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ABSTRACT

Obstruction light is needed for high area and night traffic such as high-rise
building, semaphore, and runway. Almost illumination of obstruction light uses
conventional tungsten or halogen bulbs, which are very energy consumption. This
project presents the using of high-power LEDs instead the conventional tungsten or
halogen bulbs to decrease the energy consumption, extended the life-cycle and

reduce the maintenance cost.
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Water Content Sulphuric Acid
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Sponge Lead _ —_— Lead Peroxide
Decreasing. o [~ Increasing.
Lead Sulphate Lead Sulphate
Increasing. Decreasing.
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2. 3zAulIadiA9TUIT (Equalize Charge)

mIfimTfuuaiasiluszd Float Charge atnadouiiuszaziaauing dala
WRpanafiszinysuyaiaad 'lu”ag;'luamwﬁﬂugmi %ommmﬂ;mﬂumqnaﬂau 9 1a
G9%h

- luszduTaasiaanism$af Float Charge Tiaansafiazurt Self Discharge Uas
Local Action 6% 100 wafidud mliladinafianaiouassiiamuandoiu

- WwadNITadaRuaeT I Tuauiau wszanuiuanamnnilassauiosd
LuALa a3 L %a%:ﬁﬂﬁqmﬂgﬁmmm{wU'l'été'nfm'laﬁn'm‘lmmaﬁnn g anmaiialal
Winniw

- tasaunamaiusmlaiulediasfianaionlaiihei dwflasunananudy
audsinasaaaadiia it

M1 Equalize Charge ﬁamm‘»‘im:é’uf‘:aﬁtm‘lun’nm%'lﬁ'ganﬁw:ﬁu Float
Charge Syazrildunaiaaiinisinay aan‘s:uﬁgﬁu Welunmsuimagandomeluagag
LuaLABININA Lm:%:ﬁ"a‘lﬁ'uumﬂa‘%ﬁﬂs:yﬁuw%’auﬁ%nﬂuﬁﬂ'\uwé’amﬂunmﬁm
fasmsltau szaulisdiaafisnlFlumsvia Equalize Charge 1ETaaviaafl 2.33 Tandae
a8 11w wuaLas3 24 1ad s:ldlsdlaslumIzidarindy 24 gou 2.33 exfidwrinniy
55.92 186

WAelilsEmsuszdulameslunimfuuaiasiasia-nsaiiansiawse
wazifiatlgmiiuiuuuaiaaiaeftlansiuiuds ﬁoﬁmiﬁﬂmﬁoﬁ;ﬂLﬁ'atﬂmé'n'lumi

o A 3
UTUIATEITITR

- ar - o
A15191 2.1 zauladiaalumimswuaesiazna-nia

i . szouladiaslumazia (Voits)
FwuLTas
Float Charge Equalize Charge
6 12.9 13.98
12 258 27.96
24 51.6 55.92
48 103.2 111.84
60 129 138.8
120 258 279.6

winsna  139uUlaades Float Charge 15landlaauinniy 2.15 Laddaimad
széuliadiae Equalize Charge I#adiaainny 2.33 ladaainss




22

2.3.2 fze’n'umao'['m@i'm%ﬁn'::numztﬁau@iamqmaaunmmﬁ'

midfuszdulindiaslumimfanuaesisuiniudsfidsnivetraunn dimn
mitfuszduhadiaalunisoidligndas 'lumm:ﬁﬁmsmfﬂﬂnﬁﬂi:ﬁﬁqn='] T
u,umﬂa‘%ﬂ:‘lﬁ%’uha@Tmil'lum'sm%’ﬂﬂumamnuumﬂa‘%agmaﬂL‘Jm sz luunaal
Hamsidemoiule 2 dnwosda '

1. Under Charge
damsliliadinslumim$uuaaeiluszdu Float Charge dnin 2.15 Taadde
& w 1-;[ '3 1 rqu‘1 uu‘lvnu [V I )
was avanlghiadiaslumimiaszauiliuin g s it adaiamesufiv3 oo
& o e -~ w r g o ry P -
twanmauaInuazay winfinlimuiurinadadai szivinniuawdusivgiims
[3 o y-_v-9 1 1 L ¥y -~ z r-3
Mufizenseniauimmanuinuszrunuiindldnlarlan Mammnfuaznisdismia
Wuludsanusindiunn §nalw Capacity 19InUaaeIaasIau@ay fiminfialy
b ] - 1 .dl s 8 ) -
WINTU rRINaNITNUNTzIfiaudaatyvaIuuaiaed SIMUMNATIINLIILLALA DT AA
! [ ] - s o A J
Under Charge 4u dasTuuilalasiis mufia Under Charge sansnfainaldasi
- fmssunzauraniinsidalaslayvay IuwssoziiadusnuiuwnIsliiimady
ihnausaasansiuuaiaailinuag
™ & € v -l - ' -
- wlaammﬂr;mwmulutmﬂﬂuaunqﬂmauaun'nﬂnﬂ
=l f dad w
- falswNanuUALeaINHMWaN L TNy
- fanuawzeashsndidnlaslaYiuoaddainti 1.18
Qs [ ] ] l'c; » -8
- Salamavanaiavluudasigadainii 2.15 1a4
- anufanluwrsduuaiaaisininund

2.3.3 NI IULLLNTZUESIN (Constant Current Charge)
« & v | « o 4 & X
AsrfanvuitveldresauinnitnisrfanuneaeanIn NIkWIENII
A o A { L [
m‘?mmuns:u.ﬂﬂongnmnmﬁmmn'n‘m-fwaam:ua’[umwﬁa nnadasmiadng
A '3 [] ﬂlJ o 8 d. | 1% =
Lataot 1Husrnansanutidedaluy antuuuaiasdazldunszuslumamauiuly
o a4 v & ¢ v JF .y & '3
amufirmua dadhanszuslumamialigodu wFizidumisaszozs lunssiang
(5.3 ¥ [ T sl ‘. - o > L ! H A
ueRasnalmiAanadsTuLuaasl asssyldiiasnudantumelussdzasuuansd v
& - o - . ad & A
m:gwummﬁmmjaon‘s:uanmms'mi'aua:'lunqﬂmewamamumﬂasmﬂu Active
Material 1adlmasiuataalvsiianiraalsuanviatiatasdutiissnnainanuiouit
- - & v Adav ad a o g -
wiagndansszdatuld srunImiuuunizusainfidedniianuuuainsIfne zvin
Wizadnn g waslugavaduuaia pFldTunislszanisuslumamiaisidaduviniunn
I TadaaaAYAVEIULALADT mqNaﬁﬁﬂﬁ'mﬁ'm{aLtuunizuﬂmﬁlinmmuﬁaumqna

[

I




e

u

=]
e et

ainuluowaInizuafyinnIsia

Py el o a
%El%jlﬂllﬂ"lﬂ'l"l&l?“%ﬂﬂu”lﬂﬁElw]lllfﬂlﬂﬂfﬂu']&l']ﬂ']ﬂ'ﬁ'ﬂ']{ﬂ

- muagﬁuamwmamumm a3faunzYINIIT139

23

nnnImBuuynszugasn inlildnsmishadieafimfauuainaiian sl

o A o i Lk s P -
mu'[mum‘lﬂmmzﬂmmsm{mmm@la‘%aguu szravliadiavfiigagrasuuainaias

) ' A [
AIUAUIIN END OF CELL utiadszanc 2.33 1inaasioss mmmma:uﬁm‘lmmgﬂ

VOLTAGE

;n]ﬁ 2.16 ugaimsilisuutatrasliadiaalunmimiauuunizugaoh

2.5
2.4
2.3
2.2
2.1

2

IR
/’4———;‘”‘==’dﬁﬁﬁd
////// e e
| |
0 2 4 6
TIME (Hour)

2.3.4 mysanuulladiaanh

A vt v o I3 = I3 | o
INN I.Tﬂ@l ANWIAUUDITIT NITIIVUDLUNITUFERIN Lﬁﬂi]:ﬁq TP UIFIALYY

s 4 d' ; [
Uildaaluihimazdnwdinsmfuvnhadiaanst lunisauuuiialdzozinaln

- ' = . , & X . e
nspriatepnitwnuusnlasszezianilunisanfaeziandnrialswu Iuagiu

AMYENNITOTBIAT DITITINEA BTN UEsANYI S 50% 229FINUYY AANLUALaDIN

AINvInsT S U Luaaasuuia 100 warwliaedaluseltiaanlummfadszunm

2 77ly4 ﬂ‘fmnws'ma‘%uuu‘[':asﬂ.mﬂaﬁmmmme'lﬁﬁogﬂ

- s ] E [ L
qUfl 247 arwdisiwinsusnsmlunmimuuaesiaem-nmaunbadas

A

CURRENT

120

BO

40

20

— -

- ————

—""_"I” \
T " i

o 1 9w B & 0 6
TIME(Mnute)




