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Abstract

This thesis presents demonstration set of a simulation of relay’s operation controlled by
RFID System. To control relay’s operation, the demonstration set can be operated in two
modes: key card scan and manual switch. The RFID system is used to detect the key card code
and sent the code to microcontroller for comparing with the setting code in eeprom assigned by
operator. Then microcontroller will control the relay’s operatioh. The results of efficiency test
show this demonstration set can operated precisely. Furthermore, it can be developed in many

applications such as on/off electric door in offices ,dormitories, hotels and related industrials.



faanssudscmn

Yo o o<t - = ow oo o d '
AnizdihResveve NI sRueInIs i inyfie As. a3l deREYieN dlusdi
-] o % Ld 9F A
g dwmuduaeinasas WdnBaniidhalss Topdde Tassnusn@ahdsleniildaaen

o o A’ 1 1)
msmaudan i lassamuiididegdn ) Idmudinlssasd uazvoveunssquiane

o ar o ] o o o &
MaAI11I0 AT.ANIIIU Waindu uazveveunszuitwMmMans 19130 as.wld ogns
ﬂl 1 -] dl L] A -] H -} =y
figwaazan lunms s nuiidulss Tewdedwgslumsi Inssnuuasildifosdaas
ol (] + - o Yo o 5
nawnilunssumsunssasasnaevzikaunfiggnivuianydarvevernisqunimy
] o) ]
Muuet g
& o~ o 1 A = - T
vennniinnafimhidosvovsuguimiesss 18 Ingu uozune iiend ue
d o = =y S dd
ou fiaulvdnS o Inssau uawmauqmmﬂwnmﬂssu'lﬂﬂnmzﬂaummm'mﬂu
A £ . 4 4 o °
gonditszAnsvszaminanud uesduginsduannsesfionldlunisiinsanu ild
Tnsanududogaasl1ddaed
» [ ] a :‘ ¥o w
uazgATABITDYBUNTgupuNeRunitasnu TunseuninAuNABldide Y

w - & ' ' P 4
aoundnanldfinduediafunvaueur suynedisduisgatsn Idenfaduil Aeq

vavouwsepayaimiiiusdgadole

Wi pulum

UL ARA WIHA



mh

U BATGOPITTHUT s anses s ssnsss st sess s sss st sesss s ssss s s n
TNFAUBNTHTINY .ovoeovecire s esmssissases s bR b nrts ¥
DN AUDN TEIBINGM 1ov.i s sessesseeestss1e e seressesstesesstonesssseseesseeseesea bbb eebesoeebbeseseseebebetestssemteneines f
L e R R T T LT 11 L [ OO T 3
TINTUIY ceerere o eeseseeresenessmessessassassnsss et s 455855t e 9
TITURATT T s csvisies st sase s st b e bt et fe et s e e brasein AR bR o
BIVTURYGU vt iensessiessn s sent bbb A bt R s R ol
AIMT L UM oottt ettt et 1
L TR I IRGUB AT ettt 1

1,2 QU EAUB TATIIM oossiiseeiens st b st ssses s sssseesess st 2

1.3 UDUIURAUD IATIVIH oot sissssss s b eeses st eressseomesmesstems sttt sttt essessiessessessrins 2

L4 SR DUUBZUHUMITFUTUITU oot s w3

1.5 158 TUTTRRATATIOEIRTU ettt 3

1.6 TUUTZIIRRI oo ettt e e 4

wni 2 nquﬁuazﬂﬁnnnﬁtﬁmffm .............................................................................................. 5
2.1 MTIRTADUINIAUABT AVR .oooorooecrr st ssereastoresssresiesesesseseseressosserssessaesin 5

2.1.1 YsinmuealuInsnouINTonn T AVR oo eeeseeresessenassesssese 6

2.12 YoymilosduvnsluTnsnouTnsained ¥iin AVR ATmega8 ... 8

2.1.3 195905 1M BATIUVINDS AR TH ATIERAB . ooeves e rerseseerssnns

2,14 VI TMIITTUUBIAATIOTA 1o oo 9

2.1.5 TW0IDUAVBITTIADS THUADEHOTA ..o oo escseessenreseserressmeesses 11

2.1.6 mnfildiFonTsunsuaguluIASABUINADDT oo 12

2.2 Radio Frequency Identification (RFID) ........ccocecrrerecenimeiermneiesescensomsnssesesessenssssessens 12

2.2.1 A5 M5 FUATOYAUATULUAIRT (BandWIACh) .vvrevrseeerrersssemsesenrre 14

2.2.2 S2UEMT S UFIVOYAMABTIRIT G reevveecesssssnrisssrsnssmssssssssssssssssssnseos 14

2.3 FHOU (REIAY ). reersrerserosecneeresesscsmessesessssssesssaresessssessesssaasessesssssessessssasssssssessrres 15



M35y (Av)

i

2.3 MITHAEHE NI YDA 1o 15
2.3.2 BAMUEAITIFIIIFIO0. ...t ssene s 15

24 'st'uuwﬁ’q;mm po1luowil (operational amplifier)........ccocrveenmcmernenernnmsmereniane 16
24.1 ootluoi] oz T IHIIHRUFINOY 3 UIZUM oo 17
2.4.2 AUONTRAYBIBBUUONT UM NGAUAR ..o erecrmesnescesessssesrsessasmns 17

2.5 TVTINMITZAVUIIAU covurenrrnreessnsssossesssssemsssssssssses s sssssssssessesscseseasessssesmerssses 17
2.6 WOTETYIATTUD «.ooeesvreesssssosanssiesessesssmsssstssssssessesessessessssssssserseemsssssesresessnsern 19
2.6.1 'm‘sﬁuanszuﬁuuuﬁmﬁu (Half Wave Rectifier Circuit) ....voimnnrsinss 19
2,62 NUIBLNSTUAVVALARY (Foll Wave Rectifier Cirouit) oo 20
2,63 2935 6aNTLUTULUVIAY  Bridge Rectifier CIrCUit),......oooowsrersessrsssssssonens 20

p BTV (R PNt (= o e A W/ R\ Y 21
2.7.1 UATROAITA (U Proximity CAId veeveverrreoesesersessiesssoss e esessesessseessomsessns 21
27,2 VATATNITAUUL MIFAE CAIG..croorrrrersrmeesseemsssrtsreseseessmssssssssmeseesrsen 2
unii 3 DITODMUUGRATIADY ..vvervcerreraserssseressesirmsrasesssess sssssssrasis st ssstrssess sessssssssssssssssssssss 23
3.1 BUAGUN T LA U I TUBIYATINDL . orsecreernrcrssneserereessecesessseerae 23
311 RATRINUIR s icrmnrtrrns s sssssss o mesnssssostss st e 23
KRB A GG R U T O |
3,13 THOAUEAIOOTUANIATIOIUYBTIAD cocreorevcesrs e eesesreeneseesssne s 24
3.1.4 193A RFID Reader (125103 1 TASAOUTNTANGT ..o 25

3.2 nﬁnﬁmmﬂmﬁwawﬂﬁam ................................................................................ 30
3.2.1 SUAOUIUATEBRUULYATIAO s 31

3.3 M IBNIUUBIFATIAB 1o sess et esenes s e 31
3.3.1 1390319010 I A UUDAUBIYATIAD. oo oot 32
3.3.2 nsldenunnl$Rdnmsanunumshaneesiiad. ... 34
3.3.3 M FUUEIATYURA (Manual).........ovvecesso e 36
unil 4 MINATOULATHANINATOUUILANTAIMMITINNIUYOIFATIABY ..o 37
4.1 MINAFBUAMIGNABI TUMIAIUYUMSTIUYBIFAT .o 38



M3ty (M10)

nih

4.1.1 MINAABUAIGARBIUMIINTZIAE ATET oo rsrsrmesrr 38

4.1.2 MSNATOUANNYNADIIUNMIFINGEIRE ATERL o 40

4.2 32UETTATATN ISR D AR I AT v seessneeeesscnsmseeesenesis s 42

UNT 5 AFUROUDZTOUIUBUUE ..o s sssesesssssesemesssesen 44
5.1 aUHAMINATOUMITINHYBIPATIOBY cccrrecrrrrscrnsnsesn s mssssmtnssssrsssssaens b

5.2 COUEUBIUSHASIUINIINIITHAINY ¢ ccomersssivsssssessmesmssssssssssssrersarsssstsssstessssssssnssres 45
DT T BB .11 1evemsseeeseeeresssesseteeseseeessereeesessesseesses s mes RS A58 Rt e RS0 46
ManuaIn 1 5700200109 I TATADU ININIDT ATMERE Brrrveirer s reeesscsesstsssssmessssssins 47
AN Y 5700200Av0e T TASABU INTANDT ATHRY 2313 .o sssessssssssassisnns 58
MAHUIN A TWOLDURVOINTIUTUADT BC 549.....ccereceoresrsessemsssessssseseessstsssessssessasssee 74
AREUIN 3 TWAZBOAVDILOH LM 78OS ..o seecerssisssnssmmssssssimssessssssest s st sossssssssses 80
AT IR TN TRTINIMU et brcsnssersecsesssessb s st s bt Rs e 92



MIYMg

1579 wih
T SR UUREUAUN IR UTUIIN oo senesse et 3
2.1 uﬁmdmmmﬁe‘iwq UYBITEVD REID UAZMIIFOIU e e vessesreer s smeommsessessessessensessine 13
4.1 HONISNATOUNTEN 2 VINMAMITHN 1 oo sesrsssereseesesss e 39
4.2 HONSNATOUNTET 2 VIHNAMITEN 2.crereeescsseomimssssssrsessss s 41

[ ] ar A
4.3 MINATOUTZUEMINIITNUBNTRI AT T AN I NARTMITATUNU ..o sersesssrssenrns



CERFITTEA]

1l ni
2.1 (1) U1 TQFP (U) HUL QFN/MLE (A1) UL PDIP ..ovveoeeeveeereesseessesssessssessessessesssamsessesoss 6
2.2 TATIATIINIOTUUBY ATINEZ Borroveomerreseeoeerere s seeseesesessssesseeesse st essesssessssesesssersssesssses oo 8
2.3 TATIE I 1MI AT UTHOT BRI I ATIERA .ot sesesessssssesess 9
2.4 MU RO T UBIHOTARIEY 1o sesesssne st 11
2.5 UHUATAHAAITZUY RETD.cooseereerecmeerenese e oot e eere s e 12
2.6 HAAMAIMITINMIIBRUIBTHAT e 16
2.7 ﬁ'tyﬁ'nmfunun"amﬂmmﬁ'mmum%nuazﬁ'q;ﬁnunﬁmumaﬁu ..................................... 16
2.8 TATAEFIUOIOBUUBUT oot sseesses s eeses e es st 17

2.9 0BT DM 1T AU AU THATUUOF 7805 .omreromoreesocseesssssssssesesressssesssssseesseeeeeeseeeeeneesonns 18

2.10 W95 5 MNFZAUUTINUOIHATHOON S TI0A ..o ssessess s 18
211 HV I OATEUTUUUFTIRAU e sssnsterens st 19
212 UAI AU D AT ST TR TZUG AU, .ottt 19
2.13 DIUTFOINTETULLUTAT v sense e sessesese st e sessssessessrssesessaer 20
2.14 TATAGAIIA UL PIOKIMILY CAIA oooovoscstiesssssesestoerssses s e sesss et seeessssesses 21

2.15 VATATNITAULY MIAre CAdunrrerrverorrres s osoeseseessessostsseseemseeesess et ssesseseeeessseesssessesssens 22
B R VL T 121t L P 23
3.2 NIDUUBYTHHL Step down 220V/0V .....ovvecssoesssssssssesissssssesesssssseeseessmsseseesssmsesssessnens 24

3.3 1a0R TR QUM ITNAMIUBTIAN) eerissrsrsoise s esessssmstessssstesessesesesssesns 24
3.4 AU M IUD L TIYATI0NAT DIAIURUMITTITUUDTHAT oo 25
3.5 FUHLLVBITUYY VBDYNTU crvecorrscrvrrrssasrssasssssssisssesssasssssssssssssssssssssssssssesssssssesssessssnsens 25
3.6 UAUAIUOIANTAN U I TASADUTNTOMDT oo scrrrersmessceneseesseese st seess 26
3.7 DT TN ITEAUUTIAU ceovereevrn st sssssssssssessomsssssesessssssesssesssssssssssssssssssssssssssiens 26
3.8 TIVTATAG UAZMABA LED .coooeeseveerosssesmsesessnecsssssessssesstesssessesssesessssseses et 27
3.9 BAUUBITIVTTII ..o seesssssnsssaesstssrssseesmssses s s meseses s 27
3.10 UHUATUDTANTAATLN RFID REAAOT...rrrvimssssssssssssemmssessnssessnssessssssses s 28
311 AIUYDINDT IC SNTS176uurvrrnnrercssssssseesssnssessssesssssssmnessissssesmssssssessessesessesmasssesesssesseessrns 28
3.12 3903 B 1YY IUUIRDIRWATIADA eovocsocoreerersesreesmmeesersseessresessesesssesesssseeseecseees 29
3.13 UNUATRHANN T TUYBIYATIDD cecovvevrrreeesessssssnsssesssssssssssessss s ssnssrassisssssssssss 30



mstigyl (de)

i w1
3,14 HAUATHLAAINITIIOTUT WUBITEUL wevrorsereceesseeesresrensersessessessesmessssessssessensssesesessoseseees 32
3,15 AN IVBIPATIAO ccorrereeresssresssrsss e rsssssss s ssssssssssssssspssessssssssasssssssess 32
3,16 ATULIUBIYATIADY c.ocvoe e eessrsecsresstsss s ssssss st essssssss st sssssssassssesenes 33
3,17 AU THUDIYATIAD. oo cecrreserrscssr st sssas s sss s ssassss s e 33
3,18 AT TUTNTATATNITANDN 1eoereorrree s reresesseeerrasseessessssmarssessessssesessesssssessssssssesssemnessssee 34
3,19 HARINTT RS DU ONTUIATATAIIA Borvooessesenses s srssssssssssssereseesessns 34
3.20 UAAIMITUNNTRTAINITA B I URTION st eensss s esneesssmseeseanes 35
321 HAAUETITATATNITA B U IMIUATNITATUNY e et sese e 35

