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Abstract

Thermoelectric generators (TEGs) can harvest thermal energy producing
electrical power from a temperature gradient. They are often employed in dynamic
thermal environments; therefore, it is important to quickly and precisely track the best
operating point to maximize the power production. In this study, two Maximum Power
Point Tracking (MPPT) algorithms known as the perturb and observe (P&O) algorithm
and Incremental conductance (INC) are investigated. The TEG power source is
connected to a DC to DC power boost converter with Arduino sensor, which is used
both to compute the MPPT algorithm and to control the charging of a lead-acid
battery. Experimental results are presented, which demonstrate that P&0O and INC
methods more power than direct charge technique, where the output power of P&O
and INC methods are higher than that of direct charge by 6.5 W at the hot temperature
of 250 °C.

Keywords: Boost Converter, Maximum Power Point Tracking, Thermoelectric
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3NEESUN 2.1 FapduuseansundanudunusiukssnulninLasAuLaneg

Y

VBIRUUNAAIAUNS

a
WBLUBLANY

Voe = SynAT (2.1)
oy V. Ao U5990Un995 (V)
Spn A8 ANUUANFYDIENUTEANSTLUNTENING n AU p (VK?)

AT fo ANULANA9YeIngi (K)

2.1.2 Usmngmsaliwaiiies [5]

Ul 2.2 Usngmsalimaiiies (4]

Usngnisalfeunduvesusingnisal@iun fe Usingnisalmaiiies uasgnaunulag

Fu waies 91n3UN 2.2 Bsdunadudieliusaduliihateueniieusefugitiinssuassiva

Y
o

NUVEIIELTIAU YIlauniuineuSaulazdnauAnAuLEY fetunsewandssiuly

LY

o A < [ ¥ = [y 1y I 1 v a P
1zl dundanuaIusau Farnudunusseninannusouilasuniasiunay

nszwalnirazduluauaunis
Q =Tl (2.2)

e Qe anudeuiiudasly /s, W)



Il Ao duUszansinatiies (V)
i A9 nszualud (A)

2.1.3 Usmngnisainondiu [6]

Usingnisaltigndunulee Jaden veudu Wudsingmsaliiadwdedianuiou

Y

44' A a aa a o a o o = = o = o
LAABDUNINAUILIUNUDURNUE IUEJQQQJWQNWWEU@Q'JﬁﬂLLa%NﬂWi@ﬂﬂau@ﬁqﬁJiﬂu%ﬂm

9 Y Y

ANMUFUNUSAIAUNS

Q = B,AT (2.3)

e B, A duusz@vdneudu (VK

2.1.4 ANUFUNUSVRINDUFY

% ‘d

nondulafAunuinusingnisains 3 dnuduiusiulaenss duuszansdiunuas

a

FuUsEANS ALY TAINUFUNUSANUANNIT

IM=ST (2.4)
v o 1Y) a a a6 a a o
WLILIWJ’]@JiE]u‘VIL‘UaﬁluLL‘UaW@ﬂL‘WﬁL‘I/lEJiﬁ’]ll’]’iﬂL?JEJUIUEU‘UEN%LUﬂNﬁ&Jﬂ’]i
Q =1Ii = STi (2.5)

yananddudeuduysesaninaudusmemnudusiusiudulseansaunlondy

B, =T— (2.6)

o T s gaumgiiduysal (K)

TAgAMUAUNUSVDIMBNAUAIUTAN N UM gFUUSEANTTUNLazdUUSEA NS oudY

lushvinanTanyiamediiv (2]



2.1.5 maﬁualﬁnvﬁniuﬂa (Thermoelectric module)

JUN 2.3 wesludianvnwadideuseiunigluluga

a & a 2 a a s o =% o o a [ a A 1w Y
LV]EJ%I?,JE]Laﬂ‘ﬂiﬂLUuﬁﬂUﬁ%ﬂUﬁV]uqL@Wﬁﬁiﬂﬂmﬁuﬁ%umL@uLLﬁ%%umWN’]L%@MW@ﬂUW’JS

a

Tlavgund uazihwanudeseaiuwuuaunsuviovuuiy e itAnaaaudanalid

Ao1n13 lnsusaziuveunesludidnvintugavziiviugsfinifaudAduauiufinegiiie

1Y

Jestunisaniasvedluga Welinislindanuanuseuiisnunilaveavesiudiannin s

a

Trwnzdeifedianasauiuleatinnisiedounl vinlinssualuihlnaniudlangludilnanss

a

UN 2.3

2.1.6 M3 LUBEANVISNLAULLDLSINDS

1%

Tugu? 2.4 Juszuumesludidnniniauiuaisimasiiugiu Jaszuvasdsenouse
AusuanuSeunurasilinaueu (Auuw) wesludianvinluga dussuieauseu
(Aua9) wazdrugarnefelvan wesludidnninuuasnesidunieawlasiundsnuly

< a o a a 4 ¥ - a v
sUrade iinnmsdenneslusidnninuliniuseu wisldlunisudandanulndiign
Was9uANTaUNmAonTatAuInATIgIUTuan LA o 1wy Tusasud Tupaseu Tu

Tsaugmamnssy usiu

[

AnduauTou

SEUNYAINUTOU Tvan

JUN 2.4 wesludianvsniauiueismes



2.1.7 YszansSatwvaanasludidannsn [7]

' a a [y a & a A [ 1% I (%)
mﬂssawﬁmwmama@maﬁmaLaﬂmﬂiumsmaauLLUaawamumwmauwuwaqmu

i Sendn ZT wle Figure of merit Fuluilsdduduuseansnisdwinulugumiluasaunis

2 2
S°T S°T
ZT = = 2.7
pk — p(kp+ke) 2.0

p A annsnumuliihvesian (ms?)

k A9 AN wEn1sEIANNSauavua (Wm iK™

= U ]

k, A9 A19LNNEN1THIANNSEUTRINITE (WmTK?)

= 1 o

. D AT NINEATIIANNSaUNTWT (Wm K™

k
T Ao gaunafifiganduvesnesludidnnin (K)

1 = a

Inefaniiian ZT Nagwselussansningany deslnnaudd 3 Ussms laun

Y
=

1. mudeuvesiagmesiudianvindasaaimieduwinusegluihliunnian fe

q

a ‘d

AosllAduUsEaNSTLUA (Seebeck coefficient) g
2. Jagueasludiannindaaudruniuliirdmseidudiiliiing fuuidu
nszudlwihasiasunduiduanuiouldlulieTantl vhlvamdonszualih

Y a & a v & o o % aAvora A cs' o
3. Jaguesludidnnindendudninnuseunlid Wesnlnueulziafeuninge
deiunnuseuamuiuiirniweosss gl Fudunaviliss@vsnmvedunes

Tuddnvsnanas

a < = 4
2.1.8 Nf\]sauga%aamaﬁuaLanmmamuat'smai

\ &

TEM

JUN 2.5 19sauyavednasiudianysniauelsnes



1%

299585 TUBIaNNINLILLLOLSLABSTUAINNTN 0T U B8 TANY TR BN ITY T

Usgnaumeuvasiidaussiulwih tiweusetudimuniuiuvsynsuagui 2.5

\ 4

TEM

JUN 2.6 wesludianvisniauualswesiteusolnanuuanle

s laussiulnihazduegivanmginuansisiuvesiuieunasiuiuves

wasludianysn Werhngussiulvihveumesvenunldiuiinsdsgun 2.6 agladuauns

Voc = LiRine + iR, = I; - (Rint + R) (2.8)

Faazlemnuduniunmeluveanasludidnnsn

R = Voc _
int Il L
waznszuanlvanuluiasasivuslmdy
VOC
[ = —2—
(Rint+RL)

[

Py Y Al P o
Wolanszuaninalulaasannaunisi 2.10 1$51a1u15aMIAINAIS

P, =V.I; = R,I?

[

° a = v I3
LLagﬂ']aleéjiyJLaEJ‘\]']ﬂﬂ'J’]ﬂJGﬂUV]']Uﬂ']EJELuf\]gLﬂu

(2.9)

(2.10)

'
al

gy delulvanlalag

(2.11)
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Pint = Veineli = RintIiZ (2.12)

2.2 3aaglaunaegedn (Maximum power point)
lumudmnssuluimguunmsagloundenugegn dnshiddewdnielld
nawugeananurasnila i @adianuduniunigludmis anudiuniuvedduan

gFpaiiuANuimuMuvesmasLia i wdwaliinnisaneleundsnuasanualila

fUsgansnngegn tneeasdenlaesuiensintenely

2.2.1 ngugmsanelaundegegn
Wolsanunainuveslua lngldnguiunvaunitu (Thevenin’s Theorem)
WaA1ANUATUNIURDlian Ao R, ANATUNILUDILEIRD Re kazlsiuliiivesiasing
Tl Ao Vs anansamnszualuinlusasillalagldnguedleviu (Ohm’s Law) [8]
Vs

[ = Ro+E. (2.13)

wsssulnidwluan (V) mlalagldngnisuuanssaulngi

R
v, = V,—=% (2.14)
RL+RS
anansamnasnunnszanelUluluan P lanedl
_ 2 R
PL= Vot (2.15)
aunsaauluallondusadl
VZ
P, == > (2.16)
R—Z+2RS+RL
Lﬁaﬁﬂﬁﬂw%qqqmﬁiwamﬁﬁmqqm A5V ANAUAUNIULAA AR IANNISA 2.17
opP
—L=0 (2.17)
R,

nuuIElaaunTvdlusureanasInve Ui UM UAA UANAUNIUYBIUIEIN LR

InANA1a9@0IRIaNnT1sA 2.18
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(RL + RS)Z = ZRL(RL + RS) (218)

\ladngUrasaun1sh 2.18 aglansaunisi 2.19

R2

P 1 (2.19)

PINYINNSEBT AU TUBIANUANUNNUIABA N AIEDILAL D DATINIEDIV L NUINATAIY
funulianililinasgean fie mnumuniulyaawinduauiunueeaLraiiia i

FILPLARIAIFUNITN 2.20

R, = R, (2.20)

31n3UN 2.7 Reulvvasnisateloundsnugegalalanayinliussdnsannlead
Angsan WewsmwunUsgansam WWudnsdremdnunnszasludivandendsanusiy

Ypaunasnuialniwazlnan
_ Ry

(2.21)

n3flusn Walln1saemmdegeanidnlng 100% Uszanganasiiaiiies 50% Asaunisi

222
P, =Ps; n=0.5 (2.22)

Al v v Yy o ¢ v ) ) I o a a
NTANEDY ANUAIUNIUINAATININABRUA WIINSEAUNTIUINNLraIn DA lnAazdien

IndlAesiuaud Ussansnmuasssuudadandilng 100% feaunisi 2.23
PL=ocouaP,=0;n=1 (2.23)

nsdifiany dausumuvesuvasiudaliiindlndaud silruszansamidandu 0% i
Aarwdiuulnanlndaus lunsdndmdsnuiamunargninanldnigluuas dudalai
(onvFuwvasiudalsifiarudiun dfuidslihiianisdaasasdugud daunsi
2.24

P,=0;7=0 (2.24)
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n& (P,/F)
1.0

0.8 / /><

0.6
0.4 /
0.2

0.0

R./Rs

0 1 2 3 4 5

JUN 2.7 nemluaninuszansnmuesnisingleumdsgegauazdnndiumdsinihlvanse

v

WAAINLLANUDATIEIUAMUAUNIUL AR A DLUAIN LR

2.2.2 wmallan1saelaunfegegn
Junszvaunsdwmsunisansloumdgsgaainumasniliandanule o lugddvan
nsangloumasgeanvsiinduideilonnuiunuvesinanlndifesiuaaudunuves
o A % & = SEPN v Yo
unasindandeuiy q (R, = Ry 30 R) mMsfiiinanudiuniuniglnanlndiuaiiu

AUVNUYDIATINGINUTY 138071 AUAUNIUIARU (impedance matching)

nsELka byl

A

<

[

> dp4ns

a Yo o a i o w
glhﬂ 2.8 ﬂﬂlwﬂqaﬂqx‘iﬁﬂmqmmq‘@ﬁﬂ']iﬂ']EJIEJUﬂ']aQE‘j\T?j@I

lunsdesmrdeanunaandanudnazgnldiieliudladnidiuva sndeanuliag

awusadrglouludlvanlauiniian Aren1sWauIJULUUYB93993TIUTIN5AT9



13

TUsunsumUAIasUasiunTEuanss ieliindseansnmnisaneleunias

3neasanyamieuselnan n1sUszanaanunduludaumnes lunsd

' [
AN v v Y

wsaulnihnwunneasiain deiudinsvualnidiuluisasifassdanaliidilvan

a0 ¥

M3OUUMADIUUTAIEININAIY wazaINTUN 2.8 azifiuinsslanuduiusseninansvud

@IWINATU Duty cycle vasdyaiatuaing lagainuannisaneleuniasgeagn Duty cycle 9

e aNagy lkUAWMEIIL AN TARINGINUINUMAT LR AR MAsgIEn

2.2.3 BN vnaaniglaunnaegesn

Tunismgaduleudidsgeanduiinateisinousazidasiaiuuandily
nszvIuMTIeTziielldgadnslouidgean 4935ldsuanudaldlunumiowunne’
mnvialalandn wedludidnnsn uarluamudu  léun

1. WigAaueh (Incremental Conductance, INC) [9][10]

wadiadfinnsananauduresnsmgudnuursenitshadliihuasussiuses
sruunsniusesitadlniigeanveanaila INC auisavinlalagnisidTeufisuan
Conductance mmxﬁ?m (VW) fuA1 Conductance fitUAsuulas (AI/AV ) 910ndnns
Wasuwdasuswiuveamaia INC Msvhauvesszuvazgnasalivihaufigandsliiigean
Wity nMaUAsunUaswesnszua (al) denssuainmadsuuladnefiussiuasd (Av = 0)
spuvagnduamnyadslnihgsaalvaisnads

2. sunuLazdanm (Perturb Observe, PRO) [11]

wmadia PO axifunisuiuaussfuresszuuldlufientafiddeluidiiudy
naeanalumunmnudnuuzilofaidslningian (gaoen) Aussiudinaudeuutag
ognasAnaIuazinitegsaugamdslniiigsgatiuies ndnnsidsuulasussiuveanaia
PO agifiuindminddalniniinlffidranasluannifin ssvuazvasuiianienis
Wasuudasussiululufinnssfuto deifieldahasininiutu Weswnnszuaunisd
aggniigludnan aulufigaaridslaivosssuuazunisegseuaaidlniingeands
anansnanansuniEldlnensanAusuiiEsunas (AV) sgslsfimumsanaiussiu

1%

WasuuUasazdanaliinisgiingaamasliiigeandias uuamsmsuidgyminilsiazdanis
futlmilffevlsdfivuinves AV MAsuutadld Tagliian AV desauien Weidlndqe
iaalnifnasan
3. 9RIIEULIIPUTA995 (Fractional Open Circuit Voltage, FOCV)
wadiadldeuduiuszninsiuseduiigaidsinigeaauazaussiudanms

95T UULIARBEIDINASFIAUNTTN (2.25)
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Mpp = Voc ky (2.25)

il k, Aermsiidsiuayfunndnumrrongadndany

M1 ky 9zgnduaanmsdanamdndiuszninaussiuiigaiasliiihgaan iy
ALSIAULTA9TAINATNAFDULTAANE I

4. WMALADRIIEIUNTZUEAA99T (Fractional Short-Circuit Current)

wadailndrenufumainsnsidrunsadulaneasualdanuduiudsesniig

ANTELanniaalnlinaaniuAINsERainI99TVRITEUUAIANN1SH (2.26)

