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ABSTRACT

This project is a study of Thermoelectric Generator module (TEG) to find
characteristic of power generation and apply these devices to establish Micro Power
Generator from waste heat. In this project, waste heat from low temperature (below
120°C) is designed as energy source. Experimentation has been performed to find
characteristic by plot |-V Characteristic curve and its maximum power point of 1
module and 4 modules. A set of incandescent light bulbs was applied as thermal
source to simulate the hot side temperature with different temperature of 10, 25
and35 °C respectively. We use the result to analyze and improve system for establish
Micro Power Generator (MPG) such as improve heating system and cooling system for
transmit power to small scale electric load. The result shown that at different
temperature 35 °C used cooling fan with heat sink for 1 module maximum power 30
mW and for 4 modules 180 mW. The MPG with 10 TEG modules using water cooling
system at cold side gets different temperature 60°C while the same heating system.
The maximum power 500 mW can drive 1 led strip and slow charging cell phone. The
study indicated that at higher temperature the module generated more power. Get
more power generation by series more modules. The stability of temperature both hot
and cold side will improve stability of power generation and the maximum power

point occurred at specific resistance following the curve.
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0.9 10.00
1.0 infinity

Useloviveanislieasiiusedunsaiulniy feganiosiuilalwiounnidnid
WIIRUFUBBNAINTIANUABINIS TG Uvesluanla g aunsaldrsasivielunisudusia
wsssiulwilimnzanlunisldanunumstunssmalndieieg



UNA 3

ATN50DNUUUALNAZEDU

]
I |
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¥

3.1.1 Yndnaeguuniinuiay

o

gunsaifldlumsiassanmgiisuiou ldd

9 U

Ludedgussulnihnszuaady faguil 3.1 n 1 A
2.uviunaenlruuuindenvlin 4 vaon feguil 3.1 @ 1 uwu
3 waonliiuuuld 100 W fsgud 3.1 a 4 vaegn
4.uviunsaunaenlvivuegiidlon fegufl 3.1 < 1 Wiy

o ° av v ey ad o o 2
Wyadaeigumpiinuseuievadaumesludianvinluga lnemsldvasnlnuuuld

U

100 T09 4 viasn dfsgiuwiunaanlwiidunszilouiatlosdusunstsainainudou

U

Usgnaufiviinsliuuaseunasalwiluegiidenielimmsaiiuanudeulsd dgui 3.2
nifulduvashieusstulnfisvalaanalaliiumasala 4 vaom 220 Toad azyilald
wasaufeudmiunismeaeumesludidnniniiga

A.vaea lnBuLAUAUILUGA 100 W LunupseUviaaalvuagiilay

3U% 3.1 gunsaifldlugndrassgungidiuiou

u 3
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JUN 3.2 gdassgamgiicnuiou

3.1.2 madanldguniailunsiharuioussudiyndiassaungl wasineslud
dniEnluga
Falauszueaiuieu MiRnsenndvdediumesluddnnsnluga fiegud 3.3n 2z

= 2/

Wiamssrurganuieurinlugalugandad emnnuunndvesgungdvewusouras
o o ! Ve ¥ dw = = 4 I = a val 1 Al =
anuidu uinslignlautulidnuug Duveanaiiauniegliannsedeafaldfvinfinas 3e
Laimnngiuaundaanisnisfaunuy
Y o Ve | & s fw ad a @ al =
AMERIRLEnAILTaU ’lfzmmszwmawmmumaﬁmammniuw AagUN 3.3 adl
LS9ERAMAULINNINTALANTEUIEANNT AU LI LHNIITLUANLTRTIUTEANTAINLIAT U
anvislldnwariueds wagluiduvasvaninliiuaufioniu winaesinudeiidsnigs
77 wagN1snenTuIUiaw lavihlaen
TuaAdedidalaldnmassuinmiudevlunsnageumwsizfiosnslrusuinuuy

afln vlnsuihenufeuilaogafan

n.Balauszuteanuiou 9.nMdswtnthauseu

S &

3U# 3.3 gunsallunisihanuseu uasBadetaqmesTudidnyisn
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3.1.3 M3UFUUTE uazs@Iun T3UUTEUNIEANUTIUTENITIAGAUINDASIgagT
Fuidu

v i
o =l

- Ul AMTITUIRAMUTOUMSTNTIA LAZDINIASTSUYR

= 1.3

lﬂﬁ'ﬁmaﬂL%‘Juﬁ'mi'wiuﬂﬁﬁsuwmm%’au@aﬂmﬂma'ﬁuﬁLﬁﬂm?ﬂiu@a Taglda1ne

= & ) 2 Y .4 o P I dll o 9
sysunAldummanuTeungndeneananseuy MguR 3.4 wadlaisvinsmaaeuldls
sEEElaInile NMssEuieaNsauaanINEnderazSulund Tn1sszutenuseuitesasin
ligngadinvaufeulfunauflgungdviiuduiou dwmaldimesludidnninlugalsl
grusandaandsnulnitaanuald SeflnswaurszuuseuivausouludunelUifielsd
UsEANS ANty

FUY 3.4 gasyungauseunIsBvideAlara1n1asIsuYf

- fufiz msssuiemueufeiviedsuiuinanssuiemuseu
s ludud Tdfinsfiugunsalifetisisdlunisindeuiivesormariling
gungmdowhlifunty Insgunsaiflfluszuussuneamdeulnelivinausyunea
Sou il
Lundsdneusasuliihnszuanse fagudl 3.5 n 1 e
2 WauszuIAmNteu 12V, 2,50 A faguil 3.5 9 1 ¢
3.Function Generator ﬁﬁgﬂ‘fn’. 35 # 1 \Ades




22

nuvasTausulninsEuEnse ¢ inauszunsanu ey A.Function Generator

JUR 3.5 gunsaifldluszuussnennudeulagliinausyuieauiou

¥8ndedainfumesludidnvinlugaioszuisniudou mnduldinauseuisniny
Souduimslimiudougnizuisesnitufenisgaenaleuaindndadidioonmed
uu Faguit 3.6 TnoasliunasirussiulwinsenanssdiglailFsuinaussuneamintoud
Winvosinay uagldfladdulauiuesismeslumsmunuanuiiavvesinay Tnediewadsy
fwmdunrune 5V, 1 kHz AruRuANLEISeUsIE Duty Cycle unead fagudl 3.7 fennsld
finaslunmstissyuteaudewildfndinisldoniesssuui tardsamsnnsiigumad
suduldsveznamilidaedeniveaeunginssunssdaluiveanefludidnvinluga
wiidelfifunaummuhenmgiiFisiuny deguugifuieufignazauFugedy vilvns
muauausIseuilaein lneanuiweugaduluiieumaidiufouanas urmuida
sousAuldAlianusassuiemdouiidiuduld dewatenisinumeanesluddnvin
Tuga Ferdnlnihldanas Jednsimuinsseuisnnyseudmiunieshidalndhuundn
maly

UM 3.6 gaszuneANuTaumMeEndnLasinay
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N394

i PWM
+1Z2V +5y

ON ON
Time, t

0 1

WadgUdimasy (PWM) AL N
f=1kHz

JUR 3.7 MImuauANEITeUTeRaY

- i3 msswuismdeusetmdeity
mswaadsdvfeitunuausalunsudnluiinegradnd a gaunyfiyn
$rasvildvennieaiudnlninvunadniiinanmsdesiufuresyame sludidnvin Tned
nsWsussuustunemudoudumslidmeaduiafuaunsiivesgamatlinmsiiay

