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1. Product Outline

1) Feature
. Lead Frame Type LED Package ( 2.3 * 2.3 * t 0.7 mm )
. Beam Angle ( A6 : 120°)
. GaN/AlL,O; Chip & Long Time Reliability
2) Applications
. Indoor, Outdoor Display and etc.

2. Absolute Maximum Rating

Parameter Symbol Rating Condition
Operating temperature range Top -30 ~+85 C
Storage temperature range Tstg —40 ~ +100 C
Junction Temperature T 110 C
Forward current Ir 150 mA
Peak Pulsed Forward Current lrp 300 mA Duty 1/10 Pulse Width 10 ms
Reverse Voltage VR 0.7 ~12V lr = 5 mA
Thermal resistance, Junction to PCB R, JS < 40 K/W
Assembly Process Temp. 2607C, < 10 sec
ESD 5 kV HBM

3. Characteristics

Electrical/Optical Characteristics (Ta:25T )
ltem Symbol | Conditions Rank Min. Typ. Max. Unit
A1 2.8 - 29
A2 29 - 3.0
Forward Voltage (*) VE Ir = 65 mA WA A3 3.0 - 3.1 \Y
A4 31 - 3.2
A5 3.2 - 3.3
Reverse Voltage Ve I. = 5mA - 0.7 - 1.2 \Y
Color Rendering Ra Ir = 65mA - 78 82 - -
Luminous Intensity / Luminous Flux (Ta:25C )
Symbol Conditions Rank Min. Typ. Max. Unit
I I = 65 mA S0 1 067 - 754 cd
S2 7.64 - 8.80
S1 19.94 - 22.84
oY lF = 65 mA SO Im
S2 22.84 - 26.32

* Luminous Flux (o,) : Only reference data.
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<> SAMSUNG LED

Chromaticity Coordinate

(Ta:257TC)
Condition Rank X y
T1 0.3670 | 0.3726 | 0.3744 | 0.3686 | 0.3578 | 0.3612 | 0.3685 | 0.3649
T2 | 0.3726 | 0.3783 | 0.3804 | 0.3744 | 0.3612 | 0.3646 | 0.3721 | 0.3685
T3 | 0.3783 | 0.3840 | 0.3863 | 0.3804 | 0.3646 | 0.3681 | 0.3758 | 0.3721
T4 | 0.3840 | 0.3898 | 0.3924 | 0.3863 | 0.3681 | 0.3716 | 0.3794 | 0.3758
T5 | 0.3686 | 0.3744 | 0.3763 | 0.3702 | 0.3649 | 0.3685 | 0.3760 | 0.3722
T6 | 0.3744 | 0.3804 | 0.3825 | 0.3763 | 0.3685 | 0.3721 | 0.3798 | 0.3760
T7 | 0.3804 | 0.3863 | 0.3887 | 0.3825 | 0.3721 | 0.3758 | 0.3836 | 0.3798
L = 65 mh 0 T8 | 0.3863 | 0.3924 | 0.3950 | 0.3887 | 0.3758 | 0.3794 | 0.3875 | 0.3836
Fo T9 | 0.3702 | 0.3763 | 0.3782 | 0.3719 | 0.3722 | 0.3760 | 0.3837 | 0.3797
TA | 0.3763 | 0.3825 | 0.3847 | 0.3782 | 0.3760 | 0.3798 | 0.3877 | 0.3837
TB | 0.3825 | 0.3887 | 0.3912 | 0.3847 | 0.3798 | 0.3836 | 0.3917 | 0.3877
TC | 0.3887 | 0.3950 | 0.3978 | 0.3912 | 0.3837 | 0.3875 | 0.3958 | 0.3917
TD | 0.3719 | 0.3782 | 0.3802 | 0.3736 | 0.3797 | 0.3837 | 0.3916 | 0.3874
TE | 0.3782 | 0.3847 | 0.3869 | 0.3802 | 0.3837 | 0.3877 | 0.3958 | 0.3916
TF | 0.3847 | 0.3912 | 0.3937 | 0.3869 | 0.3877 | 0.3917 | 0.4001 | 0.3958
TG | 0.3912 | 0.3978 | 0.4006 | 0.3937 | 0.3917 | 0.3958 | 0.4044 | 0.4001
* Tolerance : Vg10.1V, 1:25 %, x,y:£0.01, R, :£3.0
* Luminous Intensity measuring equipment : CAS140CT
4. Chromaticity Diagram
0.9 0.41
0.8
0.40
0.7
TO
0.6 0.39
0.5
Ed > 0.38
0.4 ﬂ
0.3 0.37 ﬂ ﬂ
0.2
0.36
0.1
0.0 0.35
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.36 0.37 0.38 0.39 0.40 0.41
X b
*TO = T1+T2+T3+T4+T5+T6+T7+T8+TO9+TA+TB+TC+TD+TE+TF+TG
Ve CIE Iv
T1, T2, T3, T4, T5, T6, T7, T8
A1, A2, A3, A4, A5 S1, S2
, 19, TA, TB, TC, TD, TE, TF, TG

* Each reel contains only one of the A1, A2, A3, A4 or A5 a segment (1/5) of the Ve rank.
* Each reel contains only one of the T1, T2, T3, T4, T5, T6, T7, T8, T9, TA, TB, TC, TD, TE, TF, or
TG a segment (1/16) of the CIE rank.
* Each reel contains only one of the S1 or S2 a segment (1/2) of the I, rank.
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5. Typical Characteristics Graph
* These graphs show typical values. (Ta: 25T )
Relative Luminous Intensity vs. Forward Current vs.
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6. LED Package Outline Dimensions ,
2.3 1.8

0.7
Q @ Common Cathode ?‘g

2.3
(@)

®
2.3
1.83
2
e
/—/_M

0.25

1. Tolerance is #0.1 mm
2. The maximum compressing force is 15N on the silicone @
3. Do not place pressure on the encapsulation resin ®

Land Pattern

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

Remarks
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.

