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MepiAnyn
21NV TTapouaa epyaaia TTEPIYPAPETAI O OXESIOONOG KAI N KOTAOKEUN TWV aTTapaiTATWV NAEKTPIKWV KAl
NAEKTPOVIKWY UTTOOUCTAUATWY YIa T AEIToupyia evog TeTpaTTodou pouTroT. Mapoucoidletal n diadikacia
oXedIAOPOU TWV €§AG UTTOOUCTNUATWV:

a) Tpopodoaia

b) AiacUvdeon cuoTAUATOG EAEYXOU KAl POUTTOT
AvoAuegTtal n Aeitoupyia KB UTTOCUGCTANATOG, £TTEENYOUVTAI 01 AGYOI VIO TOUG OTTOIOUG OXEDIAOTNKE KABE
éva ammd autd Kal TTEPIYPAPOVTAl Ol OTTOQPACEIS TToUu €AAPBNCav pe OTOXO TNV AVTIPETWTIION
TTPOBANMATWY TTOU TTPOEKUWAV KATA Tov oxedlaoud aAAd Kal KaTtd Tn Acitoupyia Tou poOUTTOT. Ta
TTPOBAARPOTA KOTA TO OXESIOOUO KOl T AEITOUPYIa TwV NAEKTPIKWYV KAl NAEKTPOVIKWY UTTOCGUCTNHATWY

UTTOOEIKVUOUV ETTIONG BUVATEG HEAAOVTIKEG TPOTTOTTOINOEIG TOUG.
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Abstract

The aim of this Master’s thesis is to describe the design and construction of the necessary electrical
and electronic subsystems to operate a four-legged robot. The following subsystems of the designed
system are presented:

a) Power Supply

b) Interface of control system and robot
The function of each subsystem is analyzed along with the reasons that led to its design. Special
mention is made to the decisions taken to address the problems encountered during the design phase
and during operation of the robot. The problems encountered during the design process along with
remarks from the operation of the electrical and electronic subsystems lead to possible future

amendments.
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1 Eicaywyn

1.1 Zkomodg Epyaciag

2KOTTOG TNG TTapoloag Epyaciag ATAvV 0 OXEDIACHOG KAl N KATOOKEUT TWV NAEKTPIKWYV KAl NAEKTPOVIKWV

UTTOCUGTNPATWY TTOU aTTaITouvTal yia Tn A&Iroupyia evog TETPATTOO0U POUTTOT. TO CUYKEKPIPMEVO POUTTOT

gival évag pnxaviopog pe t€ooepa dkpa (TTéd1a) KABE éva eK TwV OTToIWY QEPEI pia ApBpwaon oTnv Evwon

TOU ME TO KUPIO GWUA TOU POUTTOT (YOo®Og - hip) kai pia dpBpwan aTo y€go Tou dkpou (yovaTo), n oTroia

Kal To dlaxwpifel ag duo TuApata (XxAua 1-1). Kai or 800 apBpwaelg KivouvTal amd nNAEKTPIKOUG

KIVNTAPES WE KATAAANAO cUoTNUO PETAdOONG Kivnong oUTWG WOTE va PETAdIOETAI N Kivnon O€ AUTEG

XWPIC va TTPETTEN O KIVNTAPEG va TOTTOBETNBOUV TTdvw OTO TTODI.

- J A J, " B e e ‘!!“
- . L ﬁ‘ !

o \"‘;

o

2 Kwntipeg yla

1)

‘ ,/- .
o
TO MOSLTNG GAANG | 1 | -
TAEVPGS : X -

“?K". ¢ : R H : “ Y

IxAua 1-1. dwroypagia TEAIKOU POUTTOT OTTWG KOTOOKEUAOTNKE ME TA NAEKTPOVIKA
CUCTAHATA OTO TTAVW MEPOG. Aev g@avifovTtal ol TTAAKETEG TPOPOdoaiag UPnAng 1I0XU0G.

O ev Ayw pnxaviopuog Trapouciddel oeipd onUAVTIKWY OUOKOAIWY OTO OXEOIAOUO TwV
NAEKTPOVIKWYV TOU UTTOCUOTNMATWY, KUPIWG Adyw Twv UWPNAWY POTTWV KAl TOXUTATWY TTOU TTPETTEI vd
avaTrTuooouV Ol KIVNTAPEG, TTPOKEINEVOU TO POUTTOT VA KIVEITAI YE TIG ATTAITOUUEVEG TaXUTNTEG. A TNV
ETMTEUEN TWV avayKaiwv ouvlnkwy AgIToupyiag, xpnaoidoTTolEiTal uPnAn Taon TPOPOdOGiag Kal HeyaAa
peluaTa, TTapAYyoVTEG UE GNUAVTIKN ETTIOPACT GTN HOPPH TWV NAEKTPOVIKWY uTToouoTnudTwy. ETriong,
KaBWG TO POUTTOT TTPETTEl va gival TTAPWGS auTOvouo, Yiveral TTpooTrabela €AaxioToTroinong Tng
EVEPYEIOKNG KATAOVAAWONG TWV UTTOOUCTNPATWY Tou Kal 1I81aiTEpa Tou Bépoug auTwy KabBwg n yeiwon
TOU BApoug odnyei o€ peiwon Tou popTiou Kal dpa TNG EVEPYEIOKAG KATAVAAWONG OAWY TWV KIVATHPWV.

TéANog, 181aiTepn TTPpooOX diveTal oTn duvaTtdTnTa EMSIOPOBWONG KAl AVTIKATAOTACNG OTTOIOUBHTTOTE
TUAMATOG TOU CUCTAPATOG, TNV TTEPITITWON TTOU TTAPOUCIAcEl BAGRN, YEow TOu OXEDIAOUOU AWV TwV

UTTOOUCTNPATWY O€ POP@N AUTOTEAWV TPNUATWY, TA OTIoia WTTOPOoUV va avTiIKaTaoTaBouv e
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MEYAAUTEPN €EUKOAIO. Z& AUTO OUVEICQEPEl ETTIONG CNPAVTIKA N XPEAON OIQQOPETIKWY NAEKTPIKWV
OUVOEOUWYV ao@aAEiag, ol oTToiolI avTEXOUV 0€ Kpadaopoug, EMITRETTOVTAS TTAPAAANAG TNV €UKOAN Kal

YPyopn QvTIKATAoTAON TWV EAATTWHATIKWY CGTOIXEIWV.

1.2 Avaokoétrnon BigAloypagiog

Ta TeAeuTaia xpovia UTTAPXEl EVTOVO €PEUVNTIKO €VOIOPEPOV YIO TNV AVATITUEN TETPATTOOWY POMTIOT.
EidikoTEpa poutrdT OTTWG TO “BigDog” Tng eTaipeiag Boston Dynamics [1] (Zxrpa 1-2) 1} 10 TETPATTOd00
Cheetah tou MIT [2] (ZxApa 1-3) gival 1diaiTepa yvwoTd. Opwg dev TTPOKEITAI YIA KAIVOUPYIO EPEUVNTIKO
Topéa. Hon 1o 1984 o Shigeo Hirose aoxoARBnke pe 1o TpORANUa Tou oxeSI00UOU KAl KAOTAOKEUNG EVOG
TETPATTOO0U POUTTOT AVAPEPOUEVOG HAAIOTA OTNV JEYAAUTEPN EUKOAIQ Kivnong o€ avwuaAo €6agog atrd
GAAa popTTOT (TTX ME pOdEG) [3]. ETTiong, To 1986, o1 Tsu-Tian Lee et al avéAuaav Tov £Aeyxo Badiouarog

o€ TETPATTOdA POUTTOT [4].

IXApa 1-2. To poutréT BigDog Tng eTaipeiag Boston Dynamics.

16/91



ZxApa 1-3. To poptrdéTt Cheetah Tou MIT.

ZnuavTIKn gival €TTiong n epyacia Tou Daniel John DiLorenzo n otroia av kai apkeTd TaAaid (1987)
TTaPEXEl ONUAVTIKEG TTANPOPOPIES YIA TNV KOTAOKEUN TOU NAEKTPOVIKOU CUCTAPATOG €AEyXOU, XWPIg
Opwg va TTapouciadel Ta TEAIKG oxESIa TwV TTAAKETWV [5]. Xwpig Tn xprion oAOKANPpwHEVWY CUCTNHATWY
KOl KUPIWG PE XPHON avOAOYIKWY NAEKTPOVIKWY SIATAEEWY KAl ATTAWV WnN@IOKWY OAOKANPWUEVWY TNG
olkoyévelag 74LSXXX, dnuioupyndnke cUCTNUA NAEKTPOVIKOU €AEYXOU KIVNTAPWY TO OTTOIO ETTETPETTE
TNV €AeyXOUEVN Kivnan TOU POUTIOT. TO KATWTEPO OTPWHA eAEyXou dnAadn n eAeyxouevn Kivnon Twv
KIVNTAPWY £YIVE XWPIG MIKPOETTEEEPYAOTEG EVWD O OUVOAIKOG €AEYXOG £YIVE PE XPrON NAEKTPOVIKOU
utToAOYI0TA Kal KATAAANAOU TTPOYPAUUATOG GE QUTOV.

H epeuvnTIKr dpacTnPIOTNTA OTOV TOPEA CUVEXIOTNKE Ta £TTOUEVA XPOVIA PHE DNUOCIEUCEIS YIa OAO
Kal o egeAiypéva TeTpaToda. To poutdT TITAN - VIII o 1996 [6] peAetiBnke o€ peydho Babud ammo
TOUG KATOOKEUAOTEG TOU evwd divovtal Kal OEiKTEG yia TNV EVEPYEIOKY TOu KaTtavaAwan. TeTpdmrodo
POMPTTOT KaTaokeuaoav kKal peAéTnoav €triong, ol Karsten Berns et al to 1999 [7]. £1nv gpyaacia Toug
MEAETOUV Tnv Kivnon Tou TETPATTOO0U €VW KAVOUV KOl GUVOTITIKI ava@opd OToV OXeOIQONS TOu
NAEKTPOVIKOU OUCTAUATOG TOU TETPATIOOOU TOUG. Ava@épouv OTI  XpnOIYoTroloUv  guaoTolxia
MIKPOEAEYKTWY O€ ouvOUAO O e évav KEVTPIKG UTTOAOYIOTH. OI JIKPOEAEYKTEG XPNOIJOTTOIOUVTAI VIO TOV
EAEYXO TWV KIVATAPWYV KaI TNV ETTIKOIVWVIO JE aIOONTAPES EVW O KEVTPIKOG UTTOAOYIOTAG gival utTeElBuvog
ylo ToV GUVOAIKG €AEyXO TOU POUTTIOT pEow TNG Xpriong OikTuou CAN pe Toug PIKPOEAEYKTEG. KaBwg
XPNOIMOTTOINCAV £TOINEG TTAAKETEG YIA TOUG MIKPOEAEYKTEG Kal TOV UTTOAOyIOTH Ogv TrapouaidlovTail
TTEPAITEPW AETITOPEPEIEG OXETIKA PE TO NAEKTPOVIKO OUCTNHUA EAEYXOU.

To 2003 o1 Taehun Kang et al [8] TTapougiacav T0 pOUTIOT TTOU KATACKEUAOAV TO OTTOIO €iXe TNV
ouvatoTnTa TTEPa aTrod To BASIOUA VA UTTOPET KAl VO OKAPQAAWVEI 0€ KABETEG ETTIPAVEIEG KAl VA EETTEPVA
EUTTOBIA. TO POUTTOT KATAOKEUAOTNKE YIA AQUTOUOTOTTOINKEVO U KATACTPOPIKG EAEYXO O€ BUCTIPOCITEG
TTEPIOXEG. TNV Epyaaia Toug ava@épovTtal aTnv Xprion SITTAoU GUCTAUATOG EAEYXOU ATTOTEAOUUEVO aTTO

OUO &eXxwpPIOTOUG EAEYKTEG OIAPOPETIKAG QPXITEKTOVIKAG. O TTPWTOG €AEYKTAG €ival UTTOAOYIOTAG O€
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pop@r| povng TTAakéTag (Single Board Computer) e€0TTAICUEVOG pE duvaTdTNTEG AcUpUATNG SIKTUWONG
Kal A&IToupyIkd TTpayuatikoU Xpovou. Agv divovTal TTANPOQOPIES yia TN HOPPr Tou OEUTEPOU EAEYKTH
mépa atrd 1O OTI XPNOIMOTIoIEITAl yIa Tov €AeyXO TNG KAPepag evog Pabuou eAeuBepiag TTOU
XPNOIMOTTOIEITAI yIa OTITIKO €AEYXO KAl TOU aAIoONTAPA PN KATOOTPOQIKOU €AEYXOU HE UTTEPNXOUG.
2UVOAIKG Ouwg, dev yivetar ava@opd oOTo OXEOIAOPSG TOU NAEKTPOVIKOU OCUCTAPATOG €AEyXOU,
ava@epouevol atmAd oTnv Jop®n Tou.

210 TETPATTOOO POMTIOT TTPOCTEBNKE €TTIONG TO POUTIOT Twv Se-Hoon Park et al [9] To oTmoio
XPnolgoTtroioUae €TTioNg Kal apBpwaon atnv PECN, TIPOKEIJEVOU N Kivnon TOU va TTPOCONOIACEl aKOua
TTEPICOOTEPO OTNV QUOIKA Kivon Twv CWwV. TEAoG T0 2007 dnuooieltnke atd Tousg John R. Rebula et
al [10] n epyaaia Toug yia Kivnon TETPATTOO0U POUTTIOT G€ YVWATH AVWHUAAN ETTIQAVEIQ.

Avagopd oTa nAekTpovikd cuoTAuata eAéyxou yivetal oTnv epyacia Twv Goldfarb et al [11] ol
oTroiol TTapouaiddouv PETAgU AAAWV TIG NAEKTPOVIKEG dIaTAEEIG TTou avETTTUEAV yia TNV KATAAANAn
0drynon Tou POUTTIOT TTou dnuioUpynaoav. TNV epyacia Toug Ouwg dev eugavifovral Ta oxedia Twv
NAEKTPOVIKWY auTwv dIatd&ewyv TTou axediacav Kal kataokelaoav Tapd POvo n yevikr AgiToupyia, ol
0100TACEIG, KAl TO BAPOG AUTWV.

ZUVOAIKG, av Kal €XEl UTTAPEEI oNUaVTIKOG aplBudS dnNPocIEUCEWY YIa TO BEUa TETPATTOOWY POUTTOT,
TOAU Aiyeg ammd auTéG ava@épovTal OTIG NAEKTPOVIKEG OIaTAEIS TTOU XpnoliyoTToindnkav rf/kar Ta
TPoBAAMaTa TTOU avTiueTwTTiodnkav. Ol gpyagieg OTIG OTIOIEG AVAPEPOVTAI Kal TTEPIYPAPOVTAl TA
NAEKTPOVIKA UTTOOUCTAMATA TTOU XPnolhoTtroindnkav, Oev ava@Eépouv Pe PEYAAN AeTTTOpépEIa TIG

O1aTdEeIg TTou avaTTuxBnkav Kal XpnoiyoTroindnkav i xpnaoipgotroinénkav Toiueg dIaTAgelg.

1.3 Aopn Epyaciag

210 KegdAaio 2, avaAlovTal ol BACIKEG BEWPNTIKEG APXES YIA T THAKOTA TOU POUTTOT TTOU ETTNPEQCTAV
AUEDA TO UETETTEITA OXEDIAO O TWV NAEKTPOVIKWV UTTOCUCTNNATWY. [NiveTal ava@opd aToug NAEKTPIKOUG
KIVNTHPES Kal €I0IKA GTOUG TUTTOUG TTOU XPNCIMOTTOINBNKAVY, OTIG ETTAVAQOPTICOPEVEG UTTATAPIEG, OTOV
NAEKTPOUAYVNTIKO BOPURO Kal O€ BIAPOPES TEXVIKEG AVTIMETWTTIONG Tou. TEAOG TTEpIypd@ovTal ol dUo
KUPIOTEPOI TUTTOI TPOPODOTIKWY TTOU XPNOIUOTTOIRONKAvY.

270 KUpIO PEPOG TNG epyaciag TTAPOUCIAZETal APXIKA TO OUVOAIKO NAEKTPIKO Kal NAEKTPOVIKO
ol0oTnUA TOU POMTTOT. ZTn OUVEXEID, AvOAUETal o€ PeyaAuTepo BdABog To K&Be KUplo utTTooUOCTNUA,
TTapouaidfovTal ol KUPIEG ATTAITATEIG TOU OUVOAIKOU CGUGTHNATOG TOU POUTTOT TTou KaBodnynoav Tov
oxedlaopd Tou, ava@épovTtal aTTOTEAECHATA TTPOCOMOIWCEWY TNG CUPTIEPIPOPAS TWV NAEKTPOVIKWV
KUKAWPATWY Katé Tov oxedliaoud 61Tou autd atmaithénkav kai ereényouvtal ol AGyol Tou kaBopioav Tig
otroleg €mAOYEG Eyivav KATA Tov OXESIOONO KOl TNV KATOOKEUR TWV UTTOCUCTNPATWYV. TEAOG
TTapaTtigvTal kal avaAlovtal Ta ax€dia TTou dnuIoupyABnKav vw TTApoucidovTal Kal puToypagies TwV
TEANIKWY UTTOCUCTNHATWY TTOU KATOOKEUAOTNKAV.

210 TeAeuTaio PEPOG TNG Epyaaiag, yiveTal ava@opd ae YEANOVTIKEG TPOTTOTTOINGCEIG TTOU UTTOPOUV
va yivouv OTO POMPTIOT, YE OKOTTO Tn PeATiwan TnNG AciToupyiag Tou 600V apopd Ta NAEKTPOVIKA

UTTOOUCTAUOTA.
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2 ZTolxeia Oswpiag

2.1 Eicaywyn

Katd 10 oxedlaopd Kal TNV KATOOKEUN TWV NAEKTPOVIKWYV UTTOCUCTNMATWY TOU TETPATTOOOU £yivav
O01dpopeg €TMIAOYEG PE OKOTTO TNV KOAUTEPN QVTIMETWITION TIEPIOPICUWY TTOU OXETICOVTAI UE TNV
AgiIToupyia kal Kivnon Tou TeTPATTOd0U POUTTOT. lNpokeiyévou va emeénynBouv ol €TTIAOYEG QUTEG OTh
OUVEXEIN, KPIVETAI aTTapaiTnTn N avaAuon Twv BACIKWY OTOIXEIWV TNG Bewpiag aTnv oTToia facioTnke 0

OXeBIAOPAG TOU GUVOAOU TWV NAEKTPIKWY KAl NAEKTPOVIKWY UTTOCUCTNUATWY TOU POUTTOT.

2.2 HAeKkTpIKOI KIVNTAPES KAl 0OYNOT AUTWYV

HAekTpIKOI KIVNTAPESG OVOUAZoVTal O CUOKEUEG, Ol OTTOIEG UETATPETTOUV TNV NAEKTPIKA EVEPYEID OE
pnxavikA. H Aeiroupyia Toug Baailetal atn dnuioupyia nAeKTpouayvnTIKoU TTediou atrd TNV £SWTEPIKN
Tpo@odoaia Kal TNV aAAnAeTTiOpaon autou &ite Pe PayvnTIKO TTEdI0 POVIMOU PayvATn, €iTe pe deUTEPO
NAEKTpOUayVNTIKO TTEdIO avTiBeTNG Popdag. O1 NAEKTPIKOI KIVNTAPES PTTOPOUV va Tpo@odoTnBouv We
ouveXEG 1 evaANaooOuEVO peUja.

EmimmAéov SiaxwpIopog TwV NAEKTPIKWY KIVATAPWYV YiveTal BACEI TNG ECWTEPIKAG KATOOKEUAS TOUG.
‘ET01, 01 NAEKTPIKOI KIVATAPEG CUVEXOUG PEUUATOS DIaXwpPICoVTal TTEPAITEPW OE KIVNTAPES PE A XWPIG
WAKTPEG. H KGO pia atrd TnNG U0 KATNYOPIEG UTTOPEI VA XWPIOTEI O TTEPAITEPW UTTOKATNYOPIES, avaloya
ME TOV TPOTTO dnpioupyiag payvnTikoU 1ediou 0To e0wWTEPIKG TOU KivnTApa [12]. ZTnVv €pyacia auTn
XPNolIgoTTolouvTal HOVO KIVATAPES ouvEXOUG PEUPATOG PE YOVIPO PJayVvhTN Kal £1I0IKOTEPQ:

1. Me wnkTpeg (brushed)

2. Xwpig yrkrpeg (brushless)
O1 rapatmdvw TUTTOI KIVATAPWY AEITOUPYOUV HE TTAPOPOIO TPOTTO. ATTOTEAOUVTAI ATTO TTEPICTPEPOUEVO
TupAva (dpopéag) kair 1o OTaBePd owpa Tou KivnTApa (0TATNG). To nAekTpOoUayvnTIKG TTEdiO
onuIoupyeital yEow BIEYEPANG TINViou PE CUVEXEG PEUPA KAl AAANAOETTIOPA PE TO PAYVNTIKO TTEDIO £VOG
MoOvigou payvATn. H diagopd petall Twv U0 TUTTWV KIVATAPWY EYKEITOI KUPIWG OTOV TPOTIO PE TOV
o1roio To nAekTpopayvnTiké TTedio aAAAlel @opd yia va BpiokeTal TTAVTOTE O€ avTiBeon Ye TO HayvnTIKO
medio Tou payvATn Kai va KaBioTatal duvarth n Kivnon Tou KivnThpa.

2TOUG KIVNTAPEG PE WAKTPEG O OTATNG ATTOTEAEITAI ATTO POVIPOUG payvhTeS. O dpopéag atroTeAeiTal
atrd TTnvia Twv oTToiwV Ta dkpa Tpo@odoTouvTal Eow dIATagng, n oTToia e PNXaviko TPOTTO JETARBAAAEI
Katd TNV TTEPIOTPOPA TNV TTOAIKOTNTA TOU PeUPATOG OTa AKpa Tou KABe Trnviou. H didragn autn
QTTOTEAEITAI ATTO CEIPd ETTAPWY TTAVW OTO OPOUEA Ol OTTOIEG TTEPIOTPEPOVTAI PWadi Tou, Kal oTaBepwV
EMOQWYV o010 OTATN. Katd tnv TmmepIioTpo@r] Tou Opouéa OlaQopeTIKA feUyn €TTAQWY ETTAVW TOU
EQATITOVTAI PE TIG ETTAPES TOU OTATN, ME ATTOTEAEGUA TNV KATAAANAN TPOPOdOGia Twv Tviwy yia Tn
ouvéxion Tng Kivnong.

2TOUG KIVNTAPES XWPIiG WAKTPEG, 0 dpouéag artroteAsital atrd POVIUOUG UAYVATEG KAl Ta TThvia
BpiokovTal oTo OTATN. ATTOoQEUyETal £€TO1 N AvAyKn XPAONG ETTAQWY Ol OTToieG @BeipovTal Kal odnyouv
oTn pelwpévn oxeTiké didpkela {wng Tou KivnTApad. KaBwg Suwg dev yivetal pnyxavikd tAéov n
TTEPIOTPOPA TOU NAEKTPOMAYVNTIKOU TTEQIOU WOTE va AEITOUPYEI O KIVATAPOAG, QTTAITEITAI N XPHNon

NAEKTPOVIKOU CUCTAMATOG yia TNV TPo@odOoaia Tou KIvNTAPO TO OTroio JETARAAEl KATAAANAa Tnv
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TTOAIKOTNTA TWV TINVIWV Kal dpa To TTapayouevo tedio. Mpokeipgévou va petaBAnOei n TTOAIKOTNTA TWV
TTNViWV Kal va emTeUXBei N AeItoupyia Tou KivnTrpa, XPNCIYOTIOIEITalI CUCTNUA avaTPOPOdOTNONG EiTE
pe aioBnTipeg Hall, eite pe yérpnon Tng avriotpopng HEA ota mnyvia eite e resolver. ‘ETai givail duvatdv
va yivel TpoadIopIouOG TNG OXETIKAG BE0NG TTNViwv Kal yayvnTwy KEBe oTiyun Kal va T1po@odoTnBouv
KatadAAnAa Ta TTnvia woTe To TTAPayOpEVO NAEKTPOPayvVNTIKG TTEdio va gival avTiBeTo Tou payvnTikoU
mediou atrd Toug povipoug payvhTeg. H allayr) auth oTnv kataokeur) Twv brushless kivntipwyv og
oxéan ue Toug brushed kivntrpeg, augdvel onuavTika Tnv didpkeia {wrg Tou KIvATHpa aAAd Tautdxpova
au&dvel Tnv UOKOoAIa XpAong TOUuG.

To nAekTPIKG avAAOYO Kal TwV dUO TUTTWV KIVATAPWY OUVEXOUG PEUNOTOG EUPAVICETAI TN CUVEXEIX
(ZXNua 2-1).

ZxApa 2-1. HAekTpIKO KUKAWHA KIVITAPA.
A6 TO ammAoTroiNuévo autd axAUa TTPOKUTITOUV Ol OKOAOUBEG €EICWOEIC TTOU TTEPIYPAPOUV TN

AgIToupyia TwV KIVATAPWY cuvexoug peuparog [12] [13] :

—K*D*

e, [0 ( 1)
V=g, +R *i, @)
T =K*®*i, (3)

OT10U OTIG EEIOWOEIG AUTEG:
e Keival n otaBepd poTTrig TOU KIvRTHpa
e W gival N ywviakr TaxuTnta TOU
e R Kalig€ival n avtioTaon Kal To peUPA TOU TTNVIOU TOU KIVNTAPA, AvTioToIXa
o Vkal eq gival n epapuolduevn 1don kal n AHEA ota dkpa Tou KivnTApa, avrioToixa
e T eival n avarrruooodpevn H/M potri

e @ gival n payvnTiki por) avda TTOAo

Kupidtepo XapakTNPIOTIKO TWV KIVATAPWY €ival N XapaKTNPIOTIKA KOUTTUAN POTTAG-OTPOPWY, N
otroia guvdéel TNV TaxUTNTA TTEPIOTPOPAS £VOG KIVATHAPA E T POTIA TTOU PTTOPEI va atrodwael OTnv
ouykekpipévn Taxutnta (BA. ZxApa 2-2). H yop®r Tng KaummuAng autng £¢aptaTal amd Tov TUTTO Tou
KIVNTAPQ Kal ETITPETTEI TNV €TTIAOYI KATAAANAOU KivNnTrpa yia TNV KABe e@apuoyr], divetal de atrd Tov

KATOOKEUOOTHA TOU KIVNTAPA.
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H eAeyxouevn xprion evog KivnTripa dnAadn n AsiToupyia Tou o€ ouVBRKeS TToU KaBopilel 0 XpROTNG
Kal Ox1 a1TAG aTnVv PEYIOTN TaxUTnTa/IoXU TTOU avTIoTOoIXEI oTNV Tpopodoaia, atraitei éva €101k oUoTnUA
eAéyxou, 1O otroio ovoudletal odriynon (drive) kivnTApa. To ouoTtnua autd (drive) atroTeAeital atrd
KATAAANAEG NAEKTPIKEG KAl NAEKTPOVIKEG DIATAEEIG, OI OTTOIEG ETTITPETTOUV TNV EAEYXOPEVN AEITOUpYia TOU
kivntrpa. O1 dIatdEeig auTéG XpNOIPOTIoIoUV Orjua avadpacng atmod 1o OpOoUEa TOU KIvRTHPA, HECW TOU
OTT0ioU PTTOPOUV VA PETPAOOUV TNV TaXUTNTA TTEPICTPOPNG TOU KIVATAPA. ZuyKpivovTag Tnv TaxuTnTa
TEPIOTPOPNAG PeE TN ¢nToUuevn atrd Tov XPAOTN TaxUTNTa Kal PETARBAAAOVTOG TNV TPOo@odoaia Tou
KIVNTAPGA, ETTITPETTOUV TNV EAEYXOUEVN Kivnar Tou avaAoya Je To eEWTEPIKO orjpa eAéyxou. H odriynon
EMTPETTEI €TTIONG TN A&ITOUpPYia TOU KIVNTAPQ €iTe oav TIEdN, €iTe oav yevvATpia (BA. ZxAua 2-2).
EtrekTeivovTag 1o dIdypappa TG XAPAKTNPIOTIKAG KAUTTUANG KIVATAPO KAl OTIG APVNTIKEG TIMEG POTTAG
Kal TaXUTNTAG TTEPIOTPOPIG TTPOKUTITOUV Ol AKOAOUBEG TTEPITTITWOEIG AEITOUPYIag:

1. OuobppoTtn pOTA Kal TaxUTnTa TIEPIOCTPOPNG, OTTOTE O KIVATAPAG AEITOUPYE KAVOVIKA,

TIPOCPEPOVTAG INXAVIKH EVEPYEIQ OTO CUCTNHA.
2. Avtippotin poTrA Kal TaxUTnTa TTEPICTPOPAG, OTTOTE O KIVNTHPAG ATTOPPOPA UNXAVIKF EVEPYEIQ

a1ré 10 oUoTnua Kal Opa ite oav yevvATpia (Vi<0, Tw<0), eite oav médn (Vi>0, Tw<0).

A
T
Medn
V>0
Fevvntpla KwnThpoac
0 w
V<0
Kwntnpag
Frevvntpla
Meédn
IXAMA 2-2. XapaKTNPIOTIKA KAPTTUAN pOTTAG / OTPOPWYV KIVNTAPO TTOU AEITOUPYEI Kal oTa 4

TETAPTNHOPIA.

Avaloya pe Ta TeTapTnuépIa Tou dlaypAPPaTOg OTPOPIKAG TaXUTNTAG — POTIHG ATTO Ta OTToia DIEPYETAI
N XOPOKTNPIOTIKA KOUTTUANR €vog KIvNTAPa KaTd Tnv AsiToupyia Tou pe éva OUyKeEKpIYévo ouoThua
odrnynong, To ocuaTnua odAyNonNG avagEPETal W evog, U0 1 Kal TEOOAPWY TETAPTNUOPIWY. ZUCTHUATA
0odAynoNG TTEPICOOTEPWY OTTO €va TETAPTNHOPIWY £XOUV UWnAOTEPO KOOTOG atmd OTI CuoTApATA
o0AYNoNG evOg TETAPTNHUOPIOU AAANG ETTITPETTOUV TNV AEITOUPYIA TOU KIVATAPA wg TTEdN 1) KAl YEVVATPIA.

2T0 €TTOPEVO OXAUA TTOPOUCIAZOVTAl EVOEIKTIKEG XOPAKTNPIOTIKEG KAUTTUAEG AgIToupyiag yia €vav
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KIVNTAPQ ouveXOUG PEUPATOG KOl OTA TEOOEPA TETAPTNHOPIA. AvAAoya Pe TV AEITOupyia Tou KivAThpa
KGBe @opd, XpNnOIUOTTOIEiTal JIOPOPETIKI KAUTTUAN. OI KAPTTUAEG QUTEG ATTEIKOVICOUV TIG HEYIOTEG

OUVATEG TINEG TwV OUO PETARANTWV.

2.3 Mrrartapieg

lNa TNV Tpo@odoaia Tou TETPATTOO0U XPNCIUOTTOIEITAI APXIKA £EWTEPIKO TPPOOOTIKG I0XU0G. QOTOCO, N
auTtévoun AEIToupyia Tou POUTTOT TTAITEI TN XPrON GOPNTOU GUCTAUATOG TPOPOdOCiag aTTOTEAOUEVOU
atrd TTOAATTAEG pTTaTapieg. MAEov aTo euTTdpIo UTTAPXOUV TTOAAOTTAOI TUTTOI UTTATAPIWY HE DIAQOPETIK)
XNMUIKA ouoTaon Kai TEAEIwG BIaQOPETIKA XapakTnpioTikd. O1 Kupldtepol TUTTOl, padi pe ta Baoikd

XOPOKTNPIOTIKG TOUg TTapoucidlovtal oTov emopevo Tivaka (Mivakag 2-1) ([14], [15] kai [16]).

Mivakag 2-1.  ZUyKpIon XOPOAKTNPICTIKWY KUPIOGTEPWY TUTTWYV ETTAVAPOPTI{OUEVWV

HITaTAPIWV.
’ ] EV£")Y£IG / KéaTog AIGpr&IG O'vopacnKr!
Totrog Mrarapiag Bdpog ($/kWh) ZwAg Tdaon KeAiol
(Wh/kg) (kUkAol) (V)
MoAUBSou / Otéwg 30 -50 100 - 200 500 - 1,000 2.0
, , 2,000 -
NikeAiou / Kaduiou 50-75 300 - 600 2,500 1.2
NikeAiou /YBpIBioU | 56100 | 300-600 | 300 -500 12
MeTdAAou
l6vTwyv AlIBiou 200 >600 10,000 3.7

MNa 10 TETPATTOO0 POWPTIOT OI ATTAITACEIS yIO TIG WTTATAPiEG ouvowifovtal oTa akOoAouBa
XOPOKTNPIOTIKA:

1. YwnAn ioxug

2. Mikpd Bdapog

3. Auvardtnra eTava@opTIong Kal IBIAiTEpa onUAvTIKOG apIBudS KUKAWY GOPTIONG - ATToQOPTIONG

4. Avtoxn o€ oAU upnAd puBbpuod ekedPTIoNG
O Mivakag 2-1 utrodeikviel WG KAAUTEPN TEXVOAOYIQ PTTATAPIWY YIA TNV IKAVOTTOINGN TWV avWTEPW
TTPOJIAYPAPWYV, TIG ITTATAPIES 1I6VTWYV AIBiou. O1 uTTaTapieg auTég XpNoIUOTTOIoUV KGB0d0 atrd JETAAAIKO
0&eidlo Tou AiBiou kai dvodo atd ypa®itn o€ TTOAAGTTAG oTpwpaTta. O nAekTPoAUTNG amoTeAeital amod
ahata AiBiou diaAupéva ag opyaviko OIaAUTn. Katd mn xprion Tng Yrratapiag, aroua AiBiou petarpétrovral
o€ 16VTa KAl PETAKIVOUVTAI TTPog TNV dvodo &t1rou Kal petatpétrovral Eavd ae atopa AiBiou [16]. Oi
MTTaTApieS 16VTWV AIBiou TTapoucidlouv TTOAU UWnAL EVEPYEIAKK TTUKVOTNTA OAAG Kal UPNASTEPO KOGTOG
atrd Toug GAAOUG TUTTOUG UTTATOPIWV.

O1 ytratapieg 1I6vTwV AIBiou duCTUXWG aTTAITOUV EIBIKEG BIATAEEIC POPTIONG KAl TTPOCTACIAG KATA TN
xprion. EidikéTepa, katd Tn @oOpTIon dev €MITPETTETAI N GOPTION TTEPAV TNG TTARPWONG, VW KATA TN
Xprion Oev EMTPETIETAI VA GUVEXITEI N ATTOPOPTION TNG MPTTATAPIOG TTEPA ATTO €va KATWTATO OpIO.
IS1aiTEPA VIO TIGC CUYKEKPIMEVEG UTTATAPIEG, N KN TTPOCTACIA TOUG ATTO TIG TTPONYOUUEVEG TTEPITITWOEIG
odnyei o€ aoToyia, n oTroia AGyw UAIKWV KOTOOKEUNG UTTOPE va ekdNAwBET pe avagAeén ) kal £kpnén

TNG MTTaTAPIOG.
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Katd tnv ekpoépTion Wiag piratapiag, n Taon €£600U TNG UEIVETAI JE PN YPOUMIKO TPOTIO (Yia
TTapadeyua n JTratapia 16vTwy AIBiou £xel TAon oTa akpa TTANPWS QOPTIGHEVOU KEAIOU 4.2V eV KaBWG
atrogopTifeTal TEQPTEl oTadIoKd KATW atmd Ta 3V)(BA. Zxnua 2-3). To XapakTnpIoTIKG UTTOXPEWVEI TOV
oxedlaoti KukKAwpdtwy va 1pocBiTtel diatagelg otabepotroinong Tdong €i00dou 6tav oxedIAlel
KUKAWWPOTA Ta OTToia XpNOIPOTTOIoUV PTTATAPIEG WG TTNYH TPOPodOoaiag. XT0 XXAua 2-3 gupavideTal n

HOP®I TNG KAUTTUANG EKPOPTIONG YIa SIGPOPETIKOUG TUTTOUG PTTATAPIWV.

4.0 _\\“"-».___\_\_ _
_\__\__‘_—‘——_
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E 15 |- __"‘\\ Mlzn
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IyxAua 2-3. KaptruAeg EKQOPTIONG dlagpopwv TOTTWV HTTATAPIWV. MnynA:
http://www.mpoweruk.com/performance.htm

2.4 HAekTpIK6G 06pUBOG
H oupTtTepIPopd TWV avaAOYIKWV KUPIWG KUKAWNATWY, dAAd TTOAU ouxVvd Kal TwV WnIaKWY, YTTOPE va
peTaBANnBei onuavtiké atrd TNV emidpacn Tou nAekTpouayvntikou Bopufou. O B6pufog ptTopei va
TIPOEPXETAI ATTO EEWTEPIKEG TTNYEG ] AKOUA KAl OTTO TO ECWTEPIKO TOU CUCTHOTOG TO OTT0I0 avaAUEeTal.
EioépxeTal 010 KUKAWPA Pe d1dpopoug TpoTToug. O1 KUpPIoI TPATTOI JE TOUG OTTOIOUG TTPOKAAEITAI O€ £va
ouoTnua TTapeuBoAn ot Asitoupyia Tou AOyw nAekTpopayvnTikoU BopUBou ava@EépovTal TTapaKAaTw
[17]:

1. TMapeuPoAn péow aywyng (TT.X. KOIVR, Jn €TTOPKAG Yeiwon HETAEU BUO KUKAWUATWYV)

2. TopepPoAn péow eTaywyikng A XwpenTikAg alleuéng (TT.X. AAANAETTIOpacon PETALU YEITOVIKWV

KaAwdiwv — crosstalk)

3. HAekTpopayvnTiKA akTivoBoAia

H avTIMETWTTION Kal TwV TPIWV JIAQOPETIKWY TUTTWV TTAPENPBOANG UTTOPET va Yivel JEOW TNG EQAPHOYNG

0pBWYV TTPAKTIKWYV KATA TO OXESIOTHO TWV KUKAWPATWY.
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MNa TNV mopeyBoAnl péOow aywyAg aTTaITEITAal 0 CWOTOG OIOXWPICHUOG TOU KUKAWWATOG Of
uTTOoUCTAPaTA. To KABE UTTOCUCTNUG TTPETTEI VA £XEI TN OIKA TOU TPO®OOO0aia, N OTToia GUVOEETAI |E TO
uttéAoItro auoTnua ota eAdyioTa duvatd onueia kal 1Idavikd poévo o dUo, aTnVv TpoPodoaia Kal oTn
yeiwon (ZxAua 2-4). £1nv €icodo NG Tpo@odoaiag oTo KABe uTTooUCTNUA XPNOIYOTTOIEITaI KATAAANAN
O01dTagn avaloylikwyv QIATpwv woTe va un yivetar yerddoon BopuBou atrd Kal TTPOG Ta UTTOAOITTA
uttoouaTAPaTa. Katd 1o oxedlaoud TG TTAAKETAG £VOG KUKAWMPATOG TTPETTEN VA yiveTal XpAon eTITTEDWV
XOAKOU ATTOKAEIOTIKA YIO TPOQODOCIa Kal YEiwaon, NE OCO TO dUVATOV TTEPICTOTEPO XOAKO. EIBIKA yia TO
eTiredo TNG yeiwaong N JeyAAn TToodTNTA XAAKOU HEIWVEI GNPAVTIKA TO BOpUB0 PETAEU TWV YEITOVIKWY
KUKAWMPATWY, dNUIOUPYWVTAS aywyoug XaunAng avtiotaong yia To peUua TTPOg TN yeiwon. TEAoG, N
Xprjon ouvdeauoAoyiag TUTTOU aCaTEPQ OTN YEiwan ETMTPETTEI TN Weiwan Tou BopURou TTepiopifovTag Ta

MEpPN TOu aywyou TTou diappéovTal atmd TTapatrdvw ato éva pevuara [18].

Va VD

Avahoyikd MEpog ZuaTHHATOC (-) Wnipako MEpog ZuaThipaTog

= .

GND, .

(3]
=]

ZXAMa 2-4. Alaxwpiopdg avaloyikoU Kal yn@iakou pépoug ocuoTiparog. Kabe pépog £xel
SIKN Tou TPOPOBOUTia, Ol OTTOIEG EVWVOVTAI OE VA KEVTPIKO onyEio.

21NV TEPITITWON TTAPEUPOAAG pEOW ETTAYWYIKAG 1 XWPENTIKAG OUCEUENG, N AVTIMETWTTION
dlagopoTrolgital avdAoya pe Tov TUTTO Tou TTediou (MayvnTIKO A NAEKTPIKO) ATTO TO OTTOI0 TTPOEPXETAI N
TapePPoAr. H peiwon Tou BopUPou TTou TTPoEpXETal aTTO NAEKTPIKO TTESIO ETTITUYXAVETAI JECW TNG
xprong:
1. 'Ooo 10 duvaTdv PIKPOTEPNG ATTOCTACNG CUVOETEWV,
2. KOTAAANANg yeiwong,
3. Bwpdkiong péow yelwpévwy KAwPwv Faraday,
4. peiwpévng Tdong o€ TTNyEG e onuavTikG dv/dt.
O B86puBog atrd payvnTiKG TTEdI0 AVTIUETWTTICETAI EUKOAA PEOW:
1. T1po0eKTIKAG TOTTOBETNONG KAOAWDIWY,
2. OyWYIHWV «OITWV» YIO Uyiouxva payvnrika Tredia,
3. UANKWV UWnAAG PayvnTIkhAg diotmepatotntag (Tr.x. mu metal) yia payvnTika 1media xapnAng
ouxvoTtnTag,
4. KoTGAANAQ TTETTAEYUEVWV KAOAWDIWOEWY,
Bwpdkiong KaAwdiwv pe xpAon METAAAIKOU TTAEypaTtog (ZxAua 2-5) /| @UAAOU TO OTTOi0 OThV

I0QVIKA TTEPITITWON, ouvdEeTal 0 KATAAANAN didTagn peiwang Bopupou.

24/91



Ouwpdkion \

ZxApa 2-5. Mapdadeiypa Bwpakiopévou KaAwdiou. Paiveral n Bwpdkion Kal Ta TTETTAEYHEVA
{euyn kKaAwdiwv. MNMnynA: https:/irubimages-liberty.netdna-ssl.com/hi-res/LLINX-HD.png

2.5 TpappIKA Kal SIOKOTITIKA TPOPOSOTIKA TAONG
> TTOANQTTAG onuEia TNG Epyaadiag atraitiBnke n dnUIoupyia YIag TAoNG TTPOEPXOMUEVNG ATTO pia GAAN,
ouvABwg uywnAoTepng. O ouvnBiopévog TPOTTOG Yia va Yivel N PETATPOTIN AUTH €ival n xpron &vog
TPo®OdOTIKOU Téong. Ta Tpo@odoTIKA TAoNG cival NAEKTPOVIKEG CUOKEUEG, Ol OTTOIEG €iTe uTTORIRAOUY
€iTe auavouv pia eloepyOPEVN TGN dNUIOUPYWVTAG £TAT HIA SIOQOPETIKA TAaon oTnVv £€080 TOUG.
Ta TpoPodoTIKA XWpPifovTal Kupiwg o€ dUO KaTnyopieg avaloya Pe Tov TPOTTO AEIToupyiag Toug:
1. Tpappikd TPOPOSOTIKA Ta OTToia EMITPETTOUV TOV UTTORIBACHSO TnG TAoNG €10600U POVOo
(11.X. ammd 5V o€ 3.3V) (Zxnua 2-6)
2.  AIGKOTITIKG TPOo@odOTIKA Ta OTToia EMITPETTOUV TOV UTTORIBAcHS aAAG Kal TV auénon TG
Tdong (1m.x. amod 3.3V og 5V) (ZxAua 2-7)
Kai o1 800 TUTTOI TPOYOBOTIKWY AEITOUPYOUV WG cUOTNUA AUTOPATOU eAEyyou Tng Téong €¢6dou. Ta
KUpIa PEPN TOUG gival pia TAon ava@opdg, £vag GUYKPITAG aUuTAG PE TNV TAon €£6dou Kal TEAOG €va

aToIXEio EAéyXOU TAONG TPOPODOTOUNEVO ATTO TOV CUYKPITH.

IXAMa 2-6. XapaKTNPIOTIKG Trapddelypa ypappikoUu Tpo@odoTikou Tdong (edw TO
oAokAnpwpuévo LM7805).
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IXAMa 2-7. XapakTnPIOTIKO TTAPASEIYHA BIOKOTITIKOU TPOPOSOTIKOU HE TO OAOKANPWHEVO
LM2596 ka1 Ta atrapaitnTd yio TN AgITOoupyia TOu NAEKTPOVIKA e§apTAUATA.

