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Abstract

In this project, a temperature control system was designed and developed for electric iron
plate in order to solve the swing of the average temperature of the iron plate. The developed system
consists of thermistor measuring temperature of the iron plate, sending data to the microcontroller
for processing, and creating the pulse signal for conirolling the amount of electrical energy of the
iron plate as the temperature setting value.

From the test result, it shows that this system was able to control the temperature in 3 levels
which were level 1(80c — 110¢), level 2 (110¢ -150¢) and level 3 (150¢- 200¢). When comparing
with the original temperature control system with similar temperature, it was noted that the
developed system can reduce the peak of temperature while it is used in the first time interval and

also reduced the swing of the average temperature of the iron plate.
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GND dmiudanininig 8,22
Port B (PO-P7) INFARTEALNITHINM P1(14)
XTALI/XTAL2/TOSCI/TOSC2 ﬁ%'"lx‘iﬁ”muq;m Pulse Width Modulation PO(15)
n‘ﬁ"aﬂmﬂumsﬁmmmizuuﬂquﬂn
gangll Aladla wdsan lihdmsy
wita hnuumes Tuaan 14
Port C sunaTaus sy bilvhyoainta PO(23),PI
(PO-P5) gunpiisiameiinae’ (24)
uaasdioyaveaun)iiuarszALINIg P3(26),P4
nuvesssrunIuguenmgil Ma/ | (27),P5(u128)
Ha waaaw Idhdwsuaisaliih
puumes Tnadnuumine LCD
Port D(PO-P7) UErAINISFI9TUVES LED R15581 1 P1(3)
UEAINFTL0I LED Razdt 2 P2(4)
JAAIMTTNILYDI LED HIvaD 3 P3(5)
adndiuszaunshey P7(13)
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91015190 2.1 My Tasaeu Tnsaae sy Tnseauil 1didends port B P1(
14 uaiadanszdunsdiag o (w1 15 iead1sdyyIn Pulse Width Modulation 118
Arugunsivesssuunauauann i (Waaa wasou ihdmSuaia 'l
uuvdn Tuiald) portc Po P1 (1 23,24 WluduyatausedulivesiiTaguugiviia
mefiamed), P3 P4 PS (41 26,27,28 UFAdTaAV0IMH HINALTEALININUDT LI
aruquangil Ta/Ala wasou lihdmiumda Idduwumes Tuadnuundies Lep)

Port D P1 (V11 UXAINTITHI9IUYDY LED NFLAY 1) P2 (U1 2 uAAINITY191HUDY LED
)

| @ o y as [~ ) @
NI2A1 2) ,P3 (V13 HAaNITHINIUYY LED ﬁiﬁiﬂll 3 uaz P7(u113 Auadasiuszaung

9TH)

2.5 MG (C Programming Language)

=4 r =4 P - g o )
MM (C Programming Language) §i9 ﬂm'mamuﬂummmisﬁugdunsimum an

ar - = | g . [ o : 4 oA ar
Horu laeauiia Sa% (Dennis ricche)IH4¥0anaaoILad (Bell laboratories) NNDITd0 UNITF
~ ol ~ o w At | ) ,
fiaeefd Tauaudialdlfuannisvesniyr Hadiea (BCPL. : Basic Combine Programming

é 3 3 o ¥
Language) 97 @110 Taotay naudu (Ken fomson) 113 8000ULLAZHAILID Y IHYDUAY
A m = r [ o g =, o LA
fia5ad fyarjenelifidunmnd v fuldmasddsunsnl §idns sz uogind uaz Idasse

V& (© w1 u & () 1fludasnusdeini (B) veaniul BCPL 1@ a3 uilu

v Ed
@

ar ar o dy v} 9 of ~ Q)
PIMITTAVGIUDENINITZALE NN 12 011500T Idayaunsd Tas s amsaauguns
o < — @ @ A I a
uves lilsunsuiluedis@ordunuesTdsunsuszaugeaun Tedeilunszduga
Tudiidedndidlunmsedud mswanndintnadnialussdudiigavesanianay
3’; 9 c%’d & 4’!’ 4 o a & o o LY
AN DVITBIdTUVeIN TN uT SN NI AuNa iU A uE N TasE AUV IF
o Py A ¥ o . q o a A
ndarusolfanznsiedd uazanumansaszaugs i ldnnddudaszon
4 o =5 s & &2 o ) a ¥ o o o Y
g1ias MuFmseadIvamyuATesFIasanurinvesdayatuldles g
Tisunsui@oudronmdn@suinnnisanils mmnsoih I lgfusnmsoanildld dsznou
& gt g A o MY & w1 A g I's o A P
ANy westimef lunwnd v ldhniludednavesnsiiudaszamna e iiion
hlshv = :3 L T . = (Y] 7] o gh:'s = | 1
ATUAMTINMINUU VIAND compiler MEIFBBANWUITUAIINING I IAFNN 1d
1 k4 ¥
gniaua1eeiindsgalafon1a American National Standard Institute (ANSI) 39#990 i mUA

3 . - .
WATFIUVRINTIFIUF N T ANSI C Weadnasgvaeanet 13 lilhiddeundasly
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Tassa¥ravealisunsummnd

Tilsunsulunmidna Tlsunsunlszneudieisndustiaiesniledensu Ao Waidu

nan TagllsunsumeFozisuhaunisnsunanney Tuuaazfanduzlreneudae

[l o A o or
1. Function Heading 152naUR18 dIunandedesnsunazo19iis18n17ved argument

(‘U"Nﬂuﬁilﬂ parameler) ?Jfﬂll’.lﬁ!ﬁ'll

Qs

2. Variable Declaration f1ulszmadauls dmiunmid damlsviemasiinnda #
1HuTldsunsuszdedimzilszmadoudingldausd’ls sfumlugiuun oy interger

179 real mumber #1115 UsHav03A 015 Tun 1% nerasluaised 2.2

l:i ~ s =1
maafi 2.2 siavesamalslunmd

yuaYearulls | Ve (bits) | vouua MIITaIu
F [
Char 8 -128 914 127 Yaynviinsnusy 1iled 1 lud
. = 9! o o sy A
Unsigned char 8 0 B4 255 VYW URADNUTL Ulllﬁﬂ!ﬂ'i’e]ﬁ‘r’fmﬂ
Int 16 -32,768 14 32,767 | Beyaviiaswnudy lHied 2 Tud
. . = ) g Y 1a A
Unsigned int | 16 0119 65,535 Sy ludamioamng
9 i v
Short 8 -128 14 127 Toyawiladiuauduuuuduldiied
1 Jud
- = 97 o o g | 1=
Unsigned short | 8 004 255 magammumuuuuauluﬂﬂ
p
(A5 DININY
Long 32 2,147,483,648 14 | doyasfiadiviwiAnuuuea
‘1 3
2,147,483,649 Tdiof 4 lud
Unsigued long | 32 084 4,204,967,206 | Fayazfiadnnwdaununen hifa
193993118
@ 1
Foat 32 3.4x 1073 {g | doynyiiamunaiion 191iloh 4 lud
3.4 x 1038
o [
Double 64 3.4x 10738  §a | deyavtianvnaiion 19iiieh 8 Tud
3.4 x 10308
F 1
Long double 128 3.4 % 1074032 {iq | deyavtiamunation 19ileh 16 Tud

3.4 x 10%032
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3. Compound Statements #2uvp31lsy Tonmdad19q Faniadluilse Tomdedou
(compound statement) N1 Uz Toativonl {expression statement) Taolsz TomBadou ﬂ:ﬂgl:
moluraduilnmguile was) Teslunilalss Tondadou exiidss Tenfinarffuonondu
F20iA3 0118 semicolon (; ) MateqUsz Toaswsunazenihuduilnolass Tommadon
dooh laldn'ld

3.1 fadudiums (Operator) MM uATIE UG lup T Ui e ssinn

a é 1 0 dl ] at ar L b 4
e Faudazdszinnezyinnimnanardusan'ly dsde'luil

3.1 fadniiumsmendiamand (Arithmetic Operator)

a/

a_ & A gq 9 as A'l = d'I
entumsneatamaas 1 ludaadenlumsveuTdsunsy iien

Haduio M udsansanszyfudeyalduatesduus naasluaised 2.3

MANIN 2.3 Haasddtiun TN afiasTaas

AU AU A8
+ 13N (Addition) A+b
- @1l (Sublraction) A-Db
*® 1 (Multiplication) A*b
/ 1115 (Division) Alb
% W30 WATHT RN 1A A%b
(Modulus)
A 4 & ]

++ IHUAUY 1 A1 (Increment) A+

- anf1ag 1 11 (Decrement) A--

3.1.2 shddiumanfSeuiiay (Comparative Operator)

ardutiunislFeaniey fe nTeanuien s lunisfSsuifennie

3 % é s { ~
asaoneulunndiasaa’ Taoozuaanswh 2.4 Famadnines 18vzd 2 nsdide digndes
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o

- o = P - gl & T o = o e o =4 o =
"r’iiﬁllﬂuﬂiqmﬁﬂﬂ'ﬂﬂu I\ mﬂmﬁmﬂummzuﬂuﬂu 0 Fmﬂ‘i'i‘ﬁ‘llﬂﬂﬂ'ﬁllﬁﬂ'ﬂmﬂ‘ll Hyalsgnan

H 3
= =

T é \ 1 as
BE19H U AANNYDU (Boolean Constant) aall

o

8> 4 paaniilusis ansiydudlu 1
6 <=2 paaniithude snsiiydudhi o
2> -6 saaniiiueie Mgy

w &g = 3 5 o I 1 o =
A > a saanwiiiluese amshydutly 1 (lSsumousmmusiauen)

gi [ ] ]
19191 2.4 paad g iumsBsufioy

AN g ANUHINY RGIRY
> WA (Greater Than) a>b
< Hooni (Lcss Than) a<b

>= WINNIMIDININY (Greater Than or Equal) a>=b
<= 19803195 9MIN (Less Than or Equal) a<=bh
== MY (Equal) a==b
1= i (Not Equal) al=b

