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Abstract

Currently, LED has been developed to have both luminance, long lifetime

energy and environmentally safe. Popularly, The LED has been used to replace

fluorescent. Also, many research works have used LEDs in wireless communication

technology applications instead of frequency RF. This project presents a prototype

development of a full-duplex visible light data transferring system based on high

power white LED. Terminal V1.9b program is used to determine the furthest distance

without errors. This project, a data transfer program is developed. The program

written in the Microsoft visual C # language is used to test percentage errors of the

data transmission in the case where an object moves pass the laser beam at

obstruction times. Luxeon Lebel White LEDs are used as the light transmitter and

Silicon Photodiode FDS10x10 is used as the receiver. The experiment including using

convex lens is tested for increasing more transmission distances.

Keywords : full-duplex visible light data transferring , high power white LED
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Increasing Wavelength
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LED Feuennnuselewidnumsdesainuda Ssannsaltifiusnandunsdeansioyalsn
e inalulaBmydearsteyadeuasfunddumaluladirauladuegiannluilagiu

\dosnndanulassdelunisldeunoudngs eunsadesiunsdnasulddyauainyana



2
@ Y

dufildldsuoynnld e ndyguaznszangiamzyeilinmsiudsdyyutoyaviiiy

wannifianansailviflunsdeasdeyanslulsmenuanazsuuniesduiifimsdrde

msldnumesnduinglddndae
TulassufiasiFaldhmsseniuunazaialumasuuudmiunsiu-dedoyade

waslugufinuesdiuwuy 2 fianig (Full-Duplex Communication) Tagld Luxeon Lebel

"

White LED Wushdsdysyrnuas uaeld Photodiode ¥iln FDS10x10 WudhSudyaouas

1.2 TnqUszasAvasuid

1) defnwmdnnsuesmaiu-defoyasouastugufimue iy

2) Anwuazynnmsadslusauuudmiumsiu-dseyameouadugufinuoadu

3) Usziflumuaiunsaiudasidavesnisiu-deioya 2 imme wuulifinnuiawans
fisguyrnanserinasiu-deleya

8) UsziduwesFunmafiswainvestoyaiisuls Tumsiu-detoyanuy 2 fiema e

:
=i

Asfnnsdnaaussezaansngg lunsalildltaudsinasaznsdniinsldiaudsuuas

1.3 Y2ULUAYRIIUTRE

1) Anwwidnansvesmsiu-dedieyadeuadug itnsosidiu

2) ANIANTINNNYBNATNIAESA A IULaZAIATUR RN

3) fnmsadTunasunuudmiunsiv-dedeyaseuadugiuiinaesiu

0) vaaetazUsuidiuanyannsalunsiu-dsfoyauun 2 firms fiszoesneg

5) neapsarUssiiuteiiiudanufionatnvastayadsuld Tunisfu-dedeyauuu 2
Fena detidainunsduandusrariamnieg Tunsdildlfaudmuuauaznsdidnnsld
ML ERHITER

1.4 F3nIAiiuuld

1) Anwduaimnuiuazndnnsifeadasiumsiu-dideyasouasiugwiimueatiu

2) Anwnsasnmadsdugunazniniudyn o

3) afdlumadmiumsu-defeyalaglduaduguiinuosiu

4) siunsnaasuazdsuiiuanuanunsasudasidavasmsiv-dedeyaiinniuien
wuldiflenufanaradisverdneg lunsdfldldiaudsuauaznsdifinsldaudsiuuas
Tngldlusunsudniagzu Terminal V1. 9b Tumsiu-dedieyauszinn text file



5) Anwduaiinisideusazeenwuulusunsumsiu-deleya agld Microsoft Visual C#

6) FlunsnanesuarUssidiuodiduinuiinnatnvesdeyaiifuld lunissu-da
foyauuy 2 fevne WelAMmunsduanduszuznasine lunsdilildiaudsinuauar
nsdifRnsldiaudsanuas Tngldlusunsusu-defoyafli@outuesdie Microsoft Visual C#
lumsSu-detoyatsuam text file

A151971 1.1 sgeznaflglunisandunuluiiaziunou

5 U 2558 T 2559
YUADU ~

am. | ne. | aA | we | sa. | wa | aw | a0 | W
JunauN 1
JURDUN 2
JURBUN 3

) =i
YURDUN 4

& =
YUADUN 5

TuUNDUN 6

1.5 Ussleviifianadnezldsu

1) aunsnosuiendnmaihauesnsiu-duayadeuadlugiuiine wiuld

2) anansashlumadusuunsiu-deleyassuadugwinaeadiululduselovdluns
u-deteyaldass lelenenssu-detoyaluudniiiterunsliaduing (RF) wy Petro-
chemical plant, Tsswenuia, wdesdu us

2) arursoltdutunmslunisiauisalule



Ui 2

NgefuazuIeNingva9

2.1 MsliAUa9199094eadA (LED Illuminance)

'
o o =5

g s =) = I3 Py DY
Loann ARUNTUETINIAIUN ‘ﬁ\nlﬂ?'\ﬂiﬁfill’l'ﬁﬁﬂ,uﬂ'ﬁ‘ﬁq‘iﬂlwlﬂEJG]?\? Lwaslﬁﬁwa'ﬂﬂ'lﬂ

q

= & oA

was Tassadredfyveeadd fe Wudvaishsfiwia pn junction "';’aﬂmaaﬁwﬁ@ﬁ'sﬂw
prlaUdawanslivigns fwivewdng Ae Sidnnseunarlea Jundeudieganely Su
desnmnanuiedng Tnvgunsaiazaninsavhanldidielididnmseuseriulea uazanas
lUeseiundsauiimnituasdanddesndanuaininney suuvuvedlnaeudunad
ueaiufignudesaenu 3undn Electroluminescence waadiiimulduIeuluvatsdy
dladleuiumelulagnslianuainmousedy fd

1) LED Windssnifluse@nsamuagUanidossdnuieuluuiuanles awisnan
msldndsanulel 80%

2) LED fingnsidvuasudnuiuwazausainula 25,000 = 50,000 Faluanewud
Uszavsnmazanasly 70% Heifisufunaenldinnsgiuifiengmsldenaides 6,000 -
15,000 Falus

3) LED TsedvBamnisdesainaginiiuasaliuuuifa Wesafinisdt InGaN 11
Hluniswdn LED. AvRunaydiden Sotilfieadnduszavamiiaty Tud 2 nenssud
U WUd1USEAVB WS svewanaiain Cree Inc. iy 254 quuu/nd
Turueiivaanldliinmsdosainanifu 14 guu/das uaznasnngesisaiaudlainisdes
a1nihiu 75 guun/ng

1) LED maeaiusieanansiidudumsie wu Mercury

5) IngsssuratuumInsuaganyed LEO  Tldferatasesiunyidin Jagniunld
UsAnilludrumsdeanstayameuas mugiumsifrmuainees LED

6) awnsati1 LED uildlunisdedeyald uiluvinaduszianmuindendtidy
Ambient light

Fremmraavuafinannand iliueadldunnuaulasdrannfasiunldlua
funisdeansteyasouas dnsadrenuddeunnunsuashulduselevddugaamnssy

msldnunmslueimsuazuanaias siuludaleluszuulnasas



Tudrudi dun1sIuuUnUsZLANAILLANAIIY DI A

o

Qs

lfldiau sadl

2.2 ¥inuaIwaadd (LED Types)

#157971 2.1 WS e Ui UAILLANANIUDILeaER wAaLY IR

=l s

=

dffuanwuEAd 1A

s

=l = ! el ! = = ¥l ey | = =l
WSHUMIEUAIULANATNYDILDADALASETUA TNA1TINN 2.1 ﬁ]%mulﬂ’l%mﬁ@ﬂLLC‘]EW“UNW\]&‘:@J

Snwmizianizdd i ldsianunsadenlduneadflannuainufeanisiaziuuigaufiung

w5 fnad PC-LED RGB LED u-LED OLED
Barid width 3-5 MHz 10-20 MHz | > 300 MHz < 1 MHz
Elticacy 130 lm/W 65 Im/W N/A a5 \m/W
Cost Low High High Lowest

Complexity Low Moderate Highest High
Application Itlumination | Illumination | = Bio-sensor Display

1) PC-LED: u@dunnanueadsfunauiainnsly Phosphor Converted LED iy
LLﬁﬂﬁﬂ’lLLUULﬁ&ﬂu Indium Gallium Garmnet (InGaN) FUlUge Yetrium Aluminium Gamet
(YAG) idausng Phosphor wlanduuadin 13e7 dwmdes wardunsuisdinvesanniu
luvaizfidiuduquessadfdulnassnun Tnvdaunaufivili Aoudadu i Tuag i
USanauwas Phosphor tngiasdaniain PC-LED aansndiuuntsiiu Warm-White, Neutral-
White %38 Cool-White