24

mimauvaeeiwuladinnfivhlnonsldieiassnfowia Generator (iu
dimualisdiasfuanudawduuaings uansidialiadiesnaisimf vie
Generator wuaazilhadiaeflinefiasaanafivimandy dafuadedamnoesiin
whlunisinmszduniimfafiesfiliusunaies’ FaravsilisnFontuiluan 20es
Thadiauidanainad (Voltage Regulator) dnininiiunssfifianuimdmannlumsms
wuuladiavned |

2.3.5 nopjussnannidadszg Wfhusaae’
- o d o i Zl [ % ) o

iasdalszquuaiaasiuundedngWnizuaase Gaezldszduussduganitszay

ussduvasuuaaeTlusneifimaiuyzady lunsdadszquuaineiezlizainyas
o o A voa & = A = 3

3pddaUszanuataaidaliiiugauintasunaiaed lasfinszuafirinismiagsey

o a w o 1 i a
uuaned sxlifiennendwiunszusivuaneiiwaanann dausaslugl

]

Ri

DC E
Baterry

nin

- - * ]
3’1'“ 2.18 LLHGHIYlﬁ'l’]'l\'.lﬂ'l‘i\l“BUE}GHT:LLHGWﬂ?Z?LL‘UG]I.Gl a%]

Tay
v A& -l
E = uNauwnIvaiuyaLaad
o AL -
Ec = wIauitIvaiLLaiaad
Ri = anumunmunslussduainuaingd
= nzusflflumsdausey
vIngUezldruns
E=E_+ IR,
_(E-E)

R,




25

Waussdufiuuaians (Ec) ﬁei'u'ri'lﬁ'mm@”uﬁé'@ﬂs:i; (€) 2z ldinszua (1) nalu
2997 UsId% Ec  ninsaen E a:ﬁﬂlﬁﬁm:uﬁhmﬁmﬁﬁ'lﬂﬁ'm'né'ﬂﬂsquﬁﬁu
WUaLae3 udtuds Ec gandusaeu E nIzuRIRgNdaTIiIsannLUaLaaIfNAIY
drumunelu (R) vasnvawmeidnesiisnton Fsfiminodulavy laneziing
L1J§Lluu.ﬂm'lﬂ'l.umm:ﬁﬁn’né’mﬂﬁzq Tﬂﬁa:ﬁnadaﬁmmns:uaﬁé’wﬂs:quumﬂa‘i‘iw:
vInniavan ﬁﬁﬂﬁ:ualum'ié'mﬂs:qanLﬂa‘s"ﬁﬂ"lmmﬁun'h'?iuumma‘%"a:ﬂu'lﬁ g1arin
Wgald mmmﬁmmm:uﬁmsﬁﬂﬂizqLn.lﬂma‘%'l.ﬁs‘%’ma Mlalaseranudiunuds
amgmmﬁﬁ‘lmﬁ aflazirdatSinonszuadna ldamudaanis %ﬂﬂﬂ:ﬁﬁnumﬁogﬂ

Rs
I
Ri

DC E

+

_:I‘ Baterry

- ol - - ' A o
I’Jﬂ 219 Llﬁﬂﬂsﬂ’lﬂﬂfﬂUﬂqquﬂ'\uﬂquﬂBa%ﬂﬁULwa'ﬁ'\ﬂﬂﬂf:LLﬁ

mnzﬂa:‘lﬁaums
/= (E-E,)
(RJ + RI)
R, = E-E) —IEC) - R,

meﬂa‘s"uuun?mqﬁ a"m'lmsé’ﬂﬂﬁ:ign‘%am'sﬁa'ﬁ’l"s’aazﬁuagﬁummgmao
LUALADI ﬁﬁ'mlaqm:ua’lunﬁﬁﬂmzqu.mma‘%m:uamﬂwﬁ‘:‘[m FiuauaInszuan 1o
mnmqufﬂoﬁnﬂwLﬂuuauuﬂ{-'ﬁ"ﬂm (AH) wsdapdumdalus warailvatindn
anusuRuiraInTzuswazaluslumsasmiailes liudsduauiuasaa B wuaaa’
100 AH aamionizua 5 wandluan 20 $alus uddhdae 10 went enaldiraies 7
s wIatsenszua 20 wand orveslfiaa s 3 $2lue (udn azinindhing
nzualutFanamnn ffne AH vaduumaal meesiimtasa %oi‘fuag;ﬁ'uqmauﬁﬁmi
far1araunaaal (Rate of discharge) FITANVBILLM AT R AITHAIE




26

a A 4 4w o A A A4 - o a ' e wa
anmﬁmmaommmﬂamm:Lmlummﬂﬂi:quumﬂaimmmtmlﬂ OEER)
[ d' J 1 [ YX. v
iffgaduluuuaiae’ mmmﬁ'}uuaglugﬂaumﬂﬂmﬁ fa
P=I*x R,
lan
o o - ol
P =idgydsluuuaiasd
| =m:ua'l,unﬁé'ﬂﬂ-::guuﬂma‘s'

]
-]

Ri =Fhﬂ?ﬁ“ﬁﬁﬂﬂﬁﬂﬂﬂﬂ1%ﬂﬂﬂhﬂﬂlﬂ87

e e L. - J L] o el -l A
mnﬂumimmm:mu‘lmﬂtuam:uw‘lummmﬂizqggw:mlwmgtymumn &9
[ > J J J b b .4 = L L
s ldifaanudonauneluviuaiasd mmmqmauumqamna:ﬁ’ﬂv\ mqmﬂmm
{ » o » e a4 z o d‘ L F-Y
YaduualaaInanas niaaravinliigzaveld muu‘lummﬂﬂs:quumﬂamaawmsm

el s e + JI’
JasnaaInanIten

2.3.6 STATEmiﬁﬁmwuanmﬂﬁuﬂizq UC3906

INPUT
SUPPLY J
VOLTAGE

CHARGE
VOLTAGE

CHARGE
CURRENT

oc
NDICATE
OUTPUT

rewaTE | 1
NPUT

| STATE 1 J.jTATE 2| sSTATEZ |STATE |
(C/S OUT) , .!_ .L

i

J o 1}
gﬂn 2.20 u.ﬂmm':ma'mmanwnﬁuﬂizq UC3906 TueN1Iz6N4 )

Tugei3uuInazHusadiuain input supply Lm@'fua:f'?mﬂ"m1Lﬁuﬂ'::qmnqﬂ A i
9 B ns:umﬁuﬂi:qa:ﬁugoﬁo imax @9tflu119 STATE 1 Bulk charge WAzUTIAUITAY
Tuszéu vy, %uﬂmmﬁuﬁa:ﬁ‘fmiﬁ:j STATE 2 Over charge \iun3zn§afissauusou
gan'i'n.mmﬂa%‘mn LadawiunmInssrnusaeuliiuLLALe a3 LAAINTZLRIEANAIND
A9 I autAnuandu 1, flazifluniadng STATE 3 Faflun13m§9uuL Float charge
w3a standby state Faduszeuunsduiinefidelifinidvnan uazlu state finszumes
a@maLi'mu’ln*‘fimu'mﬂ'nu'i'mumﬂa?ag;'luhq standby snunsari lWlFawldsaly




27

24 1001ﬂ1“ﬂ‘u
T+ L'
| L3t
(S3F ”,
PN 3¢
- L. X
~Fhen 2k iy v

24
. et R LTK PS40
[——.:'R' <%}

>
<1
TR R aROK

A

[ B .4 Kl

t-2

4 .
71 2.21 uaaslansairmoluzasnaesmugu

2.4.1 MINNIMULDINILT
] v e i A' c]d
lunsinuesld LDR  eveduanuainduasusgsuaanitusn Lioldang
uEsuna  (ananein) sz lddianudiunuuas LOR Heandn danaliussaulan
' | [P 4 = . ' @
asaufl R, u1n Ml 2 209 Op - Amp (@aiflu Non Inverting input) laifiussdin
80NUNTINT 1 203 Op - Amp 33N Transistor @, laitinazua &3nal Relay 3014l
Y- - ] w a ol J
e wazluomlifiugauaa (anasfin) szssnelWvanudunuses LOR Jigiu
- [V \ v wal y 7 P
Mliuseaniluanaisy R, wap ¥inlw#ivn 2 ves Op - Amp daianuaziiaseniuan
Non Inverting Input YlviTiusediusanunfizn 1 183 Op - Amp sInali Transistor Q
A al a gy - o [
#NTEuR Relay 3anszus laplufitimesld R, us: Ry ifudniBuufivuussanlin
- ' ' [ W e ] o ) ol ad
Op — Amp lapasfiussduanatoausdazduyniuadmisasunduuuaass lasluniim
"] A s L J ot ] L o 1
T0UTUTEDEIAINIIIIuN R, Sufludrdiuniudiudnle uszesiining