3.1.3 M UHUM NN 53Nz (Logical Operator)

e g A ) o4 Aq @ A A A T =
AIFNUUATIININATINZAD Lﬂ'SEQHMWEI‘VIc]‘b'Hﬁ]JJNE]ull‘U 2091 x*lJ‘IﬁE)

oA 4o = A Pr
1NN l‘ﬂﬂclﬁﬂ'lil'lﬁfJ'Ul‘ﬂU‘UNﬂ'J'lﬂJﬂxlﬂﬂﬁiﬂﬂﬂ]u HARA4ATT NN 2.5

A15199 2.5 LAAIAIAATIUNITNNATING

fdudiums ANHUNING fheda
& & tay (and) Income>=5000& &income<=10000
i 59 (or) Hour<Q|[hour>24
r 1319 (oot la &&! b
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e o /- ar 3] =Y H A 3’/ o 1 !
dadutiumy && vz litmagniiduss wilodou lanameuiueie uaduSenlvladlwiio

Z ? o o o I
wiensaesden luilumoszyi Ifnaaniithudie

@ g A Qs =S 4 4 5 B ~ o A 2
daautiung || oz fmadnithi ulleeu lvlateu lunilailusd e wiadlusimames

1 2» 1)

Jou'ly uaduufaviaaesdou lvezyih Ivmadusmiluma
@ g = 9f Y = A Y Qs ar [~ [~1 1 dll. Ll Y 3
dradutiums 1 sz Wtmadwiiiussade ludunad not il naduou lunad not llu

s5s0zi Imaaniidudie

3.1.4 AR IUMSMHUAM (Assignment Operator)

dgudiumsmuuaa g lumssmuam itnudalsnimsausnazii

a1 18" Tl 1idsdals vy naaanis e 2.6

15199 2.6 LARIAIFNHUNITAIHUAAT

AR UHUNS AR 919819
= RFAMUAM 1NN (Assignment) a=b
+ e ATFINLAT (Addition) At=bl9Ma=a+b

- A15a1 (Subtraction) A-=biNdMNa=a—b

* = N5 (Mulliply) A*=bUl0INa=a*b
w & o o

/= MSNTT IAHAANEIIUIURY (Devide) A/~biuina=alb

% — M5y I8 raaHERY (Devide) A%=biuma=a%b

&= AUNUATT bitwise and A&=buMNa=a&b

@i U135 inclusive or

AEbU19MmMa=aldb

AUUMS exclusive or

AM=buUnNa=a"b

<< =

asouda’luniede (Lef Shift)

A<<=bUMWINa=a<<b

=

madioulia 1M1 (Right Shif)

A>>=bUNMWMNa=a>>b
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=3 < R A a ] A o A o o o ' 1
3.2 HNAU (Expression) Ain msiinaimasnawlsvsoansuinnseyiedidlases
& a Ge o A a ¥ A o ' P v A 0 &
nia Taalms19a28 uiiums (Operator) ¥t mmvuanl aFeudenvazie¥nsnszyiniu
o ar ~ o o ~ L's O A o o A as
diaumalszuramained msdmuatinotuag 14 Tenlasmeiviodaduiiumsnaieg i
87 ar = o A Q 9 oA . roo o o a ] ar g ¢
nFouanumgluiinalireanu Sfiveu hisadavmsiauneunasvesTenlesiaes v
g/ ' o 9y ¥ w fa P o = = ] o o
gndsananazyii i ldnaantnaamdeuainaaniluaia Taenslszlumandiduues
1 3 a I @ o ] é o
Tenloismo5vosmasisauninnhaesdransaviildlas 10y precedence Fedoinua

dmsudaumsiszananatinodudaaadlunisied 2.7

19197 2.7 HAAIAIAUNITINUUBIAIFUTIUNT

feud AIAUTUNS Ainmanisdssuiana
I 0 41 1lyn
2 - - ERNRIEAT
3 * ] % 10 l)un
4 - SATNNILTRR
5 = 121 la)dhe

T
o ar A

4. midaeulumenisdnaule (decision statements)

o ar A [ - e = o o @ A d.'i 1y r A o
fmvAaTaUNsU h]l‘ﬁﬂﬂ'l5ﬁﬂﬂ‘lﬂ'ﬂlﬂuﬂ"lﬁsi‘i'mﬂ'l‘iﬂﬁﬁﬂﬂmﬂll lmnaumzmammu

< ¥

maenimuald deldundie if, it else tazTasaadig else if

' ]
al a

N N\ 1 =/ A !
4.1 M ir umdaidamsnarenidou lvpeusiez llvhamausdifidmua 19

gilnuns 1Foudid if

If (Honla)
{ 1

Ada 1
Ak 2 ;
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4 a 7 A v & Ao M ! ' ] . & w A g =
Taohiinniifeu lugeziisrdansomosdnlaodianiiaviniu dudonludusiey
- S . ¥ oo & L M (e o & o 4 &, d
auawddsieglu it ammiufesnnindids it lilvidsdaly drdeuluilumovzenn

2INFIFS if NuA

a I o & . L4 A
anyuEMINaNIYRLIIds if deg1i 2.6

f -
oyl 739

d
MUBIHNDN) l

yailszlaasidedio ty

gilszlond iy

L gd 1 @A P - o & ad oA o
g 2.6 weadlfifiudy Siden luner vesiinaifinsseaeuiuvianezdennssih
sarmdanilanda T nszviwwsdsde y uddrredineililudof livhgadida

laq Tumadonioe uald lusigeilss Tonddade 1y

[ r
a_ A1 o or

: ; A4, -
4.2 A6 IF else 1HUATTINANDINENES i LULBTIRTHINATIHA 1Y i uUdo 5

A A Yo 1A A o A g9 d a d, - & A ddhl-u '
Mmooz hivhedissmudon@eife duilussstbmadanuuuaduiiumon luviua

o & . Xy A dg W 1 A A A A
A4 if - else ‘LINTIN!ﬂE)ﬂﬂclﬁﬂ'lﬂgﬁﬁkﬂ’ﬂqm'ﬂﬂ“lﬁﬂfﬁ]ﬂﬂiﬂ! f19

EJ'A'I o &

nsam 1 drdeu lushusssldhiumenunile

@

ad 5 o &
astin 2 SuSeu Tuihuianldvisudnaeanuwiia
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guuuumsIFammas if - else 2 N1udon

1t (idaulv)
ey A;)
Else

o ﬂ;
{Aaeyn B;}

- & 1 a’ ar s & R ] s =Y o
vngtuuvvesiidaeziiudwsiidnyaznis@isuadrodumds it udazlinsiundud)

: o Y & d o & A2 1 I S v o
11 else mﬂﬂﬂﬂ?ﬂ FIM TN UUIETTIN UL UHUITTIMNTAT IO DINOU l“UTl lfﬂﬂu31!ﬂu

¥
= 3

wenFera Taoduilueiez i lunguideisismua 1y irnadufhudiodoz il

° P oo Ao 1 =] = -~ a e
W lunguaidsiiogluaiuved clse F9oziin1amen 2 M4 nansasgili 2.7

1
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1v9IHNI)

A J h

wailye Tondide B

yatlss londiny A

@r

[
Ll

yaifsz Toad1as C

71 2.7 Slumsidenshgadids A nieyasids B dell drdeulunisasivaendlu "o3e" vz
Tl lugadlse Tonsida A uda hibihgailsz Toadds C do ndaditouluns
agvaeudu "wior ez llvianoau lugmlsz Toadida B uda llvivgalss Teasds
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2.6 wanMIAINTRRIU PWM

- . . d { o
PWM 1191045918191 Pulse Widih Modulation 15 udg g it s luciuniunu
el 1 o od o d e oo o o o 9t
gilnsol Idihgu msanuguiidnmsetindids nazmsmuguanuisivewe 1fludu Tag
a - o’ o = a & o o
zaIUgIM I ILYeaIngBidnnTeiind nisueglasunisanunisvesiad (PWM) vz
o3| A A =Y dy - o [ S A ar [l
dlumadasuntdasiiavesdrdlana oflumsdfuldsuidadiunazainuniisves
s ar o A o v o W 43 = & T ey g = | ]
dyanuiad Tasadvesdygnaniadee illmsldeunilae) eavesdan lmfadetas
) o s ~ -~ w8 & o o 9 Y
aNundNvesNadnlanuzaeiIngs lasdadamiudlunleswaininanuniisvesiand

¥
U

o g ar g o
Mse s udyn I PWM a1e9es0unene i ndedyanufuieenI odygnm
3‘; ar =1 [ ar 9 -~ d’ o ar [ = Qs o
ppuvandy lawnlfoudennuszaudied siiluszauduninnszadas i Todya o

amgluuuyosdya o PWM Adoams ueaaa ldasgi 2.8

ks
IVC'ionnfoI’ :

- PIM

Conparator

/‘ /"/j} A Sawtooth

A &
;E;l'ij'ﬂ 2.8 19937 PWM Huau1gen

vingl dayannr Sawtooth sz AT oumeufudyana v o #oveamsifieudey

i lddann awgui 2.0

T/Conh'o)'
Sawtooth / / ‘
PIFAL

; 1

ron afl;

T

Ui 29 mvadedyy PwM
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d'. Qs d‘. 1 ar s ‘4 =4 s
513 2.9 naasdyn PWM #1400 dyana Sawtooth iU V . WfFeudieuny

AaveInfTounan MleseauveedyaIm V . §9NI15EAUUEITYR ™ Sawtooth 91
1d5zduves PwMTluaeings wdiilo 5% ANYBIAYYIU conirol V Houniszauvay

ar

aw Sawtooth v 15 eduves PwM fiuaeing

o roa dyl a e 1w
fA1uaue a8 lsan lawny

Ton
D=—x100% 2.5)
T

P = 4 o 1A dy'h o
1a D @ nﬂa‘mmmmm l‘Iﬂﬂﬂ

=]

T, Ao ¥1anarluaniizneings
A
T #o mwaad
dm¥uTuqa PwM voq luTasaeulnsanes ATMEGA328P-PU 19 Port B (P1) W30
# 15 fedluwesaildoodu PWM (1aasfaa1sen 2.1 ) anueziden 8 Tansediu’la
ar s 3‘/ [ =] s ) ar A [ ==
255 5eAU Aatumdana 0 Taados 5 Taad aunsauaauiludyanumuuaiaea’ld o de

255 Fymrmsaioudadiudiuausinaved uluanisddaenld aagilil 2.10

Pulse wWiclth Modulation

0¥ Durty Cycle — analogWrite(O)

252 Duty Cycle — analagWrite(iG4)

LT __TI

S0 Duty Cycle — analogWrite{(l 27)

Swv I—
O
75% Duty Cycle - analogWrite(191)
Sv i
o Ll o u LL

& DuLy Cycle - anafo'gWrite(ESS)

