Rev:
ISSUE NO :

<> SAMSUNG LED

DATE OF ISSUE : 2011. 10. 19

SPECIFICATION

MODEL : SPMWHT5225D5WAQO0SO

~

Approved rank :
Ve(A1, A2, A3, A4, A5)
CIE(Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8)
Iv(S1, S2, S3)

5630 CRI80+ WHITE LED Q0 RANK

CUSTOMER :

CHECKED

APPROVED

SAMSUNG LED

DRAWN

CHECKED

SALES

QUALITY

APPROVED

SAMSUNG LED CO., LTD.
314. MAETAN 3-DONG, YEONGTONG-GU,
SUWON-SI,GYEONGGI-DO,KOREA,443-743

SAMSUNG LED

PAGE 1/31




<> SAMSUNG LED

Contents
1. Product Outline 3
2. Absolute Maximum Rating 3
3. Characteristics 3
4. Chromaticity Diagram 5
5. Typical Characteristic Graph 6
6. Outline Drawing & Dimension 7
7. Reliability Test ltems & Conditions 8
8. Solder Conditions 9
9. Taping Dimension 10
10. Label Structure 11
11. Lot Number 11
12. Reel Packing Structure 12
13. Aluminum Vinyl Bag 13
14. Precaution For Use 14
15. Hazard Substance Analysis (SGS) 16
16. Hazard Substance Analysis (SVHC) 23
17. Revision History 31
SAMSUNG LED PAGE 2/31




<> SAMSUNG LED

1. Product Outline

1) Feature
. Lead Frame Type LED Package ( 5.6 * 3.0 * t 0.95mm )
. 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 -40 ~ +85C
Storage temperature range Tstg —40 ~ +100C
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 Solder Point Ru, JS 17.7C/W
Assembly Process Temp. 260C, < 10 sec
ESD 5 kV HBM

3. Characteristics

Electrical / Optical Characteristics

(Ts:257T )
Item Symbol | Conditions Rank Min. Typ. Max. Unit
A1 2.8 - 29
A2 2.9 - 3.0
Forward Voltage (*) Ve [ = 50 mA WA A3 3.0 - 3.1 \Y,
A4 3.1 - 3.2
A5 3.2 - 3.3
Reverse Voltage Ve IF=5mA - 0.7 - 1.2 \Y
Color Rendering Ra I[r = 50 mA 5 80 - - -
Luminous Intensity / Luminous Flux
(Ts:257TC)
Symbol Conditions Model Name Rank Min. | Typ. | Max. | Unit
S1 5.20 - 6.13
v Ir = 50 mA SPMWHT5225D5WAQO0S0 S0 S2 | 6.13 - 7.07 cd
S3 7.07 - 8.00
S1 15.57 - 18.37
o, lr = 50 mA SPMWHT5225D5WAQO0S0 S0 §2 1837 | - 2117 | Im
S3 | 21.17 - 23.97

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

Electro-Optical Characteristics

If (mA) VE(V) Power(W) Flux(Im) Lm/W
(Sorting5(2)urrent) 2.91 0.14 18.5 127
60 2.95 0.17 22.1 124
65 2.97 0.19 23.6 122
70 2.99 0.2 25.3 120
80 3.02 0.24 28.9 119
90 3.06 0.27 32.3 116
100 3.10 0.31 35.5 114
110 3.14 0.35 38.7 112
120 3.17 0.38 41.8 109
130 3.21 0.42 449 107
140 3.24 0.45 47.9 105
150 3.27 0.49 50.9 103
¥ Im values are representative references only.
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<> SAMSUNG LED

Chromaticity Coordinate

(Ts:257TC)
Condition Rank X
Q1 0.3222 | 0.3290 | 0.3290 | 0.3215 | 0.3243 | 0.3300 | 0.3417 | 0.3350
Q2 0.3290 | 0.3366 | 0.3371 | 0.3290 | 0.3300 | 0.3369 | 0.3490 | 0.3417
Q3 0.3215 | 0.3290 | 0.3290 | 0.3206 | 0.3350 | 0.3417 | 0.3538 | 0.3461
I = 50 m Qo Q4 0.3290 | 0.3371 | 0.3376 | 0.3290 | 0.3417 | 0.3490 | 0.3616 | 0.3538
Q5 0.3231 | 0.3290 | 0.3290 | 0.3222 | 0.3120 | 0.3180 | 0.3300 | 0.3243
Q6 0.3290 | 0.3361 | 0.3366 | 0.3290 | 0.3180 | 0.3245 | 0.3369 | 0.3300
Q7 0.3207 | 0.3290 | 0.3290 | 0.3196 | 0.3462 | 0.3538 | 0.3690 | 0.3602
Q8 0.3290 | 0.3376 | 0.3381 | 0.3290 | 0.3538 | 0.3616 | 0.3762 | 0.3690
* Tolerance : Ve10.1 V, l:5 %, x,y:£0.01, R, :£3.0
* Luminous Intensity measuring equipment : CAS140CT
4' ChromatICIty Dlagram * CCT Range : 5665K+355K (reference only)
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* Q0 = Q1+Q2+Q3+Q4+Q5+Q6+Q7+Q8
VE CIE Iv
A1, A2, A3, A4, A5 Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8 S1, 82, S3
* Each reel contains only one of the A1, A2, A3, A4 or A5 a segment (1/5) of the Ve rank.
* Each Q1, Q2, Q3, Q4, Q5, Q6, Q7 or Q8 a segment (1/8) of the CIE rank.
* Each reel contains only one of the S1, S2 or S3 a segment (1/3) of the I, rank.
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5. Typical Characteristics Graph

* These graphs show typical values. (Ts:257T)
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<> SAMSUNG LED

6. LED Package Outline Dimensions

unit:mm
Tolerance:+0.1

5
Cathode
X
(8D}
¥ 9] 1 o
il 4.46 — . y
| | T
Anode Cathode 2.1

1.5

| '— T

T
™ 0.6 1.5
O

I A0

Land Pattern

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

Precautions

(1) 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.