Repairing should not be done after the LEDs have been soldered.
It should be confirmed beforehand whether the characteristics of the LEDs will or

will not be damaged by repairing.
Do not put stress on the LEDs during heating.
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1) Test Items

7. Reliability Test Items and Conditions

Test ltem Test Conditions Test Sample No
Hours/Cycles
125 C 24h drying — 60 C, 60 %RH 120h
MSL Test — 260 C 10sec 3 cycles 1 cycle 50
Room Temperature 25 C+3 T, DC100 mA 1,000 hrs 50
life test
High Temperature 85 C+3 T, DC75 mA 1,000 hrs 50
life test
High Temperature 60 T3 T, 95 %2 %RH, DC100 mA 1,000 hrs 50
humidity life test
High Temperature 85 T3 C, 85%*2 %RH, DC100 mA
humidity On/Off test DC100 mA, On/2 sec, Off/5 sec 100,000 cycles 50
Low Temperature -40 3 C, DC100 mA 1,000 hrs 50
life test
Temperature -10 C ~ 25,95%RH ~ 65 C,95 %RH 10 cvcles 50
humidity Cycle DC100 mA, 24 hrs/ 1 cycle y
-45 T/15 min < 125 C/15 min,
Thermal Shock 150 Cycle 1 cycle 100
=> Reflow 260°C — Hot plate 1807C)
High Temperature Ta=100 C+3 C 1000 hrs 11
Storage
Low Temperature Ta=-40 T£3 C 1000 hrs 11
Storage
Temperature -10C ~ 25, 95%RH ~ 65 1,95 %RH 10 cvcles 11
humidity Cycle 24 hrs/ 1 cycle y
R1:10 M2 | R2:1.5 k@
, C:100 pF,
ESD(HBM) V = 15 kV 5 times 5
Ry Ry
Sy
\% c D.U.T.
-R1:10 MQ | %2@
C:200 p i
ESD(MM) V = 202 KV 5 times 5
100~2000~100 Hz, 200 m/s?,
Vibration Test Sweep 4 min, 48min, 4 cycles 11
X, Y, Z 3 direction, eatch 1 cycle
. 1500G, 0.5 ms,
Mechanical Shock Test 3 shocks each X-Y-Z axis 5 cycles 11
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2) Criteria for Judging the Damage

- Limit
Item Symbol Test Condition
Min Max
Forward Voltage Ve I = 65 mA Init. Value*0.9 Init. Value*1.1
Luminous Intensity Dy le = 65 MA Init. Value*0.8 Init. Value*1.2

* USL : Upper Standard Level LSL : Lower Standard Level

8. Solder Conditions
1) Reflow Conditions ( Pb Free )

Reflow Frequency : 2 times max.

250 —

Freheating - 150~180C Max. B0sec

[Temperature(C)]
o
o

Max. Temp. gradient in Cooling @ -5 /sec

0 50 100 150 200 250 ano
T
N E0—120s60 [Time(sac)]

2) For Manual Soldering
Not more than 5 seconds @MAX300 C, under soldering iron.

Peak Temp. : 260+£57C, Max, 10sec

lime above 2207 : Max. 60sec

SAMSUNG LED
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9. Taping Dimension

2 LN ol BN o R e SNl P FRS o N o O e ERR N R
QY '\i/ \ :/ \![_/ \aw, L/ i/ '\._i_/ \_i_/‘ ‘\_i/ N,
o | SN ; I ! ™ N\ Id 1\ 1N \= 1A 1 Y 7~
1 o J L4 L/ L/ . 1/ N N L L/
o L k - SVE B =
[ ) \_
®,, [D01.00:010 \Q
- 2.52 athode Slde
=
_l_'_l_l
‘ End ‘ ’ ‘ Start
More than 40 mm Mounted with More than (100~200)mm  Leading part more than
Unloaded tape Flash LED Unloaded tape (200~400)mm
15.4"° »
13.0°°
i
+1
DEQ° | i
1

Tolerance 0.2 , Unittmm

(1) Quantity : The quantity/reel to be 4000 pcs.
(2) Cumulative Tolerance : Cumulative tolerance/10 pitches to be +0.2 mm
(3) Adhesion Strength of Cover Tape : Adhesion strength to be 0.1-0.7 N 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.
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10. Label Structure

@beoe®®

A1T1S1

SPMWHT221MDSWATOSO  A1T1S1 01
(LATANTART AT AT AT
GLAU94001 / 1001 / 4,000 pcs
(HTHANTHTAANT AT AN AN AR T Rank Code
e

N.B) Denoted rank is the only example.

Rank Code

@b : Forward Voltage(Ve) Rank (refer to page. 3)
©@ : Chromaticity Coordinate Rank (refer to page. 4)
©{ : Luminous Flux(®y) Rank (refer to page. 3)

11. Lot Number

The Lot number is composed of the following characters

SPMWHT22 IMDSWATOSO ~ A1T1S1 01
LLALLALLIL AT A

:GLAU94OOT I{ 1001 / 4,000 pcs
TIMATITEN AT AT AT

i

DHEE@EED®® / 1@bE© / 4,000 PCS

: Production Site (S:SAMSUNG LED, G:GOSIN CHINA)

: L (LED)

: Product State (A:Normality, B:Bulk, C:First Production, R:Reproduction, S:Sample)
: Year (U:2010, V:2011, W:2012...)