3U9 2.10 A lwRameufuniadtaen

00
i

A

2.7 eollddilany (Opto-Coupler)

dluailnselivendeniaumaniossil Tdmhinlass (Opto-Couplen w3 ouninEondi

@ o] aodg a o o i 1
gUnaaluondnInmM I (Opto-Tsokator) lugilnsaiddnnsetinddmumsiFeudens
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[

ugta Taenmsaldeudaann ldfldfuradinBoundududyy o Itham@y fonld
dmfumsdeudedynyinrzninaeaasuazdeanisngnsunis i lasdauia iile
flosfunissunauduni hseniedesises mtﬂummqﬂnm‘fﬂmnﬂﬁ lsznoudae
laToadanas (LED) Faviminiifiudadanaa (Optical Transmitter) #5Y N8 UHT A
(Infrared) Hazd MDAV (Optical Receiver) 9 Tiou 19T Tdns1uGained
(Phototransistor) Huda¥uTasazgnraasmegluddaudoadu TWidms wdmaeivienlidly
dnunz@orfumsSaaosoodeguuy NeN us bifvnua (8) nazgnunuiidaediuiy
v site 185 erar3 ooy mavoauaend efiandt Teaoy (Photons) TuaSumanwne ezl
Rreymadasziilsz gl nasesdessnhaanoznenianine’ (Base-CollectorRegon)
oz Wmamfondinsua Tna flviuas i 2.1 urasdydnsdvesatnsdiFendemaes

¢
Huy 4 1 (1was PC817)

- PC817

e 4

AESIN

o o

211 doydnpoinlihesginsaliyerdeniaums ¥iia NPN Optocoupler

=1

51

e -

& 1 o o =y 1
gilnsaliFenaonvuastToiydyyr1uduna (Asna) 151 910 lulas-

v
P I

asuTnsaneiiie 14 \Wla/dla laloanldwashegnisludigiinsal ¢ihldinszualua
laTeanldum) uagshmiifiaruaumssirauves THIdnswdmae I dronme Asiuds
Wl udnvazilugilnseiaiad Dedla wieth lidedsesnudmees movendioli
s ¥ A 13 A =) r @ o T o a
asavunseud 18 lulinadigetu diens sdusuneegiuszduiganiuswuludaass
vo4 1o Teanlaauas (VP szvirliinanszua TnavdenSondt nszuaduyanionsuualudy
asa (1IF) 1 14 la Teauddsnaesaual3anansena I Tua Tunisdeasesezdeiias
r T H [ Q g I ~n 3 g 1 as I
Munuasaynsuegdle edinatimnavesnszuai lua hil¥gauiu Fusgiuginsalug

azean 14 ua Taesia lludanasoz Ideg lusae 5-50 Gaduesdl ma) e I 1dnusmees
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lasunaaszsnIdmusmi i s snisvineaanmes (© uazudiees (B) &elina
mifeulunsdifinenssumdfivuua (8) vamsFamanToosdaguins NPN uazdiins iy

T = o aa o I o q ¥ o
ANATIUNIINDADAINDT HAZY BRI (v, > OV) n%zmclﬂuﬂm;mmm!ﬂ"lﬂﬁ

2.8 waaHe (Mosfet)

nyudameing luidnyugmahau deldnrzuaduyndudiniugunssuaesivn
upneaiasslidnuaemaiande 1fussdududinrununszua uazuenINiGeiiounien
wornta'liidlmsvnedyyrud e sudeifunsndmasd uduemilaiidefn
i uFano? i vemdaiiduiinaudmdunnganimsudame uavuealaiidyg

3 r - | b
SUNIUHOIN NI TUTEReT 1Tluau

¥

woaa (Metal Oxide Semiconductor Field Effect Trausistor) 13 ums1udmaeinldwa
vagesw i lunssaugudyanu i Tasldesn laduaslan: lunsyhdiuvina wea

Walszneudae 3 71

o) r A o o 9/ Y 1 e o
1. WuAA (GATE) thudauivinnoineen ledyesTang Tavaeliineanuaisdndan

aseusynIuALAaEwiea s Idihienuaunsiihes nvesdaa i Trdh
2. Viwo§a (SOURCE) udanaiihvesdgana bih

3. vuasy (DRAIN) Wudruvesnvesdygio liih

1J58ANv89 MOSFET

o

nMOS (negative MOSFET) i umsu@aiaailszian NeN ielinudsdndifuuan

@ Wiuse) doyana il hasnnveda ldvuasu'ld

pMOS (positive MOSFET) i uns 1@ aiaaitszinn pNp ifleiinnudrednddviadi

au (aulrifheen) dysn il Inanaveialivuasu ¢

=N r o ~ A 1 A [
MOSFET Tumsainoagaussiuiluaing Tas aMos ezifluaiadidiodagonduilu
s v oA w 1 . 1 o] -~ §
1 adagnazla $1 a3 adnduilaeg (normal opened switch) @21 pMOS vifluadadiire
faanauthdy 10 adedPezidla 1hindadnezilaeg (normal closed switeh) Aa3UM 2.6 naz
o a o 4 1 2l o . a ) o
dodnyaiia ldezdiommn yinaraflu vuna dausnaesndie visesa nazvuasu Tagldly
o w A A @ o = ar = TR A o
aMOS iHundniiededydnusidmsumsudmaei lilfe ldvuualvavineamames

1w oan o 1 v A 4 ar =
LRANUBUAIADT AU pMOS ﬁﬂ%iﬁﬂﬂ!ﬂﬂ‘ﬁﬂnlﬂﬁ !!ﬂﬂ&ﬂ@gﬂﬂ 2.12
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| L
=

nMOS - pMOS
e e
normally opened normally closed
switch switch

@ o o'

FUA 2.12 doyanwailumdvasa

1134191184 nMOS iaz pMOS

nMOS tilasldasaaueadndgs sxfamun I lufirasedianss Tealu p-type 3zgn

[ () 1 A 9t v A & Y 1 3
AANAINTRIA UGN (Flnlszneudisuu) dszreuiulginnaseudnszUNTIUgNGAYY
Td&wwy deraliuFnaduuuiisifinaseud aszunowmiiy nype 1458091 channel
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NTC Thermistor; SCK Type

Power Thermistor for Inrush Current Limiter

B Features

1. RoHS compliant

2. Body size @5mm-~ @ 30mm

3. Radial lead resin coated

4, High power rating

5. Wide resistance range

8. Cost eifective

7. Operating temperature range *
Mbmm : -40~+150C
tha~d10mm : 40~+1707T
P 13mm~@30mm : -40~+200C

8. Agency recognition: UL /cUL/TUY [CSAICQC

3 E Recommended Applications
! 1. Switch mode power supply

2. Electric motor

3. Transformer

4, Adapter

5. Projecior

8. Halogen lamp

MW Part Number Code

® ©5mm~ P 15mm

|t l2]a]a]s]e]r]aloum]ufaln]uln]n]

— . v v ¥ _'——1 —
Product Type Dody Size Zero Power Max Steady [{ Tolera of
L

nce
L o | 9 5mm Resistance Slate Current Ras Appeorance Optional Suffix
8CK m;h:;n“?ﬂ“ 08 | P Bmm at 25T {Ras} at 25¢ 5% || 8 Shalgflt!ead
SCK e | 10 1% 1omm| [9RS] 050 X3 ] 03A f: +20% 1| || loner kink lead .I,l RoHS

3 1@ 1amm| 12R5] 250 2X | 25A +25% | |LF | Y kink kead compiiant

- % | 8n 6 | 8A
15 [® 1omml 00 10| 1A
12Q 12000

.¢20mlm:¢|m?m|a|4|5|sI7]3{9|1nj11|12|13|14[15—|
e e e

Product Type Body Size Zero Power Tolerance of Appearance Packaging
Thinking 20 |® 20mm Resistance Rn S | Staighl lead Optional Suffix
SCK| NTC themisior 25 |P 25mm at25¢ (Rw} ; !;3* t | Innet kink lead o
SCK fypa 30 [P 30mm Ry< 1002 220% || F [ Yknklead Yl )
OR7:0.7(} N | s25% complian
2R5:2.50}
Ry 100Y
100:1017
4704711
4714700

THINKING ELECTRONIC INDUSTRIAL Co., LTD. i thinking.com.tw 200803
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

®m Structure and DImenslons

S Type (Stralght lead)

2 ] Th= Unitmm)
A 08 95 5:08 | 0.8£0.02 95 3
10 115 5108 | 05:0.02 115 3
£13 145 7581 | 0.840.02 3.6 30
15 165 7551 1.0:0.02 165 29
R 3 L $20 215 7551 1.0:0.02 215 %
25 29 7581 1.0:002 29 25
. +30 36 7541 1.0:0.02 36 23
- A

F Type (Y Kink lead)

e

@ ~|m|m o

D

408 95 5+0.0 | 0.810.02 13 79 5

¢ 10 115 508 | 0.830.02 15 29 5

PYE 145 7.52] 0.6+0.02 175 27 3

$15 165 7.5%1 1:0.02 20 76 5

$20 215 7 511 110,02 28 75 6

P &25 29 7.5%1 1+0.02 35 22 7

\ $30 3% 7541 120,02 42 22 ]

D D
b —{ T h=
i Type (Inner Kink lead) ",
A A

>
7

_E_ ——

» L 2\ 3

d . ] L+ _

Figure A Figure B
{Unilmim}

#05 6.5 5108 D.8:0.02 10 ] 2]
408 95 5108 0.810.02 16 5 A
410 115 510.8 0.610.02 17 5] A
413 4.5 7.511 0.840.02 20 6 A
¢15 16.6 7.581 110.02 23 6 A
$20 215 7.581 110,02 28 [ A
325 29 7.5%\ 120,02 35 7 A
30 36 7.5%1 1+0.02 42 i) A

THINKING ELECTRONIC INDUSTRLAL Co., LTD. ] www.thinking.com.tw 200,03
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Power Thermistor for Inrush Current Limiter
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m Electrical Characteristics

Part No.