@ 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.

3@ 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.
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1) Test Items

7. Reliability Test Items and Conditions

Test Item Test Conditions Test Sample No
Hours/Cycles
125 C 24hrs drying — 60 C, 60 %RH 120hrs
MSL Test — 260 T 10sec 3 cycles 1 cycle 50
Room Temperature o q
. 25 T+3 C, DC150 mA 1,000 hrs 50
life test
High Temperature 85 C+3 C, DC110 mA 1,000 hrs 50
life test
High Temperature 60 CT+3 C, 95 %+2 %RH, DC150 mh 1,000 hrs 50
humidity life test
High Temperature 85 C+3 C, 85 %*2 %RH, DC150 mA,
humidity On/Off test On/2 sec, Off/5 sec 100,000 cycles 50
Low Temperature 40 C+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 /15 min < 125 /15 min, 150 Cycle
Thermal Shock => Reflow 260 C — Hot plate 180 C 1 cycle 100
High Temperature Ta=100 C+3 C 1000 hrs 11
Storage
Low Temperature Ta=-40 T+3 T 1000 hrs 11
Storage
Temperature -10C ~257C, 95%RH ~ 65T, 95 %RH 10 cvcles 11
humidity Cycle 24 hrs/ 1 cycle y
R, Rz R1:10 MR, R2:1.5 kQ, :
ESD(HBM) - CH00 oF, V = 5 KV 5 times 5
\% c D.U.T.
-R1:10 MR, R2:0, .
ESD(MM) C:200 pF, V'= +0.2 kv |  2times 5
100~2000~100 Hz, 200 m/s?,
Vibration Test Sweep 4 min, 48 min, 4 cycles 11
X, Y, Z 3 direction, each 1 cycle
. 1500G, 0.5 ms,
Mechanical Shock Test 3 shocks each X-Y-Z axis 5 cycles 11
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<> SAMSUNG LED

2) Criteria for Judging the Damage

" Limit
Item Symbol Test Condition
Min Max
Forward Voltage Ve [ = 50 mA Init. Value*0.9 Init. Value*1.1
Luminous Intensity Iv [ = 50 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 — Peak Temp. : 260+£57C, Max, 10sec
—_— [ime above 2207T : Max. 60sec
£ 200 —
2 Preheating : 150~180C Mex. B0sec
o150 — :
I:l_'l 1 1
E Y i :
e : 1 Max. Temp. gradient in Cooling : —5C/sec

50 — e e
[ | ;] | |

: |
100 i 50 200 250 300

0 50
-—
N 0120860 - [Time{sec)]

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

S unit:mm
& '.'500 2.0040.05 4.00+0.10 % __0.304005
S %
PR g
| s ™y 5
i ! // \\ u%, g
E:P / \ S 2
——————— " -t o -1 5
\ ! o
1 1 \\ N —— //l i3
o - il
\\-_’/
8.00+0.10 #1.50Min J.22+0.10
1. 15010
l
Reel TapingAl PKG & :
Anode Mark (Cutting ) N\—'—|—‘—r
- | | | )
‘ More than 500mm ‘ Mounted with More than 100~200mm Leading part more than
Unloaded tape Flash LED Unloaded tape 500mm
15.47° P
*0 13.0°°
3 2180 - N
'y
+1
@600 | e
3

Tolerance #0.2 , Unit:mm

(1) Quantity : The quantity/Reel to be Max. 1,000 pcs, .

(2) Cumulative Tolerance : Cumulative tolerance/10 pitches to be +0.2 mm

(3) Adhesion Strength of Cover Tape : Adhesion strength to be 0.1-0.7N 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.
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10. Label Structure

@EOEE
A1Q131

SPMWHT5225D5WAQ0S0 A1Q1S1 0T\
e
GLAV94001 / 1001 / 1,000 pcs

i Rank Code

Y

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 Intensity(cd) Rank (refer to page. 3)

11. Lot Number

The Lot number is composed of the following characters

A1Q1S1

SPMWHT5225D5WAQO0S0 A1Q1S1 01
(TR EEE T R T
GLAV94001 / 1001 / 1,000 pcs
i

e

DEEWEHED®® / 1@b(© / 1,000 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 (V:2011, W:2012, X:2013...)

: Month (1 ~ 9, A, B)

@ © ® @ ©

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

Reel

A1Q1S1

SPMWHT5225D5WAQO0S0 A1Q1S1 01
i
GLAV94001 / 1001 / 1,000 pcs
i

T

~J

HUMIDITY INDICA

Aluminum Vinyl Bag 299999

A1Q1S1

SPMWHT5225D5WAQO0SO A1Q1S1 01
I nnm
GLAV94001 / 1001 / 1,000 pcs
i

TR

Material : Paper(SW3B(B))

SIZE(mm) Y
TYPE
L w H

7inch | 245 | 220 | 182

@ SIDE & (110 ]
A1Q1S1 i

CHIP LED
SPMWHT5225D5WAQ0S0 A1Q1S1 01

TR m v
GLAV94001 / 1001 / 10,000 pcs
i

L /
&  [Box Label]

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

A1Q1S1

SPMWHT5225D5WAQO0SO0 A1Q1S1 01
(TR EEE T R T
GLAV94001 / 1001 / 1,000 pcs
(R T

R s

]
HEAD-FREE

‘ 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
374 g AdE 2 dol Yol B A7 vighid 443
A gt AANE £ ol Y& At dteA] FEH CSile] 4
7 #A 43 AAREE SAFA BEAA FA7] 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.
HMEag2 =, 22, RIISU 22 AA BHAUAL AtE2 HEtE O, ME80| ERE Alt=
IPA AtEE 2EE.