MPP ~ ISC kz (226)
18 k, A9 A1ASTIBAUUDYIUAMEN YULYDUIAINAIIY
A1k, YNAIUIINATAUNAANEREIUTENI AL TIRUNIAMa L geaaiu
ALTIAULTUAIATIINNTYAFDULAANS U
5. mAllABUY 19U mATiA improved perturbation & observation [12] tnAtia

climbing law [13] Wag WALA state space averaging method [14] Dudu

ia & a do o
23 qﬂﬂimmaﬂmauﬂamm
Tuhdeilaznanisgunsalfldiuiudiannsetindmdlaeazuans auaudivay

n1591191usmNmann1sUssendiielganu laun Diode, BJT, MOSFET, IGBT 53u%4013

[y

= & o Ql'
A9 FUUUNITATUIUN

o 1 (Y] a

AuumAidsgade (Power loss) vesgunsal Biannseindrin

drdglunisidengunsniainds

o
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2.3.1 lalan (Diode)

Current Current

Breakdown voltage

s \oltage

N

Voltage

-0 Forward voltage

JUN 2.9 nsmuaninuaudivesialonlugaunivaznsmianinuauiivedialonass

SUT 2.9 uansdeydnwalveslalen Walalenatinszua (forward bias) wseiunn

°

1 a0
AsauazilAndn Wszana 1 Thadk) Tunmenssiudaileiinludandunseuaasivanula oy

=B

un Wszana 1 lulasuent)) 915Ul 2.9 (Fuwa) ileludandy (Reverse Voltage) firngs

WAULSIAUNINaty (Reverse Blocking region) agvinlilalenwsuazazuinssiang19uin

a

sUnvvesauyfinbiuseduludanss (forward bias voltage) lugalaloainduauduas

9

AvualrludiuTinussnuianans vagnlalonfidiasngan1sinay nsekantnadadaAiuin

<

eilandumud LmlﬂiamvmaamiﬂivLLaaUmqmul,waiﬁlﬂiaﬂmmmwammmulﬂ el

I A

VLU ﬁuﬂﬁ%LLﬁVIiﬁaﬂgLUU@U%?@&Iﬂﬁ%LL’dSE’JUﬂaU (Reverse Current) LLaSSU’NL’Ja’WlﬂﬁﬁLLﬂ

LY & {

Houndu Aeraniiusfioundu (Reverse-recovery time; t,) voslalontuies Inglusu
YeeaInTIty Yranarinssuadiatesun wWesuiuaunanluniseing deaunsaan
ﬁwé’qqﬁyLﬁamﬂlﬂiamiﬁﬁmﬁaa i

Useinnuad Diode Aiddnyléun

1) Schottky Diode fiflusansssin (0.3 Toad) 1oiulnussdius (50 ~100 Toas)

2) Fast-Recovery Diode aanuuunildiuiansadnds stflﬂ%’muﬁ’ummﬁgmas
fienanitusdeundumiduuludund

3) Line-frequency diode ﬁﬂ'wLamﬁyuéhé’fauﬂé’uqﬁﬂﬂummﬁﬁﬁ (50 L830%) s

gnT1vRINTEUALATLITIRY gaunn lnedydnualvedlalenliuanadagui 2.10
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Anode —[>|— Cathode 4I>-|;

I
v

a. 1vadlalen c. Zener diode

1t F

b. Diode d. Schottky diode

(%

gﬂﬁ 2.10 dydnwaivelalonuiingng

2.3.2 BJT (Bipolar Junction Transistor)

A19MIINTVEY (hee) VBIMRS BIT 8E521iNe 5-10 Feflansuazilodoenisvileg
mé’mﬂmimmaqaﬁu fausiowuy Darlington %38 Triple Darlington Inefirndnsinisvene
qqs??ummmmmﬁwﬁmwmwmEJGUEN BJT upazfanauandly gﬂﬁ 1-6 N3k BIT Juaind
svdostounseuaivaliuinaudus (Saturated) iienefiardulvanla warazdoatlounssua
pRBAANTITIY BIT Smussduiiorhauusyana 0.1-0.2 1as
ic

—igs,

On

ig4

—ig3

Off

ig1

[
1 i B = 0 "

CE Vpp
UCE(sat) 0 CE

(a) Symbol (b) i-v characteristic ¢) Idealized

g“d‘ﬁ 2.11 BJT (a) symbol, (b) i-v characteristic, (c) idealized characteristics
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(a) Darlington (b) Triple Darlington

5UN 2.12 M3LfiuA19n51N159818989 Power BJT

2.3.3 MOSFET (Metal-Oxide-Semiconductor-Field Effect Transistor)

'
=

JUN 2.13 wansdydnuwalves MOSFET AM3vauvad MOSFET 9eldusanusening
WM (Gate; G) nuwed (Source; S) Lﬁ@lﬂmUﬂumm&’mmuiwdwLmsuﬁueziaaiﬁﬁﬁﬁamaa (
Roson WU 1-100 fiadlevia) wazsilvnszualnariulul MOSFET Srmaiushdoundu
ogUszanal 10-100 wilvidundl dsfiednduanusgeanluussmgunsalaindenilutiagdu

AIAMUAIUNIUTENINV AR UgeaEdAaInyi AR sneenkuUeaTiuladle wee

Usgfiegseniranatuveaiidulymdmiunistuluanudgadsasseddidgdu

}
50‘ D ip
vgs =7V
+
oo 6V On
G On
E - 5V
Yes O:f av \ Oft
8 0 4 —- Upe 0 Yps
(a) Symbol (b) i-v characteristic ¢) Idealized

gﬂﬁ 2.13 MOSFET (a) symbol, (b) I-V characteristic, (c) idealized characteristics

= o

1199970 MOSFET HA1a10UA180UNa UNAUNININIARIAISIdULAE AT LLel

y v

Weoanlassainnglunazauaudivesianuesaisiwindivinly MOSFET ddulugldle

o

Tugae 1000 Thad 100 weut MOSFET wandneiu BIT asefivnasuiuseaanunsasesdy
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v A ' 9 Y P '
ANUMUNIUNUABUATLAALL TR UV NNARUZRARNTUT 2.14 191801506 YUINYIVEN
MOSFET wiawfiunszudla insasuivgeaaunsatenluniudiumiy ladueausinime
YUNANULAYUIUAUNAIEAILY I IIAINTINVDIVUNAN UL OHE T UINA A9V (Drive

circuit) #99918NSLWAUINTU VDLANFN9DNDE19NTITEII19 MOSFET AU BJT Am MOSFET

[
=~ =

wLBNTNVY18AALL 09NN NG UTN T WTNAY BIT 9ailiosinlil MOSFET fanuieiies

MeAUgMQININAI BIT

|

| D |l D

' G

: G :> O—wn Hm
| S S

|

JUT 2.14 Yuasugoares MOSFET anansateaduninusiiuniy

2.3.4 IGBT (Insulated Gate Bipolar Transistors)

) =

JUN 2.15 uansdrydnuwalves IGBT aildydnwalaaieiu MOSFET fiu BJT sauriu

[

lngfvng Idyanvaladie MOSFET imsiziiA1aua1une (Gate Impedance) g4 (10 1
nzlevin) widau MOSFET wagiidyaneal Aaty BJT Nasuivgansizilasiasiendie
BJT uazdAussnunagoaisuyineu (Vegon) A1 (0.2 Toad) willow BJT waz IGBT duulyiu

winlunu adndansziinuaudanaves MOSFET wag BJT siufiueg

Fully
I: GN |
d Active Vo
.' Hegion (Ving)
— Fully
e — =TT T OFF
Ves

gﬂﬁ 2.15 IGBT (a) symbol, (b) -V characteristic
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2.4 139s5uUasniulnftnszanse (DC-DC converter)

2.4.1 299s5uiasRulnAInsTuanse

9swlasiunansuuuaiunsaldlunisliidsgegnainmesludianvsnleigu 1993
LWUBIRUNTZUEATILUUNDUTEAU 1WATUUAIRUNTTUEATIUUNUIZAU Waz29asiiainy
NSTUANSILUUMBULATNUSERY witliosonnumasiudandsmilusudded [Humeludidnn
SnuuaLsmesiadaus sl lddnIusssuLunee? esanuuamesildduiiussu
89 12 1aadt usmesludidnvinanusondaussldlwilfifies 4 Taad Feduiioliusey
ansandoulufuunnedld ussfuvesundsinedesgainiusiuresuvanivlseg Faiu
Fudenldaasudasiulnfiinssuanssuuunusziu (Boost Converter) tlausunsssuluinle

gannmelianunsauseguunnesta

é R, | L D

5 W -———— T l

': '—I‘) : f
TEG | P : |

: S Q—=|v

: : * I S ° A

| —

JUT 2.16 wiesludidnninfiseiuiasnusgsiu

2.4.2 waNN159UYRRsHUasiuliinsEuansIwUUNUSEAU

20959058 1Hunsasilddmiumsuvasussfuliiimeiiuedws (Output) 19l
Anniussiumsiudunm (nput) Aeuriunlulsesuiesondnegrmiaineasmy
52U (Step-up Converter) 29asuiasduluinnszuansinvunuszavagly MOSFET %39
IGBT faguil 2.8 whilumuaindlasdsmznieuilunisaindazgnaiuauainiaesdy
NN3UT 2.8 isanansafinsannsiauvenaswasiuliinssuansauunusedu Tuus

azluug (Mode) N15YNNUAIUNISUA-LUR9a7Rg lanad
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E Rint E i VL
5 AMN-—4 LI ——
| — ol

TEG | Cl== v, | ! C =|v
| E ' ‘ﬂq °
i =

JUN 2.17 2995A0YAY0INITNUTEAUVEATIngUA (Switch On)

lyun 1 eUaadnd (Mode 1 Switch On) fiegu#n 9. n1sviraululvunilreisas
wlastiulninszhansauunuseauaziiulain Weaindua (Switch On) wasaulndiain
wnaedny (V) agdnglilvazavegludnnieadiliia (L) luszeziiannaindUneglng

wsssulnndunienieiawiiuwsiulni iuaadnenungussiiuresaasven

Ve+v,=0 (2.27)
Vs =vp L% (2.28)
VS diL
—=— 2.29
L dt 229

Weadndunnsewa AN dt = DT AnseuaUasukladnai

iy o = 2520 (2.30)

e D Ao Duty cycle
T Ao AUAUNISYINUTRIEING

(Y

. = c{' c{' 1 £ c{' o a 6 o
dijon A0 8n5INsasuLUasnszianinaiudnienhvuzainduinssia

e 2 Waaind (Mode 2 Switch Off) Asgui 2.10 nsvinululnuatingeanului
PNUVELInY waznasuliihnazauegludimvieniaggndsnlvdalvan Inewdeaulnii

Plasuanswmideriiinainnsaendsnulninvesiiwtenin vasanilaasaunasauln
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Tuganaiviaululunuaadndidasazainnisiluantasundsnulndinrastenasnig

AIENEIUVRIFNUTEHee denasansanulninnieniuedng (Output) IAgeNT

wsssulnimIsiudune (Input)

TEG | c1% Vol C=|v

JUN 2.18 Uaneeasauyaduaeasvaaindidn (Switch Off)

A1NNI5YI9U92995919 2 Tnuadvinlmdiuladainieasudassiuluiinssuansuuy

U a 1 v} YY) 1 = 2 a 1 d' a &'\
nuszAvaziin1sTendsnuliinlviduluanegnasaianfaudinasiivisdiunainglule
AN BaranAMLFUNuSYRIN1TINuTenRskUasiu i nssLan s uUNUTESU

714 2 Tnuadisiaunsamauwsssulnitvieenlaannaunis

—Vs+v, +V,=0 (2.31)

v, =V, =V, (2.32)
dip,

=] — 2.33

%) dt (2.33)
Vs—Vo dij

L =dt (2.34)

Weainduinszud A1 dt = (1 — D)T anszuailasuuUatanasiuuni

dipofr = (VS_V"z(l_D )T (2.35)

d' . A (% c{' d' 1 o N o a 6 1 o N
kB dl’L,Off AB @G]i'?ﬂ’]ﬁL‘UaEJ‘LlLL‘lJENﬂiSLLE“I‘I/II‘VI@N']‘LHF]’JL%uUUuqaﬂmzﬁ’J@%luuqﬂiSLLE‘WI

an1zAwNTasuLaaInTELan vanuimle nhiawiiumug



diL,on + diL,Off = O

22

(2.36)

(2.37)

(2.38)

NAUNIT 2.38 @10150U L UMONIIVN8LTIAUTENINLTIAUY WU UBSIAUVIDDN TI9L

WinIusssureanduiunisusua D (Duty Cycle) nganansamlaainaunis 2.39

tOTl

ttol

Wo  t,, Ao natunsilaaing (s)

tior AD ATUIAININALA (5)

2.5 lulasaaulnsiaas

4. Reset

5. ICSP

10. MCU: Atmegal6U2

(2.39)

8. Power Port

7.1/0 Port

| 9. Power Jack

Uil 2.19 vefn Arduino R3
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Arduino %3e azaglu Wuvesalulasaoulnsiaesnszga AVR ATN1SARLILUY

Wawetayaniniy Hardware Uag Software f7 uasa Arduino gneenwuuunlviiyaLeu

q

1Y

laun 1.) drgsion1siaun ddwuuardaiugiu lddudou 2.) Community nguAuisuiu
Wawwdeuss 3.) Open Hardware viliildanunsathvesalusesanldiulivaraausinn
laluns Cross Platform anansasmunlusunsuuu 0S laAls Ingludiulssnesuresuosnos

aeli (uea 915 3) duldgnuansdagui 2.19

2.5.1 TuMUNUFIUYRIN5AEUTUTUNTUUY Arduino AR
WeulUSNSUUUABURLADS H1UN19LUTHNTY Arduino IDE #1a191n7deulan

TUsunsuiseusesudd Wgldaudensuuesa Arduino Nlduagnuneiay Com port

a_FiIe Edit Sketch [Took] Help

Huto Format
Archive Sketch
Fix Encoding & Reload

Auto Format Ctrl+T
Archive Sketch

skeleh_octi7a

sketch_octi 7a

Sblontor oSt ——— Pl oig B fdnad
8] Ao e Serial Monitor Ctrbe ShifteM

Board Y Arduino Duemilanove w/ ATmegz38
el Pt ¥ Anduino Diecimilaor Duemancve f ATmegal68 Board b
5 Arduino Nano w/ ATmegad28 Serial Port D; v (oM
Togrammer b N et
Bum Boctlosder Arduino Nano w/ ATmegaldé S ;

Aring ega 261 or Mega ADK E

i Mg (ATmegel ) Burn Bootloader

UM 2.20 \Fonguuain Arduino M19e3ns upload uay lenvidnglay Comport Yauasn

= [e————
& Blink | Arduino 103 S=Stofl x|

File E Sketch Tools Help

2D Blink | Arduino 1L0.3 NE=S o
[fic eon spech Toots bep
8uni

I
Blink

give it a name:
int led = 13;

oid setw() (

Mode (led, OUTEUT) :

the loop routine rur
woid loop () { -
«

Arduino Mega 2560 of Mega ADK on COM33

A i . A Y ) Y
U5 nata Verify LpaTagoUADNAD 7U#6 Upload Taallsunsn

uaz Compile Ifaldsunyy

UM 2.21 nsnsiadeuaUgnAaadulnanlanlusLnTy


http://en.wikipedia.org/wiki/Arduino
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nady Verify Lilensideuainugnaasias Compile taalusinsy a1ntiunadu Upload 1an

TUswnsulugauasm Arduino H1u@1e USB 1iadulnansgusaghat 8handvaninuay

a

419819 Done uploading kaguasnagisuynaumuiideulusunsulilaiug

o
2.6 wuAMB3 (Battery)
wusaesluiunuuseuianis vinnhiduwnasiniundanuvsedsegliinign
Auliluguuuunmaadl wazganunsadndsnundnnulidusenuilalagriiunssuiunisang