210 YPAPMIKE TPO@OOOTIKA, TO OTOIXEIO EAEyXOU TAONG €ival auvrBwg éva A TrTepiocadTepa transistor
Ta oTToia A£ITOUPYOUV WG UETARAAANOUEVEG TTNYEG PEUUATOG, EAEYXOMEVEG HECW Hiag TAong eAéyxou. H
TAoN €AEyXOU TTAPEXETAI OTTWG AVAPEPBNKE TTPONYOUNEVWG OTTO TO GUYKPITA, O OTTOI0C €ival auviBwg
€vag TEAEOTIKOG evIOXUTAG. H Tdon €€6dou Tou TPOo@OdOTIKOU £QAPUOLETAl OTNV €iI00O0 TOU CUYKPITH
péow evdg diaipéTn TAong. Avaloya pe Tnv Tdon oTnv €i0080 TOU CUYKPITH aAAACEl KAl TO TTAPEXOUEVO
otnVv €€000 Tou pelpa Kal apa aAAAdel avaldywg Kai n Téon eAéyxou. O evioXUTAG dpa WG EVIOXUTAG
OQAAUATOG PETAEU TNG TAONG €600V Kal PIag TAONG ava@opdg n oTToia TTapdyEeTal GTO ECWTEPIKO TOU
TPo®odOoTIKOU. O BPdX0G avaTpoPodOTNONG TTou dnuIoUpYEiTal, gival cuvABwg oTaBepoTToINUéVOG ATTO
TO EPYOOTAGIO OAAG O€ PEPIKA HOVTEAQ ATTQITEITAI N TIPOCOAKN GUYKEKPINEVWV TTUKVWTWYV EEWTEPIKA YIa
va atropeuxBei n actdBeia [19]. KaBwg Ta transistor TTou dpouv wg OTOIXEIO EAEyXOU AeIToupyouv aTnV
EVEPYO TTEPIOYN, BEpUaivOVTal ONUAVTIKA KOTA TRV AEITOUPYiO TOUG, TO OTTOI0 CUVETTAYETAI AUENUEVES
EVEPYEIOKEG ATTWAEIEG OTO TPOPODOTIKO.

210 ZXNPa 2-8 gu@avietal atrAOTTOINUEVO NAEKTPIKO KUKAWMA £VOG YPAUMIKOU Tpo@odOoTIKOU. To
oToixeio eAéyxou Q1 dpa wg peTaBarAduevn avrioTaon Kal EAEyXeTal, JECW TOu OTOIXEIOU Q2, aTrd Tov
ouykpItr) Tdong Q3. Z1nv €i00d0 auToU £QapudleTal n Taon €€600U HECw dIAIPETN TACNG ATTOTEAOUUEVO
amd TIG avTioTtacelg R2 kai R3. E@apupdletal emiong pia t1don ava@opdg n otroia €ite TTapdyeTal
EOWTEPIKA OTO YPOUUIKO TPOPOOOTIKO €iTE TTAPEXETAI ECWTEPIKA aTTO TOV XproTn. H avrtiotaon R1

XPNOIYOTTOIEITAI YIO TOV TTEPIOPICUO TOU PEUPATOG PETAEU 10000V Kal £€6O0U.
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Tdon Egdou

Tdan Eigdou

ZxAua 2-8. FpappIké TPOPOBOTIKG.

Ta ypauuIka Tpo@odoTiké xapaktnpifovtal amd otabepdtnta Tdong £€6dou Kal XapunAd 66pufo.
NASYyw OuwG Tou TPOTTOU AEITOUPYIAG TOUG, ETTITPETTOUV HOVO TOV UTTORIBAC O Tdong atrd TNV £i00806 TOUg
oTnV £€£000 eV £XOUV QUENUEVEG EVEPYEIOKES OTTWAEIEG O€ Hop@r) BepuoTnTag. EIBIKOTEPA, N ATTWAELIQ
evépyelag wg BepudTtnTa TTpokaAeital atmd TNV Bépuavon Twv transistor katd tn Asiroupyia Toug. H
Béppavarn] Toug e€apTaTal ammod TNV dlagopd TAong aTa AKpa Tou KABE transistor TTou dpa wg oToIXEIO
eAéyyou. EEapTtdral €1miong kai atré 1o pevpa TTou 1o diappécl. H mapayoéuevn dnAadr) BepudtnTa oTo
transistor givail Trepitrou avdAoyn Tng dlapopds TAoNG OTA AKPA TOU KAl TOU PEUPOTOG TTOU TO dIaPPEEL.
Apa, peyaAlTepog UTTORIBACKOG TAoNG | HeyAAo pelpa ot €va ypAaupIKG TPOPOBOTIKO 0dnyei o€
TTapaywyr BepudTnNTag OTTOTE KAl O€ ONUAVTIKA augnon Bepuokpaciag Kal apa TEAIKA OE ATTWAEIA
EVEPYEIQG.

H avdykn avTIJETWTTIONG TwV TTPORANUATWY auTwv 0dAynoE oTnV avatrtugn Twv OIOKOTITIKWV
TPo@OdOTIKWY. MpdKeITal yia TPOPOSOTIKA TA OTToI XPNCIMOTIOIOUV TINvia, TTUKVWTEG Kal 816d0ug o€
ouvduaopud pe oToIxeEio €AEyXOUu TO OTTOI0 TPOMOBOTEITAI PE TTOAPIKA KupdaTopop®r oTafepng
ouxvoTtnTag Kal peTafarAduevou kukAou Asitoupyiag (Pulse width modulation — PWM). H kupatopop®n
gival TéTola waoTe TO SIOKOTITIKG GTOIXEIO Va AsiToupyei PE TIG EAGXI0TEG duvaTEG ATTWAEIEG. Ta SIAKOTITIKA
TPOPODOTIKA ETTIAUOUYV £TOI TO KUPIO TTPORANUA TWV YPAUMIKWY TPOPOJOTIKWY OAAG €10@youV TTITTAOV
B6puPBo oTnv TGon €£600U efaiTiag TNG SIOKOTITOPEVNG AgIToupyiag Toug. ‘Eva delTepo TTAEoVEKTNUA
EVaVTl TWV YPOAPUIKWY TPOPODOTIKWY €ival n duvatotnTa Twv SIAKOTITIKWY TPOQPODOTIKWYV VO TTAPEXOUV
Tdon €€6d0u peyaAuTepn aTro Tnv Taon €1l06d0u, xapn otnv Utrapén Trnviou [20].

Ymdpyouv apkeToi OIAQOPETIKOI TUTTOI SIOKOTITIKWY TPOPOBOTIKWYV. O1 KUPIGTEPOI KAl TTIO CUXVA
XPNOIUOTTOIOUMEVOI Eival:

e Tumou Buck. EmiTpétel Tov uttopIBacud g 1dong eil06dou.
e Tomou Boost. Emitpétrel TV augnon tTng T1dong €10600u.

e TuUmou Buck-Boost (avtioTpo@rig). Mapdyetal Tédon avTiBeTou TTpocAou aTnv £€000.
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O oxedlaoudég Twv JIAKOTITIKWY TPOPOJOTIKWYV gival 181aiTepa TTOAUTTIAOKOG. A Toug OKOTToUG TG
TTOPOUCOG EPYOCiag TTapouaialovTtal avaAuTIKG ol dU0 TTPWTOI TUTTOI SIOKOTITIKOU TPOPODOTIKOU, Ol
OTTOi0I Eival KAl Ol KUPIOTEPOI.

To yeviké KUKAwUA evOG TPo@odoTIKOU TUTTOU Buck gugpavifeTal 010 ZXAUa 2-9. 210 KUKAWNA auTd
yiveTal SI0KOTITOUEVN TPOPOBOCIia TOU CUATHHATOG TINVio, TTUKVWTHG, gopTio. Katd tnv trepiodo mou o
010KOTITNG (Q1) €ival KAEIOTOG, pelpa Ayetal ammd auTtdv @opTidovtag Tov TTUKVWTH (C1) Kal augdvovtag
oTadIaka To pevua péow Tou Trnviou (L1) kaBwg aufavetal n evépyeia oTo PayvnTikG Tou TTEdio Kal
MEIWVETAI N TAONn oTa Akpa Tou. OTav o OIaKOTITNG AVOIEEl OTN CUVEXEIQ TO TINVvio dpa WG TNyN
«TTPOCTTABWVTAG» va dIATNPACElI TNV TTponyouuevn TAON oTa GKpa Tou. To payvnTiké Tedio Tou
pelveTal oTtadlakd evw n diodog (D1) mAfov dlappéeTal ammd pevua. H diadikagia eravaAapBaveral
MOAIG KAgioel Eavd o BIakOTTTNG. O TTUKVWTAG aTNnVv £€6000 QopTiIfETAI TNV TAGN TTOU UTTAPXEI TNV ££000
TOoUu TInviou OTavV O BIAKOTITNG €ival KAEIOTOG. MOAIG 0 OIaKOTITNG QVOoIgel, O TTUKVWTAG apxilel va
eKQOpPTICeTaI TTAPEXOVTAG PEUPA aTO QopTio. EptTodiCel £101 TNV TITWGON TNG TAONG PE ATTOTEAECUA va
O0pa wg QiATPo eEopaAlvovTag Tnv TAon e€660u.

a1
L1

Tdon Eigaou _o/g__("ﬁ_rﬁ'\__ Taon EgbGou

—
; \-.. D1
ZyxAua 2-9. KukAwpa SiakomrTikou Tpo@odoTikoUu TUmou Buck. To oToixeio eAéyyxou

(d10KO6TTTNG €B6W) pTTOPEi Va gival transistor R kat MOSFET.

O o&¢cutepog TUTTOG OIAKOTITIKOU TPOPODOTIKOU €ival TO OIAKOTITIKO TPOoPodoTIKG Boost. To
TPOPOOOTIKO auTd XapakTnpideTal atmmd Tn duvatdtnTa va TTapdyel Tdon €£600u peyaAlTepn TG TAONG
€1I0600U Tou. ZT10 ZNMa 2-10 gugavifeTal To KUKAWHPA evOg TPO@OdOTIKOU TETOIoOU TUTTOU. H AgiToupyia
TOU TPOPOBOTIKOU autoU BacieTal oTNV TAON €VOG TTNVIOU VA «OVTIOTEKETAI» O OAAAYEG OTO peUa.
Otav o diokéTING (Q1) eival kAeloTdg, pelpa péel diapéoou Tou Trnviou (L1) de€idoTpo®a Kal
onuioupyeital gayvnTikd TTedio OTO ECWTEPIKO TOU TO OTToi0 aTToBONnKeUEl evépyela. H TTONIKOTNTA TNG
aploTepng TTAeUpAG Tou Trnviou gival BeTIKA. MOAIG avoitel o dIaKOTITNG To peUpa dla YEOW TOU TTnviou
MEIVETAI KABWGS N EUTTEdNCN TOU KUKAWMATOG 8i0d0¢, TTUKVWTAG, POPTIO gival HeyaAlTepn atmd auTh
TOU OIAKOTITIKOU OToIXEiou. To payvnTikG TTedio Tou Trnviou, TO OTT0I0 dNUIOUPYNBNKE TTPONYOUUEVWG,
MEIveTal oUTWG WOTE va dlatnpnBei oTaBepd To pela TTou diappéel To TTvio. To Trvio apxicel va dpa
W¢ TNy Tdong Pe TTOAIKOTNTA AvTioTPOPN aTTd QUTHV TTPONYOUNEVWG (N apiaTepn TTAeUupd Tou Eival
apvnTikA). Q¢ atmotéAeopa, uttdpyxouv TTAEov SUO TTNYEG O€ OEIpd SNUIOUPYWVTAS OTA AKPA TOUG

uynAdTepn Tdon atrd 6,1 apxIka. H tédon auth epgavifetal yéow TG 616d0ou (D1) oTa dKkpa TOU TTUKVWTHA
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(C1), goprtiCovtag Tov oTnV vEéa uwnAdTeEPN TACN. EQSoOV 0 OIaKOTITNG EVOAAACGOETAI APKETA YPIYOpPQ,
OEV UTTAPXEl APKETOG XPOVOG TTPOKEINEVOU TO TTNVIO va aTToQopTIOTEN TTARPWGS METAEU dUO BIadOXIKWV
TEPIOdWY OTTOU 0 BIAKOTITNG gival avoixTdg. H 1don otnv €€odo Ba cival TTévroTe peyaAltepn atrd tnv
Tdon €106d0u Xdpn oTo TNVio OTav 0 SIOKOTITNG €ival avoIXTOg, eV OTav KAEiVEl aUTOG, O TTUKVWTAG
dlarnpei ekQopTICOuEVOG TNV TAon oTabepn (agou Adyw Tng 816d0uU dev PTTOPEI va ATTOPOPTIOTEI TTPOG
TO TTNVIO).

D1
L1

Taon EIUOﬁﬂum

Taon EfGou

N/

c1

a1

IxApa 2-10. KOkAwpa  SiakomTikoU  Tpo@odortikou TUmou Boost. To  oroixeio
eAéyXou(d1aKOTITNG £BW) pTTOPEi Va gival transistor | kat MOSFET.
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3 Zxedlaopég YmroouoTnUATWY POuTror

3.1 Eicaywyn

To TrepIBAAAOV AcITOUPYIOG TOU CUGCTHMATOG €AEYXOU TOU POUTTOT gival TTOAU 101aiTepO. MpodKeiTal yia
TEPIBAAAOV e EvIOVOUG Kpadaououg, uywnAd peldparta Kal TACEIG TTOU TTPOKAAOUV OnUAVTIKO
nAekTpouayvnTikd B6pufo. Amé TO OTAdI0O TOU OXeDIOOHUOU OOBnKe 181aiTEPN TIPOCOXN OTNV
QVTIUETWTTION TWV avwTéPw, €TO1 WOTE va PeIwBei n mMOavoTNTA KATACTPOPIKAG OO0TOXIOG TOU
OUOTAUATOG €AEyyxou. ATTO UnNXavikng dmmoywng, TTPORAEPONKE yia XpAON Ouvdéoewv KAAwdIwv HE
avtoxfl OToug Kpadaopoug, evw KATA TO OXeOIOONSO TwV TTAGKETWYV €yIve TTPORAEWN yia TTOAAATTAG
onueia oTepéwaong. ATO NAEKTPIKAG ATTOWNG, dlaxwpeiodbnke n uywnAfl atmd Tn XaunAf T1G0N Kai
atropovwenkav PETagy Toug, VW XPNOIKMOTIOINBNKE NAeKTpopayvnTIKA Bwpakion Kal yeiwon TUTToU
«aoTépay. Emiong, peAetBnke n amaitolpevn 10XUG O KABE UTTOCUOTNMA, KAl TTOPAPETPOTTOINBNKE
avaAoya n TToooTNTa XOAKOU OTIG QVTIOTOIXEG YPOUUEG TPO®OdOaiag, KaBwS Kai n SIAUETPOG TWV
KoOAwdiwv. TENOG, OTIC YPOAUMUEG ME PEYOAUTEPN TAON TNPAONKE aTTOOTACN NAEKTPIKNG ATTOUOVWONG
oupewva pe Ta d1ebvr) poTutta (IPC 2221-A) [21].

3.2 ZuVvOAIKG OX£B10 TOU CUCTHMATOG

2UVOAIKG TO NAEKTPIKO/NAEKTPOVIKO GUCTNUA TOU POUTTOT ATTOTEAEITAI ATTO YIa OLIPd UTTOGUCTNUATWY,
Ta oTroia oxedidoTnNKav oUTWGS WOTE va gival duvatr) n mlavA PeTETeEITa aAAayn 1 Kal avTIKatdoTacH
Toug. Na 10 OKOTTO auTO, KATABAARBNKE TTPOOTIABEId WOTE TA TUAUATA TOU TETPATTOdOU va Eival
EexwploTtd kal aveEdptnTa PeTagU Toug. Ta did@opa UTTOCUOTHHATA TOTTOBETOUVTAl padi ETTAVW OTO
POUTTOT (ZXAua 3-1) oe onueio TTou €MITPETTEI TNV €UKOAN TTpGoBaCn G€ AUTA KAl TNV OTTAY OXETIKA
aAAayr Toug. To oUOTNUA NAEKTPOVIKWY PTTOPET va XWPIOTE apyIké o€ dUO EEXwPIOTA UTTOOUOTHNATA,
TO UTTOOUGTNUA TNG EVEPYEIAKNG TPOPODOTIag Kal TO UTTOCUCTNUA EAEYXOU. 2TO TTPWTO ATTO Ta dUO
yiveTal n diaxeipion TG aTTaITOUPEVNG EVEPYEIAS YIa TNV AEITOUPYIQ TOU POUTTOT KAl TOU CUCTHNATOG
eAEyxou, eV OTO BEUTEPO UTTOCUCTNUA YivETAl O EAEYXOG TOU TETPATTOO0U. TO GUVOAIKS dIdypaua Tou

OUCTAUATOG EU@AVICETAI OTN OUVEXEID (ZXAUa 3-2).

e e TPOo@OOOTIKO XaMNAARG 10XU0G
@ - - -\

| -=0 AN i

= 1N ,
Odnynon KivnTApwy A | A
N ()

PC/104 kai TTAakéTEG OUVOEDNG TOU
ZxApa 3-1. To pOpTTOT P TIG TTAAKETEG TOTTOOETNHEVEG ETTAVW TOU.
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Battery Fuse Shunt
sov + 100V,60A Regulator Battery Fuse
¢ 3oV g 40V.10A
Tpoq:oﬁocr!a Ywnhng ‘ Fuse 124, ¢
laylog 100V Tpowodosia
Xaunhig loxiog
LEG
S [, -,
[ 2 ] b
. = 1
Yrbhorma mosia : ! Y]T()OUOTI’][.I(I EAEYXOU '
! I Drive 1 !
L] ]
: . || : .
i ' I
' ADC 1
: : : o '
1 ' ] r== il e I 1
1 ' ] 1 i 1
1 ' ] 1 I 1
] : i ) v ' 1
: ; : : > : '
I ' i PC104 - DAQ PC104-CPU ' !
5 ! ' [ i 1
' ' [ l ' 1
i ' ! ] Y ) ' 1
1 ' ] 1 I 1
i ' [ 1 ' :
!
s ————p  Drive — | Isolation - e EEEEEEY a e PR R b
1 ' 1 !
1 ' ] I
: : +—‘ i Ethernet 1
I
: [ e | e m :
!
1 ' 1 :
. ' ' ¥
¥ b
] 1 Encoder : )
. ) ! WiFi
. ! 4 Router <_—'_>
1 ' ]
1 ' ]
i ' I
i 1 Force Sensor
1 ]
1 ' ]
1 ' ]
1
!
!
1
!

ZXApa 3-2. ZUVOAIKO oX£810 NAEKTPIKOU / NAEKTPOVIKOU OUGTAHATOG POUTTOT. EpgavideTal To
UTTOOUOTNHO EVOG HOVO TTOS100.

3.3 Tpopodooia

To utrocuoTnua TpoPodoaiag dlaxwpileTal o TpoPodoaia UWNANG I0XUOG YIa TOUG KIVNTAPESG KAl €
Tpo®odoaoia XaunAfg 10XU0G yia TV TPOPOdOGia TOU CUCTANATOG eAEyXou. ApXIKA, n Tpo®odoaia Tou
OUOoTAMATOG yiveTal pe Xprion dUo Tpo@odOTIKWY, éva yia KABe utrooUoTnua. To TTPWTO TPOPODOTIKO
givar To Agilent: N8737A (ZxAua 3-3) péyiotng taong 60V kai péyioTou pelpaTtog 55A 10 otroio
XPNOIYOTTOIEITAI YIa TNV TPOPOdOCia Twv KIvNTApwV. To dedTEPO TPOoPOodOTIKO gival To Agilent U8002a
(ZxAua 3-4) péyiotng Taong 30V Kal PEYIOTOU PeUPATOG S5A TO OTTOIO XPNOIKOTIOIEITAl YIA TNV TTAPOX)

TAONG OTO UTTOCUCTNHAO EAEYXOU.
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ZxApa 3-3. Tpo@odoTikd Agilent N8737A.
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777 8 777

ZxAua 3-4. Tpo@odoTikd Agilent UB002a.

21N ouvéxela, n Tpo@odocoia Ba yivetal Ye xpron ouoToixiag ptratapiwy 16viwy AiBiou (duo
OlapopeTIKWY €10WV: i) AGA Power 30C pe taon 22.2V kal xwpnTikotnta 4200mAh kai i) Wild Scorpion
Nano 25C, emiong tdong 22.2V kai xwpntikotntag 4200mAh). Adyw Tng xaunAdtepng amod 1o
QATTAITOUMEVO TAONG AUTWYV, OI UTTATAPIEG OUVOEOVTAI AVA TPEIG O€ OEIPA YIA VA ETTAPKEI N TAGN TOUG YIA
TNV TPOPODOCIa TOU UTTOCUGCTHHATOG UYNAAG I0XUOG. 2Tn CUVEXEID, CUVOEOVTAI TTOAAATTAEG OPABES TWV
TPIWV €V OEIPA PTTATAPIWY TTAPAAANAQ, YIa va TTAPEXETAI TO ATTAPAITNTO PEUNA GTOUG KIVNTAPEG.

To utrooUoTNPa TPOYPOodOTiag XapnARS 1I0XU0G JTTopEi va Tpo@odoTnBei atrd yia yévo utratapia n

TTEPIOCOOTEPEG €V OEIPA YIA HEYAAUTEPN AUTOVOUIa.

3.3.1 MpooTtacia Tnyng
ToOco TO TPOQPODOTIKG TTOU XPNOIUOTIOIEITAI APXIKA, OCO0 Kal PEAAOVTIKA n CUCTOIXiO UTTATOPIWY,
ATTaITOUV TTPOCOXN KATA Tn XPAon Toug. To HeEV TPOPOJOTIKO Oev €xEl EVOWMATWUEVN ATTO TOV
KATAOKEUOOTH], TTPOOTACIA YIa ETTAYWYIKA QopTia. O1 & ptratapieg 16vTwv AiIBiou, OTTwG avapépbnke Kal
oT0 BewpnTIKG KOPWATI, Bacifovtal o€ 181aiTEpa euaiodNTN TEXVOAOYIa, TTOU O£ GUVOUAOUO UE TO YEYOVOG
OTI 0 KATAOKEUAOTHG TOUG BEV EVOWHATWVEI CUCTANA TTPOOTACIAG TOUG AOYyWw TNG UWNAAG TOug I0XU0G,
TIG KaBI0TA 1810iTEPA €UaiaBNTeG. O1 KATAOTACEIG YIa TIG OTTOIEG TTPETTEI va An@OEi 1D1aiTePN pépIUva givai
ol €AG:

1. AvTiOTpO®O peUpa TTPOG TIG UTTATAPIEG

2. Ymépraon ato KUKAwPa Tpopodoaiag

3. BpaxukiukAwpa

AvTioTpo@O pelpa avapévetal va TTPoéABel atrd kaBe odrynon. Kabwg n odriynan Twv KivnTApwy
gival TEoodpwyv TETAPTNUOPIWY, UTTAPXE! TTIBavVOTNTA va UTTAPEEI, KATA TNV €mMIRPAdUVON TWV KIVATHPWY,
METOTPOTTA TNG PNXAVIKNAG TOUG evEPYEIDG O NAeKTPIKA. H emmiTAéov evépyeia peTaTpETTEl TA drive o€
TNYN iong Kal yeyaAuTepng TAONG 0€ OXEON YE TNV Tpopodoaia. H auénuévn autr Tdon odnyei o€ por
peUPATOG TTPOG TNV KUPIA TTNYT TOU CUCTHUATOG (TPOPOSOTIKG i UTTATAPIES).

H atmrAoUoTepn AUON TTPOKEINEVOU VA TTPOCTATEUTEN N TNy aTTd avTioTpo@a peUPATA gival n XpHon
0160wV, TOTTOBETNPEVWY €V CEIPA WE TNV TTNYA ME TETOIO TPOTTO WOTE VA ETTPETTETAI N PO PEUMUATOG

atrd TNV TNy TTPOG To QopTio pévo. Mia 6iodog duwG, TTapouaidlel TITWaon Taong Katd PAKOG TnG (yia
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Tapdadelyua n ouvnBiopévn diodog 1N4001 éxel TTwon Tadong ion pe 1V). H Aeimoupyia pe peyain
évraon PeUUATOG, OTTWG TA AVAUEVOPEVA PEUPATA OTO CUCTANA TOU TETPATTOO0U, CUVETTAYETAI IEYAAN
ATTWAEIO EVEPYEIOG OE HOPPR BEpUATNTAG N OTTOIa AUEAVEI TNV EVEPYEIAKT KATAVAAWGN TOU POUTTOT GAAG

Kupiwg Beppuaivel utrepBoAikd TG d16douG. Eival duvatdv péow Tou TUTTOU

P=1-V (4)

va UTToAoyIoTOUV oI aTTWAEIEG 0€ BepudTNTA OTNV di0d0. XPNOIPOTIOIWVTAG EVOEIKTIKA TNV TITWGON TAoNG
yia Tnv 6iodo 1N4001 kal wg peupa Ta 12A TTOU €ival TO PEYIOTO PeUa evOg KIVNTAPA uTToAoyileTal OTI
n diodog Ba atoppimtel 12W BepudTnTag. MNa va amo@euxBei n amwAela auth, €MAEXONKE va
KOTAOKEUOOOEN Kal va XpNnaoluoTroinBei yia 1davikr] diodog.

H 1davikA diodog cival éva auoTtnua atmd diakoTTiKG oToixeia eAéyxou (edw MOSFET), Ta oTroia
eAéyxovtal atTd KAaTAAANAO OAokAnpwuEvo KUKAwPa (LTC4359 1ng etaipeiag Linear Technology) waoTte
va yiveTal aywyr] peUPATOG JOVO TTPOG pia dielBuvon pe TTOAU PIKPEG ATTWAEIEG I0XU0G, TNG TAENG TWV
10mW [22]. Tautdxpova, €TTIAEYETAI N KATOOKEUR TOU OAOKANPWUEVOU KUKAWHPOTOG TTOU €AEYXEl TN
o1daTagn TNG 18avIKNAG dI6d0U, KATA TETOIO TPOTIO WOTE VA WTTOPEI va XpnoiyoTroindei wg dIakOTITNG
EKTAKTNG avAYKNG Péow ouvdeong KatdAAnAou diakéTTn oTnv eicodo SHUTDOWN trou d1a6€Tel. To
TEANIKO KUKAWMA TNG 18aVIKAG 816d0u, 6TTwG oXedIAoTNKE o€ KATAAANAO Aoyiopiké CAD eugaviletal oTo
IxNUa 3-5, kal n ToTmoBEéTNON Twy €EAPTNUATWY OE TTAGKETA eP@avifeTal oTto ZXAUa 3-6. TEAoG,

TTapaTiOETal KAl N @wToYPAPia TNG TEAIKNAG TTAAKETAG OTO ZXMHa 3-7.
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IxXApa 3-5. HAekTpiké ox€d10 ouoTANATOG IBAVIKAG 51650V YIa TTPOOTACIA TTNYAG.
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ZxAua 3-6. Zx€S10 TTAAKETAG CUCTAMATOG 18aVIKNG 31680V yia TTpooTACia TThYAG.

fRiitid
\ i,'

: !
i1 4

MOSFET
[§avikng At6Sov

Zxr']p’u 3-7. TeAik kataokeur) oto LPKF Tou cuothpaTtog 18avikig 31650u yia TTpooTacia
mnyne.

To apxIk6 ox€dIo Tou KUKAWPATOG TG 10avIKAG d16dou éyive BAoel Tou oxediou avagopdg OTTwG
auTé diveTal oTo OXETIKO datasheet Tou oAokAnpwpévou KUKAWPaTog eAéyyou (LTC4359 Tng eTaipeiag
Linear Technology). MNMpayparotroiénkav woTtdoo TPOTIOTTOINCEIG OTA OIAKOTITIKA OTOIXEIO EAEyXOU
MOSFET pe dAAa avtioToixou TUTTOU, UWNAGTEPNG OUWG 10XU0G, KABwWG Kal oTIG dIGdoUG TTpoaTaaiag
TOU OAOKANPWHEVOU KUKAWMATOG. O1 aAAayEG QUTEG €yivav TTPOKEINEVOU va €TTITEUXOEI N ao@aAig
A€ITOUpYia TOU KUKAWNOTOG OTIG CUVORKES AsiToupyiag Tou TeTpatmédou. Etmiong £yive pooTrdbeia va
ETMAEYOUV OAOKANPWHEVA KUKAWHATA KAl NUIAYWYOi PIKPOU OXETIKA HEYEBOUG WOTE va Uelwbei To
MéyeBOG TOUu TEAIKOU KUKAWUATOG VW TAUTOXPOVA Ta OToIXeia TTou eTAEXONKav TeEAIKA eixav
IKavoTroINTIKA &108e01udTNTA 0TNV ayopd. Adyw TnG YEYAANG Eviaong peUPATOG TToU Ba BIaxEIPIoTEN N
TTAOKETA, KATA TO OXEBIOONO TNG TTPOOTEONKAV TTOAU PEYAAES YPAUUESG XOAKOU OTRV TPOYOBOGIa Kal OTIG
Ouo oyeig TIg TTAakéTAg. O1 ypaupég auTtég gaivovTal éviova oTo TTAvw (BeTIKOG TTOAOG) Kal OTO KATW
MEPOG (apvnTiKOG TTOAOG) TNG TTAGKETAG 0TO ZXAMa 3-7. O TMivakag 3-1 Trapouciddel Ta eEapTAPATA TTOU

XpnaoigoTtroiénkav.
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Mivakag 3-1. E§apTApaTa TTOU XpNOIJOTTOIRONKaAV oTnNV TTAAKETA TTPOOTACIAG TTYAS.

EvGeIkTIKOG Ev3eIkTIKO
ESdapTnua oTTwg ep@avidetal oto oxédio TiyR MNakéto | Kwdikég RS .
KoéoTtog
Components
C1 47nF 1206 484-6529 0,31 €
Q1-Q2 MDP1921TH | TO-220 871-4965 1,24 €
R1 10 Q 2512 679-2409 2.00€
R2 1kQ 0805 223-0427 0.03 €
U$1 LTC4359 MS8 851-6843 6.28 €
Us2 BZB984 SOT663 508-153 0.11€
U$3 SMAJ24A SMA 764-5543 0.39 €
us4 SMAT70A SMA 751-5017 0.68 €

Mpokeiyévou va avTiyeTwTTIoTEl TO deUTEPO aTTd Ta Tpia TTPORAAUATA TTOU avagEpdnkav apxIkd,
dnAadn n mlavA utépTaon oT0 KUKAWPG TPo@Yodoaiag, XpnoIUoTToIoUVTal KUKAWwuaTa TUTTou shunt
regulator. Ztnv amAoUoTepn HOPPr TOUG TTPOKEITaI yia pia diodo TUTTOU Zener n oTroia ToTToBeTE TN
TTapdAAnAa pe 1o @opTio. O1 diodol auTéG OTTWG Kal 01 KAVOVIKEG Biodol, KATA TNV EQapuoyr avTioTpopng
TAoNG €ival Pn Oywylhdeg PEXP! Pia opiopévn TAon n otroia €§apTATAl ATTO TNV KOTOOKEUN TOUG
(breakdown voltage) [23]. MNépa amd autrv TNV TAon apxi¢ouv va ayouv Kal TTAAI peupa aAAd o€
avTiBean e TIG KavoVIKEG B1060uUG, o1 8iodol Zener gival KATOOKEUAOUEVEG €TOI1, WOTE VO EKPJETAAAEUOVTAI
QuUTO TO QAIVOUEVO KOl VO PNV KOTAOTPEQOVTAI OTTWG Mia kavovikh 8iodog. Mtropouv Aoitrév va
XpnaoipgotroinBouv yia pubuion TnG Tdang TToU u@avifeTal 0Ta AKPA TOU GOPTiou, dIATNPEWVTAG TNV TAON
oTaBepr) otnv Tiu breakdown Toug [24]. Z10 £mduevo oxiua (ZxAua 3-8) eupavidetal xapakTnpIoTiK

TTapddelyua atrd €va TETOI0 KUKAWUA.

R1
MW

: : ZTABEPONOINMEY
Taon Eigédou ZS Taon Eﬁéﬁorll” n

D1

ZXApa 3-8. 2raBepoTtroinon Tdong pe xpron d16dou TUTTOU Zener.

Mia Té€Tola &1aTagN €MTPETEI TNV AEITOUPYid TOU KUKAWUOTOG PE TO OTToio €ival TTapdAAnAa
ouvdedepévn, o€ oTabepn TAoN OTTWGS auTh opileTal atrd Tnv TIPA breakdown Tng d1660U, KABWGS auénon
TNG TaoNG TEPa atd TNV TIUA AUTA EMITPETTEI TNV PO peUNATOG PEOW TNG BIGBOU Kal €V oUvEXEIa TNV
TTWOoN TdoNg OTo KUKAwMa péxpl TRV Tpdtepn TiPA. Mia Ttétola O1dTagn Trapeixe IKAvOTTOINTIKA
TpOCTACia yia TNV TNy TAONG TTOU XPNOIJoTroiRenke, diatnpwvTtag otabepry Tnv TAon Katd Tn
A€IToupyia Tou TETPATTOOOU.

TENOG, N QVTIYETWTTION TOU TPITOU TTPORAARUATOG, dnAadr TBavoU BPaXUKUKAWUATOG, UTTOPEI va
Yivel Je XpAon ao@aAeilv KATAAANAWY TIHWYV, Ol OTTOIEG O€ TTEPITITWON BPAXUKUKAWUATOG Ba d1IakOWouv
TNV TTapoxr peupaTtog. O ao@AAeleg auTéEG UTTOPOUV va gival €iTE KAVOVIKEG AOQAAEIEG Piag Xpriong
6t1ou og MOAvO BPaXUKUKAWNA KATACTPEPOVTAI KAl SIGKOTITETAI TO PEUUA, EITE ATQPAAEIEG TTOAATTAWY

Xprioswv ol otroieg o€ mMOavd BpaxuUKUKAwPa dpouv w¢ PeTaBANTA avTtioTaon pe avriotaon avdAoyn
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NG OEPUOKPATIag TOUuG Kal dpa Tou PeUPATOG TTou TIG dlappéel, KaBws Bepuaivovral Adyw Tou

Qaivopévou Joule.

3.3.2 TMAakéra uwnAng 1I0XU0g

H kd&Be odriynon Aeiroupyei pe 1aon 60V Kal PEYIOTO GUVEXOUEVO peUPa BA TO OTToi0 UTTOPEI va
QTaCEl hHEXP! Kal Ta 12A yia PIKpO Xpovikd didoTnua (0 PEYIOTOG XPOVOG, O OTTOI0G UTTOPEI va PEIWBEI
av@Aoya pe TNV TTponyouuevn Aeiroupyia TnG odrynong, eival tepittou 2 deutepdAettTa) [25]. Ta 10
KIvNTAPES (2 avda 11édl Kal 2 oTnv oupd Kal oTn péan) autd onuaivel 120A otn xeipdtepn duvarn
mepimTwon. MNa va diapoipacTei TO00 PeYAAO evepyEIOKO QOPTIo €TTIAEXONKE O dIaXWPIOPOS TWV
KIVNTAPWY O€ 2 OPAdeS Twv 5 KivATHpwV N K&Be pia (TTpdcBio / otrioBio pépog pouTrdT). H kaBe oudda
TPo@OdOTEITAI ATTO TTAPOPOIA TTAAKETA, N OTToIa ival axedlaguévn €TO1 WATE va PUTTOPED va dlaxelpideTal
Ta 60A pevpartog, avd ouada TNG XEipIoTNG TTEPITITWONG.

H mAakéta TToUu oXedIAoTnKe TTEPIAAUBAvEl cUCTNPA BIAKOTITIKOU TPO@OodoTIKOU yia Tn dnuioupyia
ato TNV €10epXouevn Tédon (Avw Twv 60V), Taong KAatdAANANG yia TNV Tpo@odoaia TwV NAEKTPOVIKWV
KUKAWPATWYV KABe TTAaKETAG 00AYNoNG KivnTrpa. ETAEXONKE SIGKOTITIKO TPOPOOOTIKO KABWGS Adyw Tou
peydAou utroBiBaocpou 1aong Trou atraiteital (amd 60V oe 5V) 10 BepUIKO POPTIO EVOG YPAPMIKOU
TPo®odOoTIKOU Ba rftav utteEPPOAIKG. To BIAKOTITIKO TPOQOOOTIKO PaACiOTNKE OTO OAOKANPWUEVO
MAX5035BUSA+ tng etaipgiag Maxim Integrated. To KUKAWWPO TTOU KATAOKEUAOTNKE GKOAOUBEI TIG
KOATEUBUVTAPIEG YPAMMES TNG ETAIPEIOG KOl UTTOPET va BEXTEI XwpPIig TTPOBANUG TAGN pEXPI Kal 75V [26].To
TEANIKO OX£010 doKIyaoTnke ato TTpoypapua LTSPICE yia va gAeyxBei n opBr AciToupyia Tou Kal oTn
OUVEXEID, PE XPNon TPo@odoTIKoU UWnANG TAong Kal TTaApoypdeou Trpayuatotroiifnkav SoKIYEG
oT1aBepdTNTAG TAONG £€080U O€E TAON PEXPI Kal 65V.

Mpokeiyévou va TrapakoAouBeital n Tdon €100d0u, KABe TTAOKETO UWNAAG 10XU0G TTEpIAauBAvel
KAatédAAnAo auoTnua pe diaipé€Tn TAONG, MIKPOEAEYKTHA Kal 086vn LED yia mn pétpnon 1ng 1adong €106d0u.
O diaipétng 1a0ong utroBIRAdel TNV €I0EPYXOPEVN TACN O€ €UPOG PETPACIUO ATTO TOV EVOWHATWUEVO
METOTPOTTEA QAVOAOYIKOU OAPATOG O€ WNPIOKO TOU MIKPOEAEYKTH. To aTTOTEAECUO TNG METPNONG
elgaviCeTal otnv 086vn LED, kGBe wneio Tng otroiag odnyeital yéow transistor NPN. H emiAoyn yia
QUTOV ToV TUTTO 0BNYNONG EYIVE YIOTi O HIKPOEAEYKTAG eV €€l TNV duvaTtdTNTA Va BlaXEIPIOTE TO peUpa
TTOU ATTAITEITAI yIa TNV evepyoTroinon Tng 086vng. H 08dvn 1Tou ypnoiyoTrolgital, atroTeAsital ammd
T€00€EPIG opddeg LED (ZxrAua 3-9) kdBe €va ek Twv OTToiwv, aATTEIKoViCel DIAPOPETIKO PEPOG EVOG
TeETpaywviouévou «8». EvepyotmoiwvTag diagopeTikd LED k&Be @opd, cival duvaTth n atreikévion dAwv
TWV apIBuwv atod 1o 0 péxpr 10 9 e Ta idia LED. Ta duoia LED k&Be opddag £xouv KoivA Tpo@odoaia
METAEU TOUG, evw N yeiwon OAwv Twv LED piag opddag eival koivr). MTopei €101 0 xprioTng va
atreikovioel oTrolodAToTE apiBUd BéAel o KABe pia ammd TIG opddeg XwploTd. [Mpokeiyévou va
aTTeEIKOVIOBET £€vag apliBuog Tautdxpova Kal oTa 4 wneia, atraiteital n oAU ypriyopn evaAiayr] peTagu

TWV TECOAPWY OPAdWV-Yn@iwy.
4 Ouddeg LED

7\
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ZxAua 3-9. AvatrapdoTaon 006vng LED 4 yneiwv, 7 koppaTtiwy (LED).

Mépa atrd TN PETPNON TNG EICEPYXOPEVNG TAONG, N TTAAKETA TPOPOdOCiag UWNANG IoxU0G o€ KAOE
ypauun Tpogodoaoiag Kivntrpa, TTepIAAUBAvEl KATAAANAN NAEKTPIKA OGC@AAEIQ YIG TTPOCTACIA OTTO
mBOavé BpaxUKUKAwUG aTov KEBE KIvnTAPa {EXWPIOTA a1Td TOUG UTTOAOITTOUG.

21N ouvéxela TTapouciadetal To KUKAwPa OTTwg oxedidotnke (ZxAMa 3-10 kai ZxAua 3-11) kai
METOTPATINKE O TAGKETA (ZXAMa 3-12). Adyw TNG uWnAAG evePyEIOKNG 10XU0G TTou diaxelpifeTal,
EMAEXONKE yIa AOyoug JEIWPEVNG QVTIOTAONG KAl ACQAAEIOG VO XPNOIMOTTOIET JEYAAUTEPO TTAXO0G XAAKOU
(36um évavti Twv 18um TToU TTapdyetal a1é 70 LPKF ToUu gpyaocTtnpiou o€ TTAAKETEG DITTARG Owng). Na
TO AGyo auTd, N TTAGKETA KATAOKEUAOTNKE O€ £§WTEPIKO auvepydTn. Etiong, xépn oto Bepviki Pe TO
OTT0i0 ETTIKOAUTITETAI N TTAAKETA KATA TNV KATOOGKEUNA TNG OTO £PpYOC0TACIO, AUEAVETAl N NAEKTPIKN HOvwon
METAEU YEITOVIKWV YPAUUWY g€ uwnAfl taon [21]. H TeAIKA TTAaKETA epgavifeTal oto ZxAua 3-13 €Ig

OITAOUV KAl OUVOEDEUEVN.
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ZxAMa 3-10.  HAekTpIikOd OX£D10 KUKAWPATOG Tpo@odooiag uwnAlg 10XU0G. ZTnV EIKOVA
EM@AViCeTal TO SIOKOTITIKO TPOPOBOTIKO Twv 5V, KAaBwg £1riong Kol ol ao@PAAEIEG KAl Ol
OUVOEOHOI TWV KIVNTHPWV.
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IxAua 3-11.  HAekTpIikO OXES10 KUKAWPATOG Tpo@podooiag uwnAng 10xUog. EpgavifeTal n
oi1aragn péTpnong e1oepXouevng Tdong. XpnoipoTtrolgital 006vn wneiwv 101Tou LED pe 0diynon
Méow transistor amré Tov pikpoeAeykTr) ATTINY 88.

ZxAua 3-12.  Zx£d10 mAakéTag TPo@odoaiag uYnAng 1I0xUog.
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Tuvdeon
loxvog
MAakeTwv

08Mynong
Kuwntipwv

Yovdeon
| Tpo@odotikov
Iox0og

ZxApa 3-13. Ao ouvdedepéveg TTAakETEG TpoPodooiag uYnAng 1o0x0og ev Asitoupyia. Agv
£Xouv oUYKOAANGBei akopa ol diatdgeig pETpnong Tdong e106dou.

O T[ivakag 3-2 Trapoucidlel Ta ammaIToUheva NAEKTpoviKG e€apTtripata yia KABe TTAOKETA
Tpo@odoaiag KabBwg €TTiong Kal evOEIKTIKOUG KwdIKOUG auTwy Tng eTaipeiag RS Components 1 Tng
eTaipeiag Mouser Electronics.

Mivakag 3-2. E§apTApara yia Tnv TAAKETA TPOPOSOTiag UPnAng I0XUOG.

ESapTnpa 61Twg
EvoeIKTIKOG
gJ@avifeTal oTo Tign Maparnproeig i EvdeikTikO K6OTOG
| Kwdikog
oxédio
Through Hole, 5 x
C1,C6 100nF, 100V, X7R 653-0210 (RS) 0,24 €
3.15 x 4.5mm
68uF, 10V
C4_TANT 7343 684-4705 (RS) 3,46 €
Tantalum
68uF, 100V
Cc7 ) 10mm x 25mm 570-944 (RS) 1,01 €
Electrolytic
D1 SB5100-T DO-201AD 751-4843 (RS) 0,73 €
100 yH, 2.5 A, max| (Leaded Inductor)
L2 ) 308-8839 (RS) 3,13 €
100mQ DC 16.5 (Dia.) x 9mm
LED1 TDCG1060M 7-Segment, 4 Digit | 818-7530 (RS) 3,60 €
R1 1M SMD 0603 666-2279 (RS) 0,14 €
R2 384k SMD 0603 666-2247 (RS) 0,82 €
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R3-R14 200 SMD 0603 678-9960 (RS) 0,03 €
R15 10k SMD 0603 678-9667 (RS) 0,03 €
T1-T4 FMMT624 SOT-23 669-7644 (RS) 0,79 €
Molex MINI-FIT JR.
U$1 — U$2, U$5, . .
Series, Series - 215-5843 (RS) 0,70 €
U$7 — U$8
Number 5569
U$3, U$4, US$s, FUSE SMD Mount,  |693-0001.2715.11 16e
U$9, U$10 12.5A, >100V, T 5x20mm (Mouser) ’
U1l MAX5035BUSA+ SoIC-8 732-9623 (RS) 5,38 €
U2 ATTINY88-AU TQFP-32 696-3266 (RS) 2,48 €

3.3.3 TMAakéra xapnAng 10x00g

2KOTTOG TNG TTAAKETAG XOUNANG 10XU0G gival n Tpo@odoaia pe KatdAAnAn Taon Tou KUPIOU UTTOAOYIOTH
Tou TETpaTTOdoU (PC/104) kaBwg etmiong kai Tou dpopohoynTr) SIKTUOU TTOU XPNOIUOTTOIEITAI YIa TN
ouvdean Je To aTabuod eAéyxou Tou xproTn. To PC/104 atraitei yia Tn AEIToupyia Tou TOUAGXIOTOV TGoN
8V guuewva pe Tov KartaokeuaoTr] [27]. Map’ 6N autd, emAéXOnKe va Asitoupyei oe uwnAoTEPN TAON
(18V) yia va peiwdei To pedpa otnv Tpopodoacia Tou. O dpopoAoynTrg dIKTUOU aTTaITEl aKpIBWwG 12V.
KaBwg o1 evepyelakEG aTraITACEIG ival OXETIKG uwnAég (To PC/104 amaitei TouAdyioTov 1.5A ota 18V
€vw o0 dpopohoynTig TouAdxioTov 1A pe péyioto Ta 3.5A ota 12V) emAExOnke n atreubeiag Tpopodoaia
Tou PC/104 atd ptratapia éuola e autég TTou atToTeAOUV Tn ouaTolxXia Tpo@odoaiag TwV KIVATHPWV.
ATTO TNV Tpo®od0oaia auTr, MAEXONKE va TpoPodoTnBei kal 0 dpopoAoynTAG SIKTUOU JECW BIAKOTITIKOU
TPO®OOOTIKOU, € HOPPN £TOINN TTPOG evOwudTwon o€ TTAakéTa (MoviéAo KHHDO04A2B41Z 1ng
etaipeiag GE Critical Power) Adyw Tng uwnAAg atmédoong Twv OIOKOTITIKWY TPOPOJOTIKWY. Katd Tn
OIdpKEIa OPWG TNG KATOOKEUNG KOl TwWV TPWTWV OOKIYWY, TTapatnpndnke o611 o dpouoAoynTrg
EVEPYOTTOIOUCE TO EVOWNATWHEVO CUCTNUA TTPOCTACTAS TOU SIOKOTITIKOU TPOPODOTIKOU, E ATTOTEAECUA
va U AEIToupyei autd Kai va utrepBepuaivetal. To TPORANPA AVTIMETWTTIOTNKE PE TNV aAAayr Tou
OIOKOTITIKOU TPOPOBOTIKOU UE iB10 Ypaupikd, Kal CUuyKekpIgéva pe To povtédo LM338T Tng etaipeiag
Texas Instruments. AuTo eTTIAEXONKE AOyw TOU PHEYAAOU EUPOUG TIHWYV TAONG 10080V Kal €600V KaBWG
€TTioNg Kal TG duvaTATNTAG TOU va dIaxEIPIOTEl TO peUa TTou aTtraiTeital [28].