SCHKOBC42T]

Max. Sleady| Residual | Max. .
Zero Power Sfale  Resislancd Power | D fion Themal | Operaling Safely Approvals
Resistance Issipa Time | Temperature " "
Cumenl at25T | Rating Factor
ABT | H25¢ | Imax | at2se Constant | Range
UL} cUL |CSA | TUV |COC
Ras(00) leafA} | ReadQ) | Pow{W) | SmWC) | ¥(Sec) | T~Tu(T)

4 2 0444
SCKOB4R7201 47 2 0445
| SCKORGHAL] 5 3 0261
SCKOBOEIC] (] ] 0.283
K 7 3 0.287
SCKDB0B2E] 8 2 0520 |
SCKOB10200 10 2 0542
SCKO815201 15 2 0.548
SCKO0B201CI 1
0

23

40 ~ +170

e e BB R e R

N N .

i
4

K10120 & e fad
SCK130130 1 3 0.974 Sl o of (VI
SCK131R370) 1.3 7 08.070 o o o )
SCK132R560 25 6 0094 J1 4 |y |l Jd
SCK1304501 4 5 0.132 J] o o J
SCHI34R741 47 4 0168 | Al ot o N]
SCK130550 5 5 0.1 R Jd o al
SCK130740) 7 4 18 aq | PPOX- [ ARROR L e 00 i T

| SCK130840) ] 4 0206 | ’ 18 66 Y o o of
| SCK13104 03 10 4 0217 A o ] JJ Al
SCK131240 12 4 0230 Nl I, ] . J
 SCK1315300 15 3 0343 | J1 J Al N o
| SCKI3163L1 16 3 0.348 S ) N} J
SCK1318301 18 3 0.365 | 1 of sl J a1
SCK152030 20 3 0.410 N J I
THINKING ELECTRONIC INDUSTRIAL Co, LTD, b www.ihinking.com.tw  2008.03
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

72

Residuat
Resistance

Disslpation
Factor

Operaling
Termperture
Range

Safely Approvals

SCK200R70] 0.7 15 0.035 FE A
SCK201R00] 1 13 0.034 3] 4 N
SCK201RS5C] 15 10.5 0.041 4y J
SCK202R001 2 10 0,062 4] 4 J
SCK202R50) 25 9 0.083 | ¢ J
SCK203R001 3 85 0.078 J 4 J
SCK204R0L) 4 B 0.080 g ¢ J
SCK204R70I 41 75 0.114 FI J
SCK205R00) 5 7.5 0.118 gy J
SCK206R001 6 7 0120 | o | APPOX | AppOX | e ] J
SCK206REC] 68 65 013 / 28 113 S "
SCK207R0CI 7 65 0.132 A J
SCK20BROLI B 6 0.161 g o J
SCK2010001 10 55 0.196 S| J
SCK2012001 12 5 0.197 g 4 J
SCK201300] 13 5 0213 FERK J
SCK2015000 15 45 0258 J| J
SCK2016001 16 45 0276 oy J
SCK201800) 18 4 0.280 NI J
SCK2020000 20 4 0.306 Nl J

B(WIT)

Ti~Tu{C)

TW | COC
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

Zeto Pover e Rcetntd  poser Dissipation | Thetmal | _Operating Safety Approvals
" e | Temperature X ) ) ,

Pait No. at 25¢ at25c | Rabing | Faclor | congiany|  Range

al 25T Imax at 25¢C vt] eue | csa | Tuv |cac
Ref0) | teslA) | Runad®) | Pra) | SEOWIC) | T(SEC) | TrTW()
E H bt
: i o
081 ;
. o1
alhas

SCK301R00) 1 30 0.016 ) P o
SCK301R5CI 15 25 0,020 J1 4 4
SCK302R00] 2 P2 0.022 i 9 3
SCK302R501 25 8 0.030 yl 4 J
SCKA03R0D) 3 37 0.035 4| 4 4
SCK304R00) 4 16 0.048 | n
SCKAMRTO a7 15 0.055 S| 4 d
SCK305200) 5 14 007 | po | APPOX | ARO[l N
SCK306RED 68 12 0,077 : 40 190 ol 4 J
SCK307R00] 7 115 0.084 ul 4 4
SCK308R00] 8 105 0.100 | J
SCK3010007 10 10 0.115 4| o N
SCK301200) 12 9 0.142 NI N
SCK301500) 15 8 0.375 | 4 d
SCKI1ani] 18 7 0.210 N o o
5CKa0200 0] 20 5 0.233 L1 J

Note1 - 0 = Tolerance of Ras
Mote2, UL&CUL file no, E138827
CSA file no. 97495
TUY Fife no. R 50050155
CQC Fiie no. CQC04001011942~844; CQACO4001011963~965; CQCO500t011984~985,
COCO0HOT1988~990: COLUL001011993

THINKING ELECTRONIC INDUSTRIAL Co., LTD, #al www.thinking.com.fw  2008.03
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Power Thermistor for Inrush Current Limiter
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m Power Derating Curve

F 3
F w0 | . . )
> Ty« Maximum operaling lemperature (C)
g Ty Miniimum operating lemperature (C)
s .
§ For example : Ambient temperature(Ta)=55'C
é Maximum operating temperature(T)=200C
Pr={Ty-Ta)(Ty-25)xPmax =82% Pmax
0 .
T, 0 25 Ty
Ambient temperature (C)
= R-T Characteristic Curves {representative)
SCK05062~SCKO520X3 $CKO3042~5CKO8201
obe 1000
108 100 E\
P L¥LuAY
N < < — ~ S
[=] ol S
a SNDNTY ‘E’ \\‘\\\Q\:\‘:\\
— NN \\ c \\\\
g 10 \\\\:\‘\\\ % ] §\\\:\ i‘
3 = ¥ < =
g ~TRFk - \\: ~k
3 NN L = =
\\ = z = ~ \_\\ N - \.\
= AR
1 N Tcxosooxs | SRLRURRL
121 = =
< 1 = b= SCK08201
101 S ~ 8CK05152
= e gggoewz
R 5cK08053
SCKOAD42
0.1
21

M0 8 KON W M M @ o S ED e 1013 L

Temperature {C)

2 2 0 M T M S MmN N W2 )l IR T

Temperature ('C)
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

m  R-T Characteristic Curves (representative)

SCK10015~5CK101204 SCK131RA7-SCK13203
10000
1000
1000 (DL
] 100 By + S ==
NS SSS
Y
L N NENNY
100 b e e e s | NN
Y ~ N N
a ™ \\" i a 0 \“ \\‘§b>\
E \\‘ ~ \\\:-t b E . =
Wi BN 3
ulﬂéw‘\ R \%;‘ é TPACRE
,ﬂ 'il\ I - by Q \\
g F BEE= l ENRYASRRR
& ~L I “RI=lsckiofan . N b N
. \-\ = N %E\§ _SCKlGGOI =
E = E = :cEmznz n: - g&g]gm
o - ™~
~ = it g L] ¢ 1%683
= CX10083 TRl | $6K1
] 15CK 10054 o BESESY &
0 Efertetete et SCK102R55A | SCRI31R
SCK10015
0.01 oo
B IR B R RN BRI B BT R RITRF RE AL RITRTC R B R B N R Ll L Tr Yroprrpreprgegerpen
Temperature () _ Temperature {'C}
SCK161RAB~SCK1547 5 {RO~SCK202
1000 1009
Y
[N
3 A
10 \\\3 100 1\
S T
AV TN h\ N B
NN BB,
\\ N \\ \\\ 9 N \‘4
a 0 \\ \bb\\\.\\ % 1 \N\‘\a \‘a
' = 8 3 == =
5 - " R g NS
NN WA W NN 8 N I
.3 \\‘Qk\\\(‘\ SN N @ ] ST
. NN N ] K ENh
€ | NN NN N L NN NN
M P P
+ b, ~ 83 -
=9 SCK15105 X - scK20100
CnEnl D L sk SIRETNNNSS e
SCK15037 =
=1 SCK152R58 SCKZDIRO
SCK151R58
SCK151R38
oo ol
WA B MM A R W K Rl 1 1) IX 50 R 1T 1) g 1 RN 2 WM MM MW ST W K OB OO0 G 1 W TR 1IN 20
Temperature (C) Temperature {'\C)
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

m R-T Characteristlc Curves (representative)

SCK251R0~SCK25200 SCK301R0~SCK30200
H0g
1090
LY
\k \
N
100 h DS 0 P
= LY - LY ‘\ LY
— P \\ —~ \\
=] \ N a LN
-g b N ? \ .
§ NN 2N 1IN N
1 o = =
3 AY 5 B‘
s 3 EEPLERR
é \1\ — o \\ \\‘\ <
Y ~J \
L \‘_ SERRERN 1 \\ N b 3
x V‘E v
Py Y - P,
N o ISCK25200 i N
=
™ | THsckasi00 ™ i N scka0z00
& = & SCK30100
SCK255R0
SCKI05RO
[~ hlscr2s1ro SCKI01RO
001 861
4 A b M N & 8N ROIN W 18 N X A BAHS I 4T AERTEE DT EE e Ry E.
Temperatura (C} Temperature {'C})
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

m V-] Characteristic Curves {representative)
s 52~ 520X3

10 75 =
T
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

) SCKAJIR3I7~SCK13203
HLES = T -

e X 0 I 2 £n YO S s "
. — } i O ol 1S NN DA I 51\ B
N KR 57

A T
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o0 B ; O-S N
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NTC Thermistor: SCK Type

Y
@
it

Imi

Power Thermistor for Inrush Current L

SCK251R0O~SCK25200

¥

)

-

N

A

—E
¢

2l

Y

oy

Wi

i

o
Citrrent (A)

1

(Y

o4

Do)

i

-

AT

—

TE

i
P d li T

d

kY
BE

\{:

P i i o DAY &

g

TH AN

54

¥ \M g

= xf;\‘r‘.f

cLil|

@y ¥

LE

i

801

Current {A)

20068.03

&
B
9
9
£
|
£

THINKING ELECTRONIC INDUSTRIAL Co, LTD.



80

NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

® Soldering Recommendation

¢ Wave Soldering Profile

260 Max

Nole 1: (1~3C¥sec
Note 2:  Approx. 200°Clsec
Mote 3: 5Cisec. (Max)

Temperature

130£20°C

Tamb

Time

— i >
30~90sec. <1 Sec. <10 sec.

