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Elcaywyn

O OKOTOG TNC MTUXLOKNC Epyaciag elvat o oxedlaouog, n avamtuén kot n dnuioupyia
€VOC METATPOTEN OUVEXOUC TAONG O evaAAaooopevn tacn (/nverter) kavou va
odnynoeL Aaurmneg ekkévwong uPnAng évtaong (HID Adumeg). O tumog HID Adumag mou
Ba amoteAéoel KUplo otoxo eival ol metal halide Aaumeg w¢ n 1o SdnpodlAng
Katnyoplia.

To InToupevo amd AUTHV TNV gpyacia elval va KATAOKEVAOTEL £€vag avtloTPodEag
mou Ba mapéxel Tnv duvatotnta TG pUBULONG TNG cuxvotnTag €060V o€ pLa KALpaKa
arno 50 Hz £€wg tnv péylotn tun, 15KHz. Me auto tov tpomo Ba 600sl n sukalpia va
peAetnOel kata mooov ennpedlel n cuxvotnta e€06ou ta Sedopéva e€66ou. Autd mou
evlladépouv Kupilwg elvat av emnpealetal n amodoon TOU CUOTAHUATOC KAl N
dwTEVOTNTA TNC AQUTAG.

Télog, n ouokeur] Tou Ba TpokUYPEL amd TNV TTUXlAKR autn epyacia Ba
XpNolpomolnBel yla EMOTNMOVIKOUG KOl TIELPOUATIKOUC OKOTIOUC KOl META TNV
TMEPATWON TN MTUXLOKAG Ba mapapeivel oto T.E.l. Kpntng. H cuokeun autn Ba pmopetl
va xpnotpornotnBel yia HeAETn aAwv SLadopeTikwy TUTIWV Adumac aAAd Kol w¢ €va
TP0d0oS0oTIKO eVAANQCOOUEVNC TAONG HE puBulopevn ouyvotnta e€66ou  yla
OmoLadnoTE EpyacTnpLlakn xprnon.

Ma tTnv KAAUTEPN KOTAVONON TNG MTUXLAKAG E€LvOlL ONUAVTIKO va SnuwoupynBel éva
BewpnTikd umoBabpo ywa ta Baoclkd onueio mou amoteAolv TNV gpyacia. Etol, oto
npwto kedpalatlo Ba avaluBouv ta Tpia Baokd autd onpeia. Npwto, To £va ano ta duo
avtikeipeva €psuvag, n High-Intensity Discharge (HID) Adumna. Oa yivel avadopd otov
TPOMO AslTOUPYlOg TNG KOL OTa LSLalTteEpa XOPAKTNPLOTIKA QUTAG TNG Kotnyoplag
Aauntipwy. AgUTEPO, TO OeUTEPO OQVTIKEIPMEVO €peuvag Kal TO PBACLKO TUAMA TNG
KOTAOKEUNG, O METATPOMENC TUTOU avilotpodEa Kal n apxn Asttoupyiag tou. TEAoOG,
ylvetal pia yevikn avadopd otnv otpatnyikn Atapopdwaong Evpoug NaApwv (PWM) kat
OTA XOPAKTNPLOTIKA TNG, KABWE KOl 0TOV TETPAYWVIKO TIAAUO.

210 SeUTtePO KeEDAAALO yiveTOL apyLlKa pLa avadopd otnv ponyoUl uevn poonabeta
TIOU €lXe YIVEL ylOo TNV AVATTTUEN ULOG avTioTOLXNG CUOKEUNG Kal oTa TTPOPBAN AT TTOU
npogkuav Kata tnv Asttoupyia tng. Emewta, yivetal pla avaiuon ota dVo kupla
KUKAWHOTO, TO KUKAWHA LoXUoG Kal eAéyxou. Oco yla to KUKAWMO LoXU0oG, avaAUETAL O
oxedlaouog Tou Kat moia mpofAnpata untnpéav kal Enpene va emtAuBoulyv, tnv erloyn
TWV UAKWV Kal TNV kataokeun ¢ véag diataéng. Ooov adopd 1o KUKAWMO EAEYXOU,
EKTOC QO TOV OXESLOOMO TOU KUKAWMATOG, YiveTal pla ocuvtoun avadopd Kal otov
HLKpoemeEepyaotr) megalb tng Atmel o omolog amoteAel Tov UPHAVA TOU KUKAWHATOG.

Emiong, mapoucldletal TO TPOYPAUMO TIOU QvVOTUXONKeE OmMwg Kal Kamola



eMeENyNUATIKA oxOALa. TeAeutaia mapatiBevral Ta oxESLA Kal Ol EVEPYELEG TIOU EyLVaV
BrAua TPog Ao KATA TNV KATACKEUT TWV KUPLWV TTAOKETWVY Kal TV BondnTikr mAaKETa
HE To Tpod0odOoTIKO ouVEXOUG TAoNG TwV +5V, +15V kat +320V .

To tpito kepaAalo, £xovtag MAEOV ETOLUN TNV CUOKEUN, Baoiletal otnv emaAnBguon
™C opOn¢ AetToupylag tTNG apXLKA KO HUETA OTLC TEAIKEC METPAOELS TTOU Ba Kpivouv Kat
TO MOTEAECHOTA TNG TTTUXLAKAG epyaciag. H Asttoupyla Sokipng kat emaAnbsuong Ba
yivel xpnolpomolwvtog anAd doptia. Tétola poptia eival Ta wuikad dpoptia kal cuVOeTa
doptia, SnAadn WUIKA-ETAYwWYLKA. ETELTA, OTIG KAVOVIKEC TIELPAUATIKEC LETPNOELS Oa
xpnotpomnotnfouv dpoptia TETola WOTE va TpocopolwBel o Aapmtipag HID.

210 TETAPTO KEDAAALO YIVETOL N AVAAUON TWV QTOTEAECUATWY TWV HETPHOEWV TOU
miponyoUlevou kepaAaiov. Méow auUTA TG avaAuonc Ba Byouv Ta CUUMEPACUATO TNG
TITUXLAKAC Kol Ba armavtnBouv ta epwTraTa o TiBevtal otnv apxn Tng elocaywyng. To
kedpAAalo auTto anoteAel OAn TNV ouaoia TNG Epyaciag.

Jto TéAoc mopatiBetat n  BiBAloypadia TNC TMTUXIAKAG Epyaciag Kol Ta
TOPOPTAUATA. 2TO TOPAPTNHA BploKovTol GUVNUUEVA Ta TEXVIKA GUANASIA Twv
ONUOVTIKOTEPWVY XPNOLUOTIOLNUEVWY UALKWY, TO OXNUOTIKA KoL Ta avilypada Ttwv
TIoTwV XaAkoU (PCB) armod T NAEKTPLKEG TTAOKETEG, OMWG Kal OAOKANPO TO TPOYPAUHA
TIOU avamtuxbnke ylwa tnv Aeltoupylol TOU HIKPOETIEEEPYOOTH KOL TOV £AEYXO TWV
MOSFET.



KEDAAAIO 1

OEQPHTIKO YIIOBAOPO IITYXIAKHY EPTAXIAX




1.1 Aapmtipeg High-Intensity Discharge (HID)

Ot Aapmtipeg HID, i Aaumtipes ekkévwong uPnAng évtaong onwg avadépovial otnv
eAnvikn BLBAoypadia, ivat évag tumog Aapmtipa to€ou. O Aaumtipag mopayel PwWTIOUO HECW
NAEKTPLKOU TOfou ToUu Onuoupyeital avapeoca oe SUo nAektpodla amd  BoAdpduio
TonoBetnuéva péoa oe Eva nudladavég n Stadavo cwAnva. H apxn Asttoupyiag Tou Aaumtipa
otnpiletal otnv I6LOTNTA TWV PETOAALKWY aAdTwV va oxnuatilouv mAdopa otav Bepuaivovtat. O
owAnvog amo Alwpévo Tupitio i aloupiva, péoa otov onoio Bplokovral Ta NAeKTpOSLa, TEPLEXEL
0€PLo Kot PeTaAALkA dAata. O polog Tou aspiov ival va SLEUKOAUVEL TNV Snuoupyla Tou Tofou
otnv apxn. MOAC apxioel to nAektplkd TO€0 avdapeca ota dUo nAektpoddia, Bepuaivel ta
HETAAAKA aAata e€aTUilovTtag T SNULOUPYWVTOG TTAACHA LOVTIWV. To TMAACOHA aUTO QUEAVEL O€
ONUAVTIKO BaBud v £vtaon TG PWTEVOTNTAG TOU TAPAYOUEVOU GWTOC KoL MELWVEL TNV
KOTAVAAWGCN EVEPYELAG.

HAe I{Tpfla LO Iwhvac tofou and aloupiva \

Lf

") Tégo )

Ynodouto Natpiov i udpapyupovu

A.C. voltage Ballast

Ewova 1 Ecwteptko Aapurntipa HID

ZUYKPLVOVTAG TIG HE AQUMTAPEG AAAWV TUTIWV OMw¢ dOopLopol Kal MUPAKTWONG, Ol AAUTTES
HID mapéxouv vpnAdtepn dwtevr) amodoon Adyw tou uPnAdteEPOU TTOCOOTOU OKTLVOPBOALAG
EVTOC TOU ¢aopato¢ Tou opatol GwTOC O OXEOn WE TO TOCOOTO TNG aKTvoBoAiag Tou



UETATpENETAL 0€ BepudtnTa. Emiong, akdua kat n ouvoAikr anddoaon ¢ eivat unAdtepn Kabwg
anodidouv mepLocdTeEPn MOCOTNTA GWTOG VA PLOVASA NAEKTPLKNG LoXUG ELCOS0U.

Ot Aauntpeg HID amoteAoUv Lo OLKOYEVELX AQUMTHPWY N omola mepléxel Stadopa €idn
ovaloya HE TNV KATAoKEUN Touc. OL Aapmtnpeg xwpilovtal avaloya UE TO Tola XNULKA oTolxela
mepLExouv. OL KATNyopLEC AUTEC lval oL akOAoUBEC:

e Aduna atpwv udpapyvpou (Mercury vapor lamp)

o Aduma petoAAikwv aloyovidiwv (Metal halide lamp)

o Kepapikn Adpma petaAAikwv aloyovidiwv (Ceramic MH lamp)

e Aduma atpwv vatpiov (Sodium vapor lamp)

e Adumeg Xenon

e Adumnec umép-uPnAng anddoong (Ultra-high performance lamps, UHP)

Onwg kat ot Aapmntrnpec ¢pBoplopol, €tol kat ol Aaumeg HID amattouv nnvio, ballast, yia tnv
Snuoupyia Kat TV dtatripnon Tou NAEKTPLKOU TOEOU. I€ KATIOLEG KATNYOPLEG Ao TIC TTOPATIAVW
n évauon ylvetal Pe TNV XpHon €vog Ttpitou nAektpodiou mou PBploketal otnv pEon NG
anootacnc Twv AAwv SUo nAektpodiwv. Omou Sev unapxel Tpito NAekTPOSLo N £vauvon yivetol

HE TNV Xpron maApwy uPnAng taong.

Ewova 2 Mepwka Ballast tou epnopiou

AutoU TOU €l60UG OL AQUMTNPEG XPNOLUOToloUVTaL Omou amatteitat vPpnAol emumédou
dWTLOUOG o€ PeYAAN emidAveLd, amoSOTIKI) KATAVAAWGON EVEPYELAC Kal Evtaon GwTlopou. TETola
HEpN elval yupvoothpla, dnuoctol xwpot, armobrkeg, BEatpa, otadia kat yAmeda, SpopoL KA.
AKOUQ, XPNOLUOTIOLOUVTOL O E0WTEPLKOUC KNTIOUG YLl Pooopoiwaon tou nAtakol ¢wtdg, ot
evudpeia kat cuotipata mpoPoAng ewkévag ( UHP HID Adunec).

And Tg apxég ¢ Oekaetiag tou 1990, xpnoiluomolouvial Kal yla Ttov GwTlopo Twv

OQUTOKLVATWY KAl NXOVWV.
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Edappoyig Aauntripwv HID



1.2 Movodaokog avtiotpodEag He ANPN Yépupa

MNa tnv Tmapoywyrn €vog¢ €eVOANACOOUEVOU pPeUPOTOC amd Ml TNy  ouvexoug,
Xpnotlpomolouvtal otpedpOpevol fj otatikol avrtiotpodeic. Ou mpwtol eival {evyn HNXOvVWV
(ktvnTipag ouvexoug-acUyxpovn 1 oUyYXpovn YeEVWATPLA), evw oL Oeutepol eival Slatatelg
NAEKTPOVLKAG LOXVUOG, XwpLlg Klvoupeva pépn pe Stodouc, Bupiotop f Tpaviiotop Loxvog. Me tnv
paydaia €€EAEN TNC NAEKTPOVIKAG LOXUOG N XPriON TWV OTOTIKWY AVILOTPOPEWV AMAWVETAL OAO
KalL TtEPLOCOTEPO.

Av n ouxvotnta tn¢ taong €66ou pubuiletal autoduvapa amd to KUKAwHA €AEyXou, TOTE
TMPOKELTAL yla avtiotpodéa He e€avaykaopevn obnynon. Av 1o ¢optio eival oelplakog
TOAQVTWTAG, TOTE TO KUKAWHO €AEYXOU MIMOPEL va OUYXPOVIOTEL PE TNV L&loouXVOTNTA TOU
doptiou, n omoia kabopilel Tn cuxvotnTa TNG TAONG €060U. ITNV TEPIMTTWON QUTH TIPOKELTAL yLa
oénynon ¢optiou. H cuxvotnta , cupdwva PE TNV omoila avoiyouv Kol kKAeivouv ta Bupiotop,
Slvetal otnv nepimtwon tng e€avaykaopévng odnynonc anod to KUKAwUa eA€yxou. H ouxvotnta
oautn lval kal n ouxvotnta €€0660U Tou AVTLOTPOdEA. 2TO LoOSUVAHO, KATA TNV AVILKOTAOTOON
Twv Buplotop pe Levyn Slakomtwv-6168wv (W6avika Bupiotop) dev AndOnkav untoPLv oplopéva
dawvopeva Twv TPaAyHaTIKwY Buplotop, Tt omoia emnpedlouv apPVNTIKA TN A€LToupyia tou
ovtiotpodEal.

Ma tv Aettoupyia Tou KUKAWUATOC TIPETEL OpWE va AndBolV umoPv ot €€1¢ LELOTNTEG TWV
paypatikwy Bupiotop :

1. H évauon evoc Buplotop eivat duvatr povov otav epapuoletol o auto OeTIK TAON Kol
600¢l €vag mMoANOC Evouong oTto NAEKTPOSLO EAEyXOU.

2. H oB€on evog avappévou Bupiotop pmopel va yivel Hovo pe TV ehapuoyn HLOG OpVNTIKAG
Taong.

3. MOALG To pevpa yivel undév , to Bupiotop xpelaletal Eva xpovo avaktnong (TF) péxpl va
UITOPECEL VA OVOKTIOEL TNV LKAVOTNTA QITOKOTING , AKOUA Kol av epappoletal BTk Tdon mavw
Tou. O XpOVvogG avaktnong Kupaivetal petafy 10 kat 100 psec.

21O MAPAKATW OXNMO TTapoucLaletal €vag avtlotpodéag o cuvSeapoloyia TANPNG Yebupag
(amoteAeitat and o nuLyYEdupeg):
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E€etalovtag TO KUKAWHO TOU TPWTOU OXAHOTOC KOL TI( TAPONMAVW KUUATOUOPGEG

cuumnepaivovtal ta akoAouvba:

Otav 1o pevpa Kal n taon €€06ou €xouv TOUTOXPOVA BETIKEG TIHEC (ONA. TO YLVOUEVO
Vo*io €lval Betikd), tOte dAyouv ol Otakomrte¢ Q; kat Qs Kal €tol €vepyodg LoXUC
petadEpeTal ano tnv elcodo Tou avilotpodéa tpog tnv £€o0do0.

Otav to pevpa Kal n taon €660V €XOUV TAUTOXPOVO OPVNTLKEG TIHEC (6NA. TO yLvOuEVO
Vo*io €lval Betikd), tOte dAyouv oL Stakomrte¢ Q, kat Qg Kal €tol €vepyodg LOXUC
peTadEpeTal ano tnv elcodo Tou avilotpodéa tpog tnv £€o0do0.

Otav n tdon €10680U €xel UNSEVLKA TLUN Kal TAUTOXpova To peupa e€060U £xel BeTikn
T (6nA. to ywopevo Vo*ip elval undév), tote pumopel va dyetl éva amnd ta gvyn Twv
nulaywywv [Qs, D2, [Q1, D4] Kol €T0L eMiTUYXAVETAL N KUKAODOpia Tou pevpatog e€6dou.
AnAadn av otnv mepintwon auth ayel o dlakomtng Qs tote To pevpa e€avaykalel tn
6io6o D; va dayel kal €tol To pevpa KukAodopei oto umokUKAwpa Qs-dpoptio- Dy. To
pela AUTO, To omoio KukAodopel 0TO UTTOKUKAWLO OVOUAZETAL AVAKUKAOUHEVO peU A
(circulating current).

