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Abstract

In addition to joining the cooperative education,] am working on a project called
Energy Saving by using Light emitting Diode. The goal of these project is To studies about the
energy demand and cost in the factory so that we can plan to decrease them, From the recent
goal, we must gathering the information about energy demand to analyze and find out the
technology that suitable for the factory. In this case ,I am choosing LEDs to use as a
fluorescent tube because LEDs use less energy but give more power. The purpose of using LEDs
is to achieve the objective to improve the factory to become more advancement by using high
efficient light bulb which is respond to the world situation about energy saving.Beside the cost,
LEDs give a suitable light which increasing the capacity of the employees in ergonomic theory.

From the conclusion this project can decrease the demand of energy in lighting system

for 60% and Lighting energy cost for 63% ,Payback period is at 1.35 years.

Keywords : Light Emitting diode/Ergonomics/Saving Energy/Payback period
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At the junction, free electrons from the N-type material fill holes from the P-
type material. This creates an insulating layer in the middle of the diode called
the depletion zone.

When the negative end of the circuit is hooked up to the N-type layer and the
positive end is hooked up to P-type layer, electrons and holes start moving and
the depletion zone disappears.

When the positive end of the circuit is hooked up to the N-type layer and the
negative end is hooked up to the P-type layer, free electrons collect on one end
of the diode and holes collect on the other. The depletion zone gets bigger.
LEDs light tubes

Principle of the LEDs
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FINNUATNNARUIZTUAINNING 37U CIE (International commission on illumination)

' Y Y
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Lighting at Work

Every workplace must have suitable and sufficient lighting and, where possible, be by natural light.
Practical steps

The key points to remember when thinking about lighting are:

a. Try where possible to light areas by natural lighting. If you can't then you will have to
use artificial lighting (the law is not being broken if your work area is not lit by natural means).

b. Lighting should not create glare problems - natural lighting should be controlled by the
use of blinds. Artificial lighting should not be in the direct line of sight of individuals.

c. Avoid creating shadows, particularly on stairwells or other changes in level. Also try to
avoid large differences in the lighting of adjacent areas. Ensure that all staircase lighting in your
building is left on during normal working hours.

d. Light switches should be in readily accessible positions. You should not have to walk
into a dark room to find a light switch.

e. If general lighting levels do not provide sufficient levels at work level then
supplementary lighting should be provided eg desk lamps.

f. Take care to avoid strobe effects particularly in areas where this will increase the risk,

working on rotating equipment.
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This can be achieved by:

supplying adjacent runs of light fittings from different phases

providing a high frequency supply

washing out the effect with local tungsten filament lighting

keep manufacturers filters fitted to high intensity tungsten halogen or mercury lamps
Specific lighting levels

The CIBSE Code on Lighting 2002 recommends the following lighting levels (in lux) for various

workplaces:

General Education areas Level
Classrooms, tutorial rooms 300
Lecture halls 500
Art rooms 500
Technical drawing areas 500
Music practice rooms 300
Entrance halls 200
Stairs 150
Circulation routes 100
Common rooms 200
Kitchens 500
Store rooms 100
Sports halls 350
Rest rooms 100
Cloakrooms, washrooms, bathrooms, toilets 200
Offices (filing, copying), reception desks 300
Conference and meeting rooms 500
Offices (writing, typing, reading) 500
External loading ramps and bays 150
Canteens 200




Other work areas Level
Woodworking - benchwork 300
Woodworking - machine work 500
Civil engineering - mixers and kilns 200
Civil engineering - general machine work 300
Civil engineering - rough forms 300
Energy areas - boiler houses 100
Energy areas - machine halls 200
Energy areas - side rooms 200
Control rooms 200
Libraries - book shelves 200
Libraries - reading areas 500
Libraries - counters 500
Nurseries - playrooms 300
Plant rooms, switch gear rooms 200
Electrical workshops - printing circuit boards 500
Electrical workshops - circuit boards soldering 750
Electrical workshops - circuit boards inspection 1000

m15190 2.3 Specific lighting levels

27



28

msdszndandsniliihlilssnugamvinssu

a

= A A A A o B Y o R X a Aa
luganasygharame il MIusms Issnugaarnisudniludomiadinnaany
A 3 v a Ao 2 A ' v a A Y o
M 1910 udY NUMTHAANAIAT HUNNHIINIZFITAAAUNUMIIHEN ADNIT IFNAINUYD
Uszinnegalsendanazilssansnn
@ @ = Y o o Y o Y
M3sgndanaanuuedlsanu nnedamsaalsnasnuailagnisvans lsnasauly
A Y ¥ ¢ 1o q 9 a 1o q ¥
mimzauie 1914 Usz Temigega Tagliildnszuiumsnananasuaz livi ldquninves
a o J .
Hannmlasuuilag
1% I @ ! o & a o
wasnu ihdundsnuaianuiniusagns s lumswaavesnnIssau anusuily
4
9 o [ 1 1 1 E
nazanudngvesmilszrdanasau i 39hilmiiswaive Usz Tominedlsznouns
= g 1o & ] = 0o w 1 a
gad NI uINgaM I UIAg I uaNuTuutazl anudiagaemsgna laesmvealssmea
[ } 4
a0 1iesnnmanan Iiihvesdszma Inelulagiu didesiadomanindinnaslszma
~ Y Y A Y S 2 a v gy Y A A
pagiinur TduegdesdimsinduyomaununiuaulSunnudos ns 14 laihim
2 A a = g A~ Y 9 (%
gau Tnemmizednweslumagsnvgaadvnisy Fuiluaiannlanudesms Ilihgega devy
< 4 4 @ 1 2 A = J a
wivlavinsieaudniunisel wasaulugiensatlusnvesdl wa. 2543 521910105509
' 4
gAd NI suEIReIns 19 Iilunuauneiesas 103
nsunatazduasunasu ldiguonuzmsdsendanasanlulseu asing
o Aa I g’; A N H a { ~
antiuiuiuaou Iassuanma Tulaghdieiga vaz l9Suasmuiiosnga laudsnundels
= a 9 1
maTuladge uazRuasnu un laun
o o dy Y . o [ Qddy
1. msthgadnuuaznsguaiiodd (House Keeping) msilszndandsiulagitil

I o [ A o 1 v ) Yy an Y] ~ Y as
Lﬂuﬂﬁﬂi’mm\ilﬂi@\i HAaSNIINMNIUANE L FU ﬂﬁﬂ1ﬂuﬂ1ﬁhﬂiiu3ﬁﬂ!lﬁiﬂy1ﬂQﬂ@@\‘i ghi}

v 2 9 1o 91 9 A Y Ay Aa 91 9 = A
miani Tagmnuaaee lui lda ldaemuan viedluunasmsidea ldaedes naliszesan