= =l I a & & ol v o
finnuguuuariimnidefiovesyandalnihvundnuintu Inogunsaliilddsdl

1 Futh faguits.en 1 @
2. \Water Cooling Block ﬁﬁgﬂﬁB.B‘u 2. M
3 @88°9UUIA 5/16 1 fasuUiis.en 1 99
4 srvhdmiuldumanidu R U

msAnsisarld Water Cooling Block Anegruuresnesiuddninluga 5 luga
sio 1 vden lagarldthnimdaiBuumguimineininid) water Cooling Block uagthoon
91n Water Cooling Block nduringdeih unisuanideummideutumesluddminluga
Favn vitldgaumgdduBuasiviniugumgiivestt femssgislunisindsdu awfeds
wdladiuBuvesurulugannuiusesdudiafusa Water cooling block Wiel#iAan1s
uanidsumnuteusiaiiud FelaeUnAudmananusulugaseninarnissnudumnumn
vosiuniuaziinunanadeufudntesviidedinisudluludauntslianudou mse
auliiianeiuveiuligs Jelinsiannnislianuieulusuieuresyniniosrindeldi
YUIALEN

U.Water cooling block A.a@18879
5U#3.8 gunsnifldlussuuszunsanudousmethvesfu

3
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3.1.4 myuTuginslianudouves Yansasindalviauiadn

Pndgymanyldadiaveveaiulugadlinardluiite 3.1.3 msszuieanuieu
2 H ! <] v Y = o= @ 2 1 ar = o A = 1
medmaeidu uaity Jedinsusuupnisianuieuiugamiosiudalwdvuindnll
&) Yy & 4 k2 1 1 1 2 o U = o
Junsligvdeainlususeuvesunulugawsazieiu waglvimnuseufudvdeilagnssunu
miAniuieuraswiulugaiuwiulavsihmiudou dagud 3.9

o

Asevdsdiumuiauvesvesludidnninluga

UM 3.9 finwauen1sia

3.2 madauwasludianvinlugadiuau 1 luga
Dunsvedeuminaeuinlunmsndaliihweaneslididnvinlugaiues SP1848 SA
flaguit 3.9n shmsveasufem simesTudidnvisnlugaluvnisageumswaniniing
AUAIRUNATRNY 3 A7 A 10, 25 wag 35°C mudwy TunadeuasTnaaa fel
gaumgdduiou gumglidtudu ussiunazaszualiiiidnnasuninene wieedle
Tumsnnassluasransminginssunsne-ussiuresnisnanlwihveanesludidnvinluga
wie 1V Curve vaslugariiemArdidilnigeaniiannsondnld Tnglun1smaassesldsyun
ssunemufeusgEnddsuiuinaussuieauioy

=l o

3.2.1 gunsaifiltlumsveaeumaudnuagnisndalniives 1 Tuga Sl
Lukumesludidnyinluga SP1848 SA 1 luga
faguil 3.10n

253 fagui 3.100 1 #h
3 yndassgumglivuiou fguil 3.2 1 9
a.pSeingamgl fagui 3.10n 2 \ndes
5 faRfme s inusefunaznszua fasudt 3.109 2 1ATeq

6.uniuluslmuase fagud 3.109 1 ey
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7. fAumuAinge fagud 3.108 20 A
8.nAMaemiALTau AaguR 3.3v 1 fhu
9.9n5UEANUTauMEENTALayinay 1

fagudt 3.6

=y

AATOYINUUYI

U

D .
LfaRimeTinusedulaen szue LuslusTauedn afMuUMUAAINe
3Ui 3.10 gunsalldlunsvndeumandnuaemwanliives 1 Tuga

3.2.2 Mspensasveaauwesludidnvinluga

iy dhaoseamafidudouieduunasemiuiou (Heat Source) Tumsnaaouuas
UiurussiulAtunaeslvifellddmdeu (Hot side) fonmgiigetu Tnvasdinislénnaes
wimhanufeuileBnsemnsuruimesluddnninlugatuisiiany Sniuvaaukuluga9ed
MssEUIsmNTeuTIg M SHEBNTAsmAUTnansrueaufeududufubu (Cold Side)
ngldnnaeminimudedlunisdeuwsto 1ntuaylnfesniinfme Tudidnniness
B Aadulriuin@unauaglnau@dn) anduvmssesunsufuddumuaiiidenis
gy $99zlf1993 Faguil 3.11
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Thermometer Thermometer
for hotzida for cold zide
S
Amunster
& W W
o Heat Soures TEGmodule Em—
Variable AC @ V) Voltmester
Supply
)
Vartable
by Resistance
by hd
Stick with Stick with
Heaat Source Heat Sinke

3Uit 3.11 2wsiilensmassumeslididnyinluga 1 luga
3.2.3 Bn1vedeungAnssuniimsuanlnives 1 luga
Tnevvuteendunisnanes 3 ASwmsmasesemmgll 10, 25 uaz3s °C mudiy
Tnazddunaunusdusiel
L sesasanude 3.2.2 Inesomanusumuiifesn svaaesmamsunIsnaaadluun
fia
Il Viuussduteudvaaaldlvivaenlviadiswaysesunseifegumniiaed wédata
gangliddounasiudy niudeusufuvdoanussiy nieuidudgamgd
HlegaumgfiGunsi wuldrinansesgungdiidenis TuiinAngaumglisnuiounay
srudurnziuadumsenmaaas
I deldnasisgamgfififieinismedey vnstufindaaudiumy useiulaii wae
nsudliih vasiduadlumsemsnnaes nieuiessuanmigslnihils
V. wWasummnudhuny ffsasagungiiia anduiauastuiindranudunuitld
wsadulni wasnsvudlniiwasdy WinsnaapsuRNAUALAIUN T Y
ATUYNANTIFDINIS
V. yhnsveaesmiute [V UATUNNHAR19RNYT
V. shanfildnmsmaaesluvinsmadnumenseua-ussdul-v Curve) # 3 Annass
(RNERIVEH Toemfonseninaussfu(unui) waznssuanuuew)
Vi delénsmandnuurnszua-ussiuuds vnsmaunsaduiildlunsussana
nsmigudn sz esidnvuzduduass thaunsiildnnmsussinats 3
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duns mypvinliiAndslnihgeaadlugandneenu wazduiinAieg vesge
DIVERR RN

3.3 nrsnasaumasludianvinlugadiuau 4 Tuga
3.3.1 gunsaifildlumsvaaeungAnssunsmand@alniives 4 Tuga
gunsaifiltlumveasumesiudidnvin 4 luga 6

Lusiumasludianvinluga SP1848 SA 4 luga
flaguit 3.10n

2839 Haguil 3.100 4 @

3 gaaesgamnliudeu fgud 3.2 1

4. pSevingnmgd fguit 3.10a 2 A
5 faRfiwesinnseiusaznsyua faguil 3.104 2 AT
6.uiluslavasa fagufl 3,10 1wl
7 fdumuniange flesui 3.10a 20 A9
8.naesvithiiimiuteu fegud 3.3 1 dhu
9. 4AsTUIBANUTEUNMLENTALAL AN 1 99

flasuit 3.6

3.3.2 MssiodsesifienisnagoungAnssuntsmananiniies 4 luga

msfssifienismaeuiusziimssiorsasadne fumsnaaeuludes.2 wansneiy
WesdinsiiumesTudidnvznlugaidu 4 lunadais 4 Tugavedimssoaynsufusiaguis.12
Wlildsesnsveasulnesiuseguis. 13

TEG TEG
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JU% 3.12 msseaynsuvesludidnvinluga
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— TEG Series
Circuit4
modules