Useq (discharge) Yasuuninaiiiioldanu

2.6.1 USTNNVDILUALADS

SUgundl (Primary Battery) 1unumne3niinnisuszqau

9 Y

USLLANANTY AD UFLAD

v

< A | ] a ] 2 v = ~ A ]
LANHIATINLARAINAR LYU ATUUIWAN ﬂr]uVLWQ']pd LWusu I@]EJLLUWLG\@?U?%LﬂWULlI'PﬂfUQ']uVLUﬁ]u

Uszglihangluiunmeinueasudildaunsanduihunldladn

. VINOAT
dluoseued

)
]
=
3
(=]
)
(1]

sjuoseued

los]

A

5UN 2.22 A) uuaneIUguQil B) wunwmesniugll
wardnUsuiav Ao uwunwesyRegil (Secondary Battery) iununmnaifillouunines
fivszqlniihnssuas ansaviinisuszylalmi wu wusmmeIsosud WWudulagluszuundn
wIesruuMIUTERlnihluasdedduunneiuuuyisnidaunsausealalnidieuuninesdl

Mdalningeuasiagun 2.22

2.6.2 WUALNDILUUAALTA (Lead-Acid Battery)
Tutgtuliuunwesvaneviianldiussuundnliil Wy wunme3dniedn (Lead-Acid

Battery) wusimo3danlail (Alkaline) wusimaiatiauanidan (Nickel-cadmium) wavifia
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ldfuninfignnfe wuame3dneda wsizlotgnisidundueniuaziinisua eeuseq

3
(nseualuin) fae Tunuddetidudaenldwumnmnasanadn

Y

UTTAuaad
WHUAUAUY

AZWLNTINIUAU

ALLNTIAIUUIN

JUN 2.23 dudsznauveiuunineIngningg

Inglassasieneludniedauunineiaziansnegui 2.23 Usenausiewadedniely

a1

WUALABS TAABNULUUBUNTH INWIWEAaUUTUBYTUN1TRBNLUUIINENER I11ATAY
w59 u T Tunwnls Falaemlddusenulninussuna 2 ansentasad fleg19au
LUALADTsnaUANTLsIT Ul TTuR 12 Tad setuneluwusnesiausenauniewwas 6

wanresynTuiusgnely

2.7 FaNN1SUTEIUUAABIUUY 2 80U

=Y

daa Y = & aad ° [
n1sUszguuameasnlienldiu Ae n1suszauuy 2 anuy Faduisivmangaudiniy
- Y & adaa a a v v g v v IS
wuawmaInIanzii LWUIENIYsEANSamgdlunmsussanduluduunmesiiiAuuasdaiein
218N IHNUVDIUUNLADS
Tusui 2.24 uansan U SlUTEQULUARBIWUL 2 dnTuy fB
1) anruzUszanidn (Bulk mode) 1lunisuszqlulnuanssuansds luvusd
wserulihaesuunmesiindu lnswunnesazgnuszanduldlunummesis 80 Wesidudly
&
anuyil
2) $nwnsedivu (Float mode) iunisuszqegneawiios luanuziuunmesazgniuseq

ndunludn 20 Weosidud Wausssulndrvesnuainesiiaiuseunn 2.4 1adaolwadnse
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14.6 Taaddmsusunnes 12 Tiad wsadulnihaginuwiseavlurasinssualuinazgnan

srauailulEen 9

1
=
AIZLALLUALADT '
]
/
. 1
- [
o ]
e L
ey [
e [}
o []
e ]
7 1
e 1
a 1
-~ 1
o 1
- 1
o n
o n
ry ]
-~ ]
~ 1
o~ 1
e [y o 1
bbIINULLURLA DT :
n
n
n
n
L
L}
U [ ] 2 U
Uszanun ; INYITEAU

3UN 2.24 M3UszuUnAes 2 anuy

= v v
%Qﬁ’]ll’]iﬂ‘lmL’Ja'ﬂ,Uﬂ'ﬁ‘Uig’ﬂLLUG]LG]@ﬂWi]']iji

=

Wyt PR LIAntuNsUsERUUAWES (hour, h)

'
= 1 o

h  f8 ANSELATUIUDILUNLADS (AN)

o

I fe nszualunisuseq (A)

f288196U TULURLABS 120 Ah

(2.40)

AwiunszualunsUszguunmes 120 Ah diensiumnssualunisuszgazdendu 10% veq

Ah YBIWUAKMBT FatiuNsEualun1TUTEUUANBTILYINAY

120 Ah = 120 x (10/100) = 12 waud

\Wesnmsgadedeanansald 12-14 woud wiauuAinfianlu 13 wenddmiuusey nailu

mMsUszquuawetunsdindmnumnzanazlaiduy
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T = 120/13 = 9.23 dalua

Tupnuduaseensasiinisaadennnds 40% lunsuszauunneizanfe
120 (40/100) = 48 uawd

Aatudslanainisuszuuamesluanuduaiae
168/13 =13 falus

AILULUALABT 120 Ah siadldian 13 Tilusdmsunisuseanauysalmenseualnin 13 A
awv o d v
2.8 MUIYNNYIVDY
31nNE1IUUAITINTUTERUUAMEIALnaIn L Tand s umadendulasuniny
aulalutagiuegiann Wewinaunsaindsungadeviondsnulaamnliusslov

Y [y [

)
1o danudadidnidelavinisiamnssuunisussquuamasineiinal

91NU3T8 Wei Xie wagany Mdn1509ntuuiiniuAun1sinn1ugaaielouniay
aaan Mmeowaliasuniukarduns laen1sinseianiadlnivisenveanesludianysn
Femuaunsinnugeaieleudidsgsaausznaulumeidue s iauseiy uwesinnszua
lulasmoulnsaiand wagasasuuasiuuuy SEPIC Jeuansliiiiudussduluiinewinnves
wosludiaansedadannsaldnuldvszann 5 hadmilimadlninieengsdu 2 Sadide
ALLANGNSYBIRYH 75 °C [15]

Montecucco A. kag Knox A. lataueisnisiuinusaiulniineslnseninms
¥91ULUY Pseudonormal ¥es9asulasiulniiuuudiarnseiind Junadaiiviausldly
msmuasnsasulasiuliihda-ynuuuddasifariulilaseeulnsaaefuazUszglauunne’
pgingm Bawanismeasmuiausainauganieleuindsgsgalsogiausiug [16]

Nisha K S. wag Mini V P. dnauslagldmaiiasuniusasdunalunisnigaaielo
M&agsandildainunasidandanumesludidanin TEC1-12706. AldFunnudouliy
nad Lagnsdasaan mIIndeNsiiu MATLAB / Simulink Baduanmuindeslunisiu
InshFomnadluniagueus [17]

Ssennoga Twaha, wazamz MedAszdaussourvanisawlasiulniinszuanss

mensiafaaliasan lneldmadamurianui ew3suiisunaainnisidinaiasuniu
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wardanaluruidonouniing dwansifetliduiinadafiuaauthissansame
niwmediasuniunazdans Inessuuyinnuluyisgumgll 200 °C - 300 °C [18]

Jensak Eakburanawat Wa¥ Itsda Boonyaroonate lﬁaﬁumﬁﬂﬂ’]im%mﬂizﬁg
wusae3 Tnglirsasudasiulwiiinssuansawuy SEPIC uagmuailnglulasnoulnsaiaos
fomaianisfnnugadieleufidagegn Feidsiliuseqasigadniinisuszqlagnse
Uszanas 15 Wesidud TneilinguszasdileAnyimdnnisveanisudnliinuasianinies
Uszquuamaedildanufoumdedanioundinufoudu q demesTudidnnin [19]

Hayati Mamur uag Rasit Ahiska toltaasuuasiulninssuansauunussiu
Tngltlulasnoulnsaiaesuazmaiiasumuuazdunn ielildmasliihgegaainineslud
EnvEnuuunnm FanuinmadanismgadieleuindegeanyilinesTudidnminuuunnm
ansnsondarasihldiusyansnmanniu [20]

S. Lyden wag M.E. Haque lavinn1sfinwiuaziuSeuiisumaiiasig ¢ Tun1smige
anelauiasgean lusiuaruwiug anusaniglusateriing anusaluanieund any

L4

aies muBsuuasituiumsfveslussuy wegaududeureanaiindandn [21]
119U 9 Aldnanundedu luemuafediddfnvnsussauunnedae
watan1smyaaglouigggn Fudenltinaia 2 wada fo 1. nadasunuuazdunn 2.
wedaiuaiaui warliasuasiulvliuuunusesy Lﬁaﬂimwmma‘% 12 T34 210
uwasrudalnimesludidnvinvunadn Wesnidumaiafiinnuusiug liflnnududou

I3 A A Y = I ° 9
N LLaSLUULVIﬂUﬂWﬁ’]M’ﬁﬂUﬁULUﬁEJUﬂ’J']ﬂJLi’ﬂUﬂ’]SV]’N’]UIﬂ
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YUADULAZITANUUNISIVY

3.1 nsinAmIfivesvaamasiudianninluga
2sanyavaliiiwounesludidnninlugaiinanudeuni 2 Wuisuisuiaiiou
uwnassreusafuliinAdfdumudendeuuueynsuey Saandliifiuinuvastiounaasiu
Tihazsianuiununeluase Tnelosefulnanudizdmaliusssulnignudslnn
Asonfsnasiunumelurevas s lnihagdumisaue danfudsannsom
Aauiununiglureavesludidnysnlugaldainnisiernsnageuanusumunigly
wagmAmseesing 9 ldansesauyauwiidu Fdunsmaaeumsiinesvouneslud

wnnantuiigunsalfssaludl

3.1.1 Famas (Heater)

UM 3.1 Banaivliauiia

fegviargUszinnTausnuauanwuzn1Tiiy Wy 1. Sanesqu-samasauun

(Immersion Heater) Ais gamasildlinnuiouiuvesad wu dut v3e guiniuvewman

'
aaa U =<

#1199 lanesunnussinnilaviuisenduawnues danungdmsuynaugnannssuiiinis

1 ) v dl

gu viveRuveLaIaneviln Lardgursenuveunafiviledtu 1y gun1ie1auEney N3

9 9

o
a Y o

Anfsannsavildlageuindeiiilleintudwdldgnmesuuuindeadilulnedidnnes
iU 2. Fawmesuauiu (Bobbin Heater) Ao Bawmasuuuguviianis gneanwuuli

Auseutuvesaannsandeuielideldliauseuiurenrad wunuyy nuuwgly

a &

nsn wisansavargianilunrenddmiunsanieasazateinnseuiiiavwas e luldou

9
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viefunienad wazvesvanfounnain Ienufeunsiiadniaue liviufAsersuansied
{Founnuszinn dnuvazvesdninesuautu (Bobbin Heater) o Bnimesazasnidifuvio
dmsulvimnufeuduresvan lnglivihisenduansiaiiiiounnuseny a1unsonenaani
donthyldaznin wanedvaugui vieduthenadl tifu wing vieludu 3. Banosuns
(Cartridge heater) wUafu 2 ¥ln fio BawmesuwrisuuulawuinldfuauildSoudn 350°C
wagdamosusuuulamuldiuanuiliasdeuwdu 150°C uwiilosandmneslainudnii 14
adldunundt meunsnudldinndsldsuanudeunnnd Samesuisidlflunisguuasly
arafouliiunusifiud Susundn fanunna wiesfissines infesiageanafinuazanuiso
thurldindeadilesininadinlutevienia Gsuenandamesiildnanlu 3 Ussian Ssdidn
WnosBnvansUsEiam 1y Bawmesdunisn (Infrared Heater) 1wafLsdusnmes (Circulation

Heater) Aaeddnmas (Coil Heater) Wudu

M13199 3.1 AaaudRvesdnnes

Wuruaugna1yie (mm) 6.0
AMNENIVEVRIEAADS (Mm) 50
w39eu (V) 220
Mavingd (W) 200

Felumsidetidenlddamesurislunisliauiou lnsaendamesluduruegiitey
YUIA 5.6 x 5.6 x 1.2 l9UAWAT kazaalATae Source Meter Lialvindanuiudnnesuazin

gaumgiannnesiudula

3.1.2 wasludidnvisnluga Ju TELBP1-12656-0.45

SUN
U

3.2 wosludiany3nluga su TELBP1-12656-0.45
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Tugardsdmiunsuvaumasniuieudundsnulwilnonse 1ulugadindn
MndmlsznavTameta Ayn wagiSeunasdain magiFou lnwaisuszneutiassilden
ilesannnusieunasnmieu 200-360 °C Faanansavausesseidedldlugumgifigsds
360 °C (680 °F) uazvihauduszey 9 Mgumgligeda 400 °C (752 °F) lugamesludidnyian
wwndnliihnszuansadefiauunnsisvesgamgiiioluga Adslunisudnlviliuasy
UsgAnBamnisulamdsuanufoudundsnuliinasfugauiionnuunninaves
pumpiviansiuiinniy ugamesludidnninasfnedfuudusthenuiounslaivits

A0IAULazARAULKULY TN AT AUA T UNIUAILS o fetiuludndudesldansusenauly

nstememanuiousu o fulugail

a [ o a a
f1919N 3.2 aﬂ“lﬂm%"iﬂLW'W‘U@QLV]@%INE]Lﬁﬂ‘VﬁﬂIN@a

TELBP1-12656-0.45 Size: 56 mm x 56 mm
aaungilanuieu (°C) 350
gaungiisnuiu (°C) 30
L3P UUULITA99T (volts) 9.2
ANEULYIeeNTiLNzaL (ohms) 0.97
#ndlihuneanvesnanfivnzay (volts) 4.6
nszualiheneenvedinanfiuinzay (amperes) 4.7
mslnihueenvedivaniivuivay (watts) 21.7
mm%’auﬁluamﬂu@a (watts) 247
FnNang (watts/cm?) 7.9

3.1.3 SnTenIauUneTEUIEANTOY (Heat Sink)
Jugunsalszuteainuieusenaindigunsallasandendnuesnisanemnaiiuion
Tnginitundudaeinie vhlinismanufeuaindrgunsalgeinielaeseurilaidu diu

IngidutanuszianlangUssdnsninvesdndeiaziuegiuamduyszansnisiianuou

(Thermal conductivity) NUARIEUNE N1598NLUUTUTI kaEIIUIUATUTEUIEAIINTOUT

€

9 o saa Y

wingan lngunfaziinnsinaaunssyunganudeuivaunsaldidnnseindnianuseougs 1y

a & 0o w s I v [ Aa o o a a I3 v A 1 a
NINUTALFBINIAT NADALALLDT LUUAU aawuaummmawaﬂiu{]ﬁ]ﬁguumaq 3 YUA

9

a

Ao pzgiliiluy NoIuAs Lagnesuawaneygiiloy Yalldefuaztaidesiiaiuly laglunis

D

v = =

neaeumIiwesvenesiudianviniidenldezafifioy esnanauifiveosglitleniil
S o = ' = Ao o = - & A a a0 v
it $51919nnTmeeun Feildnuazdagui 3.3 fie lWuandsinvinisadilaegniely

Wurenasatiazsadualssaninisanduiaiinuseansanlunisszuieainusou


https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8
https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9E%E0%B8%B2%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A3%E0%B9%89%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A3%E0%B8%B2%E0%B8%99%E0%B8%8B%E0%B8%B4%E0%B8%AA%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B0%E0%B8%A5%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%94%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B0%E0%B8%A5%E0%B8%B9%E0%B8%A1%E0%B8%B4%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2%E0%B8%A1
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3.1.4 wasluauia

aunsalinaamaiilagldndnnisideuudasgamgiviennudoudunsuadeulvi

9 9 Y
'
a0

YUIINLANEAIUINANTRANY 2 $7 UL WYaURBUA18NI@0 1N AeNUNUAI8A T UNT

SN ingauugll drulateBniunilslaeslinld Send1gndneds mngaing amgiluag
i

[V o

v a A ! vl o 6" (Y a 1 k4 a
naedadigaungiiasiunagyiluiinisdinszualuiasmesludilansasadns lagisen