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. ~40 C, ~90 %RH)
LEDS| 22t FE& 2#Z0M EEZHH0F 6tHH, Bt MAHLEDZRH B2%¢= =
3ME E£= 1 0l 220 ERotthH A Dt st BEEEJ/0 B2 HOF &

A=
(2Z bagel =% : 1248, E& 8% ~407T, 5% ~90 %RH)

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 672 hours (28 days) at an assembly line with a condition of no
more than 30 C/60 %RH,

a. ME2 30 T/60 %RHELCH Z2HLE Z2 ZEXZAHUA 672A12 (28L)0ILHO
ZEolioF &.

b. Stored at <10 %RH.

b. 10% Olote A4UHSZUHAM 22 0k

gl

rr

NS

ro

Ct

0[0

S

M

-

pol

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 =HO0tAM CHAl ZES =, AX8
SA0AM 228 s 2EE.
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7) Devices require baking before mounting, if humidity card reading is >65 %
at 23+5 C.

BHot STHAIDIES 40t 2345 CUHIAN 65% Ol&012HS, MEB &% X0
[

L T S

8) Devices must be baked for 1 hour at 65+5 C, if baking is required.
Otek bakingO| ZRGICHH, HME2 6585 CTOlA 1AI2F A% baking &/ 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| & MXI0 BIZs MS0IE=2, LED HE2 UE Aldl= E&I|
HRNELO0IL &=SHEE AMESHIIE HEE.
If voltage exceeding the absolute maximum rating is applied to LEDs, it may cause
damage or even destruction to LED devices.
tor H§ SIEXE T Uote 20| LEDO JtofXI™, LED AXt= T & AL

=
s A Ol=2
—‘—ol'al - )ulu:-

|’D

I

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.
saE ME2 8872 S0 Tun on 82| NMoh M 8FR0AS HS=E S

oo =23S
oY HEes B = US.
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15. Hazard Substance Analysis - SGS

SGS

Test Report No. resosotLr-cTsavaat1-18102 lssued Date: 2011.05.24  Page 10f7

To:  5AMSUNG LED
#314, Mastan-Dong
Youngtong-Gu
Suwaon-si
Gyeonggi-do
Korea

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

$GS File No. : AYAATI-1E102
Froduct Mame 1 5530
Item MoPart Mo - A
Received Date - 2011.058.17
Test Period 2010818 to 2011.05.24
Test Results * For further details, please refer to following page(s)
Test Performed © 5G5 Korea tested the sample(s) selected by applicant with following results.
5G5S Korea Co. Lid.
Timathy Jeon

Jerry Jung! Testing Person

Jinhee Kim
Cindy Park ‘UN-
f

Jeff Jang ! Chemical Lab Mgr

=0y, Dongas-gu. Sngang-sl. Oyecspg-20, Kome 431000

SES Korea Co. Lid 1Y 4506 080 hip Serew 3slal 0 BT e BT S SE CINTLE

HWerttan of L S05 Greop (Sez il DGindooln dn Surval ln=o
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SGS

Test Report No. Fesoso1LF-cTsAYAA 1118102 lssued Date: 2011.05.24  Page 2of 7
Sample No. - AYAAT1-18102.001
Sample Description - 5820
ltem NoJPart Mo. - MiA
Heavy Metals
Tast Hems unit Teat Mathod mOL Results
Cadmurm (Cd) mgkg ‘With reference o |EC 82321:2008, ICP 05 N.D.
Lead (o) makg ‘With refierence o IEC 82321:2008, ICP 5 N.D.
Nercury (Hg) mpkg ‘With reference o IEC 82321:2008, ICP 2 N.D.
Hexavalent Chromiurm {Cr Vi) mgkg With reference o IEC 82321:2008, UN-VIS 1 N.D.
Arsenic [As) magkg With reference to EPA 305201906), US EFA 10 M.D.
A010E{ 1896), ICF
S (Sh202] migkg With reference to EPA 3052(1806), US ERA 10 NI,
A010E 1994), ICF
Beryllium (Be) mg'kg With reference to EP& 30508(1RBS) US EFa 0.5 NI,
A010B{1808), ICP

