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Product Family Data Sheet

LM561B - 5630 Middle Power LED

Introduction

Features

* Beam Angle: 120°

* Precondition : JEDEC Level 2a

* Dimension : 5.6 x 3.0 x 0.8 mm

* ESD withstand Voltage : up to + 5KV [HBM]

SAMSUNG ELECTRONICS
95, Samsung2-Ro, Giheung-Gu,
Yongin-City, Gyeonggi-Do 446-711, KOREA
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1. Product Code Information
1) Luminous Flux Bins (Ts = 25T)

Nominal Sorting Condition Im @65mA
Product Code Flux Rank
CCT Flux Range (®,, Im)
SPMWH € 541MD5WAW% S1 S1 24.0 ~ 26.0
2700K SPMWH € 541MD5WAW-%S2 S2 26.0 ~ 28.0
SPMWH ¢ 541MD5WAW % S3 S3 28.0 ~ 30.0
SPMWH € 541MD5WAV % S1 S1 245 ~ 26.5
3000K SPMWH €541MD5WAV+S2 S2 26.5 ~ 28.5
SPMWH€541MD5WAV ¥ S3 S3 28.5 ~ 30.5
SPMWH €541MD5WAUS1 S1 25.0 ~ 27.0
3500K SPMWH €541MD5WAUS2 S2 27.0 ~ 29.0
SPMWH € 541MD5WAUS3 S3 29.0 ~ 31.0
SPMWH € 541MD5WAT > S1 S1 26.0 ~ 28.0
4000K SPMWH € 541MD5WAT ¢ S2 S2 28.0 ~ 30.0
SPMWH € 541MD5WAT S3 S3 30.0 ~ 32.0
SPMWH €541MD5WAR ¥ S1 S1 27.0 ~ 29.0
5000K SPMWH €541MD5WARY¢S2 S2 29.0 ~ 31.0
SPMWH€541MD5WARS3 S3 31.0 ~ 33.0
SPMWH € 541MD5WAQ % S1 S1 26.5 ~ 28.5
5700K SPMWH € 541MD5WAQ ¥ S2 S2 28.5 ~ 30.5
SPMWH € 541MD5WAQ ¥ S3 S3 30.5 ~ 325
SPMWH €54 1MD5WAP % S1 S1 26.0 ~ 28.0
6500K SPMWH € 541MD5WAP%S2 S2 28.0 ~ 30.0
SPMWH€541MD5WAP ¥ S3 S3 30.0 ~ 32.0
Notes:

1)SAMSUNG ELECTRONICS maintains a tolerance of +5% on Luminous Flux measurements.
2)"®" (the quantity of PKG on the Reel) can be "T"(2,500pcs) or "1"(10,000pcs).

3)Warm white :
: "¥¢" can be "0"(Whole Bin) or "M"(Quarter Bin) of the color binning.

Cool white

"¥" can be "0"(Whole Bin), "H"(Half Bin) or "M"(Quarter Bin) of the color binning.
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2) Color Bins (T, = 257C)
1) Color Binning

Nominal L. .
ceT Product Code Color Rank Chromaticity Bins
SPMWH€¢541MD5WAWO0S1
i W1, W2, W3, W4, W5, W6, W7, W8,
SPMWH #541MD5WAWO0S2 | WO(Whole bin)
W9, WA, WB, WC, WD, WE, WF, WG
SPMWH €541MD5WAWO0S3
SPMWH®541MD5WAWHS1
2700K | SPMWH®541MD5WAWHS2 |  WH(Half bin) W5, W6, W7, W8, W9, WA, WB, WC
SPMWH4®541MD5WAWHS3
SPMWH ¢541MD5WAWMS1
SPMWH €541MD5WAWMS2 | WM(Quarter bin) W6, W7, WA, WB
SPMWH ¢541MD5WAWMS3
SPMWH4®541MD5WAV0S1
. V1, V2, V3, V4, V5, V6, V7, V8,
SPMWH4®541MD5WAV0S2 | VO(Whole bin)
V9, VA, VB, VC, VD, VE, VF, VG
SPMWH4®541MD5WAV0S3
SPMWH®541MD5WAVHS1
3000K SPMWH®541MD5WAVHS2 |  VH(Half bin) V5, V6, V7, V8, V9, VA, VB, VC
SPMWH4®541MD5WAVHS3
SPMWH ¢541MD5WAVMS1
SPMWH®541MD5WAVMS2 | VM(Quarter bin) V6, V7, VA, VB
SPMWH €541MD5WAVMS3
SPMWH4®541MD5WAU0S1
. U1, U2, U3, U4, U5, U6, U7, U8,
SPMWH®541MD5WAU0S2 | UO(Whole bin)
U9, UA, UB, UC, UD, UE, UF, UG
SPMWH®541MD5WAU0S3
SPMWH ¢ 541MD5WAUHS1
3500K SPMWH®541MD5WAUHS2 |  UH(Half bin) U5, U6, U7, U8, U9, UA, UB, UC
SPMWH € 541MD5WAUHS3
SPMWH #541MD5WAUMS1
SPMWH €541 MD5WAUMS2 | UM(Quarter bin) U6, U7, UA, UB
SPMWH ¢541MD5WAUMS3
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1) Color Binning (Continued)

Nominal L. .
ceT Product Code Color Rank Chromaticity Bins
SPMWH€541MD5WAT0S1
i T1, T2, T3, T4, T5, T6, T7, T8,
SPMWH4®541MD5WAT0S2 | TO(Whole bin)
T9, TA, TB, TC, TD, TE, TF, TG
SPMWH#541MD5WAT0S3
SPMWH4®541MD5WATHS1
4000K SPMWH4®541MD5WATHS2 TH(Half bin) T5, T6, T7, T8, T9, TA, TB, TC
SPMWH4®541MD5WATHS3
SPMWH ¢ 541MD5WATMS1
SPMWH @ 541MD5WATMS2 | TM(Quarter bin) T6, T7, TA, TB
SPMWH € 541MD5WATMS3
SPMWH4®541MD5WAR0S1
. R1, R2, R3, R4, R5
SPMWH®541MD5WAR0S2 | RO(Whole bin)
R6, R7, R8, R9 ,RA
SPMWH®541MD5WARO0S3
5000K
SPMWH €541 MD5WARMS 1
SPMWH®541MD5WARMS2 | RM(Quarter bin) R1, R2, R3, R4, R5, R6
SPMWH ¢541MD5WARMS3
SPMWH4®541MD5WAQO0S1
i Q1, Q2, Q3, Q4, Q5
SPMWH®541MD5WAQO0S2 | QO0(Whole bin)
Q6, Q7, Q8, Q9, QA
SPMWH4®541MD5WAQO0S3
5700K
SPMWH4®541MD5WAQMS1
SPMWH4®541MD5WAQMS2 | QM(Quarter bin) Q1, Q2, Q3, Q4, Q5, Q6
SPMWH4®541MD5WAQMS3
SPMWH4®541MD5WAPQ0S1
i P1, P2, P3, P4, P5
SPMWH®541MD5WAPQ0S2 | PO(Whole bin)
P6, P7, P8, P9, PA
SPMWH4®541MD5WAP0S3
6500K
SPMWH€541MD5WAPMS1
SPMWH€541MD5WAPMS2 | PM(Quarter bin) P1, P2, P3, P4, P5, P6
SPMWH €541MD5WAPMS3
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2) Chromaticity Region & Coordinates
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2) Chromaticity Region & Coordinates (Continued)

Region‘ CIE X ‘ CIE Y ‘ Region‘ CIE X ‘ CIE Y

V rank (3000K)

Region‘ CIE X ‘ CIE Y ‘ Region‘ CIE X ‘ CIE Y

W rank (2700K)
0.4373 | 0.3893 0.4465 | 0.4071
0.4418 | 0.3981 0.4513 | 0.4164

W1 W9
0.4475 | 0.3994 0.4573 | 0.4178
0.4428 | 0.3906 0.4523 | 0.4085
0.4428 | 0.3906 0.4523 | 0.4085
0.4475 | 0.3994 0.4573 | 0.4178

W2 WA
0.4532 | 0.4008 0.4634 | 0.4193
0.4483 | 0.3919 0.4582 | 0.4099
0.4483 | 0.3919 0.4582 | 0.4099
0.4532 | 0.4008 0.4634 | 0.4193

W3 WB
0.4589 | 0.4021 0.4695 | 0.4207
0.4538 | 0.3931 0.4641 | 0.4112
0.4538 | 0.3931 0.4641 | 0.4112
0.4589 | 0.4021 0.4695 | 0.4207

W4 WC
0.4646 | 0.4034 0.4756 | 0.4221
0.4593 | 0.3944 0.4700 | 0.4126
0.4418 | 0.3981 0.4513 | 0.4164
0.4465 | 0.4071 0.4562 | 0.4260

W5 WD
0.4523 | 0.4085 0.4624 | 0.4274
0.4475 | 0.3994 0.4573 | 0.4178
0.4475 | 0.3994 0.4573 | 0.4178
0.4523 | 0.4085 0.4624 | 0.4274

W6 WE
0.4582 | 0.4099 0.4687 | 0.4289
0.4532 | 0.4008 0.4634 | 0.4193
0.4532 | 0.4008 0.4634 | 0.4193
0.4582 | 0.4099 0.4687 | 0.4289

w7 WF
0.4641 | 0.4112 0.4750 | 0.4304
0.4589 | 0.4021 0.4695 | 0.4207
0.4589 | 0.4021 0.4695 | 0.4207
0.4641 | 0.4112 0.4750 | 0.4304

W8 WG
0.4700 | 0.4126 0.4813 | 0.4319
0.4646 | 0.4034 0.4756 | 0.4221

http://www.samsungled.com

0.4147 | 0.3814 0.4221 | 0.3984
0.4183 | 0.3898 0.4259 | 0.4073
V1 V9
0.4242 | 0.3919 0.4322 | 0.4096
0.4203 | 0.3833 0.4281 | 0.4006
0.4203 | 0.3833 0.4281 | 0.4006
0.4242 | 0.3919 0.4322 | 0.4096
V2 VA
0.4300 | 0.3939 0.4385 | 0.4119
0.4259 | 0.3853 0.4342 | 0.4028
0.4259 | 0.3853 0.4342 | 0.4028
0.4300 | 0.3939 0.4385 | 0.4119
V3 VB
0.4359 | 0.3960 0.4449 | 0.4141
0.4316 | 0.3873 0.4403 | 0.4049
0.4316 | 0.3873 0.4403 | 0.4049
0.4359 | 0.3960 0.4449 | 0.4141
V4 VC
0.4418 | 0.3981 0.4513 | 0.4164
0.4373 | 0.3893 0.4465 | 0.4071
0.4183 | 0.3898 0.4259 | 0.4073
0.4221 | 0.3984 0.4299 | 0.4165
V5 VD
0.4281 | 0.4006 0.4364 | 0.4188
0.4242 | 0.3919 0.4322 | 0.4096
0.4242 | 0.3919 0.4322 | 0.4096
0.4281 | 0.4006 0.4364 | 0.4188
V6 VE
0.4342 | 0.4028 0.4430 | 0.4212
0.4300 | 0.3939 0.4385 | 0.4119
0.4300 | 0.3939 0.4385 | 0.4119
0.4342 | 0.4028 0.4430 | 0.4212
V7 VF
0.4403 | 0.4049 0.4496 | 0.4236
0.4359 | 0.3960 0.4449 | 0.4141
0.4359 | 0.3960 0.4449 | 0.4141
0.4403 | 0.4049 0.4496 | 0.4236
V8 VG
0.4465 | 0.4071 0.4562 | 0.4260
0.4418 | 0.3981 0.4513 | 0.4164
7148
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2) Chromaticity Region & Coordinates (Continued)