2) Multi-Chip LED: “Mutti-Chip” i mslduselevtiannnisiduasdiisnaiu 3 @
wiunnnindy walnedluudresduduns Aden uavdtih (RGB) wandunififnduduay
Fuegfuanuidudureuasiimeiuvesdy Geannsamuaudls Multi-Chip LED S Color

1
=y

Rendering Index (CRI) #1 109910 Cool White LED Sd1ununpaneiatosdian feiuied

U

UsvdrSnmannfiagauazdiidigeaniuiinuesdi Jsdinsnsesdiuvesuasdiosnuiie
weandlulgdanu



2.3 fsunasluszuunsiu-dedayaneuss (VLC)
Tngvlundfinmsihnlddmamed 2 aliaunldlussuu viC #a PN PD  uae
Avalanche PD (APD) dofves APD #e Tinnsvenadaygyings witeidevenisly APD Ae
luwaisiill Photocurrent Wistuasvhlhifsesnuesdduiuinn fomauadiaild PN
PD ¥upudenunnitlumsihaldnufussuu VLC idesannumiuieuldge sunum
wazdiannsafunnuduuasuu flood Idreudnags us APD azgniianld lumsiunasdid
audunasseuy Taatluudragldlnlalalensdnfiduganeulnlalalen (Siicon Photo
Diode) Fsmauansnislianuldffinnuennadu 800 nm litimulirewdsdunsganimuas

Aevranasdni

r

2.4 duaurnusuniu (Noise)

v o

1) Thermal Noise: \Judysnausuniudiinenaiuieu videqamall Wunaunain
meindeuiivasdidnnseud i laadisgumaligaiuseduvosdyansuniufasgedy
e

ar =

2) Shot Noise: Wudyarmsunuiifaduihluluiudindidnvseling lnolann

L7

2 &

nanulisiveulumsvaesdidnnsenvestudiuddnnsadng saduduninsuniuning
RoN1seIuTBrRsuediann wiellennudawesiinseuanaziiia shot noise UL

SOUN-LDUTNEDIN VD INS I UTALADS

2.5 msUszyndldauszuu VLC

wenanuselevifunislimiuainwaseadiiuds fsamuasatuildidudde
Feunnounaslusezuu VLC adae nazanusaldenszuusauiumaliladdudld &l

1) 52UV Intelligent Transport: VLC - @uauumsvauvesseuu Intelligent
Transport  (ITS) #ifinnslduaen LED - ludqyannlnastas Inedygnalrasiasanwass
woadiazgnaslulifusummuy n1sdeasseninssun muriieunvusdieiu uaz
pumuriddasaiiugiu msdsoyaludiaauiidinaieteyanisiuiiivasade an
msanidoduldinsiinmmessduiivssmadjuiadihagldsunstudvidasieu us
wauandnimaluladnisdeassevineunnus S umwimugdefudeliuiiveusy
wirlutaaSuduiiszdesnlmlfifmaluladeodlusedud idesannslian muttihop
waneaumanseily Fesdidnsiusm 10% wiewnndtty anseuuas VLC Tu ITS gunsel

=

Sudyanaardesaunsadamumsdsdyyraluvuziinsadeulmls uenanilsveenig

= o s i

Tunsiieulasiiuduffiunumidrdauiy aulwglumsiauenisldau ITS sl



Fmsisuvesndssanaiigadmsunisiudnnin luvugfidugeinmislinsnevauss

k2 k4
Q=

n&esdududeiifinnuazmnlunisinnudeya Miuuuindezgndrfnlnedasvisuves
ndesanuiiigs Tneiludasinsuazegiiussuna 1000 msureiuit Faaedilidedd
anufvenguandyauegiivsznna 500 Bied lunafifioraduldlils e ndadld
ndownudigandednimunsagiimsuszinananniidudeu enadududeddnsinny
msdsdynuagmuenguandygufidenndosiudiunlussuunsasas manisldeu
fumsasasiatulfasiiusslovdegunnlunmsifeunisvuiy wasnsdedoygyadunis
WasuaurzdUTn

2) Intelligent Lighting: $¥UU Intelligent Lighting azviin1snsivaauiladonieg
W pudinresuas @ uagnisdetaiisveneadd TnumunuuTinamadidaivained
winzausenislday Welmst LED uldlussuu Intelligent Lighting sndiegnsidu ans
YSuuasainalfmuvaudmviumsguidy,  wasainedmiunisaumiisde (Wusiy dlangagd
Philips made “Hue” TSinsAndaszuy Intelligent Lighting flanunsamunnduazyiliuas
arinatforas TaenslilnsAwsidetio iPhone uwagld Wik 1endeduildo eszuudeg
aeldimsiausutunsmausunsltifealnodnluiRdedldtns nlvanglud

3) EMI-Sensitive environment: msldssuu VLC tuldnelmannssuniuma
wimEnladn EMD) Fsautsathszuy VLC Sunldauldlusnmiiuiswidd 1wy fedagans
Piesdy,  lseweiuna ware uednted uendTnddvamnsatisguy vic | anldauly
anmwndenitaudunsy wu Tssndlnsed faduaauinideruldndu rF vieth
svuu VLC funtdluedesdu Tneld@ulauln viC dwmsverumisde Wusu nstmuvaen
LED  Tudaqthudl shildszuu vic  gnmimdnagiunumddalusunan dmsunsldau

pIeUnudeans nislaruluaians kasnsigenuLena1As

2.6 D9NNAVDITTUU VLC

o

dusunslgeuszuu VLC du Iafuunslsensienadanananislaeu fedl

e

1) Interference: kaa91nsssLIRaLilalUifin shot  noise TfuFya e
fhudannisuld wassinn shot noise snniAuly agvl¥iiAanTs saturated Ada3udeya
Jedeslimaifinendauasdmduidn shot noise Tiintusenly elillfdwareuszaniam
ANSYINIIUTBITEUU VLC

2) Shadowing: @msumsldeussuu VLC  a1eluainns azddnwuenissu-d
Yo alusydivanemn (Line of sight, LOS) iludaulwgy Frfuusnaiiinsdu-dedygo

wasaasiduvsalaansluliifame wazarursounlulAlagRun1SNSLINLREIN



wraerflauadliunntu axvilian signal to noise: SNR HALTU FId1UI5OAANANTENUAN
MaRaILaale

3) Effect of LED Junction Temperature and Long Term Stability: 11590115

124 1] - Ao ' _ P k2 o e g =

anuSouduisesfidfeseniseanuuu High power LED Lilasamnanufauiitiniuusiim
seeMe PN 9zl SNR assdyg uuaianas delinansevulagaseranisiuasuniam
Amnueran arunsadedulaeiinisivasunlaimnsewaduneads uSenuseuniely
weadA LT YIu Feedudesdisyuuszunaanuanudeulriuweadd laelaniznis

s

Tduesisdueadifniueadfivaiunfeginfiu



UNN 3

A5n15ALHUUAWY

3.1 n15a$1999siu-dedoyanuu 2 #ieme (Full duplex communication)

TneTlwunNINI99sAal

~ | Transmission 3 | I I Transmission
< Module i il Module
UsB
Tx Rx .
CH340 CH340
F->
Receiving l | I . Receiving
Module | < I i e Module
Rx Tx

JUT 3.1 UARULALNINNRTTU-daTRY ALY 2 Firmng

3.2 Mmineassuazlizfiuaiuaunsasudnsiin (Baud rates) lunnsiu-de
doyafirmiafeq wuulifinnnuiewain (Errors) wasluaaduwuy VLC ndl
Lildiaudsaundsnaznsaindnasldiaudsanuas Ineldlusunsudndagy
Terminal V1.9b Tun1siu-dediayaussian text file

1) Wensorasiudeieyaths 2 gadnuaouRumeifs 2 ines Tagld cH340 chip
Prolific PL203 USB port wazldlusunsy Terminal v1.9b dadulusunsudiSagudmiuns
fu-dedoya

2) Mnasiu-detoyaia 2 elsivineiu Fuduil 10 wufums Tl Luxeon Lebel

Qs as

White LED iushdsdryaamas uaglt Photodiode ofia FOS10x10 Huddudeysyiounas

SUT 3.2 uanadnniyvas Photodiode %l FDS10x10
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3) vhmsvedeuMsSusardsioya nedar Baud rate Tulusunsu Terminal vi.9b