Flame Retardants-PEEs/PEDEs
Tast Hems unit Teat Mathod mDL Results
Monobromobpheryd makg With reference fo IEC 62321:2008, GC-MS 5 N.D.
Cbromaobiphenyl mag'kg With reference to IEC 62321:2008, GC-MS 5 N.D.
Tribromobipheny mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Tetrabromobiphenyl mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Pentabromobioheny mpkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Hexabromaobiphenyl makg With reference fo IEC 62321:2008, GC-MS 5 N.D.
Heptabromabiphenyl mag'kg With reference to IEC 62321:2008, GC-MS 5 N.D.
Cictabromobiphenyl makg With reference to IEC 62321:2008, GC-MS 5 N.D.
Menabromobaohenyl mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Cecabromobiphenyl mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Nonobromodpheny ether mpkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Cbromadiphenyl ether mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Tribromodiphenyl ether mag'kg With reference to IEC 62321:2008, GC-MS 5 N.D.
Tetrabromadiphenyl ether mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Pentabromodoheny ether mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
NOTE: 9y M.D. = Mot detected {<MOL)
{2) mg'kg = ppm
{3) MOL = Method Detection Limit
{4} - = Mo regulation
{8) ** = Qualitafive analysis (Mo Unit)
{8} * = Boding-water-extraction:
Megative = Absence of Cr\l coating
Pasitive = Presence of Cr\/l coaling; the detected concentration in bolling-water-extraction
solution is equal or greater than 0.02 mgikg with 50 cm2 sample surface area.
I 54, Hogye-don Weaspg-o, Kores 43106
HE2 Q0P AS0E 00 e |0 885 BT wrwee b 556 SRTVEN 1

I Werrbar of e 5055 Crecp {Se bl Sanital da Sural ln=o
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SGS

Test Report No. Fesoso1LF-cTsAYAA 1118102 lssued Date: 2011.05.24  Page 3of 7

Sample No. - AYAAT1-18102.001

Sample Description - 5820

ltern NofPart No. - WA

Flame Retardants-PEBs/PEDES
Tast Hems unit Teat Mathod mOL Results
Hexabromaodiphenyl ether mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Heptabromodipheny| ether makg With reference fo IEC 62321:2008, GC-MS 5 N.D.
Cictabromodiphenyl ether mpkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Menabromodphenyl ether mgkg With reference to IEC 62321:2008, GC-MS 5 N.D.
Cecabromadiphenyl ether mg'kg With reference to IEC 62321:2008, GC-MS 5 N.D.

FPhthalates
Tast Hems unit Teat Mathod mOoL Results
Ci-iscdecyl phthalate (DIDP) mgkg S EPABDATA , GCIMS 50 N.D.
C-isononyl phthalate (DINP) mgkg US BEPABDEMA , GCIMS 50 N.D.
Ci-n-octyl phthalatz (DMOP) mgkg U5 EPABDANA , GCIMS 50 W.D.
Ci-ethyl phthalate{CEF) mgkg U5 EPABOANA , GCIMS ] N.D.
Ci-methiyl phthalats ([DMP) mgkg U5 ERABOANA , GCIMS 50 N.D.

Halegen Contents

Tazt Hems unit Teat Mathod MDL Rasults
Eromine{Br) mag'kg BS EM 145822007, IC 30 N.D.
Chloring]C1) mg'kg BS EN 14582:2007 , IC 30 N.D.
Flucrine(F) mgkg BS EN 14582:2007 , IC 30 191
lodine(l} mgkg BES EM 14582:2007 , IC 50 MN.D.

Organotin Compounds

Tazt Hems unit Teat Mathod MDL Rasults
Tributyin (TET) mgkg DN 32407-13 , GCME 0.1 N.D.

NOTE: 9y M.D. = Mot detected {<MOL)

{2) mg'kg = ppm

{3) MOL = Method Detection Limit

{4} - = Mo regulation

{8) ** = Qualitafive analysis (Mo Unit)

{8} * = Boding-water-extraction:
Megative = Absence of Cr\l coating
Pasitive = Presence of Cr\/l coaling; the detected concentration in bolling-water-extraction
solution is equal or greater than 0.02 mgikg with 50 cm2 sample surface area.
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<> SAMSUNG LED

SGS

Test Report No. Fesoso1LF-cTsAYAA 1118102 lssued Date: 2011.05.24  Page4of 7
Sample No. - AYAAT1-18102.001

Sample Description - 5830

ltermn NoPart No. - NiA,

anotin Com nds

Tast Hems Unit Test Mathod MmDL Rasults
Triphenylin (TFhT) mg'kg MM 38407-13 , GCMS 0.1 N.D.
Dibutyhin (DBT) makg N 38407-13, GOMS 0.1 N.D.
Daoctyltin{DOT) mpkg DN 38407-13 , GCMS 0.1 N.D.
NMonobutylin (MET) mgkg DN 3340713 , GCMS 0.1 N.D.
Bis {tributyltinjowde (TETO) mg'kg DiM 3840713, GCMS 0.1 N.D.
Other(s

Tast Hems unit Teat Mathod MDL Results
PFOS|Pedflucnoocians mg'kg U5 EPA 354053550C, LCMS 1 N.D.
Sulfonates-Acd/Metal SaltiAmide)

NOTE: 9y M.D. = Mot detected {<MOL)

{2) mg'kg = ppm

{3) MOL = Method Detection Limit

{4} - = Mo regulation

{8) ** = Qualitafive analysis (Mo Unit)

{8} * = Boding-water-extraction:
Megative = Absence of Cr\l coating
Pasitive = Presence of Cr\/l coaling; the detected concentration in bolling-water-extraction
solution is equal or greater than 0.02 mgikg with 50 cm2 sample surface area.