Region‘ CIE X ‘ CIE Y ‘ Region‘ CIE X ‘ CIE Y

T rank (4000K)

Region‘ CIE X ‘ CIE Y ‘ Region‘ CIE X ‘ CIE Y

U rank (3500K)
0.3889 | 0.3690 0.3941 | 0.3848
0.3915 | 0.3768 0.3968 | 0.3930

U1 u9
0.3981 | 0.3800 0.4040 | 0.3966
0.3953 | 0.3720 0.4010 | 0.3882
0.3953 | 0.3720 0.4010 | 0.3882
0.3981 | 0.3800 0.4040 | 0.3966

u2 UA
0.4048 | 0.3832 0.4113 | 0.4001
0.4017 | 0.3751 0.4080 | 0.3916
0.4017 | 0.3751 0.4080 | 0.3916
0.4048 | 0.3832 0.4113 | 0.4001

U3 uB
0.4116 | 0.3865 0.4186 | 0.4037
0.4082 | 0.3782 0.4150 | 0.3950
0.4082 | 0.3782 0.4150 | 0.3950
0.4116 | 0.3865 0.4186 | 0.4037

U4 uc
0.4183 | 0.3898 0.4259 | 0.4073
0.4147 | 0.3814 0.4221 | 0.3984
0.3915 | 0.3768 0.3968 | 0.3930
0.3941 | 0.3848 0.3996 | 0.4015

us uD
0.4010 | 0.3882 0.4071 | 0.4052
0.3981 | 0.3800 0.4040 | 0.3966
0.3981 | 0.3800 0.4040 | 0.3966
0.4010 | 0.3882 0.4071 | 0.4052

U6 UE
0.4080 | 0.3916 0.4146 | 0.4089
0.4048 | 0.3832 0.4113 | 0.4001
0.4048 | 0.3832 0.4113 | 0.4001
0.4080 | 0.3916 0.4146 | 0.4089

u7 UF
0.4150 | 0.3950 0.4222 | 0.4127
0.4116 | 0.3865 0.4186 | 0.4037
0.4116 | 0.3865 0.4186 | 0.4037
0.4150 | 0.3950 0.4222 | 0.4127

us uG
0.4221 | 0.3984 0.4299 | 0.4165
0.4183 | 0.3898 0.4259 | 0.4073

http://www.samsungled.com

0.367 | 0.3578 0.3702 | 0.3722
0.3726 | 0.3612 0.3763 | 0.376
T T9
0.3744 | 0.3685 0.3782 | 0.3837
0.3686 | 0.3649 0.3719 | 0.3797
0.3726 | 0.3612 0.3763 | 0.3760
0.3783 | 0.3646 0.3825| 0.3798
T2 TA
0.3804 | 0.3721 0.3847 | 0.3877
0.3744 | 0.3685 0.3782 | 0.3837
0.3783 | 0.3646 0.3825| 0.3798
0.3840 | 0.3681 0.3887 | 0.3836
T3 TB
0.3863 | 0.3758 0.3912 | 0.3917
0.3804 | 0.3721 0.3847 | 0.3877
0.384 | 0.3681 0.3887 | 0.3837
0.3898 | 0.3716 0.395 | 0.3875
T4 TC
0.3924 | 0.3794 0.3978 | 0.3958
0.3863 | 0.3758 0.3912 | 0.3917
0.3686 | 0.3649 0.3719 | 0.3797
0.3744 | 0.3685 0.3782 | 0.3837
T5 TD
0.3763 | 0.376 0.3802 | 0.3916
0.3702 | 0.3722 0.3736 | 0.3874
0.3744 | 0.3685 0.3782 | 0.3837
0.3804 | 0.3721 0.3847 | 0.3877
T6 TE
0.3825| 0.3798 0.3869 | 0.3958
0.3763 | 0.376 0.3802 | 0.3916
0.3804 | 0.3721 0.3847 | 0.3877
0.3863 | 0.3758 0.3912 | 0.3917
T7 TF
0.3887 | 0.3836 0.3937 | 0.4001
0.3825| 0.3798 0.3869 | 0.3958
0.3863 | 0.3758 0.3912 | 0.3917
0.3924 | 0.3794 0.3978 | 0.3958
T8 TG
0.395 | 0.3875 0.4006 | 0.4044
0.3887 | 0.3836 0.3937 | 0.4001
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2) Chromaticity Region & Coordinates (Continued)

Region‘ CIE X ‘ CEE Y ‘ Region‘ CIE X ‘ CEE Y

P rank (6500K)

0.3068 0.3113 0.3126 0.3324
oy | 03145 03187 | 03210 0.3408
0.3135 0.3256 0.3208 0.3481
03055 0.3177 0.3117] 0.3393
0.3145 0.3187 0.3081 0.3049
0.3221 0.3261 0.3154 0.3119
P2 P7
0.3216] 0.3334 0.3145 0.3187
0.3135 0.3256 0.3068 0.3113
03055 0.3177 0.3154 0.3119
0.3135 0.3256 0.3226] 0.3188
P3 P8
0.3126] 0.3324 0.3221 0.3261
0.3041] 0.3240 0.3145 0.3187
0.3135 0.3256 0.3028 0.3304
0.3216] 0.3334 0.3117] 0.3393
P4 P9
0.3210] 0.3408 0.3107] 0.3461
0.3126] 0.3324 0.3015 0.3368
0.3041 0.3240 0.3117] 0.3393
0.3126] 0.3324 0.3208 0.3481
P5 PA
0.3117] 0.3393 0.3200] 0.3554
0.3028 0.3304 0.3107 0.3461

Region‘ CIE X ‘ CEE Y ‘ Region‘ CIE X ‘ CEE Y

R rank (5000K)
0.3366 | 0.3369 0.3456 | 0.3601
nq |03441]03428| ]03539 | 0.3669
0.3449 | 0.3515 0.3551 | 0.3760
0.3369 | 0.3451 0.3464 | 0.3688
0.3441 | 0.3428 0.3363 | 0.3287
0.3515 | 0.3487 0.3433 | 0.3341

R2 R7
0.3527 | 0.3578 0.3441 | 0.3428
0.3449 | 0.3515 0.3366 | 0.3369
0.3369 | 0.3451 0.3433 | 0.3341
0.3449 | 0.3515 0.3503 | 0.3396

R3 RS
0.3456 | 0.3601 0.3515 | 0.3487
0.3373 | 0.3534 0.3441 | 0.3428
0.3449 | 0.3515 0.3376 | 0.3616
0.3527 | 0.3578 0.3464 | 0.3688

R4 R9
0.3539 | 0.3669 0.3471 | 0.3775
0.3456 | 0.3601 0.3379 | 0.3698
0.3373 | 0.3534 0.3464 | 0.3688
0.3456 | 0.3601 0.3551 | 0.3760

R5 RA
0.3464 | 0.3688 0.3564 | 0.3851
0.3376 | 0.3616 0.3471 | 0.3775

Q rank (5700K)
0.3222] 0.3243 0.3292] 0.3461
0.3294 0.3306 0.3373 0.3534

Q1 Q6
0.3293 0.3384 0.3376) 0.3616
0.3217] 0.3316 0.3292] 0.3539
0.3294 0.3306 0.3227] 0.3170
0.3366) 0.3369 0.3295 0.3228

Q2 Q7
0.3369 0.3451 0.3294 0.3306
0.3293 0.3384 0.3222 0.3243
0.3217] 0.3316 0.3295 0.3228
0.3293 0.3384 0.3363 0.3287

Q3 Q8
0.3292] 0.3461 0.3366) 0.3369
0.3212] 0.3389 0.3294 0.3306
0.3293 0.3384 0.3207] 0.3462
0.3369 0.3451 0.3292] 0.3539

Q4 Q9
0.3373 0.3534 0.3291] 0.3617
0.3292 0.3461 0.3202] 0.3535
0.3212] 0.3389 0.3292] 0.3539
0.3292] 0.3461 0.3376) 0.3616

Q5 QA
0.3292] 0.3539 0.3379 0.3698
0.3207] 0.3462 0.3291] 0.3617

Notes: SAMSUNG ELECTRONICS maintains +0.005 tolerance of Cx, Cy

http://www.samsungled.com
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2. Characteristics

1) Absolute Maximum Rating

Item Symbol Rating Condition
Operating temperature range Top -40C ~ +85T -
Storage temperature range Tstg -40C ~ +120C -
LED junction temperature T, 110°C -
Forward Current IF 180 mA -
Peak Pulsed Forward Current IFp 300 mA Duty 1/10 pulse width 10ms
Assembly Process Temperature - 260C, < 10sec -
ESD - 5kV HBM

2) Electro-optical Characteristics

Item Unit Nc::ng.:_lal Pgooddft Rank Min Typ Max

AZ | 270 - 2.80

Forward Voltage" (Ve) Vv ) ) WA ﬁ; %gg . %88

(@65 mA, Ts = 25°C) A3 | 3.00 - 3.10

Ad | 310 - 320

700K | WAWZS1 S 24.0 - 26.0

"WAWS2 | 82 26.0 - 28.0

(W5 swaw#s3|  s3 28.0 - 30.0

3000k | “WAVS1 S 245 - 26.5

“WAV:S2 S2 26.5 - 285

(V) Wav#s3 S3 285 - 305

“WAUZS1 S 25.0 - 27.0

3500K VAU =2 S2 27.0 - 29.0

(U%) WaU%S3 S3 29.0 - 31.0

Luminous Fluxd (&) || 4000K il o 300

(@65 mA, Ts = 25°C) (T5)  WAT#S3 S3 30.0 - 32.0

5000k |~ WAR:S1 S 27.0 - 29.0

“WARYS2 S2 29.0 - 31.0

(R%)  WARS3 s3 31.0 - 33.0

s700K | WAQZ:S S 26.5 - 285

“WAQ7:S2 S2 285 - 305

Q%) ~Waq~s3 S3 305 - 325

s500K | “WAP7:ST S 26.0 - 28.0

“WAP#S2 S2 28.0 - 30.0

(P%) waAP+S3 S3 30.0 - 32.0

Reverse Voltage

(@5 mA, Ts = 25°C) v ) ) ) 0.7 i 12
Color Rendering Index®(R.)| - - - 5 80 - -
Special CRI¥ (R9) - - - - 0 - -
Thermal resistance (Ru, j-s)| C/W - 16 -

Notes:

1)~4) SAMSUNG ELECTRONICS maintains a tolerance of Vg +0.1 V, ®,:#5 %, R, #3.0, R9 6.5 on
measurements
5) " * " is Product Code of "SPMWH4¥541MD5"

http://www.samsungled.com 10 /48
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3. Typical Characteristics Graph (1. = 25%)
1) Spectrum Distribution

[CCT : 2700K & 3000K]
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[CCT : 5000K & 5700K]

Spectrum Distribution
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2) Forward Current Characteristics

[Relative Luminous Flux vs. Forward Current]

Relative Luminous Flux vs. Forward Current
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3) Temperature Characteristics

[Relative Luminous Flux vs. Ts] (Ir = 65mA)

Relative Luminous Flux vs. Temperature
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Forward Voltage vs. Temperature
105

100

95

90

85

Forward Yoltage(’:)

a0

73

70

0 20 40 60 80 100 120
Ts(c)
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4) Color shift Characteristics

[Color Ax, Ay vs. Forward Current] (T, = 25%)
S

Color AXx, Ay vs. Forward Current

0.05

0.04 | W N N N N S N S S — | Ty |
0.03 ay
0.02

0.01

000 F i e e ————

-0.01

Color AX, Ay

-0.02
-0.03
-0.04

-0.05
0 20 40 80 80 100 120 140 160 180

Forward Current(mA)

[Color Ax, Ay vs. Ts] (Ir = 65mA)

Color Ax, Ay vs. Temperature

___-&1}"

5-0.01 i

0 20 40 60 80 100 120
Ts(C)
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5) Derating Curve

Forward Current Derating Curve
220
200
< 180
£ 160
§ 140
=120
Q100 [ m—
0
0 10 20 30 40 50 60 70 80 90
Ambient Temperature(C)

6) Beam Angle Characteristics

Radiation Diagram

100

80

60

40

20

Relative Luminous Intensity(%)

http://www.samsungled.com
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4. Outline Drawing & Dimension

1. Tolerance is +0.10 mm

2. The maximum compressing force is 15N on the body @

3. Do not place pressure on the encapsulation resin (b

Bottom View

Cathode

|
|
2.30
i T
! )
] \
|
0.40
260
300

190

260
3.00

Left Side View Top View
An¢7 Mark
| =] L
4 B b
5.00
5.30
Anode 560

Notes:

1) This LED has built-in ESD protection device(s) connected in parallel to LED Chip(s).