: Month (1 ~ 9, A, B)

@ © ® @ ®

:Day (1 ~9, A, B~YV)
@®®® : SAMSUNG LED Product number (1 ~ 999)
@®@ : Reel Number (1 ~ 999)

SAMSUNG LED

PAGE 10/30




<> SAMSUNG LED

12. Reel Packing Structure
Reel

(]
LEAD-FREE

X

A1T1S1

SPMWHT221MDSWATOSO ~ A1T
|IIIIIII|||||III|IIIIIIIIIIIIIIIIIIIIIIIIIII
GLAU94001 / 1001 / 4,000 pcs

AR

WA AmAALAL
o>
Aluminum Vinyl Bag l
— T
A1T1S1 — —

SPMWHT22 IMDSWATOSO ~ A1T
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
GLAU94001 / 1001 / 4,000 pcs
(AN A

THL

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

L w H
7inch | 245 | 220 | 182

@ SIDE

a [0
A1T1S1 H

SPMWHT22 IMDSWATOSO ~ A1T
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII CHIP LED
GLAU94001 / 1001 / 40,000 pcs W
(AN AN AN AT AR i

&I  [Box Label] L 7

A
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13. Aluminum Vinyl Bag

LEVEL

CAUTION

This bag contains

2a

MOISTURE SENSITIVE DEVICES

1. Shelf life in sealed bag: 12 months at <40C and <90%
relative humidity (RH)
2. Peak package body temperature: 240 C
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 Jess than 30C /60% RH, or
b. Stored at <10% RH
4. Devices require bake, before mounting, if:
a.Humidity Indicator Card is > 65% when read at 23+57T, or
b. 2a is not met.
5. If baking is required, devices must be baked for 1 hours at 60+5T
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:

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

AIT1S1

SPMWHT221MDSWATOSO  A1T1S1
HﬂHﬂIHHﬂWH”HHHAHHHAHHHI
GLAUS4001 / 1001 / 4,000 pcs
(HTANTAANTAT AN AN AR T

S

m}'ﬂff

‘ ATTENTION ('\
T (S

B =9 At

of ¢FulgE A W §7 o FAV2RE AFE I
71 fgte ARG E U AL Folle 54 €0 H44& 4
Age A& 43¢

&7 9 AA/ZRE AFL vE Y] QA AY F AL
34 g e 2 sﬂioﬂ ol w3 34Al7] uhsheh AHgst
A g AAE £ do 4§ Qe s FEH £ 4
3 A Y3 AR FAHA L¥se] 27 v

B Important

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

SAMSUNG LED
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14. Precaution for Use (FHZ2 & Z9| A&}

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.
W&z LXNE ol M2 OIAE OIS0l 2ol 0FJIEl= M7S =2t HetE & XIoh)|

Fof Me S £XE 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.
HNEe =2, 2, RIS £2 AH ELUAME ArE2 HStE O, MEOl E2RE A=

IPA AtES & &

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

LEDS| 22 Al, 8% ®MBs =@ 212C

1]
K
N
ol
2
Y
04

C
I

=)
(=)
oo

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
SLED, they should be packed by a sealed container with nitrogen gas injected.
(Shelf life of sealed bags: 12 months, temp. 0~40 C, 20~70 %RH)
LEDS| 22t FE& 2#Z0M EEZHH0F 6tHH, Bt MAHLEDZRH B2%¢= =
3HE L= 1 0la 220 ZRot0HH A NHAE S8 2E=EI|0 22 HOF &.

(E& bagel =% : 1248, B& 2% 0~407T, & 20~70 %RH)

i

5) After storage bag is open, device subjected to soldering, solder reflow, or other
high temperature processes must be:
2 & Bag0l JiE& =0, 2HOolLt reflowsSe =2 250 =
AMEO SEEI00F &t
a.Mounted within 168 hours (7 days) at an assembly line with a condition of no
more than 30 C/60 %RH,
a.dE2 30 T/60 %RHELH Z2HLE Y2 ZHIZAHUA 168AI2H7L)0ILHOI =& dH0F &.
b. Stored at <10 %RH.
b. 10% 0I5t MUHSZHAMN S22 H0F &

gl

rr

NS

ro

Ct

0[0

S

M

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

ArESHAl B2 HE2 5Bl €0 s FAE =HOtAM CHAl ZES =, AX8
SA0AM 228 s 2EE.
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7) Devices require baking before mounting, if humidity card reading is >60 %
at 2315 C.
Orot ST HAIZIES XDt 23+5 COIM 60 % Ol&0IctH, HE A& &l
bakingdtOf Of &

8) Devices must be baked for 24 hours at 655 C, if baking is required.
0tet bakingO| ZRoICHH, HE2 6515 CTOHIM 24A12F A= baking T/ 0{0F &.

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&D| & MX0 BIZs MS0IE=2, LED HE2 UE Aldl= E&I|

SAXNH2A0IL =SHES AIZIIIIE AEE.

"10) 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.
LED= 222 MEE AESH)| =20 =gs PCB2F 0tE2 &2 Jelo| .

T E PCB= #0tM £23HX ZO0L0F &,

If voltage exceeding the absolute maximum rating is applied to LEDs, it may cause
damage or even destruction to LED devices.
oter Al JIEXIE =ole 80| LEDO JtoHXIH, LED AX= Tl & oLt

=
E A Ol=2
—‘—ol'al - )ulu:-

r

It

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.

T HS2 4872 30f, Tun on MCl XNHot, M MFRUAS Es=E &2
Ol HEs B2 = US.
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15. Hazard Substance Analysis (SGS)

SGS

Test Report NO. resosorr-cTsavaa10-28508 lssued Date:  November 18, 2010 Page 10f 7

Tee SAMSUNG LED CO.LTD.
214 Maetan-dong
Yeongtong-gu
Suwaon-city
GYEDMGGE-D0 443-37
Korea

The following merchandise was submitted and identified by the client as :

5G5S File No. - AYAA1D-38508

Product Name - 2323 WHITE LED

Item No_iPart No. : WA

Received Date - Nov 12, 2010

Test Period sMov 15, 2010 to Mow 18, 2010

Test Performed : 5G5S Testing Korea tested the sample(s) selected by applicant with following results

Test Results - For further details, please refer to following page(s)

Comments + By the applicant's specific reguest, the sampling and testing was performed only for the part

indicatad in the photo without disassembly.

5G5S Testing Korea Co. Lid.