TrauRunesiadds Tnseiu Baud rate vedlusinsy Terminal v1.9b Aireuiiaimesilegsu

Tnei3ufie Baud rate g 600 bit/s Faguil 3.3

&

Conniect
Disconnect
About.. |

Quit

Terminal v1.9b - 20040204 - by Br@y+ + - o Bl
Baud rate Data bit: Pairity Handshaking
600 (" 14400 ¢ 57600 |( ¢~ 5 & none & none
1200 ¢ 19200 ¢ 115200 fol " odd  RTS/CTS
2400 ¢ 28800 ¢ 123000 7 ¢ XONKOFF
{4800 ¢ 38400 (¢ 256000 " RTS/CTS +X0OMAX
¢ 9600 ¢ 56000 & custom

5 etting:

|

custom BR

¥ CR=LF I#?UGUU

i € nn ey
’ . Convect | CEOMT || € 600 14200 C 57600 ‘
| | Disconnect ¢ 1200 ¢ 19200 ¢ 115200
T"wa'l_l £ 013 || o 2e00 ¢ 28800 o 128000 600 €°.14400 (" 57600
=i 3 m‘g £ 4300 (7 38400 ¢ 256000 {1200 € 19200 115200
Quit o) il ¢ 8600 (" 56000 (F custom 2400 28300 (" 123000
Settings = - i 4800 (" 38400 " 256000
[~ Auto Dis/Connect [~ Time custom BA
[Esicicald | [~ Stayon Top ¥ CR=LF 4 " 9600

Y

Receive

cLEarm | Hes-tl:oumw[lﬁ '¢E Counter = 289

0 HEX

{+ Sting custom BR

nect [ Time

JANT40382

FEB140157

FLEX MENTALLO MAN OF MUSCLE MYSTERY TP (MR}

FOREVER EVIL AFTEBMATH BATMAN VS BANE #1

¥ CR=LF |4?DDDU

S4ngo

FEB140226 GREEN<00>LANTERN NEW GUARDIANS ANNUAL #2
A ‘ &
: E= : , S -
I Transmit T TR TS Thoya |
[~ CR=CR+LF = [EJDTR EJRTS ‘

rl CLEAR 1 Send File I

9) wiA1alUsinsy Terminal v1.9b Ninaufiunasiley

Qs

U

sUM 3.3 LARINISAIAT Baud rate Y990 RMBSTI 2 LATDY MnTafiu

U

a) ddlwddogauszian text file arnmonfamasilagas Inedeiulusunsuduiagy

Terminal v1.9b

5) asyvgeumiugnaevatinddeyaiiulalulusunsy

Terminal

v1.9b i

penfumosUatevne fagufl 3.4 mnnwuhdeyadimnugndeddiindnsdnigauaidaly
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MNULVRABIAND warasIvdeunugnnsadlinddayaiinenfumesuatemeiulaiguiiy

wartufindndasdngeand viunsiv-dedeyauuuliiinnuiianainvessyeyindinan

COM Port ~ - B mea Dasbix - Paty
e ¢ @

ol - Mandihebrg
G oK o e g | @ nore
gaceerne || £ 4 O C WA C RN~ oo © RISATS
T = :ou) 00 ¢ w00 & [NHND : e 018 || s
g | oo R 1 lemm | | oA anes
Qut & 905 SN0 T custem " wmace = I AtSenTx
S | T daaDaoreeci [ Taw  puonth  fuiwe

[ SpeaTen [ CRLF [0 3 Ascvwn | OIS 06R EC0 CIA

T HEX
an | PeimCossn {1} 2 Cows 28 o Sheg e |

Cbe CHe [ bn
ecinzioRy Faly. e Wacens o1 VLC a3 wed 38 T prabane
]

future Grecioss ane,

Abstract Visbie Lipat Conmuticatns, (VLC) 8 0 amergoy

4 7 OPCEVPERSS CoTrRACEIEA (QWE ] WhCR GtITES T
oo

B30 15 e miariscancs and gosd cavaraga. W dvar, Bha T ‘

= | = -
Tiermet
cutan Sedfie | [ (AL CI0TR EIRTS

TR

U7 3.4 uamavtharweslysins Terminal vi:9b fireufiameivateni Wesulwadeya
neeufiame Ui

6) WuszEzITENI1999TTu-dedagatia 2 ga vihnsvaaediludedl 3-6 AunTeNs
Igsvuziilnafianiagasiv-datoyas 2 9 drunsadu-dulayalszny text file lalaglsidl
ANLRANATA AeFU 3.5

U7 3.5 uanan131999siu-dedeyans 2 ga nedllildiaudsiuua
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7) vmsvmaesdiluded 6 lnpdiunsldiaudyuiiesinnannueadd 1uaudyu

duusntnaininlalelen wagiaaudyudndudiuniineadd fegy

JUT 3.6 wanen151919933u-detliogans 2 ga nstllilaudsiuies

8) 1Wisufsunansnaassnlalunsdiildaudiunsdiillltaud

A g & g a v du yy a o o
3.3 ﬂ'ﬁ'ﬂﬂﬂaﬁLkaz'l]53LuuLﬂﬂﬁLﬁuﬂﬂqquNﬂWﬁqﬂﬁlE]ﬂ?lﬂﬁ&ﬁﬂiﬂ‘lﬂ LUBUNIIIU-
18 = | [ < 1 =i 1
dedagauuu 2 fiann waziidsinvansduaaiuszesnaineg nsdllildaud
Ao Yy o P8 S X
saunasnaznsiinfinsldiaudsanuas Tngldlusunsuiu-dadoyaiilisutuies
38 Microsoft Visual C# Tun1ssu-dedayaussian text file
dlesnntlaymifinuidieldlusunsu Terminal V1.9b Saiulusunsudniagudmsu
msfu-delaya Ao
1) n13\deusie COM port 4ty COM 6 dmumsdstoya uay COM 3 dmiumsiu
doya lngldlusunsy Terminal V1.9b 11 wulgmnindensasin lunateasiliannss
Feuseld fausiinazvinstalusunsy Terminal V1.9b wazaeaweinaenuandeulny Ad
wutlumdeusaenniduia
2) lalenansn save deyaiisuldlunihmesudoyavedlusunsy Terminal V1.9b adly
wisasnoufinwesld esninlusunsy Terminal V1.9b ¥vihilifiosuuansdoyansuld
Wity Aeuifoustymdananiiietu §3desadrmisiemsiu-dedoyatuulidie
Tusunsu Microsoft Visual C# Taeifiufleriduveanis save Feyafisuls Ifanunsadufinasly
wwnseufumoiUaemisld dalusunsunsiu-defeyefideuiulidioniw Visual G

FFnwns@eulusunsy Taerin1ssausINNINALRAIRATILEAluAIANLIN N LAY
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Tusunsufu-delayadendnd fanuannsalumsiv-defeyauuu 2 firvns wuieniu
TUsunsu Terminal V1.9b

deasalusunsudmiuiu-deoyatuiessn Microsoft Visual C# nisnauanams
aomdusegud 3.7

COM Serial Port Sattings
COM Fort:  COMW4

Eaud rate 4500

LannFae Openafic

Send data Received data

5U7 3.7 uandlusinsudmivsu-dedeyailileuliniaseie Microsoft Visual CH#

) o A < o &
YUNDUNTANUUIWLT U

1) nogeunsiu-adeyawuuiiddareduasdunarun 1 3t Tnevihns
ynapntwinatutde 3.2 fuatied 1 - doft 6 uazufinnanisvnana

2) nedeumsiv-deleyauuuiiAinuedwandunaniny 2 3und Taevinns
vpaesiuifisaiuiade 3.2 dausded 1 - fofl 6 uastufinnanimeaes

3) nadeunsiu-dedeyauuuiidsiavnsdnandunatuu 3 Juit Taevhnis
neaesduieaiuhde 3.2 fuded 1 - 4o 6 uartuiinuamsveaas

a) nageunsdu-dedayauuuiidsinusduandunauiy 4 Jud Taevhnis
veaesduReIiuiate 3.2 duadedl 1 - dofl 6 uaztuiinuamsveaes

5) nageunsiu-dedayauuuiidsinunsduandunannu 5 3ud Taevihnis
yhapstuiReIiuhte 3.2 dudded 1 - defl 6 uestuinnamsvnass

6) ¥gde 1-5 Tnsnaifintaudyuiiievmiifisaunas Tasnsaudyuduusn
drunthlnldlalen wazinsawdyudnduiundiueads

7) Wisuleunamsyaaslalunstinldiaudiunsanlulyaud



uni 4

NAN1S228LaYanUsIgHE

desufiunseonuuusazainneesiu-dudeyauuy 2 famaasadunieuieud
IFdndunisnaasiwaryszfiuanuansadudasdn (Baud rates) vasluaduuuy VLC
Tngviesiivinisneass finnuaiisilewinvasageaisasuilues Zeinla 330 lux uay