Ay a e o EEmiresem miopieigm i v ovae wipmi w T aw e = Freas Cmsmn w
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<> SAMSUNG LED

Test Report No. Fesns01/LF-CTSAYAR11-18102 lssued Date:  2011.05.24  PagaSof7

Picture of Sample as Received:

MOTE: 1) MD. = Mot detected. (=MDL)

{2) mgikg = ppm

{3} MDL = Methad Detection Limit

{4} - = Mo regulation

(5} " = Quslitative analysis (Mo Unit)

{8} * = Boding-water-extraction:
Megative = Absence of Cr\l coating
Pasitive = Presence of Cr\l coating; the detected concentration in boiling-water-extraction
solution is equal or greater than 0.02 mgikg with 50 cm2 sample surface area.
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<> SAMSUNG LED

SGS

Test Report No. Fesoso1LF-cTsAYAA 1118102

Cd/Pb/Hg

FPEBS/PEDES

Issued Date: 2011.05. 24

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

cr 6+

Page §of 7

cr 6+

Mechanic_Sample

Mechanic_Sample

Mechanic_Sample

Mechanic_Sample

Sample Measurement

Sample Measurement

Sample Measurement

T
Sample Measurement

Acid Digestion with

Solvent Extraction

Nonmetallic Material

Metallic Material

Adding Extraction Solution

Spot Test ! Boiling
Water Extraction

Microwave/Hotplate of the Sample
| Clean-up with Florisil
Filtration Column
Residue Concentration/Dilution

of Extraction Solution

Heating to 90~95°C
for Extraction

Total Digestion

Filtration and pH Adjustment

Adding 1,5-
Diphenylcarbazide
far Color Development

A Red Colok Indicates

Filtrati
rratian ! the Presence of CrE+
| | Adding 1,5-Diphenylcarbazide
for Colaor Development |
ICP-AES/AAS GCIMS | Confirm
| with UWV-Vis
UV-Vis
DATA DATA | |
DATA
DATA
The samples were dissalved totally by pre-conditioning method according to above flow chart for Cd Pk, Hg.
Section Chief : Gilzas Y1
NOTE: (1) N.D. = Mot detected.(<MDL)
{2) mg'kg = ppm
{3) MOL = Method Detection Limit
{4} - = Mo regulation
{8) ** = Qualitafive analysis (Mo Unit)
{8} * = Boding-water-extraction:
Megative = Absence of Cr\l coating
Pasitive = Presence of Cr\/l coaling; the detected concentration in bolling-water-extraction
solution is equal or greater than 0.02 mgikg with 50 cm2 sample surface area.
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<> SAMSUNG LED

SGS

Test Report No. Fesoso1LF-cTsAYAA 1118102 lssued Date: 2011.05.24  Page7of 7

Flow Chart for Halogen Test

Sample screening using XRF.

Liguid eontaining water(=80%)?

Yes

t
Nlr:-

Weigh the samples inte the combustion boat.

Add absorption solution into the bomb or tube.

Admit 32 gas or 02 +Ar2 gas and start the combustion.

Dilute
the solution
[EFA3DD)

Allow during absorption of the burnt gas.

Analyze absorbed solution using lon Chrematoagraphy.

Ll =%

NOTE:

{1} M.D. = Mot detected.{<MDL)

{2) mg'kg = ppm

{3) MOL = Method Detection Limit

{4} - = Mo regulation

{8) ** = Qualitafive analysis (Mo Unit)

{8} * = Boding-water-extraction:
Megative = Absence of Cr\l coating
Pasitive = Presence of Cr\/l coaling; the detected concentration in bolling-water-extraction
solution is equal or greater than 0.02 mgikg with 50 cm2 sample surface area.
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<> SAMSUNG LED

16. Hazard Substance Analysis - SVHC(REACH)

SGS

Test HEpD It NO. F690501/LF-CTSAYAA11-16099 Issusd Date: May 24, 2011 Page 1 of 8

To: SAMSUNG LED
#3114, Mastan2-Dong
Yaongtong-gu
Suwan-city
Gyeonggido
Korea

The following sample(s) was/were submitted and identified by/on behalf of the client as:-

Product Name ¢ BE30 W hite

Item/Part Name T NA

SGS File No. T AYAATN-16099

Received Date o May 17, 201

Tost Period : May 18, 2011 ~ May 24, 2011

Test Performed SiGS Koreatested the sample(s) selectad by applicant with following results

Test Requested Forty-six (46) substances in the Candidate List of Substances of Very High Concem
(SVHC) for authorization published by European Chamicals Agency (ECHA) on and
before December 15, 2010 regarding Regulation (EC) No 1907/2006 concaming the
REACH.

Test Method Pleasea refer to next page(s).

Test Result{s) Please refer to next page(s).

Summary According to the spacified scope and analytical technique, concantrations of all SVHC
are =0.1% in the submitted samplais).

5GS Korea Co, Lid

Timothy Jeon

Cindy park J J !

Jinhee Kim ‘-’d :

Sophia Kim

Mesting Person

Jeff Jang / Technical Mar

Thie dmumadin i i i o e el wE s R T u & Ty amd ma u
R T R e
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<> SAMSUNG LED

SGS

Test HEDD It MNO. Fes0501/LF-CTSAYAA11-16098 Issuad Date: May 24, 2011 Page 2 of 8
Test Method:

5G5S In-House method RSTS-SVHC-102-2, 3 and ZLS standard ZEK 01.2-08. Analyzed by ICP-OES, PLM, UVAVIS,
LC/MS and GCIMS.

Remarks:

1. The chamical analysis of specified SVHC is perfonmed by means of cumrently available analytical techniques
against the following SVYHC ralated documeants published by ECHA: These lists are under avaluation by ECHA
and may subject to change in the future,

Rafarto: http/echa.europa.eu/'chem datafauthorisation process/candidate list table enasp

Rafar to: http:Vecha.csuropa.euw newspr201 01 2'pr 10 28 svhe candidate list 20101215 en.asp

2. In accordance with Regulation (EC) No 1907/2006, any producer or importer of aficles shall notify ECHA, in
accordance with paragraph 2 of Aricle 7, if a substance meets the criteria in Article 57 and is identified in
accordance with Article 5901 of the Regulation, if (a) the substance is present in those articles in quartities
tataling over one tonne per producar or importer par year; and (b) the substance iz prasant in those articles above
a concantration of .1% weight by weight (w'w).