¥ A 9 1 =
NUAUY Aviand 4 Ao

X 9
2. maSulgevuaumsmuiie 1 Idlse@nsnmgaiu Wi ldmsgadenisa an

Y = 9 o a S = o X 9 A
110809 F99zA090I1AIN1TATI9UATIZHBENAzIDeR Taena lluiasmstiazdeanisiuanu
Prunan Taeiiszeznanaunul -2

v P 4 a 4
3. manlagunlaginiainioszuy (Major Change Equipment) (H0115052931A512H

3

g 9 ¢

dsl Y 3 [ A Aa A o 9 A = A d v A
VUAUT 1 IHuNg 150 LWllﬂigﬁﬂ‘ﬁﬂ"l‘Wﬂ"liVINTullﬂll"lﬂ Tﬂﬂﬂ"ﬁ!ﬂﬂﬂuﬂiﬂlWﬂJQﬂﬂim MU
9 = a A A 9 o A (% U 9 1A
%SW’N3Jﬂ15‘]J’i$l,ll‘L!Nﬂ&5]'EJ‘ULL‘VI‘LWINﬂ”IiNL!‘Vl]lﬂ%Tﬂﬂ"liG]WLHUﬂTiﬂJ"I@ﬁﬂTi ANNA1Y  DINUINY
o " a <] < £
ﬂ'J”Illﬁ'i’]ﬂﬂéjﬂﬂlsﬁ}"lﬂﬁlﬂmqﬁ}ﬂ"liaﬂnu‘llﬂﬂPJ"IEJ UVINIT NUSLAUBVBAINIHUFOY NIATNITH

9y A = A =
ﬁ]wmumsmnuqﬂﬂﬂmzElznmﬂunu 2-5 ‘]J



29

msdszdanasnudnihlulssnugamninssy anserilanaeds
- msdSudgedunaanu llihdentonmsnan

Y
mM315U1)39 Load Factor 1dgstiu

- ﬂﬁﬂ%ﬂﬂ’;ﬁﬂli Power factor
- mamuauammad liihgegaveslsaau
= 1 ax o Y a [ [ o 9 A [ A
Fauaaz 5@ 11509114 Taemsuiuisdans msdivdzamsiinu msldnsesinsid
Aa A o [ 4 [ [
Usz@nimmmsaamsgande n131hzeine aasasumsldgunssidszndandsanluih
[ 9 [ 9y 9 [ ] [ =\ a A g‘/
Tumsnarutamsaunasnu Inims lesnasnuedvdsznda uazidseansnmuu
o 9 =1 o A a o 9 o A g [} o
Iudpalimduiiumnsdey tazIngRiaaInms lsnasnuniy egludegiuves
{ 1 1 a 4 [ [ U
15997u0380 Energy Audit (@oAou MInsI9AT 1z landsnudinanaelinsuda
Y o = [ A a é} < = Aa oA 1 2’, A
anms lgwasnu wazmsgydenasaunmnadu Taena llinsdfined 3 Tuaoun
a ¢ & 4 <
1. MINTIAVIATILHAN 5 1FNa9911109AY (Preliminarly Audit) 1HunsasIvaey
) Y a Y o a0 ~ o = Y A
U5 MTYasIUMIHaAszUUMS InasauluTlneug inelsenueativinliimensiy
namslgwamngluuy mldne fundu sanaan ldaendanunly dulsveans
Témdanuluuaaz ¥ 9naenInsazideanneIveq
a 4 Y [ ) % A [ @
2. MIATINMATIEHMS ldnaeau Taenmsd1saunuds I59nuions sy uzna 1

a 4 [ o 1 a a A @
"lJENI‘i\i\ﬂu ﬂ‘§$‘]J’J‘Llﬂ15Wﬁmlﬁ%tﬂ%ﬁ]\ﬁ]ﬂiqﬂﬂimﬁN"] wimmmﬂamﬂﬁmﬂﬁffwawmga

% 1 a ~ 9 g}z 1 )
izuumﬂ%’Wﬁaa1u1u§ﬂlguu¢11muazmnmmﬁmmm uaﬂumumummﬁa ﬂﬁlflgﬁ’(ffTi’Ji]

] 9
GluTi\N1ulﬁ@ﬂ’lﬁ1l1’iﬂﬂ’liqtﬂulﬁﬂv\mQ\T]‘L! Iﬂﬂﬂ'l‘iﬁ'l‘i')iﬂ%wa\i\ﬂunﬂigllll‘ﬂxislu"]nﬂﬂWﬂ'liWa@]
! a ¥ o o Yy A A g 0o q Y VY ¥
UAZBINNYANTINARA i’JlI‘VNT]Tﬂ']iﬁ‘iﬂi]’gﬂiﬂﬂﬁl“]ﬂﬂ5@\11!’[3]&5]1\1”]ﬂ?slﬂllﬂﬂJ@HﬁﬁﬂWWﬂTicl%
9
WANTU "uﬂﬂﬁwmuu
a 4 o 1
3. ﬂ"li@]i'ﬁ]ﬁ@‘ﬂuag'lmi?zﬁﬂTij%}WﬁQQTHE’)fﬂQa%L%ﬂﬂ (Detailed Audit) Han13g
a ¢ Y o L 9 o 9 v Y o ' Y A
m’mﬁ@mmmmﬁwmﬂ%wawmmamu H"I"U’E)Nuﬂ3JTff'iNgﬂLlUUﬂ]ii%WﬁQﬂ]U?ﬁ]%ﬁﬂﬁJ
] Y 1 9 zé 9 o a 4 (] =
msﬂsuﬂ;um"lmmu%mq FIVEADININITATIVAOULASAUATIECHDYNASIDYA Iﬂﬂfﬂi
[ v KX 9 1 1 A A I [} 1 Y @ s A )
ATIVIAUASUUNNVBYABDYNIADIUDN 50 ur9a10819toe 1 dila !Wf’)i‘l’iﬂi?ﬂﬁﬂWW
o a o @ v o v 4 a a
ﬂ"lﬁ‘Vl"N”IHLLag'JLﬂSWgﬂﬂ]StjﬂJL%fJWENQ”I‘Lljﬂfli]ﬂﬂ"lﬁuﬂa WA Lﬁ@mﬂszﬁmmwmm
P o o (v = 9 = a 4 9
U ng‘“'llﬂ\‘l@ﬂﬂﬁmmﬁ"lﬂiy L!,flS“JﬁHL‘If!'J‘I/l"Nﬂ"ISTJilITJ?QLLfgIml‘WJ HRVSADIUNITAUAITICHNINATU

o ' A A <3| Y
Lﬂﬁ‘]&lgﬂwﬁ@ﬁiuu@]azu']ﬁﬁﬂ’]ﬁaQ‘VJULW@W"I NT@?ﬂ’]iWL‘ViN]gﬁllllﬁglﬂu]lﬂklﬂ