Timothy Jeon J ’? :
Jinhee Kim "-'C]
Cindy Park

Jerry Jungl Testing Person Jeff Jang / Chemical Lab Mgr

S Cordiwm o Brewe pEenl weid, awsls e o aEETE 8 =
. PE Sleeais el e St

o e wdy m e B o R S,

ks o
e ] e T 1 ey

s, Arrargral, Oyeosgg-do, K
P wrw B3R IE 3 wasvw 6f S

FOS2 Wersion3 Ei5E Testing Mores Co. Lid.

b vl W W me Cobdwe e B Dnse @ pra s e bdisemlioe.

e e B W Oy Bl sy Theb Commjungs m
e e e e B A Gk NG G e b Asem] msmg b Gl eitad i e mgean o On Congmy N wePeeiel sbmai, kg
=

Marrtad of 158 208 Group (Sockrh Gdninis de 5

SAMSUNG LED

PAGE 15/30




<> SAMSUNG LED

SGS

Test Report No. resosorr-cTsavaat0-28508 lssued Date:  Movember 18, 2010 Page 2of 7
Sample Mo. - AYAA10-38508.001
Sample Description : 2323 WHITE LED
Item Mo./Part No. : MIA
Heavy Metals
Test lkems Unit Test Method MOL Results
Cadrmium (Cd) mig'kg With reference to IEC 62321:2008. ICP 0.5 N.D.
Lzad (Pb) mig'kg With reference to IEC 62321:2008. ICP 5 N.D.
Mercury (Hg) mig'kg With reference to IEC 82321:20048, ICP 2 N.D.
Hexavalent Chromium (Cr W) mg'kg With reference to IEC G2321:2008, UN-VIS 1 N.D.
Arsenic (As) mg'kg With reference to EPA 3052{1BB6), US EPA 10 N.D.
G010B(1896), ICP
Sk (5h203) mg'kg With reference to EFA 3D50B(1808), US EPA 10 N.D.
G010B(1896), ICP
Beryllium (Be) mg'kg With reference to EPA 3D50E(1808), US EPA 0.5 N.D.

G010B(1896), ICF

Flame Retardants-PEBs/PBDE=

Test ltems Unit Test Method MDL Results
Moncbromobiphenyl mig'kg With reference to [EC 62321:2008. GC-MS 5 N.D.
Dibromaobiphenyl mig'kg With reference to ([EC 62321:2008. GC-MS 5 N.D.
Tribromobiphenyl mig'kg With reference o [EC 62321:2008. GC-MS 5 N.D.
Tetrabromobipheny mgikg With reference to [EC 62321:2008, GC-MS 5 N.D.
Pentabromobiphenyl mg'kg \With reference to (EC 62321:2008, GC-MS 5 N.D.
Heneabromobipheny mg'kg With reference to IEC 62321:2008. GC-MS 5 D
Heptaoromohipheny mg'kg With reference to IEC 62321:2008, GC-MS 5 N.D.
Oetabromobipheny mg'kg With reference to IEC §2321:2003. GC-MS 5 N.D.
Monabromebighenyl mg'kg \With reference to (EC 62321:2008, GC-MS 5 N.D.
Decabromaobipheny mgikg With reference to IEC §2321:2003. GC-MS 5 M.D.
Monobromediphenyl ether mg'kg With reference to IEC 62321:2008, GC-MS 3 )
Dibromediphenyl ether mg'kg \With reference to IEC 62321:2008. GC-MS 5 N.D.
Tribromediphanyl ether mg'kg With reference to [EC 62321:2008, GC-MS 5 M.
Tetrabromodiphenyl ether mg'kg \With reference to IEC §2321:2003. GC-MS 5 N.D.
Fentabromodiphenyl ether my'kg With reference to IEC 62321:2003. GC-MS 5 WD
Hexazromadipheny! ether mg'kg With reference to IEC §2321:2003. GC-MS 5 WD,
MOTE: 1) N.D. = Mot detectad.(<MDL)
(2} mg'kg = ppm

(2) MDL = Method Detection Limit
(4] - = Mo regulation
* = Qualitative analysis (Mo Unit)

(8) * = Boiling-water-exiraction:
Megative = Absence of Cr\/l coating
Fositive = Presence of Crvl coating; the detected concentration in boiling-water-extraction
solution is equal or greater than 0.02 mg/kg with 50 cm2 sample surface area.

2 The O virbey, B850, Hogee—deng, Dasga
FOS2 Wersion3 S35 Testing Mores Co Lid. EET00E1 AE08 000 1 S8 0 £

5 Groud (Sockrsh Cendie's de Sussalian
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SGS

Test Report No. resosorr-cTsavaat0-28508 lssued Date:  Movember 18, 2010 Page 2of 7
Sample No. . AYAA1D-38508.001

Sample Description : 2323 WHITE LED

Item Mo./Part No. : MIA

Flame Retardants-PEEs/PEDEs

Test lkems Unit Test Method MOL Results
Heptabromodipheny! ether mig'kg With reference to ([EC 62321:2008. GC-MS 5 N.D.
CDotabromodipheny’ ether mig'kg With reference to ([EC 62321:2008. GC-MS 5 N.D.
Nonabromod phenyl ether mig'kg With reference to [EC 62321:2003. GC-MS 5 N.D.
Decabromodipheny! ether mg'kg With reference to ([EC 62321:2008. GC-MS 5 N.D.
Phthalates
Test lkems. Unit Test Method MODL Resulis
Di-isodecy! phtha'ate (DIDP) mg'kg US EPA 80814 , GC/IMS 50 N.D.
Di-isononyl phthalate (DINF) mg'kg US EPA 80814 , GCIMS 50 N.D.
Di-n-octy! phtha'ate (DNOP) mgikg U5 EPA 80814, GCIMS 50 N.D.
Di-methyl phthalate (DMF) mig'kg U5 EPA 80614 , GCIMS 50 N.D.
Di-ethyl phthalat={DEF] mg'kg US EPA 80814 , GC/MS 50 N.D.
Halogen Contents
Test ltems Unit Test Method MDL Results
Fluorine(F) mg'kg \With reference to ASTM D 7358-08 , 1C 30 N.D.
Bromine(Br) mgikg \With reference to ASTM D 735508, 1C 30 N.D.
ChlorineiC) mig'kg \With reference to ASTM D 7358-08 , I1C 30 N.D.
lodine(l) mg'kg \With reference to ASTM D 7358-08 , 1C 50 N.D.
otin Co nds
Test lkems Unit Test Method MODL Resulis
Tributyltn (TET) mg'kg DIN 38407-12 , GC/MS 0.1 N.D.
Triphenyltin (TFhT) mg'kg DIN 38407-12 , GCIMS 0.1 N.D.
Dibutyltn (DBT) mg'kg 07-12, GCIME 0.1 N.D.
DigctytiniDOT) mg'kg DIM 38407-12 , GC/MS (IR} N.D.