® Recommended Reworking Conditions with Soldering iron

S : jon
Temperature of Soldering lron-lip 360°C (max.)
Soldering Time: 3 sec (mox.)
Distance from Thermislor 2 mm {min.}

-

THINXING ELECTRONIC INDUSTRIL Cz., LTD. gl www.thinking.com.tw 2008,
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Power Thermistor for Inrush Current Limiter
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B Reliabllty
Gradually applying ihe force specified and keeping the unit fixed for
1041 sec.
Tensile Terminat dlameler Force
Sire of IEC60068-2-21 N visible da
Temn?u!lhals () (Kg) mage
0.5<d=0.80 1.4
0.8<d=1.25 20
Alleast 95% of temminal
Solderability [EC60069-2-20 235+45T, 2i06sec electrode is covered by
new solder
Reslstance to No visible damage
Sokiering Heat [EC60068-2-20 260+5C, 1041 sec | ARuiRas | 5 10%
Ten'lzlpe!grgture IECS0068-2.2 Tu+5 T x 10002 24 hs No visible damage
Slorage | AsRew/Ras | = 20%
Damp Heat, . . No visible damage
Steady Siale IECE0068-2-3 40+£2¢C, 90~95% RH, 1000+ 24 hrs [ ARsyRos | < 20 %
The conditions shown below shal be repealed 5 cydes
Slep Temperalure (T) Period {(minules)
1 TLxb - 30+3 No visibke damage
Rapid Change of | = cn069.9.14
Teinperature 2 Room temperature 513 | ARefRu | £ 0%
3 Toxd 03
4 Room lemperature 53
. No visible damage
Life Test |EC 605391 25+ 5, Imax. X 1000+ 24 hrs | AR/Rs | € 20 %
254 5C, Imax. , Cr, imin ON /5 mins OFF x 1000 cycles No isible damage
Endurance UL1424 Cr= Capacitance at 240 Vac | AR:wRa | < 20%
MIL-STD-202F .
Insuation Test | MESTRE0 1000 Voc 1 min No visile ccmage

THINKING ELECTRONIC INDUSTRILL Co, LTD,

www.thinking.com, tw

2008.03
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

¥ Packaging
e Taping Specification
For S (Stralght lead) typs and F (Y Kink lead) type

(FIS (sﬁ
) i
+
Figure A, ¥ “l;,z i L
For S lead and F lead o Lj‘_";’: ~1 1~
8 lo 10 Type. l 1 ~
Figuie B.
For S fead {13 to $20 type

and F lead (13 to (20 type

Figure C.
For S lead d13 to 20 lype |
and F lead 013 lo 020 fype i‘zn% ((
w2 Wl P aY Fany Fan FanY
L A
¥ i
\ f— — \—-Dq
E{il {Unit; mm)
Toping | Body | Ps | Py P2 Py | H || Wo |Wi|we| w Al Doy L Fau
re
Code size |#05)| 107 | £1.3 | 105 [+20|105| 1 |105 |max. | 205 |Max |202] 02
@08 [127] 345 | 635 |127]| 18 | 18| 12 9 | 2 18 1t |alos| A
A @10 |127| 345 | 635 |127]18 [ 16 | 12 9 | 3 18 1 4 los]| A
(Ps=127) o13 |127] 855 | 127 |254]| 18 [ 16 | 12 9 | 3 18 1 4 o] 8
’ 015 |127]| 845 | 127 |254| 18 | 18 12 9 | 3 18 1 4 |os| B
@20 |127)] Bas | 127 |254] 18 | 16| 12 9|3 18 1 4 los| B
08 | 15 | 46 75 [ 15 |18 |16 ] 12 9 |3 18 1 4 o6 A
E o0 | 15 ]| 48 75 | t6 | 18] 16| 12 9 | 3 18 1| 4 |os]| A
(Po=15.0) 13 | 15 | 335 | 75 [ 3018 | 16 12 g | 3 18 1 4 los]| ¢
15 | 15 ] 2325 | 75 a0 18|16 | 42 9 | a 18 1 14}o6] ¢
@20 | 151395 | 5 [s0|18)16 ] 12 9 |3 18 1 4 fes]| C

THINKING ELECTRONIC INDUSTRISL Co , LTD,

i

ywww, thinking. com. tw

2008.09
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NTC Thermistor; SCK Type

Power Thermistor for Inrush Current Limiter

o

For | Type (Inner Kink lead)

D f
l
Figure A ] ‘T" i
For | lead ©8 to D10 type. N‘L_L O
x +

Figure B,
For | lead 13 fo 420 type.

e
b 2

»
j— g —
S
1O
G

Flgure C.
For | kead {13 fo 20 type.

Figure D.
For | lead 5 type,

e
O
O
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NTC Thermistor;: SCK Type

Power Thermistor for Inrush Current Limiter

(Unit: mm)
Taping Body Pa Py P Pa Ha Wa W, W w A Do t g
ure
Code Size | 4065 | 207 | 13 | 105 | 105 *) 05 | Max. | £0.5 | Max. | #0.2 | D2
05 127 | 345 | 635 127 16 12 9 3 18 h] 4 a6 D
©08 | 127 | 345 | 6356 | 127 i6 12 9 3 18 1 4 06 A
A ©10 ) 127 | 345 | 635 [ 127 | 16 | 12 [ o 3 | 8 | 3 4 | 06| A
(Po=12.7) |_ @13 127 8.55 12.7 | 254 16 12 9 3 18 1 4 0.6 8
15 127 | 845 127 254 16 12 ] 3 18 1 4 06 8
@26 | 127 | 845 | 127 | 254 16 12 ] 3 18 1 4 06 B
05 15 46 7.5 15 16 12 9 3 18 1 4 06 D
@08 15 46 7.5 15 16 12 9 3 18 1 4 0.6 A
E ©0 | 15 [ 46 | 756 | 45 | 16 | 12 | 9 3 18 1 4 |06 | A
(Poe=15.0) | @13 15 3.35 7.5 j<'H 16 12 9 3 18 1 4 0.6 c
@15 15 325 75 30 16 12 9 3 18 1 4 0.6 o]
@20 15 325 75 30 16 12 9 3 18 1 4 0.6 c
B Quanfity
e Bulk Packing
Body Size/mm Quantity (pcsibag)
05 200
08 200
10 200
D13 100
15 100
D20 500 (pesi box"}
D25 168 (pcs/ box*}
P30 1688 (pes/ box*}

* Bulk packaging material in the form of cardboard strips

& Reel Packing

Body Size/mim Quaniity (pcsireel)
P05 2500
08 1500
P10 1500 !
@13 750 340410 {Unit: mm)
15 760 BodySize | @05 | ®08~®20
$20 500 A 40mm 55mm

THINKING ELECTRONIC INDUSTRIAL Co., E7TD, Hel www. thinking.com.tw 08,0
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NTC Thermistor: SCK Type

Power Thermistor for Inrush Current Limiter

& Ammo Packing

Body Size/mm Quanility {pcs/box)
®05 1000
$03 1000
D10 1000
D13{P,=12.7) 500
B13(Py=15) 1000
5 500

P5-p1h | 348 275 60

B Storage Conditions of Products
& Storage Condilions :
1.5torage Temperalure © 10T ~+0C
2 Relative Humidity : =< 75%RH
3. Keep away from corrosive almosphere and sunlight
© Period of Storage 1 year

THINKING ELECTRONIC INDUSTRIAL Co,, LTD, oy www.thinking.com.tw, ~ 2008.02
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Product Overview

The Arduino Dusmilanove ("2009") is a microconteoller hoard based on the ATmega328. It has 14
digital inputioutput pins (of which 6 can be used as PWM oulpuls), 6 analog inpuls, a 16 MHz
crystal oscillator, 2a USB conneclion, a power jack, an ICSP header, and a reset button, It contains
everything needed to support the microcontroller; simply connect it o a computer with a USB
cable or power it with a AC-to-DC adapler or batlery to get starled.

"Dusmllanove” means 2009 in ltalian and is named after the year of its release. The Duemilanove
is the latest in a series of USB Arduino boards; for a comparison with previous versions, see the
Index of Arduino boards.

.How to.use Ardumo
E:_Programmlng Enwmment Basu: Tutonals

Eermds hons ;

RADIONICS ! /L



EAGLE filos; arduino-duentilangve-referenty-desi

n.2ip Schemalic: ardeing-dupminove-schomalic pul

Summar
Microcontrollar ATmega328
Operating Voltage eV
Input Voltage (recommendad) 7-12V
Input Valtage (limits) 6-20V
Digital ¥O Pins 14 (of which 6 provide PWM output)
Analog Input Plns 6
DG Currant per [/Q Pin 40 mA
DC Current far 3.3V Pin 50 mA
Flash Memory 32 KB of which 2 KB used by bootloader
SRAM 2KB
EEPROM 1KB
Clock Speed 16 MHz

' " the board

88
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Power

The Arduino Duemilanove can ba powered via the USB conneclion or wilh an extemal power supply. The
power source is selected automalically.

External (non-USB) power can come eilther from an AC-10-DC adapter (wall-wart) or battery. The adapter
can ba connecled by plugging a 2.1mm center-positive plug inlo Lthe board's power jack. Leads from a
batlery can be Inserted in Lhe Gnd and Vin pln headers of the POWER connactor.

The board can operate on an external supply of 6 to 20 volts. If supplied with lass than 7V, however, lhe 5V
pin may supply less than five volts and the board may be unslable. Il using more than 12V, the voltage
regulator may overheat and damage the board. The recommended range is 7 to 12 volls,

The power pins are as follows:

« VIN. The input voltage lo the Arduino board when it's using an external power source (as opposed to
3 volls from the USB conneclion or other regulated powar source). You can supply voltage through
Lhis pin, or, if supplying vollage via the power jack, access it through this pin.

» 5V. The regulaled power supply used to power the microcontroller and other components on the
toard. This can comas ellher from VIN via an on-board regulator, or be supplied by USB or another
regulated S5V supply. )

*  3V3. A 3.3 volt supply generated by the on-board FTDI chip. Maximum current draw is 50 mA.

¢« GND. Grourd pins.

The Atmepai28 has 32 KB of flash memory for storing code (of which 2 KB is used for the booticader); the
ATmega328 has 32 KB, (also wilh 2 KB used for the bootloader). The Atmega328 has 2 KB of SRAM and 1
KB of EEPROM (which can be read and wrillen wilth the EEPROM library).

' Input and Output

Each of the 14 digilel plns on the Duemilanove can ba used as an inpul or cutpul, using piniodet),
digilatWiile(}, and digilaiRead{) funclions. They operate at 5 volis. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by defautt) of 20-80 kOhms. In
addition, some pins have spectalized functions:

» Serial: 0 (RX) and 1 {TX). Used to receive (RX) and transmit (TX) TTL serial dala. These pins are
conhectad to the corresponding pins of the FTDI USB-lo-TTL Soral chip.

¢« External Interrupts: 2 and 3. These pins ¢an be configured to lrigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the altachinterrupt(} function for details.

e PWM: 3,5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function,

+« SPI: 10 {85}, 11 (MOSH, 12 (MISO), 13 {SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currenlly included in the Arduino language.

+ LED: 13. There is & built-in LED connecled to digilal pin 13. When the pin is HIGH value, the LED I
ok, when the pin is LOW, it's off.