©,

Voltmeter

Ammeter

Variable
Resistance

=

Stick with
Heat Sink

Stick with
Heat Source

JU# 3.13 wanien aaeumesludianniniuga 4 Tupa

3.3.3 BManagaungAnsTun1snsnanlniives 4 Tuga
WBnsihnismeaes ivinnsnasesnatuseuluite 3.2.3 udldasasguil 3.13

3.4 maedeuiaiasifialnfhwuinidn(Micro Power Generatoraan 10 Tuga
3.4.1 mysenuyuiiesiLEnlimndn waen1sUTUURsTUUSIER Sy
woei@elniivuinidnaddfinesludidnvinluga 10 Tuga thuweeunsuiu 19
MsTEUEANSeURIE Water Cooling Block waxPuiimaaifu Wesnmsseunsanuey
frenslid WuaBnssvunenufeuiiafian Ao IaMVALUNATAUEULAR Yile
AnuuanisasgaIvnRvedesieiin dwaliedastudalniuadnainsondamdsy
Tnfreanuilduin

3.4.2 gunsalfilineaeuiriasiidalniivunnén
gunsalfildlunsneaeuesasiidalwiivuimdn S

Luruwesludidnvdnluga SP1848 SA 10 Tluga
fasul 3.10 n

3. gdnaesgamnlisuiou fguil 3.2 1

4. 3esTagamgd fagud 3.10 @ 2 iAfeq
5faRfines Tauseiuuaznszud figud 3.10 2 iAfeq
6.wkulUsTauadn fagud 3.10 < 1 us
7.hfumuangg fagui 3.10 9 20 A
8.8lAuthAnuiou fagui 3.3 n 1 vieen
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9.4MTHUIBAIINTBUAIEY Water Cooling Block 1
Flaguii 3.8 |

10.WHeviaDALBadR AI3UN 3.14 N 1 e

1. lugansasifunseiu fagudt 3.14 « 1 luga

1245n0sme% 5V wed L7805CV faguil 3.14 @ 1 W

: N\ ot
N.UNSTIRBALDADA U LTUNa 9Tl T9 Y ALSAYIEIMEsIUET L7805CV
JUN 3.14 gunsalsegfildlunisnaeey Micro Power Generator

e B

3.4.3 ms#erasnagouinTesindeliihuuindn

Aeasesiesesiinlwinuundnazdsenaude nesludidnyinluga 10 Tuga us
avlugavzdesynsufuvilounisvanes 4 luga lasarldyndraatguugisiuioudy
wrasindnanufeuliiuetesrstdalviwuadn warldssuu Water Cooling Block 1y
SEUUTEU AT oY

3.4.4 Fvadeuadessude i muingn
msneaeutasestdalnihuimdnazimsneaeulngliiasenseiunssiuBoost
Converter) Aawinfuiaieadidalniivwindn lumsvnaeuaznegeusendaruluile
gunsallwd 2 via Ao univasnueadh uasesauunmednsdwsitiofeuuudn laanisee
2esvinged
. msdegmasiiiliunevagaueadfazsoliiiimussnvesynndnlviniuiaseee
wsady uardereiniuivanueadd Tuiinan wsedu nssud wazidsilvanldves
Tnan fagui 3.15
I msdeasesmsrdnuuamesinsiwidletis wwrensesusiounisioneads uieednis
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NaNISNAEaU wasussiiuna

4.1 wansvasauwasludiinyEnluga 1 luga
4.1.1 nansnagaumesiudidnyin 1 luga fnansgamgl 10, 25 wag 35 °C fi
m5eme Ul

A3190 4.1 AUSIAY NSzud uagaslni Aluanairieg uazrad gl 10 °C dmsu

1 luga
Th=43°C Te=33°C
R(law) V(mv) I(mA) P(mW)
0.5 20.6 29.54 0.608524
2 73.8 23.46 1.731348
101 19.9 2.0099

15 173 11.41 1.97393
24 204.9 8.47 1.735503
51 236 4.62 1.09032
100 2555 2.55 0.651525
120 257.2 R 0.545264
150 255.6 A7 0.43452
220 259.6 1.17 0.303732
330 268.3 0.8 0.21464
470 | 270.1 0.57 0.153957
1k 266.5 0.26 0.06929
4.7k 272.2 0.05 0.01361
7.5k 276.7 0.03 0.008301
10k 270.9 0.02 0.005418
47k 271 0 0
100k 273.2 0 0

2M 274.7 0 0
10M 279.5 0 0
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A5199 4.2 AU Nz waemaslnd Alvana e wasnad el 25 °C dmsy

1 luga
Th=62°C Tc=37°C
R(levu) V(mv) (mA) P(mW)
05 49.2 78.5 3.8622
142.2 65.6 9.32832
276.6 53.7 14.85342
15 448 29.47 13.20256
24 521 21.62 11.26402
51 604 11.86 7.16344
100 644 6.41 4.12804
120 654 5.43 3.55122
150 663 443 2.93709
220 667 3.03 2.02101
330 663 2 1.326
470 667 1.41 0.94047
1k 677 0.67 0.45359
4.7k 634 0.14 0.09576
7.5k 684 0.09 0.06156
10k 684 0.06 0.04104
47k 680 0.01 0.00684
100k 684 0 0
2M 686 0 0
10M 636 0 0
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M1319% 4.3 Ausaiu nseia wazmMaslwil Nlnanaene uasnasegungll 35 °C d1msu

1 luga
Tu=75°C Tc=40°C
R(avw) V(mV) I(mA) P(mW)
05 72.2 122.8 8.86616
216.6 102.6 22.22316
5 412 79.7 32.8364
15 680 44.7 30.396
24 774 32.11 24.85314
51 885 17.22 15.2397
100 944 9.42 8.89248
120 952 791 7.53032
150 966 6.45 6.2307
220 990 4.49 4.4451
330 997 3 2.991
470 1015 2.14 21721
1k 1015 1.01 1.02515
4.7k 1028 0.21 0.21588
7.5k 1031 0.13 0.13403
10k 1031 0.1 0.1031
a7k 1034 0.01 0.01034
100k 1043 0 0
2M 1045 0 0
10M 1048 0 0
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4.1.2 NS MAMANYUENTTUA-LTISU (I-V Characteristic Curve) Wagnsnamanyue
maslwi veumefluddnyin 1 lugannnisnadeuiinan1sgumglisie Agud 4.1, 4.2

way 4.3 Aua1eau

|-V Characteristic Curve for 1 Module
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; 800
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> a0 y=-8.07x +688.1
; ——AT 10°C
200 i
y=-8.5743x +273.75 *
0 g B e Ll i NG B # VAL - -AA¥ - - - . L
0 20 40 60 80 100 120 140
Current(mA)
JUR 4.1 nsvlguanwaNIEUE-LIWY NNeeU 1 Lugs
Power and Voltage for 1 Module
35
AL G ( =-0.0001x* + 0.1242x + 1.0869
30 e
25 ‘®
— ]
% 20
— : e AT 10°C
5 y = -0.0001x% + 0/0912x - 0.57 -
g 15 e s e AT 25°C
o R * AT 35°C
il .
. "
5 "' y =-0.0001x +0.0316x +0.0103 @
o L& e N LY ‘e
1] 200 400 600 800 1000 1200
Voltage {mV)

UM 4.2 newiandnuazusedu-mdalai innismegeu 1 luga
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35

Power (mW)

Power and Currentfor 1 Module

9

-

u=&. il i’ 7

0

oo @ ¥-=-0.0084x" +0.7075x

e

y =-0,0085x” +0,2728x L)