A o ad o ad o
3.22 ll'ﬁﬁﬁlllﬂ'lj‘l‘l]ﬂfiﬂﬂﬂ'liﬂ C UMTMMBUUAINITATINU ..o v ermscare st s ssssesseneasn e 30

3.23 UAAINIINAT IAT G INTTFITIMUBTIO0 et eessrs s 36
4.1 DIINATOLUDUAAZIATOTERN 1 orervsreereesserens e erses s s enrees s 38
4.2 MINATBUVBIRAZIATOTEN 2 .o e essssessset s s 40
43 JUHARINISNATBUTLUZH1TTATOITINONTIIIN oot resesesmencrsrememeersnes 42



d' o
1.1 nindacsa UM
o as =) o ur & A o o = ar
LhuTvpiunnulasassludiadsesriudludaniisdddg lunsdis diad iy
o = = 3/ Y da X 1 A A )
wypd ma TulaganueigdmiaMiaunnuie TumiluNensuauDINNNADING
o o @ o
anuilasasuuazanuasainauwveauyudlegiiumalulat RFID (Radio Frequency
. . o o ¥ = ar ° qa o X & r 9 o
Identification) Maatdnniunmaumafisedavesuyudinniy dedlnguanilums

L] o r | o
Al mvesnnudasasuiazaisdanisgudeyadiee gUnsslussyun RFID 98

a2

Py o o & ° ¥ A 1 e ' @ w o a9 E
Uszneualounnd (Tags) ‘ﬂQﬂzﬂ'lﬂu']ﬂ‘l.Uﬂ'ﬁ ﬁqﬁﬂém"lmszﬁ']13ﬂ'J'iUﬂUW']ﬁQ“Uﬂuﬂﬂﬂuﬂﬂ

" d o 3 a1 9 é da ] d
ags o
e luuiing (Tags) ndameuaues lungasudeya msiemsszerdunnudIngRueIne

wu'ldswamnnlutlepiufiens 193zuw RFID Tumsidhesnrinnlizy

' o 1 1
szvyaaugumadieanslszgniGuiimg [edisminasiioszinmauesinmlag

3 A

| ' ' o, a { v W = 1
1 druapas sy aoiiaie tududedreamisafieciududmumdisonldonis

NN - - Yy o X o 2
gnéeamiuds luuensdiiyanaiivymidesvessesiniiewiomaunaiufisiunyiiile

5 ~ Yo o A ] " a [] [] - -~ @ w 4 oA o L
sursszuunlfdudatimssuaif lumiueurielinnuanilsnusnuvodudadlineviiv
[y = - J 1 ¥ a [] 1 Fd ]
eum_mmﬂmiwﬂwmﬁmsﬂszmanamuw damaldifaay ligzainauioung 19uqe

82 = o o Yy Ao w v A
‘iNlJﬂ'IS“m'll'lﬂ'liel‘g‘izllﬂf}ﬂﬁllmﬂiB‘Uﬁiﬂ‘uﬂ'l'i!ﬂTﬂﬂﬂﬂiﬁﬂﬂﬂﬂ?Tﬂﬂﬁﬂﬂﬂﬂgﬂﬂ')'ll‘]ﬂ.l NI

Y § o o LYY 1 o o L
aunuasi lsausy i esaunuiasdmennuagms Il iaduddne dududaiu

[l
= 1 [

34 d‘ L )
Tnsenuiissfnunefussyumsinuees RFID Aswssanvasanlunsila/ila
naoullszauuuii hikesldaududa innugndewazasaananszeznatiumsldon1dlae
'y AS‘ o aa W e N -~
PISANYINITTIANYBITEYY RFID fiwmlszynd 190U Microcontroller A32Ra AVR %iia
& d a [ ° A
ATmega Fuiludnlszunanauazniuguarsiaugadiasunissniuqumsiailanasu

1l52q I¥hdaeszuy RFID



[ 4
1.2 Jaguszarsnvealnssniu
A @ o A'l o =] o3
l‘wﬂwﬂlu’]lmzﬂﬂﬂllﬂﬂl’ﬂﬂ’lﬁﬂ@lﬂiﬂﬁﬂ')ﬂﬂﬂﬂ‘liﬂ‘lq'lu‘llﬂ:ﬁlﬁﬂﬂ']ﬂ‘izllﬂ RFID
1.3 YaIUAY8IInIIY

o L4 J s
1. mwnsolflulnsneu Insaneiaszga AVR 100 ATmegas unlszgnanisidauyn

[] A 3 o
T1a09AIeInWRUMSTIONYsSaifuszuy RFID

2. Y83ANIANIUAN RFID YO fin1id 125 Kiz wozannsoeudeyals s4 in

o oo ad v @AM w ad o [ o Ad
k3 ﬂ1ﬂ15ﬂﬂﬂﬂ1ﬂﬂiﬂﬂﬂ15ﬂ1ﬁ 2 UATAAUATAYNIIAUANLAYTIATAINITATOY

o

o I ad o ad o o
4. 5303ﬂ'ﬁ'ﬂ'N'I‘N‘I"I‘Uﬂiﬂﬂﬂ"Iiﬁﬂ'l‘]]ﬂuﬂtlﬂ'liﬂﬂ!lﬂl«l.lnlﬂu 2.5¢m



1.4 FHADUHAZUNUMIANHUIIY

=l
JeaseHa

1 2557

1 2558

¥ = ¥
Anwdeyauasiond
ASEUIUMITOULBS

RFID

Anndeyauasiond
FLUIM AN VB0

A105211 RFID

e, | 6.0,

PENUUDTZ A HT 19YA
/A
avBARTPININUAS

o < o 3
Manediadduszuy

RFID

H.A.

A,

e,

H.h,

Ai.en

..

@ou hlsunsunenugu
MININTBIIIAdAY

?7¢111 RFID

NAAOUNMIATURUNS
v agaluszu

RFID

r o

= Jd o
safigeinusaniu

o
anysnl

1.5

dszTaviinmaineasy

1. onnsed lldszgndldanmsuquatsidlaAlanasuilsyg Wihdaussuy rEn 18

o g ) = o 4 4 L
2. annsoh Inssanilndszgndilufiomszouidmiuyanaiidosmsnuunoam

nmamugumsiipAlanaeuilsse Ivihdreszun RED 14




1.6 awdseanasiild
1.uBfANIAARY RFID
2 TnsneuInsames
3. nansoinlzasa,lfuna
4. MMUENTISUA AT
safufunanus @esiurifesymdan)

-
NUIMA: DARDLYNIWUNT

300 UM
500 1N
200 UMM

1,500 1%

2,500 UM



=1
Unn 2
= [ l=i d' 3/
NYHHUASHADN 1IN IVD

¥ L = < 3 4 o o 1 o
Tuumilegsaumdnmsuasngufuesesisznevangifinnusuiludonisinuvessya
4 . 2
naavaszuumugunlaAlanaoeuilszg 1Wiaae RFID  Feluusazessilszneunineg
o = v o A Y [T | o 4
e lastinnuduiusasiunosoulaun  veiamaniugyluinsaoulnsames mn

AMINNIETA RFID Reader Sradnanulsyn1vidh

d
2.1 lulnsneulnsames AVR
Tulnsaoulnsames vk dhululnsneuInsamesvasuiin Amel San1daonssa
g . . Y ar = =
moluihi g RISC (reduced instruction set computer) Tao gdyapaniinuiivs 1 gnlums
o o o & ' o o
Uianulu 1 idelasezdszneudiontisoanusi lsunsuniolundlunu v ds

Tilsunsudoynl@iny In-System  programmable  tazTuuaweideawisafinisdimusn

= ¥

© ] ] & o A o
dumisvesmizsanusmadiuiluya Tnaames (@ouTlsunsuiiodadedy pc violed
| wr Yo @ A 1 ¢ s - 1
#1019 taztiannsallsunsuldiudues’a) lunavesmitsanyhanuefveslodus
o w L] oo A o a1 ¢
azd gnmptnuauiinliosduveslediues Amegasa 1drnnlili
- il loFuuna g-bit Tdwdaaiuen

- #laseardenw iy RISC

] L}
a o L

- fidamugumsie luTasaeu Insamed 136 Mids mdsdannizdhidndoluseu

TyaNuuIRNUAL?

-fiTnEtmaeivaliluune 32x 8

- miwarus Idsunsuniwlunuy Flash vine 8K Bytes 11013 Talsunsn I8 In-
System Self-programmable

- finiasnnusinioluiuy EEPROM 418 512 Bytes

- Inen i lunuy SRAM 9118 1K Byte

- =3 5 o ] ° ar
“Sounazauldne 10,000 afidwmIVNUWANUTMUY Flash uaz 100,000 A5

WUWATUT U EEPROM

- NYUANTT Boot Code Section TUAIINIIA199 1AL Lock Bits 19 (11 boot loader)



- Programming Lock for Software Security ﬂmﬁ’uﬂaga
- Timer/Counters U318 8-bit 2 /i3 Haz il Separale Prescaler Tvun Compare on1é2
- One 16-bit Timer/Counter with Separate Prescaler , Compare Mode, and Capture
=4 1
-1 PWM 3 9109
- {insAARBLILIY Master/Slave SPI Serial Interface
- 14911 RC Oscillator molu'le® upzmouenledld
« WITUNUIIAY 2.7 - 5.5 V for ATmega8A
o A 4
- ¥19UHAIUD 0 - 16 MHzZ for ATmega8A
o o A ) s o Gy ' Vol e o o
dunatues lod uazzilingvesled Dgumnidusedshivhdusy weifinateda
ar o 1 cl o l‘ o 1 & E.i a
8nHIA7 L aawd uazus e luns 19 szaeduTihsn ATmegasL agvhanMdyoga
= A r [ ] [ d ar =
WIAAT 0 - 8 MHz UasfinsIdY 2.7 - 5.5 V 694 ATmegas 92viinundagnauiim o- 16
IJ o ] L] - T = i I3
MHz uasinssau 4.5 - 5.5V aaugditeneled wuiigisie (package) uuy TQFP wie

QFN/MLF 9] 8-channel ADC @au31)31321s PDIP 92 ADC 6-channel #3311 2.3

(n) () (n)

910 2.1 (N) WA TQEP () 131U QFN/MLF () 1411 PDIP

2..1 hilnsneuTnsaiaed AVR Idmiseensihu 4 ndalnajq sl
L. TinyAVR - ATtiny series I9UIUBT Tiny13 , Tiny2313
- fimdaoanudtldsunsuvinn 1 84 8 kB
-Gt unlfan 6 fe 32
- fdmvesnssiiatuiinoudiesiia
2. MegaAVR - ATmega series wued ATmega8 , ATmegal6, ATmega32,
ATmega64
-tmdasn i ldsunsuvine 4,256 kB

- S ldam 28, 100 11



o & o s ar ] a9 Ao 1 .!a
- fiyamidanamotamsnumiasanusindviialvgunniu
1 d o or —
- Hidmvespnsaiadunnludalod
3. XMEGA - ATxmega series R ITTLH ATxmega6dAl , ATxmegal 28A1
- imiwanud hilsunsuvina 16, 384 kB

- Havwunidau 44,64, 100 0

= o & A o [ =] o' -] 3
- igamdefiannsodamsiuszuu DMA uasmsdidungnsal 18Ny

Tao1dnsateas g Tdwarngluuy

4. Application specific AVR ulodfiafruieldiulavmniziiu CAN AVR

(ATmega64C1) , .CD AVR (ATmega3290P/V) , USB AVR (AT90USB1287)
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2.1.2 dpyarilasduvsslulasneulnsanes viia AVR ATmegas

Figure 1. Block Diagram

- e AgheP =

| AXRERARR

71 2.2 Tnseaenieluues ATmega 8




213 Tnsan¥ramadansvmesnaiaglu ATmegas

PDIP
U
(RESET) PC6 L] 1 28 [1PC5 (ADC5/5CL)
(RXD) PDO ] 2 27 [1PC4 (ADC4/SDA)
(TXD) PD1 |3 26 [1PC3 (ADC3)
(INTO) PD2 ] 4 25 [1PC2 (ADC2)
(INT1) PD3[]5 24 [1PC1 (ADC1)
(XCK/T0) PDA ] 6 23[1PCO (ADCO)
vee 7 22[1GND
GND 18 21 [JAREF
(XTAL1/TOSC1) PB6 (]9 200 AVEC
(XTAL2/TOSC2) PB7 [110 19 [ 1PB5 (SCK}
(T1) PD5 O} 11 18{1PB4 (MISO)
(AINO) PD6 ] 12 17 D PB3 (MOSLOC2)
(AIN1) PD7 ] 13 16{1PB2 (SS/0C18)
(ICP1) PBO ] 14 15[1PB1 (OC1A)

o A \
U 2.3 Tnssadranissaanavineina1e1u ATmega 8

4 o d
2.1.4 Hihfimsdinuusudazvedn dAaaH

1. Port B

T P . m—— S ——— —
Port Pin Alternate Functions
XTAL2 (Chip Clock Oscillator pin 2)
TOSC2 (Timer Oscillator pin 2)