2) Ts point & measurement method

08 | 1t

5.00

530

. u

oy v sy

140

528

S80

Recommended Land Pattern

(D Measure the nearest point to the thermal pad. If necessary, remove PSR of PCB to reach Ts

point.

@ Thermal pad must be soldered to the PCB to dissipate heat properly. Otherwise, LED can be

damaged.

3) Precautions

(O The pressure on the LEDs will influence to the reliability of the LEDs. Precautions should be
taken to avoid the strong pressure on the LEDs. Do not put stress on the LEDs during heating.

(2 Re-soldering should not be done after the LEDs have been soldered. If re-soldering is
unavoidable, LED’s characteristics should be carefully checked before and after such repair.

@ Do not stack assembled PCBs together. Since materials of LEDs is soft, abrasion between two
PCB assembled with LED might cause catastrophic failure of the LEDs.

http://www.samsungled.com
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5. Reliability Test Iltems and Conditions

1) Test Items

Test Item Test Conditions Test Sample No
Hours/Cycles
125 C 24hrs drying — 60 C, 60 %RH 120hrs
MSL Test ~ 260 C 10sec 3 cycles 1 cycle 11
Room Temperature 25 C+3 C, DC180 mA 1,000 hrs 22
life test
High Temperature 85 C+3 C, DC180 A 1,000 hrs 22
life test
High Temperature 85 C+3 C, 85 %+2 %RH, DC180 mA 1,000 hrs 22
humidity life test
Low Temperature -40 C+3 ‘C, DC180 mA 1,000 hrs 22
life test
Powered Temperature -45°C/20 min < 85C/20 min, Sweep 100 cycle 29
Cycle test 100min cycle on/off: each 5 min, DC 180mA
-45 /15 min < 125 /15 min
Th I Shock o 500 I 100
erma oc — Hot plate 180 C cycie
High Temperature Ta=120 C+3 C 1000 hrs 11
Storage
Low Temperature Ta=-40 C+3 C 1000 hrs 11
Storage
R1:10 MR,
ESD(HBM) Rato e 5 times 5
V = 45 kV
R1:10 MR,
ESD(MM) Q00 5 times 5
V = +0.5 kV
. . 20~2000~20 Hz 200 m/s?, Sweep 4 min
Vibration Test X, Y, Z 3 direction, each 1 cycle 4 cycles R
Mechanical Shock Test 1500G, 0.5 ms 5 cycles 11
2) Criteria for Judging the Damage
. Limit
Item Symbol Test Condition
Min Max
Forward Voltage Ve lF = 65MA Init. Value*0.9 Init. Value*1.1
Luminous Flux D, lr = 65 MA Init. Value*0.7 Init. Value*1.2

http://www.samsungled.com 18 /48
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6. Solder Conditions
1) Reflow Conditions ( Pb Free )

Reflow Frequency : 2 times max.

Peak Temp. : 260x£5C, Max, 10sec

100 1 50 200 250 300

4l
-

250 —
—_ lime above 2207 © Max. 60sec
3
o 200 —
3 Preheating : 150~180C Wiax- olste
W ] I
& 150 | :
o | j
E : [
S 100 — : :
- ! i Max. Temp. gradient in Cooling ! —5C/sec
50 — ! :’
- ! ;| ! | |
i >

60~120sec [Timelsec)]

2) For Manual Soldering

Not more than 5 seconds @Max. 300C, under soldering iron.

http://www.samsungled.com 19 /48
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7. Tape & Reel

1) Taping Dimension

@) 4.00 :0 - e —= [=—— 2.00 :0.05 (8)
= rd W
@ « K G i - o 5 e
.—"/ -
| 4 !
4
¥ 5, L .L._)-' i '
'\/—I\\--\. 1} A 1 ¥ i = # r.—" .—--
I\!:‘i;ll' 2,00 £0.30 Ilw \ ’ 1 = ) ‘
1 mellalle
s S St
\ | = 5
=y =" |
' Dol AR s | ..\':‘ H

-

Anode Mark (Cutting side) |

-

@3.22

Tapping Diretion

End

(unit : mm)
103 %
5 +0.10 E ‘
(pa
P
i = .“1:_'3]
@
. 'JET U ) f——
()
Start

More than 100~200mm
Unloaded tape

Mounted with
LED package

More than 500mm
Unloaded tape

http://www.samsungled.com

Leading part more than
500mm
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2-1) Reel Dimension (max 2,500 pcs)

15.4""°
13.0%°

Tolerance 0.2 , Unit:mm

2-2) Reel Dimension (max 10,000 pcs)

213203

o

Symbol A B C W1 W2
Spec(mm) | @330x1 80x1 1310.5 1310.3 17.5¢1
(1) Quantity : The quantity/Reel to be 2,500 pcs or 10,000 pcs, .

(2) Cumulative Tolerance : Cumulative tolerance/10 pitches to be +0.2mm
(3) Adhesion Strength of Cover Tape : Adhesion strength to be 0.1-0.7N when the
cover tape is turned off from the carrier tape at 10°C angle to be the carrier tape.

(4) Packaging : P/N, Manufacturing data code no. and quantity to be indicated on a
damp proof Package.

http://www.samsungled.com 21/48
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8. Label Structure
1) Label Structure

@bOdE®Mm
S AlTx1S1

SPMWHT541MD5WA0S1 A1%1S1

T
GLAW94001 / 1001 / 2,500 pcs
(e

T

Rank Code

N.B) Denoted rank is the only example.

"*' means All kind of Chromaticity Coordinate Rank.

Rank Code

@® : Forward Voltage(V¢) Rank (refer to page. 11)

©@ : Chromaticity Coordinate Rank (refer to page. 4~10)

©® : Luminous Flux(®,, Im) Rank (refer to page. 3)

2) LOT Number

The Lot number is composed of the following characters

MY, Alx1S1

SPMWHT541MD5WA%0S1 A1%1S1 01
T
GLAW94001 / 1001 / 2,500 pcs
Ui

T

DREE®D®Q® / 1@®© / 2,500 PCS

@

@ : L (LED)

©

@ : Year (Y:2014, Z:2015, A:2016...)
® : Month (1 ~ 9, A, B, C)

® :Day (1 ~9, A, B~V)

W SE)

@®© : Reel Number (001 ~ 999)

http://www.samsungled.com

: Production Site (S:SAMSUNG ELECTRONICS, G:TIAJIN CHINA)

: Product State (A:Normality, B:Bulk, C:First Production, R:Reproduction, S:Sample)

: SAMSUNG ELECTRONICS LED Product number (001 ~ 999)

22 /48
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9. Packing Structure

1-1) Packing Process (The quantity of PKG on the Reel to be Max 2,500 pcs)

Reel

A1% 151

SPMWHT541MD5WA%0S1 A1%1S1 01
T
GLAW94001 / 1001 / 2,500 pcs
Ui

T

HUMIDITY INDIE

000000

Aluminum Vinyl Bag

MY, Alx1S51

SPMWHT541MD5WA%0S1 A1%1S1 01
T
GLAW94001 / 1001 / 2,500 pcs
Ui

ST

Material : Paper(SW3B(B))
SIZE(mm)
TYPE

L W | H / A / /
7inch | 24545

220+5| 182+5 /

ar [0 ]

7inch | 24545 | 220+5| 8645
(1 SIDE

A ATxh1S1 CHIP LED

SPMWHT541MD5WA%0S1 A1%1S1 01 ! W
Ty \

GLAW94001 / 1001 / 25,000 pcs
TR nm

T

N
.-
AN

http://www.samsungled.com 23 /48
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1-2) Packing Process (The quantity of PKG on the Reel to be Max 10,000 pcs)

Reel

A1% 151

SPMWH1541MD5WA%0S1 A1%1S1 01
TR e
GLAV94001 / 1001 / 10,000 pcs
T m

T

HUMIDITY INDICAT

Aluminum Vinyl Bag e rees

M ATk1S1

SPMWH1541MD5WA%0S1 A1%1S1 01
TR e
GLAV94001 / 1001 / 10,000 pcs
T m

T

>0

1 REEL / SHELD BAG

~—— 3 REEL / INNER BOX

o
E

M Alk1S1

SPMWH1541MD5WA%0S1 A1%1S1 01
TR e
GLAV94001 / 1001 / 150,000 pcs
T m

JI®  [Box Label]

5 INNER/OUT BOX

SIZE(mm)
L W H

Box

Inner | 340+5 | 370+5 | 805

Outer | 34545 | 37815 | 40515

http://www.samsungled.com
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2) Aluminum Packing Bag

LEVEL

2a

WY, A1x1S1

SPMWHT541MD5WA0S1 A1%1S1 01
ORI R
GLAW94001 / 1001 / 2,500 pcs
NI

T

CAUTION

This bag contains
MOISTURE SENSITIVE DEVICES

1. Shelf life in sealed bag: 12 months at <40C and < 90%
relative humidity (RH)
2. Peak package body temperature: 240 T
3. After this bag is opened, devices that will be subjected to
reflow soldor or other high temperature processes must be:
a. Mounted within 672 hours at factory conditions of equal to
or less than 30°C /60% RH, or
b. Stored at < 10% RH
4. Devices require bake, before mounting, if:
a.Humidity Indicator Card is > 66% when read at 23+5T, or
b. 2a is not met.
5. If baking is required, devices must be baked for 1 hours at 60+5C
Note: if device containers cannot be subjected to high temperature or
shorter bake times are desired, reference IPC/JEDEC J-STD-033 for
bake procedure,
Bag seal due date:

®
LEAD-FHEE

‘ ATTENTION {'\
g moune Jorued
‘ @ ‘aﬁg&ﬁéﬂc #

B Important

(if blank, see code label)
Note: Level and body temperature by [PC/JEDEC J-STD-020

W =0 A

of ¢Ruy A¥ We £7 9 AW/ 2e AEE nud
7 $isel AASIYEUTh AR Foll 24 &6 Age 2
Aste ¢ ARG

7 2 AA7ZRE AEE 25 8§ A4 AR F A
A gt AdE 2 gl Yol na A7 sk A4
A Gt AdE & Ao Y& i HeK 589 Sohe 9

| ¥2
3 A 33 AARLEE $AA Do FA7] v

This Al Zipper bag is designed to protect the enclosed
products from moisture and ESD. Once opened, the
products should be soldered onto the printed circuit
board immediately. When not in use, please do not
leave the products unprotected by the Al Zipper Bag.
To repack unused products., please ensure the zip-lock
is completely sealed with the dry pack left inside.