4 L A [
Diode:D; MPBUMATDWRIITIUMNUARIA Relay

o+V

:: [g] LDRi

+—oVout

R

{-)

v L4
A 2.22 299315574 LDR Tufugn




28

) nmﬂﬁnuﬁm‘nuﬁﬁ}mw
HEAINIDNURIRNIY
rarula

ATIHNRIUNIY

8

Tiuide

= () nrsdRuuaHiun g
BEESIHINUBIAARY
FrAvula

J o
31]11 2.23 nTMUARIRNIENIINIWYEY LDR

2.5 NWITHUNADAUDA DA

JeTTuvsaauasdafesnsndelnlnremdl wld 1Ic LMa17 unsnugums
Pwnszuabinunsaauesdd nuinduimmuguniiniswivzemasadae lasezldnu
SuAUNTIuSaaailuniIdn 1 ve9 IC LM317 89n314 %oa:ﬁﬂﬁmamaaﬁﬁﬂqm
WNTURNIDAY m‘ms:w‘iumamﬂam:mﬁ'umimuqumm"‘mmafmaoﬁdﬂﬂwﬁmﬂaf
%aé’mﬁmfnmﬁlﬂummﬁnmai'ﬁmﬂwﬁﬁmas’ﬁaé’m_,rywmgﬂﬂﬁuﬁmﬁuu (Square wave)
Tmuﬁ’rymgmgﬂﬂ‘s’iuﬁmﬁuuﬁ‘lﬁmmn IC LM555 11183

ic waf 555 iflwled Afsuldmunnlunmmihlleiedygogustuuuudnag
11w FQnt Square Wave, SRR Fynnos ramp uaz9esaana ladiued 556
LﬂuqﬂnitﬁwﬂﬁwﬁﬁqﬂmﬁﬁLﬁﬂmaﬁﬂﬁﬁu=] agmulu unzfidgufidasdaniouan
Wanuguniinu usslFruiudnsuzdng edwaaniseenuuy uazdolums
shafyaasdanaians 9 Snissamndilamavhawldie

wananlediuet 555 udrdailediues 556 Miuiuy Dual Timer Usznauen
ladiued 555 dmau 2 a9 ar‘J:mu'luﬁ'n?}mﬁmﬁa'lﬁﬂmoaw?oL'Jm'.'.a:ﬁ:mn'lunﬁ
panuuLtfigaslilediuet 555 wanu g i




29

« ¥ [ B
N %
=R (3)
€
ey R Q —~
2 -
: > s @
2112)
= R ?
< |—e
(5)
&l
1.GND
= U 3 8 2.Trigger
2 7 3.0utput
O u 41 .Reseat
3 O] LMSS5 u| 6 5.Control Voltage
6.Threshold
4 5 7.Discharge
E H 8.Vec

4 . o
U 2.24 §rudsznauvasladiuef 555

LY d [ 3 =
2.5.1 winNEIua g vadladiuaf 555
= =) o -I - d. = ar . &
(1), (2) 87993 Comparator LHudmAYWINAWToAB VRN input N3 2 97
ar & a ¥ 1 - L o, . 1w [
tana WA LININn AN @1 filny Output 92861 Logic “17 (YN VCC ddnan

& @ ] & N . |
A7 UINUDENIIYTIRY Output 9:3¢1 Logic "0 Lmnuﬂmﬂmﬁ (0 Volt)

b.

(3) 182997 Nand gate InmaRuIAIN 1 input yFasvuiln Logic “1” Output el
" Ve a4 = ; " & 8 » o, & .
#du Logic “0” udt input 11lanmitaiflu Logic "0” finzvi W Output a:lisniu Logic

" iuf

A o
ATITIIN 2.2 UFAIROTIUZNITYITIITUYSIIINT Nand gate

Input 1 Input 2 Output
0 0 1
0 1 1
1 0 1
1 1 0




30

(4 1ilw1937 Flip-Flop WuU RS — F/F ﬁqmﬁuﬁﬁé’ai‘f

g _
A17IIN 2.3 ULERINUSUUADDINDT Flip-Flop uuu RS — F/F

R 5 Q Q
0 0 Q LA QAN
0 1 1 0
1 0 0 1
1 1 Tag Tila

Q usz Q waNTWNMMEVa Ao i1 Q =17, Q =*0"
Q = “0"' 6 _ n1u

s I, . — n

(5) tIu2997 Transistor N1vi1mudAN Switching ©1 Q Il logic “1” Transistor 9z¥1

2% “ON” 1iufia 2 Short 2993 $2W31911 7 uas 1 &1 Q 1T logic “0" 9 Open 1 7
uaz 1 veladiiues 555

(6) \IludreunIv 3 o1 Afvmaanudunuriiuns 3 @1 Sndafutiausadu
vee aanilu 3 #uing u anaseu R udazdn Javany VCC/3 dn R flazfivua

anudmrmuiiu K lavy

Qs ] J *>
2.5.2 wanmahanudeasauvesladivigd 555
Tagardanisvinamidlu 2 wuy fia
- \uandadyyiuanuiien g
- ueniuan
- ] -~ .ﬂ' a pd - 3 r-J
Fauiamahauiwsaiaagy 16 2 sllefe
1. 1aslulusiaiiia (Monostable Multivibator)
- o v W v ok [ P a v *~ o
Aonasfisfnfyguiadiuen 1 gn wdnniinivin (nazdu) Wesia

e - A o LT .
wanmdanunin Aemansoimualdeaadn RC

p Ve
£ Ra 4 8
7 3 Vo
———
6
LM555
+C 2
TIr. A1 |5
igger
99 ¢ 0.1uF

‘[ -
FuUN 2.25 3UuURAI2937 Monostable Multivibator




31

1.1 MANNIN
al.cl'VL . . F R Qs ' - [3 I 5
A LIARYYIM Trig 121 2 Virig = Vee unaunionamhdimaaiaziiugud
Wz Voo alinszuanarin Ry dan Tr 83031760 167 Vo = 0 (afidmnm trig fizn 2
fin Vitrig = 0 Tr muluaz “Off Vee 3z mifiudszg (Charge C) aunszatfiausssduan
aleuanhdmanilizinm 2vey3 anhdmasfazmolegiiu Tr smsfinndmaad
mu1lsz output 9z1ilu logic “17 ld Vo = Ve

1.2 WM a4 279

F297 1 vouet Vtrig = Ve Comparator (2) §81932vin 1w output 11w “0" @auidl
ANSIUNNI1YIN) Comparator (1) FaLwaz W output 1Tu “4” LWTzI121 6 @afuM
7 ti1w Tr 83 GND ¥ 15 Tr “ON" I output 289 NAND gate 1lu "0" twmz input Mg
Hu 1" diu R =0, S =0 9% I Q use O liBouuasfia Q ="0", @ ="1"
Q= 1" Tr 3z "ON’ amhdmasfalufinsifivilzg lasannszusan Ve axlnarim
R uaz Tr 89 GND

97 2 Youzfl trig @18 Virig = O V output Y83 Comparator (2) frsna9zen
2 “0” 1% “1” 2% Output &2 Comparator (1) SaunfInIminwan Fadufises FF
1R =0", S =*“1" 9z1flums Set FF 16 Q = “1" usz Q = "0" e Q="0" ¥ I Tr
ifians “off famaliahdmaatasri mmfiudizg

#2971 3 Lfmﬁ'ryty'lm trig ndLln Vee Bna¥a Output va9 Comparator (2) 2874
azulBouan “17 1hu 0" ¥ 1w output a3 comparator figalu #2993 F/F Lsii@snutag

4297 4 Hamhdmaai mﬂﬁuﬂs:qaum:ﬁh Ve fdnWriniu 2/3Vee w38
N ganslw Output W84 comparator (1) daun Wigusn “” 1fu 0" MW
Output 189 NAND gate = *1” 12933 FIF 91 R = “1” U8z S = 0" ks Q =07, Q = “1”
vin W Tr *ON” Bnath athdmasd asvin n13aalIzaaniu Tr 89 GND NRUFIMW
{17997 Monostable Multivibator BN TnE IR N IIRART NS IWIL 1 §n navenidl

.- v w ed ]
N7 trig N1 2 Iﬂﬂﬂiﬂun?ﬂawaﬁmuagﬂUﬂT RA Ups C




32
&UMILUMT Charge 39183 Capacitor 310 0 19 2/3Vcc fiD

I/c(t) - Vcc(l __e—:IRC)

2, = Vl(-e)
3
e — 1
3

L lnl

R,C 3

—L -~ 11

R,C

t = LIRC

T = LIRC

2. yvazEmialda (Astable Multivibrator)
Aansasaifyanm Square wave Sanuiifismunsadmualdauanudsinis

- 1 £ ) - J

daummUIFsaes C uasfIANIUNIR R,y ua: Ry lavlnnasiuananezsansn
fnuaanuiivaIdyanm Square wave AL C UATA Ry = Ry + Ry Widaanansaf
AMAUATINIRT “ON” Ua: "OFF” 2BIFQIMTIANTLANE19TUD0a R, WSS Rg 168N

a3e * Veo
4 8
3 Vo
O

LMS55

l - c O.IUi 1 ls

-l
;nl'n 2.26 UFMI7997 Astable Multivibator

2.1 nENMIMIu
TEwdnmafiuysey ua:muﬂizqﬂaaﬂ'\ﬂ'ﬁﬁmﬂaﬂmua:ﬁﬂmnﬁuﬂs:qdm Ra

Rg U8z92A101529H % Re uez Tr Muluas GND
d. = «A e et & L
- wm:nmﬂwmﬂaﬁﬁuﬂszq AUTITEAUUIIAU 2/3Vec VUSURUIIAN B V, =