)

e

a A a

UM IAINTLY81989171 Reference Junction uagldiinisinnun Reference Junction 14
Ju 0°C Aelamny 2 vllasstuiithuiBesmeitiodiuishunds Jadusuiliingamnd
dndnsunileseiiniugunsalldann 1w wdesmuauguvgdl, iniestuiingamail 1usu
wiesluAldagnuuseeniusiiaiig o Wurliniin wu wesludldaviine wesluduila
RTD Pt100 sy 91nnsdugueslanziunnsradiu Jeviliiaaaudilunisldaumes
luduiadenldlvignaes warmnzauiuauty q Inedefinsinnsanivatede wu a
guviniigegaiiléan :1a0 anudnnfeuvesansimesluduladuda dduladenldves
Tududavin k lumsmeaeuidesanduiifesldunsvarsunniign arunsoingumailiss
NIUY J waglisnignadt anunsariaulalutiseamgll -250 auds 1300°C daanudu

WaduasandewSeuiisuiumesluAulayindu Trussiulnimnsiuednngs



33

sUTl 3.4 wesluduilavin K

3.1.5 1A3297AULEY (Chiller)
dl' o < A v d‘ a %’ 1 < & (Y] a g I3 a (Y] [y]
wsasyhanuduiintilunsdnuiddluidu vieuSugaumgiundu duuiuseau
Anutdule 7 sy Feluszuuidldlunisassiiduiedidnddiievislunisseuieanusou
A a ¢ & | | a a a v a ] . Yy o o oA
NFNTIN WUdIUT RN UTZANSAINNISSEUIEANUSoU Taedinisme Chiller WnAuduie
asransssulunistiunein Chiller lWgsgagannaziininsauandadenluda Chiller Wialin

a (3

SEUUIEURUUYL I ULABRTan

JUN 3.5 1A309rAULEY
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3.1.6 \gaatfudindaya NI9211 NI9201 NI922

NIszz7

Nis2n
450 Y 28 Thorm o
A5 Cheo

2501 me CAT I it sl
ST ol

T

|
M T G|

@'ﬂ @ Iisa

i
UKD B

1 ATER ALY

5 ELicT

Ul 3.6 \n3estuiindoya NI9211 NI9201 NI9227

Juaunsainldlunmsinadiulsnng q lnewesestuiindeya NI9211 Tdlunistuiin

)

=
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wsssuluiiade 73.80 wWedidus
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a

amgiisnusoureunesluBianyn3ni 200 220 uag 250 e wallua TanuITigamngl

Y

9
fudou 200 220 uag 250 ssrmwalda anusaUszfndsliin UG eIl 9.4 11.4
uaz 15.6 Sad auddu fagudl 4.21 wasiilewFeuifisuiunailléainnismaassain
wadiatsaes nuiridslifhfivssquumneianmadasuniuasdaunadaieglugag
71.7 - 85.0 % uazmadafiuA1nuididmdsliindussquuameseglugie 72.0 -
81.2 % vaINaIINTUTWNTY Pspice LilasanTunissiassveslusunsu Pspice Wuadly

gauafdvihliliiafdaadeluieasinii Jedawalvlamasiuihdauinniunaians
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[
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M19197 4.4 NaNTUTTIRUAWETHILRINUSEAULRg ldinsadndiigaumgiinnusew 200 °C

73

1381 Adsliindunn | mdalwiiewing | mdslwihiiduom
Gund) (Tos) (To61) (To61)
0 0.07 0.06 10.97
60 0.07 0.06 10.97
120 0.07 0.06 10.97
180 0.07 0.05 10.97
240 0.07 0.06 10.97
300 0.07 0.05 10.97
360 0.07 0.05 10.97
420 0.07 0.06 10.97
480 0.07 0.05 10.97
540 0.07 0.06 10.97
600 0.07 0.05 10.97
660 0.07 0.06 10.97
720 0.06 0.05 10.97
780 0.07 0.06 10.97
840 0.06 0.05 10.97
900 0.07 0.06 10.97
960 0.06 0.05 10.97
1020 0.07 0.06 10.97
1080 0.07 0.05 10.97
1140 0.07 0.05 10.97
1200 0.07 0.06 10.97
1260 0.07 0.06 10.97
1320 0.07 0.05 10.97
1380 0.07 0.05 10.97
1440 0.07 0.06 10.97
1500 0.07 0.05 10.97
1560 0.07 0.06 10.97
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PRy Adsliindunn | Mddwihewinn | Madlwihddoa
(i) () (To6) (Tos)

1620 0.06 0.05 10.97

1680 0.07 0.06 10.97

1740 0.07 0.05 10.97

dl dl !
f19190 4.5 Naﬂ’]iﬂiz‘qLLUG]LG]E]?N’TU'NQTVIU?

LY

q

yorulaelaiiinnsadndNnaunniinudau 220 °C

Y

nan (i) Adsliindunn | Mddwihewing | Madlwihddna

(991) (To61) (T61)

0 1.66 1.58 12.23
60 1.59 1.52 12.23
120 1.59 1.52 12.23
180 1.59 1.52 12.23
240 1.57 1.51 12.23
300 1.56 1.51 12.23
360 1.53 1.47 12.23
420 1.54 1.49 12.23
480 1.54 1.49 12.23
540 1.55 1.49 12.23
600 1.54 1.48 12.23
660 1.52 1.46 12.23
720 1.47 1.42 12.23
780 1.46 1.40 12.23
840 1.44 1.39 12.23
900 143 1.38 12.23
960 1.42 1.37 12.23
1020 1.41 1.35 12.23
1080 1.40 1.35 12.23
1140 1.42 1.37 12.23
1200 1.40 1.36 12.23
1260 1.38 1.34 12.23
1320 1.35 1.31 12.23
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a0 (Gui) Adsliindunn | Mddwihewinn | adlwihddnoa

(T961) (To6) (T6)
1380 1.35 1.30 12.23
1440 1.34 1.28 12.23
1500 1.36 1.31 12.23
1560 1.36 1.31 12.23
1620 1.37 1.31 12.23
1680 1.33 1.29 12.23
1740 1.30 1.25 12.23

o a LY ra a ¢ al
$1919% 4.6 Naﬂ'ﬁﬂigﬁlLL‘UG]L@]'e]if}ﬂ‘LJ'Nﬁ]iWUi%ﬂUI@EIVLQJQJﬂ’ﬁﬁ’JWUW

aunANAUSBU 250 °C

9

[

1381 Adsltindune | Mddwiiewing | fdslwiddiun
(i) (Tod) (Tos) (T6)
0 6.63 553 1777
60 5.44 5.05 1777
120 5.35 4.97 17.77
180 5.16 4.83 1777
240 5.02 4.69 17.77
300 4.93 4.60 17.77
360 4.87 4.54 1777
420 a.79 a.47 17.77
480 4.73 4.40 1777
540 4.68 4.37 17.77
600 4.69 4.38 1777
660 a.67 4.36 1777
720 4.63 4.33 17.77
780 4.63 4.32 1777
840 4.64 4.33 17.77
900 4.62 4.31 1777
960 4.56 4.26 17.77
1020 4.52 4.23 17.77
1080 4.49 4.20 1777
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PRy Adsliindunn | Madwihewine | Adsliiiddiuom
(i) () (Tos) (T6)
1140 4.48 4.18 1777
1200 4.48 4.19 1777
1260 4.48 4.20 1777
1320 4.48 a.17 1777
1380 4.48 4.19 1777
1440 4.50 4.22 1777
1500 a.57 4.28 1777
1560 4.55 4.25 1777
1620 4.50 4.21 17.77
1680 4.45 a.17 1777
1740 4.43 4.14 17.77

M19197 4.8 NaNTUsTILUAMESIRemATATUNIULAEdINATIRMATA1UTEaY 200 °C

a0 maslnidune | Adalndevine Mdslindisuan
(ui) (I06) (I06) (In6)
0 10.24 6.69 10.36
60 9.82 6.69 10.36
120 10.02 6.69 10.36
180 9.61 6.69 10.36
240 9.62 6.61 10.36
300 9.61 6.56 10.36
360 9.11 6.70 10.36
420 10.03 6.59 10.36
480 8.73 6.56 10.36
540 9.99 6.16 10.36
600 10.16 6.18 10.36
660 9.84 6.20 10.36
720 9.56 6.41 10.36
780 9.48 6.63 10.36
840 9.31 6.62 10.36
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PRy Adsliindunn | Madwihewine | Adsliiiddiuom
(i) () (Tos) (T6)
900 9.94 6.66 10.36
960 9.94 6.76 10.36
1020 9.15 6.73 10.36
1080 9.00 6.58 10.36
1140 10.55 6.33 10.36
1200 9.84 6.06 10.36
1260 9.95 5.95 10.36
1320 10.18 5.78 10.36
1380 10.36 5.76 10.36
1440 9.26 5.87 10.36
1500 10.28 5.87 10.36
1560 10.49 5.82 10.36
1620 9.05 6.15 10.36
1680 9.38 6.21 10.36
1740 9.33 6.21 10.36

M19197 4.9 NaNTUsTIRUAWEIIRemATATUNIULAEdNATIgMATAUTeaY 220 °C

a0 fdsltindune | Mddlwiiewing | fdslwiddiun
(i) (Tos1) (To6) (T61)
0 13.00 10.21 13.12
60 13.13 10.22 13.12
120 13.20 10.89 13.12
180 12.93 9.32 13.12
240 13.14 9.38 13.12
300 13.01 9.67 13.12
360 13.13 9.36 13.12
420 12.95 9.13 13.12
480 1291 9.11 13.12
540 13.05 9.04 13.12
600 12.95 9.27 13.12
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PRy Adsliindunn | Madwihewine | Adsliiiddiuom
(i) () (Tos) (T6)
660 13.31 9.38 13.12
720 13.05 9.39 13.12
780 13.07 9.44 13.12
840 13.17 9.33 13.12
900 12.85 9.31 13.12
960 13.11 9.31 13.12
1020 12.43 9.30 13.12
1080 12.94 9.41 13.12
1140 13.19 9.18 13.12
1200 12.88 9.32 13.12
1260 12.81 9.69 13.12
1320 12.99 9.09 13.12
1380 12.93 9.25 13.12
1440 12.94 9.23 13.12
1500 12.69 9.28 13.12
1560 12.86 9.27 13.12
1620 12.77 9.23 13.12
1680 13.00 9.19 13.12
1740 12.88 9.11 13.12

= = a @ =i
M1919N 4.10 Nﬁﬂ’ﬁﬂi%"\!LL“UG]LG]EJiIG’IE’JLW@UﬂiUﬂ?‘ULLﬁ%ﬂQLﬂG}VIQmﬂ

niAuSau 250 °C

U

a0 fdsltindune | Mddwiiewing | dslwiddiun
(i) (Tod) () (T6)
0 15.83 11.24 17.52
60 15.51 11.40 17.52
120 15.16 11.24 17.52
180 15.83 11.06 17.52
240 14.89 11.07 17.52
300 14.37 11.18 17.52
360 16.50 11.29 17.52
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PRy Adsliindunn | Madwihewine | Adsliiiddiuom
(i) () (Tos) (T6)
420 15.35 11.16 17.52
480 15.19 11.26 17.52
540 14.85 11.33 17.52
600 15.00 11.29 17.52
660 15.11 11.20 17.52
720 15.29 11.37 17.52
780 14.80 11.34 17.52
840 15.12 11.43 17.52
900 14.96 11.34 17.52
960 14.92 11.25 17.52
1020 16.31 11.36 17.52
1080 15.08 11.46 17.52
1140 15.25 11.44 17.52
1200 15.09 11.42 17.52
1260 15.79 11.64 17.52
1320 15.24 11.40 17.52
1380 15.09 11.35 17.52
1440 14.81 11.20 17.52
1500 14.87 11.34 17.52
1560 14.81 11.35 17.52
1620 14.94 11.35 17.52
1680 15.09 11.33 17.52
1740 14.55 11.27 17.52

M19197 4.11 Han1sUsERUANBILAgIMALlATNAIANIN IR iinuTau 200 °C

nan Mgl dune | Adalndievine sl disuan
(ud) (I06) (I06) (I06)
0 10.95 7.37 10.88
60 10.91 7.33 10.88
120 10.67 7.30 10.88
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a0 Adsliindunn | Madwihewine | Adsliiiddiuom
(Gund) (Tod) (Tos) (T6)
180 10.32 7.20 10.88
240 10.33 7.32 10.88
300 10.34 7.23 10.88
360 10.41 7.05 10.88
420 10.37 7.20 10.88
480 10.37 7.17 10.88
540 10.68 7.10 10.88
600 10.42 7.17 10.88
660 10.51 7.07 10.88
720 10.12 7.12 10.88
780 10.26 7.06 10.88
840 9.81 7.08 10.88
900 9.91 6.98 10.88
960 9.96 6.98 10.88
1020 9.88 6.97 10.88
1080 9.75 7.02 10.88
1140 10.27 7.02 10.88
1200 10.37 7.05 10.88
1260 9.98 7.08 10.88
1320 10.74 7.05 10.88
1380 10.16 7.01 10.88
1440 9.77 7.02 10.88
1500 10.15 7.01 10.88
1560 10.24 7.01 10.88
1620 9.93 7.02 10.88
1680 9.99 7.04 10.88
1740 10.16 7.07 10.88




A1519% 4.12 wan1sUszaLUaweslagmadaiuaA1auiigugiiiuseu 220 °C

81

198 Adslindunn | ddwiiewing | fdslwiddiun
(Gund) (Tod) (Tos) (T6)
0 12.28 9.34 12.42
60 12.21 9.32 12.42
120 11.89 9.24 12.42
180 11.74 9.20 12.42
240 11.80 9.23 12.42
300 11.93 9.18 12.42
360 12.26 9.23 12.42
420 11.94 9.19 12.42
480 11.96 9.18 12.42
540 12.14 9.24 12.42
600 11.62 9.27 12.42
660 11.37 9.14 12.42
720 12.13 9.17 12.42
780 11.81 9.14 12.42
840 11.72 9.11 12.42
900 11.33 9.07 12.42
960 11.00 8.99 12.42
1020 11.63 9.14 12.42
1080 11.29 9.08 12.42
1140 11.71 9.12 12.42
1200 11.53 9.14 12.42
1260 10.88 9.06 12.42
1320 12.11 9.14 12.42
1380 11.45 9.04 12.42
1440 11.32 9.05 12.42
1500 12.01 9.15 12.42
1560 12.07 9.07 12.42
1620 12.09 9.10 12.42
1680 11.64 9.14 12.42
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a0 Adsliindunn | Madwihewine | Adsliiiddiuom
(Gund) (Tod) (Tos) (T6)
1740 11.74 9.08 12.42

= = a A o a
19190 4.13 Naﬂ’]iﬂiz‘ﬂqLL‘UG]LG]’E)iIﬂEJLVI?’WUF’]LW@JF’H@’J’]@JNWWQNW

niAuSau 250 °C

Y

138N Adsliihdunn | Addwitiewing | mdslidinfidna
Qi) (Tos) (To61) (T0)
0 16.50 11.38 17.13
60 16.40 11.11 17.13
120 14.65 11.38 17.13
180 15.36 11.27 17.13
240 15.89 11.04 17.13
300 14.78 11.16 17.13
360 15.34 11.27 17.13
420 16.13 11.26 17.13
480 15.31 11.01 17.13
540 15.38 11.19 17.13
600 15.42 11.40 17.13
660 14.82 11.47 17.13
720 15.45 11.35 17.13
780 15.46 11.27 17.13
840 15.47 11.35 17.13
900 14.93 11.56 17.13
960 15.62 11.22 17.13
1020 15.28 11.42 17.13
1080 15.41 11.44 17.13
1140 15.41 11.34 17.13
1200 15.60 11.27 17.13
1260 15.89 11.31 17.13
1320 15.52 11.29 17.13
1380 15.04 11.25 17.13
1440 14.56 11.36 17.13




a0 Adsliindunn | Madwihewine | Adsliiiddiuom
(Gund) () (Tos) (T6)

1500 17.34 11.14 17.13

1560 17.54 11.10 17.13

1620 16.68 11.22 17.13

1680 14.61 11.67 17.13

1740 15.75 11.57 17.13
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Thermonamic Module

85

High Parformance and Highly Felishle S ohition
for Power Generation Applicstions

Specification of Thermoelectric Module
TEHP1-24156-1.2

Description

Thea powe module is dazigned and manufactured by owr patented tachnology for convertng heat sowrce directly mto electricity.
The module = Bi-Ta based tharmoelactric module that can work at the temperztura of as high az 350 °C (626 E) heat sourcs
contmuowly, and up to 400 °C (732 K) mtermittently. The themmoslectrc module will generate DIC eleciricsty as long == there s 2
temperatire difference across the module. The more power will be generated when the temperature differance acros= the module
bacomas larger, and the fficiency of converting heat energyv ite electricstv will merease therefora The module = stuck with tha
high tharmal conductivity graphite sheet on s both sides of the ceramic plates to provide low contact thermal resistance, hence vou
do not need to apply tharmal grease or other heat frarefar compound when vou mstall the module. The graphite sheat can work well

m extremely high temperature.