60 80

Current {mA)

y = -0.0078x* + 1.0252x

100 120

35

* AT 10°C
e AT 25°C
* AT 35°C

JUT 4.3 nsminudnwuznszua-fddluiy :ann1smesgey 1 Tuga

nnnamantRnlaRInmsegeuNafilaTuuIltuludnuaedunse eagldaunis

Baidulion1UsEann 3 aunts WRIINaRNTeRanniiv 10, 25 Uaz 35 °C fie @un1si

4.1-4.3 muUa1eU

V = -8.5743(1) + 273.75 7l AT=10°C
V = -8.0700() + 688.17 i AT=25 °C
V.= -7.8614() + 1029.1 | AT=35 °C

(@.1)
(4.2)
(4.3)

wazandumsidunsls 3 dhldmyevhlideemasnihgeanvesnisudnluilé
viemAmaslninganannsmndnenziasiniy dsazuansaiululdazaiuunnsng
= Y 1 o =
vosgaun)ll nadwsilulufemsned 4.4

5797l 4.4 Andnddlniingean 7 AT = 10 25 lag 35 °C sy 1 luga

AT I(mA) V(imV) R(To%) Pumax(mW)
10 15.96 136.875 8.576 2.185
25 42.64 344.09 8.070 14.671
35 65.62 514,55 7.841 33.765
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4.2.1 nansnagaumasludidnyin 4 luga fnan1egamgl 10, 25 wag 35 °C 69

ms1elUl

AT 4.5 Auseiu nszud wazindelnih AlvanA1aee uasnan el 10 °C dwsu

4 Tuga
TH =43 °C TC =33 °C
R(levi) V(mV) (mA) P(mW)
0.5 45.7 50.6 2.31242
102.1 47.2 4.81912
2142 41.5 8.8893
15 424 28.14 11.93136
24 523 21.73 11.36479
51 666 T3 2 8.73792
100 762 7.61 5.79882
120 787 6.51 5.12337
150 804 537 4.31748
220 826 3.75 3.0975
330 845 255 2.15475
470 859 1.81 1.55479
1k 870 0.87 0.7569
a.7k 879 0.18 0.15822
7.5k 879 0.11 0.09669
10k 879 0.08 0.07032
47k 915 0:01 0.00915
100k 921 0 0
M 935 0 0
10M 940 0 0
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A15199 4.6 AT nTzud wazrdalnih lvananene waenadagnugl 25 °C dmsy

4 luga
Ty = 62°C Tc=37°C
R(lav) V(mV) (mA) P(mW)
0.5 89.8 139 12.4822
2 319.2 124.8 39.83616
575 113.1 65.0325
15 1169 76.9 89.8961
24 1453 60.3 87.6159
51 1867 36.57 68.27619
100 2164 21.54 46.61256
120 2228 18.53 41.28484
150 2275 15.2 34.58
220 2345 10.66 24.9977
330 2403 7.20 17.39772
470 2441 517 12.61997
1k 2490 2.49 6.2001
4.7k 2543 0.54 1.37322
7.5k 2551 0.33 0.84183
10k 2540 0.25 0.635
a7k 2517 0.05 0.12585
100k 2517 0.02 0.05034
2M 2533 0 0
10M 2543 0 0
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M50 4.7 fusadu nszud wazmdalwi Alvanr1anee wagnanwgumgil 35 °C dwsu

4 luga
Tu=15°C Tc=40°C
R(levi) V(imv) (mA) P(mW)
0.5 126.1 198.2 24.99302
2 410 180.8 74.128
803 157.1 126.1513
15 1655 109.2 180.726
24 2085 86.5 180.3525
51 2697 52.7 142.1319
100 3107 30.97 96.22379
120 3233 26.9 86.9677
150 3299 21.99 72.54501
220 3424 15.55 53.2432
330 3510 10.56 37.0656
470 3578 7.57 27.08546
1k 3651 3.66 13.36266
4.7k 3695 0.78 2.8821
7.5k 3696 0.49 1.81104
10k 3710 0.37 1.3727
47k 3730 0.07 0.2611
100k 3732 0.03 0.11196
2M 3732 0 0
10M 3732 0 0
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4.2.2 NS MAMANBUENTEUE-WSIIY (-V Characteristic Curve) WagnsWANEN YL
Maslni veunesludidinnin 4 lugannisnegeuiinassgaumgiinneg Ui 4.4, 4.5
Wy 4.6 MUA1AY

|-V Characteristic Curve for 4 Module
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AUAIRAU

AM51971 4.8 Araalwiagean #AT = 10,25 wag3s °C d sy d luga

V= -16.850() + 898.54 71 AT=10 °C
V = -17.632() + 2535.9 9 AT=25 °C
V =-18367() + 3709.9 7| AT=35 °C

wargaitiliAnAidsluihasanvesnsuaalu il VDIULATYNARIIVR QNN
wadwsdulusamnsnedi a8

(4.4)
(4.5)
(4.6)

AT (mA) V(mV) R(lowi) Puax(mw)
10 26.663 44927 16.85 11.979
25 71.912 1267.95 17.632 91.181
35 100.994 1854.95 18.367 187.339
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4.3 namsnedauinsasilialnilnvunaiin(Micro Power Generator) 91n 10 Tuga

4.3.1 san1snagsungAnssunisudaluiiveunsesduilnlnirvuinidn 9

anmuwandenminaaaadiy usldraruuandiegamgl 60 °C InmsUFuUTIsELUSELNY

aNnusaumazszuulrauSau

AT 4.9 ALY NTzud wazidalnih AlnanAdi1eg vasadasiidnluivuiadn

Tu=80"°C
R(le%w) V(V) (A) P(W)
0.5 0.427 0.202 0.086254
0.69 0.191 0.13179
5 1.104 0.18 0.19872
15 2.497 0.148 0.369556
24 3325 0.131 0.435575
51 5.05 0.096 0.4848
100 6.66 0.065 0.4329
120 7.09 0.058 0.41122
150 7.54 0.049 0.36946
220 8.19 0.036 0.29484
330 8.7 0.026 0.2262
470 9.08 0.019 0.17252
1k 9.63 0.009 0.08667
4.7k 10.08 0.00215 0.021672
7.5k 10.12 0.00134 0.013561
10k 10.13 0.00101 0.010231
47k 10.16 0.00021 0.002134
100k 10.17 0.0001 0.001017
2M 10.17 0 0
10M 10.17 0 0
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4.3.2 ATMRENYAENIEUE-UsI (-V Characteristic Curve) WagnsWANaN B
mdslwih veaasestudalwivuindn fgui 4.7, 4.8 uay 49Uy

I-V Characteristic Curve for Micro Power Generator
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Power and Current for Micro Power Generator
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An Application of Thermoelectric Generator (TEG)

as Micro Power Generator from Waste Heat
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Abstract

This project is a study of Thermoelectric Generator module
(TEG) to find characteristic of power generation and apply these
devices to establish Micro Power Generator from waste heat. In this
project, waste heat from low temperature (below 120°C) is designed as
source.