VCC
- youzfienhdaaefanmlizeean aussduanaiandgnein 2/3Vee 9 Veo/3

& an ¥,
BUUHUTITUTAI Vo = 0 (gudliae)




33

2.2 Ut uaewmM Il 5 529

$297 1 1 Jugrefivnmadiaaes mm%mﬂai’a:ﬁwmnﬁuﬂs:qmn Vee W% Ry,
Ra Output 89 comparator aauuuazataaziin “1” vl¥ Output ¥83 Nand gate ailu
"0” FINAIW F/F 21 R = 0" WAz S = “1” 1lums set F/F Output Q =17, Q = “0” Athd
faaiezih mnﬁuﬂssq‘lﬂﬁ'auauﬁuws‘fuﬂnﬂiau WAL Veo/3

B297 2 ’dnﬁmmﬂ‘ﬁmﬂa:‘ﬁ’umnﬁuﬂi:qLﬁu Vee/3 Azl comparator (2) @2
d9iilu “0" F/IF 91 R = 0", S = “0” &% Output V, inilautiiy

gt 3 Lfiamﬂﬂﬂ‘:‘mma*fgmﬁuﬂs:qwm:ﬁ"ﬁﬁnmnniw 2Vc/3 output W@l
comparator (1) §7un iU/§uuiiiu “0” Output 189 NAND gate asiilu logic “1” 3t
FIF R ="1", S = 0" \umiW F/IF Q = 0" uaz Q = “1” Transistor 9 “ON”

g7 4 midsiap Tz inmIauyszaHIu Ry Uaz Tr &3 GND 71 10utput 189
comparator (1) 470w \% “1” comparator (2) @aain 0" v W FFaM R=0", S =
"0" Output U84 F/F 9:A&N Q ="0", Q="1"

299 5 Li’jammfﬁm@lafﬁﬁmsmuﬂ‘s:qammﬁuﬂiau C = Vg/3 MW
comparator (1) 82un T4 “17 comparator (2) #2681 1w “1” M W FF M R = 0", § =
" [fumyih W FF 18 Q = “17, Q=0" Tr 3z “Off anthd@maaiazyih mufivies

N q. 4
Imigneds uduaaudt 2 usniwsuilyZanq

2.3 nyieneAialung Charge WR: Discharge Capacitor
13a71un13 Charge C 970 0 §19 Vo3 1aan t,

V. = V.1-e"")

F.E.C— — Vcc(l_e—h'.RC)
3
e—t!RC = z
3
—t . 1,1_2_
RC
=L - _0.405
RC

t = 0.405RC




34

1981 lwm3 Charge C 910 0 9 213V 1A 1

v = V. (1-e"")
_2_ Vcc VCC (1 _ e-—l’."RC)
3
~t{RC l
3
! lnl
R,.C 3
! ~1.098
R,C
t, 1.098RC
T, t,—t,
T, (1.098 - 0.405)RC
T, 0.693RC
g
R=R,+R;
Fan T, =0.693(R, + R,)C
17811413 Discharge C 910 2/3Vee D9 Vee/3
40 Ve 'RC
Q 2_ V -t/ RC
3 3 cc
1
=—-RCIn—
3
T=0.69RC
T, = 0.69(R,)C
T=T,+T,

T=0.69R, +2R,)C

q .
nanNhved Square wave

F=]L

1

F=
0.69(R, +2R,)C




35

2.6 quauddunzyayanuinaianamaanuaadanfoge

S g & o - v ol { - Hq v e '
wasauaadamaignmdumaluladinaifnazuunuiineaaiug nlEiuarlu

LY

ﬂa’qﬂ'umﬁ:qmﬂuﬂ'ﬁﬁmm'smhuﬂi:v.ii’ﬂwé’oo’m‘ld’uﬂuaﬂnﬁua:ﬁﬂszammwgo
'[ e g A dllugl 1v -Jl'[ J = llu r-r- |
apnaaauaaddmaIgIdIiRanltna o8 Talulansnuiazifonlivaoauoadffiuasd
= A act o w o :
Lﬂuan'lmmwgam:um:dmqﬂ

2.6.1 AWRNLAUDINADAUDRDATIAIEY

1 u
1.

2. fisngnislinuremasalamafeszuim 100,000 Talug (11.41 Wlanldnu

Na"n'fﬁam'mgon'i'maaﬂuaﬂﬁﬁﬁ'ﬂﬂ

L 2h

TURT 24 7.
3. SuzEntawaosmsdsznianainuuinninaaaniaian usssonan ot
4. MusssulWiinszusasadlunsronm
5. §uaefioanunInvs pauaadfimasgaazifuuazlifoumiiounasarimau
URsHaaaa lalan
6. luiifddaanlilaiaa
7. SlWiSenldweo® 1in Suas B diGu §1u 11 Dudu

r

2.6.2 msﬂs:qmﬁ'lﬁmmamaamaaﬁﬁﬁmom

v
o

1. masmumsuwndimimaeauesdfirdsgantdlunsindesnisehda

2. moﬁmmunuﬁﬁmiﬁwaamtaaﬁﬁﬁﬂé’ogomiﬁunwaaﬂmmm%w:m
m’uu&iaqﬂ'i'nﬁmnn‘ima:ﬁmmmuammnm’maaﬂmmmﬁ"as] A1)

3. madhumsanudsmauanuazmeluaims souflene giefiuanusny

4. naaa Wl 9ly

5. 98 LCD wazihouaasdaniuea g

6. naaq WeTeT IWaumesalw




& a Yo [ N A = ) ' ¥ o N o N
wnansiuenansianubidmiunslenuiionsfnwimituy lweygslnilulsslosuaiunism

lunnsdlles Medu Snnanudilvdauuauilon waznase1daduvesenasnaseninisuiluly



Relative Luminous

4 e o e
IIJ'I'I 2.30 UAAIRNHIUSNITNIZUURITOINAAUDRER

Trazas*

JF=20mA,

DIRECTIVITY
R

LTS P

-

P

0 =
o1

807

o
Radiation Angle

37

-l — PP . . o
ATTIN 2.4 ULEAINILFNTAVBINGAAUARERAT maximum rating (Ta = 25 C)

Value
Parameter Symbol | Test Condition Unit
Min. Max.
DC Forward Current I - — 350 mA
Peak Pulse Current ipeak | Duty=0.1mS. 1kHz —-- 500 mA
Power Dissipation Pd o~ — 1.4 W
LED Junction Termperature Tj o 120 C
Operating Temperature Topr R -25 +100 T
Storage Temperature Tstr o -40 +120 C
ESD Sensitivity --- HBM 8000 \)
Soldering Temperature --- ----- 260°C for 5 Seconds max

fTof 2.5 uaeuantaAn Wi (Ta = 25 °C)

" Value ,
Parameter Symbol | Test Condition Unit
Min. | Typ. | Max.
Forward Voltage VF IF = 350mA — 35 4.0 v
Luminous Flux Oy IF = 350mA 25 30 - Im
Viewing Angle 2912 IF = 350mA —— 120 ——— Deg.
Color Temperature CCT IF = 350mA 6500 | - 8000 K
Chromatieity Coordinates XY IF = 350mA WC -
@177l 2.6 ugasnTFsuifisumaanlWsiiadis 9 Aunssausadam IR
naaa panuuy | $1Wm | § Wud | a4 | UssFnEaw mqmsl’ﬁmu
(im) | (W) (ImAW) (ImAV)
Incandescent 100A19 1 1740 | 100 17.4 750
Halogen Q400T4/CL 1 7500 | 400 18.75 2000
High power LED RGB 1 120 6.7 17.91 100000
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LM317, NCV317

1.5 A Adjustable Output, CuN
Positive Voltage Regulator o “JJ,/

The LM317 is an adjustable 3—terminal positive voltage regulator
capable of supplying in excess of 1.5 A over an output voltage range of ON Semiconductor®
1.2 V t0 37 V. This voltage regulator is exceptionally easy to use and
requires only two external resistors to set the output voltage. Further, it
employs internal current limiting, thermal shutdown and safe area " : : S
compensation, making it essentially blow—out proof,

The LM317 serves a wide variety of applications including local, on
card regulation. This device can also be used to make a programmable

http://onsemi.com

output regulator, or by connecting a fixed resistor between the D2PAK-3

adjustment and output, the LM317 can be used as a precision current D2T SUFFIX

regulator, 1“2 CASE 936
3

Features

Heatsink surface {(shown as terminal 4 in

® OQutput Current in Excess of 1.5 A case outline drawing) is connected to Pin 2.
¢ COutput Adjustable between 1.2 V and 37 V

e Internal Thermal Overload Protection

e Internal Short Circuit Current Limiting Constant with Temperature

¢ Output Transistor Safe—Area Compensation

® Floating Operation for High Voltage Applications TT;’JEE:’X

& Available in Surface Mount D?PAK~3, and Standard 3—Lead CASE 221A

Transistor Package
¢ Eliminates Stocking many Fixed Voltages
¢ Pb—Free Packages are Available

Heatsink surface connected to Pin 2.