{ES} Radiospares RADIONICS mé!ﬂ
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The Duemilanove has 6 analog inputs, each of which provide 10 bils of resolution (i.e. 1024 different vafues).
By default they measure from graund lo 5 velts, though is it possible lo change the upper end of their range
using lhe AREF pin and the analogReference() function. Addiionally, some pins have specialized
funclignality:

s 1°C: 4 (SDA) and 5§ (SCL). Supporl G (TWI) communication using the Wirs library.
There are a couple of ather pins on the board:

+ AREF. Reference vollage for the analog inpuls. Used with analogRelerencef).
* Reset. Bring this line LOW fo reset the microcontroller, Typlcally used to add a resel bullon lo
shields which block the one on the board.

See also the mapping belween Arduing pins and Atmegad28 ports.

Communication

The Arduino Duemilanove has a number of faciliies for cormunicaling wilh a compuler, anolher Arduine, or
olher microcontrollers. The ATmegad28 provide UART TTL (5V) seral communication, which is available on
digital pins 0 {RX} and 1 {TX}. An FTDI FT232RL an the board channels this serial communication over USB
and the FTDI drivers (included wilh the Arduino software) provide a virlual com port o software on the
camputer. The Arduine software includes a serial moniter which allows simple textual data fo ba sent to and
from the Arduine board. The RX and TX LEDs on the board will lash when dala is being transmitled via the
FTDI chip and USB connaclion to the computer (but not for seral communication on pins 0 and 1).

A SofiwareSerial library allows for serial communicalion on any of the Dusmilanove's digital pins.

The ATmega328 also supporl 12G {TWIL) and SPl commumnication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentalion for delails. To use the SPI communication,
please ses the ATrmegad28 datasheel.

: Programming

The Arduino Buemilanove can be programmed wilh lhe Arduing software {download). Select "Arduino
Duemilanove w/ ATmega328" from lhs Tools > Board menu (according 1o the microcontroller on your
board). For details, see lhe reference and julgrials,

The ATmega328 on the Arduine Duemilanove comes preburned with a bootloader Ihal alfows you 1o upload
new code lo il withoul the use of an exlemal hardware programmer. l communicales using lhe original
STKS500 protacol (reference, C header files).

You can also bypass Ibe hoolloader and program the microcontrolter threugh lhe ICSP (In-Circuit Serial
Prograrmming) header; see these instructions for dolails,

RS ~radiospares sapionies /4l
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SPECIFICATIONS OF

LCD MODULE
Features
1. 5x8 dots
2, Built-in controiler (S6A0069 or equivalent)
3. 45V power supply
4. 1716 duty cycle
5. LED Backlight
Outline dimension
sl 40
e 62105 A-p25 5. 340.2
] 1
2 - 2.3+ a6
b 455+ =
} 3 &
g = e g g I L] _}
2§ ol ¥ 3 [ 8 g
| £ oo o
. - 3 205
P 1 T T = = = - L
O L]
b5 7040 - e 16D
T6HVA)
EL Backlight A LED Backlight
or withoul Daclklight 8132

Absolife maximum vatin
¥

S

93040}

Unit: mm

Power voltage

Voo-Vss 0 - 7.0 v
Input voltage VIN VSS - VDD
Operating temperatuse range Top 0 - +50
Storage fempernture range Tst -10 - +60
Environmental Humidity RH<70%
Expected Life Time 250000 H

Wide temperanrre range is available

({operating/storage lemperature as —20~+70/-30-+80°C)
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Block diagram
VDD ]
ves — | COM LCD PANEL
V0  — LCD
RS —{CONTROLLER <% seo
RMé T AND
DRIVER SEG LCD
DBO-DB7
DRIVER
LED+ R
LED- LED BKL

Signal groun . . G)

1

2 Voo Power supply Power supply for logic (+5V) for LCM

3 Vo Contrast adjust

4 RS MPU Register select signal

3 RAW MPU Read/write select signal

6 E MPU Operation (data readAvrite) enable signal

Four low order bi-directional three-state data bus lines,

7-10 DB0-DB3 MPU Used for data transfer between the MPU and the LCM.

These four are not used during 4-bit operation

Four high order bi-directional three-state daia bus Jines.

1~ )| (PBHPB] MU Used for data transfer behveen the MPU
15 LED+ LED BKL power | Power supply for BKL (Anceda)
16 LED- Supply Power supply for BKL (GND)

Conftrast adjust
A) For Single Source

VbD,

LCM vop—s| v¢ —

Vis
For Module with Normat Temperature Range Flnid
Voo.Ve: LCD Driving voltage

VR: 10k~20k

VER 1.0 29
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Optical characteristics

STN type display module (Ta=25C, VDD=3.0V)

Viewing angle a -60 - 35

® G2 40 - 40 deg
Contrast ratio Cr - 15 - -
Response time (rise) Tr - - 150 250
Respouse time (fall) Te - - 150 250 ms

Elecirical characteristics

LED ratings

Forward Voltage VE 3.8 4.0 4.4 v
Forward ewrent IF 240 ma
Power P 1.01 W
Peak wave length Ap 568 nm
Luminance Lv 185 Cdim?
Operating temperature range VOP -20 - +70 C
Storage tenperature range VST =25 - +80

DC characteristics

ALAINETE

Supply voltage or LCD

Input voltage Voo 4.7 - 5.5 v
Backlight supply voliage | V¥ 3 4.1 43

Supply current Too Ta=25'C, Voo=5.0V - 15 3

Backlight supply cireent | I Vop=5.0V R=6.8 150 mA
Input leakage current Iixa - - 1.0 uA
“H” level inpui voltage Ve 22 - Voo

“L" level input voliage Vo Twice imitial value or less 0 - 06

“H" level output voltage Vou LOH=-0.25mA 2.4 - - v
“L" level output voltage Voo LOH=1.6mA - - 0.4

I Enable cycle time T - 500 - -
Enable pulse width tw E 300 - -
Enable rise/fall time fr, it - - 25
RS; /W setup time [ RS: /W 100 - - ns
RS; R/W address hold time ta RS /W 10 - -
Read data cutput delay ta 60 - 90
Read data hold time [ DBO~DB7 20 - -

VER 1.0 9 2003/12/09
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¥ 1:e 500 - -
Enable pulse widih E 300 - R
Enable rise/fall fime - - 25
RS; RNV setup time frul RS, MW 100 - - s
RS; R/W address hold time tal RS: /W 10 - -
Read data output delay fxa2 60 - -
Read data hold fime a2 DBO-DB7 10 : -
Write mode timing diagram
N
X
thi
,/vu.l
Ly thl
’ VIHL Y 1]
Vi 1LY, /
E // VILI Y, vt Aau
lr tau2
(T vInL
DBO-DB7 Xl viLy  VAUD DATA —~
to
Read mode thning dlagram
RS VIH1 3
VILI /
tsu_ Lh
' Y
/ VILL
R/W ¥IL1 \
Lw Lh
[
4 VIRT ¥
VIHI
E / L Vil \ A i
r
Ldh
VIH1 Vit
DBO-DB7 viLy  VALID DATA L( Vil
lc
VER 1.0 419 2003/12/09
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Instruction description

Oufline
To overcome the speed difference between the internal clock of KS0066U and the MPU clock, KS0066U performs
internal operations by storing conirel in formations to IR or DR. The internal operation is determined according to the
signal from MPU, composed of readfwrite and data bus (Refer 1o Table7).
Instructions can be divided largely into four groups:
1}  KS0066U function set instructions (set display methods, set data lengih, etc))
2)  Address set instructions to infemal RAM
3) Data transfer instructions with internal RAM
4) Others
The address of the internal RAM is automatically increased or decraased by 1.
Note: during internal operation, busy flag (DB7) is read "High™.
Busy flag check must be preceded by the next instruction.
When an MPU program with checking the busy flag (DB7) is made, it must be necessary 1/2 fuss for executing
the next instruction by the falling edge of the “E™ signal after the busy flag (DB7) goes to “LOW™.

Contenis
1) Clear display
RS W DB7 DBé6 D85 DB4 DR3 DBB2 DB1 DB)
0 0 [1] [1] 0 0 1] 0 0 1

Clear alt the display data by wniting “20H" (space code) ¢ all DDRAM address, and set DDRAM address to “00H" into
AC (address counter).

Retern cursor to the original status, namely, brings the cursor to the lefl edge on the fist line of the disptay.

Make the eatry mode increment (IFD="High"),

2) Return home

RS RAWY DB7 DB6 DRB35 DB4 DB3 D82 DB1 DBO
0 (] 0 1] 0 0 0 0 1 -

Retum home is cursor retur home instruclion.

Set DDRAM address to “00H” into the address connter.

Retum cursor to iis onginal site and return display to its original sfatus, if shifted.
Contenis of DDRAM does not change.

3) Entry mode set

RS W DB7 DB§ DB3 DB+ DB3 DB2 DE1 DB
[ 0 0 0 1] 0 0 0 b SH

Set the moving direction of cursor and display.

I/D: increment { decrement of DBRAM adiress (cursor or blink)

When I’'D="high", cursor/blink maves to right and DDRAM address is increased by 1.
When VD="Low", curcot/blink moves to left and DDRAM address is increased by 1.
*CGRAM operates the same way as DDRAM, when reading from of writing to CGRAM.
(VD="high”. stuft left, 'D="Low". Shift right).

4) Display ONJOFF control

RS RAY DB7 DB6 DBj DB4 DB3 bB2 DB1 DBO
0 0 0 0 0 0 1 D C B
VER 1.0 519 2003/12/09
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Control display/cursor/blink ONJOFF 1 bit register.

D: Display ON/OFF contral bit

When D="High”, entire display is tumed on.

When D="Low", display is tumed off, but display data remains in DDRAM.

C: cursor ONFOFF control bit

When D="High", cursor is turned on

When D="Low", cursor is disappeared in current display, but I'D register preserves its data.

B: Cursor blink ON/OFF coniral bit

When B="High", cusor blink 15 on, which performs altemately between all the “High™ data and display characters at the
cursor position,

When B="Low", blink is off.

5) Cursor or display shift

RS RW DB7 DB6 DB3 DB4 DE3 DB2 DBl1 DBO
0 0 0 0 0 1 5/C R/L - -

Shifting of right/left cursor position or display without writing or reading of display data.
This instruction is used to comect of search display data. (Refer to Table 6)

During 2-line mods display, cnrsor moves to the 2 line after the 40™ digit of the 1¥ line.
When display data is shifted repeatedly, cach line is shifted individually,

When display shift is performed, the contents of the address counter are not changed.