Tuan1sesduausad

4.1 HAaN15NAABIATUIUAMNENTAIUENT1TUA (Baud rates) Tunsiu-
dedpyafieaniafen uwuulifianuiawain (Errors) uasluiaaduuwuy VLC a3l
Lildaudsruuasuaznsdififinasldiaudsauuas laaldlusunsudnsagy

Terminal V1.9b luns¥u-dedayauszian text file

A1519 4.1 uanswan1snagedwarUsziiunivaiuisaniudaside lunisfu-dedeya
= =) s = o = ! !
Famuiies wwulifenuiianaiaveslaeasuiuy VLC e sygeinesening
2a55u-deloyanlnaigauazdniingeaalunissu-deteya lunsdlldldiaud
Tinuasaznsaifntsldaudsauuas Togldlusunsudnsagy Terminal V1.9b

Tums$u-dsdayatssnn text file

. TYBYNNTENI NN TS U-dedeya dns1ingaan IERFGP AN TN
e {cm) (bits/second) LED (lux)
Taildiaud 21 56,000 730
Tdaud 175 28,800 420

4.2 wan1snnasikazUsziliulasidudadnuianainvasdayaniula iiadinng
ar 1w a Ha o ° o : v g W
Fu-dedayauuy 2 fianne uaslidsinvaneauandussesiiaingg Tunsailyly
e o ; = o X

rudsunaaznsaininisldiaudsauues Ineldlusunsuu-dedayanloudu
1296178 Microsoft Visual C# Tun1siu-dedayauszinn text file

4.2.1 nansnaassuazUssfiuafifudainuiinwanvesdoyaniuld Wetinns
Su-dedayauuy 2 fiavns wazidsdnunsduaalusseziaaidieg lunsdlildiaudson
uae Tneldlusunsufu-dedeyaiiouduiasiinenrv Microsoft Visual C# TunsTu-ds

Jayausnm text file
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A1519% 4.2 uanananisveastiazysziduiasifuinnuianainvasteyaniuldann
panfmeiinieh 1 Tumsiu-deeya 2 fiems defidsiavisduaniy
szagial 1, 2, 3, 4 uaz 5 Iwfl Aszezdeseniingssiv-dwdoya 10

wuas Tunsalluldiaudsiuwas Inedmainuainweaoadd 960 lux

WesidudmuRanamasteyafiyuldanaeufiumesinied 1
Pairles dlefafnvmeduaanduszezinandey (%)
(bits/second)
13 2.8 5 & 4s 5s
600 0.03 0.04 0.08 0.08 0.10
1200 0.05 0.09 0.13 0.16 0.19
2400 0.09 0.16 0.25 0.33 0.41
4800 0.16 0.34 0:53 0.67 0.83
9600 0.34 0.69 1.06 1.33 1.68
14400 0.52 1.07 1.48 1.96 2.45
19200 F— 1.30 Bab 2.87 3.41
28800 1.26 2.23 3.09 P 4.86
38400 1.92 . %48 4.59 6.06 6.99
51600 2.60 4.25 6.31 8.10 10.01
128000 554 10.67 14.09 18.06 22.15
256000 12.12 19.49 28.%0 35.63 45.13

P a ¢ & 5 a o aw )
A1519% 4.3 uannan1sueaetwazysifiuleiidudanuliawatnvastayaiiivlaain
Aoufumesiasesdl 2+ lunsiu-deleya 2 fiavne ielidefavineduaaiy
szagan 1, 2, 3, 4 waz5 uf fisrevunesenineevsiu-dadeya 10

wuRas lunsaldlaaudsiuwas Inedannuainswoweads 960 lux

WesidudemuRawanmuasteyafifuldanaeyfiumesinie 2
Baud rates sl . < ;
Walldeanaungantaaluszeeanmnge (%)
(bits/second)
1s 2s 3s ds 5s
600 0.02 0.04 0.07 0.09 0.10
1200 0.04 0.08 0.13 0.16 0.19
2400 0.08 0.16 0.26 0.33 0.40
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Weddudanufinnannvesdeyaiisulinnnaoufiumesiedesd 2
Baud rates g . o |
Woldsnavneandandusesiainige (%)
(bits/second)
1s 2s 315 4s 55
4800 0.15 0.34 0.52 0.67 0.82
9600 0.34 0.68 1.03 1.33 1.67
14400 0.47 1.03 1.46 1.96 2.43
19200 0.74 1.26 2.19 2.85 3.35
28800 1.25 2.19 303 3.88 a.77
38400 1.85 * 4.49 5.99 6.94
57600 247 4.13 6.18 8.04 9.98
128000 5.67 10.34 13.87 17.92 21.94
256000 11.43 18.90 28.30 35.01 44.70

A1519% 4.4 uansnanisnnasskazdsufluasifuianuinnainvesieyaniulaain
raufatasiasesil 1 lunssu-dwdoya 2 fiene ilelidsdinrnsduaady
svgzihan 1, 2, 3, 4 dar 5 Al Aszeennesenineieasiv-dadeya 15

wuRwas lunsalyldaudsuwas walaanyainwsawoads 845 lux

uJaﬂ%uﬁmwuﬁmwa’mﬁuaa%’aagaﬁ%ulﬁmﬂﬂamﬁaLma%Lﬂ%aaﬁ 1
Baud rates N, A\ 4 s £ .
BNAINATANE U UTEEENA1MNE (%)
{bits/second)

s S 3s 4s 55

600 0.03 0.05 0.07 0.09 0.11
1200 0.05 0.11 0.13 0.19 0.25
2400 0.12 0.19 0.27 0.36 0.45
4800 0:22 0.39 0.57 0.73 0.88
9600 0.45 0.72 1.05 1.40 1.78
14400 0.66 1.10 1.68 2.14 2.64
19200 0.86 1.50 2.14 2.96 3.60
28800 1.40 2.08 3.04 3.87 4.938
38400 1.89 2.89 4.36 571 6.79
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Wesdudamuiinwasmestesaiisulfanresiumesiaiesdi 1
Baud rates A as 5 < .
Wstidsneunsawanduseezansieg (%)
(bits/second)
15 25 35 4s 5s
57600 2.38 3.1 6.13 7.98 10.14
128000 5.00 10.00 15.01 20.67 25.03

M15199 4.5 uanananisvnassuardszifiuvesidudauiianainvesteyaiiulaain
= - o | e = 4 aa ° <

Aoumasiase 2 Tumsiu-dweya 2 e Wedidefavinsduasndy

szagan 1, 2, 3, 4 waw 5 3wfl Aszeedneszwineeasiu-datoya 15

wuRwes Tunsdluldiaudsiuwas lnedarmnaldweseass 845 lux

qua%Ls‘fmﬁmmﬁmwmWum%‘ayaﬁ%‘ﬂé’mmauﬁama%m‘%‘aai‘n" 2
Baud rates P LR / < :
Weldafnunsduaaduszaziannieg (%)
(bits/second)
1s 2s 35 4s Big
600 0.02 0.05 0.07 0.08 0.10
1200 0.05 0.09 1S e 08 0.24
2400 0.10 0.20 0.27 0.36 0.45
4800 0.22 0.39 Q.57 0.74 0.89
9600 0.45 0.72 1.09 1.40 1.79
14400 0.67 ]\ 1 1.69 2.16 2.66
19200 0.86 59 2.16 3.00 362
28800 1.46 2.14 3.08 3.95 5.02
38400 1.95 2.98 4.44 577 6.94
57600 2.47 392 6.23 8.16 10.29
128000 5.19 10.23 1521 20.86 25.30
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SUM 4.1 nevuansmNdnius sy i 198nindn (Baud rates) fuaiiBuinuiinnainves

Eall

=b.

b4 =
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2,3, 4 uay 5 3Unf Aszazinasewi1neesiv-deloya 10 wuiuns lunsalldly

AU LES

50

7 ¥4

—fp=15

£ 30 : //<
o
e 2
= =3 S

10 e 0} 5

0 e=ie=b S

0 50000 100000 150000 200000 250000 300000

Baud rates (bits/second)

AslLanIAI T LEUR LS TEI198Rs10m (Baud rates) fuasi@uRnuiinnatnues

feya (Errors) AuldannAeuiunediniesd 2 Welidsinrreduaniunaiuy 1,
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sUfl 4.3 Ny vwansmdiusszaInednsdn (Baud rates) fruesidudnnuiianainves

foya (Errors) Aisuldanaenfiainesiaiosii 1 Welideiavediuaadunanu 1,

2,3, 4 uag 5 WA Aszgyieseninnsiu-ddoya 15 wuRes Tunsalldly

AUATILLES
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2, 3, 4 uag 5 Juf Aszozinesewiinesiu-duloya 15 wufwes Tunsdluld