3. Aricle 23 of Regulation (EC) Mo 1907/2006 requires supplier of an article containing a substance meating the
criteria in Article 57 and identified in accordance with Article 59(1) in a concantration above 0.1% weaight by weight
(wiw shall provide the recipient of the article with sufficient information, available to the suppliar, to allow safa use
of the article including, as a minimum, the name of that substanca in the Candidate List.

4, Ifa SVHGC is found over the reporting limit, client is suggested to identify the component which containg the SYHC
and the exact concantration of the SVHC by requesting further quantitative analysis from the laboratory.

Hizgma TR IS I s S S U L AL ST I s 1 I e S e
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<> SAMSUNG LED

SGS

Test HEpDI‘I MNO. Fes0s01/LF-CTSAYAA11-16099 lzsued Date: May 24, 2011 Page 2 of 8
Test Result{s)
Concentration Reporting . .
Substance Name CAS number EC number (2) Limit (%) Classification
Alkanes, C10-13, chlaro
(Short  Chain  Chlorinated 45535-84-8 2874785 M.D. 0.05 PET
Paraffins)
Anthracens 120-12-7 204-371-1 M.D. 0.05 PET
EBenzyl butyl phthalate (BEF) Toxic to
45887 201-822-7 M.D. 0.05 Reproduction
Category 2
Bis { 2-athylhexylphthalata) Toxic to
(DEHF) 17-81-7 204-211-0 M.D. 0.05 Reproduction
Category 2
Bisitributy injoxick* 55-359 200-260-0 M.D. 0.05 PET
Cobalt dichloride” Carcinogen
TE4E-79-9 231-589-4 M., 0.005 Category 2
4 4Diaminodiphanylmeathansa Carcinogean
101-77-9 202-974-4 M.D. 0.05 Categary 2
Diarsenic pantacxide” 1302.28.2 215-116-9 N.D. 0.005 Carcinogen
Cateqory 1
Diarsenic tricxide® Carcinogen
1327-63.3 215-481-4 M.D. 0.005 Category 1
Dibutyl phthalate (DEP) Toxic to
b4.74.2 201-557-4 M.D. 0.05 Reproduction
Category 2
Haxabromocyclododecans 25537-99-4and
(HBCDD) and al  major 3194-55-6 247-148-4
diasteracizomers identifiec (134237-51-7, | and 221-895- M.D. 0.05 PET
(o-HBCDD, B-HEBCDD, - | 134237-50-8, 9
HBCDD) 134237-52-0)
Lead hydrogen arsenata® Carcinogean
Catagory 1; Toxic to
Ta4-40.9 232.084-2 M.D. 0.005 Repraduction
Cateqory 1
Sodium dichromate Carcinogen
{Sodium dichromate, Category 2; Mutagan
dehydrata) 10588-01-9 Catagory 2;
(7785.12.0) 234-190-3 M.D. 0.005 Toxic to
Reproduction
Categjory 2
S-tart- butyl-2 4, &-trinitro-m-
xylene {musk xylens) a1-15-2 201-329-4 M., 0.05 vPvE
Triethyl arsanata® Carcinogean
15606-95-8 427-700-2 M., 0.005 Catagory 1
tH = =] RN SEIE 5
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<> SAMSUNG LED

SGS

Test HEpDI‘I MNO. Fes0s01/LF-CTSAYAA11-16099 lzsued Date: May 24, 2011 Page 4 of 8
Concentration Reporting e
Substance Name CAS number EC number (%) Limit {%) Classification
.. _ Toxic to Reproduction
Di-isobuty| phthalated DIBF) 84-89-5 201-553-2 M.D. 0.05 Category 2
2. 4-Dinitrotoluana 121-14-2 204-450-0 MN.D. 0.05 Carcinagen Catagory 2
Tris(2-chlaroethyl) Toxic to  Reproduction
phosphate 115-96-2 204-118-5 M.D. 0.05 Category 2
Anthracene o 90B40-80-5 | 292-8027 N.D. 0.05 FBT. vPvB
Carcinogen Category 2
Arthracena oil, PET; vPvE; Carzinogan
anthracens paste; 9199517-4 295-278-5 MN.D. 0.05 Category  2; Mutagen
distn. Lights Category 2
Arthracena oil, PET; vPvE; Carzinogan
anthracens paste, 9199515-2 295-275.9 MN.D. 0.05 Category  2; Mutagen
anthracene fraction Category 2
. PET; vPvE; Carcinogan
’:::::fﬁ;‘; El-',r 90640-82-7 | 292-804-8 N.D. 0.05 Category 2; Mutagen
~ 3 Catagory 2
. PET; vPvE; Carcinogan
i:::rr-?;;;:; cil i 90640-81-6 | 2928022 N.D. 0.05 Category 2; Mutagen
- pas Category 2
Coal tar pitch, PBET, vPvE; Carcinogen
high temperature BE8996-93-2 286-0208-2 M.D. 0.05 Category 2
Aluminosilicate, Refractory B80-017-00-8 N.D 0.005 Carcinogen Category 2
Caramic Fibras® ) (Index no.) = :
Zirconia Aluminosilicate, 580-017-00-8 N.D 0.005 Carcinogen Category 2
Refractory Ceramic Fibres® } {Index no.) T ’
- Carcinogen Category 2;
'{é‘}dpfﬂgﬁf{gﬁfﬁ?”m 1344-97.2 215-699.7 N.D. 0.005 Towic to Reproduction
L Category 1
Lead chromate molybdate Carcinogen Category 2;
sulfate red (C.1. Pigment Red 12656-85-2 235-758.9 N.D. 0.005 Toxic to Reproduction
104 3° Category 1
Carcinogen Category 2;
Lead chromate® Tioe-97-5 231-846-0 M.D. 0,005 Toxic to Reproduction
Category 1
. Carcinogen Category 2;
Acrylamicle TE-06-01 2011737 M.D. 0.05 Mutagen Category 2
ST A RN SEIE 5
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<> SAMSUNG LED