Vin Vout
< o LM3i7 O 0
A
g 240 ORDERING INFORMATION
lag l Adjust See detailed ordering and shipping information in the package
Ct L A* Co™ dimensions section on page 10 of this dala sheet.
01pF T T 10pF
R DEVICE MARKING INFORMATION
See general marking information in the deviee marking
O section on page 10 of this data sheat.

* Cin is required if regulator is located an appreciable distance from power supply fiter.
* Cois not needed for stability, however, it does improve transient response.

2l .
= 2
Vout = 1.25v(1 +R1) + g P2

Since Ipy is controlled to less than 100 wA, the ermor associated with this term is
negligible in most applications.

Figure 1. Standard Application

© Semiconductor Ccmpnnarlns Industries, LLC, 2004 1 Publication Order Number:
April, 2004 - Rev. 7 LM317/D




LM317, NCV317

MAXIMUM RATINGS

Rating Symbol Value Unit
Input-Output Voltage Differential Vi-Vo 40 Vdc
Power Dissipation
Case 221A
Ta = +25°C Pp Internally Limited w
Thermal Resistanca, Junction-to-Ambient 0,5 65 ' °CIW
Thermal Resistance, Junction-to—Case Bic 5.0 °CW
Case 936 (D2PAK-3)
Ta = +25°C Pp Internally Limited W
Thermal Resistance, Junction—to—Ambient AT 70 *CIw
Thermal Raesistance, Junction-to-Case L ATS 5.0 °Cn
Operating Junction Temperature Range T -55to +150 °C
Storage Temperature Range Tetg -65to +150 °C

ELECTRICAL CHARACTERISTICS (V|-Vo=50V;lg=0.5Afor D2T and T packages; T = Tigw t0 Thign (Note 1); lmax and Prax

{Note 2); unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit
Line Regulation (Note 3}, Ta = +25°C, 3.0 V< V|-Vgs40 V 1 Regjine - 0.01 0.04 Yol
Load Regulation (Note 3), Ta = +25°C, 10 MA £ Ig < Iyay 2 Regjpad
Vos50V - 5.0 25 mV
Vo250V - 0.1 0.5 % Vo
Thermal Regulation, Ty = +25°C (Note 4}, 20 ms Pulse Regtherm - 0.03 0.07 % Vo/W
Adjustment Pin Current 3 Iag) - 50 100 WA
Adjustment Pin Curent Change, 25V s V|-V =40V, 1,2 Alag - 0.2 5.0 WA
10mMA £ 1) S Imax, Po S Pmax
Reference Voltage, 3.0 VsV |-V <40V, 3 Vet 1.2 1.25 13 v
10mA £ 1o £ lnaxs PD S Pmax
Line Regulation {Note 3}, 3.0 VSVi-Vo <40 V 1 Regene - 0.02 0.07 %V
Load Regulation (Note 3), 10 mA < g % Imax 2 Regjoad
Vos50V - 20 70 mv
Vo250V - 03 1.5 % Vo
Temperature Stability (Tigw < T, < Thign) Ts - 0.7 - % Vo
Minimum Load Current to Maintain Regulation (V)—Vg = 40 V) ILmin - 3.5 10 mA
Maximum Qutput Current 3 Imax A
VI-Vo £15V, Pp £ Pmay, T Package 1.5 2.2 -
ViI-Vo =40V, Pp < Pray Ta = +25°C, T Package 0.15 0.4 -
RMS Noise, % of Vg, T = +25°C, 10 Hz<f< 10 kHz N - 0.003 - % Vo
Ripple Rejection, Vg = 10V, f = 120 Hz {(Note 5) 4 RR dB
Without CAd_I - 65 -
Cagj = 10 pF 66 B0 -
Long~Temn Stability, T) = Trign (Note 6), Ta = +25°C for 3 S - 0.3 1.0 %/1.0k
Endpoint Measurements Hrs.
Thermal Resistance Junction to Case, T Package Reuc - 5.0 - Crw

-

NCV3178T, BD2T.
. lmax=1.5A, Pmax = 20 W

separately. Pulse testing with low duty cycle is used.

> oW

. Tiow t0 Trigh = 0° to +125°C, for LM317T, D2T. Tigy to Thgn = —40° to +125°C, for LM317BT, BD2T, Tigy to Tygn = —55° to +150°C, for

Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must be taken into account

Power dissipation within an IC voltage regutator produces a temperature gradient on the die, affecting individual {C components on the die.

These effects can be minimized by proper integrated circuit design and layout techniques. Thermal Regulation is the eflect of these
temperature gradients on the output voltage and is expressed in percentage of output change per watt of power change in a specified time.

o e

stability from lot to lot.

Cagdj, when used, is connected between the adjustment pin and ground.
. Since Long-Term Stability cannot be measured on each device before shipment, this specification is an engineering estimate of average

http:/fonsemi.com

2




LM317, NCV317

. - o - - oV,
izll) }310 23;!} 120 56k
63V .
1 NN N
AAA » 13k
' .
] 63V

30pEL 30p

? 105
>
: 2 sl 2 40
190 A6k)5.8K 110 51k 125k )

0.1
Vo,
Adjusio
This device contains 29 active transistors.
Figure 2. Representative Schematic Diagram
Vee
. i Line Regutation (%/V) = wau ===~ Vpu
e T Vol I | B
Vin Vout
' C LM317 O ¢ + O
* Pulse testing required. & Adiust
1% Duty Cyclo d Ry § 240 N
Is suggested. Cpp =15 0.1 uF @ Co 7= 10 4F § AL
Ry
1%
X o -0

Figure 3. Line Regulation and Alsg/Line Test Circuit

http://fonsemi.com
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Cin A

LM317, NCV317

Vi Vou
— O LM317 I O
- - Vg {min Load)
R L[ - - - Vg (max Load)
(max Load}
Q Adjust Ry f;? . R
. I | (min Load)
~ 0.1 uF Co—~ 1.0uF
* Pulse lesting required.
Rz 1% Duty Cycle is suggested.
1%
* Q
L
) . Vo (min Load) - Vg (max Load)
Load Regulation (mV} = Vg {min Load) - Vg (max Load) Load Regwiation (% Vo) =

f=120Hz

Figure 4. Load Regulation and Alsg/Load Test Circuit

Vg {min Load}

= 10pF

Vin
O LM317
© Adjust
) o
Cip 1 0.1 pF
Ry
1%

* Pulse testing required.
1% Duty Cycle is suggested.

¢

To Calcutate Ry: Vg =

IgeT Ro + 1.250 V
Assume Iggr = 5.26 MA

Figure 5. Standard Test Circuit

Vour=10V

Vin
o o LM317 o ’
| D¢ 3
Q Adjust 20 A 1nsooz SR
+
Cin 7= 0.1 uF Cg /= 1.0uF
1,65k
Rs % 1% CM} f-P 10 uF

+ .

* Dy Discharges Cag it output is shorted to Ground.

Figure 6. Ripple Rejection Test Circuit
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LM317, NCV317
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E4
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=
- — 1 =05A = | Ty=25°C
B 3 20 -
IL=15A \ E ”—150"0 \.\
~ 5 N
Vip= 15V Cl { R .
Vou=10V 3 O S — 55°C
[ - !' \ --._L._____
Ll
-850 -25 0 25 50 75 100 125 150 0 10 20 30 40
T,, JUNCTION TEMPERATURE {°C) Vig~Vau, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vile)
Figure 7. Load Regulation Figure 8. Current Limit
3.0
g Vi 100 mV
AV = m
§ o IL=15A
5 25
= z \-"‘“'---_ —
E’E sol e I 10A
L T W - F—
E E [ .-'""'--.._
S i — ]
= [ — [ ——— — 500 mA
g 35 s e S S e
= 200 mA
> 20mA
10 [~
-50 -25 0 25 50 75 100 125 150 =50 -25 0 25 50 75 100 125 150
T;, JUNCTION TEMPERATURE {°C) T,, JUNCTION TEMPERATURE (°C}
Figure 9. Adjustment Pin Current Figure 10. Dropout Voltage
5.0 I
45
E’ Ty=-55°C
= 40 y g
T 35 Vi
‘/ \ % ZI'/ +150°C
] 3 30 P L
~~. ; 25
& 20
L7}
15 f
S 10
0.5
0
-850 -25 0 25 50 75 100 125 150 0 10 20 30 40
T, JUNCTION TEMPERATURE (°C) Vin=Vou, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (Vdc)
Figure 11. Temperature Stability Figure 12. Minimum Operating Current
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LM317, NCV317