LAUATIULE
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7 4.7 nwluansrudaissynindns10n (Baud rates) fuasidudnnuianainves
foya (Errors) PSuldanpenianesieiesd 1 deldiavnsdhuasdunaium 2
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4.2.2 wanrsvaasuazUssifiuiledidudainuiianainvesdoyadisuld lefinisfu-ds
$oyauvy 2 fiamns wasidfavneduaaduszesiiatdneg lunsdiifinisldaudsay
uas TneldTusunsuiu-dedayafifoutiueaiae Microsoft Visual C# lumsiu-dedaya
Usstan text file

m5199 4.6 wanmanIsveaauarlsnlulesidudnnuiinnainvedeya (Erors) NTuld
naenfawmesiaiosd 1 lumsiu-dedaya 2 fiene defideievinsduaniy
szavlaal 1, 2, 3, 4 uaz 5 i Aszesrieseninnessiv-dedeya 50

wuAwes lunsiffinisldaudsiuuas Tnallanmnudindueswaadd 3550 lux

wWefdudarmfawanavestoyedisulfnaoufiunesieSesd 1
A e defdsiavnsduanduseaginaiieg (%)
(bits/second)

1edi 2s 358 4s b
600 0.03 0.05 0.07 0.09 0.11
1200 0.07 0.11 0.16 0.22 0.27

2400 0.13 0.20 0.28 0.39 0.46

4800 0.22 0.41 0.56 0.77 0.97

9600 0.45 Q.77 1.10 1.43 1.85

14400 0.70 1.09 1.79 217 2.65
19200 0.84 L. Sl 249 2.82 3.38
28800 L LP J P2 3.08 3.89 4.96
38400 1.58 2.86 4.29 &M 6.64
57600 2% 3.89 5.9 .95 9.80
128000 4.54 8.74 13.2:40 18.14 2213
256000 9.36 1671 27.34 37.88 45.39
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5199 4.7 wansransvaassazUseliuesidusanuiawaiavesteya (Errors) ASuld
= (3 d‘ 4 LY [ =9 ﬂl = el o [

napufinneiiased 2 TumsSu-dadaya 2 Airme Wel@navnsdwandy

sgEzen 1, 2, 3, 4 wa 5 ufl Aszesriesewinesesiu-dedeya 50

wuFes Tlunsafdnisldaudsiumas lnellaial1uaineweaaass 3550 lux

WesiduAnuiinnamvastoyafsulsinnnenfiumesintesd 2
Baud rates defidsinvneduanduseozinasiian (%)
(bits/second)
18 25 35 4s 5s
600 0.02 0.06 0.09 0.10 0.12
1200 0.06 0.10 0.15 0.20 0.24
2400 0.13 0.20 0.29 0.29 0.46
4800 0.22 0.41 0.56 0.76 0.96
9600 0.45 0.78 T4 1.41 1.83
14400 0.68 1.10 1.78 2:16 2.64
19200 0.85 h52 ‘ 2.19 2.83 3.40
28800 125 2.06 3.20 3.96 5.06
38400 1.88 3.03 a.47 a0 6.86
57600 2.50 4.22 6.26 8.20 10.12
128000 5.06 9.36 13.90 18.65 22.63
256000 11.08 18.02 28.62 36413 46.79

m3e7l 4.8 uansamInaassiazUsyiiuedidudainiismainvesdoya (Errors) Fsulg
nAenfnefindasii 1 lunisiu-dedeya 2 Airvne wuulideiavnsduaady
stevaan 1, 2, 3, 4 uay 5 W fiszsupriiessuinesiu-ddeya 100
wuiwns Tunsdififinmsléiaudsiusas TnedAanuainweeadd 2560 lux

LUai‘wﬁuﬁmww‘?ﬂwmﬂmaﬁauﬂaﬁ%"’ulﬁmﬂﬂauﬁama%m‘%"aﬁ 1
Baud rates et . & \
dlefidafinvinedwandusreznanang (%)
(bits/second)
1s 2s 35 ds 55
600 0.02 0.06 0.07 0.11 0.12
1200 -0.06 0.13 0.18 0.18 0.26
2400 0.13 0.22 0.27 0.36 043
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Wesiurmufinnanesteyaiiiuldanmonfnmesindesd 1
Baud rates R o « :
walidsnauneananlusseeiannee (%)
(bits/second)
1s 2s 35 4s 55
4800 0.26 0.47 0.59 0.73 0.95
9600 0.43 0.75 1.10 1.37 1.72
14400 0.69 1.08 1.72 2.20 2.71
19200 0.86 1.47 2.13 2.93 3.69
28800 1.16 2.06 3.30 4.22 5.20
38400 1.79 3.27 4.53 555 7.54
57600 272 4.87 7.00 8.97 10.89
128000 5.37 9.93 BT 18.75 24.25

A15197 4.9 Uanswan 1 snaasasyszilulesiduimuianainvesoya(Errors) ATuld
= L4 E!‘ d‘ 7 [ Y = = y ] [

MnAsRiwesA3esd 2 Tunisiu-deiaga 2 firne wuudidnaveduwanduy

JpEEaT 1, 2, 3, 4 uay 5 W NsTpsriesyRnengsiu-dvoya 100

WUReS lunsadinsldeudasiunas lngdniauaineeeads 2560 lux

Wosdudauiiewamesteyedulianaenfiamesintes 2
Baud rates 88 L i o .
Welidnewsauanduszagianniag (%)
(bits/second)
1s % 3s 4s 5%
600 0.03 0.05 ‘ 0.08 0.10 0.12
1200 0.06 0.12 0.17 0.19 0.27
2400 0.15 0.23 0.28 0.35 0.47
4800 0.26 0.46 0.58 0.74 0.94
9600 0.45 0.77 1.11 1.40 1.75
14400 0.71 1.10 1.74 2.20 2.73
19200 0.87 1.48 2.14 295 3.69
28800 1.17 2.09 3.30 a.24 5.24
38400 1.82 3.29 4.57 5.60 71.62
57600 2.65 4.90 7.10 9.03 10.98
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WesiwusnuRanainvesteyaniulannmeuininesinias 2
Baud rates L z a \
Walidgnauneantandusseziainiee (%)
(bits/second)
1s 2s 35 4s 5s
128000 5.63 9.64 15.12 19.04 25.04

=i a s & € a o Sy v
aT1edl 4.10 uanamanisveastsazUsuiluesidudnnuianaiavesteya (Errors) NTUld
Nneeuiwesiaias 1 lumsiu-dedoya 2 firvne wuuddeievnsduaadu

szagiia) 1, 2, 3, 4 waz 5 ¥ Aiszusiiseninnieasiu-dedeya 125

wuins lunsmndnisldiaudsiunas nedaianuainsedkaadn 2050 lux

Wesdudaufisnaavestoyefifulinnneuianesiated 1
Baud rates o sl W o o .
Walidsnevansduanluszeziainies (%)
(bits/second)

1s 2s 35 4s 5s
600 0.03 0.06 0.08 0.09 0.12
1200 0.07 0.11 0.14 0.19 0.24
2400 (G 0.20 0.29 0.37 0.48
4300 0.28 0.43 0.596 0.74 0.92
9600 0.49 0.77 1.14 1.44 1.72

AT19R 411 wensRan1snnastasUszliuesi@udmnuiinnainvesteya (Errors) ASula
a - v W = Ao = ° o

nnreufiamesiased 2 lunsiu-dadeya 2 fieme tuuiidfavieduandy

seesan 1,02, 3,4 uay 5 AT Aiszesingseninnaesiu-deeya 125

wURLRS lunsiatnnsidaudsiuias lnedaa a1 wealeadn 2050 lux

L,‘LJaﬂ%uﬁmmﬁmwmmﬁuaﬁmﬂaﬁ%‘ulé’mmamﬁame%m‘%mﬁ 2
Baud rates el 5 . i
defidefinunnsduaaduszezinainie (%)
(bits/second)

1s 2s 35 4s 55
600 0.05 0.08 0.07 0.11 0.15
1200 0.10 0.12 0.18 0.20 0.23
2400 0.14 0.21 0.29 0.37 0.48
4800 0.27 042 0.59 0.75 0.91
9600 0.48 0.76 1.13 1.44 1.72
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SUT 4.16 nmuansaudiiusszannednadn (Baud rates) Aurlofidudnufianansvas
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lAnLEAINDSH
(Fiu: http://developrog.com/index.php/categories-of-articles/application-prog/item/50-

serial-communication-using-c)