SGS

Test HEpDI‘I MNO. Fes0s01/LF-CTSAYAA11-16099 lzsued Date: May 24, 2011 Page 5 of 8
Concentration Reporting e L
Substance Name CAS number EC number (%) Limit (%) Classification
] o 10043-35-3 2331382 Toxic to  Reproduction
Boric acid 11115-50-1 £34-347.4 N.D. 0.005 | - tegory 2
N 1330-43-4 Toxic to  Reproduction
Disodium = tefraborate, | yoi7q049 | 215-540.4 N.D. 0005 | Category 2
anhydrous 1909-96-4
Tetraboron dizodium Toxic to Reproduction
h xide, hydrate™® 12267-73-1 235-541-3 M.D. 0.005 Categary 2
Trichlcroathylane 79.01-6 201-167-4 N.D. 0.05 Carcinogen Category 2
Carcinogen Category 2;
. Mutagen
Sodium chromate TITE-11-3 231-808.5 M.O. 0.005 Cataegory 2;
Toxic to Reproduction
Catagory 2
Carcinogen Category 2;
. Mutagen
Ammonium dichromata T7a9.08-5 232-1431 N.D. 0.005 Category 2;
Toxic to Reproduction
Catagory 2
Carcinogen Category 2;
. Mutagen
Potassium dichromate TI7e-50-9 231-9206-6 M.D. 0.005 Category 2;
Toxic to Reproduction
Catagory 2
. Carcinogen Category 2;
Potassium chromate T7e8-00-5 232-140-5 M.D. 0.005 Mutagen
Catagory 2
o = = R sEE :
1-m:"m L mr_&“:m&lh£M|mmﬁ%m%%nmlulkm mﬁmm”mrﬂ.m Er mdl:n: Mﬁﬂ?ﬁ:
“'..i.”‘t nl?hnmnm|lllmlo¢lh-m'lm--dmunillum-\dh TR A
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<> SAMSUNG LED

SGS

Test HEpDI‘I MNO. Fes0s01/LF-CTSAYAA11-16099 lzsued Date: May 24, 2011 Page 6 of 8
Concentration Reporting e L
Substance Name CAS number EC number (%) Limit (%) Classification
Carcinogen Category 2;
Cobalt(ll) sulphats ¥ 10124-43-3 233-334-2 MN.D. 0.005 Toxic to Reproduction
Catagory 2
Carcinogen Category 2;
Cobalt{ll) dinitrate * 10141-05-8 233-402-1 M.D. 0.005 Toxic to Reproduction
Catagory 2
Carcinogen Category 2;
Cobalt{ll} carbonata® 513791 208-169-4 MN.D. 0.005 Toxic to Raproduction
Catagory 2
Carcinogan Category 2;
Cobalt(ll) diacetate™ 71-48-7 200-755-8 M.D. 0.005 Toxic to Reproduction
Category 2
Toxic to  Reproduction
2-Mathoxyethanol 109-86-4 2037137 M.D. 0.05 Categary 2
Toxic to  Reproduction
2-Ethoxyethanol 110-80-5 203-204-1 M.D. 0.05 Category 2
Carcinogen Category 1;
Chromiurn tricxida ™ 1333-82.0 215-607-8 M., 0.005 Mutagen
Catagory 2
Acids generated from
chromium tricxicle and
their oligomers:
Chromic acid 7738-94.5 231-801-5 N.D 0.005 Carcinogan
Dichromic acid 13530-68-2 238-881-5 h ’ Catagory 2
Oligomers of chromic
acid and dichromic
acid "
tH = =] RN Ay 5
=i L mr_&“:m&lh£M|mmﬁ%m%%nmlulkm udﬁ-l m”mrﬂ.m Er rn'ld.:d l:n: Mﬁﬂ?ﬁ:

=
o Ew s Ay ermET g
1 e nl?l&l_“lnhlllllmmlo*lh-m'l llindn:lunillum-\dh TR A

FO52 Varsiond S3EE Korea Go, L. | 322, TheD valey, 5558, Hooyoe
422 (D)3 4602 000 1482 |

SAMSUNG LED PAGE 28/31



<> SAMSUNG LED

SG

Test HEpDI’l MNO. Fe90501/LF-CTSAYAA11-16099 Issued Date: May 24, 2011 Paga 7 of 8

Hote:

1. RL = Reparting Limit

2. ND = Mot detected (lower than BL)
MA = Mot applicable for respective matearial type.
The submitted sample was found to contain significant amount of specific elemeant’s) of SVHC. Upan further tast
verification and also information provided from client, the possibility that the element(s) content originate from
SWHC is very unlikaly, evan though their presence cannaot be exclude entiraly. It may ba assumed that the detected
alameant|s) have a non-SVHC source.