Katrd T1n Aemoupyia Tou YpOaPPIKOU TPOQOOOTIKOU TrapatnerBnke onuavtikh auvénon g
Bepuokpaaiag Tou, n otroia £pTace Toug 85°C. Kabuwg n ptratapia £xel ovouaaoTikr Tdon 22V ae TTARpn
@OpTIoN, N TAon £€6d0U ToU YpauMIKOU TpOo®OdOTIKOU gival 12V kal 0 dpouoAoynTrAG UTTOPET VA XPEIOOTEI
pedpa péxpl kal 3.5A, n adf¢non TnNG BepUOKPOTiag PE YPAPMPIKO TPOPOBOTIKO ATAV AVAUEVOUEV.
AVTINETWTTIOTNKE YE TN OUVOUACTIKA XPron WIKPNASG WUKTPAG KAl avepioTipa 12V yia uttoAoyIoTr TTou
Tpo@odorTeiTal amd Tnv ££060 Tou TPo@PodOTIKOU. O OoUVOUAONOG aUTOG ETTITPETTEI T AEIToupyia o€
Bepuokpaaia 30°C.

Mépav TG TpOoQYodoaiag Twv 12V, n idla TTAAKETA TTapAyel Kal Tadon 5V péow OIOKOTITIKOU
TPOo@OodOTIKOU povtédou D24V60F5 Tng etaipeiag Pololu. H rapayodpevn 1don Ptropei va Tpoo@epOei
yla Xpron o€ BondnTikd utrooucThpaTa. To CUYKEKPIYEVO POVTEAD €TTIAEXBNKE Adyw O1aBe0iIudTNTAG,

EUKOAIAg oTn xprion, MIKpoU PeyEBOUG Kal UTTOOTAPIENG VIO ONUAVTIKO pelpa oTnv £€£000 (6A).
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270 ZxAua 3-14 gugavifetal 1o NAeKTPIKO O0x€DIO, OTO ZXAMA 3-15 N TTAAKETA OTTWG OXEDIACTNKE OTO
TTPoOypauua EAGLE kal TEAog 010 ZxNua 3-16 n TTAaKETA OTTWG TEAIKA auTr KaTaokeudoTnke oTo LPKF

TOU £pyaaoTnpiou.

Battery 12V Regulator

PANASONIC_FUSE 8 § A ? %
| &L
LM338T/NOPB (;:U
] MO1PTH
GND GND
- =
> £ — —
3 [ pc104 S
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=2 L A : @ ¢ =
O * 330 2 o
ROUter GNEND E- 5]
+ =3
bl g m
- 330 GND >
S =5 in
45’ = A
O 330
GND g A
ey

ZxAua 3-14.  HAekTpIkd oX£D10 TTAAKETAG TPOPODOGiag XaunAng 10XU0G.

ZxAMa 3-15.  Zxédio TTAakETAG TPOoPodoaiag XapunAng 1o0x0og.
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AlakoTTNG
PC/104

ZxAua 3-16.

AVEMIOTNPAKI YIa YUEN TOU YPOAUHIKOU TPOPODOTIKOU.

O Mivakag 3-3 gugavidel Ta amraIroUpeva NAEKTPOVIKA eEapTrApaTta yia Tnv TTAOKETO TPOPOdOaiag

XOMUNAAG 10XU0G KaBwG €TTiong Kal Toug vOEIKTIKOUG KWwOIKOUG TnG eTaipeiag RS Components 1] Tng

etaipeiag Grobotronics.

AlaKoTITIKO
Tpo@odotikod
5V

Tpoppikd
Tpo@odoTtikd
12V

MAakéTa Tpo@odoaoiag xapnAng 1Ioxuog amrod 1o LPKF. KdTtw apioTepd gaiveral To

Mivakag 3-3.  E§apTApara yia TNV TAAKETA TPO@Odoaiag XapunAng 10X00G.
ESaptnua 6w
Sdpmnu s Ev3eIkTIKOG EvdeIkTIKO
geg@avifeTal oTo Tiun MNaparnpnoeig
. Kwdikég KéoTtog
oxédio
C1 10uF,>20V SMD 3528 684-4459 (RS) 0,79 €
IC1 LM338T/NOPB TO-220 460-900 (RS) 2,51€
LED1 - Through Hole, 5mm
Red colour ) 619-4886 (RS) 0,17 €
LED6 Diam.
R1-R9 330 Q Through Hole 0207 148-382 (RS) 0,08 €
R10 1.5kQ SMD 1206 740- 9123 (RS) 0,06 €
R11 13 kQ SMD 1206 721- 9914 (RS) 0,06 €
POLOLU 12-00002865
Us1 - ) 24,99 €
D24V60F5 (GRobotronics)
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MOLEX Disk
U$2, Us$3, .
US6 Drive Power - 670-4250 (RS) 0,90 €
Connector
Us4 6A, 50V DC Through Hole 712-7290 (RS) 0,37 €
Molex MINI-
FIT JR. Series,
uss ) - 215-5843 (RS) 0,70 €
Series Number
5569
U$9 - U$12 SPST - 734-7031 (RS) 2,76 €

3.4 "EAeyxog — Xuvdeon pe o PC/104

KaBe dpBpwan Tou TeTpattddou atraitei yia Tn Asiroupyia Tng 3 kKaAwdia mmikoivwviag pe 1o PC/104. To
TTPWTO KOAWDIO XPNOCIKOTIOIEITAI yIa TN JETABOON TwV ONPATWY EAEYXOU TTPOG TNV TTAGKETA 08 yNang
TOU KIvNThpa, To OeUTEPO XPNOIMOTIOIEITAI YIa ETTIKOIVWYVIA We Tov encoder Tng apBpwong (o oTroiog
METPAEI TNV TTEPIOTPOPN QUTAG) Kal TO TPITO yia Tov JIOKOTITN avixveuong Tng TeAIKAG B€ong Tng
apBpwang (endstop switch — atmAdg OIGKOTITNG O OTT0I0G EVEPYOTTOIEITAI OTAV N ApBpwan ETAvVEl OTO
TENOG TNG Kivnong Tng). Adyw Tng XpAong onuavTikou apiBuolu koAwdiwv atrd kal TTpog 1o PC/104
KOTAOKEUAOTNKE KATAAANAN TTAGKETA, N oTroia TTEpIAauBAvEl OAa Ta aTTapaiTnTa Kal KaTaAANAa Buouara
yla TN o0voeon Twv KOAWDIWY e €10IKA KATAOKEUN YIQ TNV KAAUTEPN TUYKPATNON TWV CUVOESEUEVWIV
KOAwWDBiwv.

H tAakéTa epihapBdver emiong katdAAnAo kUkAwpa Baciopévo oto oAokAnpwpévo SN75175D
TNG €TaIpEiag Texas Instruments yia Tn YETATPOTTH TOU SlaPopIKOU CrjuaTog TwV encoder [29] o¢ single
ended, KaBWg Kal TIG ATTAPAITNTES YIO £va BIAQPOPIKO Ofjua avTioTAoElg TepuaTiopou [30]. H diatagn
METOTPOTTAG €ival atrapaitnTn, KABWS Ta encoders TTou XPNOIYOTToIoUVTal TTApEXOUV TN YETpnon B€ong
wg dlapopikd onua evw 1o PC/104 umropei va emegepyaaTei pévo single-ended orjua. To oxédio Tou
KUKAWPOTOG PETaTPOTIG dlagopikou o€ single ended orjpa KATAOKEUAOTNKE apyikd o€ breadboard kai
OOKINACTNKE, VW OTN OUVEXEIA EVOTTOIRONKE e TNV UTTOAOITTN TTAAKETA.

H mTAakéta auty Adyw Tou TpOTTou TOTToBETNONG KAl oUVOEOAG TNG (KABETA OTIG TTAOKETEG TOU
TUpyou Tou PC/104) autdvel TTapdAANAa Kal Th UNXAVIKr) avToxr) Tou ouvoAikoU tTupyou Tou PC/104
TTOU aTtroTeAEiTal atmd TIG SIAPOPEG TTAAKETEG eAEyyou. H TTAGKETA KATAOKEUAOTNKE O €EWTEPIKO
OuVEPYATN KABWG O1 ATTAITATEIS YIA TNV KATAOKEUR TNG ATAv TTépa atrd TIG SuvaTdTNTEG TOU EpyacTnpiou
(TTOAU AeTTTEG YPOAUMEG XOAKOU yIa Ta GAPATA, KATW ATrd To KATWTEPO Oplo Tou LPKF Tou epyaocTtnpiou).

TN CUVEXEID ePQAVICETAl £va PEPOG TOU NAEKTPIKOU OXediou TNG KAOe TTAOKETAG. TNV TEAIKNA
TAOKETA TO iB10 OXEDI0 eTTavaAauBaveral 4 Qopég, pia yia KaBe mAakéTa Tou stack Tou PC/104. To
oX£010 xwpideTal e TTOAATTAEG TTEPIOXEG, MIA yia KABe Asitoupyia Tng TTAakETag. Eugavifovrtal ol
aTTAPaiTNTOI GUVOETHOI TTPOG TOUG DIAKOTITEG TEPUATIOUOU Kal TNV TTAAKETA 0drynong KIivnThpwy aTnv
TPWTN OeIpd. TNV delTePN oelpd gu@avifetal n ouvdeon duo encoder pye 10 SN75175D kaBwg dev
yivetal xprion Twv €100dwv | Twv kKwdikoTtroiNTwyv. Epgavietal etmiong n ouvdeon pe 1o PC/104. 210

oxAua autd (ZxAua 3-17) epgavifetal pépog TNG TTAOKETAG TTou ouvdéeTal oTIG eTagés CN10 Tou
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PC/104. H deutepn mAaKETQ, n omroia guvdéeTal aTig emagés CN11 tou PC/104 eival TTapouola Kal

eupavietal oto ZxAua 3-18.
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G I FIRST-PU"SEJ@ 4 gj—HRST—PU LSE_2 FIRSTTXADC2 — &< FIRST TX_ADC 1~ 6=
3 3 FIRSTINH 2 —— 7= FIRST INH_1 7
23 227 FIRST_DIR 2 g FIRST DIR 1™ 5%
GND GND 75 25
32 a1 GND GND
RX,TX are as seen at adc
ut PC104 CONNECTOR
3] M25PTHM25PTH
S Me 3 FIRST_ENCA_B - —] 1 FIRST_STROBE2
2510- G vee o |5 _FIRST_ENCAA ﬂw=%( 2 2
X1-1 =— FIRST ENCA +B 2 1 3y |LLL_FIRST_ENCB B Wi 3 3
ua FIRST_ENCA_-B 1] 4 |13 _FIRST ENCB A 5 RIS+ 4
W e asracee—+ 3 i |
i 136 FIRST_ENCB_+BL0 | o0 [FRST_PWHM 2>— 1= 7
X1-6 FIRSTENCE B9 ] 35 ST PWIM 1 >—5 8
X1-7 EIRST_ENCE_+Al4 1 4, ST OUT_ T @
X8 Ay EIRYIENCEALS | 4 10} 10 8
X1-9 —— - O 4 PULSE 20— U 3
X1-10 =—— > 5| LZEN ~PULSE 1 . -1 5
3,4EN 131 M
[FIRST_ENCE By—ia{= 1
510 g N FIRST_ENCB_B, 1 i §
X5-1 —— L FIRST_ENCB_A>— > 7 =
X2 GND 8| 18
X5-3 R3 SN75175D T2 b
X4 — L ¢y 8ia 10
X5-5 ——GND 1 120 o T 2
gio—— |v Y Rt | B
X7 oy iCI = 2/ 23] 23
ﬁg —_ " FIRS 78 24
&= T TR Al | o2
GND FIRST_JP1FIRST_JPGND
|8
o
> 2 1
ENCODER CONNECTORS At —

IxyAua 3-17.  HAekTpIkO Ox€dIO piag oamd TIG TEOOEPIG OUAdEG OUVIECEWV OTNV TTAOKETA
ouvdeong pe To PC104. H TeAikf TTAakéTa £l 4 id1EG TETOIEG OPADEG.

210 ZXAUa 3-19 ep@avietal T0 0XEDIO TNG TTAOKETOG OTTWG TTPOKUTITEI OTTO TO TTPONYOUMHEVO
NAEKTPIKO ox€dI0. Epgavifovtal ol TEoOEPIG OEIpEG ETTAPWY TToU guvdéovTal pe To PC/104 kal avauead
Toug Ta SN75175D. Aeid kai apioTepd autwy gival ol oUVOETHOI Twv encoder, evw OTIG TTAAIVEG AKPEG
NG TTAGKETAG BpiokovTal o oUVOEGHOI yia TIG TTAGKETEG 00yNONG KIVNTAPWY. ZTNV KOPU®PH £XOUV
TOoTT0BETNOEi O€ OeIpd oI OUVOETHOI TWV BIAKOTITWY aviXveuong TeEpUATIOPoU Twv apBpwoewyv. Ol
EVTOVEG YPAUPEG XOAKOU PE UTTAE XPWHA ATTEIKOVICOUV TNV KEVTPIKYH Ypauur Tpo@odoaciag 5V ard 1o
PC/104. Z1o oOXApa autd Oev €xouv OUPTTIANPWOEi o1 peydAeg emm@Aveleg pE XaAKS TToU
XPNOIMOTTOIOUVTAl WG YEIWAN KAl TWV OTToIWV TO TTEPIYPANKA EUPAVICETAI PJE DIAKEKOMUEVN YPAUUN,
KaBwg eutrodifouv TNV TTAPATAPNON TWV AYWYWV XAAKOU. 210 ZxMua 3-20 eyavifeTal N TTAAKETA PETA
TN CUPTTARPWON TWV TTEPIOXWYV QUTWY. 2T OXAMATA €U@avieTal JOvo n TTAGKETA OUVOEONG HE TIG
ema@ég CN10. H avrioTtoixn TTAAKETa yia TG eTTagég CN11 gival Trapouola Kai TrapaAcitreral. TEAog, aTo

2xAua 3-21 gppavideral n TEAIKN TTAAKETA ETA TNV KATOOKEUH TNG.
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IxAua 3-18.  HAekTpIkO OXEDIO piag oMo TIG TECOEPIG OUASEG OUVOETEWV OTNV TTAAKETO
auv6£0ng He To PC104. H teAiki) TTAakéTa £X€l 4 iD1EG TETOIEG OUADES.
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ZxAua 3-19.  Zx£€d1o TAakéTag ouvdeong pe To PC104.
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IxAua 3-20.  Xx€dio mAakéTag ouvdeong pe PC/104 pe CUUTTANPWUEVEG TTEPIOXEG XAAKOU
(copper pour).

ZxApa 3-21.  [Aakéra ouvdeong PC/104. Aev ouykoAAROnkav 6Aol o1 cUvdeoUOl YIa TOUG
OIOKOTITEG TEPUATIOHOU.

TeAIKG KaTAoKEUAOTNKAY OU0 TTAGKETEG aUvOeang ue To PC/104 o1 otToieg Kal TOTToBeThONnKav aTnV
KA&B¢e TAeupd Tou. H cuvohik didtaén sppaviletal oto XxAua 3-22.
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IxAua 3-22.  ZuvoAikog mupyog PC/104 pe Tig 2 TTAAKETEG OUVOEONG TTOU KATAOKEUAOTNKAV
oTIg SU0 TTAgupég ToU.

2T0Ug €TTOUEVOUG BUO TTIVAKEG €U@AVICOVTAl TA ATTAITOUPEVA NAEKTPOVIKA €CapTrMATA yia KABOe
TAOKETA oUvdeong pe 1o PC/104 kabwg €Tmiong Kai Toug evOEIKTIKOUG KwOIKOUG TnG eTaipeiag RS
Components 1j Tng eTaipgiag Grobotronics.

Mivakag 3-4. EgapTApATA TTOU ATTAITOUVTAI YIO THV KATAOKEUN TG TTAAKETAG oUvdeong PC/104
oTov ouvdeopo CN10.

ESdpTnua 61TTWG
i i i EvOeIKTIKOG EvOeIKTIKO
EM@AvifeTal OTO TigA Mapatnpioeig i i
R Kwdikég KéoTog
oxédio
Ci-cC4 100nF, 16V SMD 0603 264-4646 (RS) 0,01 €
Through Hole,
J1-738 RJ11 ] 735-0286 (RS) 1,10 €
Vertical
R1-R16 120 Q SMD 0805 223-0304 (RS) 0,03 €
U$3, U4, U$7,
U$8, Us$11, Through Hole,
RJ45 ] 818-3324 (RS) 1,94 €
U$12, U$15, Vertical
U$16
Ul-u4 SN75175D SOIC-16 857-733 (RS) 349 €
2 rows, 10 pins,
X1 - X8 - locking levers, 458-392 (RS) 3,43 €
2.54 mm pitch
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2.54 mm pitch, 2
FIRST_JP1 - ) 19-00011931
- rows, 25 pins ) 0,5535 €
FOURTH_JP2 H (GRobotronics)
eac

Mivakag 3-5.  ESapTAMATA TTOU ATTAITOUVTAI YIO THV KATAOKEUN TNG TTAAKETAG oUvdeong PC/104
oTov oUvdeopo CN11.

ESdapTnua 6TTwg
EvdeIkTIKOG EvoeikTIKO
gg@avigeral oTO TiyR Mapatnpioeig i i
. Kwdikég KéoTtog
oxédio
Ci-cC4 100nF, 16V SMD 0603 264-4646 (RS) 0,01 €
Through Hole,
J1-738 RJ11 ] 735-0286 (RS) 1,10 €
Vertical
R1-R16 120 Q SMD 0805 223-0304 (RS) 0,03 €
U$3, U$4, Us7,
U$8, Us$11, Through Hole,
RJ45 ) 818-3324 (RS) 1,94 €
U$12, U$15, Vertical
U$16
Ul-u4 SN75175D SOIC-16 857-733 (RS) 3,49 €
2 rows, 10 pins,
X1-X8 - locking levers, 458-392 (RS) 3,43 €
2.54 mm pitch
2.54 mm pitch, 2
FIRST_JP1 - ) 19-00011931
- rows, 25 pins ) 0,5535 €
FOURTH_JP2 H (GRobotronics)
eac

Ta kaAwdia TTou XpnoiyoTrololvTal yia Tnv dlacuvdeon Twv drive pe Tig TTAaKETEG Tou PC/104 cival
TUTToU Ethernet Catb pe Buopara RJI45. Ta kaAwdia yia TNV dlacUvOEDN TEPUATIKWY OIOKOTITWV Kal
PC/104 eivai TnAe@wVIKA KaAwdia (Buopata RJI11) kal TEAOG Ta KAAWDIA yia Toug encoder gival ribbon
pe ouvdéapoug IDC Twv 10 eTTagwy o€ 2 oeIpés. EISIKOTEPA WG KAAWDIO XPNOIYOTTOINONKE 0 KWOIKOG

289-9846 1n¢ eTtaipgiag RS Components Kal wg aUVOECTHOG 0 KWOIKOG 625-7369 Tng idlag Taipeiag.

3.5 03dAynon KivnTRpwv

To TeTpdmTodo XpnolpoTrolEi yia TNV Kivnor Tou kivntipeg DC. O1 kivnTripeg €ival TUtTou brushed (pe
WAKTPEG) aTO I0Xi0 Tou KABE TTodIoU Kal oTnv dpBpwan TnG péong kai TUtTou brushless oTig apBpwaeig
TWV yovaTwyv. H Agitoupyia kai Twv 800 TUTTWYV KIVNTAPA aTTaITei TN Xprion KatadAAnAng didraéng yépupag
TUTTOU H KaBWG Kal gUoTnua eAEyXOU Kal TTEPIOPICUOU TOU PEUPATOG TOU KIVATAPA Kal TTPOCTACIAG TOU.
KaBwg éva TéTo10 cuoTnua eival 1d1aitepa dUCKOAO TOOO OTO OXEDIACUO TOU OO0 KAl OTNV KATAOKEUN
TOU, XPNOIYOTIOIEITAI TO £€TOINO oUoTAPA odriynong Kivntipwy (drive) Tng etaipeiag AMC pe apiBuéd
povTédou AZBDC12A8 (£xnAua 3-23). To ouykekpigévo cUOThUa UTTOPED va xpnolpotroinBei yia Tov

€éAeyxo Kal Agiroupyia kal Twv 000 TUTTWV KIVNTAPWY TIOU XPNOIUOTTOIOUVTAl OTO POMTIOT, EVW
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TAUTOXPOVA €ival TEOOAPWYV TETAPTNUOPIWYV ETTITPETTOVTAG HEANOVTIKA TNV avAKTNON EVEPYEIAG KATA TNV

médnon.

ZxAMa 3-23. ZUoTnua odRynong KivnTRpwy Tng eraipeiag AMC, yovrého AZBDC12A8.

Mpokelpévou va eAayioToTroinBei To PéyeBog Tou drive kal va gival duvaTr) N TPoPodoaia KIVATHPWY
UWNANG 10XU0G, TO CUYKEKPIYEVO drive XpnoIUOTTOIET DIAKOTITIKI) TPOPODOTIa yIa TNV EAEYXOMEVN TTAPOXH
IOXUOG OTOUG KIVNTHPES. AUCTUXWG OUWG TO CUYKEKPIUEVO MOVTEAO 0drynong XPNOIKOTIOIEI KOIVA
yeiwaon PETAEU TwWV NAEKTPOVIKWY EAEYXOU KOl TOU KIVATHAPA, UE OTTOTEAECUA va dnuIoupyEiTal KivOuvog
TPOkANong ducAeitoupyiag Tou PC/104 Adyw nAekTpikoU BopuBou atrd Toug KIVNTAPEG.

O TrepIopIopdg Tou NAeKTPIKOU BopURou eTITEUXONKE PE TO OXeSIOTUO Kal Tn XpHon KAaTtdAAnAng
OIdTagNng NAEKTPIKAG atmopdvwaong NG odAyNaong Tou KivnTrpa atro Tov EAeyxo Pe Xprion optocoupler
(ZxAua 3-24). MNpokeiTal yia evowpatwuévn didragn Auyviag T10trou LED kai gwtoguaiodntng d16d0u, n
oTToia METATPETTEI TO NAEKTPIKG CANA O QWG KAl OTrn ouvéXela TTAAI o€ NAEKTPIKO ONUA, ETTITPETTOVTOG
€101 TN 1000VOECT CUOTNUATWY XWPIG va yiveTal NAeKTPIKN cuvdean auTtwyv. Kabwg to LED diappéeTai
amd pedpa, Tapdyel wg. TOTE, N NAEKTPIKA avTioTacn Tng ewToeuaioBnTng S1680U HPEIWVETAI YE
aTToTéAeopa va apyxigel va diappéetal aTto pelpa [24]. Adyw Tng apxng Asiroupyiag evog optocoupler,
ofpaTa PTTopoUV va KivnBouv eowTepIKA autoU TTpog Tn Mia kaTtelBuvon o€ avtiBean pe Toug
METOOXNUATIOTEG, Ol OTTOIOI ETTITPETTOUV TNV AP@IdPOUN ETTIKOIVWVIA Twv OU0 ATTOUOVWHEVWY
ouoTnudtwyv. MTmopei dnAadn éva optocoupler va TTpooTaTéWEl IKAVOTTOINTIKA £€va cUOTNUA atmd £va
0eUTEPO, NAEKTPIKA BopuBwdeg oUCTNUA, EVW ETTITPETTEI TRV PETABOON TTANPOQPOPIOG, KABWG Oev

emTpETTEl TNV 81dd0oon BopUfou atrd To BeUTEPO OTO TTPWTO.

i

ZxAua 3-24.  ZupBolo optocoupler og nAeKTPOVIKA OoXEDIAL.

O1 KUpieg TTapdueTpol BAcel Twv OTToIWY YiveTal n €MAOyA Tou KAOTAAANAoU KGBe @opd povTEAou
optocoupler gival n nAekTpIKA amToudvwon PeTagU Twv dU0 TTAEUPWYV TOU Kal N WEYIoTN TayxUuTnTa
peTadoong dedopévwy. KaBuwg 1o elTEPO XOPaKTNPIOTIKG UTTopEi va un Sivetal atrd ToV KATAOKEUAOTH,
gival duvatédv va eaxOei TTPOOEYYIOTIKA Kal a1rd XAPAKTNPIOTIKA OTTWG 0 XPOVOS TTOU ATTaITEITAl yIa va
evepyoTtroindei kal atrevepyotroindei N Auxvia LED. EmAEXOnke apxikd To oAokAnpwuévo ACSL-6410-

00TE tn¢ etaipeiag Avago Technologies kaBwg ptropei va AeItoupyfioel o€ uWPnAEG TaxUTNTEG HETAPOPAG
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onuaTtog, evw n d1dtagn 4 optocoupler (3 TTpog TN pia dielBuvon, 1 avTioTpoPa) o€ KABE OAOKANPWHEVO
KUKAWMO eTITPETTEI TNV aTTAOUCTEPN OXEDIAoN TOU TEAIKOU KUKAWMATOG. AUCTUXWGS AOYW atToTouNng
auénong Tng TIUAG ayopdg Tou, avTiIKaTaoTAatnke atrd 10 oAokAnpwuévo 6N137, To otroio £xel Guoia
TEXVIKG XapaKTNPEIOTIKG aAAd 1 uévo KavdaAl avd oAoKANpwHEVO KUKAWWA, KATI TTOU 0dnyei oTnv Xpron
2 ohokAnpwpévwy 6N137 avd TTAaKETA KAl TRV OTTWAEIQ TG duvaTOTNTAG £TTECEPYATiIAg TOU OAPATOG
o@AaAuartog atd 1o drive evw TTAéov TO drive gival poviya evEPYOTTOINUEVO.

Noyw Tng apxng Aeimoupyiag Twv optocoupler armraiteital otnv €000 éva OTAdIO AOYIKAG
QVTIOTPO®NG TOU GAPATOG ££6D0U TTPOKEINEVOU Va gival OUOIO e TO Orua eilcédou. Etriong, TToAU cuyxva
MTTOPEI va atmaitnBei Kal n TTEPAITEPW EVIOXUON TOU GrHaATOG €€600U WATE VA YiVEl TTEPAITEPW XPAON
Tou. 'ET01, Xpnaoigotroindnke KatdAANAn didtagn pe transistor kar avTiotdoelg auéowg PeTd 1o oTddIO
TwV optocoupler pe GKOTTO TNV evioxuon Kal AoyIKA avTIGTPOQr| TOu GrjuaTog £6600u. XpnaoigoTroinénke
10 transistor FMMT624TA yia Adyoug Kupiwg d1aBeaiudTnTag Kal XapnAou kdéaToug. Avti autou, Ba
pTTopoUcE va xpnoiyotroindei otrolodrmote dAAo transistor TUtmou NPN apkei va €xel IKavoTroinTIKa
XOPOKTNPIOTIKE, dNAadA avoxn o€ Taoeig dvw Twv 7V i TTapatrdvw, ouveXES peupa TouAdyiotov 100mA
Kal pelpa Bdong avaAoyo TnNG avtioTaong €1060ou Kal TG £€6dou Tou optocoupler oUTwG WAOTE va
A€IToupyEi oTNV TTEPIOXN KOPOU TO transistor. ETAExONke To FMMT624TA, To OTT0i0 Kal IKAVOTIOIEi TOUG
TTEPIOPICHOUG auToug [31]. H Aeimoupyia Tou KUKAWMPOTOG, €10IK& 0€ UWnAég TaxuTnTeG METAdOONG
onuaTtog, eAéyxbnke pe xprion Tou AoyiopikoU LTSPICE. To KUKAwWMG TTOU XPNOIKOTIOIRNBNKE yia TOug
OKOTTOUG TNG TTPOCOMOIWwoNG gu@avifetal oto ZxAua 3-25. MNa tnv TPOoCouoiwaon XenNoIUoTToINonKe
TTNYN TTaApIKOU peupartog 25kHz, n otroia gival kai n YEyiotn ouyxvoTtnTa Tou orjpatog PWM pou ptropei
va dexTei T0 AZBDC12A8.

R
R2 u2 1ok R3

1 4 a1
oA VO —
2 5
vieo 200 oK e — 470 FMMTE24
¥2=33 GMD - vEo R
LI L BN 127 Bk
TF =00 o
P = 20u =
PER=4Du — 0 =
0
0

ZxAua 3-25.  HAekTpIKO 0X£D10 TOU KUKAWUATOG TTOU XpnoipoTrolldnke oto LTSPICE.

210 ZxNPa 3-26 eu@aviovral oI KUPNATOUOPQPEG €10000U Kal 600U, 210 diIdypapua eugavifovral
o1 Taoeig eI06d0ou Kal €£6dou atTd Ta anueia delypaToAnyiag, 6TTwg eu@avifovTal autd oTo KUKAWHG TNG
TTponyouuevng IkOvag lMNa Tnv gicodo Tou drive xpnolyoTrolgiTal oTnv TTpocopoiwaon avriotaon 5kQ, n
oTroia o1o TEAIKO KUKAwMa dlappéeTal atrd peUua OUoI0 e TO peUa TTou dlappéel TNV KABe €icodo Tou
drive, apou oTo datasheet Tou dev UTTAPYXOUV TTANPOPOPIEG OXETIKA PE TA NAEKTPIKA XAPAKTNPIOTIKA TWV
€1066WV ONPaTOoG.
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IxAua 3-26.  ZAMA €10600U KAl CAMA £§650U 0TO KUKAWHA OTTTIKAG ATTOUOVWONG.

To optocoupler atropovwvel TTARPWGS TNV Yneiakr ouvdean pe 10 PC/104. To drive Twv KivnTApwY
OUWG TTapPEXEI WG AVAAOYIKO Grja TO peUUA PE TO OTTOI0 TPOYPODOTEI KABE OTIYr OTOUG KIvnTrpPES. MNa
VA aTTOUOVWOEI aTToTEAECUATIKA auTd TO avaAoyikd ofua atd 1o PC/104 xpnoiuoTroindnke KatdAAnAo
OAOKANPWHEVO PETATPOTTHG AVAAOYIKOU OAUATOG O WNPIOKO PE EVOWUATWHEVN YNQIAKR aTTouOvVWon.
EmAéxBnKe To oAokAnpwuévo KUKAwPa Si8900 Tng eTaipeiag SiLabs. To oAokAnpwpévo autd emITPETTE
TNV SelypaToAnwia avaloyikwv onudatwy ato 0 éwg 3.3V pe 10 bit akpifeia. Eteidn duwg n £€€0d0¢ Tou
kavaAiou Current Reference tou drive eival épav Twv opiwv Tou Si8900 (To arjua £xel UPOG TIHWV
17.5V) oxedldoTnKe KUKAWUA PE TEAEDTIKO EVIOXUTH yia TNV PETATPOTI TOU ONPATOG PECW TNG
avUywaong Tou waoTe va €xel eupog 0-15V kai umrofifacuol Tou oe e€Upog 0-3.3V. To KUKAwua
XpnaoigoTroiei 3 avTiIoTACEIS yia va dlaipEéael TNV TAon Tpopodoaiag Kal va Tnv abpoicel ye Tnv 1édon
€10600uU, ETITUYXAVOVTAG £TOI TNV JETAPOPA TOU GHUATOG OTO KATAAANAO £UpOG.

MeTd TIG QvTIOTAOEIG XPNOILOTIOIEITAI O TEAEOTIKOG evioyuTri¢ MCP6001 Tng eTaipeiag Microchip o€
didragn povadiaiou KEPOOUG (aKOAOUBNTAG TAONG) TIPIV TNV €i0000 TOU METATPOTTED AVOAOYIKOU
ONPATOG O WNOIAKS. O OUYKEKPINEVOG EVIOYUTNG ETTIAEXBNKE KUPiwg yia Adyoug d1aBeo1udTNTOG KAl
€AKUOTIKOU KOOTOoug. MTropei va avtikataoTtabei ammrd o1rolovOATTOTE GAAO QVTIOTOIXO O OTT0i0g
Tpo@odoTeiTal Je Hovh Tpoodoaia (Udvo BeTIKA TAoN €10600U OTNV TPOYOodoaia) Kal oTabepdTnNTa €
povadiaio kEPdog. H péyioTn auxvoTnTa aTnv otroia Ba AsIToupyei 0 EVIOXUTHG TTPoadIopifeTal KAVOVIKA
atrd 10 oA €I0600uU. ETTEIdn 0 KATaoKeUaoTAS Tou drive OV TTAPEXEI TO CUYKEKPIPEVO XAPAKTNPIOTIKO,
opioTnke auBaipeta autp oto 1 MHz kaBwg n cuxvoeTnTa auTh €ival apkeTd uwnAdTepn atrd Tnv
ouxvoetnTa ToUu BPoxou eAéyxou. 210 2xAUa 3-27 gu@avifetal To KUKAWPO TTOU OXEBIAOTNKE Kal
TTpooopolwdnke ato SPICE kal oTo Zxfjua 3-28 epgavifovTtal Ta atroTeAéopaTa TG TTpocopoiwong. MNa

TNV TTPOCOHOIWON XPNOIMOTTOINBNKE TTNYr NUITOVOEIdoUG TAong eUpoug 7.5V kail ouyxvotntag 10Hz.
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ZxAua 3-27.  KikAwpa yia Tnv aAAayn edpoug onuarog. NMpooopoiwon péow SPICE.
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ZxAua 3-28. [poocopoiwon CUUTTEPIPOPAS KUKAWHATOS aAAayng €Upoug Tdong améd 1o
SPICE. Ta XpWwWHATA TWV KUMOTOHOPPWYV OAVTIOTOIXOUV OTA XPWHATO TWV OnMEiwV
delyparoAnyiag otTnv €IKOVA TOU KUKAWMOTOG UE TTPACIVO VA E€ival TO OAUA £10650U Kol KOKKIVO
TO Opa £§650u.

TéAog, ammaitABnke oxedIaoTIKA n xprion d1d@opwyv CUVOETUWY KaAwdiwang yia Tn oUvdean oTo
KGBe drive TOou KivnTAPA, TNG TPOPODOCIAG, TOU CAUATOG €AEyXOU Kal OTTOU OTTAITEITAl, TNG
avatpo@oddtnong atod Toug alodnTtApeg Hall. ETIAExBNKav KaTtdAAnAa BUopara pe KPITAPIO TN UNXAVIKN
avtoxr, TNV UTTapén PNXAVIKAG OUYKPATNONG TOU KOAWDIOU Kal TNV avtoxn o€ peydAa pelpata Kal
Téoeig. O MNivakag 3-6 TTapouciddel Ta eMAeXOEvTa BUopaTta padi Pe Ta KUpIO XapaKTNPIOTIKA TOUG, BACEI

TWV OTTOIWV EYIVE N ETTIAOYI| TOUG.
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Mivakag 3-6.  HAekTpikég ouvdéoeig TTAakETAG 0dynong drive.

Booua XapaKTNPIoTIKA
2AMa eAEyxOU Kal Ofua avaTtpopodotnong atod 8 eTagéc

aiobnTipeg Hall MéyiaTo peupa ava eragn: 1A

Méyiotn taon: 1000VAC

‘E€0d0¢ TTpOg KIVNTAPES
MovTtého 175783-2 Tng etaipeiag TE

Connectivity

6 eTaQEg

MéyioTo pedpa ava etragn: 19A

Méyiotn tdon: 1.8kVAC

‘llll/

Tpogodoaia 6 eTTaQEg

MovtéAo 39-29-1068 Tn¢ eTaipeiag Molex

MéyioTo pedpa ava etragn: 13A

MéyioTtn Tdon: 600V

To KUKAWGQ TO 0TT0i0 aXedIACTNKE TEAIKG BACEI TWV TTPOAVAPEPBEVTWY eupavideTal aTo ZxAua 3-29. H
TENKA TTAOKETO TTOU OXEDIAOTNKE BACEI TOU KUKAWPATOG auTou epgavifetal oto ZxAua 3-30, Kal n
TTAOKETA TTOU KOTAOKEUAOTNKE WG TTPWTATUTTO 0T0 LPKF TOU £pyacTnpiou kKaBwg kai n TEAIKR TTAAKETA

oTa ZxAua 3-31 kal Zxnua 3-32 avrioToixa.
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2x €510 KUKAWMOTOG TTAAKETAG 08 yno NG KIVNTAPWV.

IXApa 3-29.
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ZxAua 3-30.  Zx£d10 TAAKETOG 08YNONG KIVIITHPWV.

ZxAua 3-31.  MpwToTUTTO TTAAKETAG OBAYNONG KIVNTAPWY OTTWG KataokeudoTnke oto LPKF
TOU gpyacoTnpiou.
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lox0g

Optoisolators

Kwnmpag

ZxAua 3-32.

TeAik TAakéTa 00AYNONG KIVATAPWV.

PC/104

Hall

O Mivakag 3-7 mapoucidlel Ta €LopTAUATA TTOU ATTAITOUVTAl YIO TNV KATOOKEUN TNG TEAIKAG
TAOKETAG 00fynong Kal €1I0IKOTEPA TA ATTAPAITNTA €EAPTANATA YIA TNV KOATAOKEUN TWV KAAWdiwV

ouvdeaong KivnTApwy, aiodntpwyv Hall kal Tpo@odoaiag pe TnG TTAAKETEG TwV drive.

Mivakag 3-7.  AtmraitoUpeva e€apThApATa yia KAOE TTAakEéTA 0dYyNoNg KIVNTHPA.
E§GpTI‘!|.IG omws . . EvdeIkTIKOG EvdeIkTIKO
EMavieTal oTO Tipn Moakéro . A

A Kwdikog KéoTtog
oxédio

Ci-C2 100 nF, +16 V SMD 0603 788-2916 (RS) 0,03 €

C3 10 uF, 100V E3,5-8 865-0527 (RS) 0,14 €

C4 >470 pF, 16 V SMD 0805 464-6672 (RS) 0,03 €

C5 >2.2uF, 16 V SMD 2012-12 405-9517 (RS) 0,11 €

LED1 - LED2 Red SMD LED SMD 0603 466-3728 (RS) 0,08 €
691-2325 (RS) n

OK2 - OK3 6N137 DILO8 05-1CS-6N137E 0,96 €
(GRobotronics)

Q2-Q3 FMMT624 SOT-23 669-7644 (RS) 0,79 €

R2, EféR”’ 220 Q SMD 0805 810-1763 (RS) 0,06 €

R8, R9, R19, R20 470 Q SMD 0805 679-1430 (RS) 0,03 €

R10, I;ll% R14, 10 kQ SMD 0805 740-9072 (RS) 0,03 €

R15 40 kQ SMD 0805 679-1395 (RS) 0,03 €
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Usi MCPI?8(1)_1UT— SOT-5 823-0997 (RS) 0,25 €
. . 05-00016751
Us$2, Us8 RJ45 with shield RJ45 (GRobotronics) 0,55 €
AZBDC12A8 OnAukd, 2.54 mm
(headers 10U pitch, 1 ogipd e 05-00011902
uss3 Taipidlouv OTIg 11 pin, 1 ocipd pe | (GRobotronics) 02460 €
ETTAPEG TOU) 16
MULTILOCK
us4 070, 6 eaQéC - 362-9244 (RS) 2,03 €
Molex MINI-FIT
U$5 JR. Series, . 2155843 (RS) 0,70 €
Series Number '
5569
us7 S18900 SOIC16WIDE 823-2139 (RS) 3,27 €
MIC5205-

Ul 3 3YM5TR SOT-23 910-1556 (RS) 0,45 €
Mivakag 3-8.  AtmraitoUpeva €§apTAMATA yid TNV KATAOKEUN TwWV KOAwdiwv ouvdeong tng
mwAakéTag odynong KivntApa.

ESapTnua Kupia EvdeikTik6g Kwdikég EvdeikTiké KéoTog
XapakTnpIoTIKA
z”"as"l‘é‘)’(%gg)‘w("ou 484-1760 (RS) 0,39 €
- . 3 aywyoi, diatoung
Etragég ouvdéopou h i
kahwdiou 1oytoc ToUAG)IoTOV 1.5mm?2 215-5887 (RS) 18,47 €
KaAwdio loyuog 522-575 (RS) 128,27 €
Zuyésopog KaAw§|ou 0] ouvésoyog £Xel 6 362-9020 (RS) 110 €
ouvdeong KivnThpa aywyoug TTou
ouvdéovtal avd 2 010
Etragpég ouvdéopou KaAwdIo 3 aywywv
KaAwdiou ouvdeong TOU KIVNTAPA. 362-9367 (RS) 0,20 €
KivnTrpa TouAdyioTtov diatoun
0.5mm?
Mrtropei va
KaAwdio Hall XpnaoigotroinBei £Toiuo 294-8184 (RS) 3,07 €
kaAwdio Ethernet Catb
PWM Ferrite - 219-2656 (RS) 7,49 €
Motor Ferrite - 788-0226 (RS) 7,07 €

O1 rpoavaepBEVTEG PePPITEG TOTTOBETOUVTAI 0T KOAWDIA TNG TPOPOdOCIag Kal TNG GUVOEONG KIVvATHPA
600 10 duvaTodv TTI0 KOVTG OTNV TTAaKETA. H TOTToB£TNON YiveTal yéow TNG TTEPIEAIENG TWV AVTIOTOIXWV
KaAwdiwv yupw TOug, 2 — 5 popég.

H teAikf) TTAaKETA yiIa 0dAyNon KIvATAPpWY OTTWG EUPAVIOTNKE TTPONYOUNEVWG, OEV gival AuTr TTOU
oXedIAoTNKE ApXIKA. Katd TIG apXIKEG DOKIPEG TTapATNPHONKAV APKETA cuxvd TTpoBARuaTa Ta oTroia
EUTTOBICAV TNV OPOAA AEIToupyia TwV TTAOKETWV KAl GUVOAIKG Tou TeTpaTTOdou. Ta TTpoPAfuaTa autd
nrav:

1. Zuvexng TEPIOTPOPN Tou KIvnTAPA fi/Kal aduvapia aAAayng @opd Kivnong.

2. 'Evrovog xog oToug KIvnTAPEG brushless Trapdéuoiog pe Asukd 86pufo.

To mpwTo amd TG OUO TTPORAAUATA TTPOEKUWE QPKETEG QOPEG KATA TNV XPAon TnG apxXIKAG

TAOKETAG. Me xprion TTaApoypd@ou TTapatnpriénkav o KUPOTOUOPYEG €10000U Kal £60oU TOOO OTO
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kavadA PWM 6ao kal ato kavaAl dietBuvang. MNapatnpABnke 1oTe €W PETPNONG O16O0U [E TTOAUUETPO,
O €iTe éva eiTe Kal Ta dUO KavAAIa Tou optocoupler eixav KaTaoTPaPEi PE ATTOTEAETHUA va PNV YiveTal n
owaoTn peTddoon onuatog (Méviya 0 3 5V). lMpokeiwévou va TTpooTaTeuTel TO optocoupler kal va
TTapapEivel TO peUpa €000V Tou £VTOG Opiwv, augndnke n avtioTaon atnv BAon Tou transistor WoTe va
MEIwBEi To atraiToupevo pelua atrd 1o optocoupler.

To deutepo mTPOPANUaA, &nAadry n Tapaywyr] éviovou Axou oToug brushless «kivntrpeg,
TTapoucialéTav ouxva XwpeIic va avTIJETWTTIETal YE aTTAr aAAayr Tng TTAakETag odriynong. Kabuwg
mépav Tou Bopufou, TTOAU cuxvd TTapaTnEndnke Kal avopologop@ia oTnv Kivnon Tou KivnThpa
XPNOIMOTTOINBNKE TTAAPOYPAPOG yIa va PEAETNOEI N KupaTopop®r Twyv onudTwy Tou aicdntApa Hall.
ETAéXBNKe va HeAETNOOUV T GUYKEKPIPEVA ORUATA, KABWGS N EAAEIWn aAAayig aTov X0 Tou KIvNTAPA
ME aAAayr) TTAAKETOG £D€IEE OTI Ta NAEKTPOVIKA dev ATav utTeUBUva yia Tnv duaAsimroupyia. Tautdypova,
n aoTtabng kivnon Tou Kivntrpa utrodeikviel aduvapia Tou cuoTAUATOG eAéyxou Tou brushless va
ouyxpovigel Tnv aAAayr] TNG KUPATOUOPYNRG Tpo®odoaiag e Tnv TTEPIOTPOPR Tou Opopéa. Ta
QTTOTEAEOUATA TWV PETPACEWY YIa Ta Tpia kavaAia Tou aioBntipa Hall eugavifovral ota emopeva dUo
oxAuarta. 210 Zxnua 3-33 gugavicetal n eIkdéva Tou oAPATog Tou aioBntrpa Hall katd Tn QuaioAoyikA
Kivnon kal Asitoupyia Tou KivnTApad. 210 ZXAMG 3-34 gu@avideTal n idia o€lpd KUPATOPOPPWY aAAd atrd
KIVNTAPG O OTToiog KaTA Tnv AciToupyia Tou Trapriyaye B86pufo. 210 OcUTEPO OXAMA €ival EPAVAS N
TTapouaia NAeKTpIKOU BopURou o€ OAEC TIG KupaTodopPEéG. O B0pUBOG AUTOHS AVTIMETWTTIOTNKE ETTITUXWG
ME TN yeiwon 6Awv Twv aoTTidwv Twv KaAwdiwv Kal TNV TTpocBrkn @eppitn oTnv dkpn Kabe kaAwdiou

Kivntrpa. Me TIg dU0 TTPpoaOiKeg auTég OAOI 01 KIVNTHPES AsIToUpynaav oA Kai gV UTIHPEE TTEPAITEPW
TPOBANa.
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KIvnTApQ.
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Kivnon KivntTApa.
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4 MeAAovTiKi Epyacia

4.1 Eicaywyn
2710 KEPAAQIO auTo yiveTal ava@opd o€ TTIBavr] HEAAOVTIKN epyaaia n otroia Ba uTropoUoe va odnyroel
o€ BeATiwon TwWV NAEKTPOVIKWY UTTOCUCTNUATWY TOU TETPATTOS0U.