Otav n Taon eLl6080U £XeL UNSEVLIKA TLUN KOl TAUTOXPOVA TO peUpa e€060U €XEL OPVNTLKN
T (8nA. to ywvopevo Vo*ig elval pundév), tote ayet €éva amo ta {eVyn TWV NULOYWYWV
[Qq4, D1], [Qy, D3] Kal €TOL ETITUYXAVETAL N KUKAOdOpia Tou peupatog e€66ou. AnAadn av
oTnV mepinmtwon autn ayet o Stakontng Qg Tote To pevpa e€avaykaletl tn Siodo D; va
AyeL Kal £ToL To pevpa KUKAodopel oTo KUKAwpO Qs-dopTio- D;. To pelpa auTo, To omoio
KUKAOPOpPEL 0TO UMOKUKAWHA OVOUALeTaL €MioNG avakukAoupevo pevpa (circulating
current).

Otav n taon €€680u £XeL OPVNTIKI TLUN KOL TAUTOXPOVA TO PeUMA €060V OPVNTIKI TLUN
(6nA. To doptio eival emaywyLkod Kat To Yopevo Vo*ip elval apvntiko), tote oL 6iodot
eAelBepng SLéAeuong Dy kat D3 e€avaykalovtal va ayouv Kal £€Tol To peUpa KukKAodopel
HEOW TOU UTIOKUKAWUaToG tnyn - Di-¢optio — Ds.

Otav n taon €£660u €xeL ApvNTIKA TLUA KAl TAUTOXPOVA TO PeVUO €060V BETIKN TN
(6nA. To doptio eival xwpntikd Katl to ywopevo Vo*ip elval apvntikd), tote ol Slodol
eAelBepng SLéAeuong D; kat Dy e€avaykalovtal va ayouv Kal £€ToL To peUpa KUkKAodopel
HEOW TOU UTOKUKAWHATOG Ttnyr — Dy-dpoptio — Dy. TNV MepiMTWON AUt evePYOg LoXUG
HETAPEPETAL QO TOV MUKVWTN Tou GopTIou TTPOC TNV TNyr EL0080u.
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1.3 ‘EAeyxog taonc e€6dou avtiotpodea MARPNGS yEDUPOC

1.3.1 Texvikn Aapdpdwonc Ebpoug NoApuwv (PWM)

Onw¢ avapEpOnKe Kal TPOoNyouHEVWE yLa va. eTILTEUXOEL 0 €Aeyxog TN Tdong e€660U Tou

OVTLOTPOdEQ, TO EUPOG TWV TMOAUWY TNE TAoNC £€0660U & TPEMEL va LETABAANAETAL OE OXEON UE TLG

SLOKUMAVOELG TNG TAONG €1l0060U. H TEXVIKA QUTA HE TNV Omola ETMITUYXAVETAL O EAEYXOC TNG

taong €€060u péow TNG QUEOMELWONG TOU €UPOUG TWV MOAUWY TNG Ttaon ££€66ou ovopaletal

Aopopdwon Evpoug NaApwyv (Pulse Width Modulation, PWM). O oplopog tng texvikng PWM

TIOPOUCLAETAL OTO TTAPAKATW OXH A KAl EXEL WG €ENC:

Me TNV TEXVIKA QUTA Tapayovtol o€ eninedo KUKAwpatog eAéyxou (aoBevr) onpata) pLa
nUItovoeldng kupatopopdn, n omol ovopdaletal kupatopopdn ovadopdc, Kal pia
TPLYWVLK  Kupatopopdn, n omoia ovopdletat Kupatopopdrny ¢opéa. Ou bdvo
KUUOTOUOPPEG €lval OUYXPOVIOUEVEC HETAEU TOUC KOL TIOPAYOVTOL OTO YEVVNTPLEC
KUHOTOHOPPWV. AUTEC OL KUHATOHOPGEG Ttapouaitalovtal oto oxiua (a) oémou

A, = mA\drtog kupatopopdng avadopdg
A = mAdtog tng kKupatopopodng popéa
o A, = Fi = neplodoc tNC Kupatopopdng dopea
c

o Ac= Fl = neplodog TnG Kupatopopdng avadopag

r

o Mp= j—r = ouvteAeoTtn¢ Slapopdwaong
C

ITn OouvéXela, ol SUO0 TapanmAvw KupaTouopdEg edapudlovial otnv €lcodo &vog
ouykpLtn, n €€060¢ Ba eival n kupatopopdn mou mapouctaletal oto oxnpa 6.6(B). Onwg
SlomOTWVETAL Kal amd to oxnuata 6.6(a) kat 6.6(B), n kupatopopdrn e€odou toU
ouykplt eéaptatal and ta onueia Topng Twv dVo KUpatopopdwv €L0o6dou. ITO OXAUA
6.6(B) mapouvatalovrat U0 SLadoPETIKEC KUMATOUOPDEG TNG TAONC €060V TOU CUYKPLTH,
yla 600 SLadOPETIKEG TIUEG TOU TTAATOUG A, TNG KUOTOROPdNG avadopdg, Kpatwvtag To
mMAdtog Ac ™G Kupatopopdns dopéa otabepd. Emopévwg aufopelwvovtag Tov
ouvieheot Stapdpowong My (amd 0 €wg 1), n kupatopopdn g tdong €§660u TOU
OUYKPLTA LeTABANAETAL.

To apvnTkd PEPOG TNG TAoNG €€080L Tou CuyKPLTH, opilel TOUG TAAMOUG Evauong TOU
Stakomtn Q3. Avaotpédovtag Toug aApoUg évaucong tou Slakomtn Q4 opilovtal ot
maApol évavong tou Siakomtn Q4. Ou moApol €vauvong twv Stakomtwv Q1 kat Q2

11



Tapayovtal amo TtV Kupatopopdn avadopd¢ kal mapouctalovtal avtiotolya oto

oxnuata () kat (7).

H taon €€66ou tTou avtlotpodéa yla TOUC TTAPATIAVW TTOAUOUC £vauong MapoucLaletal

oto oxnua (n). Onwg dtamoTwVETaAL Amnd To OXAUA QUTO, AUEOUELWVOVTAG TO CUVIEAEDTN
Stapodpdwong My, o eUpog Twv MOAPWY & TNG TAONG €060V €MIONG AUEOUELWVETAL KOl

£TOL ETITUYXAVETAL O EAEYXOC TNC TAONC €€060U.

a)
B)
Y)
5)
£) Q, ; '
A - | ﬁ‘l
4] | o :
A : —;J
vh |
v 1 v '
oo - |
n) a.Q | Qi 1 ; Q. q; .
Q.Q | 2n J
- & Di - J
v -

e 6.6 Opronos e teyvikne PWM.
a) Kvpatopopeis mic avagopas kat tov popéc
B) Kvnatopopon we taens eCodon tov avyxprmy.,
) Hazpoc évavens tov diaxoren Q;
o) Haruoc évavans tov diaxonmn O,
&) Haspoc évavens tov draxorty Q,
) Haipog évavans tov diaxorty Q).
n) Taan eCodov Tov aviietpogia.
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1.3.2 Tetpaywvikn Kupatopopdn

ITn peTaBoon He TETpaywVLKA Kupatopopdr KABe SLakOmTng Tou OKEAOUG TOU avIiloTpodEa
elval kKAelotoc yla pa nuutepiodo (180°) tng emBupntic e€66ou. And tnv avdAuon Fourier ta
TIAQTN TNG OEUEALWSOUG CUVIOTWOAC KOL TWV OPUOVIKWY yla pa Sedopévn €locodo VytpokUntouy

v —4Vd—1273(v"’)
(Ao)l_nz_ . 2

Kol

VAo 1
Vaodn = ( h)

Omou n ta€n ™G OpUOVIKAG h Taipvel povo TePLTTEC TIUEG. Mpémel va onuelwBel otL n
UETABOON O€ TETPAYWVLKI KUHATOHopdr) lval L8LKN TEPIMTWON TNG METABAONC UE NULTOVOELSN
Stapopdwon PWM, Otav 0 GUVIEAECTHC M, YIVETAL TOOO PEYAAOC, WOTE N KUHATOHOPdI TNG
TAONG EAEYXOU VO TEUVETOL PE TNV TPLYWVLKA KUHATOHOPPN HOVO OTO UNSEVIOUO TOU Ucontrol-
Emopévwg, n taon €€660u oTNV EPLOXN TETPAYWVIKIC KUHATOHOPPNC elvat aveEaptntn Tou ma.
Eva amd ta MAEOVEKTAMATA TNG AELTOUPYLOC HE TETPOYWVIKA KUpATopopdn eival OtL kabe
SLakomTng tou avilotpodéa aAAAlEL TNV KOTAOTOON Tou povo dUo dopEg ava mepiodo, yeyovog
TIOU €lval ONUAVTIKO oTnV Tepimtwon moAU upnAwv ermumédwy oxUoCg, Omou oL SLAKOTTEG
OTEPEAG KATAOTAONG £XOUV YEVIKA XaUNAOTEPEC TaXUTNTEG petaBaong. Eva amd ta cofapd
HELOVEKTAMATA TNG MUETAPBAONG ME TETPAYWVLKA Kupatopopdr elvat 0Tl o avilotpodéag b€
umopel va puBuioel to mMAATOG TG TAong €€0dou. Ma va eAEyxeTal TO MAATOG TG TAoNG €060V
Tou avtlotpodéa, mpénel va pubuiletal n DC taon elc6dou Vy.

13



KEDAAAIO 2

KATAXYKEYH TQN AIATAZEQN




2.1 TlponyoulEVN KATOOKEUN

la TIg avAayKeg tponyoU LEVNC TITUXLOKAG epyaciag, eixe peAeTnOel To ouyKeKpLUEVO BEUA KoL
glye katookevaoTel pa Slataln xwpeic OUWC va €XeL TNV eMBUPNTA AELTOUpYLa KOL ATTIOTEAECHAL.
Kata tv peAétn tng epyaciag autng pe tnv dtabeon va xpnolpomolnbel wg Baon yla tnv
mapoloa MTUXLOKN gpyaoia. Mapatnprndnkav apketd AdOn katd tv oxediaon kal TomoBETnon
TwV €€apTNUATWY, OMWC Kal tTnv Ppllocodia pe tv omoia mpoopl{dtav va xpnotlpomnotndei n
TIAOKETOL.

H Siataén amoteAeital and pia mAakETa n onoia meptAapBavel tnv povada mapaywyng Twv
TOALWV €AEyXou yla TNV Asttoupyia Twv MOSFET kat tnv povada odnynong twv MOSFET. To
onua EAEyXoU TIOU XPNOLUOTIOLELTOL TTOPAYETAL OO TNV CUYKPLON UIAC TPLYWVLKAG TIAALO OELPAC
LE Lo oTaOepr) CUVEXN TAON HECW KATIOLWY CUYKPLTWVY KOl EVIOXUTWV. MpEMEL va onuelwOel otL
N mapaywyrn tTe TPLYWVLKNC TAAUOCELPAC KAl TNG 0TABEPNG GUVEXNC TAoNC SV yvotav otny dla
TAOKETA, aAAd oUTe eixe mpoPAedOel kat kataokevaoTel £va KataAAnAo tpododotiko. Enpene va
tpododotnBouv anod aveEaptntn mtnyn. Na tnv oénynon twv MOSFET xpnolpomnoteital o 06nyog
IR2110.

To AABn mou evtomioTnKav OTNV KATOOKEUN ELXOV OXEON UE TNV KATAOKEUT), TOV OXESLOOUO
KOL TG TAOELC Asttoupylag. ApxLkd, mapatnpnOnke OTL Ta OAOKANPWHEVO TIOU TIEPLELXOV TOUC
o6nyoug IR2110 Atav tomoBetnuéva avamoda, dnAadrn dev ntav cuvdedepéva €tol onwg Oa
€npemne. NopoAa aUTA OUWG, TO CNHOVTLKOTEPO TTPOBANUA ATV OTL £T0L ONWC £ixe oxeSLAoTEL, N
OUYKEKPLUEVN TTAAKETA eV TTPOKELTAL VO AELTOUPYNOEL TTOTE. AUTO cupPaivel S10TL, cUupwva pe
To emionuo eyxelpidlo tou odnyou IR2110 mou SiatiBetal oMo TOV KOTAOKEUQAOTH, ylo v
UITOPECEL VA AELTOUPYNOEL 0 08NYO¢ TpEMeL va extel onpa eAéyxou TouAdxlotov 9,5V ouvexoulg
taong. O 0dnyog, Ouwe, SeXOTAV TETPAYWVIKO TIAAUO TAGTOUG 5V. ‘Apa Aoutdv, o 0dnyog dev
Umopouoe va avilAngdBel To ev AOyw ONAUA €L0080U HE QIMOTEAECMO VO LNV TOPAYEL TO
QTALTOUEVO CHHA YLa TNV Evepyomoinon twv MOSFET.

Apxika, umtipxe n okéPn va dlopbwbel n Adn undpyxouvoa Siatafn pe TNV MPOCONKN €vOG
EVLOXUTH OvVA KAVAAL, £TOL WOTE va €MLTEUXOEL TO AmalToUEVO TAATOG ONUATOG. EV TEAEL, OpWG,
aUTO dev NTaV PIKTO TPOKTLKA AOYW TOU KakoU oxedlacouol tng mMAAKETAC. Ma To Adyw autd
anodaciotnke N KATaoKeU TG SLATAENG Ao TNV apX KAl 0 EKCUYXPOVLOUOG TnG aAldlovtag To
KOKAWHO EAEYXOU KAl AVTIKABLOTWVTOC TO UE EVAV ULKPOEAEYKTH).
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2.2 Aouika otoxeia diataéng

Ma tnv Kataokeurn evog tpododotikol KatdAAnAou va odnynost éva Aaumtripa tumou HID

npénetl va AndOel unmoPn ot ta anapaitnta SoulkA oTolela plag Tétolag Statagng ival ta
akoAouBa:

e Mia avopBwtikn yédupa
e ‘Evag petatporneag DC/DC
e ‘'Evag avtlotpodEag

e ‘Evauon

1 2 3 4
AC/DC DC/DC LF DC/AC ENAYZH
PFC || BUCK [] INV.

el

HID AAMMNA

Ewova 1 Block &iaypappa piog Tunikng cucKeung ya tnv odnynon Aapmntipwv HID

21O MPWTO TUAMA EVOC TETOLOU ballast petatpémnetal n tdon €l0o6dou, n TAon Tou SLKTUOU
230V, oe DC otabepn taon mpoodépoviag tavtoxpova uPnAd CUVIEAEOTH LoXUOG Kal
HLKPA APUOVLKA peUATA EL0OSOU.

Itov petatponéa DC/DC umoPabuiletat n tdon amd to TponyoUupevo otadlo Kal
ETUTUYXAVETAL oTtaBgpomoinon TNG LoXUOG OV ATALTELTAL Yo TNV Adpma. O JETATPOTEQS
auToC Aettoupyet og uPnAn ocuxvotnTa.

O DC/AC xaunAng ocuxvotntog avtlotpodEag mapexel otnv AQUna To eVAAAACGOUEVO
TETPAYWVLIKO PEV A TIOU XpeLaleTal yia va amodpeuxBouv oL apUoVIKEG 0TN AQuma.

TENOG UTTAPXEL N €vauach KOTA TNV omola dnuloupyeital n Kat@AAnAn taon €vaucong mou
aratteital yla va apxloel n €KKEVwon OTO €0WTEPLKO TNG Adumag. H tdon auth
Kupaivetal and to 1kV €wg ta 5kV i kat ta 20kV avdAoya pe Tov TPOTO £vaucong Kal thv
TOmMoAoyia TTou XpnoLuoToLEiTal.

ErumAéov, Mia Aduma té€tolou TUMOU xpeldletal éva mpodid tdong KatdAAnAo wote va
pmopéoel va Asttoupynoel. Eva tutiko mpodiA taong ya Aapmntrpa HID eival to akoAoubo:
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run-up steady state

turn-on '1gn1’r1011 take- | warm-up |
| over | i .
0 i é 5 :
30ms 100ns :300ps ! 6.8ms+8ms | 65~8s :
Y\"'YLamp ! : : : .
i i 20V-40V 20V—>85V . 68-105V
? ? 1—||__lr1ur‘1ur‘1uﬂu|’| 1] |_|
L _20V-40V) HEERER
400V . -400\'5 4+—— 400Hz symmetric AC ——»
A i |
i i 2.6A (max) !  2.6A (max)—0.4A 0.4A @85V
[Lamp 23KV | - 35w
04 o N0 nA A
. |-2.6A (max) |

Ewkova 2 Mpodil taong kat pevparog yia Aaprtrpeg HID

Amo Ta Mapamavw, 0 QUTA TNV ttuxtakn, 6a mapaAndBolv kamola TURpata Adyw Tou OTL N
HEAETN ylveTaL yla pLlal CUCKEUH N omola Ba £XeL LOVO EpyaoTNPLAKN KOL EMLOTNHOVIKN Xprion. Ot
OOKIMEC KoL n Aewtoupyio Ba yivel oe mANpwg eAeyxopevo meplBarllov. Etol Sev Ba
ouuneptAndBOolV apketd HETPpA aopAAsLlag, Mapd HOVo Ta amapaitnta, aAAd oute kot H/M
odiAtpo. EmumAéov, 6ev Ba xpnolpomnolnBel iataén évauvong SLOTL MPOKELTAL LA HLKPNAG EVIACNG
doptio kal £T0L n xpron Tng dev kpivetal amapaitntn.