Silica gel & Humidity Indicator Card in Aluminum Vinyl Bag

http://www.samsungled.com
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10. Precaution for use

1) For over-current-proof function, customers are recommended to apply resistors to
prevent sudden change of the current caused by slight shift of the voltage.
&= LXNE ol M2 OIAEH OIS0l 2ol OFIEl= M7 =28 HetE 2hXlot)|

Flol Mgt S8 EXIE HEE.

2) This device should not be used in any type of fluid such as water, oil, organic
solvent, etc. When washing is required, IPA is recommended to use.
NEe 2, 2, RIS &2 A ELuAe A E2 HetE O,

NEOl 22 AMlls IPA AES 2EE

i

ol

3) When the LEDs illuminate, operating current should be decided after considering the
ambient maximum temperature.

LEDS| &€& Al, & d7=s F8 U2k

]l

edotd 2EE00F &,

4) LEDs must be stored in a clean environment.
If the LEDs are to be stored for 3 months or more after being shipped from
Samsung Electronics, they should be packed by a sealed container with nitrogen gas
injected.(Shelf life of sealed bags: 12 months, temp. ~40°C, ~90%RH)
LEDS| 22t HEs 2Z 0N SEEHH0F otH, Bt 4#EENZRH S =
34 L= 1 0|4 220 2RotthH 24 Ot s=tt EEEJ/0 225 00F .

A=
(2Z bagQ £ : 12 WY, 2 25 ~40°C, 55 ~90%RH)

5) After storage bag is open, device subjected to soldering, solder reflow, or other
high temperature processes must be:
2 & Bagll Ja& =0, gd8olLt reflows2l =2 250 === M32 Us2

Aol S8 El 01 0F &

a. Mounted within 672 hours(28 days) at an assembly line with a condition of no

more than 30°C/60%RH,
a. MI&2 30°C/I60%RHECH 2HLt @2 LEIAHUHM 672A12H282)0ILH0I ZEoH0F &f.
b. Stored at <10%RH.

b. 10% Olotel dUHS=UHA 225 00F &

ol

6) Repack unused Products with anti-moisture packing, fold to close any opening and
then store in a dry place.

ABBIT 22 MES Sa™i S0 N2 PAS SOIM A ZRE 5
AXE HANA SRS AS ARE

http://www.samsungled.com 26 /48
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7) Devices require baking before mounting, if humidity card reading is >60% at 23+5°C.
gtof SEHAIIIES] =XIJt 23+5°CUHIM 60% Ol&0[ctH, HE &% & bakingol OF &f.

8) Devices must be baked for 1 hour at 60+5°C, if baking is required.
Otot bakingOl ZRotCHH, MEE 60+5°COHIA 1AI2F & baking & H0F &.

9) The LEDs are sensitive to the static electricity and surge. It is recommended to
use a wrist band or anti-electrostatic glove when handling the LEDs.
LED= E&J| & AXI0 2128t HS0IE2, LED HE&= CE Al E8D|

dANEFL0ILH =SHES AIZoHIIE AEEL

If voltage exceeding the absolute maximum rating is applied to LEDs, it may cause
damage or even destruction to LED devices.
orer A 5{EXE =ot= 820l LEDO JtoH XIS, LED A Xt= THl & 4Lt

AAIEl A OS2
o= T Mo,

Damaged LEDs may show some unusual characteristics such as increase in leak
current, lowered turn-on voltage, or abnormal lighting of LEDs at low current.
EaE N2 s£8F2 &It Tumn on M2l Mot H MJUHML Es=E S92
0l HN=ss B2E = US.
10) VOCs (volatile organic compounds) can be generated from adhesives, flux, hardener
or organic additives used in luminaires (fixtures).
Transparent LED silicone encapsulant is permeable to those chemicals and
they may lead a discoloration of encapsualnt when they expose to heat or light.
VOCs(R&EH RII stet=)= S0 AHEZ= 82, Flux, Z3tHAl,
I ZIMOIA 2460 LED &2l2 SXIHE Fitotld,
I o

=
9 e i CEEAS [ A0l LY B & US.

uor OHI

This phenomenon can cause a significant loss of light emitted(output) from the
luminaires(fixtures).
Oldet sate SIFERH Ue 2o =i

Al

o
=

= A
= T X

o
I
o
00

In order to prevent these problems, we recommend you to know the physical
properties of the materials used in luminaires, They must be selected carefully.
Olcigt 2H 2 HXE oA, S0 AAEE= MU e =48 €1

oI5t HEH T 0{0FS.

http://www.samsungled.com 27 148
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11) Risk of Sulfurization (or Tarnishing)

The LED from Samsung Electronics uses a silver-plated lead frame and

its surface color may change to black(or dark colored) when it is exposed to sulfur(S),

chlorine (Cl) or other halogen compound.

ST LEDE Ag(2)E =38 2lE=Zd Y

= |
2H(8), gA(C), = UE 22U sgEssS0l =i Ag(R)2 2E(E= HF2

T

(o) =1
=.

t2

1
4

Sulfurization of lead frame may cause intensity degradation, change of

chromaticity coordinates and, in extreme cases, open circuit. It requires caution.

(]

il

2IE =y 2ol &3t (Sulfurization)= Z2F Nol, MIE e
| S o

Alst B2 LED 25(0Open) &S 222 =&

-

oL 9

S
el

2

e
oo

Due to possible sulfurization of lead frame, LED should not be used and
stored together with oxidizing substances made of materials in a following list,
: Rubber, plain paper, lead solder cream and so on.

clE Y &3H(Sulfurization)el 2201 € £ JASL| LEDE Otcie 2=2o0=2
SO & AtStd SE S S ME, AFZ20] 2018+ D@, g8t =0|, Y 3

http://www.samsungled.com
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12. Hazard Substance Analysis
1) SVHC (Reach) Report

SGS

Test Re purt Mo. FB30101/LF-CTSAYAA14-58066 lssued Date: 2014. 12. 26 Page 10of 19

SAMSUNG ELECTROMICS CO
95 Samsung 2-ro Giheung-gu
Yongin-city Gyeonggi-do
Korea
The following sample(s) wasfwere submitted and identified byon behalf of the client as:-

SG5 File No. v AYAL14-58066

Product Mame » 96302 white PKG

Item/Part Hame - MIA

Received Date : 2014 12.18

Test Period s 2014.12.19~2014.12.26

Test Requested + One hundred-sixty one (161) substances in the Candidate List of Substances of Very

High Ceoncemn (SYHC) for authorization published by European Chemicals Agency
(ECHA) on December 17, 2014 regarding Regulation (EC) No 1907/2006 concerning

the REACH.
Test Method :  Please refer to next page(s).
Test Result(s) :  Please refer to next page(s).
Summary v According to the specified scope and analytical technigque, concentrations of all SVHC

are <0.1% in the submitted sample(s).

5G5S Korea Co., Ltd

M’—Jﬂ-

Jeff Jang ! Chemical Lab Mgr

Thie dooumend I Iscusd by tha C fo M Genaral Condiione of Bardos prinied overleal, awallabis on t or asoecsible i bidp:

Condiio and, mmwmmmﬁyu?mq“m cubjsot to Tarme and mmformmmu Dcnum mamic at mr?“ . Abtankion |o drawm io the
limitation of labiify, indemnifoation and jurlcdiotion icuss dafinad thansin &ny Rolder of thic doosument I advicad that 1 enriairad harson the Company's ndings. at
the Hme of s Intsresnbon ondy and within the Bmis of Clisnb'c nctnuobone, Hany.mcu-wny‘: nﬂirnq)u'ulbmtmh-tulh Cliant and fhic documsnt doss not sxonerats partiec fo a
trancacdion from axeroicing all their rights and obigations urder the § annot b rep axoept In full. whhout prior weitisn approval of the
Commny. &ny unauthortzed ateration, forgary or falciication of the content or apg emm... ‘|= and cffenderc may bes proceoubsd fo the fullsct sxtent of the
I Uniscs othareics cisbed the reculic chown in thic tect raport refar anty bo the camplsic).

S4GE Homma Ca, Lid ey, 7, LS, :u';s.r—u Amyang-=f, Gyeonggi-ao, Koma 431020

08 4:‘.1 =22 (031 4602 =5 !.;'."\H'l'.ﬂgﬂh’
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SGS

Test Re port Ho. FAI0101/LF-CTSAYAA14-58066 lssued Date: 2014. 12. 26 Page 2 of 19

Test Method:

SGE5 In-House methoed - Analyzed by ICP-OES, PLM, LVAIS, LOIMS GC/MS and colorimetric method

Remarks:

1. The chemical analysis of specified SWHC is perfomed by means of cumently available analytical techniques

against the following SWVHC related documents published by ECHA:

hitp:echa europa &u-‘v.teb.'quest.fcandldate list-table {Carbdld.ate list)
ek

='v'iE'|l'|'&l:l p col id=column-1&p p col pos=2&p p col count=48& substancetypelis

{Proposals to identify SWVHC consulations)
This list is under evaluation by ECHA and may subject to change in the future.

2. In accordance with Regulation (EC) Mo 1907/2008, any producer or importer of aricles shall notify ECHA, in
accordance with paragraph 2 of Aricle 7, if a substance meets the crteria in Adicle 57 and is identified in
accordance with Aricle 5%(1) of the Regulation, if (a) the substance is present in those aricles in guantities
totaling over one tonne per producer or importer per year, and (b} the substance is present in those articles above
a concentration of 0.1 % weight by weight {wiw).

3. Aricle 33 of Reguiation (EC) Mo 1907/2006 requires supplier of an article containing a substance meeting the
criteria in Article 57 and identified in accordance with Article 55(1) in a concentration above 0.1 % weight by
weight (wiw) shall provide the recipient of the article with sufficient information, available to the supplier, to allow
safe use of the article including, as a minimum, the name of that substance in the Candidate List.

4. 5G5 adopts the interpretation of ECHA for 5WHC in article unless indicated otherwise. Detail explanation is

available at the following link:

hitp-fiwebstage contribute sqs neticorpreach/documentsfSGS-CTS SWVHC-paper-EN-11.pdf
5. Test results in this report are based on the tested sample. This report refers to testing result of compesite material

group by equal weight proportion. The material in each composite test group may come from one article.
6. If a SWHC is found over the reporting limit, client is suggested to identify the component which contains the SWHC
and the exact concentration of the 5WVHC by requesting further quantitative analysis from the laboratory.

This dooumend lc Iccusd by the Company nnnutlummmurnmu printed cverisal, awallable on requect or mmﬂ"wmw
Condiio and, for slesbronio format documends, sutject to Tarme and CondElons Mumwmatm:ﬁhﬁm Afmnkion o drawn 1o the
iimitation of llabiity, Indemnifoation and juricdiction Ecues dafined tharsin. &ny kolder of thic dooument s adviced that | rad harson ihe Company's Nindings at
the time of It Intsreenticn only and within the Bmis of Clsnt'c Inctnaotions, memmmmmmh k& {0 s Chent and hic dooument does not sxonsrats parties o a
tranc acdion from axsruicing 3l thelr rightc and diwhmmhbﬂulm urreiz. Thi ot ba rap axoept In full, whiowt price writisn approval of the
Company. &ny unawthorized aterabion, fargery or falcHication of the conient or oll.hl:- [ ‘ll and offersderc may be procsaubsd fo the fullsct sxbent of the
e Unlecc othareics ciabed the reculic chovn in thic et report refar onty bo the campisic).