H ueAovTikA epyaaia gival duvatd va eoTidaEl, o€ OUO0 KUpPIouG Topeig. O TTpwToG gival n diaxeipion
EVEPYEIOG TOU POUTTOT. EIdIKOTEPO TTapoucidleTal To NAEKTPOVIKO CGUCTNUA yia TIpooTacia atmod
uTTépTOON KAaBwg €1TioNg Kal To oUoTAPa avayevvnTikKAg TTEdNonG. O delTepog TouEag gival 0 EAeyX0G
KGBe dpBpwaong Kal n €MKOIVWYVIa Je TNV KEVTPIKN Hovada eAéyxou. Mo ouykekpipéva TTapouaidleTal

mBavA SIATagn yia TNV UAOTTOINCN ATTOKEVTPWHEVOU GUOTAUOTOG EAEYXOU TOU TETPATTOOOU.

4.2 AutoépaTn TTPOCTACIA MTTATAPING ATTO UTTEPTOOT

H didtagn 1ou XpnOoIYOTIoIEiTal yIa TNV TIPOCTOCIa OTTd UTTEPTOCN Trapoucidadel OUo onuUavTIKA
MEIOVEKTAMUATA TA OTTOIO TNV KABIoTOUV Wn IBAVIKA Yia Xprjon aTo aUoTNUa TPOPodoaiag Tou pouTToT. To
TpwTo TTPORANMA eival n atabepr) Taan breakdown Tévw atd Tnv otroia apyilel va ayel avtioTpopa n
0i0d0¢. KaBwg Asitoupyei 10 oUOTNUO PE PTTATAPIEG, N TAON €1I00O0U OTO KUKAWMA TPOo@odOoaiag
MEIWVETAI PJE PN YPAMMIKG TpoTTO. Tautdxpova, atmmaiTeiTal aXeSIAOTIKA N ammoppo@nan Peyain 10x00g
atrd TN SIGTAEN GTO POUTTOT.

H avTigeTwTmion Twv avwTépw TTPORANUATWY PTTOoPET va eTTITEUXOET Je TO OXEDIAOUO KUKAWUATOG,
6tou n diodog TUTTOU zener €xel avTIKAaTaoTabei ammd KAaTAAANAN didTagn SIaKOTITIKOU OTOIXEIOU Kal
METPNTA TAONG. To KUKAwpA autd, TTPOOXEDIO TOU OTTOIOU eu@avideTal OTIG ETTOPEVEG EIKOVEG,
atroTeAeiTal atmd évav NAEKTPOVOUO, O OTTOI0G dpa WG EAEyXOUEVOG BIOKATITNG, pia avTioTaon 10XU0g
TTPOKEIUEVOU VA PETATPETTETAI N NAEKTPIKA I0XUG 0 BepIKr, Kal éva PIKPoeAeykTH (ATTINY 13) yia n
MéTPNON TNG TAONG Kal Tov €AeyXOo ToU nAekTpovOuou. O HIKPOEAEYKTAG €ival  KATAAANAa
TTPOYPOAUUATIONEVOG WOTE OTAV aviXVeUEl TAON HEYAAUTEPN ATTO TNV TAGN OTIG PTTATAPIEG VA EVEPYOTTOIEI
TOV NAEKTPOVOUO Kal va BPaxUKUKAWVEI JECW TNG avTioTaong Tnv Tpogodoacia. E¢aitiag Tou 611 6Ao TO
KUKAwpa gival ToTToBeTnuévo PETA TR diodo dnuloupyeital Evag aywyog TToAU XaunAig avriotaong yia
TO pedpa oTnv TPoPodOCia, e ATTOTEAECUA TN PEIWON TNG TAONG OTAV TPOPOBOTIa TWV KIVATHPWV.
MOAIG n Tdon €ival o€ QUOIOAOYIKA E£TTITTESA, O NAEKTPOVOPOG Trauel va dyel Kal ETTAVEPXETAl N
(PUOIOAOYIKI) AEITOUPYIa TOU UTTOCUCTAPATOG TPOPODOCIAG. XTO ETTOUEVO OXNMA (ZXAUa 4-1) eppavideTal

éva mBavo NAeKTPIKG OX£DI0 TOU KUKAWHATOG auToU.
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ZxAua 4-1. HAekTpIKO OX£D10 CUCTANATOG TTPOOTACIAG ATTO UTTEPTACH.

4.3 AvayevvnTiki Tédnon
O1 TTAaKETEG EAEYYOU TTOU XPNOIYOTTOIOUVTAI ETTITPETTOUV TNV AEITOUPYIQ TwV KIVATAPWY KAl OTA TECOEPQ
TeETAPTNUOPIa. Katd Tnv aAAayr] @opdg TTepIoTPOPAG KaBWG £TTIONG KAl KATA TNV TIRPAduvon A Kal TNV
€EWTEPIKN ETMITAXUVON, O KIVATAPAG AEITOUPYE WG YEVVATPIA, aTTOdIOOVTOG NAEKTPIKN EVEPYEId OTO
oloTnua. 10 TPEXOV oUCTNKA, QUTA N TTPOCOETN EVEPYEI ATTOPPITITETAI GTO CUCTNUA TTPOCTACIAG WG
BepudTNTA HECW TWV AVTIOTACEWV.

AvTi va atroBdAAeTal wg BepudTNTa, €ival duvaTtdy n TTITTAEOV NAEKTPIKH EVEPYEID VA OTTOONKEUTET
Kal va xpnoiuotroin®ei yia tnv utrofornénon twv PIratapiwy. MNa 10 oKotoé autd XpnolhoTTolouvTal
ouvnBwG TTUKVWTEG €18IKOU TUTTOU (Super capacitors A kal ultracapacitors) (ZxAua 4-2) ol otroiol
a1ToBNKEUOUV TTPOCWEIVA TNV Trepicocia evépyelag Kal Tnv amodidouv favda otav ¢ntndei (TT.X.
emrayxuvon kivntipa) [32], [14]. O1 GUYKEKPIPEVOI TTUKVWTEG €XOUV TTAPA TTOAU PEYAAN XwpnTiKOTATA
NG TG&NG Twv 1,000F 1} kal TTEPICGOTEPO. MTTOPOUV Va XpnaoipgotroinBolv dnAadn yia va amobnkeuouv

KOl VO TTAPEXOUV ONUAVTIKA TTOOA EVEPYEIQG PE TTOAU PEYAAOUG puBPOoUG OPTIONG KAl EKPOPTIANG.
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ZxAHa 4-2. Ultracapacitor epmopiou. MnynR: http://www.apc-hero.co.uk/news/36/69/New-
loxus-iMOD-s-Deliver-Higher-Power-Energy-Densities/.

4.4 Xuvdeon odnynong o€ diktuo Ethernet
To oUoTnua TTOU TTAPOUCIACTNKE OTAV TTapouca epyacia xpnaoiyotroiei éva PC/104 pe ogipd ammd
BuyaTpikEG TTAOKETEG, OXETIKA UWnAOU KOOTOUG, GUVOEDEPEVEG TIAVW TOU YIA TNV ETTIKOIVWVIA JE TOUG
encoders kal Tn dnuioupyia TWV ATTAPAITNTWY CNUATWY EAEYXOU TWV KIvATAPWY. To oloTnua auTd
AEITOUPYEI PE XPron €TTEEEPYAOTH ApPXITEKTOVIKNG x86-64 (Intel Core i7) kal AOyIOHIKO BACIOUEVO GTO
ROS og Aeiroupyiké pe muprva Linux. Mapatnpndnkav mpoARpaTa Adyw AGAAwWV €TTEEEPYACTIKWV
@opTiwv o10 PC Tmépav Tou AoyIOUIKOU €AEyXOU KOTA TNV €KTEAEON OOKINWV PadicuaTtog Tou
TeETPATTOd0U. Ta TPoPAAUATA QUTG eu@avi(évioucav wg aoTabeieg ato BAdioua, n ouxvotnTa
EMPAVIONG TWV OTTOIWV CUVOESTAV AUETA PE TO ETTECEPYAOTIKO @opTiou Tou H/Y.

Mpokelpgévou va avTIHETWTTIOTOUV Ta TTPORBAANATA TTOU ATTOPPEOUV ATTO TO ETTEEEPYATTIKO QOPTIO
Kal va MEIWBEl TO OUVOAIKG KOOTOG TOU CUOTAPATOG €Aéyxou, Ba ptropolcoe HEAAOVTIKA va
xpnoigotoinBei avd dapBpwon 1 kol dU0 apBpwoelg, MIKPH TTAOKETO PE EVOWHATWUHEVO
MIKpoeTTECEPYAOTH Kol BUpa SikTUOU. H TTAakéTa auTr) Ba avaAduBave Tn diaxeipion 6edouévwy atrd Tov
encoder Tou KAOe KIvNTAPA Kal T dnUIoUPYIa TwV aTTAPAITNTWY CNUATWY EAEYXOU TTPOKEINEVOU VO
uTTOpPEi va eAeyxBei n Béon kal n TaxutnTa Tou KivnTtrpa. Tautdxpova, n Bupa SIKTUOU ETTITPETTEI TOV
ENEYXO TNG aTTO KEVTPIKO UTTOAOYIOTH. Oa ATav €101 duvaTOg 0 EAEYXOG TOU KIVNTAPA va PETAPEPOEi o€
oUOoTNUA TTPAYHATIKOU XPOVOU KAl VO TTAPAEIVEl JOVO O GUVOAIKOG EAEYXOG TWV TTODIWYV OTOV KEVTPIKO
uttoAoyIoTA. KAaTi T€T010 Ba eTTETPETTE TN PEiwon KOGTOUG TOU CUCTHANATOG Kal Ba BeATiWvVE TNV avToxn
Tou. MMA€ov dev Ba uTTAPXE €va KEVTPIKO onueio eAEyxou evwd TauTtoxpova Ba BeATIwvOTav N atrddoaor)
TOU KABWG OAEG 01 XPOVIKA Kpialueg dlepyaaicg eAEyxou Ba ekTEAOUVTAV O€ VTETEPUIVIOTIKO TTEPIBAAAOV
(HikpoeAeykTG pE AsiToupyikd hard real time). TéAog, oTo TTPOTUTTO TOU CUOTHAUATOG dIKTUOU Ethernet

(IEEE 802.3) ava@épetal n atraitnon 1o OikTuo va gival yaABavikd atropovwuévo o€ KABe anueio Tou
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ouvOéeTal OUOKEUN o€ auTd. Aaipeital Aoimrév Kal n avaykn yia xprion NAEKTPOVIKWY OlaTagewyv
NAEKTPIKNAG ATTOUOVWONG.

2TIG ETTOPEVEG EIKOVEG EPPAVICETAI TTIPOOXEDIO EVOG CUOTAUATOG EAEYXOU Miag ApBpwang Ye Xprion
Tou piIKpoeTTeEepyaaTry TMAC1294NCPDT 1ng etaipeiag Texas Instruments. O OUyYKEKPIUEVOG
MIKPOETTECEPYAOTAG €XEI TN duvaTéTNTa dueong dlaouvdeons Pe encoder TEOOAPWY TETAPTNUOPIWY,
UAIKO yia Tnv uAotroinan BUpag diktuou TUTTOU Ethernet 10/100 kai TToAAaTTAG KavaAia PWM yia tov
éNeyxo Tou KivnTApa. TéAog, O1aBETEl Kal gUOTNUA METATPOTIAG QVAAOYIKOU CMUOTOG O Wn@IaKo
EMTPETTOVTAG TNV Auean olvdeon Tou drive. To OouyKekpiyévo ax€dIo eival Baciopévo Kupiwg atnv
€VOEIKTIKA JIATAEN TOU WIKPOETTEEEPYAOTH OTTWG dideTal atrd TNV eTaipeia. Méow Tng xprRong Bupag
OIKTUOU Ethernet pe evowpaTwWHEVO PETAOYXNUATIOTH MEIWVETAI TTEQAITEPW TO MEYEBOG TNG TEAIKNG

TTAOKETAG.

64/91



1 2 3 4 [ 5 6
GPIO o
\_/ 2 Place pull up resistors and C16-C17 near TM4C MCU.
iy
U2-10 Cl7 ETH & [ C16 ETH
95 a=|
w»w wmm o6 0.1uF 4MW_H__ %MVW 0.1UF
91 g T
PA2 PB2 |2 olr @ - A
PA3 pe3 |2 gz [Taolz |2
PA4 = GND =4 22k GND
PAS P 120 o] >d Place C18 and €22 near Jack
PAG6 > 4
PA7 , 5
N [EnoTxo_P> & o+ YLED+ PF4
PCO/TCK/SWCLK Poo |- o o % 2
PC1/TMS/SWDIO PD1 |-2- ENOTXO > - © < -
PC2/TDI PD2 3 . YLED- T
PC3/TDO/SWO PD3 | ENORXL P> RD+ |
PCa D4 |12 —— 3 Rer 239
126 2 1 533
PCS PD5 =5 [EoRa N> RD- GLED+ <] el
PC6 pog |27 , it »mm g
PC7 pp7 |12 L SHIELD
C18_ETHC22 BT M2 | g oLep L2
15 1 peo pro |22 PEQ & GND
14 oY A 0.1uF [ 0.1uF VAGIACK B
14 | [ a3 -
13 ] by pr2 |34 z 253
@ m
12§ pe3 pF3 |22 &5
123 PE4 PFa 46 PF4 GND GND !
124 PES For Ethernet example Appli IlﬁwH\m_wItmTHr
LED4 s default configured t Link OK “Ta ~Z GND
49 29 LED3 is default configured as TX/RX activity 4700pF S 2s
29 1 peo pHO -2 ¥=
LVL_PWM/2.1B, 50 PG1 PH1 |22 User may re-configure these pins / LED's for any
= pH2 3L application usage. (-
pH3 |32
and
Lo |81
pLi [-82
2 |8
84
N
L 2 C
8 | 107 PNO
2 o no 1
261 oM N2 109
51 pm3 pN3 (110
241 pmg png |11t —
3 112
Wﬂ PMS pNs |11
o
e Y
18 5
FIEm [ bor o
03 S T
&# P2 Q2 (L
e Q3 [ D
s pee Q4 (02
106 1 pps
TM4C1294NCPDT
JTAG PULL-UPS
2
(2}
¥
TITLE:  drive_mounting_board_Tiva E
Document Number: REV:
Date: 5/10/2016 3:15 ny Sheet: 1/2

ikTUO

o]

Aakétag ouvdeong odlynong o

iou T
Ethernet. EygavieTal n ouvdsopoAoyia HIKpOEAEYKTR Kal B0pag SIKTUOU.

U oxed

AAO nAeKkTpiko

wTO QU

Mp

IXApa 4-3.

65/91



1 2 3 [ 4 5 6
Power Control Jumper:
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6 MapdapTnua A — Zxedlaopuog Tuttwuévwy MNMAakeTwy MNa

E@appoyés YynAng Taong / Peuparog
>¢ Aeiroupyia pge upnAr Tdon f/kal geyadAo pelpa n TTAGKETA TOU NAEKTPOVIKOU KUKAWMPATOG eTTIBAAAETAI
va oxedloobei KATAAANAQ TTPOKEINEVOU VA PNV ACTOXNOEl KATOOTPOQIKA. ZUYKEKPIPEVA N TAoN
eNEeadel dueca TNV ammooTacn WETAgU YEITOVIKWY aywywv, PE HeEyaAUTepn TAOn va aTTaITEl Kal
MeyoAUTepn atréoTaon. H améotaon auth kabBopiletal ammd Tn dlagopd Taong METALU YEITOVIKWV
aywywy, amd Ta NAEKTPIKA XAPOKTNPIOTIKA TWV UAIKWV KATOOKEUAG TNG TTAAKETAG Kal, YIO TNV
TEPITTTWON AyWYWV OTnV €MQAvEID TNG TAGKETAG, ammd TO av UTTApXEl 1 OXI €TMKAAUWN pE
TIPOCTATEUTIKO BEPVIKI.

To oxemkd pe autd Ta B€éparta TPOTUTTO civalr To IPC-2221-A. ZUu@wva PeE autd aTraiTeiTal
atmdéoTaon TouAdxioTov 0.6mm peTagl yEITOVIKWY YUUVWVY aywywv (Xwpig Bepviki) kar 0.13mm otav
uTTapxel Bepviki yia Taan 60V. O1 TINEC auTEG 1I0XUOUV VIO UWOUETPO HéEXP! 3,050m. Ze peyaAlTepa
UWOUETPA Ol TIUEG QUTEG JeTaBAAAovTal.

MNa peydAa pedpata AmmaITeiTal 0 aywyog va €Xel dIATour) KATAAANAn yia 1o pelua TToU TOV
oiatrepvda. Kabuwg 10 aX0og Tou aywyou aoTnv TTAGKETaA gival oTaBepd, gival ammAd ammd 10 TTAATOG TNG
YPOUURAG-aywyoU Kal TNG aywyINOTNTAG TOU XOAKOU va UTTOAOYIOTEN N avTiotaon kdbe pépoug Tou
aywyou Kal apa va TTPoadIoPICTEl TO PEYIOTO peUUA TTOU UTTOPE va dlappéel TOV aywyo oUTwGS WOTE N
Béppavon autou Adyw @aivopévou Joule va pnv gemmepvdel pia opiakr Tipn. H TipR Tou TTAGTOUG
emnpedadeTal kal atrd 10 av PUxeTal 1 6x1 0 aywyog, KabBwe Kal atrd To av BPioKeTal 0TO ECWTEPIKO ) OTO
e€wTepIkd TNG TTAOKETAG. ZTO TTPOTUTTO diveTal TO aKOAouBo didypappa (Zxfua 6-1) yia 1o TTAATOG
eCWTEPIKOU aywyou. lMNa Trapddeiyua, yia peuua 4 A og Bepuokpacaia 20°C n atrairoUuevn dIaToun Tou
aywyou Ba gival epitrou 70 TETpaywVvIKA XIAOoTd ThG ivioag. N'vwpifovtag 1o TTaxX0G TNG YPAUMAG atrd
TOV KATOOKEUAOTA TNG TTAAKETAG (ouvABwg 36um) eival duvaTtdv va UTTOAOYIOTEN Kal TO TTAATOG TNG

YPOUUNAG, Bewpwvtag 6Tl TO oXAMa TNG SIATOPAG TNG gival opBoywvio TTapaAAnAGypaupo.
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7 Mapdptnua B — Kataokeun MAakeTwv

To TpwTO OTAdIO €ival N dnuIoupyia TwV APXEIWY TTOU ATTAITOUVTAI YIO TNV KATAOKEUR TNG TTAAKETOG.

Avaloya pe 1o TTOKETO oxediaong TTou XpnOoIYoTToIEiTal auTr dlapépel. 10 TEAOG OUwWG Ba TTPETTel va

UTTApXoUV KAt eAdxIoToV £va apxeio Ye To ax€dio Tou XaAkoU ag KABe éwn TnG TTAakETaG, dUO apxeia

ME TIG OTTEG TTOU Ba avoixBoUv (eTTIKAAUPPEVEG PE XOAKS Kal Un),evwd TEAOG ATTAITEITAI KAI €va apXEio P

1O TrEpiypaupa TnG TTAakéTag (outline). Ta apyeia autd TpéTmel va akoAouBouv 1o TTpdTuTTo Gerber (RS-

274X) pe €€aipeon Ta apyeia pe TIG oG TTou Ba TTpETTEl va akoAouBouv To TTpoTuTio Excellon. ‘Exovrag

Ta apxeia autd n diadikacia gival n akéAoubn:

1. >u0vdeon LPKF pe H/Y (2 kaAwdia USB — 1 yia Tov €AeyXO TOU pnxavnuatog kai 1 yia tnv
EVOWNATWHPEVN TOU KAUEPA YIO AEITOUPYIEG OTTWG O evTOTTIOUOG akpIBAG B€ang TG TTAAKETAG),
EVEPYOTTOINGTN TOU E TO KOUUTTI TO €0WTEPIKO Tou LPKF Kail ekKivnan Tou AOyIGUIKOU EAEyXOU GTOV
H/Y. Xpnoigotroigital guykekpiyévog H/Y pdvo yia diatripnon Twv pubuicewv.

2. MOoAig ohokAnpwBei n ouvdeon Kal yivel n avixveuon NG KAPEPAG €TMIAEYETAI aTTO TNV AioTa TO
KaTadAAnAo template yia Tnv digpyacia. O mAoyEg gival:

a. Moévo pia mAeupd xoAkoUu oTtnv kaTtw pepia (SingleSided.cbf) 1 otnv Tavw pepid
(SingleSided_Top.cbf) Tng mAakéTag.
b. AUo TAgupég pe XaAkO Xwpig emmipeTdAAwaon ottwyv (DoubleSided_NoTHP.cbf).

C. AU0 TTAeUpEG e XaAKO pe emueTdAAwon omwyv (DoubleSided ProConduct.cbf).

Projects Templates

CircuitPro installed termplates

SingleSided.chf PCB with cne predefined layer.
SingleSided_Top.chf PCB with cne predefined layer on top side.

DoubleSided_ProConduct. cbf PCB with predefined Top and Bottermn layers, prepared for ProConduct process,
DoubleSided_GalvanicTHP.chf PCE with predefined Top and Bottom layers, prepared for galvanic THP proces

DoubleSided EasyContac.chf PCB with predefined Top and Bottom layers, prepared for EasyContac process,
DoubleSided MoTHP.chf PCB with predefined Top and Bottom layers, no THP.

Alayer_ProCenduct.chf PCB with four predefined layers, prepared for ProCenduct process,
Alayer_ProConduct_MultiPress5s.chf PCB with four predefined layers, prepared for ProConduct, MultiPress 5 proces
Alayer_ProConduct_MultiPress5_DoubleCore.chf PCB with four predefined layers, double core, prepared for PreConduct, MultiP
Alayer_GalvanicTHP.chf PCB with four predefined layers, prepared for galvanic THP process,

Glayer.chf PCB with six predefined layers.

Glayer_MultiPresss.chf PCB with six predefined layers, MultiPress 5 process.

SLayer.chf PCB with eight predefined layers.

SLayer_MultiPresss.chf PCB with eight predefined layers, MultiPress 5 process,

25D_Bottom.chf Template for 2,50 operations on bottom side that are completely processed wi
230 _Top.chf Template for 2,50 operations on top side that are completely processed withou

AEM Plmsidnle ~lE Trinilabn frne DV EML minmeabinme man bhnblh cider fhadb ven cnmnelababs nensaee-. A ikl
£ >

v

. Load custom template...

[ set as default | Close application

ZxApa 7-1. EmiAoyn template oto software Tou LPKF.

3. Zmv mavw ptrapa emAgéyeTal n emAoyn “File” > “Import”.
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IxAMa 7-2.

4. EmAéyovTal Kal eiocayovTal OAa Ta apxeia TTou dnuioupyABnkav atrd To aXeSIAOTIKO TTPOYPANMA.

LPKF CircuitPro PM 2.2 - Document [L

File

] SR

Edit Insert Toclpath Mo
Mew.., Ctrl+M
Open... Ctrl+0
Recent files |
Save Ctrl+5 ,l
Save Az, -
5
ﬁ Save As Template.. i
| b
mport... Ctrl+| -
b

LY

Eicaywyn apxeiwv.

5. PuBuiCovTtal ol avTigToIxieg KAOE apXEiou PE TO AVTIOTOIKO ETTITTEDO OTNV TEAIKA TTAAKETA (GVW / KATW

XOAKOG, TTEPINETPOG, OTTEG) amod Tn oThAN “Layer/Template” kai €10IKA yia Ta apxeia OTTwY,

pubuifovTtal ol TTIAOYEG OXETIKA PE TO OUCTAPA PHOVAdWY Kal Ta SEKadIKE wneia.

drive_mounting_board_v5_dual...

Excellon

drive_mounting_board_v5_du

Drilunplated

Import  File Name Format Aperture/ Tool List Layer/ Template Size/Format
drive_mounting_board_v5_dual... | GerberX |~ | drive_mounting_board_v5_du |~} BottomLayer ~ 161.45 x 53.353 mm
drive_mounting_board_v5_dual... | GerberX |~ | drive_mounting_board_v5_du |~} BoardOutline ~ 163.5 x 58.42 mm
drive_mounting_board_v5_dual... | GerberX |~ | drive_mounting_board_v5_du |~} TopLayer ~ 162.034 % 51.947 mm

2D View

Text View

Apertures/Tools

Message View

a 59.809 x 57.099 mm -

Digits m.n |1 | |4

o Ready

Add File... Remove

Run ATE...

Cancel

ZxApa 7-3.

AvTioToixiOon apxeiwv oe layers.

6. 210 TTaPABUPO auTd e KOKKIVO TTAQICIO gival ol eTTIAOYEG Layer OTTou KABe apxeio avTioTolIxel o€ éva

Layer

(top.gbx-> TopLayer,

bottom.gbx->BottomLayer,

outline.gbx->BoardOutline,

* xIn

->

DrillUnplated), pe kitpivo TTAaicio 1o péyeBog Tou KGBe Layer (Trpétrel va gival Trepitrou idia) Kal pe
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paUpo TTAaicio ol puBpioelg import yia To Layer DrillUnplated o1 otroieg ouvRBwg TTpéTmel va £Xouv
TIG TIWEG TTOU gu@avifovTal OTO ZxNua 7-3.

7. Me v oAokApwan Tou odnyou eu@avifeTal n TTAAKETA.

1]

PKF CircuitPre PM 2.2 - Document [Untitied]

File Edit Inset  Toolpath Modify View

TEFLTLE Y.

sards  Machining  Eras  Help

F
{

(e N K A

K

e

® |

SRl

SIS SR B S IS R S

® | (&

ME SO

ZxApa 7-4. KevTtpikn 006vn TpoypduUATOG HETA TNV EICAYWYI OPXEIWV.

8. Eiodyovtal o1rég yia TNV €uBuypdupion TG TTAAKETAG OTO OeUTEPO OTASIO TNG TTAPAYWYAS TNG.
Méow Ttng emAoyng “Insert” > “Fiducial” > "Fiducial” ep@avifetal TapdBupo Tmou emTPETTEI TNV
€I0aywyr OTTWV E&iTE€ PYEOW CUVTETAYUEVWYV €iTE PE KAIK TOU TTOVTIKIOU aTtreudeiag ato oxEDIO.
Atraitouvtal TouhdyioTov 3 OTTéEG yia Tnv guBuypdupion. KaAd eival va Bpiokovral €kTOG NG
TTAOKETAG KOl HaKpId attd oTrég avtioToixng dlapétpou. Me Tnv emmidoyn “Close” oAokAnpwveTal n

di0dikacia. To BApa auTd dev gival arapaiTNTO YIo TTAAKETEG Hiag OYNG.
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ZXApa 7-5.

i

Insert | Toclpath  Modify

View  Select Wizards  Machining

Open path...
Closed path...
Palygon...
Rectangle...
Circle...

Circle path...

ol J B RO

Flash...

L s
FI%

Teut...

Copper pouring...

Rubout area

KRBT

Polygon with cutouts...

BN

* 1 X

e pty

Mode

True Width |~
True Width |~
True Width |+
True Width |+
True Width |~
True Width |~
True Width |+
True Width |+

o,

59' ""ﬁ bt E

CAM view

< [N|

» m Fiducial...

- Fiducial
; Tepegraphy
=& Diill hole. Thin Line |9
- Cutline L
7 Milling curve...
True Width |~

iml avar (GGT | [l | [l Tris Width [ sd

Mevou yia eicaywyn Fiducials.

7791

< Create new layer>



() LPXF CireuitPr PM 2.2 - Dacument [Ustitied] o ®
File Edit Inset Toolpath  Modify  Vie Select Vizards  Machining  Extras  Help

Pad L0BaA 4
cam -y G DB L P

Layers v B K| CAMview  Macheung vew bx

QX |24 B e

ENe® OO N €94

@ POmOONS S NS

ZxAua 7-6. Eicaywyn Fiducials.

9. 21 ouvéxela péow Tng €mAoyng “Toolpath” > "Technology Dialog” yivetalr n dnuioupyia Twv
QTTAPAITNTWY KIVATEWYV TWV KEQAAWYV TTPOKEINEVOU va Yivel n KaTepyaaia, dnAadr n dnuioupyia Tou
toolpath. To UAIKO gival “FR4” kai To TTaX0g Tou XaAkoU 36 um yia TIG TTAOKETEG HOVAG Oyng Kal 18

MM yia TIG TTAAKETEG DITTAAG OWnG.

Toolpath | Modify  View  Select

L

L is 5
3 Dispense...

2,50 milling...

. | 1
'p.ﬁ Technology Dialog... ‘[4

Edit h"Ea}"':"q Generate insulatic
T T

IXAMa 7-7. Mevou yia Tnv dnuioupyia toolpath katepyaoiag.

10. 270 “Insulate” emAéyeTal n p€Bodog apaipeong Tapatraviolou xaAkou. H mpwTtn péBodog agaipei
MOVO Tov atmoAUTWGS atrapaitnTo XOAKO yia va dnuioupynBei 1o ox€dlo. Aev agaipei XaAkd atrd
onueia TTou oTo OXESI0 PTTOPEI va PNV UTTAPXEl, atTAd KOBEl TTEPIMETPIKA WOTE VA YNV UTTAPXEI
NAEKTPIKN €TTOQN. AV KAl N TTI0 YPryopn Kal OIKOVOUIKR H€B0S0G atrd dtroywn ¢BopAs TwV KEQAAWYV
Katepyaoiag, uttdpyel moavotnTa pIviopaTa XaAKoU va TTPOKAAECOUV BPaXUKUKAWUATA OTTOTE
KOAG eival va atrogelyetal. H eréuevn agaipei epiocoTePo XaAKO yUpw atrd onueia 6Trou yiveral
N KOAANON €€apTnUdTWY (XWPEIG va Ta evroTriCel TTAVTA OAQ), EVW N TPITN €TTIAOYN aQaIpei XOAKO

TTARPWGS aTTd TIG TTEPIOXEG TTOU 0piCel e €10IKN EVTOAR 0 XprOTNG OTO OX£DI0. H KaAUTEPN €TTIAOYN
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TTOIOTIKG €ival n TETAPTN N otroia agaipei OAO Tov XOAKO TTOU QTTAITEITAI WOTE va €ival GPoIo TO
atmmoTéAeopa pe 1o ox€DdIo. Eivail n 1o xpovofopa eTmAoyr, JE TNV JEYOAUTEPN PBOPA OTIG KEQPAAEG.

11. >710 “Contour Routing” emAéyetal n p€B0dOG KOTIMG TNG TTEPIMETPOU TNG TTAOKETAG OTTO TO MNTPIKO
UAIKS. OTtTo1adnTToTE HEBOBOG UTTOPE VA XPNOIUOTTOINOET EKTOG TNG TTPWTNG N OTToia 0dNYEi O€ TTAR PN
QTTOKOTIA TNG TTAGKETAG KOl UEPIKEG QPOPEG O KaTtaoTpo@r] TnNG. Edv dev emAexBei n emAoyn
“Process” 10 014010 Ba TTApaAeIPOEi 0€ TTEPITITWON TTOU N ATTOKOTTN YiVEl O€ TTEPAITEPW £TTECEPYATia
€KTOG TOU LPKF.

12. Me 1o kouuTri “Start” apxiel n diadikagia dnuioupyiag Tou toolpath. Me Tnv oAokAfpwon autig Ba
EMQAVIOTET TTEPIYPOQPT] TWV EPYAAEiWY TTOU Ba xpnaipgoTToinBoUv Kal n atréaTacn Tou Ba diavuoouv
katd Tnv katepyaaia. Me 1o koupTtri “Close” oAokAnpwveTai n dnuioupyia toolpath.

Technology Dialog x
Global process settings

Material type I| FR4 v| | Copper thickness |18 pm > [ RF application
|

Insulate

Insulation Method

Complete rubout

-x Description
/4

Entire removal of copper.,
Mast precise insulation method.

Process
Show Details

Contour Reuting

Contour Routing Method

Comer gap

I Description

Contour Routing with ene gap in each corner.

5/6

Process
Show Details

Convert to Toolpath

Drrills Show Details

Fiducials Show Details

Close

Pockets Show Details

ZxAua 7-8. MapdBupo pubpicewv vyia TN dnuioupyia toolpath. Epg@avijovrar ol
TPOTEIVOEVES pUBHiTEIG.

79/91



Computation Results x
e 8
- Pockets

Pocket conversicn parameters check: no valid 3D ot

Sawve...

'o Required Tocls
Conical Tools:
1 % Universal Cutter 0,2 mm ( 6363.2 mm )
1 % Micro Cutter 0,1 mm { 1.7 mm )

Print...

End Mill:

1 % End Mill 3 mm ( 936.2 mm )

1 x End Mill 2 mm ( 337.6 mm )
1% End Mill T mm { 1071.9 mm)
1 % End Mill 0,8 mm { 264.7 mm)

Crilling Tools:

1 x Spiral Drill 2 mm( 24 strokes )

1 x Spiral Drill 0,6 mm{ 11 strokes )
1 x Spiral Drill 0,7 mm({ 1 strokes )
1 x Spiral Drill 0.8 mm{ 18 strokes )
1 x Spiral Drill 0,92 mm{ 16 strokes )
1 % Spiral Drill 1 mm{ 6 strokes )

Show more

ZxApa 7-9. OAokAnpwaon utroAoyiopouU Kail dnuioupyiag toolpath.

13. Méow Tng emAoyAg “Edit” > “Tool Magazine” yiveTal 0 opIGUOG KEQAAWY O€ CUYKEKPIPEVEG BETEIG
Tou LPKF. Z1a apiotepd avagépovral ol KeEQAAEG TTou Ba xpelaoToUv OTnV KATEPyaAoia Kai
onuelwvovTal P KOKKIVO X 6a€eg dev £Xouv TOTToBeTNOEI Kal Ye TTpdoivo Tk 6oeg ToTToBeTABNKAV. H
TOTTOBETNON YiVETAI HEOW TNG ETTIAOYAG £pYOAEiou atrd Tnv AioTa oTnv KABe B€on Tou CUCTAPATOG
ouykpdtnong. Me Tnv xprion tng evioAAg “Discard Tool” kai Tnv €TTIAoyr epyaAciou uTTopEi va yivel
N oAk atTéppIwn Tou éTav PTACEl 0TO TEAOG TNG CWHG TOU. € TTEPITITWON TTOU aTTaITouvTal Avw

TwV 15 gpyaleiwv, ToTroBeToUvVTAl poOvo Ta 15 Kai Ta uttdéAoITTa Ba {nTnBolv Katd Tnv Katepyaaia.
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Please check if all required tocls are assigned to the holders,
Required tools —————— Machine tocls
Spiral Drill 1,3 mm Teol currently loaded is frem magazine spot 1.
P . ¥ g P
¥ Universal Cutter 0,2 mm Click O to pick up the tool with the machine head.
3 spiral Drill 0,6 mm Click ‘$‘ to put the tool to the corresponding magazine spot.
M spiral Drill 0,7 mm
3 Spiral Drill 0.8 mm Halder [ Tool Tool life spent
W spiral Drill 0,8 mm 10 |$| Spiral Drill 2 mm (0.00%) v | 0.00%
x Spiral Drill 1 mm O | NONE v|
K Spiral Drill 1,3 mm
3¢ Spiral Drill 1,8 mm o | NONE "|
' Spiral Drill 2 mm O |None v|
Contour Router 2 mm

X O |None v|
x Ilicre Cutter 0,1 mm
3 End Mill 3 mm O |NONE v
3 End Mill 2 mm O |NONE v|
K End Mill 1 mm

O |None v
M End Mill 0.2 mm

O |None v

O |None v

Please use tool helder check-boxes to make these functions available.
. Drop tool l

IxAua 7-10.  EmAoyn Kal eicaywyn EpyaAgiwv 0T0 0UOTNHA CUYKPATNONG.
14. H evtoAn “Wizards” > “Board Production Wizard” apyicel Tn diadikagia Trapaywyng.

Wizards | Machining  Camera  Extras  Help
T

Equipment configuration wizard... | = =[] | 4
H @@ @ L)

Process planning wizard..,

[ 7%
Board Production Wizard... ||

Dispense preparation wizard.., [T )
Start the Board Production Wizard

Dispense process wizard..,

ZxAMa 7-11.  Mevou yia Tnv eKTEAEon Tou odnyou dnuioupyiag TTAAKETAG.
15. Apxik@ yivetalr n tomroBétnon TAAKAS UAIKOU (koppdaT fiberglass pe emkdAuwn xaAkou) otnv
EM@AveIa KaTepyaaiag. To UAIKO TTPETTEI va OTEPEWDBEI e XPrion XaPTOTAIVIag OTIG AKPES TOU YIa va

pNv JETOKIVNOET KaTd TNV Katepyaaoia.
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Board Production Wizard

Overview
™\

3 ~
Mount material Meount the base material with an

underlay plate underneath onto the
processing area and affix it with adhesive
tape.

Material settings
Placement

Drill fiducial

Marking drills

Drilling plated

Drilling unplated
Milling layer 'TextBott...
Milling bottom layer
Bottom 2.5D milling i...

Flip material

Read fiducials on top ... ,

CEE

IxAua 7-12.  Odnyog dnuioupyiog TTAAKETAG.

16. e TrepITITWON TTOU KATTOIO £pyaAgio dev €xel ToTToBeTnNOEl Ba eu@aviobei pvupa oedAparog. O
XPNoTNG €xel TNV duvaTéTNTA VO TO AyVOACEl TIPOCWPIVA Kal va ¢ntnBei ava dtav TTpoKeITal va
XpnoigotroinBei kard Tnv Tmapaywyr, va To TTpooBécel T6TE 0TO OUOTNUA OUYKPATNONG 1 va

OTANOTACEI TNV TTApAywyH.

& One or more tools are missing!

Mot all required tools in tocl helder.
The following tools are missing or have no parameters defined for the
current material:

- Spiral Drill 0,6 mm

- Spiral Drill 0,7 mm

- Spiral Drill 0.8 mm

- End Mill 0,8 mm

- End Mill 1 mim

- End Mill 2 mim

- End Mill 3 mim

You can ignore this now but you will be asked again before the missing
tool is used.

Assign tool..

IxApa 7-13. MAvupa o@dAparog Adyw pn ToroféTnong epyaAgiwy.
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17. Ze TrepiTITwon TToU Oev €xel TOTTOBETNOEI TO €10IKO €€APTNUA TTEPIOPIOUOU BABoug Ba {nTndei Twpa.
18. Z1n ouvéxeia {nTouvTal ol TTapApeTPol Tou UAIKOU. Na 1o FR4 1o 1Téd)0¢ cival Trepitrou 1.55mm. To
MEyEBOG TNG TTAGKAG UAIKOU Kal n B€on YTTopouv va 0pIoToUV KAVOVTAG KAIK JE TO TTOVTIKI O onueEia
TNG ETMQPAVEING £pYATIAg WATE VA PETOKIVNOEI € AQUTA N KEQAAN KOl OTn CUVEXEIQ TTATWVTAG éva
amd 1o dUO KOUMTTIA yia Tnv KABe ammd TIG atrévavtl 2 ywvieg Tou UAIKOU (TTavw 6e€id, KATw

apiotepd). Ta KoupTtid epu@avifovtal Je KOKKIVO TTAQICIO aTNV ETTOPEVN EIKOVA.

Material Settings x

Application
® PCE

O Front panel/Engraving (2.50)

Properties
Material Type FR4 ~
Copper Thickness [um] || [18.0 =
Material thickness 1.55 mi] s
Underlay plate thickness |2 mm =
Location
Click into the machine area to move the active head to the associated position. @ i)
Use the buttons to set the front left and right rear corner of the material.
Please make sure that the milling depth limiter of the machine head does not touch Current head positicn
the tape used to fix the material.
¥ [0mm =
e [0 mm =
7: [Dmm =
Material width 305 mm o
Material length 229 mm =

Material corners [mm] (3007 8,000 (310,00 7 237.00}

ZxAMa 7-14.  PuBuioeig UAIKoU.

19. Ayéowg peTa ToTToBEeTEITAI N TTAOKETA TTAVW OTO UAIKO. Mg KAIK TOU TTOVTIKIOU OTnV €TTIQAVEIQ
EPYOCTIag KAl e PETAKIVNGN TOU OXEDIOU, N TTAOKETA TOTTOBETEITAI OTTOUBATIOTE TTAVW OTO UAIKO.
Mpoooxh Tmpémel va O0B¢i o€ TIEPITTWAON TTOU XPNOIUOTIOIEITAI UAIKO OTO OTToi0 €xel Yivel
TTponyouuevn KOTA. Edw ptropei va yivel kal n atrapaitntn pUBIon yia TTOAAATTAG avTiypa@a Tng
idlag TTAakETOG Kal TNV atmréoTaon peTagu avtiypdewv. Me “continue” apyifel n diadikacia
TTapaywyng.
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IxAua 7-15.  PUBpion B8éong TAAKETAG OTO UAIKO KOl TIPOAIPETIKA pUBHIoON Snuioupyiag
TOAAATTAWYV AVTIYPAQWYV.

LPKF CircuitPro PM 2.2 - Document [Untitied] - 68 x
File Edt lasen Toolpsh Modfy View Select Wizads Machining Camenn Buas Help

PEEA XEBAANAX U W LA ROO0O0R AR |+ A2
cam - mciony B EZ-D-1EHE

| Processng = 9 %[ Mochining view arx

A = & & 3 10
< b
\4

Aves

@ o 4 W l =

~ 5 " - @ Marking drills
Operate Overview V &
. e Mount materal
Matenal settngs

Placement

Ol fiducial

Marking drills

Dniling plated

Dniling unplated
Milling layer ‘TextSott...
Milling bottom layer

10N Jk00N €I 4

Current Step progress

Bottom 2.50 millng 1. Total production progeess
Fip matenal
Read fiduials on top .. o

N 5

i —

Board Production Wizard CurorX= 191857mm Y= 1465%mm  AnchorXe Omm V= Omm

P ]

ZxAMa 7-16. Kartaokeun TTAaKéTaG.
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Fle EGt Inset Toopath Modfy View Seect Wiawds Machining Cemen Btns  Hep
DBABANAX UMY LEIE BOOORAR AU

EdZ- o EE

NEFEEYTE
(V2 A [ TSNP
< ) ‘T
L 4 y m— Board Production Wizard
=]
s
2 ] &M i} ] . Fi
b 3 ~ ¢ u > Drilling unplated
T Operate Overview
™ > e Mount matenal
> & B
Matenal settings

D - DritingUnplete Placement 0 Required tool is missing
Z Dl iducial Required tool Spiral DFll 0,6 mwm is missing in tool holdes

: Piease open he “Tool magazine” dlog and insert th required tost 10
o Manking drlle ‘continue the process.
L Drilling plated — 2

Asigntool sbor
qQ Driling unplated . & -
s Milling laver TextBott..
¥ Hiling Bottom fayer et 1 progpess
" Bottom 2.50 milling . Total production progress
P Fip material
Read fiducials on top
| Comen > 8
Board Production Wizard CursorX= 191857 mm Y= W69 mm AnchorX= Omm Y= Omm

= mAa o s ® ¢ =

IxAua 7-17.  MAvupa o@daApatog Aoyw EAAeipng epyaleiou oTov epyalelopopéa.
20. Xe mepimTwaon Tou n TAGKETa €ival OITTAAG OWng, YETAG TNV OAOKARpwaOn TnG TTPwing owng Ba

¢nTnBsi n TTepIoTPOPN TNG (OTTWG KAl OTNV Talvia TTou eugavideTal oTo software)

Fle Edt lnwet Toolpsth Modify View Select Wiards Mechining Cemers Bdres  Help
PR XS aaaNAX T W AL RBOOO0ORNAL I+ AHNDH
wss G WG H- 40 11 B
Processng ¥ 8 X | Machning view avx|
I Y- positioning [RI FEREEY L EE
LA
X ooomm
v (€ P B e
-
O Hasd ctons
% [ A  § Board Production Wizard
T o
r N
> o . H
& pMaters
Z
Flip material
- Overview
] Maunt material - Flip the base material over around the
. Matenal settings machine’s symmetry axis and affx It again
L Placement with adhesive tape.
. Orill fiducial
A Marking dnils
Oriling plated
Camers Oriling unpiated

Millag layer TextSott..
Millng bottom fayer
&attom 2.50 millng 1.
Fip material

Read fiducials on top

CursorXs 402278mm Y= 155665mm  AnchorXs Omm Y= Dmm

ZxApa 7-18.  MAvupa yia TNV TTEPICTPOPN TG TTAAKETOG KOTA TNV KOTOOKEUR TTAOKETWV 2
EMITESWV.