MOTE: 1) N.D. = Mot detectsd.(<MDL)
(2} mgikg = ppm
(2) MDL = Method Detection Limit
(4] - = Mo regulation
* = Qualitative analysis (Mo Unit)
(8) * = Boiling-water-exiraction:
Megative = Absence of Cr\/l coating
Fositive = Presence of Crvl coating; the detected concentration in boiling-water-extraction
solution is equal or greater than 0.02 mg/kg with 50 cm2 sample surface area.

FIE2 ersions =55 Testing Korea Co Lid. AT 00E1 408 000 1 852 (0}31 4808 (55 hipFeew agnk e L
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<> SAMSUNG LED

SGS

Test Report No. resosorr-cTsavaat0-28508 lssued Date:  Movember 18, 2010 Page 4 of 7
B . AYAA10-38508.001
Sample Description : 2323 WHITE LED
Item No./Part Mo. - WA
otin nds
Test lkems. Unit Test Method MOL Results
Manobutyltn (MET) malkg DIN 38407-12 , GC/ME 01 M.
B's (tributyltnjoxide (TETO)" mig'kg DIN 38407-13 |, GC/ME o1 N.D.
DOther(s]
Test ltems Unit Test Method MDL Results
PFOS(Perfucrooctans mg'kg US EPA 354DCI3580C, LCMS 1 MW.D.
Sufonates-Acd/Metal SatAmide)

MOTE: 1) N.D. = Mot detectd.(<MDL)

(2} mgikg = ppm

(2) MDL = Method Detection Limit

(4] - = Mo regulation

(8] ™ = Qualitative analysis (No Unit)

(8) * = Boiling-water-exiraction:
Megative = Absence of Cr\/l coating
Fositive = Presence of Crvl coating; the detected concentration in boiling-water-extraction
solution is equal or greater than 0.02 mg/kg with 50 cm2 sample surface area.

e AR W e el g bl e el 1 el P S
O B e 1 s S Sl Gstaiel e WO B D §
e e B e G The dmueed e

35, The O virkey, B85
S35 Testing Korea Co_Lid. £ 4T (0051 AS08 00

Dxasgas-gra, Ayarg-sl, Gysosgg-do, Kenm 43108
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< SAMSUNG LED

SGS

Test Report No. resosorr-cTsavaat0-28508 lssued Date:  November 18, 2010 Page 5 of 7

Picture of Sample as Received:

MOTE: 1) N.D. = Mot detectd.(<MDL)

(2} mgikg = ppm

{2) MDL = Method Detection Limit

(4} - = Mo regulation

(5] ™ = Qualitative analysis {Mo Unit)

(8] * = Boiling-water-exiraction:
Megative = Absence of Cr\/l coating
Fositive = Presence of Crvl coating; the detected concentration in boiling-water-extraction
solution is equal or greater than 0.02 mg/kg with 50 cm2 sample surface area.

i i e by T Gty Gl e Colilas o Beeen el e, sl iR R 8

R T S, il W me Cobdwe e B Dnse @ pra s e b iiemiios.
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il Ve 0 Ol il B il S Gl e e B 8 B bw enii o D G e e wde B e Gaesesb Thn dmasid oee be sl meeg b Cal eiled e il qenE o Ou Compmy Ny weoleniel s, kg o

1

B2, The O virbey, 5550, Hogge-deng, Dasgas-gu, Arrangal, Gysosgg-to, Konm 431280
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<> SAMSUNG LED

SGS

Test Report No. resosorr-cTsavaat0-28508

Issued Dats:

Movember 18, 2010

Page Gof 7

Testing Flow Chart for RoHS:Cd/Pb/Hg/Cr*"/PBBs&PBDESs Testing

Cd/PbiHg

FPBBs/PEDES

cr 6+

cr &

Mechanic_Sample

Mechanic_Sample

Mechanic_Sample

Mechanic_Sample

Sample Measurement

Sample Measurement

Sample Measurement

Sample Measurement

Acid Digestion with
Microwave/Hotplate

Solvent Extraction
of the Sample

MNonmetallic Material

Metallic Material

Filtration

Clean-up with Florisil
Column

Adding Extraction Solution

Residue

Spot Test / Boiling
Water Extraction

Concentration/Dilution
of Extraction Solution

Heating to 90~95°C
for Extraction

Total Digestion

Filtration and pH Adjustment

Adding 1,5-
Diphenylcarbazide
for Color Development

A Red Colof Indicates

Filtration
I the Presence of Cri+
| | Adding 1,5-Diphenylcarbazide
for Color Development |
ICP-AES/AAS GCIMS | Confirm
| with UV-Vis
UV-Vis
DATA DATA |
DATA
DATA
The samples were dissolved totally by pre-conditioning method according fo above flow chart for Cd, Pk, Hg.
Seclion Chief : Gilsaes Yi
MOTE: 1) N.D. = Mot detectd.(<MDL)

(2} mgikg = ppm
(2) MDL = Method Detection Limit
(4] - = Mo regulation
(8] ™ = Qualitative analysis (No Unit)
(8) * = Boiling-water-exiraction:

Megative = Absence of Cr\/l coating

Fositive = Presence of Crvl coating; the detected concentration in boiling-water-extraction

solution is equal or greater than 0.02 mg/kg with 50 cm2 sample surface area.

P R S e STy w—
R i g B I o (TN BB, by, Tt Coutys S
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<> SAMSUNG LED

SGS

Test Report No. resosorr-cTsavaat0-28508 lssued Date:  November 18, 2010 Page

Flow Chart for Halogen Test

Sample screening using XRF.

Liquid containing water(=80%)7

f
NID

Weigh the samples into the combustion boat.