533 Morma Co, Lid

3 valley, TE, LE-m, Dongan-gu. Ay :'g—; ummﬂc Korea 431020
34 £508 000 T+ E3|-.:-1S-:I'=E L Sgsroun

I Mdemiber of e BGE Groop (SociétE Généraie de Suneliance]

F401 Version 2
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SGS

Test Report

Test Result(s)

Ho. FE90101/LF-CTSAYAA14-58066

lssued Date: 2014, 12, 26

Page 3 of 19

Substance Hame CAS number EC number Concen_tratmn Rgpqrtlr_lg Classification
(%) Limnit (%2}
Alkanes, C10-13, chloro
{Short Chain Chlorinated 85535-84-8 2874765 M.D. 0.05 PBT
Paraffinz)
Anthracense 120-12-F 204-371-1 M.C. 0.05 PBT
Toxic far
Benzyl butyl phthalate (BBF}) 85-68-T 201-822-7 M.D. 0.05 Reproduction
Toxic for
Reproduction
e : Equivalent level of
Hiaecliuhoniiptthalaie 7817 204-211-0 N.D. 0.05 concem having
(DEHP) :
probable serious
effects to the
environmernt
Bis{tributyttinjoxide 56-35-9 200-268-D M.D. 0.05 PBT
Carcinogen
Cobalt dichloride* 7646-70-9 231-589-4 M.D. 0.005 Toxic for
Reproduction
4 4-Diamincdiphenylmethans 101-77-9 202-974-4 N.D. 0.05 Carcinogen
DCiarsenic pentaoxids® 1303-28-2 215-118-9 N.D. 0.005 Carcinogen
DCiarsenic trioxide™ 1327-53-3 2154814 N.D. 0.005 Carcinogen
: Toxic far
Dibutyl phthalate (DEP) 84-74-2 201-5574 M.D. 0.05 Repraduction
Hexabromocycledodecans 25537-95-4
{HBCDLD) and all major 3194-55-6 J47.14R.4
diasterenisomers identified [134237-51-7, 291.695.9 M.D. 0.05 PBT
{e-HBCDD, B-HBCDD, 134237-50-5,
y-HBC DO 134237-52-8)
Carcinogen
Lead hydrogen arsenate™ 7784-40-9 232064-2 N.D. 0.005 Taoxic far
Reproduction
Sodium dichromate’ SRR G10 Cﬁrﬂg;gs”
LS-;dL:m[ dichromate, (T789-12-0) 234-1590-3 M.D. 0.005 e e
Sk b Reproduction
S-tert-butyl-2 4 6-trinitro-m-
xylene (musk xylens) 81-15-2 201-329-4 M.D. 0.05 vPvB
Triethyl arsenate® 15606-95-8 427-700-2 M.D. 0.005 Carcinogen

rmnumurrmdu:|:=u|dm.-mu-:-m-pmymuat:ulmammimmsumoemnu-ummm:mm-mmu:twmlmd
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SGS

Test Re pﬂl’t Mo. FEIDM01/LF-CTSAYAA14-5806E lssued Date: 2014. 12. 26 Page 4 of 19
Concentration Reporting . :
Substance Name CAS number EC number (%) Limit (%) Classification
Di-isobutyl phthalat=(DIBEF) g4-69-3 201-553-2 M.D. 0.05 Tozic for Reproduction
2 4-Dinitrotoluene 121-14-2 204-450-0 M.D. 0.05 Carcinogen
T2 chiaroeihd) 115-96-8 204-118-5 N.D. 0.05 Toxic for Reproduction
phosphats
Anthracene oi 90640-80-5 | 2926027 N.D. 0.05 FH e
Carcinogen
Anthracene ail, PET, vPvB
anthracens paste; 91995-17-4 295-278-5 M.D. 0.05 Carcinogen
distn. Lights Mutagen
Anthracene ail, FET. vPvEBE
anthracene paste, 51995-15-2 2852759 M.D. 0.05 Carcinogen
anthracene fraction Mutagen
: PBT. vPvB
*"”;:”“B”e I”"- ODB40-82-7 | 202-604-3 N.D. 0.05 Carcinogen
anthracens-low Mutagen
3 PET, vPvB
A”é:”“e”e i e 90640-51-6 282-603-2 N.D. 0.05 Carcinogen
anthracens pa Mutagen
Coal tar piteh, FBT. vPvB
high temperature 65996-93-2 266-028-2 M.D. 0.05 Carcinogen
Lead sulfochromate yellow Carcinogen
(C.I. Figment Yellow 34)* il ek ot LILLE Toxic for Reproduction
Lead chromate meolybdate :
sulfate red (C_I Pigment Red | 12656-85-3 235-759-9 M.D. 0.005 W -
104} Toxic for Reproduction
Lead chromate* 7758-97-6 231-546-0 N.D. 0.005 | Emamoen
Tozic for Reproduction
Acrylamide 79-06-D1 2011737 N.D. 0.05 Easansen
Mutagen

This dooument Ie Iscusd by ihe Company cubjeat fo s General Condtions of Serslos prinisd cverleal. avallable on reguest or acoeccible i ﬁ:‘%ﬂﬂ DOITVEY H:l]q:iuﬂ_—
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the Hime of e Intsreenbon only and within the limids of Clsnt'c inctnaotons, H’any. The Company’s mmnpumlblllh k o lie Cllent and thic dosument dosc not sxonerats partiec o a
trancaotion from axerolsing all their righis and obilgations. under dhe This ot Ea map sxoept In Tull, withowt prior writien approval of tha
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AR

SGS

Test Re pﬂl’t Ho. FE30101/LF-CTSAYAA14-5B066 lesued Date: 2014. 12, 26 Page 5of 19
Substance Hame CAS number | EC number Concegtratmn Rgpqrtlryg Classification
%) Limit %)

. . 10043-35-3 233-138-2 ’ .
Boric acid* 11113-50-1 594 747 4 MN.D. 0.005 Toxic for Reproduction
Discditieiabom 1330-43-4
ar‘;" E;:]musf e 12179-04-3 2155404 MN.D. 0.005 Towic for Repraduction

Y 1303-96-4
Tetraboron disodium . ?

FIET- A
hoptaside, hydsaie® 12267-73-1 235-541-3 M.D. 0.005 Towic for Reproduction
Trichtoroethylens 79-01-6 201-167-4 MN.D. 0.05 Carcinogen
i Carcinogen
Sodium chromate TFrs-11-3 231-888-5 N.D. 0.005 Mutagen
Toxic for Reproduction
Carcinogen
Ammonium dichromate* 77589-08-5 232-14341 M.D. 0.005 Mutagen
Toxic for Reproduction
Carcincgen
Potassium dichromate* ¥778-50-9 231-906-6 MN.D. 0.005 Mutagen
Toxic for Reproduction
; Carcinogen
* _00- - 140-
Potassium chromate J789-00-8 232-140-5 N.D. 0.005 Mutagsn

Thie dooumend |6 Iscusd by the Company cubjeat fo s General Condblone of Servios prinisd cverlsal awallable on request or mﬂmuﬂnﬂmmquﬂﬁr
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lvw. Unisce obharwics cizbed the results chown in thilc et report reflar only bo the campis izl

BEE Horea To, Lid 322 The O wille

F201 Wersion 2

http://www.samsungled.com 33/48



AR

SGS

Test Repurt Ho. FAI0101/LF-CTSAYAA14-58066 Issued Date: 2014, 12. 26 Page 6 of 19
Substance Name CAS number EC number Com CEE[I‘BTI o R".i'p"-." ekl Classification
(%) Limit (%2)
Carcinogen
g 5 o
Cobalt(ll) sulphate* 10124-43-3 | 233-3342 s SRS Toxic for Reproduction
— Carcinogen
-05- 2
Cobalt(l) dinitrate* 10141-05-6 |  233-402-1 e SRS Toxic for Reproduction
Carcinogen
Cobalt(ll} carbonate* 513-78-1 20B-185-4 et s Toxic for Reproduction
X Carcinogen
Cobalt{ll} diacetate* 1487 200-755-8 et s Towic for Reproduction
2-Methoxyethanol 109-86-4 203-713-7 MN.D. 0.05 Toxic for Reproduction
2-Ethowyethanol 110-80-5 203-804-1 MN.D. 0.05 Toxic for Reproduction
z e Carcinogen
L
Chromium trioxide 1333-82-0 215-607-8 MN.D. 0.005 Mutagen
Acids generated from
chiromium tricxide and
their oligomers:
: ; 7738-94-5 231-801-5
Chromic acid :
Bchcanic aikd 1 3530_-5-3-2 2 35—?&1 -5 M.D. 0.005 Carcinogen
Cigomers of chromic
acid and dichromic
acid
1-methyl-2-pymolidone B72-50-4 212-B28-1 MO 0.05 Toxic for Reproduction
2-ethoxyethyl acetate 111-15-8 203-B39-2 MO 0.05 Toxic for Reproduction
1.2-benzenedicarboxylic
acid, di-CE-3-branced alkyl T18585-89-6 276-158-1 MN.D. 0.05 Toxic for Reproduction
esters, CT-rich
1.2-benzenedicarboxylic
acid, di-C7-11-branched and GES15-42-4 271-DB4-6 M.D. 0.05 Toxic for Reproduction
linzar alkyl esters
3 Carcinogen
1.2, 3-trichloropropane S95-18-4 202-4B6-1 MN.D. 0.05 Taxic for Reproduction
: 7803-57-5 .
Hydrazine 302-01-2 206-114-9 MN.D. 0.05 Carcinogen
Strontium chromate* 7789-06-2 232-142-6 MN.D. 0.005 Carcinogen

This documend lc Iccusd by the Company culijsot fo b Sensral Condiblone of Sarsios prinisd overieal awallable on requect or mlmndtﬁ#mw
sobronio format doou m. Altantion |o drawn fo the
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SGS

Test Re pDI’t Ho. FE90101/LF-CTSAYAA14-5B066 lssued Date: 2014. 12. 26 Page 7 of 19
Concentration Reporting - !
Substance Name CAS number | EC number (%) Limit (%) Classification
1.2-Dichloroethane 107-06-2 203-458-1 N.D. 0.05 Carcinogenic
2. 2-dichloro-4,4'- i 1 2 c
melhylenedianiing (MOCA) 101-14-4 202-918-9 HN.D. 0.05 Carcinogenic
2-Methoxyaniline 2 :
R 90-04-0 201-963-1 HN.D. 0.05 Carcinogenic
Equivalent level of
4-(1,1,3, 3-tetramethylbutyl) concern having probabie
phenol, (4-tert-Octylphenol) e i I e serious effects to the
environment
Aluminosilicate Refractory 630-017-00-8 . :
Ceramic Fibres* (RCF) {Index no.} ) R s .
Arsenic acid* Trr8-39-4 231-901-9 HN.D. 0.005 Carcinogenic
Bis{2-methoxyethyl) ether 111-96-6 203-924-4 N.D. 0.05 Toxic for reproduction
Hljaj> methoyeth) 117-82-8 204-212-6- ND. 0.05 Taxic for reproduction
phthalate
Calcium arsenate® TITE-44-1 231-904-5 N.D. 0.005 Carcinogenic
Dichromium tris{chromate)* 24613-89-6 246-356-2 MN.D. 0.005 Carcinogenic
Fomaldehyde, oligomeric
reaction products with aniline 253214-70-4 S00-036-1 N.D. 0.05 Carcinogenic
{technical MDA
Lead diazide* 13424-46-9 236-542-1 N.D. 0.005 Toxic for reproduction
Lead dipicrate* 547 7-64-1 229-335-2 N.D. 0.005 Toxic for reproduction
Lead styphnats* 15245-44-0 239-290-2 MN.D. 0.005 Toxic for repraduction
NN dmmethybeetamice 127-19.5 204-826-4 ND. 0.05 Taxic for reproduction
(DMALC)
Pentazine chromate : :
sichah o 49663-84-5 256-418-0 N.D. 0.005 Carcinogenic
Phenclphthalein T7-09-8 201-004-7 N.D. 005 Carcinogenic
Potassium hydroxyocta- " . J -
e Rl et 11103-86-9 234-329-8 M.D. 0.005 Carcinogenic
Trilead diarsenate® 3687-31-8 202.979-5 N.D. 0.005 Carcinogeme.
Toxic for reproduction

This dooumend I Iccusd by the Company cubjeat fo I Senaral CondBlone of Eardoe printesd overleasf awallabls on reguect or acoscclble o
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SGS

Test Report

Mo, FE0101/LF-CTSAYAA14-58066

Ilssued Date: 2014, 12.