21. 21n ouvéxela To oUOTNPA €0TIAZEI TNV KAPEpa Kal ¢nNTd emmRepaiwon Tng eaTiaong. Eedoov n
eaTioon eival emMTUXAG (OTTWG @aiveTal oTo PIKPS TTapdbupo Tng Kauepag KaTw aplotepd oTO
AoyiopIK®) yiveTal EVTOTTIOPOG TwV OTTWV €UBUYPAUUIONG TTPOKEINEVOU va UTToAoyIoOei Bavr)
peTakivnon Tng TAakéTag. MeTd 1o Trépag Tng diadikaoiag auTAg N TTapaywyr ouvexifel atn delTepn
oyn.
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8 MapdpTnua I — EVOEIKTIKOG KWOIKAG OUVOEONG HE TO
Si8900

To ohokAnpwpévo Si8900 E€TTIKOIVWVEI UE TOV UTTOAOYIOTA UECW OEIPIAKNG BUpag pe xprion €1dikou
TPwTOKOAAOU  emmiKovwviag. O akdAouBog Kwdikag avaAaufdver Tnv apxikn puBuion ToU
OAOKANpwHEVOU KOBWG €TTiONG KOl TNV  METATPOTI Twv O€OOUEVWY  O€  APIBUNTIKA  HOP®A.
MepihapBaveral KATGAANAOG KWAIKAG yIO TNV OWOTA AEITOUpYia TOU CUCTAUATOG WETPNONG TaxUTNTAG
peTadoong OedouEvwy TTOU €Xel TO OAOKANpwuévo. H TaxutnTa auTh €ival amapaitnto va Eival
KaBopIiouévn owoTd yia TNV ETTITUXT ETTIKOIVWVIA JEow aeIpiakhg BUpag. [Nivetal o TTpoodiopioudg NG
MEOW TNG ouveXoUg PETAdOONG YVWOTAG akoAoubiag xapakTipwy (TTOAATTAEG QOpEG TRV akoAouBia
OXAA oTo dekaecadikd apiBunTikG cUOTNPA) yia va uTtoAoyioTel atmd To oAoKANpwuévo, N TaxuTnTa
petadoong dedopévwy. H diadikacia autr) amaiteital va yivetar o€ KaGBe €k véou gkkivnan Tou
oAokAnpwpévou Si8900.

O kwdikag BacioTnke oTo datasheet Tou Si8900 kai xpnoipoTrolei TNV BIBAI0BRKN libserialport?! yia

€UKOAIQ Xprong TnG oeIplakAG BUpag aveEapTrnTwe AEITOUPYIKOU CUGTHNATOG.

#include <stdio.h>
#include <stdint.h>
#include <stdlib.h>
#include <signal.h>
#include <string.h>
#include <termios.h>
#include <unistd.h>
#include <fcntl.h>

#include <errno.h>

#include <libserialport.h>

I === serial port === ===

struct sp_port *used_port;

void exit_prog(char* msg,int err_code){
printf("%s",msg);
if(used_port!=NULL){
sp_close(used_port);

sp_free_port(used_port);

1 H BiBAI0BRAKnN libserialport rapéxetal dwpedv utté Tnv adeia GNU Lesser General Public License,
ékdoon 3 otnv dieuBuvon https://sigrok.org/wiki/Libserialport.
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exit(err_code);

void open_port(char* portname){

if(sp_get_port_by name(portname,&used_port))
exit_prog("Can't open port",1);

sp_open(used_port,SP_ MODE_READ_WRITE);
sp_set_baudrate(used_port,57600);
sp_set_bits(used_port,8);
sp_set_parity(used_port,SP_PARITY_NONE);
sp_set_stopbits(used_port,1);
sp_set_xon_xoff(used_port,SP_XONXOFF_DISABLED);
sp_set_flowcontrol(used_port,SP_FLOWCONTROL_NONE);

void flush_buffers(){
sp_flush(used_port,SP_BUF_BOTH);

void send_command(uint8_t command){
if(sp_blocking_write(used_port,&command,1,100)!=1)// send 1 char
exit_prog("error sendind command \n",1);

usleep(2500); [Isleep for transmission

uint8_t read_reply(){
uint8_t toret;
uint8_t temp=(sp_blocking_read(used_port,&toret,1,100));
if(temp<0)
exit_prog(“error reading response\n”,temp);

return toret;
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float parse_data(uint8_t first_b,uint8 t second_b){
uint8_tadc_h,adc_lI;
/IADC_H (first):
//1 0 MX1 MXO0 D9 D8 D7 D6
//ADC_L.:
//0D5D4D3D2D1D0O0

if(first_b==0){printf("byte is zero\n");}
if((first_b>>7)1=0x01){
if((second_b>>7)!=0x01){
/Iswap the two bytes
adc_h=second_b;
adc_|=first_b;
printf("swapping bytes....\n");
}
else{
printf("Incorrect byte format");
return -1,

}

else{
adc_I=second_b;
adc_h=first_b;

adc_| = (adc_I>>1);

adc_h &= 0b00001111;

uint32_t temp=(((uint32_t)adc_h)<<6);
temp |=((uint32_t)adc_l);

float toret=0.003222656*(temp+1);

return toret;
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/[Handle ctrl+C

void interrupt_Handler(int dummy) {

exit_prog("\nExitting...\n",0);

void show_usage(char *prog_name){
printf("Incorrect arguments\n");
printf("Usage:\n");
printf("%s portname autobaud\n",prog_name);
printf("  portname is the port name(/dev/ttyUSBO usually)\n");
printf("  autobaud=0 to skip autobaud and anything else to autobaud first\n");
exit(1);

int main(int argc,char *argv[]){

/Iparse options given
if(argc!=3){
show_usage(argv[0]);

/linstall interrupt handler
signal(SIGINT, interrupt_Handler);

printf("Opening Port.\n");
open_port(argv[1]);

if(strncmp(argv[2],"0",1)!=0){

printf("Begin autobaud.\n");

uint8_t flag=0;

for(int i=0;i<300;i++){
send_command(0xAA);
if(read_reply()==0x55){

if(read_reply()==0x55){
printf("Autobaud Complete.\n");

flag=1,;
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i=300;

}

if(flag!=1){

exit_prog("Autobaud failed. Exitting.\n",1);
}

}
else{printf("Skipping autobaud\n");}

flush_buffers();

//Autobaud completed(or skipped). Read data.
printf("Begin reading data.\n\n");

/Isetup command

#define read_cmd_AO 0xCB
#define read_cmd_Al 0xDB
#define read_cmd_A2 OXEB

/ffor legged robot: AINO=CUR_REF --> +7.5V=12A it's 0.7-2.3 now

I AIN1=CUR_MON --> 4A/V
1 AIN2=GND
float temp=0;

for(;;){

/IAO -current ref
send_command(read_cmd_AO0);
if(read_reply()==read_cmd_AQ0)
temp=parse_data(read_reply(),read_reply());
printf("Voltage Current Ref: %f V"\n,temp);
fflush(stdout);
if(read_reply()!=0){exit_prog("more data than expected\n”,1);}
}
/IA1 -current mon
send_command(read_cmd_Al);
if(read_reply()==read_cmd_A1){
temp=parse_data(read_reply(),read_reply());
printf("Voltage Current Monitor:%f V\n\n\n",temp);
fflush(stdout);
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if(read_reply()!=0){exit_prog("more data than expected\n”,1);}

}

return O;
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MICR=EL

MIC5205

150mA Low-Noise LDO Regulator

General Description

The MIC5205 is an efficient linear voltage regulator with
ultra low-noise output, very low dropout voltage (typically
17mV at light loads and 165mV at 150mA), and very low
ground current (600(A at 100mA output). The MIC5205
offers better than 1% initial accuracy.

Designed especially for hand-held, battery-powered
devices, the MIC5205 includes a CMOS or TTL compatible
enable/shutdown control input. When shut down, power
consumption drops nearly to zero. Regulator ground
current increases only slightly in dropout, further
prolonging battery life.

Key MIC5205 features include a reference bypass pin to
improve its already excellent low-noise performance,
reversed-battery  protection, current limiting, and
overtemperature shutdown.

The MIC5205 is available in fixed and adjustable output
voltage versions in a small SOT-23-5 package.

For low-dropout regulators that are stable with ceramic
output capacitors, see the pCap MIC5245/6/7 family.

Data sheets and support documentation can be found on
Micrel’'s web site at www.micrel.com.

Features

¢ Ultra-low-noise output

¢ High output voltage accuracy

e Guaranteed 150mA output

e Low quiescent current

e Low dropout voltage

e Extremely tight load and line regulation
¢ Very low temperature coefficient
e Current and thermal limiting

¢ Reverse-battery protection

e “Zero” off-mode current
Logic-controlled electronic enable

Applications

e Cellular telephones

¢ Laptop, notebook, and palmtop computers
o Battery-powered equipment

e PCMCIA Vcc and VPP regulation/switching
e Consumer/personal electronics

e SMPS post-regulator/dc-to-dc modules

¢ High-efficiency linear power supplies

Typical Application
v,, MIC5205-x.xBMS5

1
|-

2

|5
-
Enable 3 4
Shutdown I 31
EN

c
BYP
EN (pin 3} may be

sonnected directly

‘o IN (pin 1) =

VOUT

Cour= 2.2uF

I tantalum

Low-Noise Operation:
CBYP = 470pF, COUT = 22|JF

Basic Operation:
CBYP = not used, COUT = 1|JF

Ultra-Low-Noise Regulator Application

Xxxxx is a trademark of Micrel, Inc
Xxxxx is a registered trademark of Micrel, Inc.

Micrel Inc. « 2180 Fortune Drive » San Jose, CA 95131 « USA - tel +1 (408) 944-0800 - fax + 1 (408) 474-1000 * http://www.micrel.com

February 2006

M9999-020806
(408) 955-1690



Micrel

MIC5205

Ordering Information

MIC5205-x.xBM5/YM5

MIC5205BM5/YMS

Part Number Marking
Standard Pb-Free Standard | Pb-Free® Accuracy | Voltage Temperature Package
MIC5205BM5 MIC5205YM5 LBAA KBAA 1% Adj —40°C to +125°C SOT-23-5
MIC5205-2.5BM5 MIC5205-2.5YM5 LB25 KB25 1% 2.5V —40°C to +125°C SOT-23-5
MIC5205-2.7BM5 MIC5205-2.7YM5 LB27 KB27 1% 2.7V —40°C to +125°C SOT-23-5
MIC5205-2.8BM5 MIC5205-2.8YM5 LB28 KB28 1% 2.8V —40°C to +125°C SOT-23-5
MIC5205-2.85BM5 | MIC5205-2.85YM5 LB2J KB2J 1% 2.85V —40°C to +125°C SOT-23-5
MIC5205-2.9BM5 MIC5205-2.9YM5 LB29 KB29 1% 2.9V —40°C to +125°C SOT-23-5
MIC5205-3.0BM5 MIC5205-3.0YM5 LB30 KB30 1% 3.0V —40°C to +125°C SOT-23-5
MIC5205-3.1BM5 MIC5205-3.1YM5 LB31 KB31 1% 3.1V —40°C to +125°C SOT-23-5
MIC5205-3.2BM5 MIC5205-3.2YM5 LB32 KB32 1% 3.2V —40°C to +125°C SOT-23-5
MIC5205-3.3BM5 MIC5205-3.3YM5 LB33 KB33 1% 3.3V —40°C to +125°C SOT-23-5
MIC5205-3.6BM5 MIC5205-3.6YM5 LB36 KB36 1% 3.6V —40°C to +125°C SOT-23-5
MIC5205-3.8BM5 MIC5205-3.8YM5 LB38 KB38 1% 3.8V —40°C to +125°C SOT-23-5
MIC5205-4.0BM5 MIC5205-4.0YM5 LB40 KB40 1% 4.0V —40°C to +125°C SOT-23-5
MIC5205-5.0BM5 MIC5205-5.0YM5 LB50 KB50 1% 5.0V —40°C to +125°C SOT-23-5
Note:
1. Underbar (_) symbol may not be to scale.
Pin Configuration
EN GND IN EN GND IN
[ .
LBxx LBAA .+ Identification
K_BXX ~|_ Pb-Free | = KBAA
III EI Marking IZ]
BYP ouT ADJ ouT

Fixed Voltages Adjustable Voltages
Pin Description
MI(.(‘.fSi)Z(gg)x.x (ahgjltcl:sstza%?e) Pin Name Pin Function
1 1 IN Supply Input
2 2 GND Ground
3 3 EN Enable/Shudown (Input): CMOS compatible input. Logic high = enable, logic low
or open = shutdown
4 BYP Reference Bypass: Connect external 470pF capacitor to GND to reduce output
noise. May be left open.
4 ADJ Adjust (Input): Adjustable regulator feedback input. Connect to resistor voltage
divider.
5 5 ouT Regulator Ouput
February 2006 2 M9999-020806
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Absolute Maximum Ratings"

Supply Input Voltage (Vin) -.eeeeerveeeeeriieneennnne. —20V to +20V
Enable Input Voltage (Ven).....ocoveeeriiiienennnnen. —20V to +20V
Power Dissipation (Pp)......c.......... Internally Limited, Note 3
Lead Temperature (soldering, 5 secC.).......ccccocueeeenne 260°C
Junction Temperature (Ty) ..ccccoeeviiieeennnne. —40°C to +125°C
Storage Temperature (Ts)...ccccoooveeernunnenn. —65°C to +150°C

Electrical Characteristics'

Operating Ratings?

Input Voltage (ViN) «eeeeeeveeeemiiieeeeiieee e +2.5V to +16V
Enable Input Voltage (Ven)....ccoeviieeeeiiiiieiiiiieees 0V to VIN
Junction Temperature (Ty) ...coooeeeiniinennn. —40°C to +125°C
Thermal Resistance, SOT-23-5 (0ja) «+veeeveeevvveeeeennn. Note 3

Vin=Vour+ 1V; I = 100uA; C_ = 1.0uF; Ven 2 2.0V; T, = 25°C, bold values indicate —40°C < T, < +125°C; unless noted.

Symbol Parameter Condition Min Typ Max Units
Vo Output Voltage Accuracy variations from specified Vour -1 1 %
-2 2 %
AVo/AT Output Voltage Temperature Note 4 40 ppm/°C
Coefficient
AVolVo Line Regulation Vin = Vour + 1V to 16V 0.004 | 0.012 %IV
0.05 %IV
AVo/Vo Load Regulation IL=0.1mA to 150mA, Note 5 0.02 0.2 %
0.5 %
Vin— Vo Dropout Voltage, Note 6 IL = 100pA 10 50 mV
70 mV
IL = 50mA 110 150 mV
230 mV
IL = 100mA 140 250 mV
300 mV
IL = 150mA 165 275 mV
350 mV
IenD Quiescent Current Ven < 0.4V (shutdown) 0.01 1 pA
Ven < 0.18V (shutdown) 5 MA
lenD Ground Pin Current, Note 7 Ven 2 2.0V, I = 100pA 80 125 MA
150 MA
IL = 50mA 350 600 MA
800 MA
IL =100mA 600 1000 MA
1500 MA
IL = 150mA 1300 1900 MA
2500 MA
PSRR Ripple Rejection Frequency = 100Hz, I. = 100pA 75 dB
||_||v||'|' Current Limit VOUT =0V 320 500 mA
AVo/APp | Thermal Regulation Note 8 0.05 Y%/W
eNo Output Noise I(;;DSOmA, CL = 2.2yF, 470pF from BYP to 260 nv/ /Hz
ENABLE Input
Vi Enable Input Logic-Low Voltage | regulator shutdown 0.4 \%
0.18 \Y,
ViH Enable Input Logic-High regulator enabled 2.0 \%
Voltage
I Enable Input Current ViL< 0.4V 0.01 -1 MA
V|L <0.18V -2 UA
|IH V|L =2.0V 2 5 20 UA
VL= 2.0V 25 MA
February 2006 3 M9999-020806
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Notes:
1. Exceeding the absolute maximum rating may damage the device.
2. The device is not guaranteed to function outside its operating rating.

3. The maximum allowable power dissipation at any TA (ambient temperature) is PD(max) = (TJ(max) — TA) |\UA. Exceeding the maximum allowable

power dissipation will result in excessive die temperature, and the regulator will go into thermal shutdown. The WA of the MIC5205-xxBMS5 (all

versions) is 220°C/W mounted on a PC board (see “Thermal Considerations” section for further details).

Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.

Regulation is measured at constant junction temperature using low duty cycle pulse testing. Parts are tested for load regulation in the load range

from 0.1mA to 150mA. Changes in output voltage due to heating effects are covered by the thermal regulation specification.

6. Dropout Voltage is defined as the input to output differential at which the output voltage drops 2% below its nominal value measured at 1V
differential.

7. Ground pin current is the regulator quiescent current plus pass transistor base current. The total current drawn from the supply is the sum of the load
current plus the ground pin current.

8, Thermal regulation is defined as the change in output voltage at a time “t” after a change in power dissipation is applied, excluding load or line
regulation effects. Specifications are for a 150mA load pulse at VIN = 16V for t = 10ms.

o~
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Typical Characteristics
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Typical Characteristics
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Block Diagrams

ouT
Vi & 'NLI: \ / . 3 L aVour
BYP | ;;Com
Cavp J E:
(optional) +
- Bandgap
Ref.
EN 4 +
Current Limit
Thermal Shutdown
MIC5205-x.xBM5 d
GND |
Ultra-Low-Noise Fixed Regulator
Vi B 'NJ: * J:OUT L aVour

Bandgap (optional)
Ref.

EN +

Current Limit
Thermal Shutdown

MIC5205BMS

r
Lt

Vour = Vgrer (1 + R2/R1)

ol

Ultra-Low-Noise Adjustable Regulator
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Application Information

Enable/Shutdown

Forcing EN (enable/shutdown) high (> 2V) enables the
regulator. EN is compatible with CMOS logic gates.

If the enable/shutdown feature is not required, connect
EN (pin 3) to IN (supply input, pin 1). See Figure 1.

Input Capacitor

A 1uF capacitor should be placed from IN to GND if
there is more than 10 inches of wire between the input
and the ac filter capacitor or if a battery is used as the
input.

Reference Bypass Capacitor

BYP (reference bypass) is connected to the internal
voltage reference. A 470pF capacitor (Cgyp) connected
from BYP to GND quiets this reference, providing a
significant reduction in output noise. CBYP reduces the
regulator phase margin; when using Cgyp, output
capacitors of 2.2uF or greater are generally required to
maintain stability.

The start-up speed of the MIC5205 is inversely
proportional to the size of the reference bypass
capacitor. Applications requiring a slow ramp-up of
output voltage should consider larger values of Cgyp.
Likewise, if rapid turn-on is necessary, consider omitting
Cayp.

If output noise is not a major concern, omit Cgyp and
leave BYP open.

Output Capacitor

An output capacitor is required between OUT and GND
to prevent oscillation. The minimum size of the output
capacitor is dependent upon whether a reference bypass
capacitor is used. 1.0yF minimum is recommended
when Cgyp is not used (see Figure 2). 2.2uF minimum is
recommended when Cgyp is 470pF (see Figure 1).
Larger values improve the regulator's transient
response. The output capacitor value may be increased
without limit.

The output capacitor should have an ESR (effective
series resistance) of about 5Q or less and a resonant
frequency above 1MHz. Ultra-low-ESR capacitors can
cause a low amplitude oscillation on the output and/or
underdamped transient response. Most tantalum or
aluminum electrolytic capacitors are adequate; film types
will work, but are more expensive. Since many aluminum
electrolytics have electrolytes that freeze at about —
30°C, solid tantalums are recommended for operation
below —25°C.

At lower values of output current, less output
capacitance is required for output stability. The capacitor
can be reduced to 0.47(F for current below 10mA or

0.33uF for currents below TmA.

No-Load Stability

The MIC5205 will remain stable and in regulation with no
load (other than the internal voltage divider) unlike many
other voltage regulators. This is especially important in
CMOS RAM keep-alive applications.

Thermal Considerations

The MIC5205 is designed to provide 150mA of
continuous current in a very small package. Maximum
power dissipation can be calculated based on the output
current and the voltage drop across the part. To
determine the maximum power dissipation of the
package, use the junction-to-ambient thermal resistance
of the device and the following basic equation:

(TJ(max) -Ta )
8,a

TJ(max) is the maximum junction temperature of the die,
125°C, and TA is the ambient operating temperature. 6,
is layout dependent; Table 1 shows examples of
junction-toambient thermal resistance for the MIC5205.

Pb(max) =

Package 0JA 0JA Square 6JC
Recommended | Copper Clad
Minimum
Footprint
SOT-23-5(M5) 220°C/W 170°C/W 130°C/W

Table 1. SOT-23-5 Thermal Resistance
The actual power dissipation of the regulator circuit can
be determined using the equation:

Pb = (Vin = Vour) lout + Vin lenp

Substituting PD(max) for PD and solving for the operating
conditions that are critical to the application will give the
maximum operating conditions for the regulator circuit.
For example, when operating the MIC5205-3.3BM5 at
room temperature with a minimum footprint layout, the
maximum input voltage for a set output current can be
determined as follows:

(125°C - 25°C)

220°C/W
PD(max) =455mW

I:>D(max) -

The junction-to-ambient thermal resistance for the
minimum footprint is 220°C/W, from Table 1. The
maximum power dissipation must not be exceeded for
proper operation. Using the output voltage of 3.3V and
an output current of 150mA, the maximum input voltage
can be determined. From the Electrical Characteristics
table, the maximum ground current for 150mA output
current is 2500uA or 2.5mA.

455mW = (Viy— 3.3V) 150mA + VIN-2.5mA
455mW = Vyx150mA — 495mW + VIN-2.5mA
950mW = V|yx152.5mA

February 2006
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VIN(max) =6.23V

Therefore, a 3.3V application at 150mA of output current
can accept a maximum input voltage of 6.2V in a SOT-
23-5 package. For a full discussion of heat sinking and
thermal effects on voltage regulators, refer to the
Regulator Thermals section of Micrel's Designing with
Low-Dropout Voltage Regulators handbook.

Fixed Regulator Applications
Vi MIC5205-x.xBM5
O ]

1

| [ ]
3

|

= L

VOLIT
O

L

470pF

2.2uF

Figure 1. Ultra-Low-Noise Fixed Voltage Application
Figure 1 includes a 470pF capacitor for low-noise
operation and shows EN (pin 3) connected to IN (pin 1)
for an application where enable/shutdown is not
required. CouT = 2.2uF minimum.

Vy MIC5205-XXBMS

2
Enable 4 I
Shutdown = =
EN

1.0pF

Figure 2. Low-Noise Fixed Voltage Application
Figure 2 is an example of a low-noise configuration
where Cgyp is not required. CouT = 1yF minimum.

Adjustable Regulator Applications

The MIC5205BM5 can be adjusted to a specific output
voltage by using two external resistors (Figure 3). The

resistors set the output voltage based on the following
equation:

VOUT =1.242V x (% + 1)

This equation is correct due to the configuration of the
bandgap reference. The bandgap voltage is relative to
the output, as seen in the block diagram. Traditional
regulators normally have the reference voltage relative
to ground and have a different VoOUT equation.

Resistor values are not critical because ADJ (adjust) has
a high input impedance, but for best results use resistors
of 470kQ or less. A capacitor from ADJ to ground
provides greatly improved noise performance.

v..  MIC5205BMs v
IN 1 5 ouT
ZR1 IE.EpF
p L
= T "

Figure 3. UItra-Lo;v-Noise

Adjustable Voltage Application

Figure 3 includes the optional 470pF noise bypass
capacitor from ADJ to GND to reduce output noise.

Dual-Supply Operation

When used in dual supply systems where the regulator
load is returned to a negative supply, the output voltage
must be diode clamped to ground.

February 2006
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Package Information
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MICREL, INC. 2180 FORTUNE DRIVE SAN JOSE, CA 95131 USA
TEL +1 (408) 944-0800 FAX +1 (408) 474-1000 WEB http:/www.micrel.com

The information furnished by Micrel in this data sheet is believed to be accurate and reliable. However, no responsibility is assumed by Micrel for its
use. Micrel reserves the right to change circuitry and specifications at any time without notification to the customer.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical implant
into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user. A
Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’s own risk and Purchaser agrees to fully
indemnify Micrel for any damages resulting from such use or sale.

© 2004 Micrel, Incorporated.
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SB570 - SB5100

5.0A SCHOTTKY BARRIER RECTIFIER

Features

e  Guard Ring Die Construction for
Transient Protection

Low Power Loss, High Efficiency

e  High Surge Capability A B A |
e High Current Capability g
e  Surge Overload Rating to 150A Peak : _L
—————
e  For Use in Low Voltage, High Frequency Inverters, Free RS
Wheeling, and Polarity Protection Applications T C
® Lead Free Finish, RoHS Compliant (Note 2) D
Mechanical Data
e  Case: DO-201AD . D°'2?1AD
e  Case Material: Molded Plastic. UL Flammability Dim Min Max
Classification Rating 94V-0 A 25.40 —
®  Moisture Sensitivity: Level 1 per J-STD-020C B 7.20 9.50
e  Terminals: Finish - Bright Tin. Plated Leads Solderable per C 1.20 1.30
MIL-STD-202, Method 208 D 4.80 5.30
e  Polarity: Cathode Band All Dimensions in mm
e  Ordering Information: See Last Page
®  Marking: Type Number
e  Weight: 1.1 grams (approximate)
Maximum Ratings and Electrical Characteristics @ Ta =25°C unless otherwise specified
Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
Characteristic Symbol SB570 SB580 SB590 SB5100 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRwM 70 80 90 100 Y
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 49 56 63 70 \
Average Rectified Output Current @ T =80°C lo 5.0 A
Non-Repetitive Peak Forward Surge Current 8.3ms
single half sine-wave superimposed on rated load IFsm 150 A
(JEDEC Method)
Forward Voltage @ IF=5.0A VEm 0.80 Vv
Peak Reverse Current @ Ta= 25°C I 0.5 mA
at Rated DC Blocking Voltage @Ta=100°C | ™ 50
Typical Junction Capacitance (Note 1) Ci 400 pF
Typical Thermal Resistance Junction to Ambient Roua 10 KW
Operating and Storage Temperature Range T, TstG -65 to +150 °C

Notes: 1.

Measured at 1.0MHz and applied reverse voltage of 4.0V DC.

2. RoHS revision 13.2.2003. Glass and High Temperature Solder Exemptions Applied, see EU Directive Annex Notes 5 and 7.

DS30135 Rev. 5-2

10f3
www.diodes.com

SB570 - SB5100
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Ordering Information (Note 3)

Device Packaging Shipping
SB570-B DO-201AD 500/Bulk
SB570-T DO-201AD 1.2K/Tape & Reel, 13-inch
SB580-B DO-201AD 500/Bulk
SB580-T DO-201AD 1.2K/Tape & Reel, 13-inch
SB590-B DO-201AD 500/Bulk
SB590-T DO-201AD 1.2K/Tape & Reel, 13-inch

SB5100-B DO-201AD 500/Bulk
SB5100-T DO-201AD 1.2K/Tape & Reel, 13-inch

Notes: 3. For packaging details, visit our website at http://www.diodes.com/datasheets/ap02008.pdf.

DS30135Rev.5-2 30f3 SB570 - SB5100
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Si8900/1/2

ISOLATED MONITORING ADC

Features
m ADC m  Temperature range:
e 3input channels —40to +85°C
o 10-bit resolution m >60-year life at rated working
e 2 ps conversion time voltage
m Isolated serial I/O port m CSA component notice 5A
o UART (Si8900) approval
e 12C/SMbus (Si8901) m |EC 60950, 61010, 60601
e 2.5 MHz SPI port (Si8902) m VDE/IEC 60747-5-2
m  Transient immunity: = UL1577 recognized - -
45 kV/us (typ) , Ordering Information:
e Up to 5 kVrms for 1 minute See page 25.
Applications
m |solated data acquisition m Isolated temp/humidity sensing Pin Assignments
m AC m?ms monitor m  Switch mode power systems VDDA 1 VooB
m Solarinverters m Telemetry VREF[] — ne
Description AINO] —INC
AINT [ . 1 Rx
The Si8900/1/2 series of isolated monitoring ADCs are useful as linear AIN2C] Sig900 — Tx
signal galvanic isolators, level shifters, and/or ground loop eliminators in NC[] — NG
many applications including power-delivery systems and solar inverters. RST — vDDB
These devices integrate a 10-bit SAR ADC subsystem, supervisory state GNDA[] — GNDB
machine and isolated UART (Si8900), 12C/SMbus port (Si8901), or SPI
Port (Si8902) in a single package. Based on Silicon Labs’ proprietary
CMOS isolation technology, ordering options include a choice of 2.5 or \\//I;IZ/:E g \N/EDB
5 kV isolation ratings. All products are safety certified by UL, CSA, and
VDE. The Si8900/1/2 devices offer a typical common-mode transient AINOL — NC
immunity performance of 45 kV/us for robust performance in noisy and AINTL Sig901 — SCL
high-voltage environments. Devices in this family are available in 16-pin AIN2L 1 SDA
SOIC wide-body packages. RST L] - NC
RSDA[] —] vDDB
Safety Approval GNDA] — GNDB
m UL 1577 recognized m VDE certification conformity VDDA 1 vDDB
¢ Upto5 kVrmsfor1minute m |ED 60747-5-2 (VDE 0884 Part 2) RST[] —1NC
m CSA component notice 5A NC[] —1 spo
approval VREF[] Si8902 ] SCLK
o IEC 60950, 61010, 60601 AINO] : — sDI
AN 1EN
AIN2[] —] vDDB
GNDA[| ] GNDB
Rev. 1.1 10/12 Copyright © 2012 by Silicon Laboratories Si8900/1/2
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1. Electrical Specifications

Table 1. Recommended Operating Conditions

Parameter Symbol Condition Min Typ Max Unit
Input Side Supply Voltage Vppa With respect to GND1 2.7 — 3.6 \Y,
Input Side Supply Current lopa Vppa = 3.3V, Si890x active — 10 13.3 mA
Vppa = 3.3V, Si890x idle — 8.6 1.4
Output Side Supply Voltage | Vppg With respect to GND2 2.7 — 5.5 \
Output Side Supply Current | Ippg | Vppg =3.3 V10 5.5V, Si890x active — 4.4 5.8 mA
Vppg = 3.3 Vto 5.5V, Si890x idle — 3.3 3.9
Operating Temperature Ta —40 — +85 °C

Table 2. Electrical Specifications

Parameter Symbol Test Condition Min Typ Max Unit

ADC

Resolution R 10 bits
Integral Nonlinearity INL VREF =24V — 0.5 11 LSB
Differential Nonlinearity DNL VREF =2.4V, — +0.5 11 LSB

Guaranteed Monotonic

Offset Error OFS -2 0 +2 LSB
Full Scale Error FSE -2 0 +2 LSB
Offset Tempco Tos — 45 — ppm/°C
Input Voltage Range VN 0 VREF \Y
Sampling Capacitance CiN — 5 — pF
Input MUX Impedance Rmux — 5 — kQ
Power Supply PSRR — -70 — dB
Rejection

Reference Voltage VREF Default VkRer = Vppa 0 — Vppa \Y
VREF Supply Current lvREF — 12 — MA
ADC Conversion Time tcony 2 VES
4 Rev. 1.1 )
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Table 2. Electrical Specifications (Continued)

Parameter Symbol Test Condition Min Typ Max Unit

Reset and Undervoltage Lockout

Power-on RESET VRSTH — — 1.8 \Y

Voltage Threshold High

Power-on RESET VRSTL 1.7 — — Vv

Voltage Threshold Low

VDDA Power-On Reset Ramp tRAMP | Time from VDDA =0 V — — 1 ms
Time to VDDA > VRST

Power-On Reset tPOR tRAMP < 1 ms 0.3 ms
Delay Time

Output Side UVLO Threshold UVLO — 2.3 — \%

Output side UVLO H — 100 — mV
Hysteresis

Digital Inputs

Logic High Level Input Voltage ViH 0.7 x Vppg — —

Logic Low Level Input Voltage Vi — — 0.6

Logic Input Current N VIN =0V or Vpp -10 +10 pA
Input Capacitance CiN — 15 — pF

Digital Outputs

Logic High Level Output Voltage VoH Vppg =5V, Vppg—0.4 4.8 — \Y
lon = —4 mA
VDDB =3.3 V, 3.1 —_— —_— \Y
lon = —4 mA

Logic Low Level Output Voltage VoL Vppg =3.3t05V, — 0.2 04 \Y

lOL =4 mA

Digital Output Series Impedance | Royr — 85 — Q

Serial Ports

UART Bit Rate 60 — 234 kbps

SMBus/I°C Bit Rate Slave — — 240 kbps

Address = 1111000x
SPI Port — — 25 Mbps
) Rev. 1.1 5
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Table 2. Electrical Specifications (Continued)

Parameter Symbol Test Condition Min Typ Max Unit
SPI Port Timing
EN Falling Edge to SCLK Rising tse 80 — — ns
Edge
Last Clock Edge to /EN Rising tsp 80 — — ns
EN Falling to SDO Valid tsgz — — 160 ns
EN Rising to SDO High-Z tspz — — 160 ns
SCLK High Time tckH 200 — — ns
SCLK Low Time tokL 200 — — ns
SDI Valid to SCLK Sample Edge tsis 80 — — ns
SCLK Sample Edge to SDI tsiH 80 — — ns
Change
SCLK Shift Edge to SDO tsoH — — 160 ns
Change

EN /
1

l«— tSE —>] tCKL tSD —>|

D e B e |

[€— tCLKH —>

o | xT jx /.

- ﬁx X X>t

Figure 1. SPI Port Timing Characteristics

sbO
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Table 3. Thermal Characteristics

Parameter Symbol Test Condition WB SOIC-16 | NB SOIC-16 Unit
IC Junction-to-Air Thermal 0,a 100 105 °C/W
Resistance
500
450

VDD1; VDD2 =270V

400 \
370
300 Vop1, Vopz = 3.6 _>\\
220 \\
\
200 o1, Vopz = 5.5 V—V\\\
100 \

0 50 100 150 200
Temperature (°C)

Safety-Limiting Current (mA)

Figure 2. (WB SOIC-16) Thermal Derating Curve, Dependence of Safety Limiting Values
with Case Temperature per DIN EN 60747-5-2
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Figure 3. (NB SOIC-16) Thermal Derating Curve, Dependence of Safety Limiting Values
with Case Temperature per DIN EN 60747-5-2
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Table 4. Absolute Maximum Ratings

Parameter Symbol Min Typ Max Unit
Storage Temperature Tstg —65 — 150 °C
Ambient Temperature under Bias Ta —40 — 85 °C
Input-Side Supply Voltage Vopa -0.5 — 6.0
Output-Side Supply Voltage Vppe -0.5 — 6.0 \
Input/Output Voltage V| -0.5 — VDD +0.5 V
Output Current Drive lo — — 10 mA
Lead Solder Temperature (10 s) — — 260 °C
Maximum Isolation Voltage — — 6500 VRMs

conditions for extended periods may affect device reliability.

*Note: Permanent device damage may occur if the absolute maximum ratings are exceeded. Functional operation should be
restricted to conditions as specified in the operational sections of this data sheet. Exposure to absolute maximum rating
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2. Regulatory Information

The Si8900/1/2 family is certified by Underwriters Laboratories, CSA International, and VDE. Table 5 summarizes
the certification levels supported.

Table 5. Regulatory Information

CSA

The Si89xx is certified under CSA Component Acceptance Notice 5A. For more details, see File 232873.

61010-1: Up to 600 VRMS reinforced insulation working voltage; up to 600 VRMS basic insulation working voltage.
60950-1: Up to 600 VRMS reinforced insulation working voltage; up to 1000 VRMS basic insulation working voltage.
60601-1: Up to 125 VRMS reinforced insulation working voltage; up to 380 VRMS basic insulation working voltage.

VDE

The Si89xx is certified according to IEC 60747-5-2. For more details, see File 5006301-4880-0001.
60747-5-2: Up to 1200 Vpeak for basic insulation working voltage.
60950-1: Up to 600 VRMS reinforced insulation working voltage; up to 1000 VRMS basic insulation working voltage.

UL
The Si89xx is certified under UL1577 component recognition program. For more details, see File E257455.
Rated up to 5000 VRMS isolation voltage for basic protection.

Rev. 1.1 9
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3. Functional Description

The Si8900/1/2 (Figure 4) are isolated monitoring ADCs that convert linear input signals into digital format and
transmit the resulting data through an on-chip isolated serial port to an external master processor (typically a
microcontroller). The Si890x access protocol is simple: The master configures and controls the start of ADC
conversion by writing a configuration register (CNFG_0) Command Byte to the Si890x. The master then acquires
ADC conversion data by reading the Si890x serial port. Devices in this series differ only in the type of serial port.
Options include a UART with on-chip baud rate generator that operates at 234 kbps max (Si8900), an SMBus/I?C
port that operates at 240 kbps max (Si8901), and an SPI Port that operates at 2.5 MHz max (Si8902).

The integrated ADC subsystem consists of a three-channel analog input multiplexer (MUX) followed by a series
gain amplifier (selectable 1x or 0.5x gain) and 10-bit SAR ADC. Serial-port-accessible ADC options allow the user
to select an internal or external voltage reference, set the programmable gain amplifier (PGA), and select the ADC
MUX address. The master can configure the Si890x to return ADC data on-demand (Demand Mode) or
continuously (Burst Mode). For more information, see "CNFG_0 Command Byte" on page 18.

Pe—
VDDA | —A [ VDDB
L
AINO XH : > i > Tx
Tx Data |
N | UART : :
« A Rx
AIN2 KH . | I
& Al + GNDB
[=} | |
VREF XH z B'C{fks L ISOLATION | l
A, =
RST State Machine/
User Registers
GNDA [X] 17
Si8900
[T
VDDA T : T VDDB
! i
AINO XH ! . SDA
MUX 10-Bit | [ Tx Data | SMBus/ : :
AIN1 XH ADC 12c ] !
. : | SCL
AIN2 X1 S Al p
& Blocks EF ; GNDB
VREF XU ADC Subsystem T L Lsc_)L,_A'ﬂgN_: l
—_— State Machine/ e
RST User Registers
RSDA X
GNDA X
17 Si8901
VDDA 1 1 ; VDDB
|
| |
| |
AINO XH = | ScK
Tx Data «l <! SDI
AIN1 [XH spiport [ | i
L
AIN2 & | : =0
& | < EN
S |
VREF XU ADC Subsystem 2 All | :
Blocks : |SOLATION TI GND2
RST X State Machine/ £ —
User Registers
GND1 [X]
17 Si8902

Figure 4. Si8900/1/2 Block Diagrams
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4. ADC Data Transmission Modes

The master can access ADC read-only registers ADC_H and ADC_L using either Demand Mode or Burst Mode. In
Demand Mode (MODE = 1), the master triggers individual A/D conversions “on-demand”. In Burst Mode
(MODE = 0), the Si890x performs ADC conversions continuously.

Command Byte to Si8900 Rx

/ CNFG_O \
—( Command )

N Byte /
MODE = 1 foow

/ \
/ CNFG_O N

——<{ Command >( ADC_H >< ADC_L >—

Byte

H Master to Slave Master writes CNFG_0

Slave to Master

Master reads updated CNFG_0 and ADC
Data From Si8900 (Tx output)

B) Si8900 Demand Mode ADC Read

Master to Slave
I Master writes Slave Address and
CNFG_0 Command Byte to Si8901 SDA

/ :\\ // CNFG_0 \\\ /'/ Slave :\\
————(Slave Address ¥, Command X )
\ // \\\ Byte // \\ Address y /
MODE =1 teon
/enFG o N/ \ / \
( Command % ADCH » ADCL ) —
\ / \ - /" \ - /
\_Byte / N\ / N\ /

Master reads Slave Address, updated CNFG_0
and ADC Data from Si8901 (SDA pin)

C) Si8901 Demand Mode ADC Read

H Master to Slave Master writes CNFG_0

Command Byte to Si8902 SDI

/ CNFG_O \

— < Command

\\ Byte / / teow
MODE =1

/ Nk N\ / \ / \

Slave to Master

/ \

—{ command ¥ ADCH X ADCL
5 \\\ Byte / \ / \\\ ///
The master must wait 8uS
(track-and-hold time) before Master reads updatefl CNFG_0 and
reading ADC data packet. ADC Data from Si8902 SDO

D) Si8902 Demand Mode ADC Read

Figure 5. ADC Demand Mode Operation

Referring to Figure 5A, a Demand Mode ADC read is initiated when the master writes a Command Byte to the
Si8900. (The Command Byte is a copy of the CNFG_0 register that has been properly configured by the master.)
Upon receipt of the Command Byte, the Si8900 updates its CNFG_O register and triggers the start of an ADC
conversion, at which time the master may immediately begin reading ADC conversion data from the Si8900 UART.
The ADC conversion data packet contains a copy of the Command Byte for verification and two-bytes of ADC
conversion data. The Si8901 (Figure 5B) ADC read transaction is identical to that of the Si8900 with the exception
of the added 1°C/SMBus Slave Address byte (Si8901 Slave Address is 0xF0). The Si8902 Demand Mode ADC
read transaction (Figure 5C) is the same as that of the Si8900, except the master must wait 8 ys after the
transmission of the Command Byte before reading the Si8902 SPI port because byte transmission time is two
times shorter versus the Si8900/01.
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The Burst Mode ADC transactions for the Si8900 (Figure 6A) and Si8901 (Figure 6B) are substantially the same. A
Burst Mode ADC read is initiated when the master writes a CNFG_0 (MODE = 0) Command Byte to the Si8900/1,
which updates the CNFG_O register and triggers the ADC continuously. Like the Demand Mode example, the
Si8901 has a Slave Address byte prior to the CNFG_0 Command Byte. When using the Si8901, the master must
write the 1°C port address prior to reading the serial port. The Si8902 Burst Mode (Figure 6C) is similar to that of
the Si8900/1, except the master must wait 8 ys before reading the first Burst Mode ADC data packet. After reading
the first Burst Mode ADC data packet, the master may read all ADC data packets that follow without delay.

:

Master writes CNFG_0

Command Byte to Si8900 Rx
/S \
/ CNFG_O \
——~  Command
\\ Byte 0 /"/
MODE =0
Master to Slave teon ‘ Oz | teony :
Slave to Master \ | / \ | / \ | / \ | / \
/ CNFG_O / ADC_H \|/ ADC L \ J/ ADC_H \|/ ADC L \\7
N Data / \ Data Data \ Dbata /
\ Byte /| / \ ata /" \ ata /

Master reads updated CNFG_0 Command Byte and ADC data from Si8900 Tx

A) Si8900 ADC Burst Mode (MODE = 0)

:

Master writes Slave Address & CNFG_0
Command Byte to Si8901 SDA

/ N/ oNFGLO \
‘{'SlaveAddrress‘K Command )

S

\ Write /' \ Byte0 /
MODE =0 t, teony teony
-CONV
Master to Slave / \ § : N :
\ /,/ CNFG_0 \\ \ | / \ | /
Slave to Master Slave Address’x CemEnE | ADC_H ADC_L ADC_H ADC_L
Read / Byte /| Data  / \  Data Data  / \  Data

Master reads Slave Address, updated CNFG_0 and ADC data from Si8901 SDA

B) Si8901 ADC Burst Mode (MODE = 0)

.

Master writes CNFG_0 Command

Byte to Si8902 SDI

/ CNFG_O \
Master to Slave /' command ;
Slave to Master m/

MODE =0 <¢>‘ teonv teony

CNFG_0 \‘\ //
Command ADC_H X ADC_L X ADC_H X ADC_L ’
‘\ Byte /" N\ Data / N\ Data /| \ Data / \_ Data /

Master reads updated CNFG_0 and ADC data from Si8902 SDO

C) Si8902 ADC Burst Mode (MODE = 0)

Figure 6. ADC Burst Mode Operation
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4.1. UART (Si8900)

The UART is a two-wire interface (Tx, Rx) and operates as an asynchronous, full-duplex serial port with internal
auto baud rate generator that measures the period of incoming data stream and automatically adjusts the internal
baud rate generator to match. The auto baud rate detection and matching optimizes UART timing for minimum bit
error rate. For more information, see “AN635: AC Line Monitoring Using the Si890x Family of Isolated ADCs”.

There are a total of 10 bits per data read/write: One start bit, eight data bits (LSB first), and one stop bit with data
transmitted LSB first as shown in Figure 7. Figure 8A and Figure 8B show master/Si8900 ADC read transactions

for Demand Mode and Burst Mode, respectively.
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Figure 7. UART Data Byte
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Figure 8. Si8900 ADC Read Operation
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4.2. 1>C/SMBus (Si8901)

The 12C/SMBus serial port is a two-wire serial bus where data line SDA is bidirectional and clock line SCL is
unidirectional. Reads and writes to this interface by the master are byte-oriented, with the I2C/SMBus master
controlling the serial data rates up to 240 kbps. The SDA and SCL lines must be pulled high through pull-up
resistors of 5 kQ or less. An Si8901 ADC read transaction begins with a START condition (“S” or Repeated START
condition “SR”), which is defined as a high-to-low transition on SDA while SCL is high (Figure 9). The master
terminates a transmission with a STOP condition (P), defined as a low-to-high transition on SDA while SCL is high.
The data on SDA must remain stable during the high period of the SCL clock pulse because such changes in either
line will be interpreted as a control command (e.g., S, P SR). SDA and SCL idle in the high state when the bus is
not busy. Acknowledge bits (Figure 10) provide detection of successful data transfers, whereas unsuccessful
transfers conclude with a not-acknowledge bit (NACK). Both the master and the Si8901 generate ACK and NACK
bits. An ACK bit is generated when the receiving device pulls SDA low before the rising edge of the acknowledged
related (ninth) SCL pulse and maintains it low during the high period of the clock pulse. A NACK bit is generated
when the receiver allows SDA to be pulled high before the rising edge of the acknowledged related SCL pulse and
maintains it high during the high period of the clock pulse. An unsuccessful data transfer occurs if a receiving
device is busy or if a system fault has occurred. In the event of an unsuccessful data transfer, the bus master
attempts communication at a later time. Figure 11A shows the 1°C Slave Address Byte and CNFG_0 byte for the
Si8901. Figure 11B and Figure 11C show master/Si8901 ADC read transactions for Demand Mode and Burst
Mode, respectively.