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;
using System.IO.Ports;

using System.IO;

namespace WindowsFormsApplicationl

{

public partial class Forml : Form

{

public Forml()

{
InitializeComponent () ;
getAvailablePorts(); // for com port
CheckForIllegalCrossThreadCalls = false; // for recieeve

}

void getAvailablePorts ()

{
Stringl] ports = SerialPort.GetPortNames() ;
comboBoxl. Items.AddRange (ports) ;




[&nAauuanasn (Connect) (fiun: http://csharp.simpleserial.com/)

private void button3 Click(cbject sender, EventArgs e)

{

try

{

if (comboBoxl.Text == "" || comboBox2.Text == "")

{
richTextBox2.Text = "Please select port

setting";

}

else

{
serialPortl.PortName = comboBoxl.Text;
serialPortl.BaudRate

Convert.ToInt32 (comboBox2.Text) ;
gserialPortl.Open() ;
buttonl.Enabled = true;
button2.Enabled = true;
richTextBoxl.Enabled = true;
button3.Enabled = false;
button4.Enabled = true;
button5.Enabled = true;
buttoné .Enabled = true;

button7.Enabled true;
button8.Enabled = true;

I

catch (UnauthorizedAccessException)

{
}

richTextBox2.Text = "Unauthorized Access';

& o

aREADULLANDEH (Disconn (;fim: http://csharp.simpleserial.com/)

private void buttoné Click (object sender, EventArgs e)
{

serialPortl.Close() ;
buttonl.Enabled = false;
button2.Enabled = false;
button3.Enabled = true;
button4 .Enabled = false;
button5.Enabled = false;
button7.Enabled = false;
button8.Enabled = false;
richTextBoxl.Enabled = false;




Léatludsdaya (Send)
(Fa: http://developrog.com/index.php/categories-of-articles/application-prog/item/50-

serial-communication-using-c -)

private void buttonl Click(object sender, EventArgs e)
{
gerialPortl.WriteLine (richTextBoxl.Text) ;
richTextBoxl.Text = "";

TAaUutlalna (Open file)
(Fun: http://stackoverflow.com/questions/439007/extracting-path-from-openfiledialog-
path-filename)

private void button8 click(cbject sender, Eventirgs e)

if (openFileDialogl.ShowDialog() ==
System.Windows.Forms.DialogResult.OK)

labels5.Text = openFileDialogl.FileName;
richTextBoxl.Text = File.ReadAllText (label5.Text) ;

Anaafes (Clear
(Fan: http://stackoverflow.com/questions/16236392/how-to-clear-a-textbox-once-a-
button-is-clicked-in-wpf)

private void button4 Click (object sender, EventArgs e)

{

richTextBoxl.Clear() ;

}

private void button7 Click(cbject sender, EventArgs e)

{
}

richTextBox2.Clear () ;




u, af

o g
AR nn V

(Fis: http://www.c-sharpcorner.com/uploadfile/mahesh/savefiledialog-in-C-Sharp/)

private void button2 Click(object sender, EventArgs e)

{
if (saveFileDialogl.ShowDialog() ==
System.Windows.Forms.DialogResult.OK)

File.WriteRAllText (saveFileDialogl.FileName,
richTextBox2.Text) ;

}
}

&

Ansudauaannnaia
(Fa: http://developrog.com/index.php/categories-of-articles/application-prog/item/50-

serial-communication-using-c)

int i & 03

private void serialPortl DataReceived(ebject sender,
SerialDataReceivedEventArgs e)

{
richTextBox2.AppendText (serialPortl.ReadLine (}) ;
richTextBox2.AppendText ("\n") ;
Console.WriteLine (i++) ;

}

private void Forml Load(object sendexr, ErrorEventArgs e)

{

String[] strPortNames = SerialPort.GetPortNames () ;
foreach (string n in gtrPortNames)

{
}

comboBoxl.SelectedIndex = 0;

comboBoxl.Items.Add (n) ;




1Andsdaya (Send Data)
{ﬁuﬂ: http://developrog.com/index.php/categories-of-articles/application-prog/item/50-

serial-communication-using-c)

private void transmit ()

{
Select () ;
txry
{
serialPortl.Open() ;
serialPortl.Write (richTextBoxl.Text) ;
}
catch
{
MessageBox.Show("com port is not available");
}
1

&

wiie1slusunsuiu-dedoyailieudas Microsoft Visual C#

COM Serial Port Settings
COM Port - |COM&

Baxdrele. 4200

[ OpenEie ] Openatic

Send data
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Description

FDS10X10

Silicon Photodiode

The Thorlabs FDS10X10, silicon photodiode is ideal for measuring both pulsed and CW fiber light with sensitivity
from 340 to 1100 nm. The detector is housed in a ceramic package with an anode and cathode connection.

Under reverse bias application, the photodiode anode produces a current, which is a function of the incident
light power and the wavelength. The responsivity ®(A), can be read from Figure 1 to estimate the amount of
photocurrent per incident light energy. The photodiode current can be converted to a voltage by placing a load
resistor (R,) between the photodiode anode and the circuit ground. The output voltage is derived as:

The bandwidth, fgy, and the rise time response, tg, are determined from the diode capacitance, C,, and the
load resistance, R, as shown below. The diode capacitance can be lowered by placing a bias voltage from the
photodiode cathode to the circuit ground.

il 1 035
fBW Y (ZTE)RLCJ’ Y % E;u_/
Specifications
 Specifidation’ ¥ T ] LA IVANIEN ¢
Wave{ength Range A 340 1100 nm
Peak Wavelength A 960 nm
Responsivity R(Ap) 0.62 A/W
Active Area - 100 mm”
Rise/Fall Time (R;=50 Q, 5V) t /[t 150 ns / 150 ns
NEP, Typical (960 nm) W//Hz TS % SOE
Dark Current (5 V) lq 200 pA
Capacitance (5 V) G 380 pF
Package Ceramic
Sensor Material Silicon (Si)
_ Maximum Rating :
Max B1as (Reverse) Voltage 5V
Operating Temperature -40 to +75 "C
Storage Temperature -55 to +125 "C

November 12, 2014
24706-501, Rev C
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Typical Spectral Intensity Distribution

FDS10X10 Photodiode Responsivity
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" LUXEON Rebel ES

: Leading lumen output

| Technical Datasheet DS61

L UXE®é&N

never before possible

s
b\ W e
Compliant

LUXEON®-Rebel ES

Leading lumen output and efficacy

Introduction

LUXEON® Rebel ES gives you the flexibility you need for designing luminaires and lamps.
Tested and binned at 700 mA, you. can confidently design LUXEON Rebel ES into high

lumen applications or create more energy efficient devices using the same emitter, You

can count on LUXEON Rebel ES for quality, reliability and in-device performance.

Perfect for applications that require high lumen output

deliver high quality light that people appreciate

reduces the cost of ewnership

delivers over 200 lumens at 700 mA in 4100K Neutral-White and 5650K Cool-White
are REACH and RoHS Compliant

use less electricity to operate while achieving the desired lumen output.

PHILIPS

LUMILEDS




Product Selection

Product Selection for LUXEON Rebel ES
Thermal Pad Temperature = 25°C

Table |.
Performance at Test Current

Minimum Luminous

Nominal CCT/ Flux Test Current
Color Part Number Minimum CRI Typical CRI (Im) el (mA)
4100K Neutral-White LXML-PWN2 60 65 200 700
5650K Cool-White LXML-PWC2 60 70 200 700
3500K [ XW8-PW35 80 85 160 700
4000K LXAW8-PW40 80 85 170 /700
5000K LXW8-PWS50 80 85 180 700

Notes for Table |:

I. Minimum luminous flux performance within published operating conditions. Philips Lumileds maintains a tolerance of + 6.5% on luminous flux
measurements.

2. LUXEON Rebel ES products with even higher luminous flux levels will become available in the future. Please consult Philips Lumileds or Future
Lighting Solutions for more information.