26

Page 8 of 19

Substance Mame

CAS number

EC number

Concentration
(%)

Reporting
Limit (%)

Classification

Zirconia Aluminosilicate
Refractory Ceramic Fibres
(Zr-RCF}*

E50-017-00-8
{Index no.)

M.D.

0.005

Carcinogenic

1,2-his{2-methoxyethoxy )
ethane (TEGDME; triglyme)

112-49-2

203-977-3

M.D.

0.05

Toxic for reproduction

1,2-dimethoxyethane;
ethylene ghycol dimethyl
ether (EGOME)

110-71-4

203-734-9

M.D.

0.03

Toxic for reproduction

Cibkoron trioxide*

1303-86-2

215-125-8

M.D.

0.005

Toxic for reproduction

Fomamide

To-12-7

200-842-0

M.D.

Q.05

Toxic for reproduction

Lead{ll)
bisimethanesulfonate)*

17570-T6-2

401-750-3

M.D.

0.005

Toxic for reproduction

TGIC(1,3,5-tris (oxiranyl
miethyl}-1,3, 5-thazine-
2.4 6(1H 3H.SH)-trione)

2451-62-9

219-514-3

M.D.

0.05

Mutagenic

B-TGIC (1,3,5-tris[(25 and
2R}-2, 3-epoxypropyl]-1,3.5-
triazine-2,4,6-{1H,3H,5H)-
fricne)**

59553-T4-6

423-400-0

M.D.

0.05

Mutagenic

4 4'-bis{dimethylamino)
benzophenone {Michler's
ketone)

90-94-5

202-027-5

M.D.

0.05

Carcinogenic

MM N N tetramethyl-4 4'-
methylenedianiline (Michler's
bhase)

101-81-1

202-959-2

M.D.

0.05

Carcinogenic

[4-[4 4" -bis{dimethylamino)
benzhydrylidene]cyclohexa-
2 5-dien-1-ylidene]
dimethylammonium

chioride (C.1. Basic Violet 3)

S48-62-5

205-953-5

M.D.

0.05

Carcinogenic

[4-[[4-anilino-1-naphthyl][4-

{dimethylaminoiphemyl]lmeth
viene]cyelohexa-2, 5-dien-1-
ylidene] dimethylammaonium
chloride (C.I. Basic Blue 26)

2580-56-5

219-943-5

M.D.

0.05

Carcinogenic

o, z-Bis[4-{dimethylaming)
phenyl}-2 (phenylaming)
naphthalene-1-methanal
(C.I. Sclvent Blue 4}

G786-83-0

229-831-8

M.D.

0.05

Carcinogenic

4 4'-bis{dimethylamino}-4"-
(methylaminojitntyl alcohol

2561-41-1

209-218-2

M.D.

0.05

Carcinogenic
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SGS

Test Re pDI‘t Mo. FEI0M01/LF CTSAYAA14-58066 lssued Date: 2014. 12. 26 Page 9 of 19
Concentration Reporting -
Substance Mame CAS number | EC number %) Limit {%) Classification
Bis{pentabromophenyl) ether 5 PBT
(DecaBDE) 1163-19-5 214-604-9 M.DO. 0.05 VPVE
Ezgﬂﬂcmﬂummﬁwmi“ 70629948 | 276.745-2 N.D. 0.05 VPVB
;Ei‘émﬁ”':'md'jde“ﬁ”“'“ 307-55-1 206-203-2 N.D. 0.05 vPvE
::ig‘maﬂ“m” e 2058-94-8 218-165-4 N.D. 0.05 vPvE
Heptacosafiuorotetradecanoic
acid A7E-06-F 206-803-4 M. 0.05 vPvB
4-(1,1,3, Hetramethylbutyl )
phenol, ethoxylated - Equivalent level of
covering well-defined ) ) N.D D.0s concern - probable
substances and UVCE o ’ senous effects on the
substances, polymers and environment
homologques
4-Monylphenaol, branched
and linear — substances with
a linear andfor branched
Sl Omoa < e Eaunsleteve o
bound in position 4 to : g N.D. 0.05 “?'““nggep?babt'ﬁ
phencl, covering also UVCE- mnn:ﬁvircniqsegr 5
and well-defined substances
which include any of the
individual izomers or a
combination thereof
Equivalent level of
Diazene-1,2-dicarboxamide concern - probakble
(C,Cl-azodi{formamide)) R 2l P 05 serious effects on
human health
Cyclohezane-1,2- Equivalent level of
dicarboxylic anhydride 5 concem - probable
(Hexahydrophthalic AT 016045 e, UL serious effects on
anhydride - HHPA) human health

Thic dosumend Ic lccusd by tha l:ompmy cubjeat io I Genaral Condblone of Zardos prinisd overisal svallsbis on requect or scosccible & ﬁﬁmﬂ Hmu&?
Condilonc_acpx and, Tor sisctronlo forrnat dooumends, cubsot 1o Terme and Condtlons Tor Elscdronlo Doourme mic atm:Enuﬂm oo Aftwntion |c drawn 1o

on of llabiifty, wnuﬂlnﬂ mumm:mmnmma &ny holder of thic dooumend ic adviced that | coniained Farecn refieais the Company's ndlnge at
the time of I Intsreenton only and within the Imik of Cllant'c Inctnuotions, I any. The Company’'s cols recponslbllity &k 1o o Clisnt and thic dooument doss not sxonsrats partisc o a
trancaotion from axeroising all their rights and obigations wnder the francaction dooumeris. Thic dooumend pannot be reproduced sxospt In Tull, withowt prior writien approwal of the
Company. Any unauthortzed alisration, forgary or falcification of the condent or appearznoe of thie dooument |6 uniawtul and ofenders may be procsoubad o the fulsct extent of the
2w Uniscs otharwics cizbed the reculls chown in this et report refar onldy bo the camplaie).
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Test Re pﬂl’t Ho. FE30101/LF-CTSAYAA14-5B0EE Issued Date: 2014. 12, 26 Page 10 of 19
Concentration Reporting . )
Substance Hame CAS number EC number (%) Limit (%) Classification
Hexahydromethylphathalic
anhydride, Hexahydro-4- 25550-51-0 247-054-1, Bl besek ot
methylphathalic anhydride, 19436-60-9, | 2430720, qu“r';fne_” rf,‘l;zb?e
Hexahydro-1- 48122-141 256-356-4, M_D. 0.05 A ef?ecls e
methyiphathalic anhydride, 57110-29-9 260-566-1 human health
Hexahydro-3-
methylphathalic anhydride
Toxic for reproduction
equivalent level of
: : concern -probable
Methoxy acefic acid G25-45-5 210-894-6 WD 0.05 ARl it
human health and the
environment
1.2-Benzenedicarboxylic
acid, dipentylester, branched S477T-068-0 284-032-2 N.D. 0.05 Toxic for reproduction
and linear
Diisopentylphthalate (DIPP) 605-50-5 210-055-4 WD 0.05 Toxic for reproduction
N-pentyl-isopentylphtalate . ; N.D. 0.05 Tuie e repragcdion
1.2-Diethoxyethane 529-14-1 211-076-1 N.D. 0.05 Toxic for reproduction
N_:N-dim ethylforrrjamide; §8-12-2 J00-679-5 N.D. 005 Toxic for reproduction
dimethyl formamide
Dibutyitin dichioride (DBT) 683-18-1 211-670-D M.D. 0.05 SR Coy LeRent i
Acetic acid, lead salt, basic*® | 51404-59-4 257-175-3 M.D. 0.005 SR Coy LeRent i
Basic lead carbonate (trilead Toxic for reproduction
bis(carbonate)dihydroxigeyr | 219466 Al oL LLLLE
Lead oxide sulfate (basic : :
lead sulfate)* 12036-75-9 234-853-7 N.D. 0.005 Toxic for reproduction
[Phthalatol 2-)]dioxotrilead Toxic for reproduction
(dibasic lead phthalate)* £9011-06-9 273-688-5 M_D. 0.005

This mm:lmwimcmymmmmumunwu printed ovarieal, awallabie on requect or acoscibie

Condilons.acpx and, Tor slectronio for Elecironio Dooumenic at wew.Ege.oomy
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nad hasren the Tompany’s indings at
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http://www.samsungled.com
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Test Re port  no. Fsso101/LF-cTSAYAA14-58066 lssued Date: 2014. 12.26  Page 11 of 19

Substance Hame CAS number | EC number Cunclf[!;t:lratiun Tjﬁ_i?tr:inn? Classification
Dioxobiz(stearato)trilead® 12578-12-0 235-T702-5 N.D. 0.005 Toxic for reproduction
:;Egﬁ“id& C18-1E. fead 9103162-8 | 292-966-7 N.D. 0.005 Taxic for reproduction
Lead bis(tetraflucroborate ) 13814-96-5 237-486-0 N.D. 0.005 Toxic for reproduction
Lead cyanamidate* 2083T-86-9 244-073-9 N.D. 0.005 Toxic for reproduction
Lead dinitrate* 10099-74-5 233-245-9 N.D. 0.005 Toxic for reproduction
Lead oxide (lead monoxide }* 1317-36-8 215-267-0 N.D. 0.005 Toxic for reproduction
Lead tetroxide (orange |lead)* 1314-41-8 215-235-6 N.D. 0.005 Toxic for reproduction
Lead titanium trioxide* 12060-00-3 235-038-9 N.D. 0.005 Toxic for reproduction
Ei?gjm”i“m el 12626-51-2 235-727-4 M.D. 0.005 Toxic for reproduction
Tjgﬁ;’fgﬂ Ll 12065-90-6 | 235-067-7 N.D. 0.005 Taxic for reproduction
Egﬂ';ﬁl'“’e- sy lead 8012-00-8 732-382-1 N.D. 0.005 Taxic for reproduction
gggfjf“m' barum salt lead- | chipazen | 2729715 N.D. 0.005 Taxic for reproduction
Silicic acid, lead salt* 11120-22-2 234-363-3 N.D. 0.005 Toxic for reproduction
P §2229.08-7 | 263-467-1 N.D. 0.005 Taxic for reproduction
Tetrasthyllead™ Ta-00-2 201-075-4 N.D. 0.005 Toxic for reproduction
Tetralead trioxide sulphate* 12202-17-4 235-380-9 N.D. 0.005 Toxic for reproduction

Thic dooument Ic Iccusd by the Company Dlll,ll-utmltimlmuftnrﬂwmnhd ovariax], awallable on requect or scosccible ﬂﬁmmmmmmﬂﬁi
Conditonc.aspx and, Tor slectronio format documends, subject to Terms and Condtlons for Elsctronle Doouments at m:ng.u-:\mlnﬁ s-dosumenihim. Albanticon e drawn fo the
Irritation of llabiifty, irdemrifastion and mm IEguet dafinad tharsin Any hobder of thic dosument e adviced that Information i harson the Company’s indings at
the time of It Intsreenticn only and within the Bmik of Clsnt'c inctruations,  any. The Company™s nmrnnpﬁmbllml ke to s Chant and thic dooument does not exonsrats parties o a
trang aotion from axeruicing 2l thelr rightc and obllgatione under ihe francaction dooumenic. Thic ot ks rap waoept In full, withowt pricr vweritisn approwal of the
Company. Any unawthorized atieration, forgary or falcifization of the confent or appearanos of this uo-uurrm I: wniawtul and cfsnders may be procsoutsd So the fullsct sxtent of the
. Unince ctharwics cizbed the recults chown in thic bect report refer anly bo Bhe campis(s).