XTAL1 (Chip Clock Oscillator pin 1 or External clock input)
TOSC1 (Timer Osgcillator pin 1)

PB5 SCK (SPI Bus Master clock Input)
PB4 MISO (SPI Bus Master Input/Slave Output)

MOSI (SPI Bus Master Qutput/Siave input)
OC2 (Timer/Counter2 Qutput Compare Match Output)

S5 (SPI Bus Master Slave select)
QC1B (Timer/Counter1 Oulput Compare Match B Qutput)

PB1 OC1A (Timer/Counter1 Output Compare Match A Qutput)
PBO ICP1 {Timer/Counter1 Input Capture Pin)

PB7

PB6

PB3

PB2
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2. wefn C
Port Pin mate Function o _
PCé RESET (Reset pin)
PC5 ADCS (ADC Input Channel 5) |
SCL (Two-wire Serial Bus Clock Line)
PC4 ADC4 (ADCIInput (?hannel 4) .
SDA (Two-wire Serial Bus Data Input/Output Line)
PC3 ADC3 {ADC Input Channsl 3)
PC2 ADC2 (ADC Input Channel 2)
PC1 ADC1 {ADC Input Channel 1)
PCO ADCO (ADC Input Channel 0)
3. WO3A D
Port Pin Alternate Function
PD7 AIN1 (Analog Comparator Negative Input)
PD6 AINO (Analog Comparator Positive Input)
PD5 T1 (Timer/Counter 1 External Counter Input)
D4 XCK (USART External Clock Input/Qutput)
TO (Timer/Counter 0 External Counter input)
PD3 INT1 (External Interrupt 1 Input)
PD2 INTO (External Interrupt O Input}
PD1 TXD (USART Output Pin)
PDO RXD (USART Input Pin}

& st dy P d 1A - F | a '
ﬂ15ﬁ1\11u1ﬁﬂﬂ'}1ﬂﬂﬂqwaiﬂﬂ'l“‘]lﬂuﬂ\i;llﬂ 2,6 VSIHUIMUANUANIAEYHUONBY N

4 . : o b
nilsfe maansadmuanisidauves R, 18TaviuN Register PUD  dauulumis

il idemfaunsotanguididon vl o ildi Ikmunamdens
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| . <I 7~k PUD
F—
5 olg
DDnn
3,4
——\— WDx
RESET
:: r RDx
.'
| q [12]
=
E 1 7 5l [+
oA T [
e ST |
WPx o
RESET
p————— SLEEP r RRx
P
SYNCHRONZER
| —————— RPx
b 5 o—d7 @ _l_g_. 1
| P l
l |— . T |—> 3
'_ _____ } ko
. vDx  WRITE DDRx
PUD: PULLUP DISABLE RDx: READ DDRx
SLEEP: SLEEPCONTROL WP WRITE PORTx
cik o 1.0 CLOCK RRx: READ PORTx REGISTER
RPx: READ PORTx PIN

a ° &y '
3ufi 2.4 mayvhan Iaoia o aweiage

- e ¢ Y d 1
2.1.5 TivazduavesIdaneilunnazwssmilunsil
¢ o v 4 ﬁ | 1 g o o oA o
Tumsnruguneinduyaiedyaniy afva 1 daoniie ns§innuitmmes
. & ddi 2 a °
(Register) Fe39anmedilludrdigiisdesdeedeqlditameidrladmuaniedinls lunis
; p 4 n dd
Fanutdnesamusarhan 1dawiirdesnsd S dmaoiNiNuI9es fio DDRx, PORTx,
o d
PINx N5 wazibuansil
1 »
I. DDRx ifedmualineimiuadiuduyes viewdya © = duna, 1 =
o
I01ANA)
. . z
2. PORTx 19 muaaoiuzusanosaniofmuaninesa (finuaiiulang
= o A o | s Y o ] a1 Y
Bunaazindya) et muarnedyaldtimeialumaniugessnienlnsaiidelyam
1 o At ] &
191 UDIABT, MaDAuBaDA (0 =LOW HiB 0V, 1 =HIGH 138 5 V)
[ [] o A ] -~ o
3. PINx 19 lumseumaoiuzvosneia theoumiaoiuzuesasviogilnsal

A " ) ' =
faplFrusunesming wu o3ad (0= LOW ¥38 0V, 1 =HIGH 38 5 V)
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2.1.6 munidouTilunsunuguiuiaseeulnanes
1. Y1 Assembly
2. Ny Basic
3.9 C
4, Y1 Pascal
anganandinantudleiu lulasnenInsamesinmszga w14 ldnsumnann

D]

1 X - ar '
urnanszgavzlFldnanm uegivuiindgutna Software (Iaoia lvziun 11 Editor And

14

. Aq 2 a o o - 9 a
Complier) 11 oummnluInsneuInsameiiiuszninannin dsessy

2.2 Radio Frequency Identification (RFID)

RFID 03119108191 Radio Frequency Identification (iuszuufiiuomnauinguutuntu
wmzrﬁ'a‘liﬁumsﬁ'amsﬂ'ﬂgnwﬂ'iuqﬂnsafﬂﬂwﬁﬂﬁﬁunh U0 (Tag) uazdavmdoya
(Reader 30 Interrogator) Fuilumsfomannns1eo (Wireless) Tnonsiidoyafidosmsaa
yhn1suegLan (Modulation) funfAngudadeeendmamonimaiieglushiudeys de

510 2.5 uWuRIN15NIIMYBIIS UL RFID

oo

= | |
2 — e <+ | [] ooooo || «» =18 |
i

28 il

Readernnterropator Het Comprier

51 2.5 umuIMIEANIZ LY RFID

o > i o o
nasegaalevin REID seiidnsusansldauiindionuuii 10a Bar code) uazds
o Y = oA de Y ow ¥ 4 o
annsesesfunnudesmssnnaivadieiiand Iaa hiswsoasuauesldiiesnimniliae:
! 1 L] 1 o A { 1
Fhszuuiens1deda@un (Read only) Wiannsehmsnlaounlasdeyafioguuiniifald
[ - ] n’a 1 w £ 9 Y o 5 =t
UAUAN (Tag) Y0932V RFID szmmnsovissmuaziiuiindeyn 14 Auiusveannso
wldsuming wiehmstuiindeyaniegluniin (Tag) Temunimdesmsvesdldau
A o b g A o d o w A a4
waneniiszuu REID Gagminldouldniluvasiinghddundoun wuluvas
-~ o o A P ] = A da £
FummdundouRegUUAIBNIUNISHAR (Conveyor) HioTuailsimaniins 195311 RFID

o [ L] ] A [ 1 r 4 o ~
Tumsitusirnsau Tauigldidnsmesn idemgasadienwamimaglduinme
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] o a tas of o g o ar A L]
AMsTUAN (Tag) ARBYALISN LASUNN (Tag) vz¥INTsTOMINUAE YD MM weImA

'lﬂ'ﬁ & 1

= J 1 { 1 1 @ ¥ o
wialvgindantegaswinumeaiuniedn lusuziisoudurumoeina daeudeyan

& o o oA

a ) - @ ) o o o=y A LY & ¥
whamimsuaziiunnsuituimasasluunin (Tag) Tnvsa luiAnssusinsgnims 1%
v & A a s o 4 @ A
smhulgdadinevuiindseanTeseynmumandnuesdatidozadnegiuvify dedves
- 1 da o @ 1 9 ﬁ y o
53UU RFID 8nednife unin (Tag) uasAiomdeyamuisaeaisidanaislduaiy

L] r g =y o A 1 Q )
ot 1, naddn , nszen nieTaanuussoug luvashitnd Ia hild

A58 2.1 UTAWIUANUDAT YDITTUL RFID uazns 19nu

’ =
H1UHAIIUD

ANy

nslfa

-srgznssudsdeyalng

-Access Control

i o v w o
dmnde 100-s00kHz | -Aumlige ledad
andnapui i lfe | Aamdrlunsendeyady | -ssuUReANg
e 7
125 kHz A luuindiun -00UR
unsHMON3 lan

szezmsivdaedeyathunn

-Access Control

' - e 1 '3 3
IUAINDNAN 10-15 MHz -51ﬂ1ullu?1uﬂgﬂﬂ51u ~HUTIANIGA
anunnaspun ldaumhife | pwne
o 1 3/
13.56 MHz -anuii tumsomdeyaihu

fatg

-szusnasudetoyalna -501A
[ 1 -] (]
U]uﬂ‘]']”aqq 850-950 MHz (10 1n3) “ISUNUAINIY

2.4-5.8 GHzAMMONATIIUT anumlunsendeyags | me

o lUfe 2.45 Giiz

-TIRENN
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L3 v d

2.2.1 anTIM3TUaIvByaUasKUUNING (Bandwidch)

1Y =

ar ar J 1 ar ] g
Sas My udatoyn (Data Transfer Rate) sz ¥ungdunudvesnnunive lavind

]
=

9 = A o w 1y ) 3 ' A do o
gnnudvosraurnmedags sasimsivasteyanezdagenmnide daumsdenuuudiag
, A A8 g " w w 19 1 ar A e 1 da o
(Bandwidch) Wintwamuduunaziinadesnsimssudsdoyasunu Inolivanh uuuding
. - 1 @ g A 1 W ' a ' '
(Bandwidch) Asvziiannaniidarmsiudsdoyniidesnsediadosaoun ondret1asu
' . 1 [ ] o & @ 1
gr1duuusat (Bandwideh) Tue2¢ 2.4 - 2.5 GHz Avzamisnsesiusasimsiudedoyalais
= o 1 e o 1 - o o
15220751 2 Megabits aanfidludu uans 1uuudIas (Bandwideh) Ainhanu oo ld
= a o 2 & ¥ . :a & a 0’1 A 9 o
wadyminodudygiusunaunn wievild SA Ratio Araeiues Aniums@enlduuud
= d o 1 ar =
381 (Bandwidch) TigaResnithiduddglunisfinisan
o T 3 o & T
2.2.2 JzEzMuadieyanazindeds

o P9 -! 1 ar o ] & o w ar
seuznissudstoyaluszuy REID Yusgiinladudidnsieng e Madaunada
g1udela (Reader/Interrogator Power) fatdauBliin (Tag Power) Lz anTHUIAABY TIU
o 1 9/ o o o a 1 & ] o 4
mseenuuLmunmAvesiedayarziludimusdnuuzglivuemdmaiman iihn

L =4

1 F 5 or J 1 o r L]
(1HNTE0U0BANININAUDINIA FIUIZUSMIFTUAINDYAYNNBINTUBLNUYIVBINITUM
] o a1 ] ar 5 vj Y 1 Y ] o
JEV e (Tag) nazdremdoyadauuiy nailluediugsisvesnaumiman il
gy
g - | & o
anduvesnauunan I laona ldezasasauszoznie laoulsundunu
s w ] g/ t.’l o ar é ' d
seosneunissaoud e madeydseinisasReunduvosnauuiman i
E ar [ o o [ Y A » d ) d
nndeeeseuda 1wy Tane Aot lianuduussnauuiman Tihaansedesiaialae
o o o w o - ' . . ]
ervutlsHnAuAuIzEENIonMIRed Usingmsalirutits 150011 Multi-path Attenuation” 4992
) ¥ v LW ¥ A Y & A d - ad 4
danaWiszozmsTudadayaduas wiowinsznsnnuiuluemenersiimalunsdifinad
w & e vl Y g a o 2 4 ¥ a o
geaniunshiszn RED Tfldnunastinsdilfanminaney mssinensznuni
ar 1 9 =y 5 ] & o Y ¥V
spuzmsiudsioyn naznoinuaansszuuliie lnannlanzyienmlfinanisasvon
) 1 o
vesnduulman Wi 14

=S 8 w

= ' Y o N 4 <& {
fMasdeusaunn (Tag) mzmﬂaumuammm’fﬂgauu Taona hleziimdenann

o o 1 o

A L 1 a 3’; L. o 1
Waoududidsdsussiasmdoya dniuanullumsasedudygrauvesdisudoya n

dp A -:iy =y = = o Yo 1 9 Ao a 1
l1.|‘Hﬂﬂi}ﬂﬂuQ‘YlﬂﬂQﬂil’l?ﬂl'mQlliﬂu‘ﬂ'Nl‘ﬂﬂuﬂl.ﬁ'lT!:.-’ﬂ'lll'1101'11111ﬂ']i]“J‘UElHi‘INﬂ’Iﬁ\'lﬁ\‘m'lﬂ
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¥
o

' dy ¥ b g o o w ' VoA o =
un lrun 14 ud Taoia linesgnina laongrinoveudazlssma iIsu@oanun g Ay

b 1

Tuszu RFID Taoving Mz iimdsdufiusssnang 100 - 500 mW

2.3 Statl (Relay)

%10 Sugdnsaildoundsan i imdundsoumiminie 14lunsdga
whdudalfuldouannz Tavnmstleunszua ¥ Idfuvansaiterhnsllani el
wihdudandusuaiadoidnnseiind Fusrerunsoiindhhlszgnaldlumsniuguaces
#19 9 1A