S Sr P
| I I
SDA
| I I
| I I
] ; 1
SCL
Figure 9. Start and Stop Conditions
S Not Acknowledge (NACK)—\
SDA
|
| Acknowledge (ACK)—/
|
|
SCL | 1 2 L\ 9
Figure 10. Acknowledge Cycle
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Figure 11. Si8901 ADC Read Operation
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Figure 12. Master Connection to Si8902
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4.3. SPI Port (Si8902)

EN "\

SCLK | [

SDI )( MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (XX)(XXX

SDO —| wmsB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 C}—

Figure 13. Si8902 Data/Clock Timing

The Serial Peripheral Interface (SPI port) is a slave mode, full-duplex, synchronous, 4-wire serial bus that connects
to the master as shown in Figure 12. The master's clock and data timing must match the Si8902 timing shown
Figure 12 (for more information about clock and data timing, please see the “SPI Port” section of Table 2 on
page 6).

As shown in Figure 13, an SPI bus transaction begins with the master driving EN low and maintaining this state for
the duration of the read transaction(s). The master transmits data from its master-out/slave-in terminal (MOSI) to
the Si8902 serial read/write input terminal (SDI). The Si8902 transmits data to the master from its serial data-out
terminal (SDO) to the master-in/slave-out terminal (MISO), and data transfer ends when the master returns /EN to
the high state. Figure 14A shows the Si8902 CNFG_0 Command Byte format, while Figures 14B and 14C show
Si8902 Demand Mode and Burst Mode ADC reads.
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Figure 14. Si8902 ADC Read Operation

4.4. Master Controller Firmware

The user's master controller must include firmware to manage the Si890x Demand and Burst operating modes and
serial port control. In some cases, the master controller may also require a firmware moving average function to
reduce noise. For more information on master controller firmware, see “AN637: Si890x Master Controller
Recommendations”, available for download at www.silabs.com/isolation.
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5. Si8900/1/2 Configuration Registers

CNFG_0 Command Byte

Bit D7 D6 D5 D4 D3 D2 D1 DO
Name 1 1 MX1 MX0 VREF — MODE PGA
Type R/W R/W R/W R/W R/W R/W R/W R/W

Default 1 1 1 1 1 1 1 1

Bit Name Function

7:6 1,1 Internal use. These bits are always set to 1.

5:4 MX1, MXO |ADC MUX Address.

ADC MUX address selection is controlled by MX1, MX0 as follows:
MX1 MX0 | Selected ADC MUX Channel
1 1 Not Used
1 0 AIN2
0 1 AIN1
0 0 AINO
3 VREF ADC Voltage Reference Source
VDD is selected as the reference voltage when this bit is set to 1. An externally con-
nected voltage reference generator is selected when this bit is reset to 0.
2 — Not used.
1 MODE ADC Read Mode
ADC Demand Mode read is enabled when this bit is 1, and Burst Mode is enabled
when this bit is 0. For more information on Demand and Burst mode operation,
please see "ADC Data Transmission Modes" on page 11.
0 PGA PGA Gain Set
PGA gain is 1 when this bit is set to 1. PGA gain is 0.5 when this bit is reset to 0.
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ADC_H Byte
Bit D7 D6 D5 D4 D3 D2 D1 DO
Name 1 MX1 MXO0 D9 D8 D7 D6
Type R R R R R R R R
Default — — — — — — — —
Bit Name Function
7:6 1,0 Internal use. These bits are always set to 1,0.
5:4 MX1, MX0O |ADC MUX Address
ADC input MUX address for the converted data in ADC_H, ADC_L.
3.0 D9: D6 ADC conversion data bits D9:D6
Most significant 4 bits of ADC conversion data.
ADC_L Byte
Bit D7 D6 D5 D4 D3 D2 D1 DO
Name D5 D4 D3 D2 D1 DO
Type R R R R R R R R
Default — — — — — — — —
Bit Name Function
7 0 Internal use. This bit is always set to 0.
6:1 D5:D0 ADC Conversion Data Bits D5:D0
Least significant 6 bits of ADC conversion data.
0 0 Internal use. This bit is always set to 0.
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6. Applications
6.1. Isolated Outputs

The Si890x serial outputs are internally isolated from the device input side. To ensure safety in the end-user
application, high voltage circuits (i.e., circuits with >30 VAC) must be physically separated from the safety extra-low
voltage circuits (i.e., circuits with <30 VAC) by a certain distance (creepage/clearance). If a component straddles
this isolation barrier, it must meet those creepage/clearance requirements and also provide a sufficiently large
high-voltage breakdown protection rating (commonly referred to as working voltage protection). Tables published in
the component standards (UL1577, IEC60747, CSA 5A) are readily accepted by certification bodies to provide
proof for end-system specifications requirements. Refer to the end-system specification (61010-1, 60950-1, 60601-
1, etc.) requirements before starting any circuit design that uses galvanic isolation. To enhance the robustness of a
design, it is further recommended that the user also include 100 Q resistors in series with the Si890x inputs and
outputs if the system is excessively noisy. The nominal impedance of an isolated Si890x output channel is
approximately 50 Q and is a combination of the value of the on-chip series termination resistor and channel
resistance of the output driver FET. When driving loads where transmission line effects are a factor, output pins
should be appropriately terminated with controlled-impedance PCB traces.

The Si890x supply inputs must be bypassed with a parallel combination of 10 yF and 0.1 yF capacitors at VDDA
and VDDB as shown in Figure 15A. The capacitors should be placed as close to the package as possible. The
Si890x uses the VDDA supply as its internal ADC voltage reference by default. A precision external reference can
be installed as shown in Figure 15A and must be bypassed with a parallel combination of 0.1 yF and 4.7 yF
capacitors. (Note that the CNFG_0 VREF bit must be set to 0 when using the external reference.) The Si890x has
an on-chip power on reset circuit (POR) that maintains the device in its reset state until VDDA has stabilized. A
2 kQ pull-up resistor on RST is strongly recommended to reduce the possibility of external noise coupling into the
reset input. The Si8901 will also require a 5 kQ pull-up resistor to VDDA on the RSDA input.

2.7Vto3.6V 25Vto5.5V Board Edge

0.1 uF 0.1 pF

10 uF

VREF

S S S

1
|

I

1

1

|

i Hj

:

1|01 HF?ZU“
1

=

I

1

1

1

|

I

1

__________________

Optional External VREF

Si8901
Only

Keep-out Area Board Edge

(No metal in this area)

A B
Figure 15. Si890x Installation

Figure 15B shows the required PCB ground configuration, where an 8 mm (min) “keep-out area” is provided to
ensure adequate creepage and clearance distances between the two grounds. PCB metal traces cannot be
present or cross through the keep-out area on the PCB top, bottom, or internal layer.
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6.2. Device Reset

During power-up, the Si890x is held in the reset state by the internal power-on reset signal (POR) until VDDA
settles above VRST. When this condition is met, a delay is initiated that maintains the Si890x in the reset state for
time period tPOR, after which the reset signal is driven high allowing the Si890x to start-up. Note the maximum
allowable VDD ramp time (i.e. time from 0 V to VDDA settled above VRST) is 1 ms. Slower ramp times may cause
the Si890x to be released from reset before VDDA reaches the VRST level.

Figure 16 shows typical VDDA monitor reset timing where the internal reset is driven low (Si890x in reset) when
VDDA falls below VRST (e.g., during a power down or VDDA brownout). The internal reset is released to its high
state when VDDA again settles above VRST. External circuitry can also be used to force a reset event by driving
the external RST input low. A 2 kQ pull-up resistor on RST is recommended to avoid erroneous reset events from
external noise coupling to the RST input.

A

VRSTH
VRSTL —- N/
I I
I I
I I
I I
i I
! I
! I
! I
! I
! I
: I
I
VDDA(min) - ]
b
! I
! I
I I
I I
I I
I I
i I
! I
! I
! I
! I
: I
Internal '
RESET
-
VDDA
Monitor
Power-On Reset Reset
Figure 16. Si890x Power-on and Monitor Reset
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6.3. Application Example

Figure 17 shows the Si8900 operating as a single-phase ac line voltage and current monitor. The VDDA dc bias
circuit uses a low-cost 3.3 V linear regulator referenced to the neutral (white wire). The ac current is measured on
ADC input AINO. The ac line voltage is scaled by resistors R17 and R18 and level-shifted by the 1.5V VREF. AC
line current is measured using differential amplifier U1 connected across shunt resistor R1. Data is transferred to
the external controller or processor via the isolated UART.

Single-Phase

AC Line
1
_IVV\,—
= 2l r2

R1

WW

Si8900

Low Cost

R17 R7
R18} R8

W AINO
R6 ¢y

1
I
I
1
: Dual OpAmp
1
1
T
1
1

Cc1

R13 C4

U2
33V

LDO

cs J_ R14
15V

R15

External
Master Controller

Output Side
Bias Supply

Figure 17. AC Line Monitor Application Example
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7. Device Pin Assignments

VDDA L[] 1 vDDB  VDDA[] 1 vDDB  VDDA[] 1 vDDB
VREF ] 1 NC VREF ] 1 NC RST [ 1 NC
AINO] 1 NC AINO] 1 NC NC[] 1 spbo
AN Si8900 1 Rx AIN1] Si8901 —]sCL  VREF[] Si8902 ] SCLK
AIN2[] ] Tx AIN2[] 1 SDA AINO[] ] sDI
NC[] 1 NC RST [] 1 NC AIN1[] 1 EN
RST[] ] VDDB  RSDA[] ] VDDB  AIN2[] ] VDDB
GNDA[] 1 GNDB  GNDA[] 1 GNDB  GNDA[] ] GNDB
Figure 18. Si8900/1/2 Pinout (16SOW)
Table 6. Si8900/1/2 Pin Assignments
Pin |Si8900 | Si8901 | Si8902 Description
Pin Pin Pin
1 VDDA Input side VDD bias voltage (typically 3.3 V)
2 VREF RST |Si8900/1: External voltage reference input.
Si8902: Active low reset.
3 AINO | AINO NC |Si8900: ADC analog input channel 0.
Si8901: ADC analog input channel 0.
Si8902: No connection
4 AIN1 | AIN1 | VREF |Si8900: ADC analog input channel 1.
Si8901: ADC analog input channel 1.
Si8902: External VREF in.
5 AIN2 | AIN2 | AINO |Si8900: ADC analog input channel 2.
Si8901: ADC analog input channel 2.
Si8902: ADC analog input channel 0.
6 NC RST | AIN1 [Si8900: No Connection.
Si8901: Active low reset.
Si8902: ADC analog input channel 1.
7 RST | RSDA | AIN2 |Si8900: Active low reset.
Si8901: RSDA bias resistor (typically 5 kQ).
Si8902: ADC analog input channel 2.
8 GNDA Input side ground
9 GNDB Output side ground
10 VDDB Output side VDD bias voltage (2.7 V to 5.5 V)
11 NC EN [Si8900/1: No connection. Si8902: SPI Port Enable.
12 Tx SDA SDI |Si8900: UART unidirectional transmit output.
Si8901: I12C Bidirectional data input/output.
Si8902: SPI port Serial data in.
) Rev. 1.1 23
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Table 6. Si8900/1/2 Pin Assignments (Continued)

Pin |Si8900 | Si8901 | Si8902 Description
Pin Pin Pin
13 Rx SCL | SCLK [Si8900: UART unidirectional receive input.
Si8901: 12C port unidirectional serial clock input.
Si8902: SPI port unidirectional serial clock input.
14 NC SDO ([Si8900/1: No connection.
Si8902: SPI port Serial data out (SDO)
15 NC No connection
16 VDDB Si8900/1/2: Output side VDD bias voltage (2.7 V to 5.5 V).

24
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8. Ordering Guide

Table 7. Product Ordering Information®23
Part Number (OPN) Serial Port Package Isolation Rating Temp Range
Si8900B-A01-GS UART WB SOIC 2.5kV —40to +85 °C
Si8900D-A01-GS UART WB SOIC 5.0 kV —40to +85 °C
Si8901B-A01-GS I>°C/SMBus WB SOIC 2.5kV —40to +85 °C
Si8901D-A01-GS I°C/SMBus WB SOIC 5.0 kV —40 to +85 °C
Si8902B-A01-GS SPI Port WB SOIC 25kV —40to +85 °C
Si8902D-A01-GS SPI Port WB SOIC 5.0 kV —40to +85 °C
Notes:

1. Add an “R” suffix to the part number to specify the tape and reel option. Example: “Si8900AB-A-ISR”.

2. All packages are RoHS-compliant.

3. Moisture sensitivity level is MSL3 for wide-body SOIC-16 package with peak reflow temperatures of 260 °C according
to the JEDEC industry standard classifications and peak solder temperatures.

Rev. 1.1 25
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9. Package Outline: 16-Pin Wide Body SOIC

Figure 19 illustrates the package details for the Si8900/1/2 Digital Isolator. Table 8 lists the values for the
dimensions shown in the illustration.

2X
(D ]fff[c]a-B

LB o
AOAAAAA
e A
BX O SEATING PLANE
(Slees[cD IR

3 L (bbb | C
E L ex 8 TIPS
16X b

———

-
: | {]ceclc annEnE
i e Y e S s e
- SEATING PLANE ,[ i -
SEE VIEW "A7

Figure 19. 16-Pin Wide Body SOIC
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Table 8. Package Diagram Dimensions

Millimeters
Symbol Min Max
A — 2.65
A1 0.10 0.30
A2 2.05 —
b 0.31 0.51
c 0.20 0.33
D 10.30 BSC
E 10.30 BSC
E1 7.50 BSC
e 1.27 BSC
L 0.40 1.27
h 0.25 0.75
0 0° 8°
aaa — 0.10
bbb — 0.33
cce — 0.10
ddd — 0.25
eee — 0.10
fff — 0.20
Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise

noted.

N

for small body, lead-free components.

Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC Outline MS-013, Variation AA.
4. Recommended reflow profile per JEDEC J-STD-020C specification

SILICON LABS

Rev. 1.1
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10. Land Pattern: 16-Pin Wide-Body SOIC

Figure 20 illustrates the recommended land pattern details for the Si8900/1/2 in a 16-pin wide-body SOIC. Table 9
lists the values for the dimensions shown in the illustration.

Cl

o
C+ 1 16
e 15

3 14 (D
4 13D
s 12 (D
e 11 (0
7 0 (D
s o (D

Y1
Figure 20. 16-Pin SOIC Land Pattern

Table 9. 16-Pin Wide Body SOIC Land Pattern Dimensions

Dimension Feature (mm)
C1 Pad Column Spacing 9.40
E Pad Row Pitch 1.27
X1 Pad Width 0.60
Y1 Pad Length 1.90
Notes:
1. This Land Pattern Design is based on IPC-7351 pattern SOIC127P1032X265-16AN
for Density Level B (Median Land Protrusion).
2. All feature sizes shown are at Maximum Material Condition (MMC) and a card
fabrication tolerance of 0.05 mm is assumed.
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11. Top Marking: 16-Pin Wide Body SOIC
11.1. Si8900/1/2 Top Marking

YYWWRTTTTT

Si890XY

TW

11.2. Top Marking Explanation

Line 1 Marking:

Base Part Number
Ordering Options

(See Ordering Guide for more
information).

Si890 = Isolator product series
X = Serial Port
0 = UART
1=12C
2 =SPI
Y = Insulation rating
B=25kV;D=5.0kV

Line 2 Marking:

YY = Year
WW = Workweek

Assigned by assembly subcontractor. Corresponds to the
year and workweek of the mold date.

RTTTTT = Mfg Code

Manufacturing code from assembly house
“R” indicates revision

Line 3 Marking:

Circle = 1.7 mm Diameter
(Center-Justified)

“e4” Pb-Free Symbol

Country of Origin ISO Code
Abbreviation

TW = Taiwan

SILICON LABS
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DOCUMENT CHANGE LIST

Revision 0.5 to Revision 1.0
m  No changes.

Revision 1.0 to Revision 1.1

m Removed “pending” throughout.

m Changed ANG638 reference to ANG37.

m Updated "Top Marking: 16-Pin Wide Body SOIC" on
page 29.
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NOTES:
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SMAJ Series

Uni-directional

Bi-directional

Agency Approvals

AGENCY

AGENCY FILE NUMBER

E230531

Maximum Ratings and Thermal Characteristics

(T,=25°C unless otherwise noted)

Parameter Symbol Value Unit

Peak Pulse Power Dissipation at
T,=25°C by 10/1000ps Waveform Poom 400 wW
(Fig.2)(Note 1), (Note 2), (Note 5)

Power Dissipation on Infinite Heat
Sink atT,=50°C P 38 | W

Peak Forward Surge Current, 8.3ms

Single Half Sine Wave (Note 3) les 60 A

Maximum Instantaneous Forward

\oltage at 25A for Unidirectional Ve 3.5/5.0 V

Only (Note 4)

Operating Temperature Range T, -65to 150 | °C

Storage Temperature Range Terg -65t0 175 | °C

Typical Thermal Resistance Junction .

to Lead Ra A o
Typical Thermal Resistance Junction R 120 oW

to Ambient 0JA

Notes:
1. Non-repetitive current pulse, per Fig.4 and derated above T (initial) =25°C per Fig. 3.

2. Mounted on 5.0x5.0mm copper pad to each terminal.

3. Measured on 8.3ms single half sine wave or equivalent square wave for unidirectional
device only.

4.V, < 3.5V for single die parts and V< 5.0V for stacked-die parts.

5.The P,,,, of stacked-die parts is 600V and please contact littelfuse for the detail
stacked-die parts.

Functional Diagram

Bi-directional

<

Uni-directional

Cathode Q O Anode

Description

Transient Voltage Suppression Diodes
Surface Mount —400W > SMAJ series

HE [roris| NG €

The SMAJ series is designed specifically to protect
sensitive electronic equipment from voltage transients
induced by lightning and other transient voltage events.

® 400W Peak pulse power
capability at 10/1000us
waveform, repetition rate
(duty cycle): 0.01%

® Excellent clamping
capability

e Typical |, less than 1pA
when V,. min>12V

e For surface mounted
applications to optimize
board space

e | ow profile package

e Typical failure mode is
short from overspecified
voltage or current

¢ \Whisker test is conducted
based on JEDEC
JESD201A per its table 4a
and 4c

¢ |[EC-61000-4-2 ESD
30kV(Air), 30kV (Contact)

e ESD protection of data
lines in accordance with
IEC 61000-4-2

e EFT protection of data
lines in accordance with
|IEC 61000-4-4

¢ Built-in strain relief

¢ Fast response time:
typically less than 1.0ps
from 0 Volts to V. min

e Glass passivated junction

¢ | ow inductance

® High temperature
to reflow soldering
guaranteed: 260°C/40sec

*Ver @T =V, @25°C
x (1+aT x (T, -25))
(aT:Temperature
Coefficient, typical value
is 0.1%)

¢ Plastic package is
flammability rated
V-0 per Underwriters
Laboratories

* Meet MSL levell, per
J-STD-020, LF maximun
peak of 260°C

e Matte tin lead—free Plated

* Halogen free and RoHS
compliant

® Pb-free E3 means 2nd
level interconnect is
Pb-free and the terminal
finish material is tin(Sn)
(IPC/JEDEC J-STD-
609A.01)

Applications

TVS devices are ideal for the protection of I/O Interfaces,
V.. bus and other vulnerable circuits used in Telecom,
Computer, Industrial and Consumer electronic

applications.

Additional Infomarion

Datasheet

Resources

Samples

© 2015 Littelfuse, Inc.

Specifications are subject to change without notice.
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http://www.littelfuse.com/~/media/Electronics/Datasheets/TVS_Diodes/Littelfuse_TVS_Diode_SMAJ_Datasheet.pdf.pdf
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smaj.aspx#TechnicalResources
http://www.littelfuse.com/products/tvs-diodes/surface-mount/smaj.aspx#ElectricalCharacteristics
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Electrical Characteristics (T,=25°C unless otherwise noted)

Breakdown Test Maximum Maximum

-y Reverse Clampin Maximum Reverse Agency
arking Stand off Voltage Vg, Current Volta pe\fj Peak Pulse| -~ % |Approval
Voltage V. (Volts) @ I @ 98 Ve | current I | 9€lq -\
(Volts) (A) :

SMAJ5.0A | SMAJ5.0CA AE WE 5.0 6.40 700 10 9.2 43.5 800 X
SMAJ6.0A | SMAJ6.0CA AG WG 6.0 6.67 737 10 10.3 38.8 800 X
SMAJ6.5A | SMAJ6.5CA AK WK 6.5 722 798 10 1.2 35.7 500 X
SMAJ70A | SMAJ70CA AM WM 70 778 8.60 10 12.0 33.3 200 X
SMAJ75A | SMAJ75CA AP WP 75 8.33 9.21 1 12.9 31.0 100 X
SMAJ8.0A | SMAJ8.0CA AR WR 8.0 8.89 9.83 1 13.6 29.4 50 X
SMAJB.5A | SMAJ8.5CA AT WT 8.5 9.44 10.40 1 14.4 278 20 X
SMAJ9.0A | SMAJ9.0CA AV WV 9.0 10.00 11.10 1 15.4 26.0 10 X
SMAJ10A | SMAJ10CA AX WX 10.0 11.10 12.30 1 170 23.5 B X
SMAJ11A SMAJ11CA AZ WZ 11.0 12.20 13.50 1 18.2 22.0 1 X
SMAJ12A | SMAJ12CA BE XE 12.0 13.30 14.70 1 19.9 20.1 1 X
SMAJ13A | SMAJ13CA BG XG 13.0 14.40 15.90 1 215 18.6 1 X
SMAJ14A | SMAJ14CA BK XK 14.0 15.60 17.20 1 23.2 172 1 X
SMAJ15A | SMAJ15CA BM XM 15.0 16.70 18.50 1 24.4 16.4 1 X
SMAJ16A | SMAJ16CA BP XP 16.0 17.80 19.70 1 26.0 15.4 1 X
SMAJ17A SMAJ17CA BR XR 17.0 18.90 20.90 1 276 14.5 1 X
SMAJ18A | SMAJ18CA BT XT 18.0 20.00 22.10 1 29.2 13.7 1 X
SMAJ20A | SMAJ20CA BV XV 20.0 22.20 24.50 1 32.4 12.3 1 X
SMAJ22A | SMAJ22CA BX XX 22.0 24.40 26.90 1 35.5 11.3 1 X
SMAJ24A | SMAJ24CA BZ XZ 24.0 26.70 29.50 1 38.9 10.3 1 X
SMAJ26A | SMAJ26CA CE YE 26.0 28.90 31.90 1 421 9.5 1 X
SMAJ28A | SMAJ28CA CG YG 28.0 31.10 34.40 1 454 8.8 1 X
SMAJ30A | SMAJ30CA CK YK 30.0 33.30 36.80 1 48.4 8.3 1 X
SMAJ33A | SMAJ33CA CM YM 33.0 36.70 40.60 1 53.3 75 1 X
SMAJ36A | SMAJ36CA CP YP 36.0 40.00 44.20 1 58.1 6.9 1 X
SMAJ40A | SMAJ40CA CR YR 40.0 44.40 49.10 1 64.5 6.2 1 X
SMAJ43A | SMAJ43CA CT YT 43.0 4780 52.80 1 69.4 5.8 1 X
SMAJ45A | SMAJ45CA CVv YV 45.0 50.00 55.30 1 72.7 5.5 1 X
SMAJ48A | SMAJ48CA CX YX 48.0 53.30 58.90 1 774 5.2 1 X
SMAJ51A | SMAJ51CA CZ YZ 51.0 56.70 62.70 1 82.4 4.9 1 X
SMAJ54A | SMAJ54CA RE ZE 54.0 60.00 66.30 1 87.1 4.6 1 X
SMAJ58A | SMAJ58CA RG ZG 58.0 64.40 71.20 1 93.6 4.3 1 X
SMAJB0A | SMAJB0CA RK ZK 60.0 66.70 73.70 1 96.8 4.1 1 X
SMAJB4A | SMAJBACA RM ZM 64.0 71.10 78.60 1 103.0 3.9 1 X
SMAJ70A | SMAJ70CA RP ZP 70.0 7780 86.00 1 113.0 3.5 1 X
SMAJ75A | SMAJ75CA RR ZR 75.0 83.30 92.10 1 121.0 3.3 1 X
SMAJ78A | SMAJ78CA RT T 78.0 86.70 95.80 1 126.0 3.2 1 X
SMAJB5A | SMAJB5CA RV N 85.0 94.40 104.00 1 1370 2.9 1 X
SMAJ90A | SMAJ90CA RX ZX 90.0 100.00 111.00 1 146.0 2.7 1 X
SMAJ100A | SMAJ100CA RZ 77 100.0 111.00 123.00 1 162.0 2.5 1 X
SMAJ110A | SMAJ110CA SE VE 110.0 122.00 135.00 1 1770 2.3 1 X
SMAJ120A | SMAJ120CA SG VG 120.0 133.00 147.00 1 193.0 2.1 1 X
SMAJ130A | SMAJ130CA SK VK 130.0 144.00 159.00 1 209.0 1.9 1 X
SMAJ150A | SMAJ150CA SM VM 150.0 167.00 185.00 1 243.0 1.6 1 X
SMAJ160A | SMAJ160CA SP VP 160.0 178.00 197.00 1 259.0 1.5 1 X
SMAJ170A | SMAJ170CA SR VR 170.0 189.00 209.00 1 275.0 15 1 X
SMAJ180A | SMAJ180CA ST VT 180.0 201.00 222.00 1 292.0 1.4 1

SMAJ200A | SMAJ200CA SV A% 200.0 224.00 24700 1 324.0 12 1

SMAJ220A | SMAJ220CA SX VX 220.0 246.00 272.00 1 356.0 1.1 1

SMAJ250A | SMAJ250CA SZ VZ 250.0 279.00 309.00 1 405.0 1.0 1

SMAJ300A | SMAJ300CA TE UE 300.0 335.00 371.00 1 486.0 0.8 1

SMAJ350A | SMAJ350CA TG UG 350.0 391.00 432.00 1 567.0 0.7 1

SMAJ400A | SMAJ400CA TK UK 400.0 44700 494.00 1 648.0 0.6 1

SMAJ440A | SMAJ440CA ™ UM 440.0 492.00 543.00 1 713.0 0.6 1

For bidirectional type having V,, of 10 volts and less, the I limit is double.
For parts without A , the V. is £ 10% and V is 5% higher than with A parts
© 2015 Littelfuse, Inc.

Specifications are subject to change without notice.
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I-V Curve Characteristics

Uni-directional A Bi-directional A
Ipp

Ve Ver VR IR
— = = 4R VRVER Ve

—————— Ipp

e

P... Peak Pulse Power Dissipation — Max power dissipation

V, Stand-off Voltage - Maximum voltage that can be applied to the TVS without operation

V,. Breakdown Voltage - Maximum voltage that flows though the TVS at a specified test current (l,)

V. Clamping Voltage - Peak voltage measured across the TVS at a specified Ippm (peak impulse current)
I, Reverse Leakage Current - Current measured at 'V,

V. Forward Voltage Drop for Uni-directional

Ratings and Characteristic Curves (1,=25°C unless otherwise noted)

Figure 1 - TVS Transients Clamping Waveform Figure 2 - Peak Pulse Power Rating Curve

Voltage Transients 100

Ty initial =Tamp

Voltage Across TVS

10

stacked-die, 600W

Current Through TVS \ at 10x1000us, 25°C

1 Single die, 400W
at 10x1000ys, 25°C

Voltage or Current
P..-Peak Pulse Power (kW)

0.1
0.001 0.01 0.1 1 10

t,-Pulse Width (ms)

Time

continues on next page.
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unless otherwise noted) (Continued)

Figure 3 - Peak Pulse Power Derating Curve Figure 4 - Pulse Waveform

N
o
o

B D o]
o o o

Derating in Percentage %

N
o

Peak Pulse Power (P,.) or Current (I.;,)

0 25 50 75 100 125 150 175
T, - Initial Junction Temperature (°C)

ﬂ
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v°©

|¢ t=10usec Tye25°C
Pulse Width(td) is defined
as the point where the peak

Peak Value current decays to 50% of Ippy

100 & IPPM
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/ PP (‘PPM)

- 0
lev~ Peak Pulse Current, % I,

50 10/1000psec. Waveform
as defined by R.E.A
<+ tg P
0
0 1.0 2.0 3.0 4.0

t-Time (ms)

Figure 5 - Typical Junction Capacitance

Figure 6 - Typical Transient Thermal Impedance
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Uni-directional V=0V
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Tp - Pulse Duration (s)

Figure 7 - Maximum Non-Repetitive Forward Surge

Current Uni-Directional Only

Figure 8 - Peak Forward Voltage Drop vs Peak Forward

Current (Typical Values)
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IFSM - Peak Forward Surve Current (A)

[
o

1 10 100
Number of Cycles at 60 Hz

100.0

Single die ~y

Stacked-die
10.0

1.0

|- Peak Forward Current (A)

0.1
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VF-Peak Forward Voltage(V)
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Transient Voltage Suppression Diodes
Surface Mount —400W > SMAJ series

Soldering Parameters

Reflow Condition ;sgs;jﬁf
-Temperature Min (T_ ) 150°C

Pre Heat |-Temperature Max (T, ) 200°C
-Time (min to max) (t,) 60 - 180 secs

Average ramp up rate (Liquidus Temp (T,)
to peak

3°C/second max

Tgman 10 T, - Ramp-up Rate 3°C/second max
-Temperature (T,) (Liquidus) 217°C

Reflow - -
-Time (min to max) (t.) 60 — 150 seconds

Peak Temperature (T,)

260+0/»5 °C

Time within 5°C of actual peak
Temperature (tp)

20 — 40 seconds

Ramp-down Rate

6°C/second max

Time 25°C to peak Temperature (T,)

8 minutes Max.

Critical Zone
T toTp

-

Ramp-down

s
Preheat

Temperature (T)
—

25°C

«———————— t25'CtoPeak ———————————————— @

Time (t)

Environmental Specifications

Do not exceed

260°C

Physical Specifications

Weight 0.002 ounce, 0.061 gram
JEDEC DO-214AC Molded Plastic over
Case . ) ;
glass passivated junction
. Color band denotes cathode except
Polarity :
Bipolar
Terminal Matte Tin-plated leads, Solderable per
JESD22-B102

High Temp. Storage JESD22-A103
HTRB JESD22-A108
Temperature Cycling JESD22-A104

MSL JEDEC-J-STD-020, Level 1
H3TRB JESD22-A101
RSH JESD22-A111

Inches Millimeters

DO-214AC (SMA)
Cathode Band

(for Uni-directional products only)

A

f

C

l

— s —

B —
Tl
J KL,

/ [+

Dimensions
A 0.049 0.065 1.250 1.650
B 0.157 0.181 3.990 4.600
© 0.095 0.110 2.400 2.790
D 0.075 0.090 1.900 2.290
E 0.030 0.060 0.780 1.5620
F - 0.008 - 0.203
G 0.189 0.208 4.800 5.280
H 0.006 0.012 0.152 0.305
| 0.070 = 1.800 =
J 0.082 - 2.100 -
K - 0.090 - 2.300
L 0.082 - 2.100 -

© 2015 Littelfuse, Inc.

Specifications are subject to change without notice.

Revised: 11/20/15



Transient Voltage Suppression Diodes

_ T4 Littelfuse
Surface Mount —400W > SMAJ series

Expertise Applied | Answers Delivered

Part Numbering System Part Marking System
—

SMAJ XXX CA

I || Cathode Band
(for Uni-directional products only)
m I Tr~Littelfuse Logo
5% V,; VOLTAGE TOLERANCE

BI-DIRECTIONAL I~ Marking Code

V, VOLTAGE YMXXX .
Trace Code Marking

| I— Y:Year Code

M: Month Code
XXX: Lot Code

— SERIES

Packaging

Component Quantity Packaging Packaging

Part number Package Option Specification

SMAJ-xxxXX DO-214AC 5000 Tape & Reel - 12mm tape/13” reel EIA STD RS-481

Tape and Reel Specification

0.157‘>| I<_
(4.0)

bobdboooocoooooooooood Cathode
S o n] ] ===
0.157 0.059
(4.0) (1.5) DIA Cover tape
< 13.0 (330) >
Dimensions are in inches
0.80 (20.2) (and millimeters).

Arbor Hole Dia.

Direction of Feed

..........................

© 2015 Littelfuse, Inc.
Specifications are subject to change without notice.
Revised: 11/20/15



- Green SMAT70A / SMBT70A
400w, 600W SURFACE MOUNT TRANSIENT VOLTAGE SUPPRESSOR

1 M € O R P ORATED

Features Mechanical Data

e 400, 600W Peak Pulse Power Dissipation e Case: SMA/SMB

e 70V Standoff Voltage e  Case Material: Molded Plastic. UL Flammability Classification
e 100V Maximum Clamping Voltage Rating 94V-0

e  Suitable for 48V Backplane Telecom Applications e  Moisture Sensitivity: Level 1 per J-STD-020D

. Glass Passivated Die Construction . Terminals: Lead-Free Plating (Matte Tin Finish). Solderable

e  Fast Response Time: Typically Less than 1ps per MIL-STD-202, Method 208 €3>

e  Lead-Free Finish; RoHS Compliant (Notes 1 & 2) e Polarity Indicator: Cathode Band

e  Halogen and Antimony Free. “Green” Device (Note 3) e Weight: SMA 0.064 grams (Approximate)

SMB 0.093 grams (Approximate)

Top View Bottom View
Ordering Information (Note 4)
Part Number Case Packaging
SMAT70A-13-F SMA 5,000/Tape & Reel
SMBT70A-13-F SMB 3,000/Tape & Reel

Notes: 1. EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant. All applicable RoHS exemptions applied.
2. See http://lwww.diodes.com/quality/lead_free.html for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green"
and Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
4. For packaging details, go to our website at http”//www.diodes.com/products/packages.html.

Marking Information

xxx = Product Type Marking Code
1 See Electrical Characteristics Table
Jil YW i1 = Manufacturers’ Code Marking
YWW = Date Code Marking
Y = Last Digit of Year ex: 4 for 2014
WW = Week Code 01 to 53

SMAT70A / SMBT70A 1of5 November 2014
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SMAT70A / SMBT70A

Maximum Ratin JS (@Ta = +25°C unless otherwise specified.)

Characteristic Symbol SMAT70A SMBT70A Unit
Peak Pulse Power Dissipation
(Non-repetitive current pulse derated above Ta = +25°C) Pk 400 600 W
Peak Forward Surge Current, 8.3ms Single Half-Sine Wave | 20 100 A
Superimposed on Rated Load (Note 5) FSM
Instantaneous Forward Voltage @ Ipp = 35A (Note 5) VE 3.5 \%
Thermal Characteristics
Characteristic Symbol Value Unit
Operating and Storage Temperature Range T3, Tste -55 to +150 °C
Electrical Characteristics (@Ta = +25°C unless otherwise specified.)
R Breakdown Mau. Max. Max. Peak | Typical Total Jgﬂgaé
Stz\;egsfef Voltage Test Reverse Clamping Pulse.Current C);F:Jl;?itagci Temg
Part Number Voltage VBr @ It Current Leakage @ | Voltage @ oo (Note 6) variation | Marking
(Note 6) VrRwM lop Code
of Ver
Min | Max o
Vrwwm (V) ~ | v It (mA) IR (LA) Ve (V) Gy (PF) mv/°C
SMAT70A 70 77.8 | 89.5 1.0 5.0 100 3.5 140 80 KEX
SMBT70A 70 77.8 | 89.5 1.0 5.0 100 5.3 290 80 NPX
Notes: 5. Vgr measured with Ir current pulse = 10 ~ 15 ms.
6. f = IMHz, Vg = OVDC.
100
% \ — k— t, = 10ps
X % \ ;:& 100 Peak Value |pp
zg ® \ S
x [
95
E @) \ &
58 \ :
% % 50 8 Half Value I,,/2
L
w= n
$o \ % 50
Sa D
o
(a4
<3 \ <
ne \ d ™.
o \ - \
Q.
—— 10 X 1000 Wavef =
as defined bifvgg,&m b 10 X 1000 Waveform —
as defined by R.E.A.
0 \ \ \ 0 ‘ ‘
0 25 50 75 100 125 150 175 200 0 1 2 3
t, TIME (ms)
T AMBIENT TEMPERATURE (°C) Fig. 2 Pulse Waveform
Fig. 1 Pulse Derating Curve
SMAT70A / SMBT70A 20f5 November 2014
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100 ImEREE T 100
b
T,=25C
L |
g \\ N Non Repetitive ||| (LI; 95
=2 NUTN Pulse Waveform <
v N \ Shown in Fig. 3 ':
g 10 S Q
2 N HHH >
o N Z 90
o S SMBT70A s
7 q ' 5
= NN 2
& M N X85
< 1.0 SMAT70A AN %
L AN -
o AN &
a N N
B ~ ~ 80
ANERLY
\\~
0.1 75
0.1 1.0 10 100 1,000 10,000

t,, PULSE WIDTH (ps)
Fig. 3 Pulse Rating Curve

SMAT70A / SMBT70A

0

25 50 75 100 125 150
T, AMBIENT TEMPERATURE (°C)

Fig. 4 Average Breakdown Voltage vs. Ambient Temperature

Package Outline Dimensions

Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for the latest version.

(1) SMA | B |
A
T
J
|
o o
E
(2 SMB
| : |
A

T

-

:r/_*_

o

B\

<—H—>| G

SMAT70A / SMBT70A
Document number: DS30213 Rev. 11 - 2

30f5
www.diodes.com

SMA

Dim Min Max
A 2.29 | 2.92
B 4.00 4.60
C 1.27 1.63
D 0.15 0.31
E 4.80 5.59
G 0.05 | 0.20
H 0.76 1.52
J 2.01 | 2.30
All Dimensions in mm

SMB

Dim Min Max
A 3.30 3.94
B 4.06 4.57
C 1.96 2.21
D 0.15 0.31
E 5.00 5.59
G 0.05 0.20
H 0.76 1.52
J 2.00 2.50
All Dimensions in mm

November 2014

© Diodes Incorporated
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SMAT70A / SMBT70A

Suggested Pad Layout

Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.

(1) SMA

N

(2) SMB

[ X1

N

SMAT70A / SMBT70A
Document number: DS30213 Rev. 11 - 2

4 0of 5
www.diodes.com

Dimensions | Value (in mm)
C 4.00
G 1.50
X 2.50
X1 6.50
Y 1.70
Dimensions | Value (in mm)

C 4.30

G 1.80

X 2.50

X1 6.80

Y 2.30

November 2014

© Diodes Incorporated
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2014, Diodes Incorporated

www.diodes.com
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SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

Meet or Exceed the Requirements of ANSI
Standard EIA/TIA-422-B, RS-423-B, and
RS-485

Meet ITU Recommendations V.10, V.11,
X.26, and X.27

Designed for Multipoint Bus Transmission
on Long Bus Lines in Noisy Environments

3-State Outputs

Common-Mode Input Voltage Range
-12Vto12V

Input Sensitivity . . . £200 mV

Input Hysteresis . .. 50 mV Typ
High Input Impedance . . . 12 kQ Min
Operate From Single 5-V Supply
Low-Power Requirements

Plug-In Replacement for MC3486

description

D OR N PACKAGE

(TOP VIEW)
18[1 U16]VCC
1A[]2 15[] 4B
MIE 14[] 4A

1,2EN[] 4 13]] 4Y
2Y[]5 12]] 3,4EN
2A[le 11[] 3y
2B[]7 10[] 3A

GND[]8 o[l 3B

The SN65175 and SN75175 are monolithic quadruple differential line receivers with 3-state outputs. They are
designed to meet the requirements of ANSI Standards EIA/TIA-422-B, RS-423-B, and RS-485, and several ITU
recommendations. These standards are for balanced multipoint bus transmission at rates up to 10 megabits
per second. Each of the two pairs of receivers has a common active-high enable.

The receivers feature high input impedance, input hysteresis for increased noise immunity, and input sensitivity
of £200 mV over a common-mode input voltage range of £12 V. The SN65175 and SN75175 are designed for
optimum performance when used with the SN75172 or SN75174 quadruple differential line drivers.

The SN65175 is characterized for operation from —40°C to 85°C. The SN75175 is characterized for operation

from 0°C to 70°C.

FUNCTION TABLE
(each receiver)
DIFFiR_EIB\lTIAL ENABLE OU'I\'(PUT

Vip=0.2V H H
-02V<Vp<02V H ?
Vp<-02V H L

X L z

Open circuit H ?

H = high level, L = low level, ? = indeterminate,
X = irrelevant, Z = high impedance (off)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

testing of all pararﬁeters.

Copyright © 2006, Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

logic symbolt

logic diagram (positive logic)

4 4
1,2EN 4|_EIN IJ 1,2EN
2
W= ] o LA 2
N v 1A 3
1B p 1 | —— 1y
2A 7 > 2y "
2B R AN 6
2A 5
12 7 o 2y
3,4EN 4|_EIN IJ 2B Q
10
3A 9 ] o n 3Y 12
v
3B —D 3,4EN
14
A 15 13 4Y
B ——D 10
3A 11
. L. . 9 N —— 3Y
T This symbol is in accordance with ANSI/IEEE Std 91-1984 and 3B —O
IEC Publication 617-12.
14
4A 13
15 o 4Y
4B —O

schematics of inputs and outputs

Vee

Input

EQUIVALENT OF EACH A OR B INPUT

EQUIVALENT OF EACH ENABLE INPUT

Vee

Input

TYPICAL OF ALL OUTPUTS

i Vee
85Q
NOM
Output

Q’ TeEXAS
INSTRUMENTS
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SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vg (S€8 NOte 1) .o o e 7V
Input voltage V|, (A Or BinpulS) . ... oo e +25V
Differential input voltage, Vip (see Note 2) . .. ... o i e +25V
Enable input voltage, V|, EN . .. 7V
Low-level output CUIreNnt, [op .. oo 50 mA
Continuous total dissipation .............c.c i See Dissipation Rating Table
Operating free-air temperature range, Ta: SNB65175 ... ... ... i —-40°C to 85°C

SN75175 0°C to 70°C
Storage temperature range, Tgtg -« -« v e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............ ... ... i, 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential input voltage, are with respect to network ground terminal.

2. Differential-input voltage is measured at the noninverting input with respect to the corresponding inverting input.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING Tp =70°C Tp = 85°C
POWER RATING FACTOR  POWER RATING POWER RATING

D 950 mW 7.6 mW/°C 608 mW 494 mW

N 1150 mW 9.2 mW/°C 736 mW 598 mW

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Ve 4.75 5 525 \Y
Common-mode input voltage, V|c +12 \
Differential input voltage, V|p +12 \%
High-level enable-input voltage, V| 2 \Y
Low-level enable-input voltage, V. 0.8 \%
High-level output current, loy -400 nA
Low-level output current, Ig_ 16 mA
SN65175 -40 85
Operating free-air temperature, Ta SN75175 0 70 °C

{'} TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

electrical characteristics over recommended ranges of common-mode input voltage, supply
voltage and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
ViTs Positive-going input threshold voltage | Vo= 2.7V, lo=-0.4 mA 0.2 Vv
ViT_ Negative-going input threshold voltage | Vo= 0.5V, lo=16 mA -0.2¢% \
Vhys Hysteresis voltage (V14 — ViT2) See Figure 4 50 mV
Vik Enable-input clamp voltage lI=-18 mA -1.5 \'
VoH High-level output voltage Vip =200 mV, loqy=-400 uA, See Figure 1 2.7 Vv
loL =8 mA 0.45
VoL Low-level output voltage Vip=-200 mV, See Figure 1 oL = 16 mA 05 \Y
loz High-impedance-state output current Vo= 04Vto24V +20 uA
V=12V 1
Iy Line input current Other inputat 0V, See Note 3 V=7V Y mA
IH High-level enable-input current Vig=27V 20 A
IR Low-level enable-input current ViL=04V -100 LA
r Input resistance 12 kQ
los Short-circuit output currentd -15 -85 mA
lcc Supply current Outputs disabled 70 mA

T All typical values are at Voc = 5 V, Ta = 25°C.

* The algebraic convention, in which the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold voltage
levels only.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second.

NOTE 3: Refer to ANSI Standards EIA/TIA-422-B, RS-423-B, and RS-485 for exact conditions.

switching characteristics, Vcc =5V, CL = 15 pF, Ty = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

tpLH Propagation delay time, low- to high-level output 22 35 ns
- - - See Figure 2

tpHL Propagation delay time, high- to low-level output 25 35 ns

tpzH Output enable time to high level 13 30 ns
- See Figure 3

tpzL Output enable time to low level 19 30 ns

tpyz  Output disable time from high level . 26 35 ns
- - See Figure 3

tpLz Output disable time from low level 25 35 ns

‘5’ TeEXAS
INSTRUMENTS
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SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

PARAMETER MEASUREMENT INFORMATION

4
Vip
i Vou S
|
?|0|_ L OH
2v VoL ) )
Figure 1. Vou, VoL
Generator Output  —_—_—_—_— 3V
(see Note A) Input 15V | 1.5V
\ ov

tiy —f—» oy ——H

C|_ =15 pF— ‘ + ——V,
OH
(see Note B) i Output 1.3V 1.3V

L VoL

2V
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t; < 6 ns, t;
<6ns,Zpo=50Q.
B. C includes probe and stray capacitance.