3. ".The test result is based on the calculation of selected element(s) / markens) and to the worst-case scenario. For
detail information, please refar to the 5G5S REACH wabsite: www.reach.sgs. comdsubstance- of-v ery-high-concern-

analysis-infonmation-page. htm
* Calculated concentration of boric acid, disodium tetraborate, anhydrous and tetraboron disodium heptaoxide,
hydrate are basad on the total'water extractive boron by ICP-OES. Calculated concentrations of cobalt(ll) sulphate,
cobaltill) dinitrate, cobaltll) carbonate, cobaltll) 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 identified
chromium (VI3 by LV-Vis,

4. Test result of anthracens oil and coal tar are calculated as per selected identifiers of the SVHC. The value is

reparted in aggregate per anthracena il or coal tar and based on the waorst-case scenario.
5 0.1% fwhw) = 1,000 ppm = 1,000 mg'kg

Picture of Sample as Received :

*** Endl of Report ***
Rl s e G ARt b £ P iatos ST LD Saer e o e e T B Iy Lol P R T S R Tl T et £ FEne s Fodhgs it o1 e 008 ind s

-:c-ﬂl. [ 'lloinﬂ_'\-llllﬂ-ul'lhH:-'\-llﬂlloI';-'\--p-lnmlmmln'lkm TGN EE B RS RO E TR ST B Ao el L s R mr s
m-m-u:'l?l:"_‘ =t = = II-;rl:IIIﬂ'HIIIH_\d-“b&.‘
FO52 Varsiond S3E Korea Co, L. | 322 Thed -.-nlﬁ. EEEQ, -dong, Congan gu, .!.rlg.':rg?-:l.-' gi-do, Korea 431-020
T2 (003 4602 00 T+B2 (]2 4502 DED htpowww 5g slnb.co ke WG 509 Domigrosnigh

| Wamber o the 335 Group (Sodék Géndnle de Sursllanca)

SAMSUNG LED PAGE 29/31



<> SAMSUNG LED

SGES

Test HEDD It MNO. Fesoso1/LF-CTSAYAA11-16099 lzsued Date: May 24, 2011 Page 2 of 8
Appendix A

Classification Definition under &7/548EEC and Regulation (EC) No 19072006

Carcinogen  Substances known to be carcinogenic to man. Thare is sufficient evidence to establish a causal
Catagory 1: association betweean human exposure to a substance and the development of cancar.

Carcinogan Substances which should be regarded as if they are carcinogenic to man. There is sufficiant
Catagory 2: avidance to provide a strong presumption that human exposure to a substance may result in the
devalopment of cancer.
Ganerally on the basis of:
- appropriste long-temn animal studies
- ather ralevart infomation.

Mutagean Substances known to be mutagenic to man. There is sufficient evidence to establish a causs
Catagory 1: association between human exposure to a substance and heritable genstic damage.

Mutagen Substances which should be regarded as if they are mutagenic to man. Thers is sufficient
Catagory 2: avidance to provide a strong presurnption that human exposure to the substance may result in the
devalopment of heritable genetic damage, generally on the basis of:
- appropriste animal studies,
- ather ralevart infomation.

Toxic to Substances known to impair ferility in humans. There is sufficient evidence to establish a causal
Reproduction  relationship betwaen human exposure to the substance and impairad fertility.
Catagory 1: Substances known to cause developmental toxicity in humans. Thera is sufficient evidence to

astablish a causal relationship between human exposure to the substance and subsequent
devalopmental toxic effects in tha progany.

Toxic to Substances which should be regarded as if they impair fertility in humans. There is sufficiant
Reproduction  evidence to provide a strong presumption that human exposure to the substance may result in
Catagory 2: irmpsired fartility on the basis of:
- clear evidence in animal studies of impaired fartility 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 consequenca of the ather toxic effects,
- ather relevant information.
Substances which should be regarded as if they cause developmental toxicity to humang. Thara
is sufficiant avidenca to pravide a strong presumption that human exposure to the substance may
rasult in developrnantal texicity, genarally on the basis of:
- clear results in appropriate animal studies where effacts have been observed in the absanca 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 consequence of the other toxic effacts,
- ather relevant information.

PBT &vPvB: Substances which are persistent, bicaccumulative and toxic (PBT) or very persistent and very
bisaccumulative (vPvB) pose a paricular challenge to tha chemicals safety managemant. For
these substances a *safe” concentration in the ervironment cannot be established with sufficient

raliability.
it = = R S ! :
S TET m—&%ﬁmﬁmﬁnmlulkm udﬁ-l m”mrﬂ.m Ex rn'ld.:d l:n: Mﬁﬂ?ﬁ:

AL
o E o iy ermET g
. nl?lc-nﬁ“lnhllllllur.lﬂlh.ﬂi‘l llindl.:llu'ﬂlluu-\dh T

FOE2 Vs rmiond SEE Koma Co. L. | 322 The O va

SAMSUNG LED PAGE 30/31



<> SAMSUNG LED

Revision History

(Model:SPMWHT5225D5WAQ0S0)

Writer
Date Revision History
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p.15~29 SGS/SVHC update
2011.07.04 | p.3 IV(cd)&Flux(Im) spec. change T.J Kim Y.H Song
[6.15~6.49cd — 5.15~6.93cd]

2011.07.20 | p.3 IV(cd)&Flux(Im) spec. change T.J Kim Y.H Song
2011.10.19 |p.4 Electro-Optical Characteristics add T.J Kim Y.H Song
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