Patent NO.: ZL 2010 1 01935179

Specification of the Module

Hot Sida Tamperature (1T) 300
Cold 8ide Temparatura {T) 30
Open Cocust Voltage (V) 144
Matched Load Fesistance (chms) 24
Matched load output voltage (V) 7.2
Matchad load output current (A) 3.0
Matchad load output power (W) 11.6
Heat flow acress the module (W) =363
Heat flow density (W em™) =13.2
AC Bezistanc e(ohms) 1.1-1.35
Measurad under 27 T at 1000 Hz

S0 5 -
Negntive kend wire (Black)
e
i Teflon Coated Wire AF250
I_ L= = &5 =

Positive bead wire (Red)
Hot Sule Arnached to Heat source

:ma;ﬁaﬁz x

Cold Sude Anncled 10 Heat Smk for Heat Dissepation

Thi'c

el /\

=

el

k=

=gl

5

-

=

o]

o3
3 . ) \
120 150 1BD 210 240 270 300 330

Noted Convasior rate=Ma dhed boad cupt pener Heat flow thronsh

the moduds
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Thermonamic Module

High Pearformance and Highly Felishle § ohition
for Power Cremeration Applicstions
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PD - 94053

IRFZ44N

HEXFET® Power MOSFET

Advanced Process Technology O
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching [c]
Fully Avalanche Rated

International
IR Rectifier

"u"rD 55 — 5BV

RDS(un) =17.5mQ

Ip = 48A

Description
Advanced HEXFET® Power MOSFETs from International
Rectifier ufilize advanced processing technigues to achieve
exiremely low on-resistance persilicon area. This benefit,
combined with the fast switching speed and ruggedized -
device design that HEXFET power MOSFETs are well L

known for, provides the designerwith an extremely efficient
and reliable device foruse in a wide varety of applications. o

The TO-220 package is universally preferred for all %
commercial-industrial applications at power dissipation
levels to approximately 50 wafts. The low thermal
resiztance and low package costofthe TO-220 contribute
fo its wide acceptance throughout the industry.

TO-22048B

Absolute Maximum Ratings

Parameter Manx. Units

Iop @ Tp=25°C Caontinuous Drain Current, Vigs @ 100 49
Ig @ Te=100°C| Continuous Drain Current, Vigs @ 100 L A
lenga Fulsed Drain Current (D 160
Pp@Ts=25"C FPower Dissipation 24 W

Linear Derating Factor 0.83 WiRC
Vs Gate-to-Source Voltage + 20 W
lag Avalanche Currentd 25 A
Eum Repetitive Avalanche Energy@ .4 mJ
dwldt Pask Dicde Recovery dwidt & 5.0 Wins
T Cperating Junction and -55 to+ 175
Ters Storage Tempersture Range e

Soldering Termperature, for 10 seconds 300 {1.8mm from case )

Moumnting torgue, §-32 or M3 srew 10 Ibfan (1. 1M=m)
Thermal Resistance

Parameter Typ. Mazx. Units

Reac Junciion-to-Casa _— 1.5
Rics Case-to-Sink, Flat, Greased Surface 0.50 _ e
e, Juncficn-to-Ambisnt —_— &2
wwawirf.com 1

01003401



IRFZ44N International
ToR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions
ViBRioes Drain-to-Source Breskdown Voltage 55 | — | — Vo Wgs =0V, Ip = 250pA
appes\T) | Breakdown Yoltage Temp. Cosfficient | — | 0088 — [ W*°C | Reference to 25°C, In = TmA
Rosjony Static Drain-to-Souwrce On-Resistance | — | — | 17.5 | mfl [ Vi = 10V, Ip = 254 @
Vizs Gate Threshald Voltage 20 | — | 40 Vo | Vps=Vis. Ip = 250pA
Ofs Forwsrd Transconductance m | — | — 5 | Wps =28V, Ip = 25A&
. _ | — | 25 Whe = 58, Ve =0V
'oes Breifte-Source Leskage Currsnt [ — 250 | ™ [Vos =48V, Voe =0V, T, = 150°C
e Gate-to-Source Forward Leakage — | — | 100 i Wigg = 20V
Gate-to-Source Reverse Leakage — | — | -100 Wigg = -200V
Qg Tatal Gate Change — | — | &3 Ip=25A
Qgs Gate-to-Source Charge —_ — | 14 nC | Vps = 44y
Qua Gate-to-Drain ("Miller™) Charge _— | — | 3 Wis = 10V, Ses Fig. § and 13
Lian) Turm-Cin Delay Time _— 12 | — Wipp = 28V
t Rise Time — | 80 | — e o= 254
ﬁ@n-_, Turn-Cff Delay Time — | 44 | — Rg = 1202
1] Fall Time — | 45 | — Wigs = 10V, Sea Fig. 10 @
Lo Imbernal Drain Inductance — | 45| — Betwasn lead,
Gmm (0.25in.)
nH o
from packages :
Lg Imtemal Source Inductsnce — 75| — and canter of die contact T
| Ciss Input Capacitance — | 1470 — Wiag = 0V
Coes Cutput Capacitance — | 360 | — Wos = 28V
Crea Reverse Transfer Capacitance — | 83 | — | pF | f=1.0MHz, See Fig. §
Ens Single Pulse Avalanche Energy — | 5301506 | md | lgg=258A L =0.47mH
Source-Drain Raﬁngs and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
I Continuous Source Current | a MOSFET symbal !
{Body Diode) " showing the
Iz Pulsed Source Current integral reverse =
{Body Dicde)® — | —| %0 p-n juncion dicde. B
Vap Diode Forward Voltage —_ — 13 W | Ty=25°C, Ig = 254, Vs =0V @
tr Rewerse Recovery Time — | B3 a5 ns | T,=258"C, Ip=258A
Qi Rewverse Recovery Charges — | 170| 260 | nC | didt = 10040ps @
tan Forward Turmn-0n Time Intrimzic tum-on time is neghgibls (fum-on is dominated by Le+lp)
Notes:

(0} Repetitive rating; pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting T,=25°C, L = 0.48mH
R = 2500, Iag = 25A. (See Figure 12)

T, % 175°C

@ lgp < 254, didt < 2304/ps, Voo < Viprpss.

@ Pulse width = 400us; duty cycle = 2%,
) This is a typical valus at device destruction and represents

operation cutside rated limits.
& This is 8 calculated value limited to Ty = 175°C .

www irf.com
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IGR Rectitier
1000 T |
TOF 15V
v
—_ g.g\-
% Y
5.5
E BOT -uui g; -
=]
a3 100 :
] H
& :
;P i
E 10 P
o 1 B\ —
D‘ o
L 20us PULSE WIDTH
1 TI=25°C
o1 1 10 100

Vo . Drainto-Source Voltage (V)

Fig 1. Typical Output Characteristics
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IRFZ44N
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RFZ44N
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Internationa
TGR Fectitier
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International IRFZ44N

TuR Rectifier

50
H"N»,‘__ Vog b ER«’\:
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40 N 1>D.LI.T.
—_ Py '
%’ 30 ‘I\\\ m -.-_-VDO
= =
é \ Pulsa Width = 1ps
E 2 Duty Factar < 0.1 %
0 ¥
= \ Fig 10a. Switching Time Test Circuit
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Fig 10b. Switching Time Waveforms
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Fig 12a. Unclamped Inductive Test Circuit
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Internationa

TGR Rectifier
\ o
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Fig 12c. Maximum Avalanche Energy
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Fig 13b. Gate Charge Test Circuit
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Infernational IRFZ44N

IGR Rectifier

Peak Diode Recovery dv/dt Test Circuit

DUT® —F Circuit Layout Considerstions
o | — = Low Stray Inductance
m_]a @ + Ground Flane
+ Low Leskage Inductance
Current Transformer
_(_
@

a Lol

k

) + dvidt controlled by Re iE
+ lzp confrolled by Duty Factor D" = Wpg
+ D.U.T. - Device Under Test B

+

Vs

* Reverse Palarity of D.U.T for P-Channel

(T Driver Gate Drive
—n— Period

[
EUGS=1 W] B
IS

DT I, Waveform

e N o\
Current ~ Sady IZ:l.lrrEent LS
difdt

(@ | DT, Vg Wavaform Diode R
] Emmy\ T

Re-fpglied {— 7" i
Waoltage Body Diode * ' Forward Drop

(@) | Inductor Curent

Riggle < 5% [is0]
i

ik

Wy = 5.0V for Logic Level and 3% Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETs
www_irf.com 7
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IRFZ44N International

TGR Rectifier
TO-220AB
Dimensions are shown in millimeters {inches)
1054 [488) i .3.'
:_,r..I;E.I — 1u2:|:u:y—ﬂ-;;:::;;5 L6 {485}
82 (108 4310 {164} 3[448
1 AR =
547 |35} 1
1 ]_L'E-Ir_;, B8 | 2]
i 4
l - 9B (126 LEAD A3EIGNN ERTS
i 1-GATE
il l 1-DRAN
l“ 1 SOURCE
4. DRAM
14100 | HE48)
13 47 {38} | 4.1 ¢ 2800
LES { 14
BEE L 0IT) - 05N 037
10 pans == e fan -~ =" n.ug01gj
105 [125) 038 (014 B[& -
k- R TR 111
b

WOTEE
1 DNENZIONMA & TOLERANC NG PER AMEIY14.EN, 1942 1 QUTLIME CONFOIRME TO SEDEC DUTLINE TO-1HIAE
2 COMTROLLIMG DIMEREODN - MCH 4 HEATAMK & LEAD ME&BURENMENTA D NOT MCLUCE BURRE

Part Marking Information

TO-220AB
EXAMPLE - THIS IS AN IRF1010

WITH ASSEMELY E O E'

LOT CODE 9B1M INTERNATIONAL / PART NUMBER
RECTIFIER \ RF10104
LoGOo TOR 3245 ~
138 1 DATE CODE
ASSEMBLY YWW)
LOT CODE YY = YEAR
WW = WEEK

Data and specifications subject to change without nofice.
Thiz product has been designed and qualified for the Automotive [Q101] market.

Cualification Standards can be found on IR's Web site.

International
IR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas 5t, El Segundo, California 90245, USA Tel: (310) 252-7105

TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information.01701

www irf_.com



Power Inductor — HA3588-BL

= Designed for high cumant power supply applicaions

= Saturaion current of 37 Amps

= Flat wire windings provide exceptionally low DC resistanca
= Vertical mounting provides a small inolprint

Core matefisl Famis

Terminations RoHS comphant tn-Sihesr oved Coppes. DMer 1erming-
Bons avalahle af aodisonal cost.

Weight 37 g

Ambbient iemperature —40°C 10 +85"C with lrms cument, +85°C 10
*+1257C with derated current

Siorsge empensture Componsnt —40C 10 «85°C

Tray packaging: —40°C to +80°C

Moisture Ssnsithvity Level (MSL) 1 (unlmiies oo e &1 <30°C 7

B5"% Fedadive Nurmicity )

Failunes in Time (FIT) / Mean Time Between Failures (MTBF)

38 per bilon hours | 26,315,789 hours, calcullsted per Telcorda SR-X12
Packaging 25 parts per tray

PCB washing Only pune water or alcohol recommended

Part indoctence’  DCRmax’ AP A’ It CAP Jrms (AP
number £10% (pH) (mOhms) (MHz, 10% drop  20% drop 30% drop  20°C rise  40°C rise
HA3588-BL 10.0 28 17 30 <] 7 9% %

1. Inductance lesied af 300 kHz, 0.1 Virms on AgleniHP 41924

2. DCA measured on a Kaithley 580 micro-obmmeter or squivalent.

3. SAF mossured on an AghentMP BTSIES network analysee.

4. DT cumend at which the inductance drops the apecilied smoun from
s vsdus withoul curreni

5. Curreni thal causes e specified
25°C ambsart. Temperature res of the oore ia uaually kees thar that of
he

wirndng.
& Electrical spocifications af 28°C.

tampenmatunes fea of the wirding lrom

Caution:

This series is not intended for use in high vibration
of mechanical shock amnvironments. We advise using
additional means ol sacunng thea part 1o the cincuit
board to ensure its adhesion.