Add absorption solution into the bomb or tube,

Admit Oz gas or 02 +Ar2 gas and start the combustion.

Dilute
the solution

Allow during absorption of the burnt gas.

{(EPA300)

Analyze absorbed solution using lon Chromatography.

EE T T

MOTE: 1) N.D. = Mot detectd.(<MDL)

(2} mgikg = ppm

(2) MDL = Method Detection Limit

(4] - = Mo regulation

(8] ™ = Qualitative analysis (No Unit

(8) * = Boiling-water-exiraction:
Megative = Absence of Cr\/l coating
Fositive = Presence of Crvl coating; the detected concentration in boiling-water-extraction
solution is equal or greater than 0.02 mg/kg with 50 cm2 sample surface area.

1
I

-

Tof 7

FOS2 Wersion3
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<> SAMSUNG LED

16. Hazard Substance Analysis (SVHC)

30ES

Test Report No. Fes0501/LF-CTSAVAA10-38509  Issued Date: November 19,2010 Page 1 of 8

To: SAMSUNG LED CO.,LTD.
314, Mastan-dong
Yeongtong-gu
Suwon-city
Gyeonggi-do

Korea

The following sample(s) wasfwere submitted and idertified by'on behalf of the client as:-

Product Mame

Item/Part Name

2323 WHITE LED
MNiA

5G5S File No. AYAA10-38509
Received Date Movembser 12, 2010
Test Period Movember 15, 2010 ~ Movember 19, 2010
Test Performed SGS Testing Korea tested the samplais) selected by applicant with following results
Test Requested Thirty eight {38) Substances of Very Hl?h Concam (SVHC) screening
SVHC candidate list based on the publication by European Chemicals Agency (ECHA)
an or befora 2010 June 18, regarding Regulation (EC) No 1907/2008 concerning the
REACH.
Eleven (11) Substances of Very High Concarn (SVHC) screening
SVHC potential list based on the publication by European Chemicals Agency (ECHA)
on 2010 August 30, regarding Regulation (EC) Mo 1907/2006 concaming the REACH.
Test Method Please refer to next page(s).
Test Result(s) Please refer to next pagels).
Summary According to the specified scope and analytical technique, concentrations of all SVHC
are <0.1% in the submitted sampla(s).
5G5S Testing Korea Co., Lid.
Timothy Jeon
Cindy park J
Jinhee Kim "-‘E | ]
Sophia Kim

[Testing Person
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<> SAMSUNG LED

930S

Test Report NO. Fes0501/LF-CTSAVAA10-38509  Issued Date: November 19,2010 Page 2 of 8

Test Method:

SGS In-House method RSTS-SVHC-102-2, 3 and ZLS standard ZEK 01.2-08. Analyzed by ICP-OES, PLM, UVVIS,
LC/MS and GC/MS.

Remarks:

1.  The chemical analysis of specified SVHC is performed by means of currently available analytical techniques
against the following SWHC related documents published by ECHA: These lists are under evaluation by ECHA
and may subject to changa in tha future.

Refer to: hitp:echa.europa.su/cham data’authorisation processicandidate list tabls en.asp
Refer to: hitp:/echa.europa.eu/docpress’or 10 18 svhe consultation 20100830, pf

2. In accordance with Regulation (EC) Mo 1907/2008, any producer or importer of articles shall notify ECHA, in
accordance with paragraph 2 of Article 7, if a substance meets the criteria in Aricle 57 and is identifiad in
accordance with Article 59(1) of the Regulation, if (a) the substance is present in those articles in quantities

totaling over one tonne per producer ar imparnter per year; and (b) the substance is present in those articles above

a concentration of 0.1% weight by weight (wiw).
3. Article 33 of Regulation (EC) Mo 1907/2006 reguires supplier of an article containing a substance meeting the

criteria in Aricle 57 and identified in accordance with Article 59(1) in a concentration above 0.1% weight by weight
(wiw) shall provide the recipient of the article with sufficient infformation, 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. If a SVHC is found over the reporting limit, client is suggested to identify the compaonant which contains the SWHC
and the exact concentration of the SVHC by reguesting further quantitative analysis from the laboratory.

TH S s el by B Comay mis © Cordion of Sesice e e, malis o e o Aceeie K wrd, i dric e coamans, et i T wd S by G
#mut-\.uhlmdith FeTieT 1 Eoe (L e e, g Poie IEITED o e e S s g o e 1 st Falrsia
LR MR i 3 a4 S N B L SR LR (o e U e S LTS i B ek e TR § S Qe et e L s

i o < fiom
e A R g T R O 1 ST i L oML Ty B AU 0 R L O S
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930S

Test Report NO. Fes0501/LF-CTSAVAA10-38509  Issued Date: November 19,2010 Page 3 of 8
Test Result(s)
The candidate substances
Concentration Reporting R
Substance Name CAS number EC number (%) Limit (%) Classification
Alkanss, C10-13, chloro
(Short  Chain  Chlornated 85535-84-8 287-476-5 M.D. 0.05 PET
Paraffing)
Anthracens 120-12-7 204-371-1 M.D. 0.05 PET
Benzyl butyl phthalate (BEP) Towic to
85-68-7 201-822-7 M.D. 0.05 Reproduction
Category 2
Bis (2-ethylhexylphthalate) Towic to
(DEHF) 1M7-81-7 204-211-0 M.D. 0.05 Reproduction
Category 2
Bisitributyltinoxide” 56-35-9 200-268-0 M.D. 0.05 PET
Cobalt dichloride”™ Carcinogen
TE4E-79-9 231-589-4 M.D. 0.005 Cateqory 2
4 4Diaminodiphenylmeathans Carcinogen
101-77-9 202-974-4 M.D. 0.05 Category 2
Diarsenic pentacxide” Carcinogen
1303-28-2 215-116-9 M.D. 0.005 Category 1
Diarsanic tricxide” Carcinogen
1327-63-3 215-481-4 M.D. 0.005 Category 1
Dibutyl phthalate (DBF) Towic to
84-74-2 201-557-4 M.D. 0.05 Reproduction
Cateqory 2
Hexabromooyclododecans 25637-99-d4and
(HECDD) and all  major 3194558 247-148-4
diasterecizomers identified (134237-51-7, | and 221-895- M.D. 0.05 PET
(-HBCDD, pg-HECDD, v | 134237-50-8, =]
HBCDD) 134 237-52-8)
Lead hydrogen arsenate” Carcinogen
7784409 232.084-2 N.D. 0.005 Category 1; Toxic to
Reproduction
Category 1
Sodium dichromate Carcinogen
(Sodium dichromate, Category 2; Mutagen
dahy drate) 10588-01-9 Category 2;
(7789-12-0) 234-190-3 M.D. 0.005 Textic 1o
Reproduction
Cateqgory 2
B Aot byl 2 AL E- ik 81-152 201-329-4 N.D. 0.05 vPvB
wyleng imusk xyleng)
Triethyl arsenate |5506-05-8 457-700-2 N.D. 0.005 Carcinogen
Category 1