30

J o v o &
nanlagagl msdsgudanadsnuldihlulssugeaamassuiianuduiluuin
o A Y v ax a J Y o A . & g
AWTOAUIUNT 1A 1AgeIABITN1TATINUATIZHNT IFNAIIUNTD Energy  Audit  Fuilu
{ [ 4 @ 4 1
sz anaeandesnudoIumsaagiuieningield drwsaniuuInianms
o o x 1 a < 1
Uszrdandsnuasld Fazreandunulunmswanvesfsznounisadld uazifluwadse
9 '
WTBRIURTTINA SIWNTeT NI TUNAdDN
malulagiinanldy
LED malulaguasadnansiiening
4 a 4 4 v g‘; 1 Y 1 o
wyud Inlszdugazinoue Muasaiandwaaio Tusia aeun lawanima Tulad
J U g’/ g’/ o 4 a 4
TlgmsTiuasanalugiiionly viniudianudvihassddyletinsiszavgvaoa Trdh
9 ~ Jd o @ @ o o 9 U
nuulduaaia vaeatioou nazrasageasdud d11sulugalegiiu Tantmidaniag

maluTad i Ao laleaiS0uas (Light Emitting Diode - LED)

I_ e ".:

NCOME ARBRIGH

g1 2.8 thelvl ueadad
o g 4 a @ 4 . { 1 1
LED suiluginsalisiinoudniesuuunilsieen 1inszue i Inarunazzildes
1 a 9 1q 1 A [} 1 [} v Aa S Y o g}/ 1

HEEI19990N1 AN a0 LED hilwisealuiuaegnala Tagininemaas ladunauiaae

1 a @ Jd 1 4 1 1 I~ H 1
3 2450 M AR UANMDS vz aau AU Lo nIza W Tvaru og1alsnauaannlas

9

ponuulSandesuin 3arildmaTulasi luldsuanvaulenmisiunalulas Lep wly

d A a c'l.rl 9A Y g A K v Ao ] Aa o
158 To i FInawe 1815 UAUUUNBUIY Nick Holonyak HNIVULNWIUTHN GE

0o 4 a 4 1 1 { 1

Uszaunaduiadol 2505 Tumsise@ng LED 1 awnsan)asudsduasiiinnud11900nuIuIn

=\ A o 9 Y o Y A A A v Aawv o 9 tg} ] Aa o
meawonaziihun 19Uz Toamni1d hldnalansuimsauaiisouaziannluaiuiios 1993999


http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%e0%b9%81%e0%b8%ad%e0%b8%a5%e0%b8%ad%e0%b8%b5%e0%b8%94%e0%b8%b5/led-light-%e0%b9%80%e0%b8%97%e0%b8%84%e0%b9%82%e0%b8%99%e0%b9%82%e0%b8%a5%e0%b8%a2%e0%b8%b5%e0%b9%81%e0%b8%aa%e0%b8%87%e0%b8%aa%e0%b8%a7%e0%b9%88%e0%b8%b2%e0%b8%87%e0%b9%81%e0%b8%ab%e0%b9%88%e0%b8%87/attachment/led-sign-board-sign-led-andon-display-led-display-led-counter-e0b8abe0b8a5e0b8ade0b894-led-e0b984e0b894e0b982e0b8ade0b894e0b980e0b8a3e0b8b7e0b8ade0b887/

31

[ I A 9 ao o 1 y o 1 1 Y = [l
ag1913na1m LED 91 ldanmsiveuas e lusraiudutaweasainaioenin 34y
o L 1 1 1 1 1 o I~ ] [
awnsoi W 1dse Temilugd MWuasaiaaediala aaulvaii s dygraed
v t4 I 1 I 1T v Q a ] 4
a199 luginsal I Wududt vaea Lep  vuaaniiuiunya ladaasluginsal
ad a s A Y v 1 A o w A A A
arannselndiie IMdyaaiuasesmauanisila
a 3 1 1 I o w ) '
@uuean Lep wwiudanee lladludun Saiidvesinalumsrhinlduasanaumy
o (% o [ d‘ Y dy A 1 a o
vaoa W dmsuyanadingiauisond ludyniil Ao W18 Shuji  Nakamura 19903 HNichia
{1 0o I a J ? a { 1 o o
Chemical Y0411 1AUseavmaduFalunissedvs Lep MihSuniinnuaiiesininiuldin
a ¥ a A v A A a A o q ¥ A 3 A
LED Mi1du liindeudreasindeuseaasdimane a1 1vuasnin LED Neonuinatedud
° 1 A o 2 [ <
111 awnsorh 114 lugd 1duasain Tagldauanseaia Lep duinivawail 2536 uduin
o 1 3 a @ J o
Tagtiunnanudnuiedsiasvesna luladinouanaes linaluladves
Y ¥ < v Yt o ) ¢ , 2 A .
LED A1ni1ee1933a5 301w 1daae 1ainisii Lep 11 1915 Temiunsvareannyuisoos 1wy
4 a [ 4 [ 1 [
Tuinseedaay dygiuei1es Idiesaoud Thedyanuaisg Tvae Tdlddyaaves
J 1 A 1 g’/ 9 [ A A Ld' 9 o <
Uszms senmeuasuuialug 89 1n111iu wiwe Lep ves Insawnienonis lgnuna 1
A g v "y
NOUNINNAYL 1HLaIe119A28 LED
I Aa & A A é’ 2 o o a a ' v
LED 1HulaToasianilaNnaniuu1nna1snedaiisia P uagsia N ADTUNU
1A o = 1 9 A A o
Ry laTeasssumiuineseninldau 2 v1 Asviwe Tua (A) tazvualona (K) mileunu
1 [ A Y 1 o < A v A [ o @ o ]
s ludaie 1 laTeaasuasinnunmilounufesuuudansaihnseug ludanayla
Wnszua auiuanaanuved laleaaswasnn laleasssua asen laleanlauas aunso
Waaaseeninla We'lasu lusansa uaeh lasesnunilseneudsnauanudi@ed azima
VA o R ' ~ < Y A Ao
Aoliodny Fauanaire ldunnuassssuaiaauveanu vwwseaey ludenaunlvla uas
A % % A 1 % [ ] Y < a A ~
AMIDANNUINTINAU uaenlaseeninninga laTealaanas wisesn il 2 ¥ila Ao wash
] A [~ A 1 U ~ £ A
MAUNBURY taziiadanaauyes lumiy uae Rddsesninan laleanaatas iavuiiednn
1 (% a a o a ad a a
m3sneludanseldarsyiia p vazessia N i liinanszua’lva (D) dlanaseudasyina
A A 1 < 9 @ @ ad a a ~
msnaounrIusesae PN Wuwraliszaunasuvesdianaseuddassinanisidasundas
Aad a [ A Y T % 1 1A 9
DianATOUdAIY dzAeNaIIURENU TugUveIna UL nazANNSoU uanasudIu Ing R ld
< A
ponN1 W unauLal

o Aq ¥

T - A £ £ o o
IUDY vrHavoutoa1sNIai N 1y

y ; TE
uaanlaseonin laToanlaaes NUFAAN U
a dy Aq YA o cgl
Tumswan woasnlaiaall
J 4 ] o A a
Aduna@en15a 11 (GALLIUM ARSENIDE) 108180 GaAs 92 1WA utiauaadunsusa