Typical Luminous Flux Characteristics at 350 mA, 700 mA and 1000 mA
for LUXEON Rebel ES, Thermal Pad Temperature = 25°C

Table 2.
Nominal CCT/ Typical Luminous Flux (Im) Typical Luminous Flux (Im) Typical Luminous Flux (Im)
Color @ 350 mA Forward Current @ 700 mA Forward Current @ 1000 mA Forward Current
4100K Neutral-White 130 230 310
5650K Cool-White 135 235 320
3500K 103 185 252
4000K 106 190 258
5000K Il 200 272

LUXEON Rebel ES Datasheet D36/ 20110412



Optical Characteristics

LUXEON Rebel ES at Test Current t':°]

Thermal Pad Temperature = 25°C

Table 3.
Typical
Total Typical
Color Temperature ! Included Viewing
=Gk Angle [ Angle 1
Nominal CCT/ Part (degrees) (degrees)
Color Number Minimum Typical Maximum Bigi 20112
4 100K Neutral-White LXML-PWIN2Z 3500 K 4100 K 4500 K 160 120
5650K Cool-White LXML-PWC2 4500 K 5650 K 10000 K |60 120
3500K LXW8B-PW35 3220 K 3465 K 3710K 160 120
4000K LXW8-PWA40 3/10K 3985 K 4260 K 160 120
5000K LAWE-PW50 4745 K 5028 K 531K |60 120
Notes for Table 3: '

I. Test current is 700 mA for all LXML-PWx2 products.
2. CCT +5% tester tolerance.

3. Total angle at which 90% of total luminous flux is captured.

4. Viewing angle is the off axis angle from lamp centerline where the luminous intensity is /2 of the peak value.

LUXEON Rebel ES Datasheet D36] 2010412




Electrical Characteristics

Electrical Characteristics at 700 mA for LUXEON Rebel ES
Thermal Pad Temperature = 25°C

Table 4.
Typical
Temperature Typical
Coefficient of Thermal
Forward Resistance
Forward Voltage V [ Voltage Junction to
Nominal CCT/ %) (mV/I°C) Thermal Pad (°C/W)
Color Min. Typ. Max. AY, / AT, RO i
41 00K Neutral-White 28 30 35 -2010-40 6
5650K Cool-White 25 3.0 35 20 t0-40 6
3500K 25 30 B 201to0 4.0 6
4000K ) g 30 35 2.0 t0 -4.0 6
5000K 4 30 35 2010 -40 6

Notes for Table 4:
1. Philips Lumileds maintains a tolerance of £0.06Y on forward voltage measurements.
2. Measured between 25°C =T = 110°C at | = 700 mA.

Typical Electrical Characteristics at 350 mA, 700 mA and 1000 mA for
LUXEON Rebel ES, Thermal Pad Temperature = 25°C

Table 5.
Nominal CCT/ Typical Forward Voltage V (V) Typical Forward Voltage V, (V) Typical Forward Voltage V, (V)
Color @ 350 mA Forward Current @ 700 mA Forward Current @ 1000 mA Forward Current
4 100K Neutral-White 2.85 3.00 3.10
5650K Cocl-White 2.85 3.00 3.10
3500K 2.85 3.00 3.10
4000K 2.85 3.00 3.10
5000K 2.85 3.00 3.10

Note for Table 5:

- Philips Lumileds maintains a tolerance of £0.06V on forward voltage measurements.

LUXEON Rebel ES Datasheet DS6 1, 20110412



Absolute Maximum Ratings

Table 6.
Parameter 4100K Neutral-White, 5650K Cool-White,
3500k, 4000K and 5000K
DC Forward Current (mA) 1000 mA
Peak Pulsed Forward Current (mA) & 1200 mA
Average Forward Current (mA) 1000 mA
ESD Sensitivity < 8000V Human Body Model (HBM)
Class 3B JESD22-Al 14-F
LED Junction Temperature!] 150°C
Operating Case Temperature at 350 mA -40°C; 135°C
Storage Temperature “40°C - 135°C
Soldering Temperature JEDEC 020c 260°C
Allowable Reflow Cycles 3 '
Autoclave Conditions [21°C at 2ATM
1009 Relative Humidity for 96 Hours Maxirmum
Reverse Voltage (Vr) LUXEON Rebel ES LEDs are not designed to be driven in reverse bias

Notes for Table 6:
I. Proper current derating must be cbserved to maintain junction temperature below the maximum.
2. Maximum Rating of 1200 mA Peak Pulsed Forward Current can be applied for device operation not to exceed 60 seconds.

JEDEC Moisture Sensitivity

Table 7.
Soak Requirements
Level Floor Life Standard
Time Conditions Time Conditions
1 unlimited = 30°C/ |68h 85°C [/ 85%
85% RH +5/-0 RH

LUXEON Rebel ES Datasheet D561, 20110412



Reflow Soldering Characteristics

t
Tp P "LJ‘- Critical Zone
T toTp
ﬂ‘ Ramp-up
TL s NGRS
=
[
@
5
2 | for e Ramp-down ]
Preheat
25
t 25°C to Peak >
Time =>

Temperature

Profile for Table 8.

Table 8.

Profile Feature

Lead Free Assembly

Average Ramp Up Rate (Ts, toT))

3°C / second max

Preheat Ternperature Min (Ts )

150°C

Freheat Temperature Max (Ts )

200°C

Preheat Time (ts-tots )

60 - 180 seconds

Temperature (T )

2

Time Maintained Above Temperature (T )

60 - 150 seconds

Peak / Classification Temperature (T.)

260°C

Time Within 5°C of Actual Peak Temperature (t.)

20 - 40 seconds

Ramp - Down Rate

6°C | second max

Time 25°C to Peak Temperature

8 minutes max

Notes for Table 8:

- All temperatures refer to the application Printed Circuit Board (PCB), measured on the surface adjacent to the package body.

LUXEON Rebel ES Datasheet DS6J 20110412



Mechanical Dimensions

—-1 305:0412 |—
153405 [ 198042
1.53 2015 — 0.08 0.03
KN — 2 28 :003
| |
449 =012 w !
‘ p i
i
0.84 010 — (.68 <015 == 0.60 0.08
0.82 =040 ——— 0.80:0.08
p 7.55 006
R 0.1020.04
90.151036 QO,TO*G.Oi

A BY0R0.08
1.20%0.06
|
I
0.67 006 — 1.80.20.06
| i
UV L Rt WU ¥, )

Figure 1. Package outline drawing.
Notes for Figure I:

- Care should be taken to avoid damage to the lens or the interior of the device that can be damaged by excessive force to the lens
- Drawings not to scale.

- All dimensions are in millimeters.

- TheThermal Pad is electrically isolated from the Anode and Cathede contact pads.

LUXEON Rebel ES Datasheet DS61 20110412



Pad Configuration

| PAD | FUNCTION

v ANODE
=== =z -y
bgstadh bl
i A |
‘ £ L.
Figure 2. Pad configuration.
Note for Figure 2:

- TheThermal Pad is electrically isolated from the Anode and Cathode contact pads.

Solder Pad Design

Figure 3. Solder pad layout.

Note for Figure 3:
- The photograph shows the recommended LUXEON Rebel ES layout on Printed Circuit Board (PCB). This design easily achieves a thermal

resistance of 7K/W.
- Application Brief AB32 provides extensive details for this layout. In addition, the .dwg files are available at www.philipslumileds.com and

www.philipslumileds.cn.com.

LUXEON Rebel ES Datasheet. DS6 2010412



Relative Spectral Distribution vs.Wavelength
Characteristics

4100K Neutral-White at Test Current, Thermal Pad Temperature = 25°C

T ]

D! ==
RWVAES SR =S

350 400 450 500 550 600 650 700 750 800

Relative Spectral Power Distribution

Wavelength nm

Figure 4. 4100K Neutral-White color spectrum of typical CCT part, integrated measurement.

5650K Cool-White at Test Current, Thermal Pad Temperature = 25°C
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Figure 5. 5650K Cool-White color spectrum of typical CCT part, integrated measurement.
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3500K at Test Current, Thermal Pad Temperature = 25°C

Relative Spectral Power Distribution

4000K at Test Current, Thermal Pad Temperature = 25°C

Relative Spectral Power Distribution
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Figure 6. 3500K color spectrum of typical CCT part, integrated measurement.
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Figure 7. 4000K color spectrum of typical CCT part, integrated measurement.
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5000K at Test Current, Thermal Pad Temperature = 25°C
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Figure 8. 5000K color spectrum of typical CCT part, integrated measurement.



Typical Light Output Characteristics over lemperature

4100K Neutral-White, 5650K Cool-White, 3500K, 4000K
and 5000K at Test Current
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Figure 9. Relative light output vs. thermal pad temperature.
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Typical Forward Current Characteristics

4100K Neutral-White, 5650K Cool-White, 3500K, 4000K and 5000K
Thermal Pad Temperature = 25°C
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Figure 10. Forward current vs. forward voltage.
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Typical Luminous Efficacy

Typical Luminous Efficacy Characteristic vs. Forward Current,
4100K Neutral-White, 5650K Cool-White, 3500K, 4000K and 5000K
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Figure | I. Typical luminous efficacy characteristic vs. forward current, thermal pad temperature = 25°C.