Shife patterns accarding to S/C and R/L bits

S/IC R/L Operation

0 0 Shifi curser to the left, AC is decreased by 1

0 1 Shift cursor fo the dght, AC is increased by 1

1 0 Shifi all the display to the left. cursor moves according to the display
1 1 Shift all the display 10 the right, cursor moves according to the display

6) Funclion set

RS RW DRY DBé& DB3 DB4 DB3 DB2 DBl DBO
o 0 0 0 1 DL N F - -

DL: Interface dafa length control bit

Whea DL="High™, it thans §-bit bus moede wath MPU.

When DL="Low”, it mans 4-bit bus mode with MPU, Hence, DL is a signal to select 8-bit or 4-bit bus mode.
When 4-but bus mode, it nzeds to transfer 4-bit data twice,

N: Display line numher cantrol bit
When N="Low", 1-line display mode is set.
When N="High", 2-line display mode is set.

F: Display line number control bit
When F="Low", 5x8 dots format display mode is set.
When F="High", 5x11 dots format display mode.

T Set CGRAM address

RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
0 0 0 1 ACS AC4 AC3 AC2 ACl ACO
Set CGRAM address to AC.

The instruction makes CGRAM daia available from MPU.
VER 1.0 6/9 2003/12/09
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8) Set DDRAM address

R3 W DB7 DBé DB35 DB4 DB3 DB2 DBi DB¢
0 0 I ACH AC5 AC4 AC3 AC2 ACI ACO

Set DDRAM address to AC.

This instruction makes DDRAM data available form MPU.

When 1-line display mode (N=LOW), DDRAM address is form “00H" to “4FH".

In 2-line display mode (N=High), DDRAM address in the 1% line form “00H” to “27H", and DDRAM address
In the 2* line is from “40H" to “6TH".

9) Read busy flag & address
RS RV DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 BF AC6 AC5 ACH AC3 AC2 ACl ACO

This instruction shows whether KS0066U is in internal operation of not.
If the resultant BF is “High”, internal operation is in progress and should wait BF is to be LOW, which by then if the nest
instruction can be performed, In this instruction you can also read the value of the address counter,

10) Write data to RAM

RS RW DB7 DBé6 DB5 DB4 DB3 DB2 DBI DBO
1 0 D7 D6 D3 D4 Dl D2 D1 DO

Wnits binary B-bit data to DDRAM/CGRAM.
The selection of RAM from DDRAM, and CGRAM, is set by the previous address set instruction (DDRAM address set,

CGRAM address set).
RAM set insinuction can also determine the AC direction to RAM.
After write operation. The address is automatically increased/decreased by 1, according to the entry moda,

11} Read data from RAM

RS RW DB7 DBé DB5 DB4 DB3 DB2 DB1 DB¢
1 1 D7 Dé D5 4 D3 D2 Dl Do

Read binary 8-bit data from DDRAM/CGRAM.

The selection of RAM is set by ihe previous address set instruction If the address set instruction of RAM is not
performed before this instruction, the data that has been read first is invalid, as the direction of AC is not yet determined.
If RAM data is read several times without RAM address instructions set before, read operation, the correct RAM data
can be obtained from the second. Bul the first data would be incorrect, as there is no time margin to transfer RAM data.
In case of DDRAM read operalion, cursor shift instruciion plays the same role as DDRAM address set instruction,

It also transfers RAM data to cutput data register.

After read operation, address counter is automalically increased/dzcreased by | according to the entry mede.

After CGRAM read operation, display shift may not ba executed correctly.

NOTE: In case of RAM write operation, AC is increased/decreased by 1 as in read operation.
At this time, AC indicates next address position, but only the previous data can ba read by the read instruction.

VER 1.0 19 2003/12/09
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Display 0 o 0 0 0 0 0 0 ° 1 | DDRAM adress to “00H" 1.53ms
from AC
Retumn Set DDRAM address to “00H"
Home From AC and return cursor to
] ] 0 [ ] 0 [ 0 1 - | Its original position if shifted. 1.53ms
The conlents of DDRAM are
oot changed
SE;W mode e lo|lo|e| e o]le| 1 |w]su m@l c'm:;’““s dd:.';‘:l:ym 30us
Display ON/ Set display (D), cursor {C), and
OFF controf o 0 0 0 o G 1 D | ¢ B { Blinking of cussor (B) on/off
Controt bit.
Qursor o0 Sef cursor 1moving and display
Display shify Shift control bit, and ibe
[ 0 0 [ o b | sc|RL| - Disection, without changing of 10us
DDRAM data.
Function set Set interface dafa Jength (DL: 8
ool ool v | w]| ]| - fjﬁ(‘;o mﬁ:{‘;’s&’ 39us
Display font fype (F: 5x11/3x8)
iﬂﬂC&MM o | o | o | 1 [acs|aci]|acs|ac:|ach|aco ggggr"‘ it L 3%us
iﬂﬁ?&m’ e | o | 1 |ace|acs]acs|acs|ace|acs{ ace g:ggmu»{ address in address 3ous
Read usy Whether dunng intemal
Flag and Opetation ¢c oot can be kmown
Address 0 1 BF | ACS | ACS | AC4 | AC3 | AC2 | ACL | ACO | By reading BF. The contents of Qus
Address counier ¢an also be
_ read.
g'“l :e d:" to 1| o |7 |os|ns |pe|os]{o] ;| o ("g'g; "“! Ih[ c‘"g&%m RAM 43us
Pllemad "ﬂ}{ 1 {1 |07 ]{ps|Ds |Ds |y | D2} i | D0 &'g&}g&“ﬁ:ﬁm RAM $3us

NOTE: When an MPU program with checking the busy flag (DB7) is made, it must be necessary 12fosc is necessary for
execuling the next instruction by the falling edpe of the “E” signal after the busy flag (DBT) goes to "Low™.

DDRAM address:

0310410506 |07 |08 |09 |[OA [0B|QC{0D |OE|OF[10] 111213
43 | 44 (45| 46 | 47 [ 48 [ 49 | 4A [4B |4C 14D j4E | 4F | 50 | 51 | 52| 53
17118191 1A |IB |IC|ID | IE | 1F |20 |21 | 22|23 [24|25]26| 27
5713859 |5A 5B |SC|SD]{5E |5F )60 |61 (62|63 [64]65]|66]| 67

DDRAM address

VER 10 89 2003/12/09
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Standard character pattern
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DAOED 1N4001 - 1N4007
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1N4728 THRU 1N4764

ZENER DIODES

DO-41 Glass
!
g I
|
(i
- .g || ar@0.102¢24)
=] |
211
i Cathode
é = vk
& |
g |
¥ o
%- _’E max. @ 0034 (089

Dimenstans in ches and (mEimelers)

FEATURES

+ Silicon Ptanar Power Zener Diodes

4 For use in stabilizing and clipping circuits wilh
high power raling.

¢ Slandard Zener voltage lolerance is +10%. Add
suffix “A” for +5% tolerance. Other Zener vollages and
tolerances are available upon request

+ These diodes are also available in the MELF case with type
designation ZM4728 thru ZM4764

MECHANICAL DATA

Case: DO-41 Glaas Case
Welght: approx. 035 g

MAXIMUM RATINGS

Refings ol 25°C armbient lemperature uniess olhamwies spoegified.

SYMBOL VALUE umMT

Zener Current (see Table "Charatterfstics™)
Power Dissipation af Tamb = 25°C Pial 1.0 Watls
Juhction Temperature Al 175 G
Storage Temperalure Range Ts —B5 lo +175 °'C
Characteristies at Tamb = 25°C

SYMsoL M. a7 MAX T
Themal Resistance y _ 1§ -
Jonction fo Aniblent Alr RiiA et oW
Forward Voltage

Vi - - Vaits

atle = 200 mA - 12
MOTES:

{1) Valid provided thal elecirodes al a distance of 10mm irom case are kept at amisent lemperatan:

). GENERAL .
2 ¢ SEMICONDUCTONR
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ELECTRICAL CHARACTERISTICS
Ratings ot 25°C amblent lempersturs uniess ofherwisa spteifed.

Maximum Zener inpedance™® Maximum
"é’;".,';’," c[‘,:-[e[setnl reveise ieakage currant &';':E:t ':'e"‘;‘l:"":‘[';'r'
voltage® current®
at Zzr at at
Ly allzr m I [ VR TA=25°C
Type vz V¥ lzrmA n n mA pA v Tr MA, a mA

1N4728 3.3 76 10 400 10 1050 1 1380 276
1N4T728 36 69 10 400 1.0 10Q 1 1260 252
AN4730 9 64 9 A0 1.0 50 1 § 590 2
1N4731 4.3 58 9 400 1.0 10 1 1070 217
1N4732 4.7 53 ] 500 1.0 10 1 970 193
14733 51 49 T 550 0 10 1 830 178
1N4734 58 £5 5 600 i) 10 2 810 162
1N4735 6.2 41 2 700 0 10 3 730 145
1N4738 6.8 ar 35 700 1.0 10 4 660 133
1N4737 7.5 M 4.0 Jon 05 10 5 605 121
AN4738 432 k] 4.5 700 0.5 10 [+] 550 110
1M4739 9.1 28 5.0 100 0.5 10 7 500 100
INAT4D 10 25 7 700 0.25 10 156 454 a1
1N4741 11 px] 8 700 0.25 5 8.4 414 83
1N4T42 12 21 9 700 025 5 9.1 380 76
1N4743 13 19 10 700 .25 5 948 344 69
1NAT44 15 17 14 100 ).25 k- 11.4 04 61
1N4T45 16 155 16 700 ).25 5 122 285 57
1NAT4G 18 14 20 750 0.25 5 137 250 50
INATAT 20 125 22 750 .25 5 i52 225 45
1N4T48 22 11.5 23 750 0.2% 5 16.7 Y5 A1
JN4T49 24 10.5 25 750 025 5 18.2 190 33
INA750 27 95 15 T50 0.25 5 206 170 EX]
ANATST 30 8.5 40 1000 0.25 5 228 i50 30
14752 33 1.5 45 1000 0.25 5 251 135 2
1N4753 36 T0 50 1000 0.25 5 274 125 25
1N4T54 ags 8.5 60 1000 0.25 ] 29.7 115 23
1N4755 43 6.0 70 1500 0.25 5 27 110 22
1N4755 47 5.5 1] 1500 0.25 [ 358 95 19
1NA757 51 5.0 45 1500 0.25 5 38,8 o0 18
1N4758 58 4.5 110 2000 0.25 5 426 80 16
1N4759 B2 4.0 125 2000 .25 5 47.1 70 14
1N4760 [:] T 150 2000 025 5 51.7 65 13
1N4ATEL 15 33 175 2000 025 5 56.0 & 12
1N4762 82 30 2000 3000 0.25 5 622 55 13
1N4T63 91 28 250 3000 0.25 5 £92 50 10
1N4764 100 25 350 3000 0,25 5 76.0 45 9