100 I
Cag = 10 uF
g e !
z o~ v
= s S Without Cy,
E 80 s 4
ud
==
g 40
T Vin-Vou =5V
& g I, = 500 mA
@ f= 120 Hz
T;=25°C
0 |1
0 5.0 10 15 20 25 30 35
Vo, OUTPUT VOLTAGE (V)
Figure 13. Ripple Rejection versus Output
Voltage
100
g a0 o, L = 500 mA
e AN
[ TEd
S 60 P/ N Ty = 25°C
i N\
o
2 w0
= \
o
o o0 N
= K™ Cag=10F
W'Ilhoil.l‘l Cag
0
10 100 10k 10k 100k 1.0M 10M
f, FREQUENCY (Hz)
Figure 15. Ripple Rejection versus Frequency
=
58
E=
= 15
8 E 1.0
Sy Cp=1.0pF;
Sw L uF;
%:g 0.5 f\\ Cp.ﬁzﬂ) uf
i |
o 0
=> . /
03 Vo= 10V /.
m =
=10 I = 50 MA N
- = 25° L=W
2 2715} Ty=25°C Wihout Cag
ZZ10f
£4o0s Vin
q (."’
2 0
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1, TIME (us)

Figure 17. Line Transient Response

120
2 100
g e L Cag = 10 pF
g 60 = ™ ——+
ul 6 11— [~ Without Cpg
:
£ Wlv,=15V
< Vou=10V
= 202920z
Ty=25°C
0 L L L
0.01 0.1 1.0 10
Ig, OUTPUT CURRENT (A)
~ Figure 14. Ripple Rejection versus
Output Current
1 it
—_— ¥ -
& 0 V=15V e
B VOI.' = 10 V ﬂ%
4 I =500 mA
2 T=25°C_ A
£ ! #
E Without Cag i e
L 1
8 102 ———
< = = Cpg = 10 uF
—
10-3 I 1
10 100 1.0k 10k 100 k 10M
1, FREQUENCY {Hz)
Figure 16. Output Impedance
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- 8 n
g = 20
5% 10_CL=1.0|,1F; l\
A T Caay 3 10 WF [, =~
fw 0
>3 y
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S / V=15V
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Figure 18. Load Transient Response
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LMS555/NES55/SA555

Single Timer

Features

+ High Current Drive Capability (200mA)

+ Adjustable Duty Cycle

» Temperature Stability of 0.005%/°C
+ Timing From puSec to Hours

+ Tum off Time Less Than 2uSec

Applications

 Precision Timing
» Pulse Generation

+ Time Delay Generation

+ Sequential Timing

Internal Block Diagram

Description

The LM555/NE555/SA555 is a highly stable controller

capable of producing

accurate timing pulses. With

monostable operation, the time delay is controlled by one
external resistor and one capacitor, With astable operation,
the frequency and duty cycle are accurately controlled with

two external resistors and one capacitor.

8-DIP

GND (i

Output(3)—

OutPut
Stage

D)

Reset (4

VYref

-®

Vee

'bDischarge

G)I‘hreshold

Control
Voltage
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LM555/NESS5/SAE55

Absolute Maximum Ratings (TA = 25°C)
Parameter Symbol Value Unit
Supply Voltage vee 16 \'
Lead Temperature (Soldering 10sec) TLEAD 300 - °C
Power Dissipation PP 600 mw
Operating Temperature Range
LM555/NES55 ToPR 0~ +70 oc
SA555 -40 ~ +85
Storage Temperature Range TSTG -65 ~ +150 °C




LM555/NESS5/SA665

Electrical Characteristics
(TA = 25°C, VCC = 5 ~ 15V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Supply Voltage Ve - 4.5 - 16 v
Supply Current *'(Low Stable) Icc VCC =5V, RL == - 3 6 mA.
urr ow
PPY Vcc =15V, RL=w - 7.5 15 mA
Timing Error *2 (Monostable)
Initial Accuracy . 9
Drift with Temperature ACCUR RA = 1kQ to100kQ 1.0 3.0 /°°
Drift with Supply Voltage AUAT C=0.1uF 50 ppm/°C
AVAVCC ' 0.1 0.5 %N
Timing Error *?(Astable) i
Intial Accuracy ACCUR | Ra = 1kQ to 100k 2.25 - %
Drift with Temperature AUAT C=0.1uF 150 ppm/°C
Drift with Supply Voitage AVAVCC 0.3 %N
Vee = 15V 9.0 10.0 | 11.0 v
Control Voltage Ve
Ve = 5V 26 3.33 4.0 v
Voo = 15V - 10.0 - v
Threshold Voltage VTH
Vee = 5V - 3.33 - v
Threshold Current *3 ITH - - 01 [ 025 pA
Trigger Volt VTR Voc =5V 1.1 167 | 2.2 v
igge age
99 9e. Vce = 15V 45 5 56 V'
Trigger Current ITR VTR =0V 0.01 2.0 LA
Reset Voltage VRST - 0.4 0.7 1.0 vV
Reset Current IRST - 0.1 0.4 mA
Voo =15V
ISINK = 10mA - 0.06 | 0.25 v
Low Qutput Voltage VoL ISINK = 50mA 0.3 | 0.75 v
Ve =5V
ISINK = 5mA 0.05 | 0.35 v
Vee = 15V
ISOURCE = 200mA, 12.5 - Vv
High Output Voltage VOH ISOURCE = 100mA 12.75 | 133 v
vee =5V
ISOURCE = 100mA 275 | 33 - vV
Rise Time of Output trR - - 100 - ns
Fali Time of Output tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. Supply current when output is high is typically 1mA less at Vcc = 5V

2. Tested at Vcc = 5.0V and VcC = 15V

3. This will determine maximum value of Ra + Rp for 15V operation, the max. total R = 20MQ, and for 5V operation the max.
total R = 6.7MQ




Technical Datasheet DS25 L UXE®%N

power light source

never before possible

| UXEON® Emitter

Introduction Features

+

LUXEON® is a revolutionary, energy efficient and ultra compact new light
source, combining the lifetime and reliability advantages of Light Emitting
Diodes with the brightness of conventional lighting. .

LUXEON Emitters give you total design freedom and unmatched bright-
ness, creating a new world of light.

LUXEON Emitters can be purchased in reels for high volume assembly.
For more information, consult your local Lumileds representative.

- & » - * &

Highest flux per LED family
in the world

Very long operating life (up to
100k hours)

Avallable in White, Green,
Blue, Royal Blue, Cyan, Red,
Red-Orange, and Amber
Lambertian, Batwing or Side
Emitting radiation pattem
More energy efficient than
incandescent and most
halogen lamps

Low voltage DC operated
Cool beam, safe to the touch
Instant light (less than 100 ns)
Fully dimmable

No UV

Superior ESD protection

Typlcal Applications

For high volume appiications, custom LUXEON power light source designs
are available upon request, to meet your specific needs. ¢

LUXEON Emitter is available in white, green, blue, royal blue,

cyan, red, red-orange and amber. O O O 0 O 0 O O +

PRILIPS

+ Reading lights (car, bus, aircraft)
Portable (flashlight, bicycle)
Mini-accent/Uplighters/
Downlighters/Qrientation

Fiber optic alternative/
Decorative/Entertainment
Bollards/Security/Garden
Cove/Undershelf/Task

Traffic signaling/Beacons/ Rail
crossing and Wayside
Indoor/Outdoor Commercial
and Residential Architectural
Automotive Ext (Stop-Tail-Turn,
CHMSL, Mirror Side Repeat)
Edge-it signs (Exit, point of sale)
LCD Backlights/Light Guides

LUMILEDS

LIGHT FAOK SILIGON VALLEY




Mechanicai Dimensions
Batwing

HOTTOM VR

TOF vibW

e - 30 -
Cathode Cathode

o A I/’N\\D
W

(3) sn-s

Drawings not 1o zcals

-TA R TR Lrpad

(5} lexs
1 - — ] f '\4
- . - :}»3 1 e
fh:2r rj - Y ' a- - \ 1 ,’
" —r—————— = B e L {
A
i = ., . = - '\“-\" —_'-J
- : ! LSRR s Al
- 3 )4 i
“ i LR f’:{
- Ghar - W R -
: e - (2} Bady
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Notes:
1. The anode side of the device is denoted by a hole In the lsad frams. Electrical insulation between the case and the board

is required—slug of device is not electrically neutral. Do not slectrically connect either the anode or cathode to the slug.

2. All dimensions are in millimeters.
3. Al dimensions without tolerances are for-reference only.

Lambertian

TOP VIEW BOTTOM VIEW

Drawings not to scate

FEAREIT TR TN ¢ . ,f 4 RN
[y |
i - - ~a =g bl
s hY v
! | ; I FEREe k4 VN
. e e I .
LI ek ATTIIET, i A
r4--:=:'f, —_— - - —:k < . % \ /(.\ A
S Y
— . CLAE
Sl 1 3,
y

s, \/

- —

Notes:
The anode side of the device is denoted by a hole in the lead frame. Electrical insulation between the case and the board

is required—slug of device is not electrically neutral. Do not etsctrically connect either the anode or cathode to the slug.