Congan-gu Anyang-=, Gysangg ﬂ;_ Kona 4314380
=1 02 55 hop A oot

http://www.samsungled.com 39 /48



AR

SGS

Test Repnrt Ho. FAI0101/LF-CTSAYAA14-58066 lssued Date: 2014. 12. 26 Page 12 of 19
Concentration Reporting 1 ;
Substance Name CAS number | EC number (%) Limit (%) Classification
Trilead dicxide phosphonate* 12141-20-7 2352522 N.D. 0.005 Toxic for reproduction
Furan 110-00-9 203-727-3 N.D. 0.05 Carcinogenic
Propylene oxide; 1,2- Carci 3
EpOXypropane: 75-56-9 J00-579-2 M.D. 0.05 ;"‘t'”"ge.”'“
methyloxirane g
B Carcinogenic
Diethyl sulphate G4-67-5 200-589-6 M.D. 0.05 Mutagenic
Dimethyl sulphate Ti-78-1 201-038-1 N.D. 0.05 Carcinogenic
J-ethyl-2-methyl-2{3- ] .
methylbutyl)-1 3-oxazolidine 143860-04-2 421-150-F N.D. 0.05 Toxic for reproduction
Dinoseb 88-83-T 201-861-7 N.D. 0.05 Toxic for reproduction
4 _4'-methylenedi-o-toluidine 538-88-0 212-658-8 N.D. 0.05 Carcinogenic
4 4"-axydianiline and its salts | 101-80-4 202-977-0 N.D. 0.05 GERLInooe:
Mutagenic
S umparabenang, 60-09-3 200-453-6 N.D. 0.05 Carcinogenic
4-Phenylazeaniline
4-methyl-m-
phenylenediamine (2 4- 95-80-T7 202-453-1 H.D. 0.05 Carcinogenic
toluene-diamine)
B-methoxy-m-toluidine 120-71-8 204-415%-1 ! "
(p-cresiding) MN.D. 0.05 Carcinogenic
Biphenyl-d4-ylamine 92-67-1 202-177-1 N.D. 0.05 Carcinogenic
o-aminocazotoluene 97-56-3 202-591-2 N.D. 0.05 Carcinogenic
o-Toluidine; 2-Aminotcluene 95-53-4 202-429-0 N.D. 0.05 Carcinogenic
M-methylacetamide T9-16-3 201-182-6 N.D. 0.05 Toxic for reproduction
Fhinmopropane; 106-94-5 2034450 N.D. 0.05 Taxic for reproduction
n-propyl bromide

Thic documend Ic Iccusd by the Company culijsot fo b Genaral Condblone of Sarsios prlnhd overiaal Fvallabls on requact or scosccible af

Condiionc and, for slesbronlo format documends, cubieot to Tarme and Conditlone Tfor Elscdronlo Dooumsnic at m:ngnm% L m. Atbsnticn I drawn fo the
iimitation of labiity, Incdemnifoation and juricdiotion iccusc defined tharsin. &ny kolder of thic dosument ic adviced that Tnformation rad harscn the Company’s ndnges at
s Hime of Ios Inisreention only and within the Bmit of Chant'c Inctruobions, H any. The Company™s coke recponclbliity ke 1o e Clant and thic dooument doss not sxonsrats partisc fo a
‘trancaodion from axsrodsing &l thelr rights and obilgatione under the trancastion dogumenis. Thic dooument cannot be reproduned sxoepd In Tull. withowt prior weitien approwal of the
Company. Any unawthorized attsration, forgary or faleification of the content or appearanos of this dooument |6 unlawtul and ofenders may be procegubsd io the fubect extent of the
k. Undace otharwics clabed the reculis chown in thic taet neport refisr only bo the campla(s).
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Test Re purt Ho. FER0101/LF-CTSAYAA14-50066 lssued Date: 2014, 12. 26 Page 13 of 19
Concentration Reporting 2 3
Substance Name CAS number | EC number (%) Limit (%) Classification
Cadmium 7440-43-9 231-152-8 N.D. 0.005 Carcinogenic
Cadmium oxide* 1308-19-0 215-146-2 N.D. 0.005 Carcinogenic
Dipentyl phthalate (DPP) 131-18-0 205-017-9 N.D. 0.05 Toxic for reproduction

4-Meonylphenol, branched
and linear, ethoxylated
[substances with a linear
andfor branched alkyl chain
with a carbon number of 9
covalently bound in position
4 to phenol, ethoxylated - - N.D. 0.05
coverng UWCB- and well-
defined substances,
polymers and homologues,
which include any of the
individual izomers andior
combinations thereof]

Equivalent level of
concem havimg
probable serfous effects
to the environment

Ammonium

pentadecaflucrooctancate 3825-26-1 223-320-4 M.D. 0.05 Texic for reproduction
[(APFO)

Pentadecafluorooctancic : :
acid (PFOA) 335671 206-397-9 N.D. 0.05 Toxic for reproduction

Thl:-mmhlmw!mﬂmymhﬂluhmﬂmMswﬂwmnhdmmmmdmimmtumﬂmudﬂwﬂmummﬁnﬁ:
Condilone and, for sisstronin format sautjaot tn Tarme and Condt lone for Elscironia Doourmsmic at wvw.c g oomyfterme_s-doou aftantion |c drawn 3o the

on of llabiifty, indemnifioation and juncdichicn Gcuse defined thersin. &ny holder of thic dooumend is advicsd that Information contained herecn refisots the Company’s indings at
the Hme of it Intsreention only and within the Bmik of Clsnt's incbnuotions, I‘I'a.n:.l. mcmwnn nouruqmmunh I 1o I Clent and thic dooument dose not sxonerats partiss fo a
trancacdion from axerolclng all thedr rightc and obllgations undar he ot ke rep waoepd In Tull, whhowd prior writien approval of the
Company. Myumhmdmﬂmhwrynrmdmﬂnnnfhmﬂuﬂoran md'l.l'rk-‘ "I: and cffenderc may be proceouted o the fullect extent of the
lawe. Unlecs ctharwice clabed the results chown in this tect report refar only to the camplaish.
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Test Re p Ort  Ho. FE90101/LF-CTSAYAA14-58066 lssued Date: 2014, 12. 26 Page 14 of 19
Concentration Reporting i .
Substance Hame CAS number | EC number (%) Limit (%) Clazzification
Dihexyl phthalate B84-75-3 201-558-5 M.D. 0.05 Toxic for reproduction
Trixylyl phosphate 25155-23-1 24B-677-8 M.D. 0.05 Toxic for reproduction
Imidazolidine-2-thions; ] :
o i e 2 A S96-45-T7 202-506-9 M.D. 0.05 Toxic for reproduction
Disodium 4-amino-3-[[4'J(2 4-
diaminophenylazo][1.1'-
hiphenyl}-4-yllazo] -5-hydroxy- a7 T T : :
G-tphenyiazoaphihalens- 1937-37-7 217-710-3 M.D. 0.0s5 Carcinogenic
2, 7-disulphonate (C.1. Direct
Black 38)
Disodium 3, 3'-[[1,1-biphenyl]-
4 4'diyibis{azo)]bis{4-
aminonaphthalene-1- 57 3-56-0 209-358-4 M.D. 0.05 Carcinogenic
sulphonate) (C.1. Direct Red
28)
Carcinogenic
Equivalent level of
y . concem having
Cadmium sulphide® 1306-23-6 215-147-8 N.D. 0.005 probable serious
effects to human
health
Lead dijfacetate)* 301-04-2 206-104-4 M.D. 0.005 Taoxic for reproduction
e e s oo i, et o s S b S oo S R
Brritation of labiity, hmum“mummmmﬂrude &niy heolder of thic document i advicad that Information rad hareon lmﬂummﬂmmﬂ
the ime of I Intereenton only and within the Imi of Cllsnt'c Inctnuotions, H any. The Company's :mll-ruq:u'ulblllhl kol M.lrnul'hl: dooument dosc not sxonerals partisc o 3
trancaption from axsrulcing all thelr rightc and obllgations. undsr fhe § oo Thic i ot ks map o axospt In Tull, withowd prior writien approval of tha

Company. &ny unauihorized aleraton, forgery or falciication of the comdent or appearanos of thic :louurmﬂ II wniawiul and cffendsre may bs procsoubsd fo the Tulsct sxtent of the
law Unisce ciharwics ciabed the recults chown in thic ot report refer only to the camplaic)

208 Konea Co, Lid 302, The O vailley -, S-S, Gyeanggide, Kones 431-020
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SGS

Test Re pnrt No. FEI0101/LF-CTSAYAA14-58066 lssued Date: 2014. 12. 26 Page 15 of 19
Concentration Reporting . .
Substance Name CAS number | EC number (%) Limit (%) Classification
1,2-Benzenedicarboxylic acid,
dihexyl ester, branched and 68515-50-4 271-093-5 H.D. 0.05 Toxic for reproduction
linear
Carcinogenic
Mutagenic
Toxic for Reproduction
Cadmium chloride* 10108-64-2 | 233-296-7 N.D. 0.005 Rt of
concem having
probable serious
effects to human
health
Sodium perborate®; 239-172-9 " <
perboric acid, sodium salt* - 534.390-0 . b e dor yepoodichion
Sodium peroxometaborate* TE32-04-4 231-556-4 N.D. 0.005 Toxic for reproduction

Thic dosumend Jc lccusd by ika Company cubjeat fo e Densral Condbione of Bardos prinisd ovarlsal swallsbls on requect o mﬂmuwmw
Conditionc.acpx and, for sisctronio format dooumende, cubjsot to Terme and Conditione for Elscfronlo Dooumenis at m:ngnm% s fooume . Altntion |c drasm io the

on of [labiiy, indemnifioaiion and juricdiction iccusc dafinad thansin. &ny holder of thic dooument ic adviced that Informaiion madd harecn refisolc the Company's findinge at
the Hime of I Intsreenton only and within the imis of Clsnt'c Inctnaotions, f any. The Companys cole necponsibdiity ke o 1o Clisnt and thic dooumant doss not sxonsrats partisc fo a
trancacdion Tfrom axsrolsing 2l thelr rights and oblgations ureder $he francacfion doowments. Thic document oannot be meproduced axoept In Tull, without prior withen approval of the

Commany. &ny unaithortzed atteration, forgary or falcification of the content or appearanos of this dooument 6 uniawiul and offenders may be proceouted o the fullsct extent of the
lvw Uniscs obfarwics clabed the recults chown in thic et report refar anly bo the campiais).