29NN


http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/
http://industrial.hidofree.com/electronic-electrical/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5/led-%E0%B9%81%E0%B8%AD%E0%B8%A5%E0%B8%AD%E0%B8%B5%E0%B8%94%E0%B8%B5-%E0%B8%84%E0%B8%B7%E0%B8%AD/

32

4 4 o []
Jduna@ensad lud Woa'lnd (GALLIUM ARSENIDE PHOSPHIDE) (V8180 GaAsP 3191
o A = A a A
AUTAULAITINADL LAZHAI T
Adunadeunoa’ e (GALLIUM PHOSPIDE) (Wee0 Gap 32 W Auiiauaaduns
msnelusaasalidairlaloanlauas azdoalammominig laloalasuas 999
1 Q' a' q/ % 1 g 1
waaasvonuwemug ganuusiauludaaseli laloanlawasnniu laloaulasuasazsi
1 g 1 % % (%] 1 =) o 1
uaaaaNInIY sneusaau lueaaselnal laloanlaswasunmu 1l a2 17 e Toanlaauas
o =} 9 ] o =) g = 1 = %
Frgadomoela laloaldsaery sulauasumniianuainanomune aziinssau Taolszu
1.6V~ 3v uaziinszua Ivaniszuna 20 mA ~ 50 ma 1y msneludanduld laloalaaes

laleadasueasaz lusinszua  droreludanauliuindu 'l asudeaussduusaainid

3V~ 10V

laToaulaauasnzahsaiui mussduusaainiveslaToaulawasayiamaminlszana

g

d' U
gﬂ‘ﬂ 2.9 AIBYN LED Liag andw

2
|

g1 2.10 Lep M 11 lureasBraansetiad



33

{ a ) o I @
U7 2.11 LED %%i9 7 Segments @115 Display Hyouaaanaiiluaay

Cathode

/

a ~Aq o SA A A A 1 a
71 2.12 LED ¥1ia sMD N1FluInsdAninede Wi 130U MP3 FHANAN

52T 1l

1.

10.

11.

12.

Témdsaen duluhios uadszansnings
g3 IFaue1IY

£ Y 1 g1 A o )
anaununImuam ldnenenunasanu
Taginsenlvifves 1 dnaoatalifou

b
Tafisnthgesnu , Aadadg
Tifiouaseanasuiuan
' < A 1A A

nugemsduaziiou . lulidessuniu

(= a a Y a v A "9y 4
Taufimsnsegnsy Waudraasiuii lidesseteiunasa

=Y Y
lutisuasienn luflmsegs

a o

Tutiuuas maz Tuwansad Ultraviolet

v
o

[ P=-9] @ ] A
Tutiouaseainlanzniin wulson Wiz

a I a o A 9y
anfymwany Wulasnudunaaow



34

A diode is the simplest sort of semiconductor device. Broadly speaking, a semiconductor is
a material with a varying ability to conduct electrical current. Most semiconductors are made of a
poor conductor that has had impurities (atoms of another material) added to it. The process of
adding impurities is called doping.

In the case of LEDs, the conductor material is typically aluminum-gallium-arsenide
(AlGaAs). In pure aluminum-gallium-arsenide, all of the atoms bond perfectly to their neighbors,
leaving no free electrons (negatively-charged particles) to conduct electric current. In doped
material, additional atoms change the balance, either adding free electrons or creating holes where
electrons can go. Either of these additions make the material more conductive.

A semiconductor with extra electrons is called N-type material, since it has extra negatively-charged
particles. In N-type material, free electrons move from a negatively-charged area to a positively
charged area.

A semiconductor with extra holes is called P-type material, since it effectively has extra
positively-charged particles. Electrons can jump from hole to hole, moving from a negatively-
charged area to a positively-charged area. As a result, the holes themselves appear to move from a
positively-charged area to a negatively-charged area.

A diode comprises a section of N-type material bonded to a section of P-type material, with
electrodes on each end. This arrangement conducts electricity in only one direction. When no
voltage is applied to the diode, electrons from the N-type material fill holes from the P-type material
along the junction between the layers, forming a depletion zone. In a depletion zone, the
semiconductor material is returned to its original insulating state -- all of the holes are filled, so

there are no free electrons or empty spaces for electrons, and charge can't flow.
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319 2.13 At the junction, free electrons from the N-type material fill

Y

holes from the P-type material. This creates an insulating layer in the

middle of the diode called the depletion zone.
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To get rid of the depletion zone, you have to get electrons moving from the N-type area to
the P-type area and holes moving in the reverse direction. To do this, you connect the N-type side of
the diode to the negative end of a circuit and the P-type side to the positive end. The free electrons
in the N-type material are repelled by the negative electrode and drawn to the positive electrode.
The holes in the P-type material move the other way. When the voltage difference between the
electrodes is high enough, the electrons in the depletion zone are boosted out of their holes and

begin moving freely again. The depletion zone disappears, and charge moves across the diode.

Current flows
across this junction

Battery

pl 11 2.14 When the negative end of the circuit is hooked up to the N-type layer and the positive

end is hooked up to P-type layer, electrons and holes start moving and the depletion zone

disappears.

If you try to run current the other way, with the P-type side connected to the negative end of
the circuit and the N-type side connected to the positive end, current will not flow. The negative
electrons in the N-type material are attracted to the positive electrode. The positive holes in the P-
type material are attracted to the negative electrode. No current flows across the junction because
the holes and the electrons are each moving in the wrong direction. The depletion zone increases.

(See How Semiconductors Work for more information on the entire process.)
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No current flows
across this junction
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Battery

511 2.15 When the positive end of the circuit is hooked up to the N-type layer

U

and the negative end is hooked up to the P-type layer, free electrons collect on one

end of the diode and holes collect on the other. The depletion zone gets bigger.


http://electronics.howstuffworks.com/diode.htm

36

LED Advantages

Inside a
Light Emitting

Emitted Light
Beams

Transparent
Plastic Case

Terminal Pins

517 2.16 LEDs light tubes

While all diodes release light, most don't do it very effectively. In an ordinary diode, the
semiconductor material itself ends up absorbing a lot of the light energy. LEDs are specially
constructed to release a large number of photons outward. Additionally, they are housed in a plastic
bulb that concentrates the light in a particular direction. As you can see in the diagram, most of the
light from the diode bounces off the sides of the bulb, traveling on through the rounded end.

LEDs have several advantages over conventional incandescent lamps. For one thing, they don't have
a filament that will burn out, so they last much longer. Additionally, their small plastic bulb makes
them a lot more durable. They also fit more easily into modern electronic circuits.

But the main advantage is efficiency. In conventional incandescent bulbs, the light-production
process involves generating a lot of heat (the filament must be warmed). This is completely wasted
energy, unless you're using the lamp as a heater, because a huge portion of the available electricity
isn't going toward producing visible light. LEDs generate very little heat, relatively speaking. A
much higher percentage of the electrical power is going directly to generating light, which cuts
down on the electricity demands considerably.