HOTES:

{11Tha Zener impedantca is derived trom ihe 1KH2 AC voltage which resulls when an AC cument having on RMS valus equal bo 10% of the Zener tuent (tzT or 1zd
b superimposed on iZr of (2 Zener impadance js measured af ta0 poink 10 Insurs 5 sharp Ives on e breakdown furve and o eliminats unstabie units

{2) Valid provided that eletirodes at a distance of 10mm Fom case a kepl of ambient lemperiine

{3) Measured under thermal evjulibrium and DC Laaf conddions

£\, GENERAL \
:6: SEMICONDUCTOR
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RATINGS AND.-CHARACTERISTIC CURVES 1N4728 THRU 1N4764

04

02

Admissibla power disslipation
versus amblent temperature

Vlld provided that Waads e kapt st amblent
tenpocatne of & tRRance of 10 mot from case

TN4728 . 1NATeA
h
\
\\
Y
AN
\\
4] 100 200°C

@
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MegaMOS™FET IRFP 470
N-ChannelEnhancementMode )
a
-]
Symbol Test Conditions Maximum Ratings
Vo T, = 25°C10150°C 500 Y
Vocn T, =25°C10 150°C, Ry = 1 M 500
Vo Continuous 20 v
Vosu Teansieot 430 v
Loss T, =25°C 2 A
| T =25°C, pulse widih timiled by T, % A
L, 24 A
E.n T, =25°C 20 m
dvidt L Sl OVOL< 100 AluS, Voo S Vosas 5  Vms
1,$150°C, R, =20
P, T, =25°C 200 W
T, -55... 4150 ¢
Tnl 180 *C
Tog -55...+150 G
M‘ Mounting tonque 11¥10 Nmin.
Welght G 1]
Maximunmi lead emperature for soideding 300 G

1.6 mem (0.062 n.) from case for 10 s

\Y

Dss
1 =24 A

D [cont) =

DS(on)

TO-24T AD

G = Gale, D =Orain,

S = Solnca, TAB=Drain
Features

+ Intemalional standand packages

s Low Ry, ., HOMOS™ process

+ Rugged Fglysiicon gale cell siructwe
« High commulatingdvidiraling

» Faslswifching tmes

Symbel Test Conditions CharacteristicYalues  Appllcations
(T, = 25°C, unless olhenwise specified) A"
' min. | typ. Swilch-mode ezndresonant—mode

- - « Motorcontrols
Vou Vog =0V,1,=250A . YL Unintermuptiole Pawer Supphes {UPS)
Vs Vi =Voe by =250 A 2 4 V .+ DCchoppers
Youn Vy =320V, Voo =0 +100 A
oss Vo, =0.81V,,, T,=26°C 2 pa Advanlges

V=0V i T,=125°C 20 pA - Easylomountwith | saew
led mounti hole

Royon Vo =10V, =055, 028 0, Soeeninge Do)
1XY'S reserves the right to changs limils, tesf condibions, and dimenslons. $250SE(997)
©2000I1XYS Al ights reserved 1-2
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Symbol Test Conditfons Characteristie Values
(T,=25°C, unless otherwise specified)  |T0-247 ADOutline
min, | typ. | max b— £y 2 r
Y
%, Vo =10V;1, =050, pulsetest 1| 2 s |]:;_1 Rl
-]
G, 4200 PF i
Cone Vo, =0V, V=25V, I=1MHz 450 PF —
Co 135 pF ‘I
oen) 24| 30 bns " bl
t, Vo =10V, V=05V, 1, =05, B 45 o5 g %
= Tetminalc | -Gole 2 Oraio
Lo R, =21}, (External} 65( 80 ©s 3-Sewite  Tab-Drain
) il ML Dim| Wametsr | Inches
M, Bmc | Min Mag
Qo 160190  nC A | 47 &3 aes 28
Q Vg =10V, V,,=05-V . 1I,=0 22 254 087 102
bt = g Vosarlo = 0.5 Lo g #© nc 2 72 26| 1059 098
Q, ™8 nC L | 18 14} M0 8%
6, | 165 2.13) 065 .084
R 042 KW b, | 267 392] 943 123
3 a 8] 016 w1
Ruca 025 K D |:050 2046] 819 245
E [1575 1828 | 610 40
= | 520 572 (0205 0925
L [13.51 2032| 780 800
Source-braln Diode CharacteristioValuss :;p o ;-g 5 :L’
) (T, =25°C, unless otherwise specified) a | 569 8400232 0252
Symbaol Test Conditions min, . | ax. R | 432 s48l 170 =215
5 |ei585¢ | 242 m5¢
y, Vg, =0V 24 A
by Repeitive; pulse widlhimited by T, 9% A
v, =1, Vo, =0V, 15 V
Puls tes, t <300 s, duly cyde d< 2 %
t, I, =1, -didt=100 A/ps, V, = 100V 600 ns
i MOSFETS and IOGT oovered tolering t15.
©2000 IXYSM@'SIW :',::335.59‘2 4,861,108 l:,:’l'l'l,.’:ﬂ! w&“j‘::ﬁg‘lﬂ :,IIT.HT G':Il.iIJIS 2 - 2
ABID0TZ  AGNBA4 BOMTES BDRI30T 524N 391020
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__ PCBI7 Serles

High Density Mounting Type
Photocoupler

® Lod formng type (10pe ) ndipingreclype (Pype ) are s nvakie, (PCMTYPCHITP )
o8 TUV (YDEONH ) appromest type ta idia avaiable o e eqtion,

R Foatures W Applications
I, Current transder ratio 1, Computer terminals
(CTR: MIN. 0% st 1so SmA Yae5V) 2, System sppliances, measuring instraments
2, High islation yoltage between input and 3. Registors, copiers, autoenatie vending
oofput (Van: SO00Y.0) machiney
3, Compact dunlsin-line pockage 4, Electric homa applinnces, such as fin
PC817: Lchannel fype henters, ek
PCA2T: 2<hanncl type 4. Signal transmission ietwoen circuits of
PCRIT : 3<honnel fypo different potereiate snd impodinces
PCBAT: dchonnel type
4, Recognized by UL, fle No, E54380
B Qutline Dimenskona (Unit : mm)
PCA? PCa2?

oooap?oa

”nu.

Sntai el 1 P M M
oflooeoooe ©0000008
L) |

'mmfmzmmmmﬁgm

L Vi usindiinid

Wit ol By et ki ol S picalia

T




WHARP __PCBI7 Serles
| Absolute Maximum Ratings (Ta= 25°C)
~ Paeh Symbd | Ratlg | Umd
Forwsnd eu by 01 m
Input e S0 cired ™ 1 A
o veltae Yx b Y
P N mW
Vem U Y
Vieu s v
| k 50 mA
Callectonr powes dsspulion Pe 150 oW
Toud powey Sssipatien P 219 nW
liion vl Yo TSm0 T V.
Operiding lempéobay T [:Woeid]| T
swmgqmc E’! 7S] LY
S chlering knspersbuit T. | 16 X
81 Peba widih o i, Detynaio ; Q000
52 4iHa AL AC for | st
o5 Fau 1 mcoats
N Electro-opticsl Charactoriatics {Ta=25°C)
Paniks Hmbol CendBars MIN Ty | oA | Um
Foousnd veltage Vi | badad o A O
1 Peak forwand voliage Vra | bundSA . RN
il ey ly § Vaady » R
Terminl caploitine €| Vad{o Rk N RN
Saa | ol ik e T Van — s
: ya sk, Vo2 S¥ % | - T %
12 2 Mciacisabisie S B ek ]2 lmd . al Lt I I
DGOV, 103 60X Rt Sait| W | - | o
dhone | Voo coppeianes | ML, LS S BT B
haiied | Qupedf frogon fo | Yariyldat kim0 400 - 4o | . ]
i I 2 4 11 Ei
77 & Voo ¥, len 2nd, aa 1030 - p m m
44 Clagwificatiim ol of Eurerd inendle e i haraa bekorw, Fig. 1 Forward Curront vs.
Agimmt‘i‘ﬁmpmm
Mk | Reskmed | CTR()
_PCHITA A 10w 6 L] il et et &
PC8I7D 1 100080 - \
PCANIC c ECTYD i \\ g
__FCHId D 300w 600 > \
_ PCSTAB Awi K0 W 260 ol g
PCIOTES Bl 133 15 400 \
PCI#7CO Cal 10050 600 2
PCROTAC ABeC MNwind
PCANTED B,CotD 130 ka 0 »
PCASTAD ABCoiD §01 40 60 .
POs 07 ARG DSt S0 ST
#tbotdoedend Adiart weparaai 1, (C)
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— e PoB17 Sorlos
Fig. 2 Colioctor Power Disslpation va. Fig. 3 Posk Forward Current va. Duty Ratlo
Amblent Temperature
» : S8 e . l\hmmp-i
? Jie 10 B¢
& 1%
i -
| s
" (L - g -
! \ 2 "
. A\ »
é \ '
o 1 a
0 L
S LK
Aukiesd wrpmnm T, (1) Oy i
Fig. 4 Corrent Transfor Ratho vs, Fig. 8 Forward Curront va. Forward Voltage
Jnmrdtumm
Yoo fy m|—- i‘- ’!E
» b = v
2w " -
6 l” uHﬁ by i [3 fc-'
§ el -ﬂf' o % * 1=
! m7§_ L = 1)
e B
's ﬂr i e o
o =
i == Emem——
) § b » ] TR RN R T TR T L
Feenmdoamarel s () po——r
Fig. § Coliector Currond vs. Fig. 7 Relatlve Currant Transfer Ratlovs.
fﬁmmﬁn« Yoltage __ . émbhnl Tomporsture
,':.n.l h T2 HT -——-an-uml ::sﬁ}?w.
3 _ R - [+
i 4 P, § =
3‘} n“ g \
u il
E Lo : g N
§ )] 2 ot )
[ ' e é
]
° 1 3 4 5 % 7 89 S N L

Orlitorcnctn vk ¥ 13 (V) Anbicet wsprnm 1, 1°C
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