energy to find

Experimentation has been performed
characteristic by plot I-V Characteristic curve and its maximum power
point of 1 module and 4 modules. A set of incandescent light bulbs was
applied as thermal source to simulate the hot side temperature with
different temperature of 10, 25 and35 °C respectively. We use the result
to analyze and improve system for establish Micro Power Generator
(MPG) such as improve heating system and cooling system for transmit
power to small scale electric load. The result shown that at different
temperature 35 °C used cooling fan with heat sink for 1 module
maximum power 30 mW and for 4 modules 180 mW: The MPG with
10 TEG modules using water cooling system at cold side gets different
temperature 60°C while the same heating system. The maximum power
500 mW can drive 1 led strip and slow charging cell phone. The study
indicared that at higher temperature the module generated more power.
Get more power generation by series more modules. The stability of
temperature both hot and cold side will improve stability of power
generation and the maximum power point occurred at specific

resistance following the curve.
Keywords: Thermoelectric generator , Generation from waste heat
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[1] D.M. Rowe, Ph.D., D.Sc., Thermoelectric handbook : macro to
nano, CRC Press Taylor&Francis Group, 2006

[2] D.M. Rowe, Thermoelectrics and its energy harvesting, CRC Press
Taylor&Francis Group. 2012
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Thermoelectric Power Generator TEG Module

Specifications:
Material: Ceramic / Bismuth Telluride Color: White

Parametric model: SP1848-27145 Temperature(C): 150 degrees Open-circuit
voltage(V): 4.8V

Current(MA): 20/0.97/225; 40/1.8/368; 60/2.4/469; 80/3.6/559; 100/4.8/669
Module weight: 25¢ / 0.890z

Module size: 4 * 4 * 0.4cm / 1.6 * 1.6 * 0.2inch (L * W * H) Package weight: 26g /
0.920z

Package size: 14.5 * 10-* 0.dcm / 5.7 * 4 * 0.2inch (L * W * H)

Features:
Small and lightweight, convenient for use. Designed specifically for power generation.

Sealed for moisture protection and contain thermal elements formulated for

optimum Seebeck power generation.

High temperature 150 °C, with NM static protection.
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Standard A-shape clear

Standard 100W E27 230V A60 CL U 1SL/100

Caonventional pear-shaped incandescent lamps

58

Product data
Ganaral Information Approval and Appiication A N B
Cop-Base E27 [ E27) Energy Effciancy Label (EEL) E
Opacating Position UNIVERSAL [ Any or Unrsersal U])
Nominal LAstime (Nom) 1000 h Product Data
Full product code BTT00007505200
Light Technical Order product name Standard 100W EZ7 230V ABO.CL U 1SL{100
Luninous Fiix (Nom) 1350 im EANUPC - Produat 727000076062
Color Rendefing Indax (Nem) 100 Order code 925221244708
Numarator.. Cumtfty Per Pack ) TN
Operating and Elecrical ‘Mumerntor - Packs per outar box 100
Powar (Reted) (Nom) 100w Matorial Nr. {12NC) 926221244200
Voitage {Nom) 230V Nel Weight (Plecs) 0.026 kg
Conlrols and Dimming
Dimmabile Yeas

Machanical and Housiing
Buh Finish Claar

Datashest, 2016, October 10

data subject o change
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Standard A-shape clear
Dimensional drawing
2] Product D(may D C (max)
Stardard 100W E27 230V A3 CL U 15L/100 Simm  Bmm 107 mm
(4]
e i
STD 100W E27 230V AS0 CL.

PHILIPS

i

©2016 Philips Lighting Holding B V. Alrights reserved. Philips Lighling rasocvos B right b make changes in spedificaions

antor Lo discontinue any product al any Umawihout notico or otiigstion and wil not be llable for any consaguences resulling

www Bghting phlips com
from tha use of this publication

2018, October 10 - data subject 1o change
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DC-DC XL6009E1
This DC-DC Module is based on IC XL6009E1 which is a high-performance
step-up switching current (BOOST) module. The module uses the second
generation of high- frequency switching technology XL6009E1 core chip that
offers superior performance over the first-generation technology LM2577. XL6009

replaces LM2577 module as LM2577 is about to be phased out.

Features

» Wide input voltage range of 3V - 32V (optimum operating voltage range is
5~ 32V)

e Wide Outputvoltage range of 5V — 35V (Adjustable using on board preset)

»  Built in @A’ MOSFET switches enables efficiency of up to 94% (LM2577
current is 3A)

+ High switching frequency of 400KHz, can use a small-capacity filter
capacitor that can achieve very good results (LM2577 switching

freguency is only 50KHz)

Specifications  [Value

Type Non-lsolated Boost (BOOST)

Rectification Non-synchronous rectification

Input Range BVESDS 23

Output Range - |5V ~ 35V

{BA (maxirmum), load 18mA (5Vinput, 8V output, no-load is less
Input Current

than 18mA. The higher the voltage, theload current increases.)

Conversion
<94% (the greaterthe current; the lower the efficiency)
efficiency
Switching
00KHz
frequency

50mV (the higher the voltage, the greater the current, the
Output ripple
creater ripple)

Load Regulation | 0.5%

\Voltage + 0.5%

\Working F40° C ~+85°C

Dimensions A3mm * 21mm * 14mm (length * width* height)




Pins

o IN+ input positive

e IN- input negative!

» OUT+ output positive
+ OUT- output negative

Module Schematic

Dimensions
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SMALL PACKAGE PFM CONTROL
STEP-UP DC/DC CONVERTER

CE8301 Series

B Introduction

The CE8301 Series is a CMOS PFM-control
step-up switching DC/DC converter that
mainly consists of a reference voltage
source, an oscillator, and a comparator. The
PFM controller allows the duty ratio to be
automatically switched according to the load
(light load: 50%, high output current: 75%),
enabling products with a low ripple over a
wide range, high efficiency, and high output
current. With the CE8301 Series, a step-up
DC/DC
configured by using an external coil,
capacitor, and diode. The built-in MOS FET is

turned off by a protection circuit when the

switching converter can  be

voltage at the LX pin exceeds the limit to
prevent it from being damaged. This feature,
along with the mini package and low current
consumption, makes the CE8301 Series
ideal for applications such as the power

supply unit of portable equipment.

m Applications

* Power supply for portable equipment such
as digital cameras, electronic notebooks, and
PDAs

* Power supply for audio equipment such as
portable CD/MD players

» Constant voltage power supply for cameras,
video equipment, and communications
equipment

» Power supply for microcomputers

B Features

* Low voltage operation: Startup at 0.9 V
min. (loytr = 1 MA) guaranteed

» Duty ratio: 66/78%, builtin auto switching
type PFM controller

* External parts: Coil, capacitor, diode

» Qutput voltage: Settable to between 1.8
to 6.5V.in 0.1 V steps

= Accuracy of +2%

* High efficiency: 85% (typ.)

+ Standard function (product type A)

+ Shutdown function (product type C. D)

* Output voltage Adjustable type (product
type E. F)

+ External transistor type available

(producttype B. E. F)

B Ordering Information
CEB8301 XXX X

L Package :

P-50T89
M-S0T23
T-TQ92

Output voltage:
18: 1.8V
50: 5.0V

Series
AL Blandard LX
B : Standard EXT
G 1 With shutdown, LX
D Withshutdown, EXT
E & Outputvoltage Adjustable X
F = Output voltage Adjustahle, EXT
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B Block Diagrams

Pin Assignment
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Table 1 CEB8301A Series (SOT-23-3 PKG)
PinNo. | Pin Name | Functions
1 Vourt Output voltage pin
2 Vgg GND pin
o] LX External inductor connection pin
Table2 CEB8301B Series (SOT-23-3 PKG)
PinNo. | Pin Name | Functions
1 Vout Output voltage pin
2 Vss GND pin
3 EXT External transistor connection pin
Table 3 CEB8301C Series (SOT-23-5 PKG)
PinNo. | Pin Name | Functions
Shutdown pin
1 EN “H”: Normal operation
“L": Step-up stopped
2 Vour Output voltage pin
3 NC (N.C.)
4 Vss GND pin
5 LX External transistor connection pin
Table 4 CE8301D Series (SOT-23-5 PKG)
PinNo. | Pin Name | Functions
Shutdown pin
1 EN “H": Normal operation
“L”: Step-up stopped
2 Vour Qutput voltage pin
3 NC (N.C))
4 Vss GND pin
5 EXT External transistor connection pin