2. All dimensions are in milimeters.
3. Al dimensions without tolerances are for reference only.
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Mechanical Dimensions, Continued
Side Emitting

TOP VIEW BOTTOM VIEW

aThade —\ 85.2500—, 1

\7an)

——

Drawings not to scalz

> /\ r0.49 (FLOATS (2y BODY
6.09 (REFY ! L

f
e ) RN
u.zs—’
9,6 40, Fmurer e
14540 3 !
(1> LEAD
SIDE VIEW

Notes:
1. The anode side of the device is dencted by a hole in the lead frame. Electrical insulation between the case and the board
is required—slug of device is not electrically neutral. Do not giactrically connect either the anode or cathode to the slug.
2. Caution must be used in handling this davice to avoid damage to the lens surfaces that will reduce optical efficiency.
All dimensions are in millimeters.
4, All dimensions without tolerances are for reference only.

w
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Flux Characteristics at 350mA, Junction Temperature, T, = 25°C

Table 1.
Minimum Lumninous Typical Luminous
FAux (m) or Flux {im) or
Radiometric Radiometric
LUXEON Power (mW) Power (mW) Radiation
Color Emitter Dy - Oy @ Pattem
White™ LXHL-BWO2 30.6 45
Warm White LXHL-BWO3 13.9 20
Green LXHL-BMO1 30.6 53
Cyan [XHL-BEO1 30.6 45
BlueR LXHL-BBO1 8.2 16 Batwing
Royal blue® LXHL-BR02 145 mwW 220 mw
Red LXHL-BDO1 13.9 27
Red LXHL-BDO3 306 42
Red-Orange XHL-BHO3 398 55
Amber LXHL-BLO1 10.7 25
Amber [XHL-BLO3 23.5 42
White LXHL-PWO1 306 45
Green L XHL-PMO1 30.6 53
Cyan LXHL-PEQ 30.6 45
Blue” LXHL-PBO1 8.2 16 Lambertian
Royal Blue#! LXHL-PRO3 145 mW 220 mw
Red LXHL-PDO1 30.6 44
Red-Crange LXHL-PHO1 39.8 55
Amber LXHL-PLO1 23.5 42
White LXHL-DWOH 23.5 40.5
Green LXHL-DMO1 23.5 48
Cyan LXHL-DEO1 23.5 40.5
Blue® LXHL-DBO1 8.2 14,5 Side Emitting
Royal biugt LXHL-DRO1 115 mw 168 mW
Red LXHL-DDO1 30.6 40
Red-Crange LXHL-DHO1 39.8 50
Amber LXHL-DLOA 235 38

Notes for Table 1:

1. Minimum luminous flux or radiometric power performance guarantead within published operating conditions. Lumileds

maintains a tolerance of + 10% on flux and power measurements.

2. LUXEON types with even higher luminous flux levels will become available in the future. Please consult your Lumileds

Authorized Distributor or Lumileds sales representative for more information.

3. Minimum flux value for 470 nm devices. Due to the CIE eye response curve in the short biue wavelength range, the
minimum tuminous flux will vary over the Lumileds' blue color range. Luminous flux will vary from a minimum of 6.3 Im
at 460 nm 1o a typical of 20 Im at 480 nm due to this effect. Although the luminous power efficiency is lower in the short
blue wavelength range, radiometric power efficiency increases as wavelength decreases. For more information, consult
the LUXEON Design Guide, available upon request.
4. Royal Biue product is binned by radiometric power and peak wavelength rather than photometric lumens and

dominant wavelength.

5. InJuly 2003 Lumileds announced a second-generation white batwing product using a new phosphor deposition process
resulting in improved color uniformity, LXHL-BWOZ2.

LUXECN Emitter DS25 {3/06)




Optical Characteristics at 350mA, Junction Temperature, T; = 25°C

Table 2.
Temperature
Dominant Wavelength ™ AD, Coefficient of Total
Peak Wavelength ™ AP, Spectral Dorninarnt Inciuded Viewing
or Color Temperature @ Half-width"  Wavelength Angle®! Angle®
Radlation cCT {nm) (nmy/~C) {degrees) {degrees)
Pattem Color Min. Typ. Max. F.v W A/ AT, 8p.00v 201/2

White 4500K 5500 K 10000 K - - 110 110
Warm White 2850K 3300K 3800K - - 110 110
Green 520 nm 530 nm 550 nm 35 0.04 110 110
Cyan 490 nm 505 nm 520 nm 30 0.04 110 110
Batwing Blue 460 nm 470 nm 490 nm 25 0.04 110 110
Royal Blug® 440 nm 455 nm 480 nm 20 0.04 110 110
Red 620.5nm 625 nm 645 nm 20 0.05 110 110
Red-Orange 613.5nm 617 nm £620.5nm 20 0.06 110 110
Amber 584.5nm 590 nm 587 nm 14 0.09 110 110
White 4500 K 5500 K 10000 K - --- 1680 140
Green 520 nm 530 nm 550 nm 35 0.04 160 140
Cyan 480 nm 505 nm 520 nm 30 0.04 160 140
Lambertian Blue 460 nm 470 nm 490 nm 25 0.04 160 140
Royal Blue® 440 nm 455 nm 460 nm 20 0.04 160 140
Red £20.5nm 627 nm 645 nm 20 0.05 160 140
Red-Orange 613.5nm 617 nm 620.5 nm 20 0.06 160 140
Amber 584.5nm 530 nm 597 nm 14 0.03 160 140

Optical Characteristics at 350mA, Junction Temperature, T, = 25°C, Cont.

Table 3.
Temperature Typical
Dominant Wavelength 1 AD, Coefficient of  Total Flux Typical
Peak Wavelength ® AP, Spectral Dominant Percent Angle
or Color Temperature © Half-width®  Wavelength within of Paak
Radiation CCT {nm) (nm/~C) first 45°7  Intenshy ®
Pattem Color Min. Typ. Max Akyp Al AT, Cum @5 Bpock
White 4500 K 5500 K 10000 K --- - <15% 75° - 85°
Green 520 nm 530 nm 580 nm 35 0.04 <15% 75° - g&°
Cyan 490 nm 505 nm 520 nm 30 0.04 <15% 75° - BS®
Side Emitting Blue 460 nm 470 nm 490 nm 25 0.04 <15% 75° - 85°
Royal Blue® 440 nm 455 nm 460 nm 20 0.04 <15% 75° - 85°
Red 620.5 nm 627 nm 645 nm 20 0.05 <15% 75°% - 85°
Red-Orange 613.5rnm 617 nm 620.5 nm 20 0.06 <15% 75° - 85°
Amber 584.5nm 590 nm 597 nm 14 0.09 <15% 75° - 8&®

Notes: (for Tables 2 & 3)
1. Dominant wavelength is derived from the CIE 1831 Chromaticity diagram and represents the perceived coior. Lumileds
maintains a tolerance of + 0.5nm for dominant wavelength measurements.
Royal Blue product is binned by radiometric power and peak wavelength rather than photometric lumens and dominant
wavelength. Lumileds maintains a toferance of + 2nm for peak wavelength measurements.
CCT +5% tester tolerance.
Spectral width at ¥ of the peak intensity.
Totat angle at which 90% of total luminous flux is captured.
8% is the off axis angle from !amp centerline where the luminous intensity is ¥ of the peak value.
Cumulative flux percent within + 45° from optical axis.
Off axis angle from lamp centerline where the luminous intensity reaches the peak value.

r

N> O AW
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Notes: (for Tables 2 & 3) Centinued
8. CRI (Color Rendering Index) for White product types is 70. CRI for Warm White product type is 90 with typical Rg value

of 70. :
10.All red, red-orange and amber products built with Aluminum Indium Gallium Phosphide (AlinGaP}.
11.All white, warm white, green, cyan, blue and royal blue products buitt with Indium Gallium Nitride (inGaN).
12.Blue and Royal Blue power light sources represented here are IECB25 Class 2 for eye safety.