LED lamps are used for both general lighting and special-purpose lighting. Where colored
light is required, LEDs come in multiple colors, which are produced without the need for filters.
This improves the energy efficiency over a white light source that generates all colors of light then
discards some of the visible energy in a filter.

Compared to fluorescent bulbs, advantages claimed for LED light bulbs are that they do not
contain mercury (unlike compact fluorescent light bulbs). that they turn on instantly, and that the
lifetime is unaffected by cycling on and off, so that they are well suited for light fixtures where the

bulbs are frequently turned on and off. LED light bulbs are also less apt to break.


http://electronics.howstuffworks.com/light-bulb.htm
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White-light light-emitting diode lamps have the characteristics of long life expectancy and relatively
low energy consumption. The LED sources are compact, which gives flexibility in designing
lighting fixtures and good control over the distribution of light with small reflectors or lenses. Due
to the small size of LEDs, control of the spatial distribution of illumination is extremely flexible,
and the light output and spatial distribution of a LED array can be controlled without efficiency loss.

LED lamps have no glass tubes to break, and their internal parts are rigidly supported,
making them resistant to vibration and impact. With proper driver electronics design, an LED lamp
can be made dimmable over a wide range; there is no minimum current needed to sustain lamp
operation. LEDs using the color-mixing principle can produce a wide range of colors by changing
the proportions of light generated in each primary color. This allows full color mixing in lamps with
LEDs of different colors. In contrast to other lighting technologies, LED emission tends to be
directional (or at least lambertian). This can be either an advantage or a disadvantage, depending on
the requirements of the application. For applications where non-directional light is required, either a
diffuser is used, or multiple individual LED emitters are used to cover different directions.

Up until recently, LEDs were too expensive to use for most lighting applications because
they're built around advanced semiconductor material. The price of semiconductor devices has
plummeted over the past decade, however, making LEDs a more cost-effective lighting option for a
wide range of situations. While they may be more expensive than incandescent lights up front, their
lower cost in the long run can make them a better buy. In the future, they will play an even bigger
role in the world of technology.

with imminent legislative changes concerning the use of traditional power hungry bulbs.
Led lighting source will be the light source of the future. to develop an innovative, environment and
economical LED lighting solution. the follower are the advantage of using LED tube instead of the
traditional lamp. LED light is energy saving light source which is made up of multiple LEDs
installed in the case. Not only it is energy saving, it is also environment friendly. As the entire
structure of LED lighting does not contain any harmful chemical substance, therefore no special
preparation is required during disposal. It is also UV-ray free.

1. Energy saving : energy consumption is only 10 - 25%
2. No flickering : Constant current driver and stable power supply to the LED has no

flickering.


http://en.wikipedia.org/wiki/Lambertian_reflectance
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3. Environment-friendly : LED tube used only semiconductor materials which are
innocuous; fluorescent tube contains hydrargyrum heavy metal(mercury) and fluorescent
powder which are harmful to the environment.

4. Easy to install: LED tube requires no ballast or starter and can use existing fixture after
simple modification

5. Long lifespan : The lifespan of LED tube is 5 to 10 times longer than fluorescent tube

6. Flexibility : LED tube can be made between 0.3m. To 2.4m,whereas fluorescent tubes can
only be made between 0.3m t0 1.5 m

7. Low maintenance : Minimum tube replacement therefore saving maintenance cost ,LED
tubes can be repaired again when a few of LEDs are spoiled. However, you can't repair the

fluorescent tubes when it spoiled

8. Bug free : LED lighting do not produce ultra violet ray, unlike traditional incandescent or
fluorescent lamps which will attract many insects when turned on, thereby creating a

cleaner and more hygiene environment.

Instructions:

1. Turn power off and remove original Fluorescent tubes.

2. Remove the starter (open circuit)

3. Remove electronics ballast and connect directly to AC power

4. Finally install LED tube (like original fluorescent)
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Principle of the LED tube as below

2. Remove electronic ballast and starter
5 —

h
(o]
=2

1. Remove Fluorescent tube.

3. Install LED tube

11
l

AC Power InputZ——] power supply control circuit |sss==p SMD LED

IEL LED tube 49

AC Input

317 2.17 Principle of the LEDs
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Replacement LED.
1.) Fluorescent 36 W. Apx 80 Baht
Ballast 10 W.
Hrs. 24 Hrs.
Working/Days 7 Days
Week/Year 52 week
No. of fluorescent 500 Pcs.
Plus Maintenance cost 70 Bath/years
Total Power Consume 46 W.
Power (Kwh) consume/year = 200,928 Kwh.
Electric / Years. 552,552.00 Baht/years
Electric / Years.+Maint.cost 587,552.00 Baht/years
2) LED 18 W.

(Ballast is unneeded)

Hrs. 24 Hrs.
Working/Days 7 Days
Week/Year 52 Week
No. of LED. 500 Pcs.
Maint.Cost free
Total Power Consume 18 W.
Power (Kwh.) consume/year = 78,624.00 Kwh.
Electric / Years. 216,216.00 Baht/Years
e e

Energy saving / Years 200,928 - 78,624

122,304 Kwh



Electrical Charge / Kwh. = 2.75 Baht/Kwh.
Saving/Year = 122,304.00 X 2.75
= 336,336.00 Baht
Plus Maintenance cost = 35,000.00 Baht

S 371,336.00 Baht/year

Pay Back Period = Cost of investment / Saving per Year

Cost of Investment = 1,000.00 Baht. X 500 Pecs.
Saving per Year. 3 371,336.00
PB = 1.35 Years.
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LEDs 500 tubes Invest 500 X 1000

500,000 Baht

using for 5.71 years

Fluorescen 500 tubest Invest 500 X 80
= 40,000 Baht
Can be using for 1.7 years ,if we use for 5.71 years
must use = 40,000 X '3.33464
133,386 Baht
h "~ 4 h‘ W -
LEDs use eletrical 78,624
= 448,943 Kwh./5.71 years
Electric cost = 448,943 X 2.75 baht

- 1,234,593.36 per 5.71 years

= 216,216 baht/years
Fluoerscent use electrical = 200,928 X 5.71
= 1,147,299 Kwh./5.71 years
Electric cost = 1,147,299 X 2.75 baht
= 3,155,072 per 5.71 years
= 552,552 Years
Plus Maint.Cost = 552,552 + 35,000
= 587,552 Baht/Years
Use less energy from before = 60.87%