Figure 2. Test Circuit and Voltage Waveforms

{'} TEXAS
INSTRUMENTS
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SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

PARAMETER MEASUREMENT INFORMATION

Output

15V —Q Swi
O

-1.5vVv —° o— 5V

See Note C
CL
(see Note B)

Generator
(see Note A)

TEST CIRCUIT
3V 3V
Input _\_/HT Input _\_/HT
T___ OV swito15V T——7 0V swito-15V
t SW2 Open tpzr —— SW2 Closed
PZH SW3 Closed | SW3 Open
\ VoH +——45V
Output UV Output I\EV
——— 0V VoL
tpzH tpzL
3V 3V 3V
Input 15V Input 15V
\ ———— 0V SWito15V \ ———— 0V gSwito-15V
SW2 Closed \ .
t SW2 Closed
—p—t PLZ —ﬂ—N
PHZ SW3 Closed \ SW3 Closed
\ VoH \ ——— 1.4V
Output W Output 05V
——— 14V VoL
tpHz tpLz

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle = 50%, t < g s,
tr<6ns,Zo=50Q.
B. C includes probe and stray capacitance.
C. All diodes are 1N916 or equivalent.

Figure 3. Test Circuit and Voltage Waveforms

‘5’ TeEXAS
INSTRUMENTS
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SN65175, SN75175

QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

Vo- Output Voltage - V

VoH ™ High-Level Output Voltage - V

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
Vs
DIFFERENTIAL INPUT VOLTAGE
5 ] T ]
Vec=5V lo=0 Ta =25°C
4.5
4 ([ 4 4 4
4
V|C = VIC = VIC =
3.5 —12v 1o 12V
3 |
VIT— r V|T_ V|'|'_
2.5 i i
Y (vellY vief ¥ Vit
2
1.5
1
0.5
0

-125 -100 -75 -50-25 0 25 50 75 100 125
V|p - Differential Input Voltage — mV

Figure 4

HIGH-LEVEL OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE
5 I —
45— Vp=0.2V
lon = -400 pA

|

3.5

3 SN65175 Only —

25

15

0.5

0 10 20 30 40 50 60 70 80 90
Ta - Free-Air Temperature - °C

Figure 6

VoH -~ High-Level Output Voltage - V

VoL~ Low-Level Output Voltage - V

4.5

3.5

25

1.5

0.5

0.6

0.5

0.4

0.3

0.2

0.1

HIGH-LEVEL OUTPUT VOLTAGE
Vs
HIGH-LEVEL OUTPUT CURRENT

v.[', =02V
- Tp = 25°C
\\
\\ Vee =!5.25 !v
\N Vec=5V
N\
AN
[— Vec=4.75V N N
cc \\k\
AN

0 -5 -10 -15 -20-25-30-35-40-45-50

loH — High-Level Output Current - mA

Figure 5

LOW-LEVEL OUTPUT VOLTAGE
Vs
LOW-LEVEL OUTPUT CURRENT

Ta = 25°C
- V?D =-02V A
pad
// /
V4
0 5 10 15 20 25 30

loL — Low-Level Output Current - mA

Figure 7

{’? TEXAS
INSTRUMENTS
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SN65175, SN75175

QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

TYPICAL CHARACTERISTICS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

LOW-LEVEL OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE ENABLE G VOLTAGE
05T ] 5 |
Vec=5V Vip=02V
Vp=-02V Load = 8 kQ to GND
> loL =8 mA Tp = 25°C
é, 0.4 4 IVcc =525V —
© >
: : >
5 0.3 —— g 3 Vec =475V |
£ S Vee=5V —]
5 >
o 5
T SN65175 Only a2
3 02 3 2
2 1
3 2
|
4 0.1 1
=3
0 0
0 10 20 30 40 50 60 70 80 90 0.5 1 15 2 2.5 3
Ta - Free-Air Temperature - °C Enable G Voltage - V
Figure 8 Figure 9
OUTPUT VOLTAGE SUPPLY CURRENT (ALL RECEIVERS)
Vs vs
ENABLE G VOLTAGE SUPPLY VOLTAGE
6 | | T 100
Vec=5.25V Vip=-0.2V 90 |— No Load
Load =1 kQ to Vg Inputs Open
S ?\_' Ta=25°C 7] 80 — Ta=25°C /
> Vee=4.75V 1 //
' 70 Outputs Disabled —A
> 4 N / 4
= Vec=5V g /
(=] = 60 74
= £ / /
i s S 50 /
= = /
= Q
o = / /
1 a 4 7~ Outputs Enabled —
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SN65175, SN75175
QUADRUPLE DIFFERENTIAL LINE RECEIVERS

SLLS145C — OCTOBER 1990 — REVISED NOVEMBER 2006

TYPICAL CHARACTERISTICS

INPUT CURRENT
VS
INPUT VOLTAGE
! b
Vec=5V
075 T TA =25°C /
< 05 v
£ / //
L 025 ~
E’ d //
3 0 i
i gl
£ -025 (
1
= / The Unshaded Area |
=05~ / Conforms to
Figure 3.2 of
-0.75 | EIA RS-485 -

-1
-8 -6 -4 -2 0 2 4 6 8 10 12

V| - Input Voltage - V

Figure 12

APPLICATION INFORMATION

1/4 SN75172 1/4 SN75174
’ {6 3
Rt Ry

(¢
))

1/4 SN75173 Up to 32 1/4 SN75175

Driver/Receiver
Pairs
1/4 SN75172 1/4 SN75173 1/4 SN75173  1/4 SN75174

NOTE A: The line should be terminated at both ends in its characteristicc impedance (Rt = Zp). Stub lengths off the main line should be kept
as short as possible.

Figure 13. Typical Application Circuit

{'} TEXAS
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PACKAGE OPTION ADDENDUM

www.ti.com 24-Apr-2015
PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 2 (6) [©) (415)
SN65175D ACTIVE SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SN65175 Samples
& no Sb/Br) . -
SN65175DG4 ACTIVE SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SN65175 Samples
& no Sh/Br) a =
SN65175DR ACTIVE SoIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SN65175 Samples
& no Sh/Br) =
SN65175DRG4 ACTIVE SoIC D 16 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SN65175 Samnles
& no Sh/Br) R
SN75175D ACTIVE SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 SN75175 o 1
Samples
& no Sh/Br)
SN75175DE4 ACTIVE SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 SN75175 Eerore:
& no Sh/Br) R
SN75175DG4 ACTIVE SoIC D 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 SN75175 ol
& no Sh/Br) s 4
SN75175DR ACTIVE SoIC D 16 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 SN75175 ol
& no Sb/Br) s
SN75175DRE4 ACTIVE SoIC D 16 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 SN75175 ol
& no Sh/Br) s
SN75175DRG4 ACTIVE SoIC D 16 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 SN75175 Samples
& no Sb/Br) - =
SN75175J OBSOLETE CDIP J 16 TBD Call Tl Call Tl 0to 70
SN75175N ACTIVE PDIP N 16 25 Pb-Free CU NIPDAU N/ A for Pkg Type Oto 70 SN75175N ol
(RoHS) s
SN75175NSR ACTIVE SO NS 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 SN75175 ol
& no Sh/Br) s
SN75175NSRE4 ACTIVE SO NS 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 SN75175 Samples
& no Sb/Br) - =
SN75175NSRG4 ACTIVE SO NS 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 SN75175 Samples
& no Sh/Br) . =
® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

Addendum-Page 1



http://www.ti.com/product/SN65175?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/SN75175?CMP=conv-poasamples#samplebuy
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OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 2
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www.ti.com 8-Apr-2013
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
SN65175DR SoIC D 16 2500 330.0 16.4 6.5 10.3 21 8.0 16.0 Q1
SN75175DR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1
SN75175DR SOIC D 16 2500 330.0 16.4 6.5 10.3 2.1 8.0 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 8-Apr-2013
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN65175DR SoIC D 16 2500 333.2 345.9 28.6
SN75175DR SoIC D 16 2500 333.2 345.9 28.6
SN75175DR SOIC D 16 2500 367.0 367.0 38.0

Pack Materials-Page 2




J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
aiaiaialaiala B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» e 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— — ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AW | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 (18.92) | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
—T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TExAS
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
w3 TExas
INSTRUMENTS
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LAND PATTERN DATA

PLASTIC SMALL OUTLINE

D (R—PDSO—G16)

Example Board Layout

Stencil Openings
(Note D)

Example
Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

Example
Solder Mask Opening
(See Note E)

.‘ ——Tl=—0,07 /
\ All Around /
\. /
N y
~ -

(Note C)
—= =—16x0,55

——l |<—14x1,27 ‘ ——l |<—14x1,27
nnonnoono 16x150 alalnEnlaln
|_||_||_||_||_||_||_||_|T * OO0 O0o0m r

5,40 5.40

,/"“\\
./I_II_I‘\I_II_II_II_II_II_Il nnnnnonoo &
oo oo oo

4211283-4/E 08/12

NOTES: All linear dimensions are in millimeters.

Publication IPC-7351 is recommended for alternate designs.

Customers should

A

B. This drawing is subject to change without notice.
C

D

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

ol I s
1A RAAAT

0,15 NOM

|
L

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone & \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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TDCG10..m, TDCR10..m, TDCY10..m

www.vishay.com Vishay Semiconductors
Clock Display
FEATURES

¢ High efficient AlInGAP technology @

e Dark surface, white segments
e Common anode (TDC.1050m)
\ e Common cathode (TDC.1060m) RoHS
¢ Multiplex mode COMPLIANT

g ’I | | | | ¢ Recommended viewing distance up to 7 m

| | ’I e Material categorization: For definitions of compliance

please see www.vishay.com/doc?99912

16770

APPLICATIONS

¢ Clock modules for video/audioequipment, instrumentation,
set top boxes

DESCRIPTION

Four digit display, with 10 mm digit charactersize. Designed PRODUCT GROUP AND PACKAGE DATA
as clock display with active colon between digit two and « Product group: Display

three. )

e Package: 10 mm clock
¢ Product series: Standard
¢ Angle of half intensity: + 50°

PARTS TABLE

LUMINOUS INTENSITY| at WAVELENGTH at |FORWARD VOLTAGE| at
PART COLOR (pcd) I (nm) I v) Ig CIRCUITRY
MIN. | TYP. | MAX. |(MA)| MIN. | TYP. | MAX. |(MA)| MIN. | TYP. | MAX. |(mA)

TDCG1050m Green 2800 | 4000 - 10 | 562 | 573 | 575 | 20 - 2 2.4 20 | Common anode
TDCG1060m Green 2800 | 4000 - 10 | 562 | 573 | 575 | 20 - 2 2.4 20 | Common cathode
TDCR1050m Red 4000 | 6000 - 10 - 631 - 20 - 2 2.4 20 | Common anode
TDCR1060m Red 4000 | 6000 - 10 - 631 - 20 - 2 2.4 20 | Common cathode
TDCY1050m | Super yellow | 4000 | 8000 - 10 - 589 - 20 - 2 2.4 20 | Common anode
TDCY1060m | Super yellow | 4000 | 8000 - 10 - 589 - 20 - 2 2.4 20 | Common cathode

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
TDCG1050m, TDCG1060m, TDCR1050m, TDCR1060m, TDCY1050m, TDCY1060m

PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage per segment VR 5 \Y

DC forward current per segment I 25 mA

Peak forward current per segment Duty 1/10 at 1 kHz IEm 160 mA
Power dissipation Py 60 mwW
Operating temperature range Tamb -40to+ 85 °C
Storage temperature range Tstg -40to + 100 °C
Soldering temperature Tsd 260+ 5 °C

Rev. 1.6, 17-Apr-13 1 Document Number: 83180

For technical questions, contact: LED@Vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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VISHAY. | TDCG10..m, TDCR10..m, TDCY10..m
- vishay.com Vishay Semiconductors

OPTICAL AND ELECTRICAL CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
TDCG1050m, TDCG1060m, GREEN
PARAMETER TEST CONDITION PART SYMBOL MIN. TYP. MAX. UNIT
TDCG1050m
lF=2mA ly - 1000 - ucd
. ) ) TDCG1060m
Luminous intensity per segment (1)
TDCG1050m
Ir=10 mA ly 2800 4000 - pcd
TDCG1060m
TDCG1050m
lF=2mA ly - 200 - pcd
. . . TDCG1060m
Luminous intensity of colon
TDCG1050m
le=10mA ly 500 1200 - pcd
TDCG1060m
Dominant wavelength Ir=20mA Ad 562 573 575 nm
Peak wavelength I =20 mA Ao - 575 - nm
- TDCG1050m,
Spectral bandwidth Ir =20 mA TDCG1060m N, - 20 - nm
Forward voltage per segment or DP IF=20mA Vg - 2 2.4 \%
Reverse current per segment or DP VR=5V IR - - 10 MA
Note

M lymin. and ly groups are mean values of all segments (a to g, D1 to D4), matching factor within segments is > 0.5, excluding decimal points
and colon.

OPTICAL AND ELECTRICAL CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
TDCR1050m, TDCR1060m, RED
PARAMETER TEST CONDITION PART SYMBOL MIN. TYP. MAX. UNIT
TDCR1050m
lF=2mA ly - 1500 - pcd
. . . TDCR1060m
Luminous intensity per segment ()
TDCR1050m
IF=10mA ly 4000 6000 - pcd
TDCR1060m
TDCR1050m
lF=2mA ly - 400 - pcd
. . . TDCR1060m
Luminous intensity of colon
TDCR1050m
Ir=10mA ly 500 800 - pcd
TDCR1060m
Dominant wavelength IF=20mA Ad - 631 - nm
Peak wavelength Ir=20 mA Ao - 639 - nm
- ~ TDCR1050m,
Spectral bandwidth Ir =20 mA TDCR1060m Ay, - 20 - nm
Forward voltage per segment or DP Ir =20 mA Vg - 2 2.4 \Y
Reverse current per segment or DP Vg=5V IR - - 10 pA
Note

M Iymin. and ly groups are mean values of all segments (a to g, D1 to D4), matching factor within segments is > 0.5, excluding decimal points
and colon.

Rev. 1.6, 17-Apr-13 2 Document Number: 83180

For technical questions, contact: LED@Vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000
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VISHAYI® TDCG10..m, TDCR10..m, TDCY10..m

www.vishay.com

Vishay Semiconductors

OPTICAL AND ELECTRICAL CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
TDCY1050m, TDCY1060m, SUPER YELLOW
PARAMETER TEST CONDITION PART SYMBOL MIN. TYP. MAX. UNIT
TDCY1050m
lF=2mA Iy - 1500 - pcd
. . . TDCY1060m
Luminous intensity per segment (1)
TDCY1050m
Ir=10mA ly 4000 8000 - pcd
TDCY1060m
TDCY1050m
lr=2mA ly - 400 - pcd
. ) ) TDCY1060m
Luminous intensity of colon
TDCY1050m
le=10mA ly 500 1000 - pcd
TDCY1060m
Dominant wavelength IF=20 mA g - 589 - nm
Peak wavelength I =20 mA Ao - 591 - nm
- TDCY1050m,
Spectral bandwidth Ir =20 mA TDCY1060m N, - 15 - nm
Forward voltage per segment or DP IF=20mA Vg - 2 2.4 \%
Reverse current per segment or DP VR=5V IR - - 10 MA
Note

M lymin. and ly groups are mean values of all segments (a to g, D1 to D4), matching factor within segments is > 0.5, excluding decimal points
and colon.
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Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and
operatingsystems with respect to their impact on the health and safety of our employees and the public, as
well as their impact on the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are
known as ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs
and forbid their use within the next ten years. Various national and international initiatives are pressing for an
earlier ban on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the
use of ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments
respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design
and may do so without further notice.

Parameters can vary in different applications. All operating parameters must be validated for each
customer application by the customer. Should the buyer use Vishay Semiconductors products for any
unintended or unauthorized application, the buyer shall indemnify Vishay Semiconductors against all

claims, costs, damages, and expenses, arising out of, directly or indirectly, any claim of personal

damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

www.vishay.com Document Number 83926
2 Rev. 1.1, 25-Mar-04
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Disclaimer

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

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

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

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

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

Revision: 13-Jun-16 1 Document Number: 91000
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High Speed Optocoupler, Single and Dual, 10 MBd

Single channel

NC [1]
A2
c [E]
NC [4]

6N137, VO2601, VO2611
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Dual channel
Al EEZ\L EX\VAS
c1 EZH XDy,
1
c2 E%;,D—E Yoz
A2 [4] —T5lenp
3 V02630, VO2631, VO4661
< ——eae
A A R £ BSE eae

DESCRIPTION

The 6N137, VO2601, and VO2611 are single channel
10 MBd optocouplers utilizing a high efficient input LED
coupled with an integrated optical photodiode IC detector.
The detector has an open drain NMOS-transistor output,
providing less leakage compared to an open collector
Schottky clamped transistor output. The VO2630, VO2631,
and VO4661 are dual channel 10 MBd optocouplers. For the
single channel type, an enable function on pin 7 allows the
detector to be strobed. The internal shield provides a
guaranteed common mode transient immunity of 5 kV/us for
the VO2601 and VO2631 and 15 kV/us for the VO2611 and
VO4661. The use of a 0.1 pyF bypass capacitor connected
between pin 5 and 8 is recommended.

FEATURES

e Choice of CMR performance of 15 kV/us,
5 kV/us, and 1000 V/us

¢ High speed: 10 MBd typical
¢ +5V CMOS compatibility
¢ Pure tin leads

e Guaranteed AC and DC performance over
temperature

¢ Meets IEC 60068-2-42 (SO,) and IEC 60068-2-43 (H»S)
requirements

e Low input current capability of 5 mA

e Material categorization: for definitions of compliance
please see www.vishay.com/doc?99912

APPLICATIONS

e Microprocessor system interface

e PLC, ATE input / output isolation

e Computer peripheral interface

e Digital fieldbus isolation: CC-link, DeviceNet, profibus, SDS
¢ High speed A/D and D/A conversion

¢ AC plasma display panel level shifting

¢ Multiplexed data transmission

e Digital control power supply

e Ground loop elimination, noise isolation

AGENCY APPROVALS

e UL1577

e cUL

e DIN EN 60747-5-5 (VDE 0884-5) available with option 1
e BS EN 60950-1

e CQC GB8898-2011, GB4943.1-2011

Pb-free

RoHS

COMPLIANT

ORDERING INFORMATION

DIP-8 Option 6

PART NUMBER

ojojajojojoyaiujojojoyaiy i )

PACKAGE OPTION

TAPE

AND Option 7 Option 9
Y
>0.7mm >0.1 mm
CHANNELS 1 CHANNELS 2
AGENCY CERTIFIED/PACKAGE
CMR (V/us) CMR (V/us)

BSI, UL, cUL 1000 5000 15 000 1000 5000 15 000
DIP-8 6N137 V02601 V02611 V02630 V02631 V04661
DIP-8, 400 mil (option 6) 6N137-X006 | VO2601-X006 | VO2611-X006 | VO2630-X006 | VO2631-X006 | VO4661-X006

SMD-8 (option 7)

6N137-X007T

V0O2601-X007T

V02611-X007T

V0O2630-X007T

V02631-X007T

V0O4661-X007T

SMD-8 (option 9)

6N137-X009T

VO2630-X009T

VDE, BSI, UL, cUL

1000

5000

15 000

1000

5000

15 000

DIP-8, 400 mil (option 6)

VO2601-X016

VO2611-X016

VO2631-X016

SMD-8 (option 7)

V0O2601-X017T

VO2611-X017T

V02631-X017T

Rev. 2.0, 27-Sep-16
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TRUTH TABLE (positive logic)

LED ENABLE OUTPUT
On H L
Off H H
On L H
Off L H
On NC L
Off NC H

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

PARAMETER | CONDITIONS |  symBoL | VALUE UNIT
INPUT
Average forward current (single channel) Ip 20 mA
o o ) . ' ™
Reverse input voltage VR 5 \'
Enable input voltage Vg Ve + 0.5V \'
Enable input current Ie 5 mA
Surge current t=100 ps lFsm 200 mA
(Cs)it:]tgltétfhc;wmeéglsmpatlon Puise 35 mw
dO&;Fgagr?r\:\g; dissipation (per channel for Paice o5 mw
OUTPUT
Supply voltage 1 min maximum Vee 7 \Y
Output current lo 50 mA
Output voltage Vo 7 Y
Output power dissipation (single channel) Pgiss 85 mwW
dO&;Fgagr?r\:\g; dissipation (per channel for Paice 60 mw
COUPLER
Storage temperature Tstg -55 to +150 °C
Operating temperature Tamb -40 to +100 °C
Lead solder temperature for10s 260 °C
Solder reflow temperature 260 °C
Note

e Stresses in excess of the absolute maximum ratings can cause permanent damage to the device. Functional operation of the device is not
implied at these or any other conditions in excess of those given in the operational sections of this document. Exposure to absolute
maximum ratings for extended periods of the time can adversely affect reliability.

Rev. 2.0, 27-Sep-16 2 Document Number: 84732
For technical questions, contact: optocoupleranswers@vishay.com
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Fig. 1 - Total Power Dissipation vs. Ambient Temperature Fig. 3 - Forward Current vs. Ambient Temperature
(single channel) (single channel)
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T g g N
3
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0 25 50 75 100 125 0 25 50 75 100 125
Tamb - Ambient Temperature (°C) Tamp - Ambient Temperature (°C)
Fig. 2 - Total Power Dissipation vs. Ambient Temperature Fig. 4 - Forward Current vs. Ambient Temperature
(dual channel) (dual channel)
RECOMMENDED OPERATING CONDITIONS
PARAMETER TEST CONDITION SYMBOL MIN. MAX. UNIT
Operating temperature Tamb -40 100 °C
Supply voltage Vee 4.5 5.5 V
Input current low level leL 0 250 pA
Input current high level lFH 5 15 mA
Logic high enable voltage Vel 2 Vece \%
Logic low enable voltage VEL 0 0.8 V
Output pull up resistor Rp 330 4K Q
Fanout R =1kQ N - 5 -
Rev. 2.0, 27-Sep-16 3 Document Number: 84732
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ELECTRICAL CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

PARAMETER | TEST CONDITION | syYmBoL | MIN. | TYP. MAX. | UNIT
INPUT

Input forward voltage IF=10 mA Vg 1.1 1.4 1.7 \%
Reverse current VR=5V Ir - 0.01 10 YA
Input capacitance f=1MHz, V=0V C - 55 - pF
OUTPUT

High level supply current VE=05V,lF=0mA lcch - 4.1 7 mA
(single channel) Ve = Vee, Ie = 0 mA lccn - 3.3 mA
E;S:?l ';‘]’ae:]z:f)’p'y current Ir = 0 mA lecn ; 6.5 12 mA
Low level supply current VE=0.5V,lg=10mA lccL - 4 7 mA
(single channel) Ve =Vce, e =10 mA lcoL - 3.3 mA
("d°u";l'§‘r’]:'nsnlgf)p'y current Ir = 10 mA looL - 6.5 12 mA
High level output current VE=2V,Vec=5.5V, Ir =250 pA loH - 0.002 1 YA
Low level output voltage |:)/E (=S|§k\|/ng; - 153mrﬁA VoL - 0.2 0.6 v
Input threshold current YgL:(szin\ﬁ’ir:g;C:j g?n\A/’ [ - 2.4 5 mA
High level enable current V=2V len - -0.6 -1.6 mA
Low level enable current VE=0.5V leL - -0.8 -1.6 mA
High level enable voltage Vey 2 - - \%
Low level enable voltage VgL - - 0.8 \%

Note

¢ Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the result of engineering
evaluation. Typical values are for information only and are not part of the testing requirements.

SWITCHING CHARACTERISTICS

PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
: ; ; t 20 48 750 ns
Propagation delay time to high R, =350 Q, C_ =15 pF PLH
output level tpLy - - 100 ns
i i t 25 50 750 ns
Propagation delay time to low R, =350 Q, C_ =15 pF PHL
output level tpHL - - 100 ns
Pulse width disortion RL=350Q, C_ =15 pF [tPHL - tpLH| - 2.9 35 ns
Propagation delay skew R.=350Q, C_ =15 pF tpsk - 8 40 ns
Output rise time (10 % to 90 %) RL.=350Q, C_ =15 pF t - 23 - ns
Output fall time (90 % to 10 %) RL.=350Q, C_ =15 pF t - 7 - ns
Propagation delay time of RL =350 Q, C__ =15 pF, t _ 12 B ns
enable from Vgy to VgL VeL=0V,Vgy =3V ELH
Propagation delay time of RL =350 Q, C_ =15 pF, t ~ 11 ~ ns
enable from Vg_to Vey Ve =0V, Vgy =3V EHL

Notes

e QOver recommended temperature (Tymp = -40 °C to +100 °C), Voc =5V, Ir = 7.5 mA unless otherwise specified. All typicals at Tomp = 25 °C,

Vec=5V.

() 75 ns applies to the 6N137 only, a JEDEC® registered specification

Rev. 2.0, 27-Sep-16
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Vee
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Fig. 5 - Single Channel Test Circuit for tp_y, tpHi, tr and t;
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Fig. 6 - Dual Channel Test Circuit for tp y, tpyi, tr and ts
Pulse gen. Input Vg
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The probe and Jig capacitances are included in C, 18975-2
Fig. 7 - Single Channel Test Circuit for tgy, and tg
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COMMON MODE TRANSIENT IMMUNITY (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Voml =10V, Vec =5V, I = 0 mA,
Voiminy =2V, R =350 @, Tamp =25 °c 0 | [CMdl | 1000 Vs
|VCM| =50V,Vec=5V,lg=0mA,
Vo 2V, Ry =350 O, Tamy = 25 °C @ |CMy| 5000 | 10000 V/us
Voml = 1KV, Vog =5V, I = 0 mA,
Vo2V, Ry =350 0, Tamp = 25 °C @ |CMy| 15000 | 25000 V/us
Common mode transient immunity v - =10V, V. 5V =75 mA
oml = »Vec =9V, [F=7.5mA,
Vomax) = 0.8V, R = 850 O, Tamp =25 °C (0| [OMLI | 1000 Vi
[Voml =50V, Ve =5V, [F=7.5mA,
Vo £ 0.8V, R 350 O, Tomp = 25 5C @) IcMy| 5000 | 10000 V/us
Voml = 1kV, Vo =5V, I = 7.5 mA,
VoL 0.8V, RL S350 0, Tomg = 25 °G @ [CM_| 15000 | 25000 V/ps
Notes
(1) For 6N137 and VO2630
@ For V02601 and V02631
@) For VO2611 and VO4661
Vee
o
I Single channel
% v, (peak)
pea
| cc [8}— R v, /""" Vom —
B ! Ve 4 Output Vo MOV—
A } K 7] To.14F | monitoring Switch AT A: I = 0 mA
out bypass| node Vo 5V ——\ /— CM,
—_—__—VFF \.‘ ,_;E_ o \VA Vo (min.)
I ol Switch AT A: Iz = 7.5 mA
— ----V_ (max.)
GhND = \b 0.5V N2 M,
(AYem
v + @‘/-
Pulse generator
Z,=500Q 18976-2

Fig. 8 - Single Channel Test Circuit for Common Mode Transient Immunity

—
A%l Dual channel
B v
So—1 0 Ve [81 °
At EZ\L QR'— Output V
> \Do_z'_ put Vo

\ monitoring
-4 : L 0.1 uF node
= Vee 3 ESJ’DO_E__ bypass
4 ' 5]
anD [ | L

(A)Vem
rnC

Pulse generator
18977-1 Zo =500

Fig. 9 - Dual Channel Test Circuit for Common Mode Transient Immunity
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SAFETY AND INSULATION RATINGS

PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Climatic classification According to IEC 68 part 1 55/100/ 21
Pollution degree According to DIN VDE 0109 2
Comparative tracking index Insulation group llla CTI 175
Maximum rated withstanding isolation voltage According to UL1577,t =1 min Viso 5300 VRMms
Maximum transient isolation voltage According to DIN EN 60747-5-5 Viotm 8000 Vpeak
Maximum repetitive peak isolation voltage According to DIN EN 60747-5-5 ViorM 890 Vpeak
. . Tamp = 25 °C, Vio =500 V Rio >1012 Q
Isolation resistance
Tamb = 100 °C, Vo = 500 V Rio >10M Q
Output safety power Pso 500 mW
Input safety current Is| 300 mA
Input safety temperature Ts 175 °C
Creepage distance DIP-8 >7 mm
Clearance distance >7 mm
Creepage distance . . >8 mm
- DIP-8, 400 mil (option 6)
Clearance distance >8 mm
Creepage distance . >8 mm
- SMD-8 (option 7)
Clearance distance >8 mm
Creepage distance ) >8 mm
- SMD-8 (option 9)
Clearance distance >8 mm
Insulation thickness DTI >0.4 mm

Note

e As per IEC 60747-5-5, § 7.4.3.8.2, this optocoupler is suitable for “safe electrical insulation” only within the safety ratings. Compliance with
the safety ratings shall be ensured by means of protective circuits.

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

1.7 1.60
1.55

< 16 —
2z 2 150 —
[0
o 15~ S 145 -
5 ~ £ w0 —

1.4 I.=20mA 4 o 1.
= [~~~ \\<F >
o - 1.35
§ s \\\2\‘\ § 130
g _ e |\
£ 12 IF_10mA| =~ S 125
o = ‘v 1.20
> 11 l=1mA >

1.15
1.0 1.10
40 -20 O 20 40 60 80 100 0O 5 10 15 20 25 30 35 40 45 50
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Fig. 10 - Forward Voltage vs. Ambient Temperature Fig. 11 - Forward Voltage vs. Forward Current
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Fig. 12 - Reverse Current vs. Ambient Temperature Fig. 15 - Input Threshold On Current vs. Ambient Temperature

g 4.0 < 26
3
= 35 =
5 & 295
5 30 Vee=7V | 5
Ci o5 l— =5V I.=10 mA O 24
= 2 .= 10 mA — E
S 20 T 23
7 2
o) [7}
e 15 S 22
2 10 =
3 05 a 2.1 F;
; £
8 00 L 20
_I—

40 -20 0 20 40 60 80 100 40 20 0 20 40 60 80 100
17614 T, - Ambient Temperature (°C) 17617 T,.., - Ambient Temperature (°C)

Fig. 13 - Low Level Supply Current vs. Ambient Temperature Fig. 16 - Input Threshold Off Current vs. Ambient Temperature

< S 030
. > :

é 35 | | ~ VCCI=5.5IV | | |I=16I!nA
= — V=7V g I-=5mA -
g 34 |.=0.25mA g 025 | =13mA
Qo \ £=0. m. = . L

5 o
O 33 2 020 ){ L~
= \ > - =
o} V. =5V N \ _9_ // //
a 32 = N 5 —
3 I.=0.25 mA NN S 015 = —
= 31 N o) ey | =10 mA
g’ \ > I, | L
3 3 0.10
- 30 z = | I, =6mA
2 = 005
I 29 )

3

S 28 > 0.00
T 40 20 0 20 40 60 8 100 40 20 0 20 40 60 80 100
17615 T,.., - Ambient Temperature (°C) 17618 Tano - Ambient Temperature (*C)
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PACKAGE DIMENSIONS (in millimeters)

DIP-8
10.16 max. 7.62 typ.
975+0.15 6.70 + 0.15 &
0.95  0.20 S
=) =
S =
,_r T T +H
\]—[‘ q :
crs el
— ] ¥
| o
o
1.27+0.10 | ||| § ]
H ©
R
050+ 0.10_}, . o j ©
.54 nom. 5+ 0.
| |7°typ. 022 ==
3x2.54=7.62 -
8 7 6 5
PIN ONE.D.

@
TS

DIP-8, 400 mil (option 6)

10.16 typ.
10.16 max. 7.62 typ.
9.75 £ 0.15 6.70 + 0.15
0.95 +0.20
o
N
(=}
—T = +
Yo}
wn
LT
A M H \'/
127+ 0.10!

0.1 min.

\
0.50 £ 0.10 0.25+0.10
2.54 nom. | 10.55 + 0.40 i

3x2.54=7.62

PIN ONE I.D. U

°
TYTY
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SMD-8 (option 7)

10.05 + 0.25
10.16 max. 7.62 typ.
9.75 £ 0.15
6.70 £ 0.15
0.95 + 0.20
8 °
| S 5
H H
UL AL / )
o2 | o
ms N 8.00 min.
197 2040 | o . 8.40 min.
. + U. 3
" 2.54 nom. ° 0.75+0.28 | Leads
CJ;' coplanarity
3x2.54=7.62 g 0.10 max.

Recommended Footprint

4666 a

° 2T54 R0.250
PIN ONE I.D. i~ == il = % e e
YV PP - e
| 8.00min. —wje—sl 152
-~ 1105 —

SMD-8 (option 9)

9.78 + 0.25
10.16 max. 7.62 typ.
9.75+0.15 6.70 + 0.15
0.95 + 0.20
o
& c
| ° H
H w
[aV)
8 S
[se)
© .
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1.27 +0.10 | [=} 0.75 = 0.20 Leads coplanarity
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©
3x2.54=7.62 <]

Recommended Footprint

7
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3 4 i

——¥4 —— P Sd4-— 1.78

SRR 2
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PACKAGE MARKING

V02611

AN

V YWW 68
O

Fig. 28 - Example of VO2611-X017T
Notes
e VDE logo is only marked on option 1 parts.
e Tape and reel suffix (T) is not part of the package marking.

PACKING INFORMATION (in millimeters)

Tube
528 + 0.2
330+0.5
260 + 0.5 |
20005 _
150 + 0.5
125 + 0.5
- [1.0
30 + 0.5—» |<— 1.0 B

‘ Va0 = Ti0 t
0.7+05—»| | 3801 [ Ti0]14x
¢——— 13x10=130 ——» 17996-3
Fig. 29 - Shipping Tube Specifications for DIP-8 Packages
DEVICES PER TUBS
TYPE UNITS/TUBE TUBES/BOX UNITS/BOX
DIP-8 50 40 2000
DIP-8
12+ 0.3
[B]
6.6 + 0.3 > __Transparent rigid PVC
¢ —
Detail A Detail B
17996-4
Section A-B Not to scale
Fig. 30 - Tube Shipping Medium
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DIP-8, 400 mil (option 6)

‘ 9 ‘
‘ O
N
\ 0B
77 Z 1 ©|
‘ o
0 | -
o
43 With stopper pins
. tolerance: + 0.5
15912 | 15.3 length: 575 + 5

Fig. 31 - Tube Shipping Medium

Tape and Reel

|:| ESD sticker
O A Tape slot
in core
330
(13"
S~——
~ Regular, special
— or bar code label
y
17998 17999
Fig. 32 - Tape and Reel Shipping Medium Fig. 33 - Tape and Reel Shipping Medium
SMD-8 (option 7)
) 4+01 10 pitch cumulative
Pin 1 and 15 (0.059) min. <= (1.57.+0.004) > tolerance on tape
top of component  |® > 2 +0.05 (0.079 + 0.002 + 0.2 (0.008)
| 0.35 (0.014) |
A
Top /"\ /\ /\_\I1.751 0.1
cover 0.069 + 0.004;
tape - + T + - A
10.41 (0.410) ‘
7.5+0.05 16.0+0.3
47(0.185) B S (hy (0.295 + 0.002) (0.630 = 0.012)
5 N\El| 10.21 ~ PN L
13.3 (0.523) 5 09 ([ (0.402) (] - &) -
0k v B\
12.0 (0.472)
LI v i ~ A4
—>| |<—0.1 (0.004) max. e bossment “C o i
enter e 4.5 (0.059)
18008 > of cavity
Direction of feed
Fig. 34 - Tape and Reel Packing (1000 pieces on Reel)
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SMD-8 (option 9)

. 4+01 10 pitch cumulative
Pin 1 and 15 (0.059) min. < (1.57.+0.004) —» tolerance on tape
top of component - > 2 +0.05 (0.079 + 0.002) + 0.2 (0.008)
0.35 (0.014) ‘

5+0.05 16.0+0.3
295 +

'y
Top H\ H\ /"\ H—\I1.75 + 0.1
cover 0.069 + 0.004;
tape + - + T + - +(
10.2 (0.402)W \_‘J
I

(0.295 = 0.002) (0.630 = 0.012)
4.17 (0.164) - L
| 10.31
13.3 (0.523) I/ T7(0.406) ® ® -
5| _t S N
12.0 (0.472) |
_ Y . A Y
4‘ ‘«0.1 (0.004) max. Embossment Center lnes & oo
JE—— of cavity : :
18009 Direction of feed
Fig. 35 - Tape and Reel Shipping Medium
SOLDER PROFILES
28 Lead t t max. 260 °C
ead temperature] . Jnax. 2o
] 255 °C
250 3501 \: } 250 200 o6 T t—245°C
. T oan o ‘| second| full line: typical . | 517 oC X
O | wave dotted line: O 500
< 200 v process limits 5 mmo .
g ca. 200 K/s [ ca. 2 K/s E '
= 150 X © 150
g 100 °C 1o YOS o 100
8_ 130°C | » R R g— max. 120 s max. s
£ 100 > T~ o 100
2 - 4 7o s S . S = max. ramp down 6 °C/s
50 forced coolin 71— 50 | /max. ramp up 3 °C/s
/. 4’ | 9 \\
0 0
0 50 100 150 200 250 0 50 100 150 200 250 300
94 8626 Time (s) 19841 Time (s)
Fig. 36 - Wave Soldering Double Wave Profile According to Fig. 37 - Lead (Pb)-free Reflow Solder Profile According to
J-STD-020 for DIP Devices J-STD-020 for SMD Devices
HANDLING AND STORAGE CONDITIONS
ESD level: HBM class 2
Floor life: unlimited
Conditions: Tamp < 30 °C, RH <85 %
Moisture sensitivity level 1, according to J-STD-020
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Disclaimer

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

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, (i) any and all liability, including without limitation special,
consequential or incidental damages, and (i) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

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

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

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

Revision: 13-Jun-16 1 Document Number: 91000
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Features
* High Performance, Low Power AVR® 8-Bit Microcontroller
¢ Advanced RISC Architecture
— 123 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
¢ High Endurance Non-volatile Memory Segments
— 4K/8K Bytes of In-System Self-Programmable Flash Program Memory
— 64/64 Bytes EEPROM
— 256/512 Bytes Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
— Data Retention: 20 years at 85°C / 100 years at 25°C
— Programming Lock for Software Security
* Peripheral Features
— One 8-bit Timer/Counter with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Prescaler, and Compare and Capture Modes
— 6- or 8-channel 10-bit ADC
— Master/Slave SPI Serial Interface
— Byte-oriented 2-wire Serial Interface (Philips I°C Compatible)
— Programmable Watchdog Timer with Separate On-Chip Oscillator
— On-Chip Analog Comparator
— Interrupt and Wake-up on Pin Change
¢ Special Microcontroller Features
— debugWIRE On-Chip Debug System
— In-System Programmable via SPI Port
— Power-On Reset and Programmable Brown-Out Detection
- Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Three Sleep Modes: Idle, ADC Noise Reduction and Power-Down
— On-Chip Temperature Sensor
¢ |/O and Packages
— 24 Programmable I/O Lines:
e 28-pin PDIP
e 28-pad QFN
— 28 Programmabile 1/O Lines:
¢ 32-lead TQFP
e 32-pad QFN
¢ 32-ball UFBGA
¢ Operating Voltage:
- 1.8-5.5V
* Temperature Range:
— -40°C to +85°C
¢ Speed Grade:
-0-4MHz @ 1.8 —5.5V
- 0-8MHz @ 2.7 - 5.5V
- 0-12MHz @ 4.5 -5.5V
* Low Power Consumption
— Active Mode: 1 MHz, 1.8V: 240 pA
— Power-Down Mode: 0.1 pA at 1.8V

ATMEL

Y ()

8-bit AVR"
Microcontroller
with 4/8K Bytes
In-System
Programmable
Flash

ATtiny48/88

Summary

Rev. 8008HS-AVR-04/11
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1. Pin Configurations

Figure 1-1.  Pinout of ATtiny48/88
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Table 1-1. 32 UFBGA Top View. See page 288.
1 2 3 4 5 6
A PD2 PD1 PC6 PC4 PC2 PC1
B PD3 PD4 PDO PC5 PC3 PCO
C GND PA2 PA1 GND
D VCC PA3 PC7 PAO
E PB6 PD6 PBO PB2 AVCC PB5
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1.1 Pin Descriptions

1.1.1 vcC
1.1.2 AVCC
1.1.3 GND

114  Port A (PA3:0)

115  Port B (PB7:0)

Digital supply voltage.

AV is the supply voltage pin for the A/D converter and a selection of I/0 pins. This pin should
be externally connected to V; even if the ADC is not used. If the ADC is used, it is recom-
mended this pin is connected to V¢ through a low-pass filter, as described in “Analog Noise
Canceling Techniques” on page 172.

The following pins receive their supply voltage from AV: PC7, PC[5:0] and (in 32-lead pack-
ages) PA[1:0]. All other I/O pins take their supply voltage from V.

Ground.

Port A is a 4-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PA[3:0] output buffers have symmetrical drive characteristics with both sink and source capabil-
ity. As inputs, Port A pins that are externally pulled low will source current if the 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.

This port is available in 32-lead TQFP, 32-pad QFN and 32-ball UFBGA packages, only.

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 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.

Depending on the clock selection fuse settings, PB6 can be used as input to the internal clock
operating circuit.

The various special features of Port B are elaborated in “Alternate Functions of Port B” on page
69.

1.1.6 Port C (PC7, PC5:0)

1.1.7 PC6/RESET

8008HS-AVR-04/11

Port C is a 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each bit). The
PC7 and PC[5:0] output buffers have symmetrical drive characteristics with both 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 RSTDISBL Fuse is programmed, PC6 is used as an I1/O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a reset input. A low level on this pin for
longer than the minimum pulse width will generate a reset, even if the clock is not running. The
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minimum pulse length is given in Table 22-3 on page 209. Shorter pulses are not guaranteed to
generate a reset.

The various special features of Port C are elaborated in “Alternate Functions of Port C” on page
72.

1.1.8 Port D (PD7:0)
Port D is an 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each bit). The
PD[7:4] output buffers have symmetrical drive characteristics with both sink and source capabil-
ities, while the PD[3:0] output buffers have high sink capabilities. 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.

The various special features of Port D are elaborated in “Alternate Functions of Port D” on page
75.

4 ATiiny48/88 m—————————
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2. Overview

The ATtiny48/88 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 ATtiny48/88 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

2.1 Block Diagram

Figure 2-1.  Block Diagram
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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.

ATMEL ;
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The ATtiny48/88 provides the following features:

¢ 4/8K bytes of In-System Programmable Flash
* 64/64 bytes EEPROM
* 256/512 bytes SRAM
* 24 general purpose I/O lines
— 28 in 32-lead TQFP, 32-pad QFN, and 32-ball UFBGA packages
¢ 32 general purpose working registers
¢ Two flexible Timer/Counters with compare modes
¢ Internal and external interrupts
* A byte-oriented, 2-wire serial interface
* An SPI serial port
* A 6-channel, 10-bit ADC
— 8 in 32-lead TQFP, 32-pad QFN, and 32-ball UFBGA packages
* A programmable Watchdog Timer with internal oscillator
* Three software selectable power saving modes.

The device includes the following modes for saving power:

¢ Idle mode: stops the CPU while allowing the timer/counter, ADC, analog comparator, SPI,
TWI, and interrupt system to continue functioning

* ADC Noise Reduction mode: minimizes switching noise during ADC conversions by stopping
the CPU and all I/0O modules except the ADC

e Power-down mode: registers keep their contents and all chip functions are disabled until the
next interrupt or hardware reset

The device is manufactured using Atmel’s high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, by a conventional non-volatile memory programmer, or by an on-chip boot pro-
gram running on the AVR core. The boot program can use any interface to download the
application program in the Flash memory. By combining an 8-bit RISC CPU with In-System Self-
Programmable Flash on a monolithic chip, the Atmel ATtiny48/88 is a powerful microcontroller
that provides a highly flexible and cost effective solution to many embedded control applications.

The ATtiny48/88 AVR is supported by a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators and evaluation kits.

2.2 Comparison Between ATtiny48 and ATtiny88
The ATtiny48 and ATtiny88 differ only in memory sizes, as summarised in Table 2-1, below.

Table 2-1. Memory Size Summary
Device Flash EEPROM RAM
ATtiny48 4K Bytes 64 Bytes 256 Bytes
ATtiny88 8K Bytes 64 Bytes 512 Bytes
6 ATtIny48/88 |

8008HS-AVR-04/11



3. General Information

3.1 Resources

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

3.2 About Code Examples

This documentation contains simple code examples that briefly show how to use various parts of
the device. These code examples assume that the part specific header file is included before
compilation. Be aware that not all C compiler vendors include bit definitions in the header files
and interrupt handling in C is compiler dependent. Please confirm with the C compiler documen-
tation for more details.

For 1/0 Registers located in extended I/O map, “IN”, “OUT”, “SBIS”, “SBIC”, “CBI”, and “SBI”
instructions must be replaced with instructions that allow access to extended 1/O. Typically
“LDS” and “STS” combined with “SBRS”, “SBRC”, “SBR”, and “CBR”.

3.3 Capacitive Touch Sensing

Atmel QTouch Library provides a simple to use solution for touch sensitive interfaces on Atmel
AVR microcontrollers. The QTouch Library includes support for QTouch® and QMatrix® acquisi-
tion methods.

Touch sensing is easily added to any application by linking the QTouch Library and using the
Application Programming Interface (API) of the library to define the touch channels and sensors.
The application then calls the API to retrieve channel information and determine the state of the
touch sensor.