3
CE8301 Seriées




SMALL PACKAGE PFM CONTROL STEP-UP DC/DC CONVERTER
“
“

S0T-89-3
Top view

/ \

Table 5 CEB8301 ESeries (SOT-23-5 PKG)

= [

~ [T

+ SOT-89-5

Top view

O

PinNo. | Pin Name | Functions
Output voltage fixed output type:
1 VOUT Output voltage monitoring pin
(FB) (Output voltage external setting type:
Feedback pin)
2 Vop IC power supply pin
3 NC (N.C)
4 Vs GND pin
5 LX External transistor connection pin
Table 6 CEB8301 FSeries (SOT-23-5 PKG)
PinNo. | Pin Name | Functions
Output voltage fixed output type:
' VOUT Output voltage monitoring pin
(FB) (Output voltage external setting type:;
Feedback pin)
2 Voo IC power supply pin
3 NC (N.C.)
4 Vss GND pin
5 EXT External transistor connection pin
Table 7 CEB8301A Series (SOT-89-3 PKG)
PinNo. | Pin Name | Functions
1 Vsg GND pin
P Vour Output voltage pin
e’ LX External inductor connection pin
Table 8 CEB8301B Series (SOT-89-3 PKG)
PinNo. | Pin Name | Functions
1 Ves GND pin
2 Vour Output voltage pin
3 EXT External transistor connection pin
Table 9 CEB8301E Series (SOT-89-5 PKG)
PinNo. | Pin Name | Functions
NC (N.C)
2 Voo IC power supply pin
Output voltage fixed output type:
3 VOUT Output voltage monitoring pin
(FB) (Output voltage external setting type;
Feedback pin)
4 LX External transistor connection pin
5 Vss GND pin

Table 10 CE8301F Series (S0OT-89-5 PKG)

64
CE8301 Series




SMALL PACKAGE PFM CONTROL STEP-UP DC/DC CONVERTER CE8301 Seri%SS
— e
PinNo. | Pin Name | Functions

NC (N.C)

2 Voo IC power supply pin

Output voltage fixed output type;
VOUT Output voltage monitoring pin

3 (FB) (Output voltage external setting type;
Feedback pin)

4 EXT External transistor connection pin

5 Vss GND pin

®  Absolute Maximum Ratings
(Unless otherwise specified, Ta=25 C)

Parameter Symbol Ratings Unit
Vour pin voltage Vour Vgs—0.3 ~ Vg5 110 \Y;
EN pin voltage EN Vss—0.3 ~ V5110 V
LX pin voltage Vix Vss—0.3 ~ Vg 1+10 V
LX pin current lix 1000 mA
— SOT-23-3 5 250 mwW
e SOT-23-5 PD 250 mwW
dissipation
SOT-89-3 500 mvW/
Operating temperature Topr —40 ~+85 °C
Storage temperature Tstg —40 ~+125 °C

B Electrical Characteristics
(Unless otherwise specified, Ta =25 C)

Parameter Symbol Conditions Min. Typ. Max. | Unit
Vours) Vours)
Qutput voltage V = V
utput voliag ouT %0.98 ouT | 1 02 \
Input voltage Vin — — 7~ 10 \Y%
Operation start voltage Vst lour= 1 MA o" — 0.9 V
No external parts, voltage
Oscillation start voltage Vs1s applied to Vout LX pulled up - — 0.8 \%
to Vour via 300Q resistor
. Vour=0.95 | Vour: 3.0V = 30 40 A
Current consumption 1 lssq il 2t !
XVOUT VOUT‘ 5.0V 50 60 LIA
Current consumption 2 lsso Vour=Vour+0.5V — 6 10 HA
Current consumption
during lsss Ven=0V = - 0.5 WA
shutdown
Switching current lsw Vix=04V 100 200 — mA
Switching transistor No external parts,
lswa — — 0.5 MA
leakage current Vix=Vour =10V Ven =0V
. : Vin= 0.4xVoyr~
Line regulation AVouTy — 20 50 mV
O.GXVOUT
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Load regulation AVourz | lout= 10 yA ~ 50mA — 20 50 mV
Maximum Oscillation fose Vour= 0.95xVounl measure 100 KHz
frequency waveform at LX pin
Vout= O.QSXVOUT,
Duty ratio 1 Duty1 measure waveform at 70 78 85 %
LX pin
Duty ratio 2 Diitv2 Measure waveform at 66 %
u _ o
’ Y LX pin with light load °
Efficiency EFFI 85 %
Vour=0.95%Voyr, judge
. Vsh oo our .Ju 4 0.75 = = V
Shutdown pin input oscillation at LX pin
voltage Vour= 0.95xVoyt,
. Vst ouT oor — = 0.3 \Y%
judge stop at LX pin
Shutdown pin input IsH Ven=10V —0.1 = 0.1 MA
aant lsL | Ven=0V —0.1 e 01 | pA

Remark: Viy=Vours) %0.6 applied, lour=Vours) / 250 O
Shutdown function built-in type: EN pin is connected to Vourt

Vours) specified above is the set output voltage value, and Vour is the typical value of the actual

output voltage.

B Standard Circuits
1. CE8301A Circuits:

== r B
4 X VOUT "
- ZZ =z 3
VSS

2, CE8301C Circuits:

VWA

LX ‘ +
VOuT 2z
VSS
i ._—
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“

3. CE8301B Circuits:

{__
+
r—u ZE + o
EXT vour zz
VSS
I, |

4. CE8301D Circuits:

5. CE8301E Circuits:

|
[
IN+

VSS

6. CE8301F Circuits:
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B Characteristics
1. CE8301A30P:

a. Vour vs. lour:

31

VOUT (V)
)
o)

o

. Efficiency  vs. lgur:

%

Efficiency :

50 100 150 200 250 300 350 400 450
IOUT (mA)
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VOUT (V)

. CEB8301A33P:

a. Vour vs. lour:

340 |
325 |
320
340 |[EEEEEE
3.05

0 100 200 300 400 500 - 600

b. Efficiency wvs. logur:
17
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3. CEB8301A50P:

a. Vour vs. loutr:

VOUT (V)
~
o)

0 50 100 150 200 250 300
IOUT (mAD

b. Efficiency vs. lour:

Efficiency : %

IOUT (mA)
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B Package information

e SOT-23
2.940.2
QAL E g
—- ~ 5
B —
% fi il . I' ‘_ - | o~0.1
' 1
0.4% | e o
0.155% 2
e SOT-89
: Symbols Dimensions in millimeters
- Min Nom Max
4 Wl S A 1.40 1.50 1.60
b 0.36 0.42 0.48
w| @ s /- : b1 7 0.41 0.47 0.53
b2 1.40 1.60 1.75
i C 0.38 0.40 0.43
| 2 D 4.40 4,50 4.60
bl
E N — 4.25
2 E1 2.40 2.50 2.60
e 1.40 1.50 1.60
i L 1.80 == —
] [ \ L1 = 0.40 -
| M 1 B
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e SOT-23-5