Cost reduce from before = 63.20%
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Fuduiile Famaw , 2553
http://en.wiktionary.org/wiki/LED.
http://www.jmargolin.com/history/trans.htm.
http://www .lunaraccents.com/educational-LED-thermal-management.html.
http://www.sciencedaily.com/releases/2009/01/090113123718.htm.
http://www.philipslumileds.com/pdfs/WP12.pdf.
http://web.mit.edu/invent/a-winners/a-holonyak.html
http://eartheasy.com/live_energyeff lighting.htm
http://en.wikipedia.org/wiki/Fluorescent light
http://en.wikipedia.org/wiki/Incandescent lightbulb
Auduiile fumeou 2553
http://en.wikipedia.org/wiki/Electrical ballast
http://en.wikipedia.org/wiki/High-intensity discharge lamp
http://en.wikipedia.org/wiki/Halogen lamp
http://www.sudipan.net/phpBB2/viewtopic.php?p=28209
http://www.nsthai.com/Download/led/Catalog%20LED.pdf
http://www.atom.rmutphysics.com/charud/howstuffwork/LED/thaiLED4.htm
http://www.wintesla2003.com/smf/index.php?topic=113767.0
http://www.guide2lightbulbs.com/light-bulb-types/
http://www.icnirp.de/Documents/Led.pdf
http://electronics.howstuffworks.com/led1.htm

http://electronics.howstuffworks.com/led3.htm


http://en.wiktionary.org/wiki/LED
http://www.jmargolin.com/history/trans.htm
http://www.lunaraccents.com/educational-LED-thermal-management.html
http://www.sciencedaily.com/releases/2009/01/090113123718.htm
http://www.philipslumileds.com/pdfs/WP12.pdf
http://web.mit.edu/invent/a-winners/a-holonyak.html
http://eartheasy.com/live_energyeff_lighting.htm
http://en.wikipedia.org/wiki/Fluorescent_light
http://en.wikipedia.org/wiki/Incandescent_lightbulb
http://en.wikipedia.org/wiki/Electrical_ballast
http://en.wikipedia.org/wiki/High-intensity_discharge_lamp
http://en.wikipedia.org/wiki/Halogen_lamp
http://www.sudipan.net/phpBB2/viewtopic.php?p=28209
http://www.nsthai.com/Download/led/Catalog%20LED.pdf
http://www.atom.rmutphysics.com/charud/howstuffwork/LED/thaiLED4.htm
http://www.wintesla2003.com/smf/index.php?topic=113767.0
http://www.guide2lightbulbs.com/light-bulb-types/
http://www.icnirp.de/Documents/Led.pdf
http://electronics.howstuffworks.com/led1.htm
http://electronics.howstuffworks.com/led3.htm

60

HNNARNUIN

Overall Description

A Light Emitting Diode (LED) is a solid-state component that uses electricity to make light.
LEDs produce no significant waste heat and have lives so long that they basically don't burn out.

LEDs come in a huge array of sizes, shapes, and colors.

EAD FRAN

k]

This drawing, from the Photron catalog, shows the anatomy of a common LED
The part that actually makes the light is the "die", or "chip". The "lead frame" holds the chip and
extends out of the package to provide electrical connection. The whole thing is encapsulated in an

epoxy plastic package that may be colored or shaped.

This is the schematic symbol for a LED. Expect plenty of artistic variation, such as a triangle that it
filled in or hollow, differing number of arrows coming out of it, and sometimes the greek letter
Lambda alongside.

The "triangle" side is the "Anode". This connects to the positive side of your power supply.

The "flat" side is the "Cathode". This connects to the negative side of the power.
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Polarity
It is important to remember that LEDs are polarized. If you hook LEDs up backwards, they won't
work, and might be damaged. There are several ways to determine the polarity of a LED:
e [f the package is round, look for a flat spot on the edge of the LED package. The lead wire
nearest this flat spot is probably the cathode.
e If the LED is new (not cut out of some old device), the longer lead wire is usually the
Anode.

e The most reliable method of identification is to read the instructions or data sheet,

if available.
anode = goes to +
| —longer lead wire
| “~——shorter lead wire
cathode = goes to -
flat spot

In summary:

‘ anode ‘ cathode

hooks to + supply ‘hooks to - supply

longer lead wire |shorter lead wire

case stays round | flat spot on case

LED Selection
There is a nearly infinite assortment of LEDs to choose from. Some selection factors are:
e size
e shape
e color of emitted light
e color of the case
e  brightness

e beam pattern (spread)
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Size and Shape
LEDs come in a huge variety of sizes and shapes. Perhaps the most common size is called "T1 3/4".

His smaller brother is "T1".

MAX 1.0

MAX 0.6

Dimensioned drawing, from the Photron catalog, of the standard LED size called T1 3/4. All

dimensions are in mm.

Dimensioned drawing, from the Photron catalog, of the standard LED size called T1. All dimensions

are in mm.
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Note that the drawings of T1 and T1 3/4 both show one wire longer than the others, and one
side of the package with a flat spot on it. These are important indicators of device polarity. If you
apply power backwards, the LED will not function, and can be destroyed.

When it comes to LED performance, "size doesn't matter”". You might have a huge LED, the
size of a gumdrop, and the chip inside is the same one that is normally built into a much smaller case.

If you want something bright, get one that is specified as high brightness, or has a large MCD rating.

Three red LEDs, in sizes T1, T1 3/4, and 10mm.

Some common round LED sizes:

|name‘ slang ‘diameter

‘ T1 ‘miniature‘ 3mm
= —

T1 3/4 | standard | 5mm

jumbo 8mm

This strip contains "surface mount" LEDs, each the size of a grain of rice.
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Light Color

The color of the plastic case around a LED chip doesn't always indicate the color of the light
coming out. When a LED emits a "pure spectral color", the color can be objectively described in
terms of the wavelength of the emitted light. This is usually specified in nanometers (nm).

LEDs emitting other colors, such as purples and pinks, are often described by their position
on the CIE chromaticity diagram.

LEDs sold through electronic surplus outlets, a common source for hobbiests, may not be so

"non "non

precise. You might find them described as "red", "crimson", "orange",

nn

yellow", "amber". Light from
LEDs tends to be monochromatic. Exceptions are (a) LASER LEDs, which are also coherent, and (b)

LEDS that produce interesting colors via secondary emission from phosphors.

Case Color

The color of the LED case sometimes has little to do with the color of light coming out of it. These
are all green LEDs. Even the yellow one,

Cases described as "milky" or "diffuse" will spread the light around more.

Brightness

LEDs sold through electronic surplus outlets, a common source for hobbiests, are seldom
uniformly rated for brightness. Instead, you might find local teminology like "bright", "super bright",
and "ultra bright". I have never seen a merchant selling "rather dim" LEDs. The better sources rate
their LEDs in millicandella (mcd), a measure of luminous intensity. A higher number is a brighter

LED.


http://www.horrorseek.com/home/halloween/wolfstone/Lighting/colvis_ColorVision.html#Monochromatic
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litled_LightEmittingDiodes.html#LASERLEDs#LASERLEDs
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litadv_AdvancedLightingConcept.html#CoherentLight
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Beam Pattern

The light coming out of a LED doesn't always shoot out in a straight line. There is a pattern to it.

This radiation diagram shows the output of a blue LED with a water-clear case (Photron PL-BA31).

Most of the light is shooting straight out the front of the package.

This radiation diagram shows the output of a green LED with a diffused colored case (Photron PL-
GB574G).

If you have the manufacturer's part number for a LED, you can probably look up information
about the beam pattern - at the very least a viewing angle.