Ths i st by B O
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930S

Test Report NO. Fes0501/LF-CTSAVAA10-38509  Issued Date: November 19,2010 Page 4 of 8

Substance Mame CAS number | EC number Com?mjrauon Iﬁmg Classification
ik Toxic to Reproduction
Di-isobutyl phthalate (DIBP) B4-69-5 201-555-2 N.D. 0.05 Category 2
2.4-Dinitrotoluens 121-14-2 204-450-0 N.D. 0.085 Carcinogen Category 2
Trizi 2-chloroathyl) Toxic to  Reproduction
G achals 115-96-8 204-118-5 MN.D. 0.05 Category 2
. PET; vPvB
Anthracens oil 20640-80-5 292-602-7 N.D. 0.05 Carcinogen Category 2
Arthracene oil, PET; vPvE; Carcinogen
anthracene paste; 91995-17-4 295-278-5 M.D. 0.05 Category  2; Mutagen
digtn. Lights Category 2
Anthracens oil, PET; vPvE; Carcinogen
anthracene paste, 91995-15-2 295-275-9 N.D. 0.05 Category  2; Mutagen
anthracene fraction Category 2
; PET; vPvE; Carcinogen
;ﬁ:{ﬁﬂ:fg{v 90640-827 | 292-604-8 N.D. 0.05 Category 2; Mutagen
Category 2
; PET; vPvE; Carcinogen
A:t’t:mg”" “";St S0640-81-6 292-803-2 N.D. 0.05 Category 2; Mutagen
anthracene paste Catagary 2
Coal tar pitch, PET; vPvE; Carcinogen
il terpdalins 65096-93-2 | 266-026-2 N.D. 005 Category 2
Aluminosilicats,  Refractory B50-017-00-8 Carcinogen Category 2
(g - M.D. 0.005
Ceramic Fibres (Index no.)
Zirconia Aluminosilicate, j B50-017-00-8 N.D 0.005 Carcinogen Category 2
Refractory Ceramic Fibres” {Index no.) e :
Carcinogen Categery 2;
'i-gzl‘dp.su”f’“th,{r?wma 43;?”':“" 1344-37-2 215-6937 MN.D. 0.008 Toxic to Rapmguminn
. Pigment Yell ow Cateqory 1
Lead chromate molybdate Carcinogen Category 2;
suffate red (C.l. Pigment Red | 12658-85-8 235-759-9 N.D. 0.005 Toxic to  Reproduction
104" Category 1
Carcinogen Category 2;
Lead chromata® T758-97-6 231-846-0 M.D. 0.008 Towic to  Reproduction
Category 1
. Carcinogen Categery 2;
Acrylamide 790601 2011737 N.D. 0.05 Misingon Calegary 2
THi deoumens in inesd by S Comay mbeo o Cordsiom of Desice misted owkear Ilﬂfmnﬂlﬂm-mﬂ o doranic e oo, ashi e Tem nd Condion i Sheornic Ooorses &
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e L s e oo b ol
FOE2 Versiond B8 Tasting Korsa Co.,Ud | 522, The Cvalay, 5559, Hogys-dong, Dongan-gu, Anyang-d, Gysorgg-oo, kn:- A 431020
b +EZ (031 4508 000 7432 (0§21 4608 050 hbtpwww sgshib co b

SAMSUNG LED PAGE 25/30



<> SAMSUNG LED

930S

Test Report No. Fes0501/LF-CTSAVAA10-38509  Issued Date: November 19,2010 Page 5 of 8

Substance Name CAS number | EC number Com?%rauon Iﬁmg‘}? Classification
) L 10043-35-3 233-13%-2 Toxic to  Reproduction
Boric acid’ 11113-50-1 234-343-4 N.D. 0.005 Cateqory 2
. 1330-43-4 Toxic to  Reproduction
D"ﬂj’”m . letraborale | o o0 04-3 215-540-4 N.D. 0.005 Category 2
- sl 1303-96-4
Tetrabaron dizodium Toxic to  Reproduction
heptaoxida, hydlata"‘ 12267 -73-1 235-541-3 M.D. 0.005 Category 2
Trichlorosthylene 79-01-6 201-167-4 N.D. 0.05 Carcinogen Category 2
Carcinogen Category 2;
. Mutagen
Sodium chromate TI7511-3 231-88%-5 N.D. 0.005 Category 2;
Towic to Beproduction
Category 2
Carcinogen Catagory 2;
. Mutagen
Armrnonium dichromate 7789-09-5 232-143-1 N.D. 0.005 Category 2;
Toxic to Reproduction
Category 2
Carcinogen Category 2;
. Mutagen
Paotassium dichromate 7778-50-9 231-906-8 N.D. 0.005 Category 2;
Towic to Reproduction
Category 2
. Carcinogen Category 2;
Patassium chromate 7789-00-6 232-140-5 N.D. 0.005 Mutagen
Category 2
Mool B e el ey b b el el U il -y ey el ol e o il il i Ly
Ea=ar BT RIS 11 G 2 g 1 P ST BN B G CATTED T L NENEATIEN (10 Mg U Che Mg Bd COGAITE sk B AL Sieiend TR § I A B RSO G i R e T m e
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930S