17



Ao ta mapamndvw, AoUTOV TPOKUTTEL TO SOMIKO SLaypoappa TG SLatagng TG MTUXLOKAG
gpyaociog mou akoAouBel:

AC/DC LF DC/AC
" N

" INV.

\ KYKAQMA / HID AAMIMA

EAEIXOY

)

Ewova 3 Block Aldypappa TnG mpoy Lotk g Statagng

H &latagn amoteAeital anod tpelg MAAKETEG. H pila meplapBavel To KUKAwpA eAEyxou Omou
TIOPAYETAL N TIAAHOOELPA eAEyxou Twv MOSFET xpnolpomolwvtag éva ULKPOEAEYKTH tng Atmel,
1o Atmegal6. H SeUtepn meplhapPavel To KUKAWHA LoxVog omou Bpiokovtal ta MOSFET kat ot
odényol, evw n tpitn anoteAei to T1podPodotiko Asttoupylag Twv U0 KUKAWUATWV.
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2.3  KOkAwpoa EAEyxou

2.3.1 Muwpoeheyktic ATmegal6 tng Atmel

OL ULKPOEAEYKTEC €XOUV LOTOPLO AVAAOYN HE QUTHV TwV NAEKTPOVIKWV UTtoAoylotwv. OAa
gekivnoav amnod to mpwto oAoKANpwHEVO KUKAwUA TG Intel yia va akoAouBrioet paydaia eEEALEN
O€ OTIOLOONTIOTE £XEL OXECN LE TNV NAEKTPOVLKH TNV TTANPODOPLKI] KoL OAEC TIG OXETLKEG ETLOTHMEC
Kol TexvoAoyieg. H e€€AIEN TwV ULIKPOEAEYKTWY 0ikoAoUONoE aUTO To pevpa, aAAd n Eudoaon dev
600nke otnVv amoAutn emefepyaoTiKn LOXU, AAAQ CUUTTUKVWVOUV 000 To Suvatdv MePLooOTEPA
Kol SLaPOPETIKA PETALY TOUC TTEPLHEPELAKA CUCTALOTO OE £va OAOKANPWHEVO KUKAWHA. AUTO
€XEL WG ATIOTEAECUA TO EUPU TIESIO ePapUOYWV TWV UKPOEAEYKTWY, adol mapéxouv MAnBwpa
Suvatotntwy, onwc éAeyxog PWM, efalpetikd XapnAn Katavalwon evépyelag aAAd Kol
tkavotnta dtaxeipnong e€slSIKeL LEVWV TIPWTOKOAA WV omtw¢ TCP/IP.

JAUEPO OTNV AYOPA UTIAPXOUV EKATOVTASEC SLOPOPETIKOL UIKPOEAEYKTEG, OMoU SladEpouv
HETAEL TOUC 0T SoUn, TN CUCKEUAOLO, 000 KOl OTNV APXLTEKTOVLKI Aettoupyiag. Katda kUpLo Adyo
OLUWC KATATACOOVTOL OE OLKOYEVELEG, AVAAOYO TOV KOTOOKEUAOTH TOAAEC popEg, omwc AVR, PIC,
ARM, Zilog kAm, 6mou npoopilovtal yia YeVIKr aAAQ Kal eEELOLKEVEVN XpPrON.

Ma TG QaVAYKEG TNG MOPOoUCOC E£PyaoioG €TMIAEYETAL O UIKPOEAEYKTAG ATmegal6 tng
olkoyévela¢ AVR KoBwG UTEPKAAUTTEL TIC OUTOLTAOEL TIOU UTIAPXOUV. Ta EMLUEPOUG
XOPAKTNPLOTIKA TOU Elva:

e Apyxttektovikn RISC 8bit

e 131 evtol£g, oL meploootepeg 1 KUKAOU

e 32 KaTaxwpnTES YEVIKNG Xpnong (registers) twv 8bit

e Emefepyaotikn Loxug 16 MIPS ota 16 MHz

e 16Kbytes pvrun Flash yevikng xpriong pe dtapketa {wng 10000 emaveyypadeg
e 512byte EEPROM

e 1Kbyte pvun RAM

e [ANpwg otatikn Asltoupyia

e 2 timers/counters twv 8bit pe EexwPLOTO MPOYPAUUATIONO O KOOEVAC
e 1 timer/counter 16bit

e 4 xavaAia eAéyxou PWM

e Avaloyiko — Pnodlakoé petatponéa (ADC) 8 kavaiiwv 10bit

o EEWTePLKO KAl ECWTEPLKO Linterrupt kaBwg kat watchdog timer

e Avoxn otnv tdon tpododociag amnd 4,5 Ewg 5,5 V

e Juyvotnta Asttoupyiag €éwg 16MHz

e 6 6LadOPETIKEC KATAOTACELG AVOOVIG VLA EEOLKOVOUNGT EVEPYELOG
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2.3.2 MAOKETO KUKAWHOTOC EAEYXOU

H mAakéta mou mepléxel 1o KUKAWPO €Aéyxou Oev eival timota dAo amd pia amAn
avarntuélakny dtataén mou XPNOLUOTIOLELTOL VIO TOV TIPOYPAUUOTIOUO TOU HLKPOEAEYKTH KAl TNV
Sokiun NG 0pbn¢ Asttoupyiag Tou TPOYPAUUATOG. AOYW TWV TIEPLOPLOUEVWV QVAYKWV TNG
OUYKEKPLUEVNC edapuoyng Oev TPOKELTAL va Xpnolpomolnfolv OAeg oL SLaBEoLUEC TIOPTEG
gL0660u/e€660u (1/0 pins). T’ autd Ttov Adyo £xouv adalpebel kamola TUAATA OO TO APXLKO
ox£610 Tou avantuélakou, Omwc ta 8 MARKTpa Kal ta 8 LED eAéyyou.

H teAikr) MAAKETA amoTeAE(TAL OO TO TTAPOKATW TUAUATA:

1 JtoBeponoinuévo tpododotikd 5V pe evdelktiko LED Asttoupyiag kat dUo €€66oug yla
™V mapoxn 5V kal yelwong yla tnv tpododocia Twv MePLPEPELAKWY CUCKEUWV. ITNV
OUYKEKPLUEVN edapuoyn, N €€odo¢ petatpémnetal o eicodo twv 5V mou umapyxel Adn
aro 1o EeXwWPLOTO TPOPOSOTIKO.

2 30vOeon UTIOAOYLOTH) HUE TOV HLIKPOEAEYKTH Yyl TOV TIPOYPOUUUATIOMO TOu. YmApXEeL
evOelKTIKO LED yla va eAEyXETaL N OWOTH EMIKOWVWVIA Twv SUo MAsUpwVY, KABWCE Kat £va
UTOUTOV yLa emavadopd tou chip otnv apxn Tou mpoypappatoc (Reset).

3  KUKAwHQ ylot TNV EMLKOLVWVIO TOU ULKPOEAEYKTH KOL TOU UTIOAOYLOTH MECW OELPLOKAG
BUpPOC YLt TOV EAEYXO TOU TTPOYPALUOTOC KAl atooToAr Kot AfjPn dedopévwv.

4 O UKPOEAEYKTNC KOl oL ££080L TWV TIAALOOELPWV yLa ToV EAeyxo NG Statagng Loxvoc.

J 5V DC

15V DC
» | TPOQOd.
5v DC

'E€¢od0og onudtwyv
= eAéyxou

L

_ 5

L
I D e B

MiKpOEAEYKTAG

|
|
Movada
TTPOYPAUMATIONOU
& ETTIKOIVWVIOG

Ewova 4 Block Sidypappa tou KUKAWRATOG EAEyXOU
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Tl L L L L L L

Ewova 5 To KUKAwpa eEAEyxXoU
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2.3.3 Mpoypappa

O ULKPOEAEYKTNC Ao HOVOG ToU amoTteAel To UALKO pépog (hardware), omwg kot ot H/Y, &gv
Ba eixe kapia Slaitepn afia av dev Atav ePIKTOC O TPOYPOUMOTIONOG TOU, WOTE va
OVTOUTTOKPIVETOL OTNV EKAOTOTE TepimTwon. EToL 0 MPoypaUUATIONOC TOU ULKPOEAEYKTH, SNnA.
To AoylopKkO (software), OxL Hovo €xel Wolaitepn onpaocia, aAAd oxedov mavta Kot HeyoAUTEPN
aflo amo 1o UALKO péEpog adou autod Sivel «lwn» otov PIKPoeAeyKTH. Onwc elval Aoylkod, Kabe
HULKPOEAEYKTHC UITOPEL VO TIPOYPAUUATIOTEL Pe YAwooa xapnAou emumédou assembly.

O TPOYpPAUUATIONOC HE assembly mpoodEpel ONUAVIIKA HELWUEVO HEYEBOC KWOLKA Kal
au€nUévn TaxLTNTA, OUWG EXEL OAEC TIG SUOKOALEG TTOU  QVTIUETWITI{EL €VOC TIPOYPAUHUOTIOTAG UE
pio yY\wooa xoapunAou emumédou Kal eL6IKA 0TV CUVTPNON LEYAAOU KWLKA.

Ma va QVTLUETWTILOTOUV QUTA Ta TTPOBAAMOTO KOL VA YIVEL EUKOAOTEPOG O TIPOYPAUUATIOUOG
TOU, O HLKPOEAEYKTNG UIMOPEL VA TIPOYPAUHUOTIOTEL KOl e YAwooeg uPnAotepou emunédou onwg C,
Basic, Pascal kAm (teAeutaia apyilouv va sudavilovral compilers akoun kat yla C++) , €xovtag
BEBata WG MAEOVEKTNUA TNV EUKOAOTEPN QVANTUEN KoL ouvTHPNnon tou Kwotka. MoAAEC PopEg
UTOpEL va cuVaVTHOOUUE «UBPLOLKO» KWOLKA OTou pmopel va sivat ypappévog oe C aAld va
EUMEPLEXEL KOL TUNHATA aro assembly. Mo va petadepbel €va MpoOypapa OTOV UIKPOEAEYKTH,
amopaitntn mnpolnmobeon eivat n pecoAdBnon tou petayAwTttiot (compiler) wote va
UETATPATEL Of YAWOOQ HNXAVAG QAN KOl £VOG «TPOYPOLUATIOTAC» TIOU OUGCLOOTLKA
avalappavet va «hopTwoEL» TO TIPOYPAULO 0T HVIHN TOU HKPOEAEYKTH. ZUVABwWE N YAwooo
TIPOYPOUHATIOHOU EEAPTATAL OO TNV OLKOYEVELD TOU ULKPOEAEYKTH, TtX oL AVR €XeL EMIKPATNOEL
va npoypappatifovral kupiwg pe C kat kata de0tepo Aoyo He assembly kot eAdylota pe kamola
GAAN YAwooa.

O TPOYPOUUOTIOMOC TOU ULKPOEAEYKTN £YLVE WE TNV XPNON Tou mpoypappatog “CodeVision
AVR C Compiler”.

MNa tnv ewcaywyn twv O6eSopévwy Aettoupylag mpoTUnONKeE n €mAoyr TNG OELPLOKNG
ETUKOLVWVIOG KABWG elval Lo €UKOAOG O TIPOYPOUHUATIONOG, TO TIPOYPAUUA YIVETAL ULKPOTEPO
apa Kal TaxUTEPO Kal To TMEPLBAAAOV ETUKOLVWVIOG KAl EL0AyWYNG Twv Sedouévwy lval TLo
dIALKO Kal KaTavonto mpog Tov XPHoTh.

AkoAoUBEel N avaAuon Tou KWOLKA XWPLOUEVOG O€ TUAUATA YLa TNV KAAUTEPN KATAVONGCN TOU.
OAOKANPO TO TIPOYPOULA BPLOKETAL OTO TTAPAPTN AL,

TuApa 1°%

Elodyovtal ot amapaitnteg BLBALoOAkeg evioAwv yla tv dnuioupyia tou kwdika. Emiong,
SnAwvovtal ot petafAntég mou Ba xpnolpomnolnBouv oto mpoypappa Kat Sivetal apxikn TR o€
OLUTEG MOV XpELaleTal.
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#include <megal6.h>
#include <stdio.h>
#include <stdlib.h>
#define saft 2

unsigned char k=0;
unsigned int Fr=0,D=0,time;
float usec;

TuApa 2°%:

Amo edw Eekvael o KwOLKAC. MVeTOL N OPXLKOTIOLNCN TOU HLKPOEAEYKTH Kot SnAwvovtal ot
BUpeC el006wV/e€66wWV Mou Ba xpnotporotnBouv. Mo TNV CUYKEKPLUEVN edappoyr, dnAwveTal
w¢ €€odocg n Bupa D kKaBwC elval auTr) TTOU TIEPLEXEL TOUG AKPOSEKTEC TOU ULKPOEAEYKTH) OTOUC
omnolou¢ mapéxovtal ta duo onuato PWM. Enetta, opi{ovtal ol KATaxwpenTEG TTOU TIPETIEL YLOL TNV

OELPLOKI) ETIKOWVWVIO TOU H/Y HE TOV UIKPOEAEYKTH.

void main (void)

{

char dutyStr[3],outFrStr[6];
PORTD=0x00;
DDRD=0xFF;

UBRRH=0x00;
UBRRL=0x19;
UCSRB=0x18;
printf ("\n\r George Tsagarakis Final Project \n");

TuApa 3%

ESw ylvetal n swoaywyn twv dedopévwy Aettoupylag, n ouxvotnta e€66ou og Hz kat to Duty
Cycle og mooooTO emi TIg ekATO. META TO AVAAOYO UNVU A, ELOAYETAL N EMOUUNTI TN HECA OTA
opla mou Sivovtal. ITnv mepimtwaon mou n T mou Ba §oOsl unepPaivel Ta OpLa, ToTe SeV TNV
AapBavel umodn Kot TEPLUEVEL TNV CWOTH TLUA. AUTO EMLTUYXAVETOL Ao Toug SUo BpoxXoug

eAéyyovu.
while (1)
{
do
{
printf ("\n\r Output Frequency (50-15000 Hz):");

scanf ("%i", &Fr) ;

}
while ((Fr<50) || (Fr>15000));
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do

printf ("\n\r Duty cycle (2-49):");
scanf ("%d", &D) ;
}
while ((D<2) || (D>49));

Tuua 4°:

21O TUAMA AUTO Tou Kwdika, epooov €xouv eloayBel Ta amattovpeva dedopéva Kol Ol TLUEG
Bpilokovtal €viog opilwv, evepyoroleital n €€060¢ Twv ONUATWYV. METOTPEMETOL N TN TIG
ouXVOTNTAC OE XPOVO Kal UnSevileTal 0 HETPNTNC TOU Xpovioth 1 amod mponyoupevn Asttoupyia.
MNa va emtevyBel 600 yivetal PKPOTEPO OPAAUA OTNV TLUA TNG ouxvotnTag mou Sidetal os oxéon
HE QUTAV TIou dnuloupyeital otnv mPAgn, YiveTal o mMopakAtw SLaXwPLoOUOG:

e Avn emBupntn TLWA TNE ouxvoTNTAG ival Pkpotepn Twv 1000 kHz, tote opiletal wg
ouxvOTNTA TOU OHUATOC Tou poAoylol to 1 MHz. Auto oucLaoTIKA onpaivel OTL Kabe
povadilaia avénon Tou xpoviotr) amno Tg 65535 tooduvapel pe 1 psec.

e JTNV MepiMTWaon OV N TN TNS ouxvotntag sivat peyoAltepn twv 1000 kHz, tote n
ouXVOTNTA TOU ONUATOC Tou poAoylou opiletatl ota 8 MHz, apa kabe povadiaia
avuénon tou xpoviotr) mAéov Looduvapet pe 0,125 psec.

AUTO £XEL WC ATTOTEAECUA VE PELWVEL TO OPAAHA KATA 8 PpOopEC.

Téhog, emiotpédetal otnv 0BdOvn N TMPAYHOTIKA TIUN TNG ouxvotntag £€060u Kal Tou
TTOOOOTOU aywyn¢ YLla va YIVETAL TTAvta EAEYXOC YLa TNV owoTh Aeltoupyia Tou Kwdka oAAG Kot
yla va gival epdavig n enidpaon tng oTpoyyuAomoinong Twy TLIUWY 0TO TEALKO AMOTEAECHA.

usec=le6/ (float)Fr;

TCNT1=0x00;

if (Fr<1001)

{

ICR1=(unsigned int)usec;

OCR1B=D* (unsigned int) (usec/100.0) + saft;
OCR1A=0CR1B - 2*saft;

TCCR1A=0b10110010;

TCCR1B=0b00011010;

printf ("\n\r Fr= $f",1e6/(float) ICR1);
printf ("\n\r D= %d", (OCR1B - saft) / (unsigned int) (usec/100.0));
}

else

{

ICRl1=(unsigned int) (usec*8);

OCR1B=D* (unsigned int) (8*usec/100.0) + saft;
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OCR1A=0OCR1B - 2*saft;

TCCR1A=0b10110010;

TCCR1B=0b00011001;

printf ("\n\r Fr= $f",8%*le6/ (float)ICR1);

}

printf ("\n\r period (usec) = %f",usec);

printf ("\n\r D= %d", (OCR1B - saft) / (unsigned int) (8*usec/100.0));

Tuipo 5%

To televtalo TuAua anoteAel tnv aodallotikr SKASA yla TNV mapaywyr Twv maApooslpwv. Adou

TIAEoV €xel evepyomolnBel n yewntpla MOARWY, O XPNOTNG PWTATAL €dv emBupel va oTtapaTAoEL O

TAALOG. Aev pmopetl va yivel kapio alayr ota dedopéva kal otnv £€060 €dv eV OTOUATAOEL O TIOAUOG.