= US +1-B847-530-6400 sales@coiicraf com
UK +44-1236-7F30505 sales@colicrah
Talwan +886-2-2264 3648 sales@colcralft.com.bw
China +86-21-6218 B0T4  sales@colicraft comen

Singapore + 656484 B412 sales@coilcrat comoag

wwiicoilcraft.com
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Power Inductor - HA3588-BL

L vs Current L vs Frequency
Ll o] L]
3 3
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Irms Derating
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China +86-21-6218 8074 sales@colcraf.com.cn
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1N4728A to 1N4764A

wivw. vishay.com

Vishay Semiconductors

Zener Diodes

FEATURES

» Silicon planar power Zanar diodes
= For use in stabilizing and clipping circuits with

high power rating

= Standard Zener voltage tolerance is = 5 %

= AEC-Q1071 qualified
* Malerial categorization:

for defnitions of compliance please
www vishay com'doc 0001 2

®)

RoHS
COMPLIAKT
HALDOEXR
FREE

S0

APPLICATIONS
PRIMARY CHARACTERISTICS * Voltage stabilization
PARAMETER VALUE UNIT
Vyrangs nom. 3.3 to 100 W
Test current |y 2510 76 mi
Vz specification Therrmal equilibrium
Int. construction Sngle
ORDERING INFORMATION
MINIMUM ORDER
DEVICE NAME ORDERING CODE TAPED UNITS PER REEL QUANTITY
TMAT2EA to TNATE4A TN4T2EA to TNATEAA —senes-TR 5000 par 13" reel 25 000Vbox
: 5000 per ammopack
AMATIBA o TNATEAA AMAT2ZEA o TNATEAA-series-TAP {52 mm tape) 25 000vbox
PACKAGE
MOLDING COMPOUND MOISTURE SENSITIVITY
PACKAGE MAME WEIGHT FLAMMABILITY RATING LEVEL SOLDERING CONDITIONS
MSL level 1 .
D41 ANomg UL 940 @ ding J-STO-020) 260 *CA0 5 at berminalks

ABSOLUTE MAXIMUM RATINGS (T = 25 °C, unless otherwise specified)

PARAMETER TEST CONDITION SYMBOL VALUE UNIT
. . Valid provided that leads at a distance of 4 mm

P dissipation from case are kept at ambient termperature Piat 1300 mw

Fener curment Iz Py mi

. _ . - .| Malid provided that leads at a distance of 4 mm

Thermal resistance junction toe ambiant air from case are kept at ambient tem ture Rijin 110 KW

dunction lemperature T 175 "G

Storage termperature rangs Targ -65 to 4175 G

Forward voltage (manx.) I =200 mA Vi 1.2 v

Hewv. 2.4, 02-Jun-14

Document Mumber: 85816

For technical questions within your region: DicdesAmericas@vishay com, Diodeshsis@vishay com, DiodesEurope@ivishay.com
THIS OCUMENT 15 SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT



VISHAY. 1N4728A to 1N4764A

www.vishay.com Vishay Semiconductors
ELECTRICAL CHARACTERISTICS (T = 25 °C, unless otherwise specified)
ZENER VOLTAGE TEST  |REVERSELEAKAGE | CYWAINC SURGE | REGULATOR
ARANGEIM CURRENT CURRENT f=1 kHz CURRENT | CURREMNT @
PART -
NUMBER Vz at lzr lery | lere In at Vg Zzv at lgny | Zpcat lare In [
v mA mA HA v 0 mA mA

NOM. MAN. TYP. MAX, MAX,
1NAT2EA 33 [+ 1 100 1 10 400 1380 276
1MAT29A 36 [i2+] 1 100 1 10 400 1260 52
AN4ATI0A 39 it 1 S0 1 9 400 1190 234
1MAaTIIA 4.3 58 1 10 1 9 400 1070 217
TNaTIZA 4.7 83 1 10 1 8 500 970 183
TNATIAA 51 A5 1 10 1 T S50 &30 178
TMaFIgA 56 a5 1 10 2 5 GO0 &10 162
1M4TISA 6.2 a1 1 10 3 2 0o T30 146
TNATIGEA 6.5 ar 1 10 4 a5 og 060 133
TM4ATITA 7.5 M 0.5 10 5 4 00 605 121
TNATIBA B2 3 0.5 10 6 4.5 oo 550 10
TNATION a1 28 0.5 10 ¥ 5 oo 500 100
1MATADA 10 25 0.25 10 7.6 T OO A54 o1
1HaT41A 11 23 0.25 5 04 a 00 414 aa
1M4TA2A 12 by | 0.25 5 a1 ] 00 350 T8
1NA4TAZA 13 19 0,25 ] 0.0 10 oo 344 69
1MAaTa4A 15 17 0.25 5 11.4 14 00 304 &1
1MATASA 16 155 0.25 5 12.2 16 00 285 57
1NATAGA 18 14 025 B 137 20 Tan 250 S0
1M4TATA 20 12.5 0.25 5 15.2 22 TS0 25 45
INATABA 22 1.5 025 B 16.7 23 Tan 205 41
1MAT494 24 10.5 0.25 5 182 25 50 190 aa
ANATS0A a7 a5 0.25 ] 206 35 750 170 34
1MATS1A an 8.5 025 ] k] 40 1000 150 an
1NaTS2A 33 75 025 ] 251 45 1000 135 a7
TNATEIA 36 ¥ 075 ] 274 sl 1000 125 25
TMaTE4A a9 6.5 025 5 a7 B0 1000 115 23
1MN4ATESA 43 6 025 1] 2.7 0 1500 110 22
TNATEEA a7 55 0,35 5 358 B0 1500 a5 19
TNATSTA 51 5 0235 5 368 a5 1500 an 18
AMATSEA 56 4.5 0,25 o 426 110 2000 80 16
TNATEDN [ 4 035 5 471 125 2000 T 14
1MATE0A i1 a7 0.25 5 51.7 150 2000 65 13
THATETA - a3 0.25 5 56 175 2000 (1] 12
1MATE2ZA a2 3 0.25 5 G622 200 3000 55 11
TMNATEIA ™m 2.8 0,25 ] 9.2 250 a000 a0 10
TMaTELA 100 25 0.25 5 T as0 3000 45 ]

Naotes

M Based on DG measurement al thermal equilibrium while maintaining the lead temperature (T)) at 30 °C « 1 °C, 2.5 mm (387 from the
diode body

) Valid provided that electrodes at a distance of 4 mm from case are kepl al ambient termperature

Mty =10 ms.

Rew. 2.4, 02-Jun-14 2 Documant Murmkber: 85816

For technical questions within your region: DicdesAmericas@vishay com, Diodesfsis@ivishay com, DiodesEurope@ivishay.com
THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBRIECT TO SPECIFIC INSCLAIMERS, SET FORTH AT wwrw vishay comfdoc 701 D00
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1N4728A to 1N4764A

www.vishay.com Vishay Semiconductors

\___ A
VISHAY.

BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

Py - Fower Dieslpation (miW)
Fa

0 K

a h N
o 50 00 150 200

Toany- Amibskent Ternperature (*C)

Fig. 1 - Admissile Power Dissipation vs. Ambient Temperature
Pig=1 (Tam]

PACKAGE DIMENSIONS in millimeters (inches): DO-41_1N47xx

Calhods ldanliicalion
a
A
i IR I R —_— [
1 I
1
2
3 o -
E I 26 i, [1.0E24) A1 ma. [0L1E1] 24 min, [1.024) ] E
?E 3.3 min. 0126 Sla
£ {| £
EIE Ik
@~ |-
oo o™
Bl BB
Document no. SE-V-3801 04-001(4)
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VISHAY. _ Legal Disclaimer Notice
www.vishay.com Vishay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUMCTION OR DESIGN OR OTHERWISE.

Vishay Intertachnology, Inc., its affiliates, agents, and employeas, and all parsons acting on its or their behall {collectivedy,
“Vishay"), disclaim any and all liability for any ermors, inaccuracies or incomplatenass contained in any datasheet or in any other
disclosura relating to any product.

Vishay makes no warranly, representation or guarantea regarding the suitability of the products for any particular purposa or
the continuing production of any product.  To the maximum exdent permitted by applicable law, Vishay disclaims (i) any and all
lighility arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential of incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpase, nan-infriingement and merchantability,

Statements regarding the suitability of products for certain types of applications are basad on Vishay's knowledge of
typical requiremeants that are often placed on Vishay products in generic applications. Such statements are not binding
statements about the suitability of products for a particular application. It is the customer's responsibility to validate that a
particular product with the properties described in the product specification is suitable for use in a particular application.
Parameters provided in datasheets and / or specifications may vary in differant applications and performance may vary ower
time. All operating parameters, including typical parametars, must be validated for each customer application by the customer's
technical exparts. Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchasa,
inchuding but not limited to the warranty expressed thearein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, [fe-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in parsonal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk.
Please contact authorzed Vishay personnel to obtain written terms and conditions regarding products designed for
such applications.

No license, express or implied, by estoppal or otherwise, to any ntellectual property rights is granted by this document
or by any conduct of Vishay. Product names and markings noted herein may be trademarks of their respective owners.,

& 2017 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED

Ravision: 08-Feb-17 1 Docurment Mumber: 91000



MUR805, MUR810, MUR815,
MUR820, MUR840, MUR8S60

Preferred Devices

SWITCHMODE™
Power Rectifiers

This series 15 designed for use in switching power supplies,
inverters and as free wheeling diodes, these state—of—the—an devices
have the following features:

Features

Ultrafast 23, 50 and 75 Nanosecond Recovery Time
175%C Operating Junction Temperature

Popular TO-220 Package

Epoxy Meets UL 94 V-0 @@ 0.125 in

Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction
Reverse Voltage to 600 Volts

Pb—Free Packages are Available*

Mechanical Characteristics

® Case: Epoxy, Molded

® Weight: 1.9 grams (approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldering Purposes:
260°C Max, for 10 Seconds

® Shipped 50 units per plastic tube

*For additional Infarmation on our Pb-Free sirategy and soldering delails, please
downioad the ON Semiconducior Soldering and Mounling Techniques
Referance Manual, SOLDERRM/D.

© 5 [» I . LLE, 2004 1
December, 2004 - Rev. §

101

ON Semiconductor’

http:/lonsemi.com

ULTRAFAST RECTIFIERS
8.0 AMPERES
50-600 VOLTS

CASE 2218
TO-220AC
PLASTIC

MARKING DIAGRAM

O

AYWW
Uxx
KA

i

A = Assembly Locarion
¥ = Yoar

WW = Work Waak

U8 = Davice Code

x =10, 15, 20, 40 or 60
KA = Localion Code

ORDERING INFORMATION
Sea detalled ordering and shipping information in the package
dimensions section on page 2 of this data sheal.

Preferred devices are recommended cholcas for future use
and best overall value,

Publication Order Numbsar:
MURBZIND



MURS05, MUR810, MURB15, MUR820, MUR840, MURS60

MAXIMUM RATINGS

102

MUR
Rating Symbol 805 810 B15 820 B840 860 Unit
Peak Repelitive Reverse Voltage VRRM 50 100 150 200 400 600 W
Working Peak Reverse Voltage Vi
DC Blocking Voltage Vir
Average Rectified Forward Current Trjy 80 A
Total Device, (Rated Vg), Tg = 150°C
Peak Repelitive Forward Current 5] 16 A
(Rated Vg, Square Wawve, 20 kHz), Tg = 150°C
Nonrepatitive Peak Surge Current Ipsp 100 A
{Surge applied al rated load conditions halfwave,
single phasa, 60 Hz)
Operating Junction Temperaiure and Ty, Targ =650 +175 “C
Storage Temperature Range

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (nat normal operating condilions) and are not valid simultaneously. If these limils are exceeded, device funclional operation & nol implied,

damage may occur and reliability may be affected,

THERMAL CHARACTERISTICS

Maximum Thermal Resistance, Junclion—to-Case Raic a0 | 20 [ «cw |
ELECTRICAL CHARACTERISTICS
Maximum Inslantanecus Forward Voltage (Note 1) Vg W
(ir = 8.0 Amps, T = 150°C) 0.895 1.00 | 1.20
(ip = B.0 Amps, Tg = 25°C) 0.975 130 | 1.50
Maximum Instantanesous Reverse Current (Note 1) In A
(Rated dc Voltage, T, = 150°C) 250 500
(Rated dc Voltage, T, = 25%C) 5.0 10
Maximum Reverse Recovery Tima L ns
(lg = 1.0 Amp, ditdt = 50 Amps/ps) as 60
(lg = 0.5 Amp, In = 1.0 Amp, Iggc = 0.25 Amp) 25 50
1. Pulse Test: Pulse Widih = 300 ps, Duty Cycle s 2.0%.
ORDERING INFORMATION
Device Package Shipping'
MURBDS TO=-220 50 Units / Rail
MURE10 TO=-220 50 Units / Rail
MURE15 TO=-220 50 Units / Rail
MURB15G TO=-220 50 Units / Rail
{Pb-Frea)
MURSE20 TO=-220 50 Units / Rail
MURB20G TO-220 50 Units / Rail
(Pb—-Frea)
MURB40 TO-220 50 Units / Rail
MURB4OG TO=-220 50 Units / Rail
({Pb-Frea)
MURSB0 TO-220 50 Units / Rail
MURBBOG TO-220 50 Units / Rail
(Pb=Frea)

tFor information on lape and reel specificalions, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRDB011/D.

http:/lonsemi.com
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MURS05, MUR810, MUR815, MURS20, MUR840, MURSE0

MURS0S5, MURS10, MURS815, MURB20

P
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MURS805, MURE10, MUR815, MUR8&20, MUR840, MURBE0

MURS&40
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MUR805, MUR810, MUR815, MURS20, MUR840, MURS860

MURBE0
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Figure 11. Typical Forward Voltage
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MUR805, MUR810, MURB15, MURB20, MURS840, MURBE0
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MURS805, MUR810, MURB15, MUR820, MUR340, MURS60

PACKAGE DIMENSIONS
TO-220 TWO-LEAD
CASE 221B-04
ISSUE D
L e N DR SIONING AND TOLERANCING PER M
hat! 1.
I'-‘I} [-_B_j/-F T -5 2. COMIFIOLLMG DMENSIN: MO
INCHES | MILLMETERS
f'_'"q} T '?"'-_nu'u'mﬁ T%
A AR T AT AT
| l‘ uj e [ Tos | aoe | 8 |
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Floe o] am | am;
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ION

HGL7.0-12

DATA SHEET

Applications:

LIPS power sysrems
Portable Electronic Instruments
Emergency Lighting Systems
Mining Search Light Products
Portable Camping Equipments.
Ramote Scfe::tg‘ﬁn Tastruments

SEALED LEAD ACID CALCIUM BATTERY

108

Electrical Specification

Physical Specification

- Final Overall
Capacity Load Duration Voltage Length Width Height Height
Rated Capacity @ 25 °C (77 °F) 5594 In 260N 3.0010n 3.8580In
7.00AR 0,350 20 Hours 1050V 151 mm GBS mm 94 mm 28 mm
6.51Ah 0BG 10 Hours 10200 Internal Resistance@25°C Fully Charged 19 moy
5.95Ah 1.194 5 Hours 10,02V
4.20Ah 4200 1 Hour Q.60 Weight: 2.64 Kg.
3.50Ah 7. 004 0.5 Hour f.00y Case Material: ABS Resin
Capacity ~ Temperature Self Discharge
104 F40°C) | T°R(25°0) | 32°F0°C) | 87FE15TC) 4 Mo, 2000 | B Mo, 20°C|| 4 Mo. 30°C | 8 Mo. 30°C
102% 1005 B5%: 5% 145 2655 2455 4055
Gharginﬁ - Constant ‘J'ullage Life Expectancy
o a Standby Cyclic Standby - o
@25°C (TT°F) Usage: u i USHQB: @25 °C Yeoars
100%
Voltage 13.6 ~ 13.8V]14.4 ~ 14.8¥ f 200 - 250 Cycles
= Discharged
L
50%
Current 0.70--0.88A0.70--0.884 g . 500 - 600 Cycles
= Gischarged
3 30%
Current {(max.) M/ A 1404 5. . 1100 ~ 1,200 Cycles
Discharged




TOSHIBA
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TLP250

TOSHIBA FPhotocoupler

TLP250

Transistor Inverter

Inverter For Air Conditioner
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLPZ50 conaists of 4 GaAlAs light emitting diode and a
integrated photodetector.

This unit is £-lead DIP package.

TLP250 1s suitahle for gate driving circuit of IGET or power MOS FET.

+ Input threshold current: IF=omA{mas.)

+  Supply current (Ioc): 11lmAimax )

s Bupply veltage (Voo 10-35V

+  Qutput current (Io): £1.54 (maz.)

+ Switching time (pLETpHLY 0.5ns(mazx.)

» Isolation voltage: 2500V (min }

+ UL recogmzed: UL1577, file Mo . EGT349

« (OptioniD4)
VDE Approved - DIN EN60747-5-2
Mazimum Operating Insulation Voltage * 890Ves
Highest Permissible Over Valtage - 4000V
(Note)'When a ENG0TA7-5-2 approved type is néeded,

GaAlAs Ired & Photo-IC

Unit in mm

19:015%_}_‘]}_* —
)=

o601

.

el

[]

TOSHIBA

11-10C4

Weight- 0.54 g (typ.)

Pin Configuration (top view)

Please designate “Option(D4y
+[ B
z[] ]+
3:’.
Truth Table =[] -
[ i [ .0 -
Input On Cn Off
LED oF Off on 1:NG 5 EHD
1:-Anode 5 : W g (Dutpuly
3: Cathode Tivg
4:NE B:Vppo
Schmatic
Ie
—

A 0.1pF bypass capeitor must be

connected between pin 8 and 5 (See Note 5).