Typical Relative Luminous-Flux vs. Forward Current for
4100K Neutral-White, 5650K. Cool-White, 3500K,4000K and 5000K
Thermal Pad Temperature = 25°C
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Figure 12. Typical relative luminous flux vs. forward current, thermal pad temperature = 25°C.
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Relative Luminous Efficacy vs. Temperature
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Figure 13. Relative luminous efficacy vs. thermal pad temperature, test current at 700 mA.
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Current Derating Curves

Current Derating Curve for 350 mA Drive Current
4100K Neutral-White, 5650K Cool-White, 3500K, 4000K and 5000K
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Figure 14. Maximum forward current vs. ambient temperature, basedonT,, = 150°C.

Current Derating Curve for. 700 mA Drive Current
4100K Neutral-White, 5650K Cool-White, 3500K, 4000K and 5000K
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Figure 15. Maximum forward current vs. ambient temperature, based on T, = [50°C.
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Current Derating Curve for 1000 mA Drive Current
4]100K Neutral-White, 5650K Cool-White, 3500K, 4000K and 5000K
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Figure 16. Maximum forward current vs. ambient temperature, basedon T, = 150°C.
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Typical Radiation Patterns

Typical Spatial Radiation Pattern for
41 00K Neutral-White, 5650K Cool-White, 3500K, 4000K and 5000K
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Figure 17. Typical representative spatial radiation pattern for 4100K neutral-white, 5650K cool-white, 3500K, 4000K and 5000K lambertian.
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Emitter Pocket Tape Packaging
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Emitter Reel Packaging
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L uminous Flux Bins

Table 9 lists the standard photometric luminous flux bins for LUXEON Rebel ES emitters (tested and binned at 700 mA).

Although several bins are outlined, product availability in a particular bin varies by production run and by product performance.

Not all bins are available in all colors.

Table 9.

Flux Bins

Minimum Photometric Flux

Maximum Photometric Flux

Bin Code (Im) (Im)
R 160 180

S 180 200

T 200 220

u 220 240

vV 240 260

VW 260 280

X 280 300

* 170 Im for LXW8-PW40
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4]100K Neutral-White Bin Structure

4100K Neutral-White LUXEON Rebel ES emitters are tested and binned by x,y coordinates. |2 Color Bins, CCT Range 3,500K to 4,500K.

Figure 8. 4100K Neutral-White bin structure.

Table 10.
41 00K Neutral-White Bin Coordinates
Typical CCT Typical CCT
Bin Code X X (K) Bin Code X Y (K)
0367294 0400290 0.378264 0382458
™ 0.385953 0412995 4300 SO 0392368 0.390932 3950
0.381 106 0393747 0387071 0.373899
0364212 0.382878 0.374075 0365822
0364212 0.38287/8 0374075 0365822
TN 0381106 0.393747 4300 SP 0.387071 0373899 3950
0378264 0.382458 0382598 0359515
0362219 0371616 0.370582 0351953
0362219 0371616 0402270 0422776
T0 0378264 0382458 4300 RM 0420940 0432618 3650
0374075 0.365822 0414776 0416097
0359401 0.355699 0396279 0403508
0359401 0.355699 0396279 0403508
TP 0374075 0365822 4300 RN 0414776 0416097 3650
0.370582 0351953 0408593 0.399525
0.3570/9 0.34258| 0392368 0390932
0385953 0412995 0.392368 0390932
SM 0402270 0.422776 3950 RO 0408593 0.399525 3650
0396279 0403508 0402113 0382156
0381106 0.393747 0387071 0.373899
0381106 0.393747 0387071 0.373899
SN 0396279 0.403508 3950 RP 0402113 0382156 3650
0392368 0.390932 0.396564 0367284
0378264 0.382458 0.382598 0359515

Note for Table 10:

- Philips Lumileds maintains a tester tolerence of £ 0.005 on x,y color coordinates.
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5650K Cool-White Bin Structure
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5650K Cool-White LUXEON Rebel ES emitters are tested and binned by x,y coordinates. |9 Color Bins, CCT Range 4,500K to 10,000K.

Table I 1.
5650K Cool-White Bin Coordinates
Typical CCT Typical CCT
Bin Code X i ¢ (K) Bin Code X ¥ (K)

0274238 0.300667 0.318606 0310201

YO 0.303051 0332708 8000 WQ 0.329393 0.320211 6000
0.307553 0310778 0.329544 0.310495
0282968 0283772 0319597 0.301303
0282968 0283772 0.328636 0.368952

YA 0.307553 0310778 8000 VM 0.348147 0.385629 5300
0311163 0293192 0.346904 0371742
0.289922 0270316 0.328823 0.356917
0301093 0.342244 0.328823 0356917

XM 0313617 0.354992 &700 VN 0.346904 0.371742 5300
0314792 0.344438 0.345781 0.359190
0.30305] 0332708 0.329006 0.345092
0.303051 0332708 0.329006 0.345092

XN 0314792 0.344438 6700 VO 0:345781 0.359190 5300
0316042 0333222 0.344443 0.344232
0.305170 0322386 0.329220 0331331
0305170 0.322386 0.329220 0331331

X0 0316042 0333222 6700 VP 0.344443 0344232 5300
0317466 0.320438 (0:343352 0.332034
0.307553 0310778 0329393 0320211
0.307553 0310778 0.348 147 0.385629

XP 0.317466 0.320438 6700 UM 0.367294 0400290 4750
0319597 0.301303 0.364212 0382878
0311163 0293192 0.346904 0.371742
0313617 0.354992 0346904 0.371742

WM 0.328636 0.368952 6000 UN 0364212 0382878 4750
0328823 0356917 0.362219 0371616
0314792 0344438 0.345781 0.352190
0.314792 - 0344438 0.34578] 0.359190

WIN 0.328823 0.3569 17 6000 uo 0362219 0371616 4750
0329006 0.345092 0359401 0.355699
0.316042 0333222 0.344443 0.344232
0.316042 0333222 0.344443 0.344232

WO 0.329006 0.345092 6000 UP 0.35940! 0.355699 4750
0329220 0331331 0357079 0.342581
0317466 0.320438 0.343352 0.332034
0317466 0320438

WP 0.329220 0331331 6000
0.329393 0320211
0318606 0.310201

Note forTable | |:

- Philips Lumileds maintains a tester tolerence of + 0.005 on x,y color coordinates.
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LUXEON Rebel ES ANSI [/4th Quadrant Color
Bin Structure

ANSI |/4th quadrant color bin structure for LXW8-PW35, LXW8-PW40
and LXW8-PW50 emitters
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Figure 20. LUXEON Rebel ES ANSI 1/4th quadrant color bin structure.
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| UXEON Rebel ANSI /4" Quadrant Bin Coordinates,

Continued

LUXEON Rebel Emitters are tested and binned by x,y coordinates.
32 Color Bins, CCT Range 2580K to 7040K

Table 12.
LUXEON Rebel ES ANSI 1/4th quadrant color bin coordinates
Nominal CCT Bin Code X y Nominal CCT Bin Code X y
0408216 0392153 0344719 0.351301
6A 0394131 0384815 3A 0336916 0.344873
0.388900 0.369000 0.336600 0.336900
0.401706 0375155 0.343985 0.342749
0414622 0408937 0.346260 0.368726
6B 0.399600 0401500 3B 0.337600 0.361600
0.394131 0.384815 0336916 0.344873
3500K 0408216 0.392153 0.344719 0351301
0429900 0416500 5000K 0.355100 0.376000
6C 0414622 040893/ 3C 0.346260 0.368726
0408216 0392153 0344719 0.351301
0422071 0.398417 0.352638 0.357500
0422071 0398417 0.352638 0.357500
6D 0408216 0392153 3D 0.344719 0351301
0401706 0.375155 0.343985 0.342749
0414700 0.381400 0.351500 0.348700
0.381883 0.37764|
5A 0.369655 0369740
0.3670C0 0:357800
0378297 0364637
0.386955 0395809
5B 0.373600 0.387400
0.369655 0369740
A000K (0.381883 0.377641
0400600 0404400
5C 0.386955 0.39580%9
0.381883 0377641
0.394131 0.384815
0.394131 0.384815
5D 0.381883 0377641
0.378297 0364637
0.389800 0371600

Notes for Table |2:

- Philips Lumileds maintains a tester tolerence of = 0.005 on X,y color coordinates.
- Applicable for LXW8-PW35, LXW8-PW40 and LXWE-PW50 emitters.
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“orward Voltage Bins

Table 13 lists minimum and maximum V, bin values per emitter (tested and binned at 700 mA). Although several bins are outlined, product availability

n a particular bin varies by production run and by product performance.

Table 13.
V, Bins
Minimum Forward Voltage Maximum Forward Voltage
Bin Code (V) V)
P 250 275
R 275 3.00
S 3.00 3.25
& 3.25 3.50
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