AUTO elval xpriolo SL0TL amokAeiel Tnv mepimtwon kamotou AdBoug kat va yivel onoladnmote aAAayr) mou

lowg Ba dnuloupyoloe MPOPBANUA OTOUV TOAMOUG €AEYXOU, Apa O0TO KUKAWMO LOXUOG Kal gV TEAEL TO

doprio.

do
k=getchar () ;
while ((k!='Y")&&(k!="y"));
TCCR1A=0x00;
TCCR1B=0x00;

printf ("\n Press 'Y' to stop the PWM generation \r");
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AkoAouBel To SLaypappa pong Tou KwoLKaL:

APXH

EIZAIQrH ENIO@YMHTHE
ZYXMOTHTAZ EZ0AQY

OxXl

NAI

EMNEPTOMOIHEH MAAMON
ME PRESCALER N=8
(MONAAIAIA AY=HZH
IZOYTAI ME 1psec)

ENEPTOMOIHEH MAAMQN
ME PRESCALER N=1
(MONAAIAIA AY=HIH
IZOYTAI ME 0,125usec)

— EIZAMQrH ENI@YMHTOY

DUTY CYCLE EM@ANIZH MPATMATIKON TIMON
XAPAKTHPIZTIKON EZOAOQY

OxXl

MIEZTE «Y» MNA TEPMATIZMO ]

Ewkova 6 Atdypopipol poriG Tou Kwaika
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2.4 KOkAwpa loxvog

2.4.1 NpoimoBoelg 0drynong muAng

Ot mpolmoBéoelc yla tnv odnynon tng muAng MOSFET oxUog i IGBT mou XpnOLUOMOLEITAL WG
SlakomTikd otoweio amd tnv mAsupd tng tpododoaiag (to drain tou MOSFET ocuvbéetal otnv
tpododoaia) umopouv va cuvoLotouv ota akdAouba:

e Htdon tng mUANG mpémel va eivat 10-15V uPnAdtepn amo tnv Tdon ¢ nnyng (Aéyovtag mnyn
avadEpetal oto source Tou MOSFET)

e Htdon tng mUANG TPETEL va lval EAeyXOUEVO OO KATIOLO O, avadEPOEVO OTn Yelwon.

e H woxug mou amnoppoddrat and to KUKAwHA EAEYXOU TNG MUANG Oev Ba mpEMeL va ennpealet
ONUOVTLKA TNV GUVOALKH amddoon.

2.4.2 Teyxvikn Bootstrap

Ma va kotadepel o 0dnyog va odnynost ta 0o MOSFET mpenel va SnuioupynBel évag deltepog
oubETepog, pLa Seutepn Tdon avadopdg yla To oTolxeio Tou omolou to drain BplokeTal oTnV MAEUPA TNG
tpododoaiag (High — side). H texvikn autr ovopdletal TeXVLKr Bootstrap.

MNa va dnuioupynBel autdg o SelTtepog «oUSETEPOC», TMPEMEL va ouvdebel HLa OMOMOVWEVN
tpododoaia otoug akpodékteg Vg kal Vs. Me autdv tov tpomo to High—side kavaAl Ba avolyokAeivel Thv
£€€060, petafl tnv BeTikn TN AUTAC TG Tpododoaoiag kal Tov oudEtepd TG, oUUdWVA HE TO ONUa
eAéyxou otnv eloodo. Tnv B€on tng tpododooiag aAUTAC, TNV TAlPVEL £vag TIUKVWTHG, O omolog
tpododoteital pe 15V péow pLog 6106ou Katd TV SLApKELA TTOU TO oTtolyelo dev ayel ( 6eSopévou OTL To
Vs mnyaivel otov oudétepo). MOALG doptioTtel MANPWG 0 MUKVWTING, N LoxUG mou PAEmel n mUAn tou
otolyeiou elval MOAU pikpr odnywvtog to MOSFET va kAeioel. EMelta, 0 MUKVWTING eKPOPTIlEL HECW TNG
OYWYNC Tou KAtw otolyeiou (Low-side).

H emloyn Twv otolxeiwv Bootstrap gival apkeTd onuavTky yla Tnv Asttoupyla Tou KukAwpotog. Ta
pova efwteplkd otolxeia ta omoia xpelalovial amapaltitwg yla pia amin edappoyn He XpAon tng
Slapdpdwonc tou evpoug Tou TaApol (PWM) eival n 6io60¢ kot 0 TUKVWTAC.

O mukvwtng PAEmel povo tnv taon tpododocioag. M autd xpeldlovtol ETMLTOMIOL TIUKVWTEC
ouvbebepévol atnv Tpododocia yla TNV avilotabuLlon TG QUTEMOYWYNC TWV YPAUUWY Tpododoaoiag wote
va gival ¢Atpaplopévn 600 yivetal KaAltepa. H xwpnTikotnTa Tou MUKVWTH Bootstrap opiletal amno ta
TOPAKATW:

e Tnv TAON OV OMALTELTOL YL TNV EVEPYOTTOiNGN TN TUANG Tou MOSFET

e lggs — pevHA Slappor g ToU KUKAWUOTOG 08ynong Tou otolyeiou tou kKAadou mou Bploketol
otnv MAeUpaA TG Tpododoaiag

e Ta pelpata amd TV evaAlayn Tou MUMESOU TAONG TOU KUKAWUATOG EAEYXOU

e To pelpa dappong petafd mUANG Kot tnyng (gate — source) tou MOSFET

e To pevpa Stapporg Tou UKvwTtr Bootstrap, otav mpokeLtol yia NAEKTPOAUTIKO TUKVWTH. X€
nepimtwon xpriong dA\ou TUMoU TUKVWTH, UIopel va ayvonOst.
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H eAAxLOTN T TOU TIUKVWTH WUITOPEL VA UTIOAOYLOTEL Qo TOV APAKATW TUTIO

1 1
2 ZQg + qbs}(cmax) +le + Cbs;eak)

B Vcc_Vf_Vls_VMin

omnou:

Q; =70 doptio ™G mUAnG tou FET mou Bploketal otnv mAeupd tng tpododoaiag

f = ouxvotnta Aettoupylag

I cbs(leak) = TO PEVHA SLapPONG TOU TTUKVWTH Bootstrap

Igbs(max) = LEYLOTO PV A SLOPPONG TOU ECWTEPLKOU KUKAWHATOG Bootstrap

V¢ = Tdon tpododoaoiag

V; = mtwon tdong otnv 6iodo Bootstrap

Vs = mtwon tdong oto FET mou Bploketal otnv MAeUpa& TG yelwong

Vuin = EAAXLOTN TAON aVARECA oTa AKpa Tou 08nyou Vi kot Vs

Qs = ¢doptio evarhayng Aoylkng otabung avda KUkAo ¢optiong kat ekdoptiong (tumikd 5nC yua
MOSFET pe péylotn taon Asttoupyiag 500V/600V, cav autd mou XpnoLUOmMoLoUVTaL OE QUTAV
TNV TTUXLOKH.

ATO TNV edoppoyr ToUu Mapamavw TUToU yla dlddopeg ocuxvotnteg Asttoupyiag kat pe dsdopéva

oUTA Tou daivovtal MapaKATW, TTPOKUTITOUV OL TTOPOKATW TLUEG TOU MUKVWTN Bootstrap:

Qg =210nC
lgbs(max) = 125pA
Ve =15V
Vi =1.2V
Vis =1.8V
Vmin =3.4V
Qs =5nC

T(POKUTITOUV OL TIOPOKATW TLUEC TOU TIUKVWTK Bootstrap:
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f |c (3,4v)| c (2v)

f |c (3,av)| c (2v)

f |c (3,av)| c (av)

f |c (3,4v)| c (2v)

1

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145

2,9E-05
5,9E-06

3E-06

2E-06
1,6E-06
1,3E-06
1,1E-06
9,3E-07
8,3E-07
7,4E-07
6,8E-07
6,3E-07
5,8E-07
5,5E-07
5,1E-07
4,9E-07
4,6E-07
4,4E-07
4,2E-07

4E-07
3,9E-07
3,8E-07
3,6E-07
3,5E-07
3,4E-07
3,3E-07
3,2E-07
3,1E-07
3,1E-07

3E-07

2,5E-05
5,1E-06
2,6E-06
1,8E-06
1,3E-06
1,1E-06
9,2E-07

8E-07
7,1E-07
6,4E-07
5,9E-07
5,4E-07

5E-07
4,7E-07
4,4E-07
4,2E-07

4E-07
3,8E-07
3,6E-07
3,5E-07
3,4E-07
3,2E-07
3,1E-07

3E-07
2,9E-07
2,9E-07
2,8E-07
2,7E-07
2,6E-07
2,6E-07

150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295

2,9E-07
2,9E-07
2,8E-07
2,8E-07
2,7E-07
2,6E-07
2,6E-07
2,6E-07
2,5E-07
2,5E-07
2,4E-07
2,4E-07
2,4E-07
2,3E-07
2,3E-07
2,3E-07
2,3E-07
2,2E-07
2,2E-07
2,2E-07
2,2E-07
2,1E-07
2,1E-07
2,1E-07
2,1E-07

2E-07

2E-07

2E-07

2E-07

2E-07

2,5E-07
2,5E-07
2,4E-07
2,4E-07
2,3E-07
2,3E-07
2,2E-07
2,2E-07
2,2E-07
2,1E-07
2,1E-07
2,1E-07

2E-07

2E-07

2E-07

2E-07
1,9E-07
1,9E-07
1,9E-07
1,9E-07
1,9E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07

300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445

2E-07
1,9E-07
1,9E-07
1,9E-07
1,9E-07
1,9E-07
1,9E-07
1,9E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,8E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,7E-07
1,6E-07
1,6E-07

1,7E-07
1,7E-07
1,7E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07

450
455
460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600

1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,6E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07
1,5E-07

1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,4E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
1,3E-07
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6,00E-05
5,00E-05
4,00E-05
3,00E-05
2,00E-05
1,00E-05
0,00E+00

- N O N O N O N O N O 1N o N O n o wn o w.nmo wmn o un o

N 1D ™NO AN N NO N I ~NO AN INnNN~NMNOAN IS O NN In N O

I " NN NN O S NN N N O

e THEG MukvWTA (VMin=3.4V) = TIHEG NMukvwTn (VMin=2V)

Ewova 7 Tipég mukvwtr Bootstrap avaAoya pe thv cuxvotnta

H Tl Tou MUKVWTI TIou eTUAEXBNKE TEAKA glval 22uF SLOTL glval n HéEon TLUN TIOU TPOKUTITEL OO TO

TAPATIAVW YPADNHA YLa CUXVOTNTEG TAvw amd 70-75 Hz.

0co ylwa TNV 6lodo Bootstrap, yla tnv emdoyn Tng MPENeL va emAexBel €tol wote va pmopsl va

MIAOKAPEL TNV TAON TIou PAEMEL Yl TO EKAOTOTE KUKAWHA. H TLur Tou pebpatog tng S168ou eival mpoiov

™N¢ ouxvotntag Slakomrg tou ¢optiou T MUANG tou FET.
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2.4.3 MAOKETO KUKAWUATOG LOXUOG

210 KUKAWWA LoYUOG, TO BOOIKOTEPO TUNUA TNE Slatagnc, uTtapxel n mAnpnc yédupa, H — Bridge, kot ot
oényol Twv MOSFET. ArntoteAeital and 600 MAVOUOLOTUTIA KUKAWUATA, OTOU TO KABe éva amod autd ival
uTtieLBUVO yLla TNV 0dnynon tou KaBe kKAASou Eexwplotd. Ta SOULKA OTOLXELD TOU KABE evOg amo autd,
elval ta akolouba:

e Eicobo¢ twv U0 TMOAUWV MPE NAEKTPLIKN ONMOUOVWON HECW OMTO-OMOUOVWTWY
(optocouplers) tumou CNY17-3. O okomog T Xprong Toug, €KTOC TNG ATTOUOVWONG,
glval kat yla tTnv av&non tou MAAToUG Tou TaApoU amnod ta 5V ota 15V. Me autdv tov
TPOTIO EMITUYXAVETAL N OWOTH cUVOEDN TNC €660V TOU UKPOEAEYKTH, TO TTAATOC TNC
oroltag gival 5V, pe to onua elcodou tou odnyou IR2110, To omoio MpPEMEeL va €XEL
TIAGQTOG TOoUuAd)LoToV 9,5V.

e 0O 0dnyocg IR2110 kat To KUKAwPA Bootstrap. O kdBe 0dnyog eAéyxel Tov €va kKAado
aro Toug Vo Tou mepthapPBavet ta Suo MOSFET tumou IRFP460.

e Ta 800 MOSFET ocuvbedepéva os oslpa Kal n €€060¢ mpog to poprtio.

IL Odnyo¢g TpwToU
1 KAGdou MOSFET
i . Ji Ji
Bootstrap W
OTTIKA
::> amouévwon
onuaTtwv
Bootstrap . e N
) )
Y
L OBnyo¢ deuTePOU e
B KAGdou MOSFET .
E¢odog 1pog 10
QopTio

Ewova 8 Block Siaypappa KUKAWpOTOG LloXUog
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Ewova 9 To KUKAwpa Loxvog

H Stadpoun mou kavouv ta SU0 onuata EAEYXOU HECA OTO KUKAWHA ELvVOL OPKETA OTTAN.
Apxka ta duo onuata, adou GIATPAPLOTOUV, ELCEPXOVTOL OTOV OMTIKO AmouovwTn. Ekel, omwg
TEPLYPAPETAL KOL TTAPATIAVW, TO MAATOG TNG TAONG TOU OAUATOC audavetal anod ta 5 ota 15 V
€T0L WOTE va UMopETeL va 0 06nyog va avtiAndBel to orpa otnv €lcodo tou. Enelta, Ta onfuota
eloépyovtal otov odnyo. Ekei, pe tnv PBoriBsia tou Bootstrap mukvwtr, dnuoupyeital €va
KOKAwHa OeUTepo pe EeEXxwPLOTO 0UbETEpPO yla tnv odnynon tou mavw MOSFET. Etol
Snuloupyoulvtal SVo avefdptnta onpata Ta omoio amo TG avtiotolxeg €€odoug Tou
OAOKANPWHEVOU KUKAWHOTOG 08NnyoUuVTaL HECW AVTLOTACEWVY OTLG TTUAEC Twv MOSFET.

Tnv 6la Aettoupyla €xel Kat To KUKAwHA yla tov devtepo kKAado. H povn dadopd, omwg
dalvetal kal mopandavw oto dtaypappa Babuidwv TOu KUKAWHATOG, OL MOApOL Ttnyaivouv
avamnoda otov Katw 0bnyo. Etotl ta MOSFET Ba Asttoupyoulv avd {evyn XLAOTEL.
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KEDAAAIO 3

AOKIMH TQON AIATAZEEQN KAI METPHXEIX




3.1 Aok Aatdéewyv

3.1.1 KOkAwpa SokLung Kat eAéyxou dlatafewv

MNa tnv 8ok TOU KUKAWHATOG oXUoC OAAG KOl TOU KUKAWHATOG €A£yXou
TIPAYLATOTIOLONKE TO KUKAW LA TTOU PALVETOL TTAPA KATW:

:> KUkAwua

eAEyYOU

Tpo@odoTIKO %M/i

@ ~15V DC J?

240V AC

Ewova 1 ZxnMaTiKh AmeIKOVION oUVSECHOAOYIOG SOKLUAG

H tpodobocia tng datagng €ywve apylkd pe TPodPodoTikO He eAEyXOUEVO PEUMA KAl TAON
€€660u. Mg aUTO ToV TPOTIO, N APXLKN TACN EL0OSOU NTAV OPKETA UELWMEVN avadOpLKA HE TNV
OVOUOOTLKN Taon Aettoupyiag. Etol, avtl tnv avopBwpévn taon dixtuou mou avépxetal ota 320V
nieplmou, xpnoLpomnotndnke n moAL xaunAn taon twv 14V. EnutAéov, og oelpad pe To TpododoTKO
kol Ta MOSFET tomoBetBnke pia avtiotaon MIKPNG TG, 50Q, peyaAng toxvog, 200W. Me
QUTAV TNV avtiotaon MelwBnke alobntd to pevpa yla va PelwBel n katamovnon twv MOSFET,
KaBw¢ NTav N MPwTeg SOKLUEG KOl SEV NTAV YVWOTH Ol CUUTEPLPOPA TOUG HE QUTO TO KUKAWHAL.
To peUpa ou §00nke oto KUKAWMA RATAV TtEpimou 50mA.