23.1 nihfuazndnmahavaeddiad

yihilvesnumAKD} (Contactor) o M3 19mda TWEhdnumnTouie Tniugy
msdaaamas s aumn asuumames Mfimannsoaauguiids i luduwmia
Bu veaszun Wi I8 seldmuguiindiidiri snouunamefihamdiumeTiihvina
dndadifiaiadauguinzuaadn (Coil) vasyosneuunames mashifhiitlowshuaaan

or J I g
peeziluinszuaass wie IWfnszuaadun laluegiunmseenuuunsldnewuna

( o é o Bl o ar
waimIFannsaninguisnnszozing Remoe) 18 Feiilvineanuineanuiy

¢

Ufvaamlunsnauguidy i

=2

o o & E o @ - ° P - od A
nanmivhamiiosduysddinduanidsgiil 2.7 maimGunntaning e
ar & ) o ° = - |
Younszualinnaals Taoa lvzdluvaasawuseuunuman lvinaeuumimanTy
d Ao ' o o v o d' o < g L w4 a
gaansauTionoinead (Amature) Iidasnn Mlavyesnsmweimunilngada
al . - ¥ A 2 a o 9 @ o A = o o 2 o
U3 (Spring) taztarwdnaiuniisdafaduminduda msinaounioriomeed daudlunis
e :; Y o W 9 = o ¥ ow e A g 2 A =& - T
aaunumsaasufivaamhdudd Muononviosnznumhdudadndunilsdtafinsgin
- A = o o o d ar ) T A a d’
# diedaadadeoriused Aezadugdmmiudn samninhmannsitlladuguinoa
ad a o da
(Load) ¥301393818nm3eiindi1eg lanudonis
232 Saduiesnmudnuan oIt 2 dssande
= o o Al o a1 4 .
1. 31a8M1a9 (Power relay) HIBUNTHNNUI ADULNAIAD] (Contactor or Magnetic
contactor) 19 lumanaugu IWdhids Tvnalugnidadsssum
¢ d o o ® & e
2. 31a6A2193 (Contro! Relay) TivamandidalWid 14luasesnaugua Ui

o o 1 o A o 1a 4
frde I Tinnin viememsaumiiadwionouunnmeinnang Sadniuguuie

= a | P o
UNNHITYA D Il
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a1
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IRy
,‘! 12y
i ane

A anyan U
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L g O H A han

] a o a 4 e o Y d as
i 2.7 dydnulnudamileniniuunumdninz dydavaiuuymmiy

2.4 205vnuiaanaeoiuedl (operational amplifier)
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oy o o = = & A o o
sorlueuilifiuginsadnanseilndsianiifigunsn 1gauldmsvalss Toniadn

X a4 [} & ' A ar
YuuHeaanmgen lumeeniyy 293 Auguentuenilgnaiaiounedygu Ta

J 9’ oF i = & @ o
setluouilvzuoodyyivmioussauntlowd lilnduyn Ssannsoiloudoygrumisusdu

FY) A a & o
W lavmilaniensasannld
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- Non-Inverting Input - - Qutput

- Inverting Input

y1lii 2.8 Tnssadraveseer/uoni]

X
2.4.1 sorleniloziiulinufiugiver 3 s e
SBunn 2 1 1) visuwnndule Ginverting input) 10 2) Viouwn linduela
(non-inverting input)
=
- 4190 1¥iaoe 2 171 fiD 1) W1 +Vee 192 2) Y1 Vee
- pueMIYM L U1
LYy [ [
2.4.2 gaanifivesestusuiflumaegnuad
ot @ o0 ] o o
- dasimsvorous snimgannilueiug
- o A ot 1 = w o
- Duymanfiuausingannitiuoiud
3 oo o o w o
- anunsveuuaiat lumsuoganniiueiud

¥
- annsnunedyana idnsdyoaivnszuoaswaznssuaady

2.5 19935 NHITLALNTIAU

'
9 A ar ar

19955 N5ZAULIIAY  (Vollage Regulators) HvyInTnu1ssauns A Masafiswi
Tnaaiimaed Wialdoumuaniminan Tasial)awisoutiawiinues Regulator oaniily 2
¥iiA Series Regulator vwmauguussiueinalinsitldlaons1ddmBoudfvuussduiy
useuemnATifoundinn Switching Regulator vuezvhaludnpaie On-off Aeeri993
LC Filter tfionsoanszuaiGouih Inas sdmnsaouguussdinerdwalinedivin 14 Taonns
YEuA1Ia1IHMS On (ton)IC Voltage Regulator iiluitiionsi snidiann ifipannlFaude

»
a  ar e

Ed
saziism Bimwanndanedafinesilestumoludm ic dudlng uenniniidsiinay
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4
Uszan B Idsnitennumnzayluns 19971 Three- terminal Fixed voltage Regulators (114
=Hq ¥ Y = o A .
1c fldussdusaninam @uesic) lavilszneudau 3 ¥1AB Unregulated input , Regulated
- - ‘.: '3 P}
output 4a% Common 39 Ground IC %uﬂummsmmuﬂ'lﬁz lsznnne
X 42 .
1. Positive fixed Voltage Regulators 920UAUA20 78xX Taui XX i wuwiwsenuly
AU Regulated 151 7805 $1 TiussduIvlassoenuingh sv
3 i X
2. Negative fixed Voltage Regulators 1zu#udan 79xx Taoh XX tiflnnumueie dlu
or 4 ar T = ¢ [ o o
useanIHaudisiuns Regulated udadmiugilsrsves Ic siinilvziiog 2 uwuy dullu 1c #
1 o o) T 1 v & [y
Srwnszua’tdszana 1A 1 1C vziilu TO -220 Package At ionszuda lageanIniu d11C
U 5 ¥ s 1 o o ‘!
£iig1li103 TO-3 Package 119 2 nuwil Aesdauruszusanudoulinuda c Awdiic #
] ° 1 od ’ A = ] o ar
Swnszualdmndt 1A feziglirudnasldwdaduiace lulimsrsoudmivtiadarc wh

o 1 . q - .-! ] o () P
farEusz1non e (Heat Sink) tilpsvinnananud svuaiy hiinn uasa luneninn 19

ar A 1 )"o
110 tlosnnonszua ad

LM7805 PINOUT DIAGRAM
L M780S 1 —Jimrsosl— 3
input | output
2
ground

51l 2.9 Tod¥nurssAusaduIiasuues 7805

In Out
LIM7805
+ +
GND
L ] — L
C C

i 2.10 2935 mnazduussiuenivalreen 5 Taad
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4 ar ¢ & A U A P
2vrnnglaziiudussduemiyavenin 5 Taadiile 14 ledes 7805 Tuaees
9 o o & o 9 d' LYY A d' 9 ° ~
sznoudredniuilszy Fimhillestudyapuuniunrwdgenduninaaone
LY = ] ar E-} A =1
i¥eule® d1l¥nszuauinasaauduszanonmydoulinu loddrouasdrdeanisiee 190

J = d v o
ﬂi3![?\'11Tﬂﬁluﬁﬂﬂiﬁ?ﬂi'li.l‘liﬁma‘i!mﬂﬂ'izllﬁﬂlﬁ,ﬂ‘.IJlelQ

-
2.6 3931383InISHY
-1 L] A ] = i
2esBenszuavieBundnetianilan aaldiens Aenwes IWthnliguamialums
mlasdygrunssuaaduldnomodiudygpaldfhnszuans s eliquamideen 1 iih

] F=3 s A Ao ar ]
"mari lluirmsladiemaniliginseiniion s lumsialesdyapuldun lalea

£ 9

'W'Uﬂui 3 vm*? Py

1] A [}
g1 2.11 29955 eanszumuATINGY

A 1
2.6.1 nmﬁmmzummumanﬁu (Half Wave Rectifter Circuit)

L 4
=

= o 3/ s Y &
ningll 2.11 efuemsmaureases 1aail Wedga uainndunlaleaey

¥

gn luda asehidnszualnalutees ifaussdunanassumfmuniu L R awmdnyaizyes

a8 = ] 3 s A r Qs o L]

dyousunaudiietidyanuns saudun laleaszgn ludanduteri I lilinssuenalu
2 A ¥ o o A

@ A 1 (- o w & a0 g e
2993 USIRUARNATON L R Veiinuihigudaaiudygiaednai inaasslanlludyonugl

& = 1 [ [s
f3¢ lafa ABon 18w ( Half wave)

(VD I

P
- -

W,z I/—\
| n\j BHU (:

71 212 narasgilnduvesussdu I nssuaeady
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A
2.6.2 1VIBBINTEUTUVVAUATH {Full Wave Rectifier Circuit)
Y = s A I =
nndoduysaeiGonszuaununsanau aunsoud lulgmlaonisldeesh
- ' a o4 A -~ 4 "W w 1 '
FunineesuenszuvnidunauisesiBoanssuaunniieg1§laTeastiaion 2 ddengly
¥ 1 Q -] " é (=] o 0"
sssife ez i laleasnsahnszualuurazes lmfavesnsznaady 1aloansaes
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Features
« High-performance, Low-powet AtmePAVR® B-bit Microconlrofier
* Advanced RISC Architecture
= 130 Powerful Instructions — Most Single-clock Cycle Execution
= 32 x 8 Goneral Purpose Working Regletors
= Fully Statlc Operation
- Upto 16MIPS Throughput al 16MHz
- On-chip 2cycte Multiplier
* High Endurance Non-volatlle Memory segments
— 8Kbytes of In-Sysiom Sol{-programmable Flash program memory
- 512Bytes EEPROM
- 1Kbyte Internal SRAM
- Write/Erase Cycios: 10,000 Flash/100,000 EEPROM
-~ Data refention: 20 years al 85°C/100 yoars at 26°C'"
= Optional Bool Code Section whh Independent Lock Bits
In-Syatem Programming by On-chlp Bool Program
True Read-While-Write Operation
= Programming Lock for Software Securty
* Peripheral Features
- Two 8-bit Timer/Counters with Separate Proscaler, one pare Mode
- One 16-bit Timer/Counter with Separate Proacaler, Com Maodo, and Capture
Mode
= Real Time Counler with Separato Ouclllator
= Three PWM Channels
= B.channel ADC In TOFP and GFNMLF package
Eight Channels 10-bli Accuracy
~ G-channel ADC In PDIP package
Slx Channols 10-bit Accuracy
- Bylo-orlented Two-wire Serial Intorface
~ Programmable Sorlal USART
- Mastor/Slave SP1 Sorial Intorface
- Programmable Walchdog Timer with Separate On-chip Osciliator
= On-chlp Analog Comparator
« Speclal Microconiroller Featuros
= Power-on Reset and Programmable Brown-out Delection
— Intornal Calibrated RC Osclilalor
- External and Internal Inlerrupt Sources
~ Five Sloop Modes: Idle, ADC Noles Reduction, Power-save, Power-down, and
Standby
* VO and Packages
- 23 Programmable L'O Lines
~ 28-load PDIP, 32-load TOFP, and 32-pad QFN/MLF
+ Operating Voltages
- 27V - 5.5V (ATmegasL)
- 4.5V - 5.5Y (ATmega8)
+ Spoad Grades
- 0- 8MHz (ATmegaBL)
- 0 - 16MHz (ATmegat)
+ Power Consumption at 4Mhz, 3V, 25°C
= Active: 3.6mA
= ldle Mode: 1. 0mA

Atmel

8-bit Atmel with
8KBytes In-
System
Programmable
Flash

ATmega8
ATmegasL

Summary
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Pin
Configurations
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Overview Tha Almel®AVR® ATmegad is a low-power CMOS 8-bit microcontraller based on the AVR RISC
architecture. By ex¢cuting powerful instructions in a single clock cyclo, tho ATmega8 achieves
throughputs approaching 1MIPS per MHz, aliowing the system designer 10 Oplimize power con-
Sumplion varsus processing speed.

Block Dlagram Figure 1. Biock Diagram
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Disclalmer

The Atmel?AVH® core combines a rich instruction set with 32 general purpose working registers,
All the 32 registers are directly connecled fo the Arithmetic Logic Unit (ALU}, allowing two inde-
pendenl registers to be accessed in one singls instruclion executed in one clock cycle. The
resulting architecture is more code efficient while achieving throughpuls up to ten fimes faster
than conventional CISC microcontrollers.

The ATmega8 provides the following features: 8 Kbyles of In-System Programmable Flash with
Read-While-Write capabilities, 512 bytes of EEPROM, 1 Kbyte of SRAM, 23 general purpose
/O lines, 32 genesal purpose working registers, three llexible Timer/Counters with compare
modes, intemal and external inlernupls, a senal programmable USART, a byte oriented Two-
wire Serial Interlace, a 6-channel ADC (eight channels in TQFP and QFN/MLF packages) with
10-bit accuracy, a piogrammable Walchdog Timer wilh Intemal Oscillator, an SPI serial port,
and live soltware selectable power saving modes. The Idle mode stops the CPU while allowing
the SRAM, Timer/Counters, SPI porl, and interrupt system 1o continue funclioning. The Power-
down mode saves the regisler conlents but freezes the Oscillalor, disabling all other chip func-
tions until the next Interrupt or Hardware Resel. In Power-save mode, the asynchronous timer
conlinues lo run, allowing the user to mainiain a imer base while the resl of the device is sleep-
ing. The ADC Noise Reduction mode siops the CPU and all 'O modules excepl asynchronous
timer and ADC, to minimize swilching noise during ADC conversions. in Slandby mode, the
c[!;smlhesonator QOscillator is running whils the resl of tha device is sleeping. This allows very
fast start-up combined with low-power consumption.