Test Report NO. Fes0501/LF-CTSAYAA10-38509  Issued Date: November 19, 2010

The potential substances

Page & of 8

Substance Name CAS number | EC number Com?mjrauon Iﬁm %g Classification
1,2,3 Trchlorobenzens 87-61-6 201-757-1 M.D. 0.05 PET
1.2 4-Trichlorobenzene 120-82-1 204-428-0 N.D. 0.05 FET
1,35 Trichlorobenzens 108-70-3 203-608-6 M.D. 0.05 PET
Carcinogen Category 2;
Cobalt(ll) sulphate® 10124-43-3 233-334-2 M.D. 0.005 Towic to Reproduction
Category 2
Carcinogen Category 2;
Cobalt(ll) dinitrate® 10141-05-8 233-402-1 M.D. 0.005 Towiz to Reproduction
Category 2
Carcinogen Category 2;
Cobalt{ll) carbonate * B13-T%1 208-169-4 M.D. 0.008 Toxic to Reproduction
Category 2
Carcinogen Category 2;
Cobalt(ll) diacetate® T1-48-7 200-755-8 M.D. 0.005 Towic to Reproduction
Category 2
5-Methaxyethanal 109-86-4 2037137 N.D. 0.05 ngqofi : Heprodugian
2-Ethaxyathanoll 110-80-5 203-804-1 N.D. 0.05 ngg CE ¢ Reproduction
Carcinogen Catagory 1;
Chromium trioxide 1333-82-0 215-607-8 N.D. 0.005 Mutagen
Categary 2
Acids generatad from
chromium tricxide and
their aligomers:
Chromic acid 7738-94-5 231-801-5 N.D 0.005 Carcinagen
Dichromic acid 13530-58-2 236-881-5 = ’ Category 2
Dligomers of chromic
acid and dichromic
acid ”
o 2 T Sl | e o S by, e e e e g e TR 8B LR e A i s o8 e e Ty
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SGS

Test Report No. Fs0501/LF-CTSAYAA10-38509  Issued Date: November 19,2010 Page7 of 8

MNote:

1. BL= Reporting Limnit

2. MND = Mot detected {lower than RL)

Ma = Mot applicakle for respective material type.

The submitted sample was found to contain significant amount of specific elementis) of SVHC. Upon further test
verffication and also information provided from client, the possibility that the element(s) content originate from
SVHC is very unlikely, even though their presence cannot be exclude entirely. It may be assumed that the detectad
element(s) have a nen-SVHC source.

3. “The test result iz bassd on the calculation of selected elernent(s) / marker(s) and to the worst-case scenano. For
detail information, please refer to the SGS BEACH website: www.reach.sgs.com/substance-of-very-high- concern-
analy sis-inform ation-page.htm
*Calculated concentration of boric acid, disodium tetraborate, anhydrous and tetraboron disodium heptacxide,
hydrate ars based an the total’water extractive boron by ICP-0OES. Calculated concentrations of cobaltill) sulphate,
cobalt(ll) dinitrate, cobalt{ll) carbonats, cobalt(ll) diacetate are based on the total'water extractive cobalt by ICP-
OES.

“Calculated concentrations of chromium tricxide, chromic acid and dichromic acid are based on the idertified
chromium (V1) by UV-Vis,

4. Test result of anthracene oil and coal tar are calculated as per selected identifiers of the SWHC. The value is
reported in aggregate per anthracens oil or coal tar and based on the worst-cass scenario.

5. 0.1% (w'w) = 1,000 ppm = 1,000 mg/kg

Picture of Sample as Received :

*** End of Report ™~
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Test Report NO. Fes0501/LF-CTSAVAA10-38509  Issued Date: November 19,2010 Page 8 of 8
Appendix A
Classification Definition under 67/548/EEC and Regulation (EC) No 19072006

Carcinogen  Substances known to be carcinogenic to man. There is sufficient evidence to establish a causal
Category 1:  association betwean human exposure to a substance and the development of cancer.

Carcinogen  Substances which should be regarded as if they are carcinogenic to man. There is sufficient
Category 2:  evidence to provide a strong presumption that human exposure to a substance may result in the
development of cancer.
Geanerally on the basis of:
- appropriate long-terr animal studies
- other relevant information.

Mutagen Substances known to be mutagenic to man. There is sufficient evidence to establish a causal
Category 1:  assodiation between human exposure to a substance and heritable genstic damage.

Mutagen Substances which should be regarded as if they are mutagenic to man. There is sufficient
Category 2:  evidence to provide a strong presumption that human exposure to the substance may result in the
development of hentable genstic damage, generally on the basis of:
- appropiate animal studies,
- othar relevant information.

Toic to Substances known to impair fertility in humans. There is sufficient evidence to establizh a causal
Reproduction  relationship between human exposure to the substance and impaired fortility.
Category 1:  Substances known to cause developmental toxicity in humans. There is sufficient evidence to

eztablish a causal relationship between human exposure to the substance and subsequent
developmental toxic effects in the progeny.

Toxic to Substances which should be regarded as if they impair fertility in humans. There iz sufficient
Reproduction  evidence to provide a strong presumption that human exposure to the substance may result in
Category 2:  impaired fertility on the basis of:

- clear evidance in animal studies of impaired fertility in the absence of toxic effects, or, svidence
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 i they cause developmental toxicity to humans. There
is sufficient evidence to provide a strong presumption that human exposure to the substance may
result in developmental toxicity, genarally on the basis of:

- clear rezults in appropriate animal studies where effectz have been obsarved in the abzence of
signs of marked maternal toxicity, or at around the same dose levels as other toxic effects but
which are not a secondary non-specific consequance of the other toxic effects,

- other relevant information.

PBET & vPvB: Substances which are persistent, bioaccumulative and toxic (PBT) or very persistent and very
bicaccumulative (vPvB) pose a parficular challenge to the chemicals safety management. For
thase substances a "zafe” concentration in the environment cannot be established with sufficient

g
raliability.
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