A6 tov PIKpoegAEyKTH, oL TtaApol tou 660nkav apxlkd ATav TETolol wote va e€acdalloTel N
owoTtn Aswtoupyia tou aviotpodéa. O avtiotpodéag Asttoupynoe o€ TOAU xapnAd emnineda
KaBwg dev NTav ocwoTto va AeLtoupynoeL ota 0pLa tou. Etol, emAéxBnke n cuxvotnta €€6dou va
puBuiotel ota 50Hz kat o Adyog tou xpovou Asttoupyiag mpog tnv nepiodo, Duty cycle, oplotnke
o010 25%,émnetta oto 40% Kkal téEAog oto 50%.
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3.1.2 MeTpRoeLg SoKLUWV

OL mapakdTw ypodlkéC adopolv TNV £€£060 TOU UIKPOEAEYKTH. MPOKELTAL yla TTOALOCELPEG
mou SnuioupynBnkav pe Oladopeg TWHEG ouxvotntag. Onmwe daivetal ota ypadnuota, n
TIOALLOOELPA HE TO KITPLVO XpwHa gival n akpLBwWE aviiBeTn Le AUTAV UE TO TPACLVO XpWHA. AUTO,
npodavws cupPaivel yia va emiteuxBetl n pn Asttoupyia Tou gvog {elyoucg TaUTOXpOVA HE TO
AaAAo.

OL ouxvotnTeg Tou eTiAéXOnKav nTav ta 50Hz Kal oL TEPLTTEC APHOVIKEG ocuxvoTtnTeg: 150Hz,
250Hz, 350Hz, 450Hz, 550Hz, 650Hz, 750Hz. EmunAéoy, e€etdotnkav Kal SU0 OKOUA PEYAAUTEPNC
TWNRG ouyxvotnteg, oto 1kHz kat 2 kHz, ywa tnv emoAnBeuon ¢ owoTHG AELTOUPYLAC TOU
TIPOYPAUMATOC TOU ULKPOETEEEPYAOTH).
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H enopevn ¢wtoypadio amodelkvUieL auto mou avadpEpeTal otnVv apxr, 0Tl ot SUo maApol Sev

tavuTtilovtal o€ KAmolo onueio:

Savel/Recall
Storage
24-Bitmap

FPara Save
JFF

External

Crisk Mor.

1.28U F rea=#:+:

Ewkova 12 Xpoviko Siaotnua peta€l tng Asttoupyiag Twv uo moApwv

OL mapakATw ypadkeg adopolv TNV £€0650 TwWV OAOKANPWHEVWV TIPOC TLC TIUAEC Twv MOSFET
XWPLg va Asttoupyolv Opwe ta idta. Ol ouxvoTNTEG TWV TMOAMWV €ival akplBwg ot idleg. Omwg
elvalr davepd, oL moApol autoi eivar moAl mo kaBapoi. Exouv Alyétepo B6pufo kal ot
HETABACELS TWV KATAOTACEWV lval 1o ypryopes. Emiong, onwg daivetal ota Staypdaupata, n
TAon TOU oNuatog eival apketd vPnAR wote va AeltoupyolV TA OAOKANPwHEVA KOl va

gvepyomnotnBouv ta MOSFET.
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3.2 Metpnoelg

3.2.1 KUKAwpQ yLa TNV MpayUatTonoinon LETPNOEWV OE KAVOVIKEG CUVONKEG

Metd tnv OOKLU TOU KUKAWMOTOC LOXUOC OAAA KAl TOU KUKAWHATOG €AEYXOU TIOU
TeplypadnKke otnv mponyoupevn evotnta, n Owatafn kpiBnke £towun yla Asltoupyia umo
KOVOVIKEC ouvOnKeg. To KUKAWHO TIOU TIPAYUATOTOLNONKE yla TIC HETPAOELS QUTEC €lval TO

akoAoubo:
1mr
:> KukAwpa
. eAéyxou
Tpo@odoTIKO VoV J
N 50V DC - 15VA%:OOV
—p— n
240V AC Poprio

Ewkova 23 ZIXNMOTLKA OUTELKOVLON OUVSECLOAOYIAG LETPAOEWVY

Auti TNV popd to TPodoSoTIKO ATAV TTOAU HeEYOAUTEPWVY SUVATOTHTWY OO TO TTPONYOUUEVO.
H péylotn taon €€66ou nNtav ta 200V. Me autov tov TPOmo UnHPXe N duvatotnta SnpLoupylog
eVOAAOOOOpEVNG TAONG  €wg Kat 400Vp, KdtL mou Ouwg Sev Atav amapoaitnto yio tnv
OUYKEKPLUEVN edappoyr). EMelta, 0to KUKAWUA, akoAouBel pia petaBAntn avtiotaon twv 50Q —
200W yLa tov €Aeyxo TOU PEUATOG.

Q¢ doptio ota MOSFET €xeL tornoBetnOel puLa avtiotacn 25Q — 200W.
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3.2.2 METPAOELG OE KAVOVIKEG OUVONKEG

OL petpnoslg xwplotnkav oe SU0 okEAN. Apxlka 800nke pikpn tdon ewcodou, emumédou 20-
25V, kal pe ouxvotnta ota 50Hz, petaBAnBnke to pevpo HE TNV XPRon TG HETaBAnTng
avtiotaong amod ta 130 — 200mA. Enelta, pe TN pevpartog ota idla emineda, n ouxvotnta
HeTaBAnOnke péxpt to 1kHz.

To &eltepo okéNog mpogPAeme tnv emiPoAr) peyaAutepng mMAEov TAonG ¢tavovtag ota
enineda twv 100-110V. Ot cuxvoTNTEG MOPEPELVAV OTO (6lo emimedo evw N TIUN TOU PEUHATOG
ATV o€ TTOAU PeYAAUTEPO EMITIESO TNE TAENG HEPLKWV EKATOVTASWV MA.

AkoAouBoUV oL UETPHOELG TOU TTPWTOU OKEAOUG:
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AkoAouBoUvV ol PETPROELG Tou SeUTEPOU OKEAOUG:
lo = 500mA

Ewova 29 50Hz - E§ob0¢ avtiotpodia - AsUTEPO OKEAOG
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Ewova 30 50Hz - Eob0¢ avtiotpodia - AsUTEPO GKEAOG
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KEDAAAIO 4

Zuumepaopata — [IpoTAcELS Yia LEAAOVTIKY) Epyacia




ZUpdpwva PE TIG UETPAOCELG TIOU EYLVOV KOL TTIOLPOUCLACTNKAV OTO T(POoNyoupevo kedpdAalo, o
OVTLOTPOEQC TIOU ETUXELPRONKE va KATAOKEVAOTEL Aettoupyel oUpdwva pe TG podlaypadEg
Tou TéOBnKav apxlkd. Aivetal n Sduvatotnta va eleyxBel MANPwe To €€epxOpEVO onpa 6oov
adopd TNV CUXVOTNTA KAl TO TAATOG TNG TAONC.

H ouokeun autn pmopel va xpnolpomnolnBel, ektog tng edapuoyn yla Tnv onoia oxeSLACTNKE,
yla TTOAAEG eDAPUOYEC TOU €pyacTnpiou aAAd Kal va xpnotpornotnBet anod doltntég we epyaleio
AWV yla GANEG EpyaoieG.

MNa tnv avamtuén kat tnv €€EAEN TNG OUOKEUNG AUTAG TPOTEIVETAL N TOTMOBETNON £VOG
diAtpou  otnv  €€0b6o  €tol  wote va  dnuioupynBel  €va  TMARPEC NULITOVIKO  Onua.
Eniong Ba ntav xpnowuo va mpootedel pa Babuida pétpnong pevpato¢ oto $poptio yla Tov
TANpn €Aeyxo tn¢ Aeltoupyiag Tou avtiotpodEal.

Oocov adopd TNV XPHon TNG CUOKEUNG, Oa mapouciale apKeTd Heyaho evlladépov n
HEAAOVTLKN) XPiON TNG OUCKEUNG yla TNV UEAETN TNG CUMMEPLPOPAC TWV AQUMTHPWVY Kal TNV
ovamntuén amodoTIKOTEPWY CUCTNUATWY GWTLOUOU amd auTA TIou XpnoLupomnololvtal orpepa. H
Bopnxavia. Tou ¢wWTOHOU Tapouctalel pa avamtuén n omoia Ba SikaloAoyovuoe kal Ba
eméBaAAe pia tEtola HeEAETN.
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[Ipoypappo Kol oxESLA TAAKETWV




Mpoypaupa

#include <megal6.h>
#include <stdio.h>
#include <stdlib.h>
#define saft 2

unsigned char k=0;
unsigned int Fr=0,D=0, time;
float usec;

volid main (void)

{

char dutyStr[3],outFrStr[6];
PORTD=0x00;

DDRD=0xFF;

UBRRH=0x00;
UBRRL=0x19;
UCSRB=0x18;
printf ("\n\r George Tsagarakis Final Project \n");

while (1)
{
do
{
printf ("\n\r Output Frequency (50-15000 Hz):");

scanf ("%1i", &Fr) ;

}
while ((Fr<50) || (Fr>15000)):;

do
{
printf ("\n\r Duty cycle (2-49):");
scanf ("sd", &D) ;
}
while ((D<2) || (D>49));

usec=le6/ (float)Fr;

TCNT1=0x00;

if (Fr<1001)

{

ICRl1=(unsigned int)usec;

OCR1B=D* (unsigned int) (usec/100.0) + saft;



OCR1A=0CR1B - 2*saft;

TCCR1A=0b10110010;

TCCR1B=0b00011010;

printf ("\n\r Fr= %$f",1le6/(float) ICR1);

printf ("\n\r D= %d", (OCR1B - saft) / (unsigned int) (usec/100.0));
}

else

{

ICRl1=(unsigned int) (usec*8);

OCR1B=D* (unsigned int) (8*usec/100.0) + saft;

OCR1A=0CR1B - 2*saft;

TCCR1A=0b10110010;

TCCR1B=0b00011001;

printf ("\n\r Fr= $f",8*1le6/ (float)ICR1);

printf ("\n\r D= %d", (OCR1IB - saft) / (unsigned int) (8*usec/100.0));
}

printf ("\n\r period (usec) = %f",usec);

printf ("\n Press 'Y' to stop the PWM generation \r");
do
k=getchar () ;
while ((k!="Y")&& (k!="y"));
TCCR1A=0x00;
TCCR1B=0x00;



IXNULATIKO KUKAWLLOTOC EAEYYOU

Rzo1
LMTH0SA WD
- veo AR
[gour }—=—F
0
]
=L .c &)
100N 10000 1_. Ml_s..
2=
. 208
1
2
3
[EEET) i
5
SET L
7
e 1
5
10
CoNio -
ciz
o
ce
ST .
cou il
oo o) oon
- L ic2
oﬂl_ 8 row wv.m R1 OUT ——{ W
o—F 0/ —— RN R OUT
o1 CssD-p—nm o
o——7 S THOUT ——
=hil o g [
ot @ —ci a =
+ A preem _ v. I_
0By o T
10Ps 0.1028

N
KLEMA_10P

11111111111

) :lll .[.;L,L,...‘;,

i
SN

d




i
M O ooooou

e
Ly

o———/_‘_\'.

i

({°
i

?

PCB KUKAWMOTOC EAEYYOU
@ (-
, o Go
&;—— °

8




WUOTOC oYU OC

I

IYNULOATIKO KUKA

g | LiF
» s | 1100 TEl st
¥
VO RN it
Ml
aso
= axo axo ”
o 5 = = Tano
= i nwag =
00001 Al oung =)
a3 o9 M s B
D] . T —f o1 | |v_ﬂ
< e -— ™02 ON f— e
200 s5A 5 2
3l ey €l Ast A TaNo
AST 9T N — '_\ Han =
A s Mﬂ /mm T O _INIHU K
e > —
e =3 *qon  am 61 aet [ ;
£ AST riedéed Ast ¥in
24001 .
3\ ogdey| LOONI#G oo
0 .
= |WTI. z ~ =  sudig
_ t ) va At tao | I
= .
€ axo Fiied c
= aso ano B dry
_ = — ano
T 7 ran =
.ﬂ_h ourra i =3
21..% — T 01 N $ uv..u%l :
v <4 -— )02 N - In ~
=—1 308 ssA F ok
3l [boey G Ast o0 TaNo
Ast *l N1 WO =
e = 8 L _|w|u1%1hu
e © e w o bl 3 Y- S W i
T AT tiegded Ast Yri
24001
A 1odden|  LO0N1WOIG




PCB KUKAWMOTOC LOYVOC




[MTapaptnua B
duvAAaSLa oAokAnpwpévwy, Twv MOSFET kat Tou
LIKPOEAEYKTT)
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Description

The CNY17 contains a light emitting
diode optically coupled to a photo-
transistor. It is packaged in a 6-pin
DIP package and available in wide-
lead spacing option and lead bend
SMD option. Collector-emitter
voltage is above 70 V. Response
time, tr, is typically 5 ps and
minimum CTR is 40% at input
current of 10 mA.

Functional Diagram

PIN NO. AND INTERNAL
CONNECTION DIAGRAM

6 5 4

BV
»

1 2 3
1. ANODE 4. EMITTER
2. CATHODE 5. COLLECTOR
3.NC 6. BASE

1 F
ANODE 0

CATHODE ; §

Agilent CNY17-x

Phototransistor Optocoupler
High Collector-Emitter

Voltage Type
Data Sheet

Ordering Information
Specify part number followed by
Option Number (if desired).

CNY17-3-XXXE

Lead Free
—— Option Number

000 = No Options

060 = IEC/EN/DIN EN 60747-5-2
Option

WO00 = 0.4" Lead Spacing Option

300 = Lead Bend SMD Option

500 = Tape and Reel Packaging
Option

Schematic

! 6
————OBASE

VE

e}

5
COLLECTOR

4
EMITTER

Features
+ High collector-emitter voltage
(Vceo=70V)
* High input-output isolation voltage
(Viso=5000Vrms)
* Current Transfer Ratio
(CTR: min.40% at I =10 mA,
Vee=5V)
* Response time (t,: typ., 5 s at
Vee=10V,lc=2mA,RL.=100Q)
* Dual-in-line package
» UL approved
+ CSA approved
+ IEC/EN/DINEN60747-5-2 approved
* Options available:
— Leads with0.4" (10.16 mm)
spacing (W00)
— Leads bends for surface
mounting (300)

— Tape and reel for SMD (500)
— IEC/EN/DINEN 60747-5-2
approvals (060)

Applications

+ System appliances, measuring
instruments

+ Signal transmission between
circuits of different potentials and
impedances

» Feedback circuit in power supply

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to
prevent damage and/or degradation which may be induced by ESD.

: ::" Agilent Technologies



Package Outline Drawings
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CNY17-X-300E
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DIMENSIONS IN MILLIMETERS AND (INCHES)

Solder Reflow Temperature Profile

1) One-time soldering reflow is
recommended within the
condition of temperature and
time profile shown at right.

2) When using another soldering
method such as infrared ray
lamp, the temperature may rise
partially in the mold of the
device. Keep the temperature on
the package of the device within
the condition of (1) above.