The device is manufaclured using Atmel's high densily non-volatile memeory technology. The
Flash Program memory can be reprogrammed In-Sysiem through an SPi serial interface, by a
convenlional non-volalile memory programmer, or by an On-chip bool program running on the
AVR core. The bool program can use any interface lo download the application program in the
Application Flash memeory. Software in the Bool Flash Section will continue o run while the
Applicalion Flash Section is updatad, providing true Read-Whie-Write operation. By combining
an &-bit RISC CPU wilh In-System Self-Frogrammable Flash on a monolilhic chip, the Atmel
ATmega3 is a powerful microcontroller that provides a highly-flexible and cosl-elfective solution
lo many embedded control applications.

The ATmega8 is supporied with a full suile of program and system development tools, including
C compilers, macro assemblers, program simulators, and evalualion kits.

Typical values conlained in this dalasheel are based on simulations and charactarization of
other AVR microconlrollers manufaciured on the same process lechnology. Minimum and Maxi-
mum values will be available after the device is characlerized.
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Pin Descriplions
vce

GND

Port B (PB7..PRO)

XTAL1/XTAL2/TOSC/
TOSC2

Port C {PCS5..PC0)

PC&/RESET

Port D (PD7..PDO)

I

Digital supply voltage.
Ground.

Port B is an 8-bit bi-directiona! O pont with intemal pull-up resistors {selected for each bit}, The
Poil B output bulfers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that ars externally pulled low will source current if the pull-up
resistois are activated. The Pont B pins are tri-stated when a resel condilion becomes active,
even if the clock is not running.

Depending on the clock selection fuse seltings, PB8 can be used as input to the inverting Oscil-
lator ampldier and input to the intemal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as cutput from the inverting
Oscillator amyplifiar.

If the Intemnal Cakbrated RC Osciflator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous TimerCounter2 if the AS2 bit in ASSR is sel.

The various special features of Port B are elaborated in “Akemate Functions of Port B™ on page
58 and “System Clock and Clock Options™ on page 25.

Port C ks an 7-bit bi-directional 1O port with intemal pull-up resistors (selected for each bit). The
Port C cutput buffers have symmelrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are extemally pulled low wilt source current il the pull-up
resistors are activated. The Pori C pins are tn-stated when a resel condilion becomes active,
even if the clock is not running

If the RSTDISBL Fuse is programmed, PC6 is used as an 'O pin. Note thal the electrical char-
actenstics of PCB differ from those of the other pins of Port C,

! the RSTDISBL Fuse is unprogrammed, PC6 is used a3 a Resel nput. A low level on this pin
for longer than the minimum pulse length will generate a Reset, aven il the clock is not unning.
The minimum pulse length is given in Table 15 on page 38. Shorler pulses are not guaranteed to
generale a Reset,

The various special features of Porl C are elaborated on page 61,

Port D is an 8-bit bi-directional 1O port with intemal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are extemally pulled low will source current if the pull-up
resistors are activated. The Port D pins are Uri-slated when a resel condiion becomes aclive,
even il the clock is not running.

Port D also serves the lunctions of various special leatures of the ATmega8 as lisied on pags
63.

Reset inpul. A low tevel on this pin lor lenger than the minimum pulse length will generate a
resal, even if the clock is not running. The minimum pulse length is given in Table 15 on page
39. Shorter pulses are nol guaranteed to generate a reset,




Ordering Information

Speed (MHz) Power Supply (V) Ordeting Code'! Package'! Operalion Range
ATmegasL-8AU 324
ATmegasll-8AUR: 2A
8 27-55 ATmegadl-8PU 28P3
ATmegasL-8MU J2ZML-A
ATmegasL-8MURM 32M1-A Industral
ATmega8-i6AU 327 {-40°C lo 85°C)
ATmega8- 16AURY A
16 45-55 ATmega8-16PU 28P3
ATmega8-16MU 32M1-A
ATmega8- 16MUR™ 32M1-A
ATmegast-8AN F2A
ATmega8L-8ANRY 32A
8 27-55 ATmegast-8PN 28P3
AVmegasL-BMN 3I2M1-A
ATmega8L-8MUR™Y I2ML-A ndustrial
ATmega8-i16AN 32A (-40°C 10 105C)
ATmega8-16ANR) 32A
16 45-55 ATmega8- 16PN 28P3
ATmegas-16MN I2Mt-A
ATmega8-16MUR?! 32M1-A
Noles: 1. This device can also be suppied in waler form. Please contacl your local Atmel sales office lor detailed ordering inlormation
and minimum quanbiies
2. Po-hiee packaging complies to the European Directive for Restriction o Hazardous Substances (RoHS directive). Also
Halide free and fully Green
3. Tape & Rest
4, See characterizalion specification al 105C
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FIN 1 IDENTH#ER

PIN 1 h2]

l--w‘

N

[k ~ TETRNO0

—-— ) —==

N &
. )
COMMON DEMENSIONS
(Una of measare = mm)
SYMaoL MiN HOM Max | worn
A - - 129
Al 005 - oS
A2 095 1.00 108
D 8.7% 300 925
1]} 6.90 700 710 | Note2
L 875 700 9125
HNotes
1. This package conforms to JEDEC reference M5-026, Variation ABA ) 6.9 0 710_J Note?
2. Dimerssions D1 and E) do not indlude mold protrusion. Allowabre a 010 - 045
protrusion is 025mm per side. Dimensions D1 and E1 3re masimum o o
plastic body sire dhmermion inchuding maid mismatch, 9 itk - 92
3. Lead coplanarity is 0.L0mm manimum ! 0.55 - Q.75
e 080 TYP
2010-10-20
. FIMLE DRAWING NO. REY.
A tme L 124, 32-kead, 7 x 7mm body size, 1.0mm body thickness, 174 c
08mm tead pitch, thin profile plastic quad Nat package (TQFP)




55

- b PN

3

ifﬂ}l’ syl

SEATING F"I.AMS‘— %H_[
Al

L_!_I
~ =

-]

Note: 1, Dirnensions D and E1 do nol include mokd Flash of Protrusion

Moid Flash or Protrusion shall ngt exceed O 25mm (0.0107).

- ]| |-=82
—En -—”-—B (4 PLACES)

THLE

2025 Orchard Parkway [ 54p3 g 1504 (0.300'7.62mm Wids) Plastic Dual

San Jose, CA 95131 | jorno Package {PDIP)

COMMON MMENSIONS
(Unit of Keasure = mm)
SYMBOL| MM HOM MAX | NOTE
A - - 45724
Al 0.500 - -
D 34544 - 34.798 | Note 1
E 7620 - 8255
Et 7.112 - 7.493 [Noton
B 0.381 — 0.533
B1 1.143 - 1.367
82 0.762 - 1,143
L 3173 - 3.429
C 0203 - 0.356
o8 - - 10.160
e 2540 TYP
09/28/01
[REV. |
28P3 B
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EJ[e]

TOPVIEW

K]
lE}. @
JUUUU0T
i = [ e 1 S
- 1 [
- _]
5| =
) L“__':[

BOTTOM VIEW

Note: JEDEC Standard MO-220. Fig. 2 [Arwil Sinquiation), VHED.2.

ya

SIDE VIEW

LLLITTITTYTITUIT

.l

{ro]
i

~ [CEEE) COMMON DIMENSIONS
{Unet of Moasure = mm)
SYMBOL| MiN HOM | MAX | NOTE
A nDao 0.90 100
Al - 0,02 0.05
A2 - 0.65 1.00
A3 020REF
b 0.18 023 030
D 4,50 5.00 5.10
m 4.70 475 4.80
D2 295 3.10 325
E 490 500 5.10
E1 4.70 475 4.80
E2 295 210 225
[} 050 BSC
L 030 0,40 0.50
P - - 0.60
e - - 12
K 0.20 - -
52506

TITLE
San Jose, CA 95131

posed Pad, Mi

2325 Orchard Parkway | 42041.4. 32.pad, 5 x 5 x 1.0mm Body, Lead Pitch 0.50mm,
3 ead Frame Padl 2

10mm

REV.

DRAWING NO,
IR2ME-A E
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Errala The revision leiler in this section refers fo the revision of the ATmega8 device.
|
} ATmega8 + Flrst Analog Comparator converslon may be delayed
Rev.Dto |, M « Intorrupts may be lost when writing the timer registers in tho asynchronous timer

* Signature may be Erased In Serial Programming Mode

+ CKOPT Does not Enable Internal Capacitors on XTALWTOSCn Pins when 32KHz Osciliator s
Used to Clock the Asynchronous Timer/Counter2

* Reading EEPROM by using ST or STS lo eet EERE bit triggers unexpected Interrupl requost

1. Flrst Analog Comparator converslon may be delayed
I the device is powered by a slow rising Ve, the first Analog Comparator conversion will
take longer than expected on some devices.,
Problem Fix / Workaround
When the device has been powered or reset, disable then enable theAnalog Comparator
belore the st conversion.

2. Interrupts may be lost when writing the timer reglsters in the asynchronous timer
The mterrupt will be lost if a timer register thal is synchronized to the asynchronous timer
clock is wtten when the asynchionous Timer/Counler register{TCNTx} is 0x00.

Problem Fix / Workaround

Ahlvays check thal the asynchionous TimerfCounter register neither have the value OxFF nor
Ox00 belore wriling to the asynchronous Timer Control Register{TCCRx)}, asynchronous
Timer Counter Registel{TCNTx), or asynchronous Output Compare Register(OCRx).

3. Signature may be Erased In Serlal Programming Mode
li the signature byles are read before a chiperase command is completed, the sipnature may
be erased causing the device ID and calibration bytes to disappear. This is cnitical, espe-
cially, if the part is rurwing on intemal RC osciator.
Problem Fix / Workaround:
Ensure that the chiperase command has exceeded before applying the next command.

4. CKOPT Does not Enable Intemal Capacltors on XTALWTOSCn Plns when 32KHz
Osclllator Is Used to Clock the Asynchronous Timer/Counter2
When the intemal RC Oscillator is used as the main clock source, it is possible to run the
Timer/Counter2 asynchronously by connecting a 32KHz Oscilator between XTAL1/TOSCY
and XTAL2/TOSC2. Bul when the internal RC Oscillator is selected as the main clock
source, tha CKOPT Fuse does nol conltrol the internal capacitors on XTAL1/TOSC1 and
XTAL2/TOSC2. As long as there are no capacilors connecled to XTAL1/TOSC1 and
XTALZTOSC2, sale operation of the Osciflalor is not guaranteed.
Problem Fix / Workaround
Use extemal capacitors in the range ol 20pF - 36pF on XTAL1/TOSC1 and XTAL2/TOSC2,
This will be hixed in ATmega8 Rev. G where the CKOPT Fuse will coniroliniemal capacitors
also when intemal RC Oscillator is selected as main clock source. For ATmega8 Rev. G.
CKOPT = 0 (programmed) will enable the internal capacitors on XTAL1 and XTAL2, Cus-

tomers who want compalibility belween Rev. G and older ravisions, must ensura that
CKOPT is unprogrammed (CKOPT = 1).

5. Reading EEPROM by using ST or STS to sel EERE bit triggers unexpected interrupl
request.
Reading EEPROM by using he ST or STS comimand (o sel the EERE bil in the EECR reg-
ister Iriggers an unexpected EEPROM interrupt request,
Problem Fix / Workaround
Always use OUT or SBI to sel EERE in EECR.




AAHUIN U

swazdsavedlnlnsneulnsaass ATtny 2313



59

Features

+ Ylilizes the AVR® RISC Architecture
« AVR - High-performance and Low-power RISC Architecture
~ 120 Powerful Instructions - Most Single Clock Cycle Execulion
- 32 x 8 General Purpose Working Registers
- Fully $tatic Operation
- Upto 20 MIPS Throughput at 20 MHz
+ Data and Mon-volatile Program and Data Memories
- 2K Bytes of In-System Self Programmable Flash
Endurance 10,000 Write/Erase Cycles
- 128 Bytes in-System Programmable EEPROM
Endurance; 100,000 Write/Erase Cycles
- 128 Byles Intemal SRAM
~ Programming Lock for Flash Progrant and EEPROM Data Security
« Peripheral Fealures
- One 8-bit Timer/Counter with Separate Prescaler and Compare Mode
- One 16-bit Timer/Counter with Separate Prescaler, Compare and Captwe Modes
- Four PWM Channels
- On-chip Analog Comparator
- Programmable Watchdog Timey with On-chip Oscillator
- USI - Universal Seria! Interface
- Full Duplex, USART
+ Special Microcontroller Features
- debupWIRE On-chip Debugginp
~ In-System Programmable via SPI Port
- External and Internal Interrupt Sources
- Low-power ldle, Power-down, and Standby Modes
- Enhanced Power-on Reset Circuil
~ Programmable Brown-out Delection Circuit
- Internal Calibrated Oscillator
» MO and Packages
- 18 Programmable L'Q Lines
- 20-pin PDIP, 20-pin $OIC, 20-pad QFN/MLF
+ Operaling Voltages
- 1.8 - 5,5V (ATliny2313V)
- 2.1 - 5.5V (ATliny2343)
« Speed Grades
- ATtiny23t3V: 0- 4 MHz @ 1.8 . 5.5V, 0- 10 MHz @ 2.7 - 5.5V
- ATliny2313: 0- 10 MHz @ 2.7 - 5.5V, 0 - 20 MHz @ 4.5 - 5.5V
= Typical Power Consumplion
- Active Mode
1 MHz, 1.8V: 220 pA
32 kHz, 1,8V: 20 pA {including oscilfator)
- Power-down Mode
<01 pAat1.8v

Y )

l —
8-bit AYR®
Microcontroller
with 2K Bytes
In-System
Programmable
Flash

T

ATtiny2313/V
Preliminary

Summary
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Pin
Configurations

Overview

Figure 1. Pinout ATliny2313

POIP/SOIC

MLF
E 3
5
Pogg
gli 33
dlg 93
=} (YN
eE9F§
onono
gogeene
MOPOID) foeermmmms lsgmmmwmwm
xoL) P 2 i U P4 {0CIBPONTY)
pLnmos Eu PR3 (OC1APCATY)
{CKOUTRCK BT P2 (D4 ! b 1200 P2 (OCCAPCNTY)
(NTHETA % g - -~~~ 1[I PRI (ANTFCHTY)
D k@ E
ooy
ST L
i a O
EE Qs
s
© -]
H

HOTE: Botion pad should be: soldered 10 ground.

