7724 Z-& 2zt
TdE
0° ~ 135°¢] F%= gk [ed] | +20% [cd] | -20% [cd] | Max [cd] | Min [cd]
94.4 113.3 75.5 150.9 73.5
5-Hl %
4% [Im] 4% 5% [Im] 135° ~ 180° &= [Im]
1058.4 52.9 97.3
[Z. 10 47 5° 74 24243k
T
0° ~ 135°¢] #%= Bt gk [ed] | 20% [ed] | -20% [cd] | Max [ed] | Min [ed]
93.4 112.1 4.7 120.5 80.7
5wl g
%344 [Im] 23449 5% [Im] | 135° ~ 180° 4% [Im]
1054.1 2.7 63.5
[ 12] stz 10° 914 48 &gk
- 63 -
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Td=

0° ~ 135°¢] B% HFat gk [edl | +20% [edl | -20% [ed] | Max [cd]l | Min [cd]
92.3 110.8 739 108.9 78.4

<-uj g

4% [Iml] T35 5% [Im] 135° ~ 180° @< [Im]
1048.8 52.4 69.8
[ 13] g4kzh 15° +4 A48 &4argk

Energy Star 7rA°] ®j3d dolHE #-&% 23 Sujdel 135° ~ 180°
F&o] FHEY 5% s wEHeol st A= EF S spQlvh shx T
FAER AL 07 ~ 1350 BE dEge] +20%, -20%o] F o 0=
stA] g+ A& Gaussian Scattering o = 29 &4bzF 59 o]ty g il

- 20% 2 WFEPATE +20% 3k o]

o el ihet W

= 4%} 2217t 10° ot} mhA g

o] I 7HAE w3k A Gaussian Scattering o = 73 34kz} 15°0] U}
AMHEE A M2Ert ddo] Hojof M M gIL A4S W
st=A & ¢ Stk f19 AlEHCA F wid qfFe] whEeeE Fakzt
15°¢] Mers ol &9
ket 15°
AL [K] 2972
[ 14] &bz} 15°9) Alex
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(719 59] a7} 15°9) A

R
=

A2 gho] 2972-K ©]2=203000 K ¢ x, v 3 472439 IJEE
Ao ANEHolAe x, yEHE Average @S FelstATh
Standard Smulation
X \4 X y

1. 0.4562 0.4260 Average 0.4424 0.4117

2. 0.4299 0.4165

3. 0.4147 0.3814

4. 0.4373 0.3893

[ 15] x, v #3%9 4 483 AEHo|A Average @t
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—— Standard

0.44 -
—=— Average

0.42 <

040

0.38 -

0,36 ' .
0.40 0.42 0.44 0.46

[18 60] x, v 33 714 483 A& o]lid Average ¢ 1=

[18 5712 R 48 <to] Average #ro]l £3al7] W&o 72 w3}

[e) 2~
= ¢ F 3
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[lumination Optical System Design
for LED Light Bulb

by Jae-hyun Jang

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

Abstract

Illumination optical system designed for LED light bulb which emits light
in all directions was simulated with satisfactory for Energy star standards.
Components of the optical system, LED light source, the cover of the LED
bulb, reflector, 'which is to confirm the diffuser plate, LightTools Software
was used to design the illumination optics. The main point of the secondary
optical system design, the location of the LED light source, the shape of the
cover LED bulb, the location of the reflection plate, ‘and the scattering
properties of the diffusing plate. To a confidence that the simulation must measure
the characteristics of the Components. So had measured Opical properies of the
LED light source, the cover shape of the LED bulb, Scattering properties of
the diffuser plate.

Mechanism of the LED bulb which emits light in all directions is reflected on
the reflection plate which is coated on the light cover from the inside and is
emitted from the light source is moving in the back ward reflected light is
scattered by the diffuser plate. LED bulb has been designed to satisfy the

standard light distribution and color specifications of the Energy star.
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