Absolute Maximum Ratings

NO. *2 (0.287)
35+£05
T T o (0.138)
6505 l | ! ‘ oy
(0.256) L L -
12+ 0.1»‘ ‘k
(0.047) 2.54+0.25
0.1)
250°C
217°C

Temperature (°C)

25°C

150°C

7.3+05

7.62+0.3

* ©0.3)

0.35 +0.15/-0.10
(0.014)

035:025 . ‘ 1.0+0.25

T

(0.014) (0.039)

10.16 +0.3

(0.4)

30 seconds

260°C (Peak Temperature)

200°C

60 sec

60 ~ 150 sec 90 sec

60 sec
|

Time (sec)

Storage Temperature, Tg

—55°Cto+150°C

Operating Temperature, Ta

—55°Cto+100°C

Lead Solder Temperature, max.
(1.6 mm below seating plane)

260°Cfor10s

Average Forward Current, If

60 mA

Reverse Input Voltage, Vg

6V

Input Power Dissipation, P

100 mW

Collector Current, I¢

150 mA

Collector-Emitter Voltage, Vceo

nv

Emitter-Collector Voltage, VEco

6V

Collector-Base Voltage, Vcgo

nv

Collector Power Dissipation

150 mW

Total Power Dissipation

250 mW

Isolation Voltage, Viso (AC for 1 minute, R.H. = 40 ~ 60%) 5000 Vrms




Electrical Specifications (T = 25°C)

Parameter Symbol  Min. Typ. Max. Units Test Conditions
Forward Voltage VE - 14 1.7 \" IF=60mA
Reverse Current IR - - 10 HA VR=6V
Terminal Capacitance Ct - - 100 pF V=0,f=1MHz
Collector Dark Current Iceo - - 50 nA Vee=10V
Collector-Emitter Breakdown Voltage  BVcEg 70 - - \" Ic=01mA Ig=0
Emitter-Collector Breakdown Voltage  BVgco 6 - - Vv [E=10pA, IF=0
Collector-Base Breakdown Voltage BVceo 70 - - \" Ic=01mA Ig=0
Collector Current I 4 - 32 mA IE=10mA
*Current Transfer Ratio CNY17-1 CTR 40 - 80 % Vee=5bV
CNY17-2 63 - 125
CNY17-3 100 - 200
CNY17-4 160 - 320
Collector-Emitter Saturation Voltage VeE(sat) — - 0.3 Vv [F=10mA, Ic=25mA
Response Time (Rise) t - 5 10 Us Vee=5V,Ic=10mA
Response Time (Fall) t - 5 10 Us RL.=100Q
Isolation Resistance Riso 1x101  — - Q DC500V
40~60% R.H.
Floating Capacitance Cs - - 2 pF V=0,f=1MHz
* _ IC 0,
CTR= " x 100%
z
80 | 200 2 iF=10mA
<é: S Voo=565V
i % 160 m ° | Ty = 25°C
= 60 Q 150 = N N
z 0 | \ N
& 8 \ z N
x o \ = Ry_=200 &~ ~!
O 40 \ & 100 5 4 HHHHH it
£ ¢ N\ 0 R =180~ N[l
< o \ ¢ G | LA
z o E Rp= 750
o 20 5 50 \ o \\
0 o - g
i 3 1\‘
o "t Q oly -10
5525 0 25 50 75 100 125 '\, 85725 0 25 50 75 100 125 05 1 2 5 10 20 50100 200 500
Ta —AMBIENT TEMPERATURE - °C & Ta —AMBIENT TEMPERATURE - °C f— FREQUENCY —KkHz
Figure 1. Forward current vs. temperature. Figure 2. Collector power dissipation vs. Figure 3. Frequency response.
temperature.
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International
ISR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
* Gate drive supply range from 10 to 20V lo+/- 2A [ 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground =5V offset ton/off (typ.) 120 & 94 ns
* CMOS Schmltt-trlgger_ed inputs with puII-dO\{vn DeIay Matching (|R2110) 10 Ns max.
® Cycle by cycle edge-triggered shutdown logic IR2113) 20
* Matched propagation delay for both channels ( ) ns max.
L]

Outputs in phase with inputs Packag es
Also available LEAD-FREE

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output
channels. Proprietary HVIC and latch immune CMOS technologies 14-Lead PDIP 16-Lead SOIC

R ol . .. IR2110/IR2113 IR2110S/IR2113S
enable ruggedized monolithic construction. Logic inputs are compat-
ible with standard CMOS or LSTTL output, down to 3.3V logic. The
output drivers feature a high pulse current buffer stage designed for minimum driver cross-conduction. Propaga-
tion delays are matched to simplify use in high frequency applications. The floating channel can be used to drive
an N-channel power MOSFET or IGBT in the high side configuration which operates up to 500 or 600 volts.

Typical Connection up to 500V or 600V

<
P — EN
i
&

VDD VDD VB

™
HIN o HIN Vg o TO
SD o SD — A oLOAD
LIN © LIN Ve <

[ —

Ve © Vgg COM L ‘ :.__Ij(
Ve — LO NN\

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Internationall
TIGR Rectifier

Symbol Definition Min. Max. Units
\:) High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset voltage Vg -25 Vg + 0.3
VHo High side floating output voltage Vs -0.3 Vg + 0.3
Vce Low side fixed supply voltage -0.3 25
VLo Low side output voltage -0.3 Vce +0.3 v
Vbp Logic supply voltage -0.3 Vss + 25
Vss Logic supply offset voltage Vce - 25 Vce +0.3
VIN Logic input voltage (HIN, LIN & SD) Vss - 0.3 Vpp + 0.3
dvg/dt Allowable offset supply voltage transient (figure 2) — 50 V/ns
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — 1.25 W
RTHIA Thermal resistance, junction to ambient (14 lead DIP) — 75 3
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vs and Vss offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vg + 10 Vs + 20

Vs High side floating supply offset voltage (IR2110) Note 1 500

(IR2113) Note 1 600

VHO High side floating output voltage Vs VB
Vce Low side fixed supply voltage 10 20 Vv
Vio Low side output voltage 0 Vce
Vbp Logic supply voltage Vgs + 3 Vss + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Vbp

TA Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vs of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2
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IR2110(S)/IR2113(S) & (PoF)

Dynamic Electrical Characteristics

Veias (Vce, VBs, Vpp) = 15V, Ci = 1000 pF, Ta = 25°C and Vgs = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Symbol Definition Figure| Min. | Typ. |Max. | Units |Test Conditions

ton Turn-on propagation delay 7 — 120 | 150 Vg =0V
toff Turn-off propagation delay 8 — 94 125 Vs = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 ns Vs = 500V/600V
tr Turn-on rise time 10 — 25 35
tf Turn-off fall time 11 — 17 25
MT Delay matching, HS & LS (IR2110) — — — 10

turn-on/off (IR2113) — — — 20

Static Electrical Characteristics
Veias (Vce, VBs, Vpp) = 15V, Ta = 25°C and Vss = COM unless otherwise specified. The VN, VTH and Iy parameters
are referenced to Vss and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and Ip parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Symbol Definition Figure |[Min. | Typ. Max.| Units |Test Conditions
VIH Logic “1” input voltage 12 9.5 — —
VL Logic “0” input voltage 13 — — 6.0
VoH High level output voltage, Vgias - Vo 14 — — 1.2 v lo = 0A
VoL Low level output voltage, Vo 15 — — 0.1 lo = 0A
ILk Offset supply leakage current 16 — — 50 Vg=Vs = 500V/600V
loBs Quiescent Vgs supply current 17 — 125 | 230 ViN =0V or Vpp
loce Quiescent Ve supply current 18 — 180 | 340 UA VIN =0V or Vpp
lobD Quiescent Vpp supply current 19 — 15 30 VIN =0V or Vpp
IIN+ Logic “1” input bias current 20 — 20 40 VIN = VDD
IIN- Logic “0” input bias current 21 — — 1.0 VN = 0V
VBSuUv+ VBs supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBSUV- VBs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vccuv+ | Ve supply undervoltage positive going 24 7.4 8.5 9.6
threshold \
Vccuv- Vcc supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 2.5 — Vo =0V, VN =VDD
PW <10 us
lo- Output low short circuit pulsed current 27 2.0 2.5 — A Vo =15V, V|N =0V
PW <10 us

www.irf.com




IR2110(S)/IR2113(S) & (PbF) Infernational

TR Rectifier
Functional Block Diagram
| _________________________________________________ l
| s —4v,
I
uv I
VDD+_> R O |
| = |
PULSE R HO
HIN §28 LEVEL !
| ) SHIFT | PULSE A
: L —o GEN |
|
SD T_g i>——m0 ® Vee
i uv :
I VI, DETECT |
LIN &9 £} . LEVEL [— Lo
| S SHIFT |
| = R Q DELAY :
Ves . coMm
L I
R
Lead Definitions
Symbol| Description
VbD Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
VB High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vce Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
N Ho [B]
3] Ho [7] [io] v [7]
(s vop vs [6] [iT] vob vs 5]
0] HIN Vs [5] [0z] HIN 1
[if] sp 4] 5] sp 1
2] unN vee [3] [14] un vee [3]
O3] vss com [Z] [5] vss com [2]
0 o~ [T ] o~ M
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/IR2113 IR2110S/IR2113S
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ToR Rectifior IR2110(S)/IR2113(S) & (PbF)

HV =10 to 500V/600V

+
100pF

x

= < S T 10kF6]
HIN ] L
LIN = {>—‘ 7 oo
v

—11 1] v l ‘l_/;;>50 Vins
o 12 D_I_ OUTPUT  10KF6

MONITOR 1

132

HO ] IRFSZOC Il
Lo

o
3
= ¢
T
=
I

=T

Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply Voltage Transient Test Circuit

Ve =15V
o
11 v
10 Lo1 ] ° B
lUF l HF o1l 110 15v
= = 9 3 6 T TuF :
5 oV,
HIN o——1 10 1 1o 0t 50(S)V/600v
L T %6 1o O )

T 10 90% 90%

1
Lo < WF
LIN o—Ll>_l_ __°C =
L

all—)

Figure 3. Switching Time Test Circuit Figure 4. Switching Time Waveform Definition

50%
SD Lo/ /Ho

tsd

10%
HO 90%
LO MT MT
90%
Lo\ \HO

Figure 5. Shutdown Waveform Definitions Figure 6. Delay Matching Waveform Definitions
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IR2110(S)/IR2113(S) & (PbF)
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Figure 7A. Turn-On Time vs. Temperature
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Figure 8A. Turn-Off Time vs. Temperature
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Figure 9A. Shutdown Time vs. Temperature
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Turn-Off Fall Time (ns)
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Figure 12A. Logic “1” Input Threshold vs. Temperature
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Figure 13A. Logic “0” Input Threshold vs. Temperature
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IGR Rectifier
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IGR Rectifier
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320V 140V 320V 140V
150 150
125 125
1ov
o o
< 100 g 100
§ 1ov §
g 75 g 75
é 50 é 50
) T ) petiuedd
25 =7 25
0 0
1E+2 1E+3 1E+4 1E+5 1E+6 1E+2 1E+3 1E+4 1E+5 1E+6
Frequency (Hz) Frequency (Hz)
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TSR Rectifier
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Figure 35. IR2110S/IR2113S T, vs. Frequency (IRFPE50) Figure 36. Maximum Vs Negative Offset vs.
Reate = 10Q, Vcc = 15V VBs Supply Voltage
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Case Outlines

IR2110(S)/IR2113(S) & (PoF)
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LEADFREE PART MARKING INFORMATION

Part number——l RXXXXXX

Date code —— YWWZ Ii ?R _

IR logo
L 2XXXX
::t’jenjt-ifier ‘ 1
Lot Code
? MARKING CODE (Prod mode - 4 digit SPN code)
P Lead Free Released
Non-Lead Free
Released
Assembly site code
Per SCOP 200-002
ORDER INFORMATION
Basic Part (Non-Lead Free) Leadfree Part
14-Lead IR2110 order IR2110 14-Lead IR2110 order IR2110PbF
14-Lead IR2113 order IR2113 14-Lead IR2113 order IR2113PbF
16-Lead IR2110S order IR2110S 16-Lead IR2110S order IR2110SPbF
16-Lead IR2113S order IR2113S 16-Lead IR2113S order IR2113SPbF

International
IGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
Data and specifications subject to change without notice.  3/23/2004
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IRFP460

International
Rectifier

HEXFET® Power MOSFET

® Dynamic dv/dt Rating
® Repetitive Avalanche Rated D
® |solated Central Mounting Hole
® Fast Switching
[
[ J

VDSS = 500V

Ease of Paralleling Rbs(on) = 0.27Q2
Simple Drive Requirements

s |D = 20A

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TO-247AC

Absolute Maximum Ratings

Parameter Max. Units
Ip@ T¢c=25°C Continuous Drain Current, Vgs @ 10V 20
Ip @ Tc =100°C | Continuous Drain Current, Vgs @ 10V 13 A
lom Pulsed Drain Current ® 80
Pp @ Tc=25°C | Power Dissipation 280 4
Linear Derating Factor 22 W/°C
Vas Gate-to-Source Voltage +20 \'/
Eas Single Pulse Avalanche Energy @ 960 md
lar Avalanche Current @ 20 A
Ean Repetitive Avalanche Energy © 28 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Raic Junction-to-Case — — 0.45
Recs Case-to-Sink, Flat, Greased Surface — 0.24 — °C/W
Raa Junction-to-Ambient — - 40 ‘_J
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(BR)DsS Drain-to-Source Breakdown Voltage 500 — — V| Vas=0V, Ip= 250uA
AV (sRr)pss/AT,| Breakdown Voltage Temp. Coefficient — | 0.63 | — | V/°C |Reference to 25°C, Ip= 1mA
Rosion) Static Drain-to-Source On-Resistance — — 0.27 Q | Ves=10V, Ip=12A @
Vasqn) Gate Threshold Voltage 2.0 — 4.0 V| Vps=Vas, Ip= 250uA
Ofs Forward Transconductance 13 — — S | Vos=50V, Ip=12A ®
Inss Drain-to-Source Leakage Current — — 25 pA Vos=500V, Ves=0V
— — | 250 Vps=400V, Vas=0V, Ty=125°C
lass Gate-to-Source Forward Leakage — — 100 nA Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — — | 210 Ip=20A
Qgs Gate-to-Source Charge — —_ 29 nC | Vps=400V
Qg Gate-to-Drain ("Miller") Charge — — 110 Vgs=10V See Fig. 6 and 13 ®
td(on) Turn-On Delay Time — 18 — Vpp=250V
1 Rise Time — 59 — ns Ip=20A
td(off) Turn-Off Delay Time — 110 — Rg=4.3Q
1 Fall Time — 58 — Rp=13Q See Figure 10 ®
Lo Internal Drain Inductance — 5.0 — ga\c]/qe?gzlg?:,) ’
nH | from package GQ
Ls Internal Source Inductance — | 13 | — and center of
die contact s
1 Ciss Input Capacitance — 4200 — Vas=0V
Coss Output Capacitance — 870 | — pF | Vpg= 25V
Crss Reverse Transfer Capacitance — 350 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current . _ 20 MOSFET symbol D
(Body Diode) A showing the
lsm Pulsed Source Current — | — | & integral reverse @ ‘
(Body Diodé) © p-n junction diode. is
Vsp Diode Forward Voltage — — 1.8 V| Ty=25°C, Is=20A, Vgs=0V @
trr Reverse Recovery Time — | 570 | 860 | ns |Ty=25°C, Ir=20A
Qr Reverse Recovery Charge — 57 | 86 | uC |di/dt=100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by ® Isp<20A, di/dt<160A/us, Vop<V (BR)DSS,
max. junction temperature (See Figure 11) TJ<150°C
@ Vpp=50V, starting Ty=25°C, L=4.3mH @ Pulse width < 300 us; duty cycle £2%.

RG=25Q, 1aAs=20A (See Figure 12)
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

3oy P~
M 7~
sorron 3.5V) A
! S
y, 4
y 4

4.5V

20us PULSE WIDTH
Te = 25%

100
100 10!

Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,
Tc=25°C

10!

7
ét 250¢
0 / Vog = 5OV

20us PULSE WIDTH
4 5 6 8 9 10

Vas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transfer Characteristics

Rbs(on), Drain-to-Source On Resistance

Ip, Drain Current (Amps)

(Normalized)

P
ey T
5.5V

Joorzon v "gﬁ

Y
/
0! = 5 =]
A
//
4

20us PULSE WIDTH
To = 1500C

100

100 101

Vps, Drain-to-Source Voltage (volts)

Fig 2. Typical Output Characteristics,

3.0

Tc=150°C

Ip = 20A

0.5

VGs = 10V

"l80 -40 20 0 20 40 60 B0 100 120 140 160
T4, Junction Temperature (°C)

Fig 4. Normalized On-Resistance

Vs. Temperature
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Capacitance (pF)

Isp, Reverse Drain Current (Amps)

10000 Vs = OV, f - 1Mz
Ciss = Cgs * Cga Cds SHORTED
Crss = Cgd
8000 >y Coss = Cds * Cgg
500 \sts~
N all
N N,
4000
\N
COSS\
™
L | T
2000 = Crss ] <
\\\ N
N
0
100 10!