The ATtiny2313 is a low-power CMOS 8-bit microcontrolier based on the AVR enhanced RISC
archilecture, By execuling powerful instructions in a single clock cycle, the ATtiny2313 achieves
throughpuls approaching 1 MIPS per MHz allowing the system designer to opbimize power ¢on-
sumption versus processing speed.
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Figure 2. Block Diagram
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Thl AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are direclly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction execuled in one clock cycle. The resulting
architeclure is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATtiny2313 provides the following features: 2K byles of In-System Programmable Flash,
128 byles EEPROM, 128 bytes SRAM, 18 general purpose VMO lines, 32 general purpose work-
ing registers, a single-wire Interface for On-chip Debugging, two flexible Timer/Counters wilh
compare modes, internal and external interrupts, a serial programmable USART, Universal
Senal Interface with Start Condition Detector, a programmable Walchdog Timer with internal
Oscillator, and three software selectable power saving modes. The Idle mode stops the CPU
while aliowing the SRAM, Timer/Counters, and interrupt system to continue functioning. The
Power-down mode saves the register contents but freezes the Oscillalor, disabling all other chip
functions until the nextinterrupt or hardware reset, In Standby mode, the crystal/resonator Oscil-
lator is nunning while the rest of the device is sleeping. This allows very {ast start-up combined
with low-power consumplion.

The device is manufaciured using Almel's high density non-volatile memory technology. The
On-chip {SP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, or by a conventional non-volatile memory programmer. By combining an 8-bit
RISC CPU with In-System Sell-Programmable Flash on a monolithic chip, the Atmel ATtiny2313
is a powerful microcontroller that provides a highly flexible and cosl effective solulion to many
embedded control applications.

The ATtiny2313 AVR is supported with a full suite of program and syslem development tools
including: C Compilers, Macro Assemblers, Program Debugger/Simulatars, In-Circuit Emulalors,

and Evaluation kits.
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Pin Descriptions
ycc

GND

Pont A (PA2..PAD)

Port B {PB7..PB0)

Pon D {PD6..PDO)

Digital supply voltage.
Ground.

Port A is a 3-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Porl A oulput buffers have symmetrical drive characterislics with both high sink and source
capability. As inputs, Port A pins that are externally puBed low wilt source current if the pull-up
resistors are aclivated. The Pod A pins are tri-stated when a resel condition becomes aclive,
even il the clock is not running.

Port A also serves the funclions of vanous special features of the ATliny2313 as lisled on page
53,

Port B is an 8-bit bi-directional HO porl with intemal pull-up resistors (selecled for each bit). The
Pori B oulput butfers have symmetrical drive characterislics with both high sink and source
capability. As inputs, Port B pins thal are externally pufled low will source current if the pull-up
rasislors are aclivated. The Porl B pins are tri-slated when 2 resel condition becomes active,
even if the clock is not running.

Poil B also serves the funclions of vanious special fealures of the ATliny2313 as listed on page
53

Fori D is a 7-bit bi-directional /O port with inlemal pull-up resistors (selected for each bit). The
Porl D oulput buffers have symmelical diive characlerstics with bolh high sink and source
capability. As inpuls, Porl D pins thal are externally pulled low wilt scurce curenl if the pull-up
resistors are activaled. The Port D pins are Uri-slaled whan a resel condilion becomes aclive,
even if the clock is not running.

Port D also serves the functions ol various special features of the ATtiny2313 as lisled on page
56.

RESET Resel input. A low fevel on this pin for longer ihan the minimum pulse fength will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
34. Shorter pulses are not guaranteed lo generate a resel. The Reset Input is an altemate func-
tion for PA2 and dW,

XTAL1 inpul lo the inverling Osciltator amplifier and inpul lo the intemal clock operaling circuil. XTAL1
is an altemate function for PAD.

XTAL2 Cutpul from the inverting Oscillator amplifier. XTAEZ2 is an alternate function for PAL.

IGeneral

Information

Rescources

Code Examples

Disclaimer

A comprehensive sel of development tools, application notes and dalasheels are available for
downloadon http:/Awww.almel.com/avr.

This documentation contains simple code examptes that briefly show how 1o use various parts of
lhe device. These code examples assume that the part specific header file is included before
compilalion, Be aware thal not ail C compiler vendors include bit delinilions in the header fites
and interrupt handiing in C is compiler dependent, Please confim with the G compiler documen-
tation for more delails.

Typical values contained in this data sheet are based on simulations and characterization of
olher AVR microcontroliers manulactured on Lhe same process technology. Min and Max values
will be available after the device is characlerized.
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FEBEAEE AL | i

A —m—
Top View
End Viow
COMMON DIMENSIONS
(U of Measire — rmm)
— — @ —-I [-— b SYMBOL{ MIN HOM MAX | HOTE
ﬂ I A 235 2,65
A Al 0.10 0.30
D - c 023 0,32
D 12,60 13.00 y
Sldﬂ V[UW E 740 7,60 2
H 10.00 10,65
L 040 1.27 3
e 1,77 ASC

No'as, 1, This drewpg Is lor genatal piormation only, re'er o JFDEC Drawing MS-013, Varation AC e eddRonal jnforrmation,

2, Dyrension 1" does pot rclude mold Flash, peotrusions of gate buirs, Mokl Flash, geotrusions and gate Burrs shafl not oxcepd

0,15 mm (0,006") par skie,

3, Myronson T doos ret inchde Interlead Fiash or p-otusion, Interdext Flash oxd protrusxms shall ool sxcood 0.25
(0.040") pev ko,
LT 15 e lorgty of tha rermina] for sokierny to a subst-ale,
. Tha lead wiith 'b' . ax measured 0,36 e (0,014') o yraator alxas the sop4n) plaro, shall not excesd a manmum velue ol 6.61 ?E‘be

(0.024'} pay side, [RE:Y

e
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&

o‘Liﬂ'intlD

TOPVIEW
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Pin st
Nolch T

(0.20R)
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BOTTOMVIEW

Note: Relerence JEDEC Standard MO-220, Fig. 1 (SAW Singulstion) WGGD-5.

L

SIDE VIEW

b P —
o
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| M | NOM | MAX | NOTE
A | o7 | ors [ oso
Al - | o0t ] oos
A2 0 20 REF
b 048 | 023 | 03
D 4.008SC
Dz | 245 [ 260 | 275
£ 40085C
e2 | 245 | 260 | 275
e 050B85C
L 035 [ 00 | o055
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PIN
1

O

SO UOOaoIt

A

*IL 6

===

COMMOHN DIMENSIONS
{Undt of Measure = mm)
C.
v SYMBOL| MIN | MOM | MAX | HOTE
| = oC
- ¢B —-'i A C - 5.34
A 0.38¢ - -
o 25493 - 25984 | Noto 2
E 1620 - 8255
E1l 5.006 - 7012 [ Note 2
5] 0.356 - 0.559
Notos:  §. This pachaga conformes to JEDEC reference MS-001, Variabon AD. B1 1270 - 1.551
2. Dimensmons D and E 4 do nol nclude mold Flash or Protrusion. L 2921 - 3810
Mold Flash o¢ Protrusion shafl not excoed § 25 mm (2.010%). C 0203 N 0355
B = - 10.922
el 0.000 - 1.524
e _ 2530TYP
11204
2328 Orchard Pa NTLE DRAWING NO. |REV.
i fi roway !
. 2040ad (0.300'/7.62 mm Wida) Plastc Dual
San Jose, CA 95131 Iznoi?o pmge((pmp) ) 20P3 C
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Top View

FEEREEREAE =

At —im—

End Viow

COMUON DIMENSIONS
(Ul of Measuro = mm)

—— — @ _..U__b gymporL| we | wom | amax | NOTE
f m— A 2.35 268
A Al 0.10 0.30
e D c [P Q.32
D 1260 1300 1
Sido Viow E 7.40 7.60 2
H 10.00 10.65
L 0.40 1,27 a
3 1,27 B5C

No'ox,
0,15 mm (0.036') par side,
,010") per sje,

e

{0.024") per side,

. LY 18 100 langty of the terraal or soklerey) to a subisiate,
. Tha Jead mdth 'L, as moasured 0,38 ren [D.014') or grealer above tha soatng iHare, shalf rot orcesu a magum valoe of D'Gﬁ%

THE drawing |4 - yona -al normaton only, (0% 10 JE0OT G Dra ngg WS-0173, Vatauon AC for addgonal 1nermalpen,
Dimension ' D' does nod indfude mald Flish, protrutions of gate b, Mold Flash, protrusions amd gate turrs shall nal sxcesd

Dymonsion '[! doos nol inchede inter-lsad Mast o protrusion, Intordead IN'ash end potruscns shall rol axcosd 0.25 mm
(0,

n 2325 Crchard Parkway
San Joso, CA 95131

TITLE

2052, 20-load, 0.200" Wido Body. Plasic Gull
Wing Smal Outine Package (SOIC)

2052

DRAWRNG NO. [REV.

B
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TOPVIEW
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Ugulbl (A
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ra Pin sl ]2
dotch COMUON DIMENSIONS
%:} {020 Ry s (Unit o Moasure = mm}
') - ) ' SYMBOL| MIH | MOM ]| MAX | NOTE
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TITLE WING NO. |REV.
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San Joso, CA 95121

mm BOdE Lead Pitch 0.50 mm,
2.8 mm Exposed Pad, Micro T

Lead Frame Package {MLF)
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Errata The revision in this section refers lo the revision of the ATtiny2313 device.
ATtiny2313 Rev C  No known emata
ATtiny2313 Rev B Wrong values read after Erase Only operation

Paralle! Programming does not work
Watchdog Timer Interrupt disabled
EEPROM can not be written below 1,9 volts

Wrong values read after Erase Only operalion

Al supply vollages below 2.7 V, an EEPROM location that is erased by the Erase Only oper-
alion may read as programmed (0x00),

Problem Fix'Workaround

if it is necessary to read an EEPROM location after Erase Only, use an Atomic Write opera-
tion with OxFF as dala in order to erase a focation. In any case, lhe Wrile Only operation can
be used as inlended. Thus no special considerations are needed as long as the erased loca-
tion Is not read before it is programmed.

Parallel Programming does not work

Paraflel Programming is not funclioning comeclly. Because of {his, reprogramming of the
device is impossibie if one of the following modes are selecled:

- In-System Programming disabled (SPIEN unprogrammed)
- Reset Disabled (RSTDISBL programmed)
Problem FixWorkaround

Sernial Programming is stll working comectly, By avoiding the two modes above, the device
can be reprogrammed sernally.

Waltchdog Timer Interrupt disabled

It the watchdog imer interrupt flag is nol cleared before a new timeout accurs, the walchdog
will be disabled, and the interrupt flag will automatically be cleared. This is only applicable in
interrupl only mode. If the Walchdog is configured to reset the device in the walchdog time-
out following an inlarmupl, the device works correcthy.

Problem fix / Workaround

Make sure ihere is enough time 1o always service the first imeoul event before a new
walchdog timeout occurs. This is done by selecting a long enough lime-out period.

EEPROM can not be written below 1.9 volts

Wiiting ihe EEPROM at Ve below 1.9 volts might faif.
Problem fix / Workaround

Do nol write the EEPROM when Ve is below 1.9 volts.

ATtiny2313 Rev A Revision A has nol been sampied.
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Datasheet
Revision
History

Rev. 25431 - 8110

Rev. 2543K - 03/10

Rev. 2543J - 11/09

Changes from Rev.
2543H.02/05 10
Rev. 25431.04/06

Changes from Rev,
2543G-10/04 10
Rev, 2543H-02/05

Ptease note that the referring page numbers in this section refer {o the complete document.

Added tape and reel part numbers in “Ordering Information” on page 215. Removed text
“Hot recommended (or new design” from cover page. Fixed literature number mismatch

in Datasheet Revision History,

1. Added device Rev C "Ho known errata” in “Errata” on page 219.

1. Updated template

2. Changed device status to “Not recommended for new designs.”

3. Updated “Stack Pointes™ on page 11.

4. Updated Table “Sleep Mode Select” on page 30,

5. Updated “Calibration Byte” on page 160 {to one byle of calibration data)
1. Updated typos.

2. Updated Figure 1 on page 2.

i Added "Resources” on page 6.