E:3E Moma Ca, Lig 222, The O walley, T, LT _.fr-.1:r~:. Ayang-sf, Gymonggi-do, Koms 431350
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SGS

Test Re pﬂl’t Mo. FE90101/LF-CTSAYAA14-58066 lssued Date: 2014. 12, 26 Page 16 of 19
Concentration Reporting . ’
Substance Name CAS number | EC number (%) Limit (%) Claggification

2-benzotriazol-2-yl-4 6-di-tert- TR 7 AR PBT
butylphenal (UY-320] 3846-T1-7 223.346-6 N.D 0.0s i
2-{ZH-benzotriazol-2-yl)-4,6- PBT
ditertpentylphenal (UY/-328) e Co e e e s vPvB
2-ethylhexyl 10-ethyl-4, 4-
dinchi 7o Boxa d o dithie:: | geovyspy | unigga N.D 0.05 Toxic for Reproduction

4-stannatefrade canoate
(DOTE)

Reaction mass of 2-ethylhexyl
10-ethyl-4 4-dioctyl-T-oxo-5-
oxa-3,5-dithia-4-
stannatetradecancate and 2-
ethylhexyl 10-ethyl-4-[[2-[(2-
ethylhexyljoxy]-2- - - M.D 0.05 Toxic for Reproduction
oxoethyllthio]-4-octyl-7-oxo-5-
oxa-3,5-dithia-4-
stannatetradecanocate
{reaction mass of DOTE and

MOTE)
Carcinogenic
Mutagenic
Toxic for Reproduction
Cadmium flucride 7790-79-6 | 2322220 N.D 0.005 Equivalent level of

concem having
probable serious
effects to human
health
Carcinogenic
Mutagenic;
Toxic for Reproduction
10124-36-4; o Equivalent level of
MG53E | o1 e BA0S concem having
probable senous
effects to human
health

Cadmium sulphate

Thie dooumend |& Iscusd by the Company cubjeat fo Its General Condblone of Servios printsd cverisal, awallable on request or mlmumw‘mmmmﬂﬁ:
Afmnticn lo drawn o the

Condiionc.acpx and, for slsctronlo fonmat dooumende, cubjsot o Terme and Conditlone for Elscdronlo Dooumsnic at m:Enmh._TLlEt-mu
Beritation of llabilty, indemniflaation and juricdistion iccuesc dafinad thansin. Any heolder of thic dooument is adviced that Information nad hasreon refieots the Company's indings at
the Hme of s Intsresntion only and within the Imik of Cliant'c Inchnaations, H’an:.l. mcmwny‘: mmu:’? k& o s Clent and thic document dosc not sxonerats partisc fo a

acdion Trom axsrolcing all their rightc and obilgations ursdsr fhe & ba rap axoepd In Tull, whthow? prior writien approval of the
Comgany. Myumhmmmﬁaummwmnﬂwﬂmmmmﬂn&wan .....-cth:-rlc ot |5 and offendarc may be proceoubsd o the fullact sxtent of the
lxw. Uniscs otharwics clabed the recultc chown in thic et report refisr anly bo the camplsic).
Homea 323, The 5, LS-m, Congan-gu. Anyang-=, Gysanggide, Kores 431-040
t+B82 {03 ] T+52 E RSN g S OnCuD b
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SGS

Test Repurt No. FE90101/LF-CTSAYAA14-58066 lssued Date: 2014, 12. 26 Page 17 of 19

Hote:

1. RL = Reporting Limit

2. MN.D. = Not detected (lower than RL)
M.A. = Mot applicable for respective materal type.
The submitted sample was found to contain significant amount of specific element(s) of SWHC. Upon further test
verification and alzo information provided from client, the possibility that the element(s) content originate from
SWHC is very unlikely, even though their presence cannot be exclude entirely. It may be assumed that the detected
element(s) have a non-3VHC source.

3. Definition of classification is listed in Appendix A of this report in accordance with 67/548/EEC and Regulation (EC)

Mo 190772006, For detail information, Detail explanation is available at the following link:
hitp.lecha. EUI‘DDﬁ eu-"f.lebfque sUcﬁndldate—llst Lﬁble fCam:lldate ilS’t}l

—vl&'u'-&l:l p col id=column- "E_:p p_col pos—"'&_p p_col cu:u.nt 48 Sub"fﬂ"ll:&"‘,'l:leh“

(Proposals to identify SVHC consulations)
4. * The test result is based on the caleculation of selected element{s) / marker({s) and to the worst-case scenario. For

detail information, please refer to the 3G5 REACH website: www.reach.sgs. comisubstance-of-very-high-concem-

analysis-information-page him

The client iz advised to review the chemical formulation to ascertain above metal substances present in the article.
RL = 0.005% iz evaluated for element (i.e. cobalt, arsenic, lead, sodium, chromium, chromium/1), silicon,
aluminum, zirconium, boron, and potassium respectively), except molybdenum RL=0.0005%
0.1% (wiw}) = 1,000 ppm = 1,000 mg'kg

5. " ETOGIC is one of the isomers for TGIC compounds and hence, tested together. The reported test result is based
the proposed ratio as according to ECHA dosasier.

'I'hl:-ﬂnnurnlnll:lmudhylruw;-nmluhmmdswwmﬁdmm“dﬂmmtummdwmw
Coondiio and, for alsshronio format documenss, cubjsct to Tarme and CondElone for Mumw#atmwmmmmumn ]
iimitation of (labisy, Indemnifaation and jurlcdokion iGcuse dafinad tharsin Any koldar ofthic dosumend ic advices that | rad harecn the Company's findings at
the Hime of i Imisreenbdon only and within the imifs of Cllsnt'c inctnuobone, I any. The Company's cols recponslblity &k 1o o Chant and thic dooument doss not sxonerate partisc fo a
trancaotion from axeroicing all their rghts and obigations urder the francaction doourmesic. Thic dooument cannot be reproduned sxoept in Tull, withowt prior writien approval of the
Commany. &ny unauthortzsd atteration, forgery or falcHication of the content or appearanos of thic doourment ic uniawtul and offenderc may be procegubsd fo the Tullsct sxbent of the
law Uniscs ciharwics clabed the recults chown bn thic ot report refsr only bo the campiaic)

E08 Kores Coi, Lid ;__.'I't valley, 75, LE-m, Congan-gu "\";',.-!'-Q-" Cyeonggdo, Morea 431050
t+=a22 1 608 000 153 (0131 4505 02 5 hopolwenw. Sgearoup i
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Test Re purt Ho. FEI0101/LF-CTSAYAA14-58066 lssued Date: 2014, 12. 26 Page 18 of 19

Picture of Sample ag Received :

*** End of Report ***

This dooumend le Iscusd by fhe gubjeot io s General Condblons of Servlos printed .
Wmummtnmlmmmfwmmhn

forgary or falcHication of the comisnt or appesaranos of thic dooumend |c eniawdul and offsndsrs may bs procsoutsd fo the fullsct sxtent of the
lew Uniscc obharwics ciabed the reculic choswn in thic ot report refar only bo the camplsis).

502 KoeaCa, L | 323, The O wiley, 76, LS+m, Dongan-gu. Anyang-=|, Gyeonoghds, Hores 431-050
1 +83 (D31 4508 000 1 =22 (/31 4508 055 hEpoww. spegroun ir
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Test Re pﬂl’t Mo. FE90101/LF-CTSAYAA14-5A0EE Issued Date: 20714, 12. 26 Page 19 of 19

Appendix A

Classification

Carcinogen
Category 1:

Carcinogen
Category 2:

Mutagen
Category 1:

Mutagen
Category 2:

Toxic to
Reproduction
Category 1:

Toxic to
Reproduction
Category 2:

PBT & vPvB:

Definition under 67/548/EEC and Regulation (EC) Mo 190772006

Substances known to be carcinogenic fo man. There is sufficient evidence to establish a causal
association between human exposure to a substance and the development of cancer.

Substances which should be reqgarded as if they are carcinogenic to man. Thers is sufficient
evidence to provide a strong presumpticn that human exposure to a substance may result in the
development of cancer.

Generally on the basis of:

- appropriate long-tem animal studies

- other relevant information.

Substances known to be mutagenic to man. There is sufficient evidence to establish a causal
association between human exposure o a substance and heritable genetic damage.

Substances which should be regarded as if they are mutagenic to man. There is sufficient
evidence to provide a strong presumpticn that human exposure to the substance may result in the
development of heritable genetic damage, generally on the basis of:

- appropriate animal studies,

- other relevant information.

Substances known to impair fedility in humans. There is sufficient evidence to establish a causal
relationship between human exposure to the substance and impaired fertility.

Substances known to cause developmental toxicity in humans. There is sufficient evidence to
establish a causal relationship between human exposure to the substance and subseguent
developmentsl toxic effects in the progeny.

Substances which should be regarded as if they impair fertility in_humans. There is sufficient
evidence to provide a strong presumption that human exposure to the substance may result in
impaired ferility on the basis of:

- clear evidence in animal studies of impaired fertility in the absence of toxic effects, or, evidence
of impaired fertility occurring at around the same dose levels as other toxic effects but which is not
a secondary nonspecific consequence of the other toxic effects,

- other relevant information.

Substances which should be regarded as if they cause developmental toxicity to humans. There
is sufficient evidence to provide a strong presumption that human expeosure to the substance may
result in developmental toxicity, generally on the basis of:

- clear results in appropriate animal studies where effects have been observed in the absence of
gigns of marked maternal toxicity, or at around the same dose levels as other toxic effects but
which are not a secondary non-specific consequence of the other toxic effects,

- other relevant information.

Substances which are persistent, bicaccumulative and toxic (PBT) or very persistent and very
bioaccumulative (vPvB) pose a particular challenge to the chemicals safety management. For
these substances a “safe” concentration in the enwironment cannct be established with sufficient
reliability.

This dooumend Ic Iscusd hg-lhu Company cubject io Ik Gensral Condblons of Zarvioe prinied cverieal, avallable on request or acoesccible dnﬂ#mmmngj_-
Atankion lo drawn fo

and, for &l

Condiions eotronlo format dooumends, subject to Tarme and Condilons for Elecdronlo Doouments at m:Em% =-doou Il
on of llablify, Muﬂmmdmmkmmﬂmdﬂw\dn &ny holder of this dooumend ic adviced that | ned harecn ihe Company's indlngs at

the Hme of s Intersentdon only and within the imifs of Cllant's Inctnmbons, | any. The
frane: from sxeroicing all thedr rightc and obilgations uredar dne francaction

cmpany’s cole recponsibllty ks o I Cllant and thic dooument does not exonerate parties fo a
u'r-rrh Thic dosumend cannot ba raproduced sxospt In full, withowd pricr writien approval of the

Company. &ny unswthorized aleration, tegery or falciicsation of the sondent or appearanos of thic doourrend Ic uniawiul and ofendsrc may bs proceoubted fo the fuBsct sxtent of tha
lzw. Uniscc otharwics ciabed the recults chaovwn in thic tsct raport refsr only ko the camplsic).
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Revision History

. ) Writer
Date No. Revision History
Drawn Approved
2013.02.08 | 1.0 New version. W.H Jung Y.T KIM
2013.03.06 | 2.0 Add up Quarter and half of color binning. W.H Jung Y.T KIM
1) Change of tapping Q'ty from
2013.03.25 | 3.0 2,000 pcs to 2,500 pcs. C.H. KWON| Y.T KIM
2) Change of CIE tolerance x,y:+0.005
2013.05.14 | 4.0 | Add up a mark of UL certification. W.H Jung Y.T KIM
1) Add up ErP(Energy-related Products) of
the Energy regulation.
2013.06.25 | 5.0 2) Change of Graph on Color shift W.H Jung Y.T KIM
Characteristics
1) Deletes ErP(Energy-related Products)
2013.11.09 | 6.0 codes in the product data sheet. W.H Jung S.B Yun
1) Update of SGS data.
2014.01.23 | 7.0 | 2) Deletes UL mark of the label on the reel. | W.H Jung S.B Yun
3) Add up a Small box
2015.02.03 | 8.0 Maximum Current upgade(150-180mA) Y.J Cho J.K Park
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