If you are buying LEDs surplus and the part number is unknown, just remember that a
"milky" or "diffused" case will spread the beam more, affording a wider viewing angle, but at a
reduced intensity.

All LEDs Are Not Created Equal

In the section on LED Selection, I described some of the ways that LEDs can differ. But I feel the
need to hammer home the point that if you are building a project that calls for a "yellow LED", and
that's what you ask for, you could get something that is very different from the original. Perhaps your
yellow LED will work as well, or even better. But without more specifications, it will probably be

different.


http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litled_LightEmittingDiodes.html#LEDSelection#LEDSelection
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The following table was compiled from the web sites of Hosfelt Electronics and Jameco
Electronics, two companies that offer a wide range of LEDs at competetive prices. The information
was collected 24 September 2004, and will certainly be out of date by the time that you read this. But
it does a good job of pointing out the range of options.

I looked only for yellow LEDs. I tried to use only LEDs with lenses that are clear or transparent
yellow. The prices are for just one LED, but when purchased in quantities of 10. There may well be
errors: Hosfelt provided less technical information, but Jameco provided details that sometimes

conflicted with the basic description of the part.

part test
vendor \price | brightness voltage | size | lems color | wavelength | mcd/penny
number current
- I r I._ —_— <
1.9-
Hosfelt 25-342 |$3.49 | 23000med | 20mA 10mm | water clear 590nm 66
| | 2.5V
y v .. AES— _. | —
Hosfelt 25-408 [$1.45 | 9500mcd | 20mA | 2-2.4V ’ Smm clear i 587nm 66
2.1- colorless,
Hosfelt 25-335 | $.75 | 8000mcd | 20mA Smm - 107
| 2.5V transparent
| transparent
Jameco 197641 | $.62 | 7800med | 20mA | 2.3V oval 590nm 126
‘ ‘ yellow ‘
— ¥ T e 1 T = |
Jameco I 215597 | $.55 | 5000med | 20mA | 2.2V | Smm | water clear = 91
— L = 1§ — . O
2.1- |
Hosfelt 25-357 | $.49 | 3600mcd | 20mA Smm | water clear | - 73
2.5V |
Jameco ' 197675 ; $.36 ‘ 2800med | 20mA | 2.8V | 5Smm ‘ water clear 592nm 78
= .2 r— —_
‘ ‘ 2.1- ‘ |
Hosfelt 25-337 | $.45 | 2000med | 20mA Smm ‘ water clear - 45
| ‘ 2.5V ‘
[ g | - A
Jameco 152792 | $.24 | 1040med | 20mA ‘ 2.1V ‘ Smm - 593nm 44
——
transparent
Jameco | 206501 | $.19 | 700mcd | 20mA | 2.2V | 5mm 595nm 37
yellow

Hosfelt 25-275 | $.12 | 550med | 30mA 2V Smm | colorless - 46


http://www.horrorseek.com/home/halloween/wolfstone/_aLinks/logbuy_References.html#HosfeltElectronics
http://www.horrorseek.com/home/halloween/wolfstone/_aLinks/logbuy_References.html#JamecoElectronics
http://www.horrorseek.com/home/halloween/wolfstone/_aLinks/logbuy_References.html#JamecoElectronics

vendor

Jameco

Jameco

Hosfelt

Hosfelt

Jameco

Hosfelt

Hosfelt

Jameco

136493 ‘$.19 ‘ 38mcd 20mA | 2.3V ‘Smm ‘Waterclear
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part test
price | brightness voltage | size | lens color | wavelength | mcd/penny
number current
transparent
206480 | $.14 | 450mcd | 20mA | 2.3V | 3mm 595nm 32
yellow

253796 | $.24 150med | 20mA 2.2v Smm clear 585nm 6
25-414 | $.04 80mcd 10mA 2V 3mm yellow - 20
25-285 | $.10 80med 30mA 2V 3mm clear - 8
175695 | $.15 60mced 10mA | 2.1V | Smm | water clear 585nm 4
25-411 | $.05 | 50med 20mA | 2.5V ‘ Smm ‘ clear - 10
25-328 | $.06 ‘ 40med 10mA | 2.1V | 3mm ‘ - | 585nm 7

589nm 2

To summarize, by just checking two vendors, I found 19 different kinds, with properties ranging:

brightness 38med- 23000med
wavelength 585nm - 595nm
voltage 1.9V - 2.8V

current 10mA - 30mA

size 3mm - 10mm

cost $.04- $3.49

Special LEDs

There are various special LEDs on the market:

resistor LEDs - Contain their own current-limiting resistor.

blinkers - Contain a timer chip that makes them automatically flash on and off.

multichip - Contain more than one LED of the same color. Takes more power, but lights
brighter.

nonpolarized - Contains two LED chips of the same color, back-to-back. Lights up the same
when voltage is positive, negative, or AC.

multicolor - Contains two or more LED chips that light different colors.


http://www.horrorseek.com/home/halloween/wolfstone/TechBase/cmpres_Resistors.html
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Multicolor LEDs

Multicolor LEDs contain two or more LED chips that light different colors.

The most common type has one red chip and one green chip. There are two common types of
packaging: a three-lead package that allows independent access to the two LED chips, and a two-lead

package that connects the two chips back-to back (to change color, reverse polarity).

This T1 3/4 package contains two LED chips.
e Apply power to one wire and the package lights green.
e Apply power to the other, and it glows red.

e Apply power to both, and the package glows yellow.

Self-Flashing LEDs

Self-flashing LEDs are packaged in a normal LED case, but include an integrated circuit that makes

the LED flash on and off.
Buflt-in flashing unit 3 - 5 Vdc operation CATE 1-89 100 1000
T-1 344 (5mm} RED - diffused High Brightness LED-4 2 for .90 Ad 30
T-1 314 (5mm) GREEM - diffusad LED-4G 50 A5 Al
T-1 34 (5mm)YELLOW - difused LED-4¥ 50 A5 A0
SPECIAL - RED T-1 34 - water clear LED-B4 3 for $1.00 25 A8
T-1 {3mm} RED - diffusad - LED-7T2R Kils] 55 A5
T-1 {3mm} GREEN - diffused __—_-_.m LED-T2G 75 B5 55
T-1 {3mm} YELLOW - diffused .A*f LED-T2% 75 65 55

This section of the All Electronics catalog offers several different kinds of self-flashing LEDs

[January 2004].


http://www.horrorseek.com/home/halloween/wolfstone/_aLinks/logbuy_References.html#AllElectronics
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LASER LEDs

LASER LEDs are Light Emitting Diodes that emit LASER light. They are often called simply
"LASER diodes". This was a technological breakthrough that transformed LASERS into simple and
inexpensive gadgets. LASER diodes are used in

everything from DVD players to light beam pointers.

CAUTION: Because LASER light is coherent, it packs a punch far greater than its brightness might

suggest. LASER light can be dangerous. Keep it away from eyes.