2007-10-01
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current I= 20 mé&,
Forward current derating (Ta = 705 C) Mlp [ ATa -0.36 m PG
@ Peak transient forward curent [Mote 1) IFpT 1 A
Reverss voliage VR 5 W
Junction temperature Tj 125 "C
"H'peak output current (Pyy £ 2. 5ps.f 2 16kHz) [Mote 2) lopn -1.3 A
“L"peak output current (Pyy £ 2.5psf 2 15kHz) [Mote 2) lopL +1.5 A
(Ta = TOPC) a5
Qutput voltage g W
5 (Ta = B5°C) 24
lf Supply voltage Ta < 70°C) Wk e W
o (Ta = E85°C) 24
Cutput voltage derating [Ta 2 70°C) AVgiATa |  -073 WioC
Supply voltage derating (Ta & TO®C) Wep ATa -0.73 WG
Junction temperature T 125 iC
Operating frequency [Mote 3] f 25 kHz
Operating temperature rangs Topr —20~85 g
Storage termperature range Tstg —5E~125 C
L=ad soldering temperaturs (10 5) Tsal 280 iz
Isolation voltage (AC. 1 min., R.H.2 60%) [Mote 4) Bz 2508 s

MNote:  Using continuously under heavy loads (e.g.-the application of high temperature/currentivoltage and the
significant change in temperature, etc.) may cause this product to decrease in the reliability significantly even
if the operating conditions (i.e. operating temperature/cumentivoltage -etc. ) are within the absclute maximum

ratings.

Pleaze design the appropriate reliability upon reviewing the Toshiba Semiconductor Reliability Handbook
(*Handling Precautions™Derating Concept and Methods™) and individual reliability data (i.e. reliability test

report and estimated failure rate, etc).
Mote 1:  Pulze width Py = 1us, 300pps
MNote 2. Exporenential wavefom

Mote 3: Exporenentialwavefom; lopy £ —1.04( = 2.5pg) - lopr=+1.04( = 2.5us)

Mote 4:  Device consigerd a two ferminal device: Pins| 1, 2, 2 and 4 shorted together, and pins 5, 6, 7 and 3 shorted

fogether.

Mote 5: A ceramic capacitonl. 1uF) showkd-be connectad from pin 5 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the-bypassing may impair the switching proparty. The total lead
length between capacitor and couplersheuld not exceed 1cm.

Recommended Operating Conditions

Characternistic Symbal Min Typ. Max Unit
Input current, on [Motad) IFiamny 7 g 10 mé
Inputwoltages, off YWEGFF) a — 0.2 W
Supply walfags Moo 158 — 30 | 20 W
Peak output current loprlapL — — 1.5 A
Operating temperature Topr =20 25 70 | ) "

Note: Recommended operating conditions are given as a design guideline fo obtain expected performance of the
device. Additionally, each item iz an independent guideline respectively. In developing designs using this
product, please confirm specified characteristics shown in this document.

MNote &: Input signal nise time(fall timea)=0.5us.

2007-10-01
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Electrical Characteristics (Ta = -20~T0°C, unless otherwise specified)
Test
Characternistic Symbaol Zir— Test Condition Min Typ.® Maz Unit
cuit
Input forward voltage VE — Ip =10 mA , Ta = 25°C — 1.6 1.8 W
Temperature coefficient of ' :
forward voltage LVF [ ATE — IF = 10 mA — —2.0 — mhf oG
Input reverse current I — Vg =8V, Ta=25°C — — 10 pd
Input capacitance Cr — W=0,f=1MHz K Ta = 25°C — 45 250 pF
e IF = 10 A
H" lewel loepH 1 =0.5 -1.5 —
= Va5 = 4V
Cutput current 1"':':1:? =3 i A
. LY Ip=0
L" lzvel lapL 2 Vigs = 25V 0.5 2 —
oy Veoeq = +18V, Ve = 154 _
H" lewel Van 3 R = 2000, I = SmA 11 122
Cutput voltage W
= Moo = +15V, VEsL = 15V [4 -
L™ level VoL 4 AL = 2000 Vr = 0.8V — -4z =125
Voo =30V, IF=-10mA _ 3 _
“H” level lccH — Ta=25°C
Supply cument Voo =30V, Jp=10mA — - 11 -
Veop = 30V, [F=D0ma — 75 _
L level lecy — |Ta=I5°C
Moo= 30V, IF = DmA — - 11
Thrashold input “Cutput I __ A Mena =419, VEET =18V Y =
current L—H" FLe Ry = 2000, Vg = 0% 12 | mA
Threshald input “Cutput v Vopy = +180 Vg = <184
- FHL — 0.8 - — W
voltage H—L Ry = 2000, Vg <0V
Supply voltage Voo — 10 — a5 W
Capacitance e — Wg=0,f=1MHz _ 10 20 F
(input—output) Ta=25C ’ ) P
Resistance{input-output) Rz — ESH?&E?SE.; 1a525°C 1!<1|:I12 1IZI-|'1 — [
= All typical values are af Ta =25°C ("1} Duration of 13 finne = 50us
3 2007-10-01
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TOSHIBA TLP250

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)

Test
Characteristic Symbal Cir- Test Condition Min Typ.* Max Unit
cuit
Propagation L—H tpLH — 015 0.5
delay time HoL gL I = BmA — | o015 | os
5 VCC1 =+15v, VEE1 =15 HE

Chutput rise time ir Ry = 2000 - — —
Chutput fall time tr — — —
Common mede transient
; : - Wige = 800V, IF = 2mA .
immunity at high lewel CrH "u'gg =30V, TE|F= EETC —ED00 — — Wips
output g
Common mode transient - =1
imrunity at low level Ca ggg ;ESVWTLZ E?STQ 5000 — — Vs
output
Al typical values are at Ta = 25°C

Test Circuit 1 - lgpH Test Gircuit 2.2 lopPL

]
M
1 |: L l i [
Vee
:| = O.4pF = = |:
Wi
I= -2} Voo

§

I lopH " |:

Test Circuit 2 - VoY Test Circuit 4 - Vg
& 8
g
10 u il H
Ve Vo
:| L piprF En _[ L gae 4
I= Ve =+

] — [

v,
. I: :I_" o . E
-VEE1 . | VEET

LT LT T 7T

4 2007-10-01
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TLP250

Test Circuit £ tg) s, tprL. fr i

i 5
I Lk i Lo 1 vees

| -

o Vo
R
1 e
i L ,-,J;r
won ¥ [ ] *
L WEE1
Test Circuit 8: Gy, Sl
3
1 e
ow = 0. 1pF
i_[h T | Moo

[

Ai B ]—-—01.;0
4[] -4
+®-"-’-:M )

Yo
S -AIF=EmA)
\J G
Vo m_ oy —"2av
CHu
SW o B{le=0)

L

CML{CMH) iz the maximunmr-rate of rizse (fall}-ef the common mode voltage that can be sustained with the output

voltage in the low (high) state.

2007-10-01
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TLP250

Allowanle fonward curran

Alowable peak aupul currenl

Forward current Iy {ma}

(mA)

(Al

WoPH, loPL

IF =VF
100
Ta=m35"T
=0 -
- .
ks I i
el
sf 7
3 7
1
s T
F i
0.3 >
ai
C.os
oo !
.o I
1.0 12 1.4 1.E 1.2
Forwardvoitage  WE (V)
IF-Ta
40
cal
prix]
N
iD
o
o 2 40 o Ed 100
Amblens iEmgerature —Ta_["C)
lgpstopL — Ta
—
PN 525825 15K
™,
o
[x] o | 40 ED Bl 100

Ambient Temperature T2 (")

Foraard voltags temperature
coefMelent &WE/ & Ta My *C)

Allewate supply vollage Voo V)

AVES ATa-IF

-1.6

-1.4

a1

[l ] 1 .-

Fordard current  1p < {mid)

Vog=Ta

18 30

3

1 20 a0 &0

Amblert temperaturz Ta ("C)

ED 100
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

= Toshiba Corporation, and its subsidiarizs and affiliates (collectely "TOEHIBAT), reserve the right to make changss to the information
in this document, and related hardware, software and systems [collectively “Product”) without notice.

= This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alterationfomission.

= Though TOSHIEA works confinually to improve Product’s quality and reliabifity, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adeguate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which & mafunction or failure of Product could cause boss of human lifie, bodily
injury or damage to property, including data loss or corruption. Before cresting and producing designs and using, customers must
alsa refer to and comply with [a) the latest versions of all relevant TOSHIBA infarmation, including without linfiation, this documsant,
the specifications, the data sheets and application notes for Product and the precautions and conditions set-forth in the “TOSHIBA
Semiconductor Reliability Handbook™ and (k) the instructions for the application that Product will B='used with or for. Customers are
solely responsible for all aspecis of their own product design or applications, including but not limited tg (a) determining the
appropristensss of the use of this Praduct in such design or applications; (b) evaluating and. determining the applicakility of any
information contained in this document, or in charts, diagrams, programs, algorthms, sample apphcation circuits, or any other
referenced documsants; and {c) validating all operating parameters for such designs and 'apphications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMER 5" PRODUCT DESIGN OR APPLICATIONS.

= [Product is intended for use in general electronics applications (e.g.. computers, personal equipment, office equipment, measuring
equiprment, industrial robots and home slectronics appliancas) or for specific applications 35 expressly statedin this decumsnt.
Product is neither intended nor warranted for use in equipment or systems that reguire-extraordinarily high levels-of guality and/or
reliability andfar 3 malfunction or failure of which may cause loss of human' life, bodily injury. serious properdy damage or senious
public impact ("Unintended Use"). Unintended Use includes, withowt imitstion, 2quipment used in nuclear facilities; equipment used
in the seraspace industry, medical =quipment, equipment usad for automobiles; trains, ships and other transportation, traffic signaling
egquipment, equipment used to control cormbustions or explosions, safety-devices, elevators and escalators, devices related to electric
poweer, and eguipment used in finance-related fizlds. Do not use Product for Upintended Use unless specifically permitted in this
document.

= Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part

= [Product shall not be used for or incorporated into any products or systems whose manufacturg, use, or sale is prohibited under any
applicable laws or regulations.

= The information contained herein is presented only a5 guidance for Product use. Mo résponsibility is assumed by TOSHIBA for any
infringernent of patents or any ather intellectual property rights-of third parties that may result from the use of Product. Mo license to
any intellectual property right is granted by this document, whether express orimplied, by estoppel or otherwizs.

= ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWAELE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOS 5 0OF PROFITS, LOSS OF OPPORTUNITIES, EUSINES S INTERRUPTION AND
LOSS OF DATA, AND {2) DISCLAIMS-ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITION S RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITMES S
FOR APARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

» GaAs (Galliurn Arsenide)is used in Product. GaAs is harmful to humans if consumed or absorbed, whether in the form of dust or
vapor. Handle with care and-do mot break, cut, crush, grind.-dissalve chemically or otherwiss expose GaAs in Produect.

= Do not use or otherwise make availablz Product or relsted software or technology for any military purpasas, including withouwt
mitation, for the design, development, uss, stackpiling or manwfacturing of nuclear, chemical, or biological weapons or missile
technology products {mass destruction weapons). Productand related software and technology may be controlled under the
Japanese Foreign-Exchange and Foreign Trade Law and the U.5. Export Administration Regulations. Export and re-export of Product
or relsted software aptechnology are strictly prohibited except'in compliance with sll applicable export laws and regulations.

= Plzaze contact your TS HIBA sales representative for details a5 to environmental matters such as the RoHS compatibility of Product.
Plzase use Product in compliance with all applizable [aws and regulstions that regulate the inclusion or use of controlled substances,
mcluding without limitation, the EU RoHS Directive. TOSHIEBA assumes no liability for damages or losses occurring as 3 result of
noncompliance with-applicable lsws and| regulations.

7 2007-10-01



NSRANULLKASNITAS NS ULNARATHIUNITALANAIETLSUNSN LabVIEW

Design and construction pulsed-DC system controlled by LabVIEW program
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ABSTRACT

Pulsed-DC system is established for reactive magnetron sputtering process because of their
film uniformity, high quality and better deposition rate than AC system. In this work, the pulsed-dc
circuit was designed and simulated with OrCAD Pspice program. The system was controlled via by
LabVIEW program which could adjust the pulsed-signal automatically. The components of pulsed-dc
system consist of DC power supply, H-bridge switch circuit and NI myDAQ. The system was tested
and compared with the simulation results. Test parameters were frequency range of 10 Hz — 10 kHz,
voltage pulse of 30 V, and duty cycle between 10 — 40 %. We found that the system is efficient to

generate pulsed DC signal which is consistent to simulation results.

o o o exlal @ A
ANFHIAL: FTULUNARAT Tdsunsuuanin

Keywords: Pulsed-DC system  LabVIEW program



UNU

o

wuaen e i wasaginswmuiduiiet U 1d g8 msunssuqunissnannnuuniingau

o

atlnpe39 lHaIANITULRAART NS RIINTIARBLNgINd A LHa NN AC AannlanAun ngIuay
s £ ¥ a = a = v 2 o= Yo a Ao
antTyuinisensadsnelfifinarud@ensusiouaisadey (1] Auiuaslafuanuiionldluniias

walulaginisirdauudauasilduunsansnesauisonalunugnaiunssu iy Tuseuanlud (B,C)

a a

Tanilanlulass/Inmiianlulass (CrNTIN) wazazgiifianaanlas (ALO,) 1usu [2-4] Feanenudde

2199A0ATTANA gangune [5] nisaisruuiasntassdalaeneasaindlag power mosfet 2 69

v a =3

uadnd wazldasasnifianaduuufaneadnuisasadamnanitasiuy 1 input 8 output liN@d519

D

Aynniadianyine 2 dyannlunisdung Genadls Ae 4aeaaund1sraswaasaLs 10 119 100
Tulasund Aungeqa 30 Rladsauazusssuliinsmuauuaziuuansongegs 1250 Taast
usiluaruddaitlaniniseanuuuagas iinduldsunsuuaziinisaraesdnyoyn i e ey
T1lsunsa OrCAD Pspice iansagaulymuazdasaninidesfuaeananiauiin1saiessuunaang
o = Ry o o o co o emaa o
souaanlFaLnauNai ldanilsunsuataesdynumasiunmagasssLLRaanTnas1e Tnasyuw

=

WasndasstulanagaulugaaANnfcws 10 1F5m 09 10 NlAEFR ANLaIIa9Rasd oo uas]l1Tag

v
T T U

[
= 1

10 lulasauni De 40 Fadiuit Tneszuuiasnaineuazpauauiuilsunsupenianes LabVIEW waz

AN uliadyinas NI myDAQ dunldeusauiuldsunsy iNeandauasasnfindyyriwas
1] ti’ 1 1 a a o :’/ % v K Y

waNe < 49U edesienisnaaasunsaliiaoydussuy wenaintiugdauaiuimdnanisilden

o sl = 2l ‘i’
sruuwasadrLllsunIuARNR RS AL Az AINNNNTIW

[ L4 aa
analnsaluazignis

1. NFRANLULLASNITINADITSULNAS AT

A

A.) Fanladtyniunad B.) 29asaandiatidng C.) unasniila dnnszuanss

SLULNARAT W gnaanuULndasiinulilsunsy OrCAD Pspice Suiluldsunsudmiuanaes
2agtiisnliianismsaaeudtyayinunldaineasiieanuuuau a1ngiit 1 wandautsznavsing o

weszULWARAT Usenavldsae 3 dauidranylaun



sTULNARAT I naanuULasastnulilsunsy OrCAD Pspice Suiilulisunsudmiuanaas
2astinsnliianisasaaeudtyayiounliaineasiieanuuuau aangiil 1 uandautsznavsing o