4. Updated “Default Clock Source™ on page 23,

5. Updated ~128 kHz Internal Oscillator™ on page 28,

6. Updaled “Power Management and Sleep Modes” on page 30

7. Updated Table 3 on page 23,Table 13 on page 30, Table 14 on page 31,

Table 19 on page 42, Table 31 on page 60, Table 79 on page 176.

Updated “External Interrupts” on page 59.

9, Updated “8it 7..0 = PCINT7..0; Pin Change Enable Mask 7..0" on page
61,

10, Updated “Bit 6 - ACBG: Analog Comparator Bandgap Select” on page
149,

1. Updated “Calibration Byte™ on page 160.

12. Updated “DC Characleristics” on page 177.

13, Updated “Register Summary™ on page 211.

14, Updated *Qrdering Information™ on page 215.

15. Changed occurences of OCnA to OCFnA, OCnB to OCFnB and OC1x to

OCF1x.

1. Updated Table 6 on page 25, Table 15 on page 34, Table 68 an page 160
and Tahle 80 on page 179.

2. Changed CKSEL delault value in “Default Clock Source” on page 23 to

8 MHz.
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R

Changes from Rev.
2543F-08/04 to
Rev. 2543G-10/04

Changes from Rev.
2543E-04/04 to
Rev. 2543F-08/04

Changes from Rev.
2543D-03/04 to
Rev. 2543E-04/04

Changes from Rev.
2543C-12/03 to
Rev. 2543D-03/04

3.

s wN

e LD M)

LIS

Updated “Programming the Flash™ on page 165, “Programming the
EEPROM" on page 167 and “Enter Programming Mode™ on page 163,
Updated “DC Characteristics" on page 177.

MLF option updaled to “Quad Flat Ho-Lead/Micro Lead Frame
(QFNIMLF)"

Updated "Features” on page 1.

Updated “Pinout ATtiny2313" on page 2.
Updated “Qrdering Information” on page 215.
Updated “Packaging Information" on page 216.
Updated “Errata” on page 219.

Updated “Features™ on page 1.

Updated “Altemate Funclions of Port B™ on page 53.

Updated “Calibration Byte” on page 160.

Moved Table 69 on page 160 and Table 70 on page 160 to "Page Size"
on page 160,

Updated “Enter Programming Mode" on page 163.

Updated “Serial Programming Algorithm™ on page 173,

Updated Table 78 on page 174.

Updated “DC Characteristics” on page 177,

Updated “ATtiny2313 Typical Characteristics” on page 181,

Changed occurences of PCINT15 to PCINT7, EEMWE to EEMPE and
EEWE tc EEPE in the document.

Speed Grades changed
- 12MHz to 10MHz
- 24MHz to 20MHz

Updated Figure 1 on page 2.

Updated “Ordering Information” on page 215,

Updated “Maximum Speed va. V" on page 180,

Updated “ATtiny2313 Typical Characteristics” on page 181.

Updated Table 2 on page 23,

Replaced “Watchdog Timer™ on page 39,

Added “Maximum Speed va. V.." on page 180.

“Serial Programming Algorithm” on page 173 updated.
Changed mA to pA in preliminary Figure 136 on page 207.

“Ordering Information” on page 215 updated.
MLF package optlion removed
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Changes from Rev.
2543B-09/03 to
Rev. 2543C-12/03

Changes from Rev,
2543A.08/03 to
Rev. 2543B-09/03

oo, o~

—

el R

Package drawing “20P3" on page 216 updated.
Updated C-code examples,

Renamed instances of SPMEN to SELFPRGEN, Self Programming
Enable.

Updated “Calibrated Internal RC Oscillator” on page 25.

Fixed typo from UART to USART and updated Speed Grades and Power
Consumption Estimates in “Features” on page 1,

Updated “Pin Configurations” on page 2.

Updated Table 16 on page 34 and Table §0 on page 179,

Updated ltem 6 In “Serial Programming Algorithm™ on page 173.
Updated “Electrical Characteristics™ on page 1717.

Updated Figure 82 on page 180 and added Figure 83 on page 180.
Changed SFIOR to GTCCR in “Reglster Summary” on page 211,
Updated “Ordering Information” on page 216.

Added new errata In “Errata” on page 219.
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Packaging Information

20P3

COMMON DIMENSIONS
{Undl of Measure = mm)
C Tl
= sYmpoL| MN | wow | MAX | NOTE
o ]
-— B _..| A 3 - 534
Al | oam - -
D | 25403 - 25.984 { Nowe 2
E 7620 L 8.255
E1 6.006 | 7.012 [Note 2
B 0.056 : 0,559
Notes: 1. This package con‘orms to JEDEC referencs MS-01. Variaton AD. 8y [JE0 T N- | 155
2. Dimensens D and E1 do ndl inciude mold Flash of Protrusion, L 2521 - a810
Slodd Flash of Predrusion shall nd exceed 025 mm (00107}, c 0209 _ 0356
) - - 10.922
eC | oo - 1.524
8 2540 TYP N

112704
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BC546 / BC547 / BC548 / BC549 / BC550
NPN Epitaxial Silicon Transistor

Features 43

+ Switching and Amplifier : ’ :
+ High-Vollage: BC5486, Voeo = 65 V
+ Low-Noise: BC549, BC550

* Complement to BC556, BCSS57, BCSS8, BCSS9, and BCS60 T0%2
i ¥

. Collecter 2 Base 3. Emitter

Ordering Information

Part Number Marking Package Packing Method
BCS46ABU BCS46A TO92 3L Bulk
BC546ATA BCS546A TO-92 3L
BCS46B6TA BC5468 TO-92 3L Ammo
BCS546BTF BCS468 TO923L Tape and Reel
BC546CTA BC546C TO-62 3L Ammo
BCS47ATA BCS47A TO-92 3L Ammo

BCS478 BCS478 TO923L Bulk
BC547BBU BC5478 TO-92 3L Buik
BCS4768TA BCS5478 TO92 3L Ammo
BCS47BTF BCS478 TO-92 3L Tape and Reel
B8C547CBU BCS47C TO-923L Bulk
BCS4TCTA 8C547C FO-92 3L Ammo
BCS47CTFR BCS47C TO-92 3L Tape and Reel
BC548BU BCS546 TO923L Bulk
BC5488TA BC5488 TO-92 3L Ammo
BCS48CTA BCS4aC TO-92 3L Anmo
BC549BTA BC5498 TO-92 3L Ammo
BCS49BTF BCS5498 ; TO-923L Tape and Reel
BCS49CTA BCS49C ! TO-92 3L Anmo
BC5S0CBU BC550C TO-92 3L Bulk
BCSS0CTA BC550C TO-92 3L Ammo
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the dev.ce. The device may not functon or be opera.
ble above the recommended operating condions and stressing the parts to these levels is not recommended, In addi-
bon, extended exposure to stresses above the recommended operating conditions may affect device reliability. The

absolute maxmum ratings are stress ratings only. Values are at Ty = 25'C unless otherwrs e noted.

Value

Symbol Parameter Unit
BCH6 £0
Voo | Coliector-Base Vonage BCS547 /BC5%0 50 v
BC548 / BCS49 30
8C548 85
Vego | Collector-Emter Voltage BC547 I BC550 45 v
- BC548 /BC549 30
Vemo |Emitter-Base Vokage BC246/8CH7 i v
BCH48 /BC540 1 BC550 5
Ic Collector Cumment (DC) 100 mA
Pc Collector Powrer Dissipaton 500 mwW
Ty Junction Temperature 150 €
Terg | Storage Temperature Range 65 to +150 ‘C
Electrical Characteristics
Values are 3 T = 25'C unless otherwise noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
lceo | Collector Cut-Off Current Vea=30V.lz=0 15 nA
heg DC Current Gain Veg=5Vle=2mA 1o 800

Vestsat) Collector-Em fter Saturation ic=10mA, lg=03mA 20 250 mv

Volage Ic=100mA 1g=5mA 250 | 600
' | lc=10mA, lp=05mA 700
Vpe(sal) |Base-Emitter Saturaton Vollage e 100 mh, o= S A 00 my
Vpe(on) |Base-Emitter On Voltage VegzoV.lc=2mA 0 e 700 my
Vees 5V, lg= 1I0mA 720
fr | Cument Gzn Bandwath Product |YcE~ 0 le 10mA. 300 MHz
Ca Output Capaciance Vep= 10V Ig20,1= 1 MHz 5 60 pF
Co input Capacance Vep=05V.ln=0.1= 1 MHz ) pF
BC346 /BCHT I BCHMI |yepe= 5V, I = 200 pA, 20 10.0
N BC540 / BCSSD f=1%Hz, Rg= 2 ki2 1.2 40 o8
Figure {pCs4p Vee=5V.lg= 200 pA, 1.4 40
BCARD Rge 2 k1 1= 30 to 15000 MHz 14 30
heg Classification
Classification A 8 C
hre "o~ 220 200 ~ 450 420 - 800




Typical Performance Characteristics
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Figure 2. Transfer Characteristic

1| I=A). COLLECTOR CUMBEMNT

Figure 4. Base-Emittes Saturation Voltage and

T CJRRENT QAN RNDATDTH PROCUCT

Collector-Emitter Saturation Voltage

Wopm 3

t{mAl COLLECTOR CLURRENT

Figure 6. Cutrent Gain Bandwidth Product




Physical Dimensions
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Figure 7. 3-Lead, TO-92, JEDEC TO-92 Compliant Straight Lead Configuration, Bulk Type
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Physical Dimensions (Continudo)
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MITES: LIRS CTHERSEE SFECINED
A CRANNG CONMTAUS O JEDEC MS=013,
gég B AL CWIVEONS ARE (H WMILLMITERS.
. ¢ e TO ASVE Y18 50-2000.
D DRAING (LENAE WET—ZAONRIVY
___2.66 L FARCHLD SOUEONDUCTER,
1 1 92 3 2.13

Figure 8. 3-Lead, TO-92, Molded, 0.2 In Line Spacing Lead Form, Ammo, Tape and Reel Type
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|

O

COMMCN

® 3.Terminal Regulators
® OQutput Currentupto 1.5 A
Internal Thermal-Overload Protection

KC (T0-220) PACKAGE
(TOP VIEW)

COMMON

KCS (T0-220) PACKAGE
(TOP VIEW)

O

> QUTPUT
—— COMMON
- * INPUT

—

COMMON

escriptionfordering information

® High Power-Dissipation Capability

® Internal Short-Circuit Current Limiting
® QOutput Transistor Safe-Area Compensation
KTE PACKAGE
{TOP VIEW)
z
& QUTPUT
g COMMON
o — INPUT

This series of fixed-voltage integrated-circuit voltage requlators is designed for a wide range of application
These applicalions include on-card regulation for elimination of noise and distnbution problems associated wi
single-point requlation. Each of these regulators can deliver up o 1.5 A of oulput current. The intern
current-imiting and thermal-shutdown features of the se requlators essentially make them immwune to overioa
In addition to use as fixed-voltage regulators, these devices can be used with external components to obta
adjustable outpul vollages and currenls, and also can be used as the power-pass element in precisig

reguiators.
ORDERING INFORMATION
O PACKAGE! PARTHUMBER |  MARKWG
POWER-FLEX (KTE) Reel of 2000 PA7TBOSCKTER pATEOSC
5 T0O-220 (KC) Tube of 50 RATEOSCKC WATEO5C
TO-220, shoit shoulder (KCS) | Tube of 20 PATBOSCKCS
POWER-FLEX (KTE) Reel of 2000 | uATS08CKTER wA7808C
g TO-220 (KC) Tube of 50 HATEOBCKC WA7808C
TO-220. short shoulder (KCS) | Tube of 20 HATB08CKCS
10 POVER-FLEX (KTE) Reel of 2000 wA7810CKTER pA7310C
G 1 125C TO-220 {(KC) Tube of 50 WA7B10CKC pA7810C
POWER-FLEX (KTE) Reel of 2000 pA7B12CKTER pAT812C
12 T0-220 (KC) Tube of 50 pPATEI2CKC LATE12C
TO-220, short shoukjer (KCS) | Tube of 20 pPATE12CKCS
POWER-FLEX (KTE) Reel of 2000 | pA7815CKTER pAT815C
i5 TO-220{KC) Tube of 50 pATSI5CKC JATBISC
TO-220, short shoulder (KC3) | Tube of 20 pA78I5CKCS
24 POWER-FLEX (KTE) Reel of 2000 PATEZ4CKTER HATE24C
70-220 (KC Tube of 50 7824CKC T824C
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schematic
S INPUT
] i o-}- - OUTPUT
1
)
e e b4 cOMMON
absojute maximum ratings over virtual junction temperature range (unless otherwise noted)t
Input vollage, Vi1 RATB24C .. e 40V
Allothers . e e e 3BV
Operaling virual junclion temperature, Ty ... ... . e 150°:C
Lead temperalure 1,6 mm {1/16 inch) from case for 10seconds .. ............................ 260°C
Storage temperature range, Tetg ... ... ... ... —65°C 1o 150°C

1 Stresses beyond those listed under “absolute maximum ratings’ may cause permanentdamage 1o the device, These are skress ratings only. and
funcional opesation of the device al Lhese of any other conditions beyond those indealed under recommended oparating condmbons” is not
impliad. Exposumn o absolute-masmum-raled condtions for extended pedods may afect device reliabiity.