H
oo =
L C
—-Q_bh_
i
1 Al
[ a—
e
Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
A 0.889 1.295 0.035 0.051
Al 0.000 0.152 0.000 0.006
B 1.397 1.803 0.055 0.071
b 0.356 0.559 0.014 0.022
C 2.591 2.997 0.102 0.118
D 2692 3.099 0.1086 0.122
e 0.838 1.041 0.033 0.041
H 0.080 0.254 0.003 0.010
L 0.300 0.610 0.012 0.024
e SOT-89-5
D
A\DD ) §
S b
ST
N e
T NS . e “
I
B e e
A s |

STUENSIOS. % MILLTETERS

o SWBOLS NI T [

: A [1.40(1. 507,60
b 10.36[0 4210 48

= b1 10 41[0 4710"53
- - 1.40(1.60]1.75

L[] [ | [ C [0.38/0.40(0.43

D 4,.40(4.50]4.60

E 1 — [ — [4.25

E1 [2.40]2.50]2 60

e 1.40]1.50(1.60

L lo.80l — [ —
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‘ " life.augmented

L78

Positive voltage regulator ICs

TO-220 TO-220FP

DPAK D2PAK

Features
e  Outputcurrentup to 1.5 A
e  OQutput voltages of 5; 6; 8; 8.5; 9; 12: 15; 18;

24V

Thermal overload protection

Short circuit protection

Output transition SOA protection

2 % output voltage tolerance (A version)
Guaranteed in extended temperature range
(A version)

Datasheet - production data

Description

The L78 series of three-terminal positive
regulators is available in TO-220, TO-220FP,
D?PAK and DPAK packages and several fixed
output voltages, making it useful in a wide range
of applications.

These regulators can provide local on-card
regulation, eliminating the distribution problems
associated with single point regulation. Each type
embeds internal current limiting, thermal shut-
down and safe area protection, making it
essentially indestructible. If adequate heat
sinking is provided, they can deliver over 1 A
output current. Although designed primarily as
fixed voltage regulators, these devices can be
used with external components to obtain
adjustable voltage and currents.
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Diagram
Figure 1: Block diagram
M] SERIES Yo
O PASS O
ELEMENT
CURRENT SOA
GENERATOR PROTECTION D
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
THERMAL
PROTECTION
l GND
& < O

Cszzzm0

GAMGZ220820161000MT
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Pin configuration

Figure 2: Pin connections (top view)

[ ——— ouTPUT [ ———> QuTPUT
GND ‘O [—————3 GROUND O [————— GROUND
C—————— INPUT [ INPUT
csos710 CS05700
TO-220 TO-22FP
A
—— OUTPUT ——= BUIRUT
GND | GND ml
—— INPUT > INPUT
s} B €526530
D2PAK DPAK

GAMGZ220920161001MT

Figure 3: Schematic diagram

— @ & ¢ ——1 - OIN
[ﬁ-‘m R18 R8 R9 R13
Qa8 Qs D2

4 Q16
[ Q12 ‘\\
4“1:—‘ Q17
R21
Q15
R12
RS R17 R11
QouTt
R6 P
R20
R16
Qn
A | |r?
ng
Q3
R14
- S5-4958 b

GAMG220920161002MT
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Maximum ratings

Table 1: Absolute maximum ratings

Symbol Parameter Value Unit
. for Vo=5t0 18 V 35
Vi DC input voltage V
for Vo= 20, 24 V 40
lo Output current Internally limited
Po Power dissipation Internally limited
Tste Storage temperature range -65 to 150 °C
o for L78xxC, L78xxAC Oto 125
Tor Operating junction temperature range °C
for L78xxAB -40 to 125

Absolute maximum ratings are those values beyond which damage to the device
may occur. Functional operation under these condition is not implied.

Table 2: Thermal data

Symbol Parameter D*PAK | DPAK | TO-220 | TO-220FP | Unit
Rehac Thermal resistance junction-case 3 8 5 5 *CW
Rihua Thermal resistance junction-ambient 62.5 100 50 60 *CW

Figure 4: Application circuits

Vi o L78 o Vo

C, =0 %H == 7 Co=0.1uF

= 525220

GAMG220920161003MT




Test circuits

Figure 5: DC parameter

77

Vi o— L78 o Vo
C, =0.33uF Gy =0.1pE
A R €sS25220
Figure 6: Load regulation
Vio L78 —o Vo
R 270pF
— | |
0.33uF = | oy
o]
e =l L
h 100Q 30us
o O
=R, 525230
Figure 7: Ripple rejection
5.18
Vio . — L78 o Yo
- i
0.33uF
O— O
120Hz| 470uF o




@) diode led

SIDEWINDER™ 12V LED

+ Low to medium brightness

+ 16.4 ft. maximum run

*+ UL Listed & R/C SAM Manual
* Suitable for closet use

* 5-Year limited warranty

STANDARD HIGH DENSITY

4

P O o PN T O 0 e B PO

- 2in, (S0rmm) X

~ 1in. (25mm) X

—
X3 In, (8 3mm)

5. (16 5mm)

78

@ U Liade)
. B

& [#] €] i

LIGHT

Elmr s T s 0

SPECIFICATION SHEET

STANDARD

R e N I R
HIGH DENSITY

B e S e AN e T R S Qe T i e

SPECIFICATIONS

Input Voitage: 12VDC Constant Voltage
Powaet Consumption / ft.: 1.44W / 120mA(STD),
2.88W /240mA (HD)

LED Chip Type: Epistar 335 SMD Ghip

LED Chip Beam Angle: 120°

LED Chips / ft.: 18 (STD), 36 (HD)

Mounting: 3M™ 55280 Adhesive

Field Cuttable: ~ 2in. (8TDj, ~ 1 in. (HD}
Maximum Run':16.4 ft.

Connections *: 3 ft. Female DC plug on end.
3 ft. hard-wire lead opposing end. Leads: 20/2
AWG

tem#
DI-12V-0025 (87D 16.4 1)
we § B iy ’ o SRR
DH2vASTI o ) |
DI-12V-1570 (HD 16.4 it}

Dimmable: Yes

Ambient Temp *: -4 ~ 122°F (-20 - 50°C)
Operating Temp *: -4 - 176°F (-20 - B0°C)
Environment ® : indoor / dry location
Dimensions: 2x .1in. (W x H)

Gertifications: UL Listed 2108. UL 1598/ CSA
250.0-08, UL 8750. UL 879 / CAN/GSA-G22.2
no. 207-M89. E469769 (UL Listed), E489770
(SAMS Manual). Suitable for installation in a
clothes closet

Hote ¢ Each mesimum fun mouines & codcated power ieed 1o the o, DD ot axiend beyond the secomrangdad meodmum rn

fangtn,

Note * Vi Jeacs and 2oCcessanes Bonot raiad for In-wal nssallation uniess omenwine N, Atacied wWin seacs Bnd Connectons
ane fiei d-cutiable.