LASER diodes are also available built up into "modules" that contain the LASER LED, driving

electronics, and lenses. These are very convenient for the experimenter.

The simplest, cheapest, and easiest way to get LASER light is to take a cheap LASER pointer and

modify it to suit your purposes.


http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litexo_ExoticLightSources.html#LASER
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litadv_AdvancedLightingConcept.html#CoherentLight
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So you start with a LASER diode, build it up into a module, and then do something useful with it.

As of this writing, commonly available LASER diodes are confined to the red and infrared
portion of the spectrum. Laboratory prototype blue LASER diodes exist, but have short lifetimes, or
need to sit in liquid nitrogen. Green LASER diode assemblies exist, but they cheat: an infrared

LASER diode is used to pump a frequency-doubling crystal.

The brightness of a LED can be increased in numerous ways:
1. Use a larger piece of light-emitting material.
2. Make the LED more efficient, so that more of the electrical power going in comes out as
light and less as heat.
3. Shove more current through the LED so that it produces more light and more heat.
o Heatkills LEDs. Accept a shorter operating life time.
o Make the LED out of material that better resists the extra heat.
o Modify the LED package to carry more heat away from the essential part of the
LED and dissipate it.
4. Change the output wavelength(s) to where the human eye is more sensitive, making it look
brighter.
o This can be done by altering the chemistry of the light-emitting part of the LED
itself.
o This can be done by using secondary emission from phosphors or frequency-
doubling crystals to take in the generated light and emit light of a different

wavelength.


http://www.horrorseek.com/home/halloween/wolfstone/Lighting/colvis_ColorVision.html#Wavelength
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/colvis_ColorVision.html#HumanEyeResponse
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5. Make the LED more efficient, so that more of the light coming out is in the useful part of the
spectrum.

6. Use a LASER LED, which emits coherent light. You aren't getting any more light out, but
the light waves are synchronized, so they pack more punch.

7. Increased power via pulse drive is something of an urban legend. But if you turn off the LED
while nobody is looking at it (e.g. during video retrace interval), you can increase the current

while it is visible.

History

The history of Light Emitting Diodes (LEDs) is the struggle for shorter and shorter
wavelengths: the quest for blue, with efficiency improvements along the way.

The first light-emitting semiconductor was a yellow-glowing piece of Silicon Carbide invented by
Henry Joseph Round in 1907. There was not enough light to be useful, and silicon carbide is hard to
work with, so the invention was mostly forgotten.

The modern LEDs were based on Gallium Arsenide (GaAs) and emitted infra-red light. If
memory serves me, the early lab models needed to sit in liquid nitrogen while operating. Getting
them to operate with reasonable efficiency at room temperature was a big breakthrough, providing a
commercial product useful in things like object sensors and remote controls. Red LEDs came next,
using Gallium Arsenide Phosphide (GaAsP on GaAs substrate). Eventually these led to the
development of high efficiency red, red-orange, and orange LEDs by changing to a GaP substrate.
Mid 1970's brought Gallium Phosphide (GaP) diodes, providing greater efficiency, but a somewhat
orangeish red light. Soon GaP diodes were putting out pale green, and dual chip GaP LEDs (red and
green) were emitting yellow. Then they got to a pure green.

In the mid 1970s, yellow LEDs were made in Russia using Silicon Carbide. The rest of the
world used Gallium Arsenide Phosphide (GaAsP on GaP substrate).

Mid 1980's saw the arrival of super high brightness (GaAlAsP) LEDs, first in red, then yellow.

In the early 1990's, ultrabright InGaAIP LEDs were made in orange-red, orange, yellow and
green. The first significant blue LEDs came in the early 1990's, using Silicon Carbide. This was a
throwback to the earliest semiconductor light sources.

The mid 1990's brought ultrabright blue GaN LEDs, then Indium Gallium Nitride (InGaN)

LEDs, producing high-intensity green and blue.


http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litled_LightEmittingDiodes.html#LASERLEDs#LASERLEDs
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litadv_AdvancedLightingConcept.html#CoherentLight
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litlpo_PoweringLEDs.html#IncreasedPowerViaPulseDrive
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The bright blue LEDs were then made the basis of white LEDs by painting the LED chip with

fluorescent phosphors. This same trick can produce virtually any visible color.
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There are now LEDs that emit black light.

This chart, from the Photron catalog, shows the various LED materials and the colors and intensities
they can produce, circa 2001.

Breakthrough: Secondary Emissions

The wavelength of light naturally emitted by LEDs depends on their manufacturing process, but
generally turns out to be the commonly found red, yellow, green, and recently blue. It is possible to
make other colors by mixing light with two or more light emitters within a single package. But the
wavelengths that are available to work with make this problematic.

An important LED breakthrough of 1990s was the application of fluorescent phosphors to change the
spectrum of light emitted by LEDs. In this process, blue and near-UV emitting LEDs are painted with

a mix of phosphors that absorbs the incoming light and emits the desired mixture of wavelengths.


http://www.horrorseek.com/home/halloween/wolfstone/Lighting/blttip_BlackLightTips.html
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/colmix_ColorMixing.html#AdditiveMixingOfColoredLight
http://www.horrorseek.com/home/halloween/wolfstone/Lighting/litadv_AdvancedLightingConcept.html#Fluorescence
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Playing With LEDs

LEDs can be a lot of fun to experiment and play with. It's even affordable, now that they no
longer cost $10 apiece.

Sooner or later, you will run across an electronic parts vendor who offers "grab bag" kits of
assorted LEDs or support parts (perhaps 100 LED's for $5 or 300 1/4W Resistors $2.50). Should you
do it?

If you don't want to experiment, but are just building a project that is described by somebody else,
avoid grab bags. Instead, buy exactly what you need. If you demand instant gratification, pop down

to Radio Shack. If you want to save a couple bucks and time is not an issue, buy mail-order.

Rl Z 30
24403
1+
ERtnTe: 214403
10K
B
A7
:

If you like to experiment, it is a good idea to build a "junk box" of parts that you can play
with and rummage through. In the old days, hobbiests populated their junk boxes with components
removed from old equipment. Nowadays, the grab bag is a good way to get started. You will
probably get an assortment of different shapes, colors, and sizes. Some of them you might never use,
but at least you will have an assortment of different things to play with. And if you burn up a LED in
your experiments, no worries - they only cost a few pennies apiece.

LED Tester

When experimenting with LEDs, it is handy to have around a simple way of testing them.
This circuit is a constant-current source, providing about 20 mA, which is a good rule-of-thumb for
LEDs.

The current is set to V/R1, where Vi of a 2N4403 transistor is a minimum of .75 V and a
maximim of .95 V. Depending on exactly which transistor you use, a little fiddling with R1 can be set
to any convenient current. [David threw one of these together with junk box parts and it delivers 17

mA, which is close enough.


http://www.horrorseek.com/home/halloween/wolfstone/Logistics/sociss_Issues.html#GrabBag
http://www.horrorseek.com/home/halloween/wolfstone/_aLinks/logbuy_References.html#RadioShack
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