package thermal data {see Note 1)

PACKAGE BOARD c 0JA
POWER-FLEX (KTE) Hegh K_JESD 51-5 3o 23 CY
TO-220 (KC/MKCS) High K, JESD 61-5 3 CA 10°CIY

HOTE §: Maximum power dissipation is a function of T (max), 05, and Ts . The maximum abowable power dissipation al any alowable ambient
temperiture is Fp = (T 3(max) = TAMU 5. Qperating al the absolute maximum T ) of 150 C can affect refiabilty,
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recommended operating conditions

M max | oy
RATEOSC S
RATE0BC 105 25
v, inputvotage HATBI0C 125 2]
A7812C 145 30
HATBISC 17.5 30
RATB24C 7 3
g Outpul cumment T 15 A
Ty  Operaling virtual junction temperatur® | nA7600C senes o 5] :c

electrical characteristics at specifled virtual junction temperature, V= 10 V, Ig = 600 mA (unless

otherwise noted)

ATS05C
PARAMETER TEST COMDITIONS TJ' £ UMNIT
HIH  TYP MAX
Io=5mAto 1A, V=7 Vio 20V, 25°C 48 5 52
Oulput voltage v v
Pp< 15w 0Clo 125°C | 4.78 595
V=7V 1025V 3100
input voitage bation 25°C mYy
e Vi=gVio 12V 1 50
Ripple rejecton Vi=gVio 18V, = 1200z °Clo 125°C &2 78 48
Io=5mAlo 1,54 15 100
e ation 257C myY
Output voliage regut Ity = 250 A to 750 mA 5 S0
Oulpud resistance I= 1 kHz 0°Clo 125°C o017 }
Temperature coeficient of output valtage |1 = 5 mA rClo 125:C -1.1 myrc
Qutput noise vollage 1=10Hz lo 100 kHz 25°C 40 uv
Dropoul voltage lo=1A 25°C 2 \'d
Dias curent 25°C 42 8] ma
Vi=7Vto25V 13
Bias current ehal > ~ A
nge Io=SmAt T A r'Cto 125°C 05
Short-clrouit output cument 25°C 750 mA
Peak output curmerd 25'C 22 A

T Pulse testing lechniques maintain the junction lemperature as close to the ambient temperature a3 possibée. Thermal effects most be 1aken into
account separalety. Al characlensbics are measured with 3 0.23-uF capaditor across the input and & 0. 141F capacitor across the outpul.
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electrical characteristics at specilied virtual junction t

otherwise noted)

Tperature, V=14V, I = 500 mA (unless

EATBOBC
PARAMETER TESY CONDITIONS Tt e UNT
aSmAte 1A, Vi=105Vio23V. 3¢ 1.7 8 &3
Qupa voltage I'%f-'” ' oCkizsC| 70 ryy
V= 105VIR 25V L
put voftage regulaton ViV 17V 2¢ 7 s ™
Rippis rejecton Vi= 15V 215V, 12 120F: oCwimc| 5 72 o)
_ O=SmABIEA 7100
Output voltage reguiason 0= 250 mA 1o 760 A % romry LU
ORpA reslee Te 10z 0Cwl 125C 7018 0
Temperatre cosfeotnt of P volage | 1o = 6 mA TCl 15 C 28 I
OulpuA noise vologe 1= 10 Hz ® 100 kHz BC 3) v
Dropout votage o= 1A 2% ¢ 2 v
Bias arent 25 C 43 8] mA
Vi" 105V 25V 1
Bias current change o= SmAw 1A 0Cw 125C 5% m
Short-crout cup currend 75 C 50 A
Peak ot curent 25¢C 22 A

Puse-testng lechngues mainlain the junction temperakure as cios ¢ 10 the ambient lemperature as possbie Thermal effects musl be taken into

actound separately, ARl characteristics are measured vith 2 0.234F capacror across the input and 3 0. 1-pF capaciar across the oupl

electrical characteristics at specified virtual junction temperature, V; = 17 V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS ot pATstoc UNIT
MIN  TYP MAX
=5mAb f A V= 125V1i0 25V, 2% C 2.6 10 104
Outgnt voliage :%‘- 15w : 0CI1I25C| 05 o 1ws5] ¥
] Vi= 125V 28V 7200
PR T Vi 4VIe 0V &L o] ™
Rippie rejecton Vi=13Vie 23V fe 120H2 0Cw125C % M )
vt ke lp=8mA L.5A ] 12 200 my
i Io = 250 mA 1o 750 mA 4 100
Output resistance 12| kHz 0Cto 125°C 0018 )
Terrperature coefficent of output voiage | io = 5 mA 0G0 125C -1 mv/ C
QOutpA noise vallage 1= 10 Hz I 100 kHz 25°C 70 uy
Dropout vollage o= 1A PR 2 v
Bias curment ®¢ 43 8] mA
. V=125V 28V 1
Bias cuent change lo=5mAk 1A ez 0% mA
Sher-cireud output curment 3¢ 400 mA
Peak output curment »C 22 A
Pulse-testing techmaques maintain the function lemperature a5 ciose 10 the ambrent lempenature 23 possbie. Thermal efiects must be taken into

ot seprately. Al characleristics are measured with a 0. 3341F capacitor across the input and 2 0. 1-41F capacitor across the output.




85

electrical characteristics at specified virtual junction temperature, V; = 19V, Ig = 500 mA {unless

otherwise noted)

PARAMETER TEST CONDITIONS it pATEIIC uNT
L\ W TYP WAX
lo=5mAto | A, Vi= 145V 027V, 25¢C 15 12 128
Ovptionage Pps 15W 0Cto125C | 114 2] 7
l Vi=145Vi030V 10 40
ot voage Vi 0VR 2V e 7 o] ™
Ripple rejection Vis15vm 25V, f=120Hz OCto125C 55 T oB
, 19=5mAta 15A 12 240
Outpnt voltage requiation 10 = 250 mA I 750 mA e T m| ™
Output resistance f=1kHz OClo125C 0018 1l
Temperature coefaent of output valtage |ig = SmA 0Cwi123C -1 my/ C
Oupul nosse voltage 1= 10 Hz to 100 kHz 2%5C 75 uy
Dropout vollage o= 1A 25C 2 v
Bu3s curment 25C 43 B] mA
Vi= 45V 3DV 1
Bas mA
ourrent change o= 5mA 1A 0Clo125C OE
Short-cirout outpul aument 25C 50 mA
Peak output cument 25¢C 22 A
Puite-lestng bechagques mantan the nction temperature 23 cose to the ambient temperature 3s pos siie. Thenmal effecss must be taken into

et separsetly. Al characteristics are measured viith 2 0 33uF capacitor across the input and 3 0. T-uF capacrior aooss e outpt

electrical characteristics at specified virtual junction temperature, V) = 23 V. Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS Tt | A umm
MM TYP MAX
lg=5mAto | A V=175V 3DV, 25C 144 15 158
e Fp< 15W l 0CH0125C | 1435 wis| ¥
gl hengl ‘ V= 175VIe30V - %00 N
w7ad V=20V 26V 3 150
Fopphe rejection V= I8B5V0285V, f= 120Hz CCwi125C %70 8
o B _ Ig= SmATo 1 5A Al )
g gy = 250 mA o 750 mA 4 150
Output resistance =1 kHz 0C125¢C 0019 0
Termperaure corfficient of output voltage | 1o = 5 mA 0Cwi23C -1 mvr- ¢
Output norse voRage f= 10 Hz to 100 XMz 25¢C 20 pv
Dropout voltage lox1A 25¢ 2 v
Bias curment BC 44 8] mA
Vi=17.5Vi030 V 1
Bras current change " ¢Cio 125C = mA
Shert-cirot cutput cumment 25C 2% mi
Peak output cument 25C 21 A
Pulse-teabg lechaaguees maniain the unction lemperaiure as ciose 10 the ambien! lemperare s pos sble. Thermal effects must be taken into

acount sepately. Al characterstics are measuned with 3 0. 33-UF capacitor across the npud and 3 0. 1-1F capacior across the output
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electrical characteristics at specified virtual junction temperature, V| = 33 V, o = 500 mA (unless

otherwise noted)

uATE24C
PARAMETER TEST CONDITIONS Tt v ] UNT
Ip=5mAio 1A, V|=27Vio38V, 5C 23 A4 25
Output vokage i% S15W ! oCwisCc| 228 2] ¥
Ingat voltage reguiztion Vi=27TVio BV 25C 18 40f
Vi=30Vie3sV 6 240
Ripple rejection Vi=28Vi0 38V, 1=120Hz 0Clo125C 50 &6 3]
. lo=5mAto1.5A 12 480
Oxkput votage requtabon 10 = 250 MA 10 750 mA %°C 2 0] ™
Outpul resistance f=1kHz 0Clo125C 0028 0
Temperahure coefficient of oulpul vollage |ig =5mA 0Clo125C ~-1.5 mviC
Oulptt notse votlage 1= 10 Hz lo 100 kHz 25C 170 uv
Dropoud voltage Io=1A 25C 2 v
Bias current 25C 46 8| ma
Bias current change NZ2T V0 38Y 0-C10125C LY Y
Io=5mAto 1A 0.5
Shor-circuit output current 25°C 150 mA,
Peak oulpul current 25°C 21 A

Pulse-testing lechniques maintain the junction lemperature as dose (o the ambient lemperature as possibie. Themnal effects must belaken into
account separately. All characteqistics ane measured with a 0.33F capaditor across the input and a 0.1-pF capaditer across the outpul.




APPLICATION INFORMATION

W wATBxx Vo

0.33 uF TI = 04 pF

Figure 1. Fixed-Output Regulator

N pATBIx 41— G

Vi COM TLl

- -Vo

Input

NOTE A Thefdbwino‘hmu'-aisusedmnvuisthnalwtpm»m(Wmm)dmﬁxedmtx
vV
Vo = Var | (R_l'-l. ' IQ)R2

Figure 3. Adjustable-Output Regulator

Inpart | pAT8xx

I 0.33yF VYO(Reg)
= Culput

g = (Vo/R1)} + I Bias Current

Figure 4, Current Regulator
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APPLICATION INFORMATION

1N4001

20-V Input ——y WATBISC | Vo=15V

1N4001

e
]
=
18
b
jl’i
o
£
n

f WATINSC

INA0OA
Figure 5. Regulated Dual Supply

operation with a load common to a vollage of opposite polarity

[n many cases, aregulator powers a load thal is not connecled to ground bul, instead, is connected to a vollage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, &1¢.). In these cases, a damp
diode should be connecled to the regulator output as shown in Figure 6. This prolects the regulator from output
polarnty reversals during startup and shor-circuit operation.

W) — pATBxx 4 — Vg
1M4001

or
Equivalent

_Vo
Figure 6. Qulput Polarity-Reversal-Protection Circuit

reverse-bias protection

Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This can oceur, for
example, when the input supply is crewbarmed during an output overvoltage condition. If the output voltage is
grealer than approximately 7 V, the emitier-base junction of the series-pass element {internal or extemal) could
break down and be damaged. To prevent this, a diode shunt can be used as shown in Figure 7.

|
V|—1— wATSax —L,—W’o
L

Figure 7. Reverse-Bias-Protection Circuit
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KTE (R-PSFM-GJ)

PowerFLEX™ PLASTIC FLANGE-MOUNT

0.375(3.52)
0.365(9.27)
 0.360(3.14)
0.350(3.89)

0.220(5.59)
—.I NOM

0.295 (7.49)
HOM

0.420 {10,67)
0,410 (10.47)

I

0.360 (9.14)

0.350 (8.89)

0.220(2.13)
030 (7.60

|

0.025 (0,63)

0.031 {0.79)

[@]0on 629 @)

0.010 [0.25) —r|

0.080 (2.03)
€ Soroqi.78)
. 005001.27)

0.040(1.0%)

M— 0.010 (0.25) NOM

r’w/‘ Thermal Tab
| {See Note C)
|

|

|

i

Seating Plane
| a[ 0.004 (0,10} I

0.005 (0.13)

2001 0.0

0.041(1.04)
0.031 (0.19)

407TITSF 1200

NOTES:

. Allnear dmensions are n inches (mblmeters).
. Ths drawng s subject to change without not<e.

. Dmensions do not incude mold protrusions. not to exored 0 008 (0,15).
. Faits within JEDEC MO-180

A
B
C. The center kead s i electncd conlad wth the thermal tab,
D
E




KCS (R—PSFM-T3)

PLASTIC FLANGE-MOUNT PACKAGE

[@]0.010 {0.25)@)

— —
-{0.100 (2,54)]

0.420 (1067
0.156 (3,96 0.330 (.65 0120 gs.oa)
15 %s,‘n{ bA _\\ 6,100 (2.54)
’ N
I A
Ay
s [N -—
0.507 (12,88
0,480 {12,189 ' H
A u i
I 0350(s89) | 0652 (16.5)
1 o0 (s8e) M 6560 {14.22)
| I
1 A I
LOJI b Y — g 4
4
f T—_]F
A\ s (308) 0155 (3.94)
N\ uAX
+
0.580 (14,73
0,500 (12,75
1y 2 3
0035 (0.89) 0070 (1,78)
0.028 {0,71) o045 (1,14)

R ¥ X ()

0185 (470) .
o0 (432 —[* 1 ooss (140
-" e Gt

0.2/0 (6,85
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