Vps, Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

2
10 =
/"”'
papz
4 '
//
Y/
4
/ 4
1500C /
250¢
/ Vgg = OV
10!
0.5 0.8 1.0 1.2 1.4 16 18 2.0

Vgp, Source-to-Drain Voltage (volts)

Fig 7. Typical Source-Drain Diode

Forward Voltage

Vas, Gate-to-Source Voltage (volts)

Ip, Drain Current (Amps)

2 1
Ip = 20A
VDS = 400V J
\ = 250V 7
DS IR
16 VDS = 100V
%
A
12
w
8 ’,"’:”/"
)4
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) //
FOR TEST CIRCUI
SEE FIGURE 13
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Qg, Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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Fig 8. Maximum Safe Operating Area
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|p, Drain Current (Amps)

20
16 N
12 \\
N,
8 \\\
\
4
Q0
25 50 75 100 125 150

Tc, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature

Thermal Response (Zgc)

Fig 11.
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Vos A

a3
Voo

Pulse Width < 1us
Duty Factor < 0.1%

H

Fig 10a. Switching Time Test Circuit

Vbs
o N/

I
|

[ ——

10% -
71
ves—/' _!
tdon) tdth) U

Fig 10b. Switching Time Waveforms

S==sei]
T
pO=0
ettt 1
1 Ba2 e <
fo. 1 ==
unll
po.05 b
| s N
| %, " 11
bo.02_p "Ll SINGLE PULSE
2o .ol (THERMAL RESPONSE) -
oL
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[
NOTES:
1. DUTY FACTOR, D=t1/t2
5 2. PEAK Tj=Pgy x Zenjc *+ Te
1078 1074 1073 1072 0.1 1 10

ty, Rectangular Pulse Duration (seconds)
Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vary 1o to obtain Vs Lk
required las
D.UT. 2400 i
I
K " ToP 8.9
— 134
--_VDD = 2000 30TTOM 204
E
las >
2 1600
0019 2 \
1 L
H . y H H 3 1200 \
Fig 12a. Unclamped Inductive Test Circuit 2
a
)]
V(BR)DSS © 800 \\
s
[ tp —j & ~
< 400
/ w I~
/
vpp = 5OV I
VDS——— / \ 0 Do
/ 25 50 75 160 125 150
/ \\ Starting T, Junction Temperature(°C)
las — — — — — -

Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Current Regulator

Q >
ol —— e ————  e-TEEesesse—— Loy
DUT T
]‘ - Qas ~p— Qab — E;>

Ve ama T [

4l

Charge ——» s o
Current Sampiing Resistors

Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 'nternational
Rectifier
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Features
* High-performance, Low-power AVR® 8-bit Microcontroller
¢ Advanced RISC Architecture
— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz _®

— On-chip 2-cycle Multiplier
¢ High Endurance Non-volatile Memory segments
— 16K Bytes of In-System Self-programmable Flash program memory

- 512 Bytes EEPROM 8-bit AVR ®

— 1K Byte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM i

— Data retention: 20 years at 85°C/100 years at 25°C" M |crocontr0| Ier

— Optional Boot Code Section with Independent Lock Bits H
In-System Programming by On-chip Boot Program Wlth 1 6K Bytes
True Read-While-Write Operation

— Programming Lock for Software Security In'SVStem

¢ JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard Prog ram mable

— Extensive On-chip Debug Support

— Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface FIaSh
* Peripheral Features

— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode ATmega1 6

— Real Time Counter with Separate Oscillator
— Four PWM Channels
— 8-channel, 10-bit ADC ATmega1 6 L
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface
— Programmable Serial USART Su m mary
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
¢ Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
¢ |/O and Packages
— 32 Programmable I/O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
* Operating Voltages
— 2.7 - 5.5V for ATmega16L
— 4.5 - 5.5V for ATmegai6
¢ Speed Grades
— 0 - 8 MHz for ATmegai6L
— 0-16 MHz for ATmegal6
* Power Consumption @ 1 MHz, 3V, and 25°C for ATmegal6L
— Active: 1.1 mA
— Idle Mode: 0.35 mA
— Power-down Mode: <1 pA

ATMEL
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Pin Figure 1. Pinout ATmegai16
Configurations PDIP
-/
(XCK/TO) PBO ] 1 40 [J PAO (ADCO)
PB1 O 2 39 [J PAl (ADC1)
(INT2/AINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 [ PA3 (ADC3)
PB4 ] 5 36 [ PA4 (ADC4)
PB5 [] 6 35 [J PA5 (ADC5)
PB6 ] 7 34 [ PA6 (ADCS6)
PB7 | 8 33 [J PA7 (ADC7)
RESET ] 9 32 [ AREF
vee ] 10 31 [J GND
GND ] 11 30 [0 Avce
XTAL2 ] 12 29 |7 PC7 (TOSC2)
XTALL1 ] 13 28 [J PC6 (TOSC1)
PDO ] 14 27 [1 PC5 (TDI)
PD1 ] 15 26 [1 PC4 (TDO)
PD2 ] 16 25 [1 PC3 (TMS)
PD3 ]| 17 24 [0 PC2 (TCK)
(OC1B) PD4 ] 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 [1 PCO (SCL)
PD6 | 20 21 [J PD7 (OC2)
TQFP/QFN/MLF
58
= ~
82 € saaam
225 5888
lz22Ex 2222
RYE820238%
oo O0O>ao a0 n
OO T
L4 43424140393837363534
(MOSI) PB5 | 1 33 [ PA4 (ADC4)
(MISO)PB6 ]2 FC~- -~~~ -~~~ 777 32 [ PA5 (ADCS5)
(SCK) PB7 [] 3 31 [ PA6 (ADCS6)
RESET ] 4 30 [ PA7 (ADC7)
VCC []5 29 [ AREF
GND (] 6 28 |1 GND
XTAL2 ] 7 27 [ AvCC
XTAL1 ] 8 26 [1 PC7 (TOSC2)
(RXD) PDO [] 9 25 [J PC6 (TOSC1)
(Txp) PD1 110 24 [3 PC5 (TDI)
(INTO) PD2 ] 11 23 [ PC4 (TDO)
1 21 31 4‘I 51 61 71 81 9202 122
OO OOOOI
838863208000
NOTE: aooooa>paooaan
Bottom pad should SoToN A7)
be soldgred to ground. E g g & 5 \%@85
Disclaimer Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.

2466PS-AVR-08/07



ATmega16(L)

Overview The ATmega16 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega16 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

Block Diagram Figure 2. Block Diagram

PAO - PA7 PCO - PC7
vece A A A A A A A 2 A A A A A A A

T PORTA DRIVERS/BUFFERS PORTC DRIVERS/BUFFERS

GND PORTA DIGITAL INTERFACE PORTC DIGITAL INTERFACE

e e

AvVCC )
MUX & ADC TwWI
24 ADC | INTERFACE [ [
AREF
b
TIMERS/ —
PROGRAM STACK e Nt [+ OSCILLATOR
e—, .
COUNTER POINTER
T T
PROGRAM | 1% INTERNAL
FLASH SRAM OSCILLATOR
l i XMLl
—— |
INSTRUCTION GENERAL WATCHDOG
REGISTER | | Iyl pURPOSE “—  TIMER OSCILLATOR —
REGISTERS p
i i XTAL2
e X
INSTRUCTION L] v MCU CTRL. RESET

DECODER & TIMING
i | z
INTERNAL
CCI)_:\:\‘TI?SOL > INTE?‘?.IEJPT CALIBRATED
OSCILLATOR

STATUS
AVR CPU REGISTER [« [+ EEPROM
PROGRAMMING
SPI le—> |le—»  USART
)
+ COMP.
- INTERFACE [* ™
PORTB DIGITAL INTERFACE PORTD DIGITAL INTERFACE
PORTB DRIVERS/BUFFERS PORTD DRIVERS/BUFFERS
v vV v vV vy vy VY Yy vy v vV.v. v v Y
PBO - PB7 PDO - PD7

ATMEL ;
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Pin Descriptions
vce
GND

Port A (PA7..PAO)

ATMEL

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K byte SRAM, 32
general purpose I/O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFP package only), a programmable Watchdog Timer with Internal Oscil-
lator, an SPI serial port, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all I/O modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Oscillator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip,
the Atmel ATmega16 is a powerful microcontroller that provides a highly-flexible and cost-effec-
tive solution to many embedded control applications.

The ATmegai16 AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulators,
and evaluation Kkits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAO to PA7
are used as inputs and are externally pulled low, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

4 ATmegaft G(L) |

2466PS-AVR-08/07



e WNITER 6(L)

Port B (PB7..PB0)

Port C (PC7..PCO)

Port D (PD7..PDO)

RESET

XTALA1

XTAL2

AVCC

AREF

2466PS-AVR-08/07

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed on page
58.

Port C is an 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega16 as listed on page 61.

Port D is an 8-bit bi-directional 1/0 port with internal 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 externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port D also serves the functions of various special features of the ATmega16 as listed on page
63.

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
38. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally con-
nected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to V¢

through a low-pass filter.

AREEF is the analog reference pin for the A/D Converter.

ATMEL ;
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Resources A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

Data Retention Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

ATmegal6(L) m—
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Register Summary

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Page
$3F ($5F) SREG | T H S \ N Y4 C 9
$3E ($5E) SPH = = = = = SP10 SP9 SP8 12
$3D ($5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 12
$3C ($5C) OCRO Timer/Counter0 Output Compare Register 85
$3B ($5B) GICR INTL INTO INT2 - - - IVSEL IVCE 48, 69
$3A ($5A) GIFR INTF1 INTFO INTF2 = — — — — 70
$39 ($59) TIMSK OCIE2 TOIE2 TICIEL OCIE1A OCIE1B TOIE1 OCIEOQ TOIEO 85, 115, 133
$38 ($58) TIFR OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOVO 86, 115, 133
$37 ($57) SPMCR SPMIE RWWSB — RWWSRE BLBSET PGWRT PGERS SPMEN 250
$36 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN — TWIE 180
$35 ($55) MCUCR SM2 SE SM1 SMO ISC11 ISC10 1ISCO1 1ISC00 32, 68
$34 ($54) MCUCSR JTD 1ISC2 - JTRF WDRF BORF EXTRF PORF 41, 69, 231
$33 ($53) TCCRO FOCO WGMO00 COMO01 COMO00 WGMO1 CS02 CS01 CS00 83
$32 ($52) TCNTO Timer/Counter0 (8 Bits) 85

OSCCAL Oscillator Calibration Register 30
$31( ($51)" - -

OCDR On-Chip Debug Register 227
$30 ($50) SFIOR ADTS2 ADTS1 ADTSO - ACME PUD PSR2 PSR10 57,88,134,201,221
$2F ($4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 FOC1A FOC1B WGM11 WGM10 110
$2E ($4E) TCCR1B ICNC1 ICES1 - WGM13 WGM12 CS12 CS11 CS10 113
$2D ($4D) TCNT1H Timer/Counterl — Counter Register High Byte 114
$2C ($4C) TCNTI1L Timer/Counterl — Counter Register Low Byte 114
$2B ($4B) OCR1AH Timer/Counterl — Output Compare Register A High Byte 114
$2A ($4A) OCR1AL Timer/Counterl — Output Compare Register A Low Byte 114
$29 ($49) OCR1BH Timer/Counterl — Output Compare Register B High Byte 114
$28 ($48) OCR1BL Timer/Counterl — Output Compare Register B Low Byte 114
$27 ($47) ICR1H Timer/Counterl — Input Capture Register High Byte 114
$26 ($46) ICR1L Timer/Counterl — Input Capture Register Low Byte 114
$25 ($45) TCCR2 FOC2 | WGM20 | COM21 COM20 WGM21 CS22 Cs21 CS20 128
$24 ($44) TCNT2 Timer/Counter2 (8 Bits) 130
$23 ($43) OCR2 Timer/Counter2 Output Compare Register 130
$22 ($42) ASSR - - - = AS2 TCN2UB OCR2UB TCR2UB 131
$21 ($41) WDTCR - - - WDTOE WDE WDP2 WDP1 WDPO 43

UBRRH URSEL — — — UBRR[11:8] 167

$20 ($40)®

UCSRC URSEL UMSEL UPM1 UPMO USBS UCSZ1 UCSZ0 UCPOL 166
$1F ($3F) EEARH = = = = = = = EEARS 19
$1E ($3E) EEARL EEPROM Address Register Low Byte 19
$1D ($3D) EEDR EEPROM Data Register 19
$1C ($3C) EECR — — — — EERIE EEMWE EEWE EERE 19
$1B ($3B) PORTA PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAO 66
$1A ($3A) DDRA DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDAl DDAO 66
$19 ($39) PINA PINA7 PINA6 PINA5S PINA4 PINA3 PINA2 PINA1 PINAO 66
$18 ($38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 66
$17 ($37) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 66
$16 ($36) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 66
$15 ($35) PORTC PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 67
$14 ($34) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO 67
$13 ($33) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 67
$12 ($32) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 67
$11 ($31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 67
$10 ($30) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 67
$OF ($2F) SPDR SPI Data Register 142
$OE ($2E) SPSR SPIF WCOL — — — — — SPI2X 142
$0D ($2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 140
$0C ($2C) UDR USART /O Data Register 163
$0B ($2B) UCSRA RXC TXC UDRE FE DOR PE U2x MPCM 164
$0A ($2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN UCSZ2 RXB8 TXB8 165
$09 ($29) UBRRL USART Baud Rate Register Low Byte 167
$08 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 202
$07 ($27) ADMUX REFS1 REFS0O ADLAR MUX4 MUX3 MUX2 MUX1 MUXO0 217
$06 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO 219
$05 ($25) ADCH ADC Data Register High Byte 220
$04 ($24) ADCL ADC Data Register Low Byte 220
$03 ($23) TWDR Two-wire Serial Interface Data Register 182
$02 ($22) TWAR TWA6 | TWAS | TwWA4 | TwWA3 |  TwaA2 TWAL TWAOQ TWGCE 182

ATMEL 7
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Page
$01 ($21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPSO 181
$00 ($20) TWBR Two-wire Serial Interface Bit Rate Register 180
Notes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the OCDR Register.
2. Refer to the USART description for details on how to access UBRRH and UCSRC.
3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O memory addresses
should never be written.
4. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on
all bits in the 1/0 Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers $00 to $1F only.
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Instruction Set Summary

Mnemonics Operands Description Operation Flags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS

ADD Rd, Rr Add two Registers Rd « Rd + Rr Z,C,N\V,H 1
ADC Rd, Rr Add with Carry two Registers Rd « Rd+Rr+C Z,C,N,V,H 1
ADIW Rdl,K Add Immediate to Word Rdh:Rdl «- Rdh:Rdl + K Z,C,N\V,S 2
SUB Rd, Rr Subtract two Registers Rd <~ Rd - Rr Z,CN,\V,H 1
SUBI Rd, K Subtract Constant from Register Rd « Rd - K Z,C,N,V,H 1
SBC Rd, Rr Subtract with Carry two Registers Rd« Rd-Rr-C Z,CNN,V,H 1
SBCI Rd, K Subtract with Carry Constant from Reg. Rd« Rd-K-C Z,C,N,\V,H 1
SBIW Rdl,K Subtract Immediate from Word Rdh:Rdl «- Rdh:RdI - K Z,C,N\V,S 2
AND Rd, Rr Logical AND Registers Rd < Rd ¢ Rr ZN,V 1
ANDI Rd, K Logical AND Register and Constant Rd < Rd e K ZN,V 1
OR Rd, Rr Logical OR Registers Rd < Rd v Rr Z NV 1
ORI Rd, K Logical OR Register and Constant Rd <~ RdvK ZN,V 1
EOR Rd, Rr Exclusive OR Registers Rd < Rd @ Rr ZN,V 1
COM Rd One’s Complement Rd « $FF - Rd Z,C\NV 1
NEG Rd Two’'s Complement Rd « $00 - Rd Z,C,N,V,H 1
SBR Rd,K Set Bit(s) in Register Rd « Rdv K ZN\V 1
CBR Rd K Clear Bit(s) in Register Rd < Rd e ($FF - K) Z,N,V 1
INC Rd Increment Rd«Rd+1 Z NV 1
DEC Rd Decrement Rd«Rd-1 ZN\V 1
TST Rd Test for Zero or Minus Rd <~ Rd ¢ Rd ZN,V 1
CLR Rd Clear Register Rd <« Rd ® Rd ZN,V 1
SER Rd Set Register Rd « $FF None 1
MUL Rd, Rr Multiply Unsigned R1:R0 < Rd x Rr Z,C 2
MULS Rd, Rr Multiply Signed R1:RO « Rd x Rr Z.C 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:R0O « Rd x Rr Z,C 2
FMUL Rd, Rr Fractional Multiply Unsigned R1:RO « (RdxRn) << 1 Z,C 2
FMULS Rd, Rr Fractional Multiply Signed RI:RO « (RdxRr) << 1 Z,C 2
FMULSU Rd, Rr Fraction&l Multiply Sig.ned with Unsig_ned R1:R0 « (Rd x Rr) << ; Z,C 2
BRANCH INSTRUCTIONS

RIMP k Relative Jump PC«PC+k +1 None 2
1IIMP Indirect Jump to (2) PC«Z None 2
JMP k Direct Jump PC « k None 3
RCALL k Relative Subroutine Call PC«—PC+k+1 None 3
ICALL Indirect Call to (Z) PC«Z None 3
CALL k Direct Subroutine Call PC <k None 4
RET Subroutine Return PC « STACK None 4
RETI Interrupt Return PC <« STACK | 4
CPSE Rd,Rr Compare, Skip if Equal if (Rd=Rr) PC« PC+2o0r3 None 1/2/3
CP Rd,Rr Compare Rd - Rr Z,N,V,CH 1
CPC Rd,Rr Compare with Carry Rd-Rr-C Z,N,\V,CH 1
CPI Rd,K Compare Register with Immediate Rd - K Z,N,V,CH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)=0) PC <~ PC +2 or 3 None 1/21/3
SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1) PC« PC+2o0r3 None 1/2/3
SBIC P,b Skip if Bit in 1/0 Register Cleared if (P(b)=0) PC «— PC +2o0r3 None 1/2/3
SBIS P,b Skip if Bit in I/0 Register is Set if (P(b)=1) PC« PC+2o0r3 None 1/21/3
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC«PC+k + 1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC«-PC+k + 1 None 1/2
BREQ k Branch if Equal if Z=1)thenPC« PC+k+1 None 1/2
BRNE k Branch if Not Equal if (Z=0)then PC« PC+k+1 None 1/2
BRCS k Branch if Carry Set if (C=1)then PC« PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if C=0)then PC« PC+k+1 None 1/2
BRSH k Branch if Same or Higher if C=0)then PC« PC+k+1 None 1/2
BRLO k Branch if Lower if (C=1)then PC« PC+k+1 None 1/2
BRMI k Branch if Minus if (N=1)then PC« PC+k+1 None 1/2
BRPL k Branch if Plus if (N=0)then PC« PC+k+1 None 1/2
BRGE k Branch if Greater or Equal, Signed if (N® V=0)thenPC« PC+k+1 None 1/2
BRLT k Branch if Less Than Zero, Signed if(N®V=1)thenPC« PC+k+1 None 1/2
BRHS k Branch if Half Carry Flag Set if(H=1)then PC« PC+k+1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if (H=0)then PC« PC+k+1 None 1/2
BRTS k Branch if T Flag Set if (T=1)then PC« PC+k +1 None 1/2
BRTC k Branch if T Flag Cleared if (T=0)then PC« PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if V=1)thenPC« PC+k+1 None 1/2
BRVC k Brgnch if Overflow Flag is Clegred if (V=0)then PC« PC+k+1 None 1/2
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Mnemonics Operands Description Operation Flags #Clocks
BRIE k Branch if Interrupt Enabled if (1=1)then PC« PC+k+1 None 1/2
BRID k Branch if Interruet Disabled if (1=0)then PC« PC+k+1 None 1/2
DATA TRANSFER INSTRUCTIONS