Hats* Do not ingtall product in an avironmen [ ou sl o 1N labed ardiont ierpemlre, BXooading 1o muimun ariient Iompratse

ey aamege LED Chips, racuce the 1otd lamo fife himen output. and/or Fpent color consistency.
Nate ¢ Operaliog 1000 i MERiSUrod SCconding 10 e minkmnurmand MsimLm a7 BT I iug orironTent,
Hate * s whaee LED 1o Oract sunoht s camege 1o 1he phosphor wil oocu

Nate ¢ Enisti 335 SMD Chip binning rangesc (3000K 70+ CF: 200031 00K), {300K 70+ CRE: $000- 7000KL

Hote " Lumen yiue measured I scconinoe jo 1ES LM-70-08, LED chins haws s kiminous I range win & loierants of 44 5%

Note® Acthuel efcecy velue is dapencent 10.8pea fied LED Giver (ower supailyh An stimated efcacy value has Hoen proviosd and
s folows: Luren value in 10 1ES LM-70-08) aivided by mverape power Consumpiion per

foot,

31t (914mm) 20/2 AWG UL 2464 Wire 3 ft.(814mm) 2072 AWG UL 2464 Wire

(<]

5 %7 J 19in. (5mm) Leads:

AS5in. e it

v [ ([ (e s S | o e
i

W .2in. H.1 W

(.'mm:a‘ E!!V:L\] ttem #: | Project: [l —I

SIDEWINDER™ LED TAPE LIGHT SERIES

TOF3 $5021115-2.2
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OTOMETRICS*

SIDEWINDER™ 3000K - SIDEWINDER™ HD 3000K SIDEWINDER™ HD 5000K

DI-12v-0025 DI-12¥-1571 - DI-12¥-1570
FOLAR CANDELA DISTRIBUTION GRAPH POLAR CANDELA DISTRIBUTION GRAPH | POLAR CANDELA DISTRIBUTION GRAPH
CROSS ¢
8 e i [ACROSS
(G5 T — ALONG i ! 45
15— | F 17 Sp——
ALONG e 1 1 1
3
)
p 40 an
(!
a0 & “
| |
| |
v A
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45 L] 12 » 28 o 4% 10 24 a2 548 61
55 3 fudis 1 o3 | 5 8§27 |50 -85 70
€5 204 z 35 3 85 & 729 |ss000 | T6
5 20 A4 28w e 75 &7 /70 |58\ g2l |
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0 o 13 27 37 40 0 Qa 2 Ex 71 8
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* Photometric data complies with LM-79-08, ANS| GB2.77-02.

SWITCHES, CONTROLS, LED DRIVERS. & SYSTEM DIAGRAMS \

We offer a variety of switches, controls, and LED drivers fpower supplies) 10 address all common dight instaliations. For additional information,
please see the additional component sections of our website or catalog. See the 'Solid Color Tape Light Installation Guide' for system diagrams and
installation instructions, For additional questions and concerns please contact technical support,

SIDEWINDER™ LED TAPE LIGHT SERIES 20F3 §5021115-22




ADDITIONAL RESOURCES

Visit the on line product page at www.DiodeLED.com for additional resources including:

+ SOLID COLOR LED TAPE LIGHT Installation Guide
For system diagrams and full installation instructions.
+ Voltage Drop Charts
Use to specify appropriate wire gauge for installation. Available at the ‘Tools & Resources’ page at www.DiodeLED.com.

SAFETY & DISCLOSURES

Install in accordance with the National Electric Code and local regulations.

This product is intended to be installed and serviced by a qualified, licensed electrician.

This product requires a compatible LED driver for proper configuration. Do not connect directly to high voltage 120-277V AC power.

The UL Listing of this product requires the fixture to ba powerad with a compatible Glass 2 DC constant voltage LED driver {power Supply).

It is generally recommended to load the driver no more than 80% the labeled rating for maximum performance and longevity. However, see each
driver specification sheet for exact minimum and maximum loading values.

Do not install product in an environment outside the listed ambient temperature. Exceeding the maximum ambient temperature may damage LED
chips, reduce the total lamp life. lumen output, and/or adversely impact color consistency.

Operating temperature is measured according to the minimum and maximum ambient temperature envircnment.

Do not install in environment where LED chips are exposed to direct sunlight as damage to the phospheor will occur,

Do not power tape light on the plastic spool or when tightly coiled. Excess heat may meit the spool and/or cause damage to the product.

Each maximum run requires a dedicated power feed from the driver. Do not extend beyond the recommended maximum run length

Ensure applicable wire is installed between driver, fixture, and any controls in-between. When choosing wire, factor in voltage drop, amperage
rating, and type (in-wall rated, wet location rated, etc.). Inadequate wire installation could overheat wires, and cause fire.

Attached wire leads or wire accessories are not rated for in-wall installation unless otherwise noted.

‘Voltage drop’ is a gradual decrease in voltage along a conductor through which cument is flowing, When specifying an LED system, ensure to
calculate voltage drop appropriately. Voltage drop calculators will suggest the proper gauge wire and distance 1o install the driver from the fixture
To mest maximum performance. the beginning of the tape light should ba receiving no less than 3% of input power rating

Tape light must be handled with care. Excessive handling, bending, and pressure may damage the product, voiding the warranty.

Tape light, attached wire leads, and additional extension cables, connectors, eic., are not rated for in-wall installation unless otherwise noted.

All fixture accessories including CLICKTIGHT™ connactors, DG connections, etc. bave a Class 2 amperage rating unléss otherwise noted (BOW/5A
@ 12V DC: 100W/4.17A @ 24V DC).

Ensure wire leads at oppesing ends of the tape light are not crossed when the fixture is turned on. It is acceptable to modify the length or cut off
the attached wire leads and DC connections in the field.

Actual color may vary from what is pictured on this sheet and other print materials due to the limitations of photographic processes.

Lighting techndiogy has some amount of gradual fight degradation (output and/or color) over the lifespan of the products. Diode LED products are
designed to minimize degradation, but some light degradation and color shift is a normal part of the life span of any LED lighting system.

+ We reserve the right to modify and improve the design of our fixtures without prior notice. We cannot guarantee to match existing installed fixtures
for subsequent orders or replacements in regards to product appearance, CCT, or lumen output.

WARRANTY INFORMATION

e e b . R

. .

.

.

Limited Warranty

This LED fixture has a five (5) year limited warranty from the date of shipment. This warranty does not include the additional accessorias referenced
in this specification sheet. Complete warranty details for fixtures and additional accessories are available at www. DiodeLED .com under the Tools &
Resources’ tab. For warranty related questions, please contact customer serice,

Consumer’s Acknowledgment
Diode LED stands behind its products when they are used properly and according 10 our specifications. By purchasing our products. the purchaser
agrees and acknowledges that lighting design, iguration and ins ion is a plex process, wherein seemingly minor factors or changes in

layout and infield adjustments can have a significant impact on an entire system. Ghoosing the right components is essential. Diode LED is able to
work with the original purchaser to make an appropriate product selection 1o the extent of the limited information that the customer can provide, but
it is virtually impossible for Diode LED to design a system that foresees every unknown factor. For this reason, this Warmanty does not cover problems
caused by improper design, configuration or installation issues. Any statement from a Diode LED employee or agent regarding a customer's bill of
goods andfer purchase order is NOT an acknowledgment that the products purchased are designed and configured correctly. The purchaser agrees
and acknowledges that it is the customar's responsibility 10 adhere strictly to all information contained in tha Product Specification Sheets.

There is often more than one way to design, confiqure and layout an LED lighting application propery 16 achieve the same lighting effect. Diode LED
strongly recommends that licensed professionals be used in the desian and installation of lighting systems that include Diode LED products. The
spedifications includaimportant information that a designer and installer should carefully review and strictly follow. Qualified designers and certified
and/or licensed installers. with access to the final installation environment, customer goals, and Diode LED product specifications can make the
requisite decisions appropriate for a successful finished lighting application,

- £l
@ dlode led Toll Free: 877.817.6028 Fax§ 415,582, 1696 | wywiDlodelED. com | info@Diodel £D.com
2014 ElementaliLED. Inc. dba Diode LED, Ail rights reserved, Speciiications are subject to change without notice.

SIDEWINDER™ LED TAPE LIGHT SERIES J0F3 $5021115-2.2
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