Electrical Characteristics at 350mA, Junction Temperature, T; = 25°C

Table 4.
Temperature
Cosfficient of Thermal
Forward Resistance,
Forward Voltage Vg Dynamic Voltage ™ Junction
Radiation Y] Resistance @ (mVi/°C) to Casa
Pattem Color Min. Typ. Max, () Ry AV:/ AT, W) Re, ¢

White 2.79 3.42 3.99 1.0 -20 15
Warm White 2.79 3.42 3.99 1.0 -2.0 15
Green 2.79 3.42 3.99 1.0 -2.0 15
Cyan 2.79 3.42 3.99 1.0 -2.0 15
Blue 2.79 3.42 3.99 1.0 -2.0 15
Batwing Royal Biue 2.79 3.42 3.99 1.0 -2.0 15
Red (BDO1} 2.31 2.85 3.27 2.4 -2.0 15
Red (BDO3} 2.31 2.95 3.51 2.4 -2.0 18
Red-Orange 2.3 2.895 3.51 2.4 -2.0 18
Amber (BLO1} 2.31 2.85 3.27 2.4 -2.0 15
Amber (BLO3) 2.31 2.095 3.51 2.4 -2.0 18
White 2.79 3.42 3.99 1.0 -2.0 15
Green 2.79 3.42 3.99 1.0 -2.0 15
Cyan 2.79 3.42 3.99 1.0 -2.0 15
Lambertian Blue 2.79 3.42 3.99 1.0 -2.0 15
Royal Blue 2.79 3.42 3.99 1.0 -20 15
Red 2.31 295 3.51 24 -2.0 18
Red-Orange 2.31 295 3.51 2.4 -2.0 18
Amber 2.31 295 3.51 2.4 -2.0 18
White 2,79 3.42 3.99 1.0 -2.0 15
Green 2.79 3.42 3.99 1.0 -20 15
Cyan 2.79 3.42 3.99 1.0 -2.0 15
Side Emitting Blue 2.79 3.42 3.99 1.0 -2.0 15
Royal Blue 2,79 3.42 3.99 1.0 -2.0 15
Red 2.31 295 3.51 2.4 -2.0 18
Red-Orange 2.31 295 3.51 2.4 -2.0 18
Amber 2.31 2.95 3.51 2.4 -2.0 18

Notes for Table 4:
1. Lurnileds maintains a tolerance of + 0.06V on forward voltage measurements.
2. Dynamic resistance is the inverse of the slope in linear forward voltage model for LEDs. See Figures 3a and 3b. Measured
between 25°C £ T, £ 110°C at Ig = 350mA.

LUXEON Emitter DS25 (3/06) €&




Absolute Maximum Ratings

Table 5.

White/Green/ Red/

Cyan/Blue/ Warm Red-Crange/
Parameter Royal Blue White . Amber

DC Forward Current {mA} ! 350 350 385

Peak Pulsed Forward Current (maA) 500 500 550

Average Forward Current (mA) 350 350 350

ESD Sensitivity + 16,000V HBM

LED Junction Temperature (°C} 135 120 120

Storage Temperature (°C) -40to +120 -40 to +120 -40to +120
Soldering Temperature (°C) ¥ 260 for 5 260 for 5 260 for 5

seconds max seconds max seconds max

Notes for Table 5:

1. Proper current derating must be cbserved to maintain junction temperature below the maximum. For more information,
consult the LUXEON Design Guide, available upon request.

2, LEDs are not designed to be driven in reverse bias. Please consuit Lumileds' Application Brief AB11 for further information,

3.  Measured at leads, during lead soldering and slug attach, body temperature must not exceed 120°C. LUXEON emitters
cannot be soldered by general IR or Vapor-phase reflow, nor by wave soldering. Lead soldering is limited to selective
heating of the leads, such as by hot-bar reflow, fiber focussed IR, or hand soldering. The package back plane (slug) may
not be attached by soldering, but rather with a thermally conductive adhesive. Electrical insulation between the slug and
the board is required. Please consult Lumiteds' Application Brief AB10 on LUXEON Emitter Assembly Information for
further details on assembly methods.

LUXEON Emitter D825 (3/06) 7




Relative Spectral Power

Relative Specrial Power

Wavelength Characteristics, T, = 25°C
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Figure 1a. Relative Intensiy vs. Wavelangth
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Figure 1b. White Color Spectrum of Typical CCT Part, Integrated Measurement. Applicakle for LXHL-BW(2.
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Figure 1c. White Color Spectrum of Typical Warm White Part, Integrated Measurement. Applicable for LXHL-BWO03.
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Light Output Characteristics

Rdlative Light Output (%
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Figure 2a_. Relative Light Output ve. Junction Temperature
for White, Warm White, Green, Cyan, Blue and Royal Blue.
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Figure 2h. Relative Light Output vs. Junction Temperature
for Red, Red-Orange and Amber.
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Forward Current Characteristics, T; = 25°C

Note:
Drriving these high power devices at currants less than the test conditions may produce unpredictable results and may be subject
to variation in performanca. Pulse width modulation (PWM) is recommended for dimming effects.
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Figure 3a. Forward Current vs. Forward Voltage for White,
Warm White, Green, Cyan, Blus, and Royal Biue,
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Figure 3b. Forward Current vs. Forward Voltage
for Red, Red-Orange and Amber,
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Forward Current Characteristics, T; = 25°C, Continued

Note:
Driving these high power devices at currents less than the test conditions may produce unpredictable results and may be subject

to variation in performance. Pulse width modulation (PWM) is recommended for dimming effects.
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Figure 4a. Relative Luminous Flux va. Forward Current for White,
Warm White, Green, Cyan, Blue, and Roysl Blue at T, = 25°C maintained.
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Figure 4b. Relative Luminous Flux vs. Forward Current
for Red, Red-Orange and Amber at T, = 25°C maintained.
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Current Derating Curves
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Figure 5a. Maximum Forward Current vs. Ambient Temperature.
Derating based on T .y = 136°C for White, Green, Cyan, Blue, and Royal Blue.
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Figure 5b. Maximum Forward Current vs. Ambient Temperature.
Derating based on T,y = 120°C for Red, Red-Orange and Amber.
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Figure 5c. Maximum Forward Current vs. Ambient Temperature.
Derating based on T gy = 120°C for Warm White,
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Typical Batwing Representative Spatial Radiation Pattern

Note:

For more detailed technical information regarding LUXEON radiation patterns, please éonsult your Lumileds Authorized
Distributor or Lumileds sales representative.
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Figure 6a. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter Warm White (LXHL-BW03).
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Figure Bb. Typical Representative Spatial Radiation Pattern
for LUXEQN Emitter Green, Cyan, Blue and Royal Blue.
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Figure 6¢. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter White (LXHL-BW02).
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Typical Batwing Representative Spatial Radiation Pattern, Continued

Note:
For more detailed technical information regarding LUXEON radiation patterns, please consult your Lumileds Authorized
Distributor or Lumileds sales representative.
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Figure 6d. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter Red {LXHL-BDO1} and Amber (LXHL-BLO1).
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Figure 6¢. Typical Representstive Spatial Radiation Pattern
for LUXEON Emitter Red {LXHL-BD03), Red-Orange (LXHL-BH03) and Amber [LXHL-BL03).
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Typical Lambertian Representative Spatial Radiation Pattern

Note: .
For more detailed technical information regarding LUXEON radiation patterns, please consult your Lumileds Authorized

Distributor or Lumiteds sales representative.

100 T T I~ - T
. a0 +— - N g I l %-, o
2 B0 +- «m— —t S~ D \ -
> 70 s —
=
@ 60 4 %» ks ' .- -+ :
,g 50 1 ~+ + . 1+ ——XT -]
= 40 f— —+— \
:2: 30 // - 4 T + .- —_— _-\d__
¥ 20 — =t — \C
@ 10 -':1: - \
0 + 4+ — -
-100 -80 680 -40 -20 0 20 40 60 80 100
Angutar Disptacement (Degrees)
Figure 7a. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter Red, Red-Orange and Amber,
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Figure 7b. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter White, Grean, Cyan, Blue and Royal Blue,

Typical Side Emitting Representative Spatial Radiation Pattern
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Figure Ba. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter Red, Red-Orange and Amber.
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Typical Side Emitting Representative Spatial Radiation Pattern, Continued
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Figure 8b. Typical Representative Spatial Radiation Pattern
for LUXEON Emitter White, Green, Cyan, Blue and Royal Blue.

Average Lumen Maintenance Characteristics

Lifetime for solid-state lighting devices (LEDs) is typically defined in terms of lumen maintenance —the percentage of initial light
output remaining after a specified period of time. Lumileds projects that LUXEON products will deliver on average 70% lumen
maintenance at 50,000 hours of operation. This performance is based on independent test data, Lumileds historical data from
tests run on similar material systems, and internal LUXEON reliabitty testing. This projection is based on constant current 350
mA operation with junction temperature maintained at or below 90°C. Observation of design timits included in this data sheet is
required in order to achieve this projected lumen maintenance.
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Emitter Reel Packaging
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Figure 9. Reel dimensions and orientation.
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Figure 10. Tape dimensions for Batwing radiation pattern.

Notes:

1. LUXEON emitters should be picked up by the body (not the lens} during placement. The inner diameter of the pick-up
collet should be greater than or equal to 6.5 mm. Please consult Lumileds Application Brief AB10 on LUXEON Emitter

assembly information for further details on assembly methods.

2. Drawings not to scale.
All dimensions are in milimeters.

w

4. Al dimensions without tolerances are for reference only.
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Emitter Reel Packaging
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Figure 11. Reel dimensions and orientation.
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Figure 12. Tape dimensions for Lambertian and
Side Emitting radiation patterns.

Notes:
1. LUXECN emitters should be picked up by the body {not the lens) during placement. The inner diameter of the pick-up

collet should be greater than or equal to 8.5 mm. Please consult Lumileds Application Brief AB10 on LUXEON Emitter
assembly information for further details on assembly methods.
2. Drawings not to scale.

All dimensions are in millimeters.
4. All dimensions without tolerances are for reference oniy.

w
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