MOV Rd, Rr Move Between Registers Rd « Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd « (X), X < X +1 None 2
LD Rd, - X Load Indirect and Pre-Dec. X<« X-1,Rd « (X) None 2
LD Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd« (Y), Y« VY+1 None 2
LD Rd, - Y Load Indirect and Pre-Dec. Y« Y-1 Rd<«(Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd « (Y +q) None 2
LD Rd, Z Load Indirect Rd « (2) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd « (2), Z « Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z«Z-1,Rd« (2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X) « Rr None 2
ST X+, Rr Store Indirect and Post-Inc. (X) <~ Rr, X« X+1 None 2
ST - X, Rr Store Indirect and Pre-Dec. X<« X-1,(X) < Rr None 2
ST Y, Rr Store Indirect (Y) <« Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Y)«<RrnY«VY+1 None 2
ST -Y,Rr Store Indirect and Pre-Dec. Y« Y-1 (Y)«<Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y+q) < Rr None 2
ST Z, Rr Store Indirect (Z) < Rr None 2
ST Z+, Rr Store Indirect and Post-Inc. (Z)«Rr,Z«7Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z«2-1,(Z)«Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q)«Rr None 2
STS k, Rr Store Direct to SRAM (k) <~ Rr None 2
LPM Load Program Memory RO « (2) None 3
LPM Rd, Z Load Program Memory Rd « (2) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd « (2), Z « Z+1 None 3
SPM Store Program Memory (Z) « R1:RO None -
IN Rd, P In Port Rd « P None 1
ouT P, Rr Out Port P« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Reg_ister from Sta_ck Rd < STACK None 2
BIT AND BIT-TEST INSTRUCTIONS

SBI P.,b Set Bit in I/0O Register 1/10(P,b) «— 1 None 2
CBI P,b Clear Bit in I/O Register 1/10(P,b) « 0 None 2
LSL Rd Logical Shift Left Rd(n+1) < Rd(n), Rd(0) «- 0 Z,C,NV 1
LSR Rd Logical Shift Right Rd(n) < Rd(n+1), Rd(7) <~ 0 Z,CNV 1
ROL Rd Rotate Left Through Carry Rd(0)«—C,Rd(n+1)« Rd(n),C«Rd(7) Z,CN\V 1
ROR Rd Rotate Right Through Carry Rd(7)«-C,Rd(n)« Rd(n+1),C<«-Rd(0) Z,C NV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0..6 Z,CN\V 1
SWAP Rd Swap Nibbles Rd(3..0)«-Rd(7..4),Rd(7..4)«-Rd(3..0) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR S Flag Clear SREG(s) < 0 SREG(Ss) 1
BST Rr, b Bit Store from Register to T T < Rr(b) T 1
BLD Rd, b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry C«1 C 1
CLC Clear Carry C«0 C 1
SEN Set Negative Flag N« 1 N 1
CLN Clear Negative Flag N« 0 N 1
SEZ Set Zero Flag Z«1 z 1
CLZ Clear Zero Flag Z«0 z 1
SEI Global Interrupt Enable l1 | 1
CLI Global Interrupt Disable 1«0 | 1
SES Set Signed Test Flag S« 1 S 1
CLS Clear Signed Test Flag S« 0 S 1
SEV Set Twos Complement Overflow. V1l \ 1
CLV Clear Twos Complement Overflow V<« 0 \ 1
SET Set T in SREG T«1 T 1
CLT Clear T in SREG T« 0 T 1
SEH Set Half Carry Flag in SREG H< 1 H 1
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Mnemonics Operands Description Operation Flags #Clocks
CLH Clear Half Carry Flag in SREG H«0 H 1
MCU CONTROL INSTRUCTIONS

NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/timer) None 1
BREAK Break For On-Chip Debug Only None N/A

ATMEL Y
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Ordering Information

Speed (MHz) Power Supply Ordering Code Package Operation Range

ATmegal16L-8AC 44A Commercial
ATmega16L-8PC 40P6 (0°C to 70°C)
ATmega16L-8MC 44M1
ATmega16L-8Al 44A

8 2.7-5.5V ATmega16L-8AU™" 44A
ATmega16L-8PI 40P6 Industrial
ATmegai6L-8PU" 40P6 (-40°C to 85°C)
ATmega16L-8MI 44M1
ATmega16L-8MU(") 44M1
ATmega16-16AC 44A Commercial
ATmega16-16PC 40P6 (0°C to 70°C)
ATmega16-16MC 44M1
ATmega16-16Al 44A

16 4.5-5.5V ATmega16-16AU" 44A
ATmega16-16PI 40P6 Industrial
ATmega16-16PUM 40P6 (-40°C to 85°C)
ATmega16-16MI 44M1
ATmega16-16MU") 44M1

Note: 1. Pb-free packaging alternative, complies to the European Directive for Restriction of Hazardous Substances (RoHS direc-
tive). Also Halide free and fully Green.

Package Type
44A 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 40-pin, 0.600” Wide, Plastic Dual Inline Package (PDIP)
44M1 44-pad, 7 x 7 x 1.0 mm body, lead pitch 0.50 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
12 ATmega1 G(L) |
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Packaging Information

44A

D1
D

OOIOOIOIITT  [OATATTan

PIN1— o
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g PIN 1 IDENTIFIER % l

= =y
ey :% %: E1 E
= .

RN A R S I

Cj 0°-7°
féﬁ%ﬁﬁﬁﬁﬁﬁﬁwﬁmﬁﬁwﬁ !
N '
‘ ‘ . Al- A2 —A

COMMON DIMENSIONS
(Unit of Measure = mm)

0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25
D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable Ef 9.90 10.00 10.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including mold mismatch.
3. Lead coplanarity is 0.10 mm maximum. c 0.09 - 020
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
9395 Orchard Park TITLE DRAWING NO. |REV.
1_ 5 Orchard Parkway . .
‘ I“EI,® San Jose, CA 95131 44A, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, 44A B
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40P6

PIN |
1
(M L0101 O] Oy OO

(=

g I R I I I R B I Lo

- R,

s

(’ Bl B1
e

E |
‘ COMMON DIMENSIONS
0°~15° REF (Unit of Measure = mm)
\ ‘
T——

SYMBOL| MIN NOM MAX | NOTE
‘H eB 4>‘ A - - 4.826
Al 0.381 - -
52.070 - 52.578 | Note 2
15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1 1.041 — 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.203 B 0.381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01
TITLE DRAWING NO. (REV.
L b o |
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44M1

~— Db

O

\—Marked Pin# 1 1D

P—SEATING PLANE

TOP VIEW
- K] ol
- .
-—> < - ~ Pin #1 Corner SIDE VIEW
4 \
T
JUUUUUUUUUUU \
! {1 ! oOptionA Pini#t
= ) 2, 9
— N 3 COMMON DIMENSIONS
— S - (Unit of Measure = mm)
— —
— — SYMBOL| MIN | NOM | MAX | NOTE
— e OptionB  pypy 41 A 0.80 090 | 1.00
— ([aam Chamfer
— p— (C 0.30) Al - 002 | 005
— ) O A3 0.25 REF
T n00n0nnnnan | SRR AT
D 690 | 7.00 | 7.10
»‘ »‘ Pin #1
] Notch D2 | 500 | 520 | 540
(0.20 R)
E 690 | 7.00 | 7.10
BOTTOM VIEW E2 | 500 | 520 | 540
e 0.50 BSC
059 | 064 | 0.69
Note: JEDEC Standard MO-220, Fig. 1 (SAW Singulation) VKKD-3.
K 020 | 026 | 041
5/27/06
TITLE DRAWING NO. |REV.
ATMEL 2325 Orohard Park@y | 4amn, 44-pad, 7 x 7 x 1.0 mm Body, Lead Pitch 0.50 mm, 44N G
— San Jose, 5.20 mm Exposed Pad, Micro Lead Frame Package (MLF)
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Errata

ATmegai6(L) Rev.
M

ATmegai6(L) Rev.
L

ATMEL

The revision letter in this section refers to the revision of the ATmega16 device.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, 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
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

IDCODE masks data from TDI input
The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.
Problem Fix / Workaround
— If ATmegai6 is the only device in the scan chain, the problem is not visible.
— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan

chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

1. First Analog Comparator conversion may be delayed
If the device is powered by a slow rising V¢, the first Analog Comparator conversion will
take longer than expected on some devices.
16 ATmega1 G(L) |
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ATmegail6(L) Rev.
K

2466PS-AVR-08/07

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround

Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, 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
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNTZ2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2
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IDCODE masks data from TDI input
The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.
Problem Fix / Workaround
— If ATmega16 is the only device in the scan chain, the problem is not visible.
— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan

chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, 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
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNTZ2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.
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— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, 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
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.

Problem Fix / Workaround
— If ATmegai6 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

ATMEL 1



ATmegai6(L) Rev.
H

ATMEL

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, 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
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix/Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the value OxFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmegai6 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.
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History

Rev. 2466P-08/07

Rev. 24660-03/07

Rev. 2466N-10/06

Rev. 2466M-04/06

Rev. 2466L-06/05

Rev. 2466K-04/05

2466PS-AVR-08/07

Please note that the referring page numbers in this section are referred to this document. The
referring revision in this section are referring to the document revision.

1. Updated “Features” on page 1.
2. Added “Data Retention” on page 6.
3. Updated “Errata” on page 16.

4. Updated “Slave Mode” on page 140.

1. Updated “Calibrated Internal RC Oscillator” on page 29.

2. Updated C code example in “USART Initialization” on page 149.

3. Updated “ATmegal6 Boundary-scan Order” on page 241.

4. Removed “premilinary” from “ADC Characteristics” on page 297.

5. Updated from V to mV in “I/O Pin Input Hysteresis vs. VCC” on page 317.

6. Updated from V to mV in “Reset Input Pin Hysteresis vs. VCC” on page 318.

1. Updated “Timer/Counter Oscillator” on page 31.
2. Updated “Fast PWM Mode” on page 102.

3. Updated Table 38 on page 83, Table 40 on page 84, Table 45 on page 111, Table 47 on
page 112, Table 50 on page 128 and Table 52 on page 129.

4. Updated C code example in “USART Initialization” on page 149.

5. Updated “Errata” on page 16.

1. Updated typos.
2. Updated “Serial Peripheral Interface — SPI” on page 135.

3. Updated Table 86 on page 221, Table 116 on page 276 ,Table 121 on page 295 and
Table 122 on page 297.

1. Updated note in “Bit Rate Generator Unit” on page 178.
2. Updated values for V| in “ADC Characteristics” on page 297.
3. Updated “Serial Programming Instruction set” on page 276.

4. Updated USART init C-code example in “USART” on page 144.

1. Updated “Ordering Information” on page 12.
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Rev. 2466J-10/04

Rev. 24661-10/04

Rev. 2466H-12/03

Rev. 2466G-10/03

—h
.

—
.

10.

11.

12.

13.

ATMEL

MLF-package alternative changed to “Quad Flat No-Lead/Micro Lead Frame Package
QFN/MLF”.

Updated “Electrical Characteristics” on page 291.
Updated “Ordering Information” on page 12.

Removed references to analog ground.

Updated Table 7 on page 28, Table 15 on page 38, Table 16 on page 42, Table 81 on
page 209, Table 116 on page 276, and Table 119 on page 293.

Updated “Pinout ATmega16” on page 2.

Updated features in “Analog to Digital Converter” on page 204.
Updated “Version” on page 229.

Updated “Calibration Byte” on page 261.

Added “Page Size” on page 262.
Updated “Calibrated Internal RC Oscillator” on page 29.

Removed “Preliminary” from the datasheet.
Changed ICP to ICP1 in the datasheet.
Updated “JTAG Interface and On-chip Debug System” on page 36.

Updated assembly and C code examples in “Watchdog Timer Control Register —
WDTCR” on page 43.

Updated Figure 46 on page 103.

Updated Table 15 on page 38, Table 82 on page 217 and Table 115 on page 276.
Updated “Test Access Port — TAP” on page 222 regarding JTAGEN.

Updated description for the JTD bit on page 231.

Added note 2 to Figure 126 on page 252.

Added a note regarding JTAGEN fuse to Table 105 on page 260.

Updated Absolute Maximum Ratings* and DC Characteristics in “Electrical Character-
istics” on page 291.

Updated “ATmega16 Typical Characteristics” on page 299.

Fixed typo for 16 MHz QFN/MLF package in “Ordering Information” on page 12.
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Rev. 2466F-02/03 1.

10.

11.

12.

13.

14.

15.

16.

Rev. 2466E-10/02 1.

Rev. 2466D-09/02 1.

2466PS-AVR-08/07

Added a proposal for solving problems regarding the JTAG instruction IDCODE in
“Errata” on page 16.

Added note about masking out unused bits when reading the Program Counter in
“Stack Pointer” on page 12.

Added Chip Erase as a first step in “Programming the Flash” on page 288 and “Pro-
gramming the EEPROM” on page 289.

Added the section “Unconnected pins” on page 55.

Added tips on how to disable the OCD system in “On-chip Debug System” on page
34.

Removed reference to the “Multi-purpose Oscillator” application note and “32 kHz
Crystal Oscillator” application note, which do not exist.

Added information about PWM symmetry for Timer0 and Timer2.

Added note in “Filling the Temporary Buffer (Page Loading)” on page 253 about writ-
ing to the EEPROM during an SPM Page Load.

Removed ADHSM completely.

Added Table 73, “TWI Bit Rate Prescaler,” on page 182 to describe the TWPS bits in
the “TWI Status Register - TWSR” on page 181.

Added section “Default Clock Source” on page 25.

Added note about frequency variation when using an external clock. Note added in
“External Clock” on page 31. An extra row and a note added in Table 118 on page 293.

Various minor TWI corrections.
Added “Power Consumption” data in “Features” on page 1.
Added section “EEPROM Write During Power-down Sleep Mode” on page 22.

Added note about Differential Mode with Auto Triggering in “Prescaling and Conver-
sion Timing” on page 207.

Added updated “Packaging Information” on page 13.

Updated “DC Characteristics” on page 291.

Changed all Flash write/erase cycles from 1,000 to 10,000.

Updated the following tables: Table 4 on page 26, Table 15 on page 38, Table 42 on
page 85, Table 45 on page 111, Table 46 on page 111, Table 59 on page 143, Table 67
on page 167, Table 90 on page 235, Table 102 on page 258, “DC Characteristics” on
page 291, Table 119 on page 293, Table 121 on page 295, and Table 122 on page 297.

Updated “Errata” on page 16.
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Updated typical EEPROM programming time, Table 1 on page 20.

2. Updated typical start-up time in the following tables:
Table 3 on page 25, Table 5 on page 27, Table 6 on page 28, Table 8 on page 29, Table 9
on page 29, and Table 10 on page 29.

3. Updated Table 17 on page 43 with typical WDT Time-out.

4. Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD's in the following tables and pages:
Table 15 on page 38, Table 16 on page 42, Table 116 on page 272 (table removed in docu-
ment review #D), “Electrical Characteristics” on page 291, Table 119 on page 293, Table
121 on page 295, and Table 122 on page 297.

5. Updated TWI Chapter.
Added the note at the end of the “Bit Rate Generator Unit” on page 178.

6. Corrected description of ADSC bit in “ADC Control and Status Register A — ADCSRA”
on page 219.

7. Improved description on how to do a polarity check of the ADC doff results in “ADC
Conversion Result” on page 216.

8. Added JTAG version nhumber for rev. H in Table 87 on page 229.

9. Added not regarding OCDEN Fuse below Table 105 on page 260.

10. Updated Programming Figures:
Figure 127 on page 262 and Figure 136 on page 273 are updated to also reflect that AVCC
must be connected during Programming mode. Figure 131 on page 269 added to illustrate
how to program the fuses.

11. Added a note regarding usage of the “PROG_PAGELOAD ($6)” on page 280 and
“PROG_PAGEREAD ($7)” on page 280.

12. Removed alternative algortihm for leaving JTAG Programming mode.
See “Leaving Programming Mode” on page 288.

13. Added Calibrated RC Oscillator characterization curves in section “ATmega16 Typi-
cal Characteristics” on page 299.

14. Corrected ordering code for QFN/MLF package (16MHz) in “Ordering Information” on
page 12.

15. Corrected Table 90, “Scan Signals for the Oscillators(1)(2)(3),” on page 235.
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