195z uLWARAT Usznavldsae 3 dauidrdnylaun

A) fanladtyoyosWad Avisvne 4 fa Tnsudatluaesgane P1 AU P4 (Rndtyauinmias

Y
a o 1% o =2 o

) uwaz P2 fiu P3 (\ndayaunnmieniu) aeisaesgafadtynruiaaunaiiuasaaiunanvisemases
NaRFINgAU 180 A9AT LL@:ﬁﬁQLLﬂﬂumimuQuﬁ@@’mmiﬂﬁ?Lmiu%qﬂizn@uﬁw w9 INA FuF (V1:
Volts) LLNﬁuMﬁWQQM (V2; Volts) AN11149949 81 (TD: seconds) 129198198 LUNIBIDINAS (TR:
seconds) 1991981 LUIA9UBINAR (TF; seconds) AIINNI19229WAR (PW; seconds) wazgaing
] agll = o O a o o rdl o dl o v

AUAN (PER; seconds) tnadauilaziFaumileusaniiadyguiadndunem IGBT Sevinudniu
ANt IUsTULUNARAT

B.) 29383 TiaqL3Aa 14 IGBT wwaf IXDH20N120D1 ilugindliiuaeasinafanuauianun 4
o dl o v a o s e‘d‘ a U4 1 a o 1 1
fin Wanuua liiadtyuwaanaIndinauu (S1) wazanaaan (S4) aziiausesulninanasausznang
Tamdudeuan andulddygyruiaanainddiauu (S1) uaza91819 (S4) ngaad wuzbiinin
Aoy uWaRTIEINTI9 LY (S3) wazdnaans (S2) azvinliussaunnasaniludeausznanlnanaasssuy

o Y

(AAIUNIULLNA 500 TaiN)

C.) wiaania inszuanss ludousestiazgnuiaiuasunasae V1 waz V2 inasiaenis

'
oy

duiunstinsasniadyyuiasaasiouuyllauning Taa v1 Mdduwsenndaidndeuanuas v2 14
Wuunaenudfiavindsauldiuvan uanainuuusesulninisaesdesan fusasiiandifiu 1200 Taas

Faflulnanimuad IGBT 1waf IXDH20N120D1

4 @ da
2. NFASNGTETULNAR AT

o o adhy .y & o o
ANZUN 2 wargUT 3 LAATLALNINTBITEULLAZNINTDITTULATN I aF19Tu nnady Tng
Usznausaadiulisunsnaauau (NI LabVIEW) \Fansaiu NI myDAQ Tnadsdnynrunadivaduaning
wesgandiaminisliusssulninannunasniin innszuanss uazgainapansaaaudtyniunas

wpsulinsaeATasRanaaaastiagalal RIGOL DS1102D Tnsilandsneasiasnsail

_LabVIEW program

_Oscilloscop

DC power

NI myDAQ H-bridge power switch

‘dl o  exalal
gﬂ‘V] 2 UWNWNIWIELLNAAAT



LabVIEW program Oscilloscope

NI myDAQ H-bridge power DC power supply

'
¥ o o=l

U7 3 FunuuszuuWaasa

2.1. sianiiadeyny1ns NI myDAQ wazlilsunss LabVIEW aauansanHndtyy nunas
NI myDAQ Lﬂuqﬂmdﬁi‘fj’muéquﬁ“u‘iﬂmmu LabVIEW faanugnunsalunisdndoynyiousng
7 sondadusan ey Tnensidenseiultsunss LabVIEW uazfudayaaniysunsy LabVIEW
KN USB annifis NI myDAQ AazNIN19RIATY RN UNAFDBNNININTES Analog Output Vaeates e
AO (0) uaz AO (1) v3aEanlddn NI myDAQ Wudauansianvinnaedlilsunsy LabVIEW el uild
Bandifuumseriniadoyy osias (31597 20 kHz) a1t AN e TsuNINTeaLEN
udaureanisauandoya niiadresssuLasaT Iddenldlsunsy LabVIEW dessierius

A

ffindtyryins NI myDAQ tilesanntusunss LabVIEW Lﬂu‘ﬂﬂmmuﬁéﬂﬁmmxuuL%ﬁqvlﬁdmﬁﬂﬁ
gradnsanisidauiazidleluntevas lnasnazi@aullsunsudnuninsne Front panel fauTugan
L%uﬁimwdw‘iﬂnmmﬁuQ’ﬁﬂu‘ﬂﬂﬂmiu %'w‘hﬂﬂm%’mﬁﬂmniumnmiﬁﬁqﬂm‘mﬁm@ﬁumL%mi@
fuduauldunndatovmnaeaszuy @ﬁﬂﬁuﬁq‘qﬂmtﬁﬁmm%w%u%\mm%gﬂﬁﬂﬂmeifﬂwﬁﬁ&m
Control panel 1'71'Lﬂumuﬁ@uﬁimwdw‘iﬂimeﬁmﬂ%\mu‘Eﬂmmu LabVIEW
2.2. WArdInTierLisnd

aAnduasszun1di IGBT iwed IXDH20N120D1 filudasufnnaifialaleanidundan uazse
saniugindieti3adi e IGBT viavun 4 6 Tnspauaudnyeyrulvivas Iaandidug ugnanmiild
asasiuinmduuunuennsaditeananudens lussunussaudefianisfensesszun uazitlalon
doelunisFeanszualiiuosasadng 4 o Tneluanazgnsiadiiuogasadinduiinusessaaasading
IGBT LuazanwvRBafy

2.3. paddlaalall



ﬂ@@%‘lﬁ@a%ﬂﬁiﬂumiwm@mﬁﬁqqmmﬁﬁi@L‘f‘ifaq@qzﬁm 100 N8 29 NBILL Single-
shot g4 80 nz@fAuazaInIsanuuaesnlnifnandngega 300 laas (RMS) HENANIUANLNTD
mmﬁmzﬁ“@mqmiﬁ%\aﬁm’mﬂLL@:W@@’@U mamnd”mmmﬁ@@’@gflmm%\a ust 20 wnTwAuny — 10 Juh
289158 RIGOL (Tutaa DS1102D) ﬁﬁlﬂbﬂumad“m”m&mpmﬁmru?mmimmm?zuuﬁm’ﬁ%
2.4 uwasn i liinnszuanss

wissrinlialiin g lunmaaesiiRusadiuiniiewing 30 hasiaznszualii 5 wesuls
wihAnsLanIraTBIiNsTaLa sl LI AR Re 4 Fee uennaniiudefisruntesiunas Over

Load MazyiiinAs@ayng linisy iy §1 UP-3005T 999135 UNICORN

NANISANEN

1. NANNIRANULLNATIATLITAAAa UIWNTN OrCAD Pspice

5A. 5B.
= =
5 H
S s
-1 8
0.0 o 0z 03 o s.0000 0.0001 noonz 0003 00004
Tirme [=] Time [s]
5C. 5D.
= =
g § o
£ S
8 g8 "
oa L o2 a3 o4 0.0000 o000 00002 00003 0.0004
Time [s] Time [s]

o

317 4 nevlszudnaussaulniiuaunanantlsunsy OrCAD Pspice

o o

g1l 4A uaz 4C dryryrtuiadAa D 10 1F5A A1UA % Duty cycle 10 % Uaz 40 % FNNATAL

31l 4B uaz 4D dryryrnuiasaanad 10 AlaiEsa Anuum % Duty cycle 10 % uaz 40 % ANNAAL

U7 4 uananssendnsusasu i lumdsaaasuaiunan lumiielulasiuni gudnynnnm
I#a1nniseenuuuasasdIndiaauiaaiaallsunsy OrCAD Pspice tlan1uunaldusssulninan
unasnita inszuansaisaaslidawingui 30 Taas Tugi? 4A uaz 4C nuuaand 10 BT

Ay ouWaan laannInIuue % Duty cycle Winil 10 % LaZaInn1sAIuum % Duty cycle winriu 40

[% o

% Aua1al ludaugii 4B uaz 4D nuuaaaud 10 Aladsadudygnmasnlaainnisminun %

'
K o

Duty cycle WL 10 % WAaZAINN1TAIUUA % Duty cycle WAL 40 % ANaAyU Tednladannuiiom

Tuana11n 500 laiu



2. \lsunsuLabVIEW

§U7 5 uananiisneaquanaesldsunsndsznavlddon 4 dou Ae 1idudesuaniuaaes

'
=2 o o o

o o o'dl a d?/ 1 5 dl o v a d? 1 5 dy 1
I RasNINATUAINTGBRYTINE AO (0) Tedtyrynuiaanniuualiiinauludesienyinailazlad
N19619A1 Delay time 1894ty unas asldarududynyiuiaduinaesseuy 2.1 0udeuanIna1a

Arynyruiaaniialuandasieving AO (1) dtyyruiaalutasevinatlaziludayanmasngnidu

o o

oty adaL e N AaIn s A o uRARALLA ANNANAIA Ty uWaaLANFIAN Delay
time M AN uATaMTara9EI9A LA TaMNA T9asnin IEnaseswaasnafii 180 a9A1 waldifinnisviy
dauiuszndedrynuiaayiaaed 3.iuteuandnasudny I nevinaIzdng AO (0) kaz AO (1)

Teia 3 daenlanatauniuduns Muanuassud 19LaNNAqATRIATY Y (WNUAY) AUATLEAT (W1

'
- |

UAU) 4. 189N 1MUAAINNTLAZAT % Duty Cycle 1asdtyrynunas iiatlasriunisfantasWasuanuayaw

uananNn9aaA liiWareaasiaaadsinaiiy 180 99 LAAERRBINLA % Duty Cycle liilAngegalng

o K K 1 a T o . v ri‘z 1a o ¥ o dl ! Y a
Atlalstaanan lunnsaindaaswaanadns (Dead time) liaandvisaasldifadtynyroudaunis denalfina

=l 1 o o=l
AIMHALUNELNTELULNARAT

317 5 wihsnsacuanaasilsunan LabVIEW

3. HANINARBITZLLNAGATNAILANA: TN LabVIEW

q

7U7 6 uandryyrounaan lidunadaaadauuuanuIngs Symmetry Bipolar Pulsed) i

(7

waas A FanARasLanuazWasaLLlw 60 Taas Tenruanssulninsziansaanuasnialy

30 Taasuazdndnyayrauiaaienvinnanniuanauin 500 tavin 50 Tn6 feiasesaaailalnlaased
Anaraansasulnin (LLﬂuél;\‘l) 1n9004T ez AW 1:10 Tqam’%qmngﬂﬁ' 6 lugtl 6A uay 6C ldainazes
ALA1 UNN9SR (Wnuren) W 1:20 Aaai w1 iﬁﬁmmﬁmﬁmﬁlmmﬁ' 10 1858 % Duty cycle WMy
10 % WATAINNIINIUUA % Duty cycle WINL 40 % AINATAL kazaIngl 6B way 6D fuldainaaad
Aualunisdadu 1:20 Tulasiund I%Lﬂuﬁmmﬂmﬁ@@“ﬁmmﬁ 10 N1al@sm % Duty cycle Winfiu 10

% WAZANNNIAINUA % Duty cycle WL 40 % Auansuduiu dadunimeaassniuand ldaanuuy



1997210 11sUN31 OrCAD Pspice WallFaiaudy oy unaan taainnireanuuuaiullsunsuuas

o o ey w o o  emay
@mmqmw@@Wiﬁ@qﬂﬂq?@?qQ?$UUW@@ﬂsﬁ

U7 6 namlszudnausasnliniuaunatainnimesesssuuRasATN A LAN AL UsUN SN LabVIEW

31 6A uaY 6C AryryrnunadAInD 10 B8R AuuA%Duty cycle 10% WAz 40% AMNANAL

71 6B uaz 6D Aryryrnunasaannd 10 Aladsn Mmuua%Duty cycle 10% U 40% AMNANAL

AslnauazlaidauaLus

”Lu\‘muﬁf%”ﬂﬁiﬁﬁwmimmmuLL@:@%Nizuuﬁm‘ﬁ%ﬁwmimuﬂu@’m‘fﬂnmm LabVIEW Tne
anniseanuuuagastiiullsunsy OrCAD Pspice M T la@ N9 LTIAN B BBINAN BN UL
wasdIndieninnseanisaiaiieldanlussuadi ‘Luﬁfmmm'ﬁ'wﬁm 10 NlalEFAUAT % Duty
cycle Faust 10 B9 40 % Ausafulnsia 30 Joasf wudiuaanTilsunsuasasiieanuuansalfals
lugaefifaua arndurinnsdeutisunsa LabVIEW Lﬁ@muQma“nwmmmzﬁ“avm;ﬂmﬁaaimx”ﬁmu@m
SUUWAERE ATy mﬂN@mimamﬁa&lmﬁmﬁffm%’mﬂﬂ@@%‘[@ﬂﬂﬂ Lﬁ'@ﬁmumﬁmﬂﬂmﬁmmﬁm
Waamun1saanuuululilsungy OrCAD Pspice Té’zﬁ”mmﬁtmﬂuﬁm’mm%qmeummﬁ'ﬁmng\iﬁum
usasulifane 60 Taast uafidnsusiinsafuniseenuunainisunsy Taeluauifidunisada
szULaRRTRuLLL Teanilgnisairessuuiadnanaaauigausasnadeuiiusiulnihgduile

Pl s uuuntinsauailnnes

a a
naRngsNUszAA
we10uAMluANEATIZTR NN AR AN sz neuarAnurAnenAmFan 1 TmaTulaEne:

v % o 1 A % -n; ° a o g: d’l
@@mmmL@qﬂm‘wmimmﬂ?:u\ﬂummmﬂmmmummu‘wLmzqﬂmm“lumimmmwm\m



LANA1TANDY

[1] Este, G.O., Westwood, W.D. (1998). Reactive Sputtering. Handbook of Thin Film Process
Technology, vol. 98/1, p. A5.2:1-9.

[2] Chen, W., Yanqing, Y., Yip-Wah, Ch., Yingchun, Zh., Sheng, O., Zhiyuan, X., Kexin, S., Pengtao, L.
(2016). Hardness and toughness of boron carbide thin films deposited by pulse dc magnetron
sputtering. Ceramics International Microstructure, Volume 42, Issue 5, Pages 6342-6346.

[3] Oua, Y.X,, Linb, J., Chea, H.L., Sproulb, W.D., Mooreb, J.J., Leia, M.K. (2015). Mechanical and
tribological properties of CrN/TiN multilayer coatings deposited by pulsed dc magnetron
sputtering. Surface and Coatings Technology, Volume 276, Pages 152-159.

[4] Sridharana, M., Sillassena, M., Bottigera, J., Chevalliera, J., Birkedalb, H. (2007). Pulsed DC
magnetron sputtered Al,O, films and their hardness. Surface and Coatings Technology,
Volume 202, Issues 4-7, Pages 920-924.

[5] Weerasak, S., Thanusit, B., lan, Thomas., Vittaya, A., Tosawat, S., Zhang, Ch. (2006). Design and
Construction of Bipolar Pulsed-DC Power Supply for Magnetron Sputtering System. Pacific
Science Review, vol.8, pp.37-40.



=8
©

e
=
S
®
=
(aid}
S
>

UsgIRn1sAnw

NANIUNIIVINTS

UseIngideu

w1e 911U Aanalna

6 AU 2535

flagilagliu

162/285 1y 5 9988l9NT-WIAR AUUUNINYT FIUALNITNYT Snaliles

Jminaynsusinig 10280

@) Inenemanstiudin @ Fanduszand nsaiade 2.92

@oanudnw) anrdumaluladnszidiindigamnsaiansed

(@9u) enmansuvidadin awn Fanduszgnd insaiade 3.87

(@oanudnw) andumaluladwszidundningummsaansy s

1. uvsryirmsinermansuazinaluladuisUssnalne A% 40
The 40™ Congress on Science and Technology of Thailand
Title name “Plasma Parameters of Direct-Current Glow
Discharge obtained by Single Langmuir Probe Technique”

2. mtszidninsauenanuidesedutadinfnywienaaded 40
Founeu “N13PBNUUULAZNITATNTEUURARATHIUNITAIUAY
pelusuns LabVIEW”

The 40™ National Graduate Research Conference “Higher
Education Harmonization”
Title name “Design and Construction Pulsed-DC system

controlled by LabVIEW Program