The QTouch Library is free and can be downloaded from the Atmel website. For more informa-
tion and details of implementation, refer to the QTouch Library User Guide — also available from
the Atmel website.

3.4 Data Retention

3.5 Disclaimer

8008HS-AVR-04/11

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.

Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology.
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4. Register Summar)
-

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Page
(0xFF) Reserved — - - - = = — —
(OXFE) Reserved — - - = = — - —
(OxFD) Reserved — - - = = — - —
(0xFC) Reserved — — - = = - - _
(OxFB) Reserved — - - = = — - —
(OxFA) Reserved — - - - = = - —
(0xF9) Reserved — - - = = — - —
(0xF8) Reserved — - - - = = - —
(0xF7) Reserved — — - = = - - _
(0xF6) Reserved — - - = = — - —
(0xF5) Reserved — — - = = - - _
(0xF4) Reserved = = = = = = - -
(0xF3) Reserved — - - - = = - —
(0xF2) Reserved — - - = = — - —
(0xF1) Reserved — - - = = — - —
(0xF0) Reserved - - - - = = - -
(OXEF) Reserved — - - = = — - —
(OXEE) Reserved — - - - = = - —
(0xED) Reserved — — — - = = — —
(0xEC) Reserved — - - - = = - —
(OXEB) Reserved — — - = = - - _
(OXEA) Reserved — - - = = — - —
(OXE9) Reserved — — - = = - - _
(OxE8) Reserved — - - = = — - —
(0xE7) Reserved — - - - = = - —
(OxEB) Reserved — - - = = — - —
(0xE5) Reserved — - - = = — - —
(OxE4) Reserved — — - = = - - _
(0xE3) Reserved — - - = = — - —
(0xE2) Reserved — - - - = = - —
(OxE1) Reserved — - - = = — - —
(0xEQ) Reserved — - - = = — - —
(0xDF) Reserved — — - = = - - _
(0xDE) Reserved — - - = = — - —
(0xDD) Reserved — — — - = = - —
(0xDC) Reserved — - - = = — - —
(0xDB) Reserved — - - - = = - —
(0xDA) Reserved — — - = = - - _
(0xD9) Reserved — - - = = — - —
(0xD8) Reserved — — - = = - - _
(0xD7) Reserved — - - = = — - —
(0xD6) Reserved — - - - = = - —
(0xD5) Reserved — - - = = — - —
(0xD4) Reserved — - - = = — - —
(0xD3) Reserved — — - = = - - _
(0xD2) Reserved — - - = = — - —
(0xD1) Reserved — - - - = = - —
(0xDO) Reserved — - - = = — - —
(0xCF) Reserved — - - - = = - —
(0xCE) Reserved — — - = = - - _
(0xCD) Reserved — — — — = = — _
(0xCC) Reserved — — - = = - - _
(0xCB) Reserved — - - = = — - —
(0xCA) Reserved — - - - = = - —
(0xC9) Reserved — - - = = — - —
(0xC8) Reserved — - - = = — - —
(0xC7) Reserved — — - = = - - _
(0xC6) Reserved — - - = = — - —
(0xC5) Reserved — - - - = = - —
(0xC4) Reserved — - - = = — - —
(0xC3) Reserved — - - - = = - —
(0xC2) Reserved — — - = = - - _
(0xC1) Reserved — - - = = — - —
(0xCO0) Reserved — - - - - — — _
(0OxBF) Reserved - - - — - - — —

-
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Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
(OXBE) TWHSR - - - - - - - TWHS 160
(0xBD) TWAMR TWAM6 TWAM5 TWAM4 TWAM3 TWAM2 TWAM1 TWAMO - 160
(0xBC) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE 156
(0xBB) TWDR 2-wire Serial Interface Data Register 159
(0xBA) TWAR TWA6 TWA5 TWA4 TWAS3 TWA2 TWA1 TWAO TWGCE 159
(0xB9) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 - TWPS1 TWPS0 158
(0xB8) TWBR 2-wire Serial Interface Bit Rate Register 156
(0xB7) Reserved — — - = = - - _

(0xB6) Reserved — - - = = — - —
(0xB5) Reserved — - - - = = - —
(0xB4) Reserved — - - = = — - —
(0xB3) Reserved — - - - = = - —
(0xB2) Reserved — — - = = - - _
(0xB1) Reserved — - - = = — - —
(0xB0) Reserved — — - = = - - _
(OxAF) Reserved — — — - = = — —
(OXAE) Reserved — - - - = = - —
(0xAD) Reserved — — — - = = — —
(0xAC) Reserved — - - = = — - —
(0xAB) Reserved — — - = = - - _
(0xAA) Reserved — - - = = — - —
(0xA9) Reserved — - - - = = - —
(0xA8) Reserved — — — - = = — —
(0xA7) Reserved — - - - = = - —
(0xAB) Reserved — — - = = - - _
(0xA5) Reserved — - - = = — - —
(0xA4) Reserved — — - = = - - _
(0xA3) Reserved — — — - = = — —
(0xA2) Reserved — - - - = = - —
(0xA1) Reserved — — — - = = — —
(0xA0) Reserved — - - = = — - —
(0x9F) Reserved — — - = = - - _
(0x9E) Reserved — - - = = — - —
(0x9D) Reserved — — — - = = - —
(0x9C) Reserved — - - = = — - —
(0x9B) Reserved — - - - = = - —
(0x9A) Reserved — — - = = - - _
(0x99) Reserved — - - = = — - —
(0x98) Reserved — — - = = - - _
(0x97) Reserved — - - = = — - —
(0x96) Reserved — - - - = = - —
(0x95) Reserved — — - = = - - _
(0x94) Reserved — - - = = — - —
(0x93) Reserved — — - = = - - _
(0x92) Reserved — - - = = — - —
(0x91) Reserved — - - - = = - —
(0x90) Reserved — - - = = — - —
(0x8F) Reserved — - - = = — - —
(Ox8E) Reserved — — - = = - - _
(0x8D) Reserved — — - — = = — _
(0x8C) Reserved — — — - = = - —
(0x8B) OCR1BH Timer/Counter1 — Output Compare Register B High Byte 114
(0x8A) OCR1BL Timer/Counter1 — Output Compare Register B Low Byte 114
(0x89) OCR1AH Timer/Counter! — Output Compare Register A High Byte 114
(0x88) OCR1AL Timer/Counter1 — Output Compare Register A Low Byte 114
(0x87) ICR1H Timer/Counter1 — Input Capture Register High Byte 114
(0x86) ICR1L Timer/Counter1 — Input Capture Register Low Byte 114
(0x85) TCNT1H Timer/Counter1 — Counter Register High Byte 113
(0x84) TCNTI1L Timer/Counter1 — Counter Register Low Byte 113
(0x83) Reserved — - - = = — - —
(0x82) TCCR1C FOC1A FOC1B - - - = = - 113
(0x81) TCCR1B ICNC1 ICES1 - WGM13 WGM12 CSs12 CSs11 CS10 112
(0x80) TCCR1A COM1A1 COM1A0Q COM1BH1 COM1B0 = = WGM11 WGM10 110
(OX7F) DIDR1 = - = - - = AIN1D AINOD 163
(OX7E) DIDRO ADC7D ADCe6D ADC5D ADC4D ADC3D ADC2D ADC1D ADCOD 180
(0x7D) Reserved — - - - - — — _

8008HS-AVR-04/11
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
(0x7C) ADMUX = REFSO ADLAR - MUX3 MUX2 MUX1 MUX0 176
(0x7B) ADCSRB - ACME - - - ADTS2 ADTS1 ADTSO0 162, 179
(0x7A) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO 178
(0x79) ADCH ADC Data Register High byte 179
(0x78) ADCL ADC Data Register Low byte 179
(0x77) Reserved — — — — — — — —

(0x76) Reserved — — — — — — — —
(0x75) Reserved — — — — — — — —
(0x74) Reserved — — — — — — — —
(0x73) Reserved — — — — — — — —
(0x72) Reserved — — — — — — — —
(0x71) Reserved — — — — — — — —
(0x70) Reserved — — — — — — — —
(Ox6F) TIMSK1 - - ICIE1 - - OCIE1B OCIE1A TOIE1 114
(Ox6E) TIMSKO - — - - - OCIEOB OCIEOA TOIEQ 87
(0x6D) PCMSK2 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16 59
(0x6C) PCMSK1 PCINT15 PCINT14 PCINT13 PCINT12 PCINT 11 PCINT10 PCINT9 PCINT8 59
(0x6B) PCMSKO PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO 59
(0x6A) PCMSK3 - - - - PCINT27 PCINT26 PCINT25 PCINT24 59
(0x69) EICRA = - — - ISC11 ISC10 1SCO1 1SC00 55
(0x68) PCICR - — - - PCIE3 PCIE2 PCIE1 PCIEO 57
(0x67) Reserved — — — — — — — —
(0x66) OSCCAL Oscillator Calibration Register 34
(0x65) Reserved — — — — — — — —
(0x64) PRR PRTWI - PRTIMO - PRTIMA1 PRSPI - PRADC 40
(0x63) Reserved — — — — — — — —
(0x62) Reserved — — — — — — — —
(0x61) CLKPR CLKPCE - = - CLKPS3 CLKPS2 CLKPS1 CLKPSO 34
(0x60) WDTCSR WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO 49

0x3F (0x5F) SREG | T H S \ N z C 9

Ox3E (0x5E) SPH - - - - - - SP9 SP8 11

0x3D (0x5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 11

0x3C (0x5C) Reserved — — — — — — — —

0x3B (0x5B) Reserved — — — — — — — —

0x3A (0x5A) Reserved = = = = = = = =

0x39 (0x59) Reserved — — — — — — — —

0x38 (0x58) Reserved — — — — — — — —

0x37 (0x57) SPMCSR - RWWSB - CTPB RFLB PGWRT PGERS SELFPRGEN 186

0x36 (0x56) Reserved — — — — —

0x35 (0x55) MCUCR = BODS BODSE PUD - - - = 40,77

0x34 (0x54) MCUSR = = = = WDRF BORF EXTRF PORF 49

0x33 (0x53) SMCR — = — - - SM1 SMo SE 39

0x32 (0x52) Reserved — — — — — — — —

0x31 (0x51) DWDR debugWire Data Register 182

0x30 (0x50) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 162

0x2F (0x4F) Reserved — — — — — — — —

O0x2E (0x4E) SPDR SPI Data Register 128

0x2D (0x4D) SPSR SPIF WCOL - - - - - SPI2X 127

0x2C (0x4C) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 126

0x2B (0x4B) GPIOR2 General Purpose 1/0 Register 2 27

0x2A (0x4A) GPIOR1 General Purpose 1/0O Register 1 27

0x29 (0x49) Reserved _ _ _ _ | _ _ _ _

0x28 (0x48) OCROB Timer/Counter0 Output Compare Register B 87

0x27 (0x47) OCROA Timer/Counter0 Output Compare Register A 86

0x26 (0x46) TCNTO Timer/Counter0 (8-bit) 86

0x25 (0x45) TCCROA - - - - CTCO CS02 CS01 CS00 85

0x24 (0x44) Reserved — — — — — — — —

0x23 (0x43) GTCCR TSM = = = = = = PSRSYNC 118

0x22 (0x42) Reserved — — — — — — — —

0x21 (0x41) EEARL EEPROM Address Register Low Byte 25

0x20 (0x40) EEDR EEPROM Data Register 25

0x1F (0x3F) EECR = - EEPM1 EEPMO EERIE EEMPE EEPE EERE 25

0x1E (0x3E) GPIORO General Purpose I/0 Register 0 27

0x1D (0x3D) EIMSK = - = - - - INT1 INTO 56

0x1C (0x3C) EIFR - - - - - - INTF1 INTFO 56

0x1B (0x3B) PCIFR - - - - PCIF3 PCIF2 PCIF1 PCIFO 58

10

ATiiny48/88 m—————————

8008HS-AVR-04/11




Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
0x1A (0x3A) Reserved — — — — — — — —
0x19 (0x39) Reserved — — — — — — — —
0x18 (0x38) Reserved — — — — — — — —
0x17 (0x37) Reserved — — — — — — — —
0x16 (0x36) TIFR1 - - ICF1 - - OCF1B OCF1A TOoV1 115
0x15 (0x35) TIFRO = = = = = OCFo0B OCFO0A TOVO 87
0x14 (0x34) Reserved — — — — — — — —
0x13 (0x33) Reserved — — — — — — — —
0x12 (0x32) PORTCR BBMD BBMC BBMB BBMA PUDD PUDC PUDB PUDA 77
0x11 (0x31) Reserved — — — — — — — —
0x10 (0x30) Reserved — — — — — — — —
0xOF (0x2F) Reserved — — — — — — — —
0xO0E (0x2E) PORTA = = = = PORTA3 PORTA2 PORTA1 PORTAO 78
0x0D (0x2D) DDRA = = = = DDA3 DDA2 DDA1 DDAO 78
0x0C (0x2C) PINA - - - = PINA3 PINA2 PINA1 PINAO 78
0x0B (0x2B) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 79
OXOA (0x2A) DDRD DDD? DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 79
0x09 (0x29) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 79
0x08 (0x28) PORTC PORTC?7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 78
0x07 (0x27) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO 78
0x06 (0x26) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 79
005 (0x25) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 78
0x04 (0x24) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 78
0x03 (0x23) PINB PINB7 PINB6 PINBS PINB4 PINB3 PINB2 PINB1 PINBO 78
0x02 (0x22) Reserved — — — — — — — —
0x01 (0x21) Reserved — — — — — — — —
0x00 (0x20) Reserved — — — — — — — —
Note: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O memory addresses
should never be written.
2. 1/0O Registers within the address range 0x00 — Ox1F are directly bit-accessible using the SBI and CBI instructions. In these
registers, the value of single bits can be checked by using the SBIS and SBIC instructions.
3. Some of the Status Flags are cleared by writing a logical one to them. Note that, unlike most other AVRs, the CBI and SBI
instructions will only operate on the specified bit, and can therefore be used on registers containing such Status Flags. The
CBI and SBI instructions work with registers 0x00 to 0x1F only.
4. When using the I/O specific commands IN and OUT, the I/O addresses 0x00 — 0x3F must be used. When addressing 1/O

8008HS-AVR-04/11

Registers as data space using LD and ST instructions, 0x20 must be added to these addresses. The ATtiny48/88 is a com-
plex microcontroller with more peripheral units than can be supported within the 64 location reserved in Opcode for the IN
and OUT instructions. For the Extended I/O space from 0x60 — OxFF in SRAM, only the ST/STS/STD and LD/LDS/LDD
instructions can be used.
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5. 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,CN\V,H 1
ADIW Rdl,K Add Immediate to Word Rdh:Rdl «— Rdh:Rdl + K ZCN\V,S 2
SUB Rd, Rr Subtract two Registers Rd « Rd - Rr Z,C,N,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,C,N,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:Rdl - K ZCN\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 Z NV 1
OR Rd, Rr Logical OR Registers Rd « Rd v Rr ZN\V 1
ORI Rd, K Logical OR Register and Constant Rd < Rdv K Z N,V 1
EOR Rd, Rr Exclusive OR Registers Rd « Rd @ Rr ZN,V 1
COM Rd One’s Complement Rd « OxFF — Rd Z,CN\V 1
NEG Rd Two’s Complement Rd « 0x00 — Rd Z,C,N,V,H 1
SBR Rd,K Set Bit(s) in Register Rd « Rdv K Z NV 1
CBR Rd,K Clear Bit(s) in Register Rd < Rd e (OXFF - K) Z NV 1
INC Rd Increment Rd « Rd + 1 Z NNV 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 « OxFF None 1
BRANCH INSTRUCTIONS
RJMP k Relative Jump PC« PC+k +1 None 2
IJMP Indirect Jump to (Z) PC«Z None 2
RCALL k Relative Subroutine Call PC«—PC+k+1 None 3
ICALL Indirect Call to (Z) PC«Z None 3
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 1/2/3
SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1) PC« PC+20r3 None 1/2/3
SBIC P,b Skip if Bit in I/O Register Cleared if (P(b)=0) PC < PC+20r3 None 1/2/3
SBIS P,b Skip if Bit in I/O Register is Set if (P(b)=1) PC« PC+20r3 None 1/2/3
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)then PC« 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) then PC <« PC+k+1 None 1/2
BRLT k Branch if Less Than Zero, Signed if (N® V=1)then PC« 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 Branch if Overflow Flag is Cleared if V=0)then PC« PC+k+1 None 1/2
BRIE k Branch if Interrupt Enabled if (1= 1) then PC « PC + k + 1 None 1/2

ﬁ) k Bra_nch if Interruet Disabled if (1=0) thgn PC« PC+k+1 None 1/2
BIT AND BIT-TEST INSTRUCTIONS
SBI P,b Set Bit in I/O Register 1/O(P,b) « 1 None 2
CBI P,b Clear Bit in I/0 Register I/O(P,b) <~ 0 None 2
LSL Rd Logical Shift Left Rd(n+1) < Rd(n), Rd(0) «- 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n) «- Rd(n+1), Rd(7) «- 0 ZCNV 1
ROL Rd Rotate Left Through Carry Rd(0)«<—C,Rd(n+1)« Rd(n),C«-Rd(7) Z,C,NV 1
ROR Rd Rotate Right Through Carry Rd(7)«C,Rd(n)<«— Rd(n+1),C«-Rd(0) Z,CNV 1

Ll
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Mnemonics Operands Description Operation Flags #Clocks
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0..6 ZCNV 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(s) 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 Gilobal Interrupt Enable |1 | 1
CLI Gilobal 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. V1 \ 1
CLV Clear Twos Complement Overflow V<« 0 \ 1
SET Set T in SREG T 1 T 1
CLT Clear T in SREG T<O0 T 1
SEH Set Half Carry Flag in SREG H«1 H 1
CLH Clear Half Carry Flag in SREG H<« 0 H 1
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<«<Y+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)<Rr,Y«<Y+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«Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z«Z-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
ouTt P, Rr Out Port P < Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Reglister from St&ck Rd < STACK None 2
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

8008HS-AVR-04/11

ATMEL

13



ATMEL

6. Ordering Information

6.1  ATtiny48

Speed (MHz) Power Supply Ordering Code!" Package® Operational Range
ATtiny48-MMU 28M1
ATtiny48-MMUR 28M1
ATtiny48-MMH 28M1
ATtiny48-MMHR 28M1
ATtiny48-PU 28P3 .

12 1.8 5.5V ATtiny48-AU 32A olndustrlalo o

ATtiny48-AUR 32A (-40°C to +85°C)
ATtiny48-CCU 32CCH1
ATtiny48-CCUR 32CCH1
ATtiny48-MU 32M1-A
ATtiny48-MUR 32M1-A

Notes: 1. Code indicators:
— H: NiPdAu lead finish
— U: matte tin
— R: tape & reel

2. All packages are Pb-free, halide-free and fully green and they comply with the European directive for Restriction of Hazard-
ous Substances (RoHS).

3. These devices can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering informa-
tion and minimum quantities.

Package Type
28M1 28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45 mm, Quad Flat No-Lead (QFN)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
32CC1 32-ball (6 x 6 Array), 0.50 mm Pitch, 4 x 4 x 0.6 mm, Ultra Thin, Fine-Pitch Ball Grid Array Package (UFBGA)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm, Quad Flat No-Lead (QFN)
14 ATiiny48/88 m—————————
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6.2 ATtiny88

Speed (MHz) Power Supply Ordering Code!" Package® Operational Range
ATtiny88-MMU 28MH1
ATtiny88-MMUR 28M1
ATtiny88-MMH 28M1
ATtiny88-MMHR 28MH1
ATtiny88-PU 28P3 )

Industrial
12 1.8 —-5.5V ATtiny88-AU 32A 4008 us gaoc o

ATtiny88-AUR 32A (- to +85°C)
ATtiny88-CCU 32CC1
ATtiny88-CCUR 32CC1
ATtiny88-MU 32M1-A
ATtiny88-MUR 32M1-A

Notes: 1. Code indicators:
— H: NiPdAu lead finish
— U: matte tin
— R: tape & reel

2. All packages are Pb-free, halide-free and fully green and they comply with the European directive for Restriction of Hazard-
ous Substances (RoHS).

3. These devices can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering informa-
tion and minimum quantities.

Package Type
28M1 28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45 mm, Quad Flat No-Lead (QFN)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
32CC1 32-ball (6 x 6 Array), 0.50 mm Pitch, 4 x 4 x 0.6 mm, Ultra Thin, Fine-Pitch Ball Grid Array Package (UFBGA)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm, Quad Flat No-Lead (QFN)

ATMEL 1
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7. Packaging Information

71 28M1
C
@)
1
2 \—Pin 11D
3

SIDE VIEW

TOP VIEW

oy
oo =
3‘ U U U U U +E1—045 COMMON DIMENSIONS
- (Unit of Measure = mm)
D) 2
R 0.20 T SYMBOL MIN NOM MAX NOTE
n - s A 080 | 090 | 1.00
—_ (e A1 0.00 0.02 0.05
g D) ‘- b 0.17 0.22 0.27
) = c 0.20 REF
—> \ / < D 3.95 4.00 4.05
n n n n n n F 5 L D2 2.35 2.40 2.45
E 3.95 4.00 4.05
It B E2 | 235 | 240 | 245
“0.4 Ref e 0.45
(4%) BOTTOM VIEW
L 0.35 0.40 0.45
y 0.00 - 0.08
Note: The terminal #1 ID is a Laser-marked Feature. K 0.20 - -
10/24/08
TITLE GPC DRAWING NO. |REV.
r Package Drawing Contact: 28M1, 28-pad,4 x4 x 1.0 mm Body, Lead Pitch 0.45 mm,
m@ packagedrawings @atmel.com | 2.4 x 2.4 mm Exposed Pad, Thermally Enhanced ZBV 28M1 B
Plastic Very Thin Quad Flat No Lead Package (VQFN)
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7.2 28P3
|—y————— e — -
b PIN
1
11 (111 rrlri [1[1 *
C E1
[H N I B I |
A

FW THTT T,

F» —— B1 *‘ “B (4 PLACES)

e

/ \o°~15° REF
Cx |

“7 eB 4"

Note: 1. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 4.5724
A1l 0.508 - -
D 34.544 - 34.798 | Note 1
E 7.620 - 8.255
E1 7.112 - 7.493 |Note 1
B 0.381 - 0.533
B1 1.143 - 1.397
B2 0.762 - 1.143
L 3.175 - 3.429
0.203 - 0.356
eB - - 10.160
e 2.540 TYP
09/28/01

TITLE

e,  San Jose, CA 95131 Inline Package (PDIP)

ATMEL 2325 Orchard Parkway | 5553 5g.jead (0.300'/7.62 mm Wide) Plastic Dual

DRAWING NO. (REV.

28P3

B

ATMEL
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7.3 32A
PIN 1 IDENTIFIER
IHTTRIRIAY
PIN 1 [ B T
°y = gz E1 E
IR i
| D ———|
C— 0°~7° |
74 !
N )
™ Al— A2 LA
—— i L
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 8.75 9.00 9.25
D1 6.90 7.00 710 Note 2
E 8.75 9.00 9.25
Notes:
1. This package conforms to JEDEC reference MS-026, Variation ABA. E1 6.90 7.00 7.10 | Note2
2. Dimensions D1 and E1 do not include mold protrusion. Allowable B 0.30 — 0.45
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum c 0.09 0.20
plastic body size dimensions including mold mismatch. . — .
3. Lead coplanarity is 0.10 mm maximum. L 0.45 - 0.75
e 0.80 TYP
2010-10-20
TITLE DRAWING NO. |REV.
‘ImEl, éiis J(O);:hgrg Ze;r:( c\;v1ay 32A, 32-lead, 7 x 7 mm Body Size, 1.0 mm Body Thickness, 30A C
© ’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

18 ATiiny48/88 m—————————
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74 32CC1
12 3 4 5 6 0.08
" > 008 |
A CDV\ )'
B Pin#1 ID )
C D )- SIDE VIEW
D )
E )
F I b
v :
> Af
E o —> «——A
TOP VIEW —> A2
—> € [—
L 32-Jb
2 4 5 6
H—OOO0OO0O O/ COMMON DIMENSIONS
\
E O O O O O O (Unit of Measure = mm)
D1 Dl OO OO SYMBOL| MIN | NOM | MAX | NOTE
C OO OO A - - 0.60
B OO0O0O0O0OO— A1 0.12 - —
Y Al 000000 —— A2 0.38 REF
b 0.25 0.30 0.35 1
b1 0.25 - - 2
A1 BALL CORNER D 3.90 4.00 410
BOTTOM VIEW D1 250 BSC
E 390 | 400 | 410
E1 2.50 BSC
Note1: Dimension“b”is measured at the maximum ball dia.in a plane parallel e 0.50 BSC
to the seating plane.
Note2: Dimension “b1” is the solderable surface defined by the opening of the
solder resist layer. 07/06/10
TITLE GPC DRAWING NO. |REV.
r Package Drawing Contact: 32CC1, 32-ball (6 x 6 Array), 4 x 4 x 0.6 mm
‘ mE » packagedrawings @atmel.com | package, ball pitch 0.50 mm, Ultra Thin, CAG 32CCH1 B
Fine-Pitch Ball Grid Array (UFBGA)

8008HS-AVR-04/11
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7.5 32M1-A

TOP VIEW

EE

v

v
JUUTIUUl

B B =,
2 [ oo 2 2
= = [
= | =
nnnNnnnL,

T

- k@

BOTTOM VIEW

Note: JEDEC Standard MO-220, Fig. 2 (Anvil Singulation), VHHD-2.

ENENENEEnEENEEE| ]

3

Wfﬁ
&

SIDE VIEW

H
w

f

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN | NOM | MAX | NOTE

A 0.80 0.90 1.00

A1 - 0.02 0.05

A2 - 0.65 1.00

A3 0.20 REF

b 0.18 0.23 0.30

D 4.90 5.00 5.10

D1 4.70 475 4.80

D2 2.95 3.10 3.25

E 4.90 5.00 5.10

E1 4.70 475 4.80

E2 2.95 3.10 3.25

e 0.50 BSC

L 0.30 0.40 0.50

P - - 0.60

e - - 129

K 0.20 - -

5/25/06

9395 Orchard Park TITLE DRAWING NO. |REV.
AIMEL renard T arkway | 32m1-A, 32-pad, 5 x 5 x 1.0 mm Body, Lead Pitch 0.50 mm, OM1-A
> San Jose, CA 95131 3.10 mm Exposed Pad, Micro Lead Frame Package (MLF) 8 E
20 ATtlny48/88 |

8008HS-AVR-04/11



8. Errata

8.1  ATtiny48

8.1.1 Rev. C
No known errata.

8.1.2 Rev. B
Not sampled.

8.1.3 Rev. A
Not sampled.

ATMEL 2
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8.2 ATtiny88

8.2.1 Rev. C
No known errata.

8.2.2 Rev. B
No known errata.

8.2.3 Rev. A
Not sampled.
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9. Datasheet Revision History

9.1 Rev. 8008H - 04/11
1. Updated:
— “Ordering Information” on page 283, added tape & reel code -MMUR

9.2 Rev. 8008G - 04/11
1. Updated:
— “Block Diagram” on page 5
— “Memories” on page 17
— “Clock System” on page 28
— “Lock Bits, Fuse Bits and Device Signature” on page 188
— “External Programming” on page 191
— “Speed” on page 208
— “Two-Wire Serial Interface Characteristics” on page 212
2. Added:
— “Capacitive Touch Sensing” on page 7
— “Register Description” on page 15
— “Overview” on page 129
— “Compatibility with SMBus” on page 156
3. Changed document status from “Preliminary” to “Final”.

9.3 Rev. 8008F - 06/10
1. Updated notes 1 and 10 in table in Section 22.2 “DC Characteristics” on page 206.
2. Updated package drawing in Section 27.4 “32CC1” on page 288.
3. Updated bit syntax throughout the datasheet, e.g. from CS02:0 to CS0[2:0].

9.4 Rev. 8008E - 05/10
1. Section 24. “Register Summary” on page 277, added SPH at address Ox3E.
2. Section 27.1 “28M1” on page 285 updated with correct package drawing.

9.5 Rev. 8008D - 03/10
1. Separated Typical Characteristic plots, added Section 23.2 “ATtiny88” on page 248.
2. Updated:
— Section 1.1 “Pin Descriptions” on page 3, Port D, adjusted texts ‘sink and source’
and ‘high sink’.
— Table 6-3 on page 28 adjusted, to fix TBD.
— Section 6.2.3 “Internal 128 kHz Oscillator” on page 31 adjusted, to fix TBD.
— Section 8.4 “Watchdog Timer” on page 46, updated.
— Section 22.2 “DC Characteristics” on page 206, updated TBD in notes 5 and 8.
3. Added:

ATMEL 2
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— UFBGA package (32CC1) in, “Features” on page 1, “Pin Configurations” on page 2,
Section 26. “Ordering Information” on page 283, and Section 27. “Packaging
Information” on page 285

— Addresses in all Register Desc. tables, with cross-references to Register Summary
— Tape and reel in Section 26. “Ordering Information” on page 283

9.6 Rev. 8008C - 03/09
1. Updated sections:
— “Features” on page 1
— “Reset and Interrupt Handling” on page 12
“EECR — EEPROM Control Register” on page 25
“Features” on page 129

— “Bit Rate Generator Unit” on page 135

“TWBR — TWI Bit Rate Register” on page 156

— “TWHSR — TWI High Speed Register” on page 160
— “Analog Comparator” on page 161

— “Overview” on page 164
— “Operation” on page 165

“Starting a Conversion” on page 166
“Programming the Lock Bits” on page 199

— “Absolute Maximum Ratings™ on page 206
— “DC Characteristics” on page 206
— “Speed” on page 208
— “Register Summary” on page 277
2. Added sections
— “High-Speed Two-Wire Interface Clock — clkqyyus” On page 29
— “Analog Comparator Characteristics” on page 210
3. Updated Figure 6-1 on page 28.

4. Updated order codes on page 283 and page 284 to reflect changes in leadframe
composition.

9.7 Rev. 8008B - 06/08
1. Updated introduction of “I/O-Ports” on page 60.
2. Updated “DC Characteristics” on page 206.
3. Added “Typical Characteristics” on page 219.

9.8 Rev. 8008A - 06/08

1. Initial revision.
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A ADVANCED

MOTION CONTROLS Analog Servo Drive AZBDC12A8
Description Power Range
Peak Current 12 A
The AZBDC12A8 PWM servo drive is designed to drive
brushless and brushed DC motors at a high switching Continuous Current 6 A
frequency. To increase system reliability and to reduce
cabling costs, the drive is designed for direct Supply Voltage 20 - 80 VDC
integration into your PCB. The AZBDC12A8 is fully
protected against over-voltage, over-current, over-
heating and short-circuits. A single digital output
indicates operating status. The drive interfaces with
digital controllers that have digital PWM output. The
PWM IN duty cycle determines the output current and
DIR input determines the direction of rotation. This
servo drive requires only a single unregulated isolated
DC power supply, and is fully RoHS Il (Reduction of
Hazardous Substances) compliant.
See Part Numbering Information on last page of
datasheet for additional ordering options.
Features
A Four Quadrant Regenerative Operation 4 Ditfferential Input Command
A4 Direct Board-to-Board Integration 4 Digital Fault Output Monitor
4 Lightweight A Current Monitor Output
A High Switching Frequency 4 single Supply Operation
A Wwide Temperature Range 4 Compact Size
A High Performance Thermal Dissipation 4 High Power Density
HARDWARE PROTECTION MODES OF OPERATION
. Over-Voltage . Current
. Over-Current COMMUTATION
=  Over-Temperature =  Trapezoidal
. Short-circuit (phase-phase) MOTORS SUPPORTED
=  Short-circuit (phase-ground) =  Three Phase (Brushless)
INPUTS/0OUTPUTS . Single Phase (Brushed, Voice Coil, Inductive Load)
. Digital Fault Output COMMAND SOURCE
. Digital Inhibit Input . PWM
*  Analog Current Monitor COMPLIANCES & AGENCY APPROVALS
=  Analog Command Input . uL
= Analog Current Reference = cUL
FEEDBACK SUPPORTED . CE Class A (LVD)
= Hall Sensors = CE Class A (EMC)
=  RoHSII
Release Date: Status: ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012 Page 1 of 7
4/22/2016 Active ph# 805-389-1935 - fx# 805-389-1165- www.a-m-c.com 9



A ADVANCED

MOTION CONTROLS Analog Servo Drive AZBDC12AS8
BLOCK DIAGRAM
FUNCTIONAL BLOCK DIAGRAM AZEDC1Z2AE P11 PL=3 F1-12
CURREMT REFERENCE Su
COUTPUTS sy [IMH FAalLT
10K
10K +5U +3Y KEY | BFa-3
, MMBTER222
S0-120 HIGH UOLTAGE | oy 2
JE2 :
PEAK~ POWER GND
_ _ L FE-4.5
P1-1 | PUM-IN LONT 1 =
CURRENT If
P1-2 | DIR-IN LIt
MOTOR C | pe-6.,7
Fl-g | COMTROL noseer MOTOR B | P2-8.5
- LoGIc DRIVE

P1-13 | RESERUED
FP1-14 | RESERVED
P1-15 | RESERUVED

FP1-16 | RESERUVED CURRENT FEEDEACK

U

Sgid

MOTOR A | PE-10,11

ALL <& GROUMTS ARE INTERMALLY COMMECTED

INTERNAL FOWER-SUPPLY
FOR HALL SENSORS

+LUHa1l

JE1- IMHIBIT LEUVEL SELECTIOM: LOW INHIBIT WHEM IMSTALLED
LOW EMAELE WHEM NOT IMSTALLED

JE2- PHASIMG: 120 DEGREE WHEM IMSTALLED, &0 DEGREE WHEM MNOT IMSTALLED

P1-6

PL-7

Information on Approvals and Compliances

> US and Canadian safety compliance with UL 508c, the industrial standard for power conversion electronics. UL
registered under file number E140173. Note that machine components compliant with UL are considered UL
c us registered as opposed to UL listed as would be the case for commercial products.

Compliant with European EMC Directive 2004/108/EC on Electromagnetic Compatibility (specifically EN 61000-6-

4:2007 for Emissions, Class A and EN 61000-6-2:2005 for Immunity, Performance Criteria A).

LVD requirements of Directive 2006/95/EC (specifically, EN 60204-1:2004, a Low Voltage Directive to protect users
from electrical shock).

! The RoHS Il Directive 2011/65/EU restricts the use of certain substances including lead, mercury, cadmium,
R Hs ] hexavalent chromium and halogenated flame retardants PBB and PBDE in electronic equipment.
Compliant
Release Date: Status: ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012

4/22/2016 Active

ph# 805-389-1935 - fx# 805-389-1165- www.a-m-c.com

Page 2 of 7



A ADVANCED

MOTION CONTROLS Analog Servo Drive AZBDC12A8
SPECIFICATIONS
Power Specifications
Description Units Value
DC Supply Voltage Range VvDC 20 - 80
DC Bus Under Voltage Limit VvDC 18
DC Bus Over Voltage Limit VDC 88
Maximum Peak Output Current A 12
Maximum Continuous Output Current A 6
Maximum Continuous Output Power w 456
Maximum Power Dissipation at Continuous Current W 24
Minimum Load Inductance (Line—To—Line)2 uH 100
Internal Bus Capacitance® uF 33
Low Voltage Supply Outputs - +6 VDC (30 mA)
Switching Frequency kHz 31
Control Specifications
Description Units Value
Command Sources - PWM
PWM Input Frequency Range kHz 10-25
Feedback Supported - Halls
Commutation Methods - Trapezoidal
Modes of Operation - Current

Motors Supported

Hardware Protection

Description
Agency Approvals
Size (H X W x D)
Weight
Heatsink (Base) Temperature Range*
Storage Temperature Range
Form Factor
P1 Connector
P2 Connector

Notes

Three Phase (Brushless), Single Phase (Brushed, Voice Coil, Inductive Load)
Invalid Commutation Feedback, Over Current, Over Temperature, Over Voltage,
Short Circuit (Phase-Phase & Phase-Ground)

Mechanical Specifications

Units
mm (in)
g (02)
°C (°F)
°C(°F)

Value
CE Class A (EMC), CE Class A (LVD), cUL, RoHS II, UL
63.5 x50.8 x 16.8 (2.5 x 2 x 0.7)
84.9 (3.0)
0-75(32-167)
-40 - 85 (-40 - 185)
PCB Mounted
16-pin, 2.54 mm spaced header
11-pin, 2.54 mm spaced header

1. Maximum duration of peak current is ~2 seconds. Peak RMS value must not exceed continuous current rating of the drive.
2. Lower inductance is acceptable for bus voltages well below maximum. Use external inductance to meet requirements.

3. Requires a 100uF/100V electrolytic capacitor near the P2 Power Connector between High Voltage and Power Ground pins.
4.  Additional cooling and/or heatsink may be required to achieve rated performance.

Status:
Active

Release Date:
4/22/2016

ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012
ph# 805-389-1935 - fx# 805-389-1165- www.a-m-c.com
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A ADVANCED

MOTION CONTROLS Analog Servo Drive AZBDC12A8
PIN FUNCTIONS
P1 - Signal Connector
Pin Name Description / Notes 1/0
10 — 25 kHz pulse width modulated digital input command (+5V). Input duty cycle
1 PWM/IN |
commands the output current.
2 SIGNAL GND Signal Ground GND
3 DIRECTION Direction Input (+5 V) |
4 CURRENT MONITOR Current Monitor. Ana_log output signal proportional to the actual current output. Scaling is o
4 AIV. Measure relative to signal ground.
5 INAIBITIN TTL level (+5 V) inhibit/enable input. Leave open to enable drive. Pull to ground to inhibit |
drive. Inhibit turns off all power devices.
6 +V HALL OUT Low Power Supply For Hall Sensors (+6 V @ 30 mA). Referenced to signal ground. Short o
circuit protected.
7 SIGNAL GND Signal Ground GND
8 HALL 1 |
9 HALL 2* Single-ended Hall/Commutation Sensor Inputs (+5 V logic level) |
10 HALL 3 |
Measures the command signal to the internal current-loop. This pin has a maximum output
11 CURRENT REFERENCE of £7.45 V when the drive outputs maximum peak current. Measure relative to signal O
ground.
TTL level (+5 V) output becomes high when power devices are disabled due to at least one
12 FAULT OUT of the following conditions: inhibit, invalid Hall state, output short circuit, over voltage, over (0]
temperature, power-up reset.
13 RESERVED -
14 RESERVED Reserved -
15 RESERVED -
16 RESERVED -
P2 - Power Connector
Pin Name Description / Notes 1/0
1 HIGH VOLTAGE DC Power Input. 3A Continuous Current Rating Per Pin. Requires a 100 puF / 100 V |
external electrolytic capacitor connected as close as possible to pins between High Voltage
2 HIGH VOLTAGE and Power Ground. I
3 NC (KEY) Key: No Connection (pin removed) -
4 PWR GND . . . . . GND
5 PWR GND Power Ground (Common With Signal Ground). 3A Continuous Current Rating Per Pin GND
6 MOTOR C o
7 MOTOR C O
8 MOTOR B Motor Phase Outputs. Current output distributed equally across 2 pins per motor phase, 3A O
9 MOTOR B continuous current carrying capacity per pin. fo)
10 MOTOR A O
11 MOTOR A O

*For use with Single Phase (Brushed) motors, ground Hall 2 and only connect motor leads to Motor A and Motor B.

HARDWARE SETTINGS

Jumper Settings

Jumpers are SMT, O ohm resistors located on the underside of the drive PCB. By default, the drive is configured with the jumpers
installed. Typical drive operation will not require the jumpers to be removed. Please contact the factory before jumper removal.

Jumper Description Configuration
SMT Jumper (0Q Resistor) Not Installed Installed
JE1 mgltélrti\llzglc. Sets the logic level of inhibit pins. Labeled JE1 on the PCB of Low Enable Low Inhibit
Hall sensor phasing. Selects 120 or 60 degree commutation phasing.
JE2 Labeled JE2 on the PCB of the drive. 60 degree 120 degree
Release Date: Status: ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012 Page 4 of 7
4/22/2016 Active ph# 805-389-1935 - fx# 805-389-1165- www.a-m-c.com 9



A ADVANCED

MOTION CONTROLS Analog Servo Drive AZBDC12A8
MECHANICAL INFORMATION
P1 - Signal Connector
Connector Information 16-pin, 2.54 mm spaced header
. Details = Samtec: BCS-116-L-S-PE
Mating Connector 5 B
Included with Drive = No
11 CURRENT REFERENCE
9 HALL2
7 SIGNAL GND
5 INHIBITIN
3 DIRECTION
1 PWM/IN
2 SIGNAL GND
4 CURRENT MONITOR
6 +V HALL OUT
8 HALL1
10 HALL3
12 FAULT OUT
P2 - Power Connector
Connector Information 11-pin, 2.54 mm spaced header
. Details = Samtec: BCS-111-L-S-PE
Mating Connector . .
Included with Drive = No
MOTORA 11
MOTORA 10
Release Date: Status: ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012 page 5 of 7
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A ADVANCED

MOTION CONTROLS Analog Servo Drive AZBDC12A8

MOUNTING DIMENSIONS

Release Date: Status: ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012
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A ADVANCED

MOTION CONTROLS

Analog Servo Drive

AZBDC12A8

PART NUMBERING INFORMATION

AZ Analog Drive Series
Drive Type
BDC: Brushless/Brushed, PWM Command

Feedback Supported
Blank: Current Mode only

Peak Current (Amps)

10:

6:
12:
25:
40:
60:
10:
25:

AZ BDC

12 A 8

1

B: Brushless/Brushed

E: Encoder Velocity Mode Available
H: Hall Velocity Mode Available

40V

10 Peak, 5 Continuous Models

6 Peak, 3 Continuous

12 Peak, 6 Continuous

25 Peak, 12.5 Continuous 80V
40 Peak, 20 Continuous ~~ Models
60 Peak, 30 Continuous

10 Peak, 6 Continuous 175V
25 Peak, 12.5 Continuous  Models

I— Additional Options*
INV: Inverted Inhibit Logic

Max DC Bus Voltage (~1:10 in Volts)

4. 40
8: 80
20: 175

*Options available for orders with sufficient volume.
Contact ADVANCED Motion Controls for more information.

ADVANCED Motion Controls AZ series of servo drives are available in many configurations. Note that not all possible part number
combinations are offered as standard drives. All models listed in the selection tables of the website are readily available, standard
product offerings.

ADVANCED Motion Controls also has the capability to promptly develop and deliver specified products for OEMs with volume
requests. Our Applications and Engineering Departments will work closely with your design team through all stages of
development in order to provide the best servo drive solution for your system. Equipped with on-site manufacturing for quick-
turn customs capabilities, ADVANCED Motion Controls utilizes our years of engineering and manufacturing expertise to decrease
your costs and time-to-market while increasing system quality and reliability.

Examples of Modifications and Customized Products

Integration of Drive into Motor Housing

Mount OEM PCB onto Drive Without Cables
Multi-axis Configuration for Compact System
Custom PCB and Baseplate for Optimized Footprint
RTV/Epoxy Components for High Vibration

OEM Specified Connectors for Instant Compatibility
OEM Specified Silkscreen for Custom Appearance
Increased Thermal Limits for High Temp. Operation

AAMAMAMAMAMANLA

AAMAMAMAMAMANLA

Integrate OEM Circuitry onto Drive PCB

Custom Control Loop Tuned to Motor Characteristics
Custom 1/0 Interface for System Compatibility
Preset Switches and Pots to Reduce User Setup
Optimized Switching Frequency

Ramped Velocity Command for Smooth Acceleration
Remove Unused Features to Reduce OEM Cost
Application Specific Current and Voltage Limits

Feel free to contact Applications Engineering for further information and details.

Power Supplies

Available Accessories
ADVANCED Motion Controls offers a variety of accessories designed to facilitate drive integration into a servo system.
Visit www.a-m-c.com to see which accessories will assist with your application design and implementation.

Shunt Requlators

® 2t
Mounting Card
MC1XAZ01

FEilter Cards

To Motor

I
Drive(s)

All specifications in this document are subject to change without written notice. Actual product may differ from pictures provided in this document.

Release Date:
4/22/2016

Status:
Active

ADVANCED Motion Controls - 3805 Calle Tecate, Camarillo, CA, 93012
ph# 805-389-1935 - fx# 805-389-1165- www.a-m-c.com
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NXP Semiconductors

Product data sheet

Voltage regulator double diodes

FEATURES

e Total power dissipation: max. 425 mW

o Approx. 5% V7 tolerance

¢ Ultra small flat plastic SMD package

¢ Working voltage range nom. 2.4 to 15 V (E24 range).

APPLICATIONS

¢ General regulation functions
e ESD and surge protection.

DESCRIPTION

Low-power voltage regulator diodes in a SOT663 ultra

small plastic SMD package.

PINNING

BZB984 series

PIN

DESCRIPTION

cathode 1

cathode 2

common anode

|:|3

1l

BE

Top view

Fig.1 Simplified outline (SOT663) and symbol.

3
SCRDS

MHC314

MARKING
TYPE MARKING TYPE MARKING TYPE MARKING TYPE MARKING
NUMBER CODE NUMBER CODE NUMBER CODE NUMBER CODE

BZB984-C2V4 91 BZB984-C3V9 96 BZB984-C6V2 9B BZB984-C10 9G
BzZB984-C2V7 92 BZB984-C4V3 97 BZB984-C6V8 9C BZB984-C11 9H
BZB984-C3V0 93 BZB984-C4V7 98 BZB984-C7V5 9D BZB984-C12 9J
BZB984-C3V3 94 BZB984-C5V1 99 BZB984-C8V2 9E BZB984-C13 9K
BZB984-C3V6 95 BZB984-C5V6 9A BZB984-C9V1 9F BZB984-C15 oL
LIMITING VALUES

In accordance with the Absolute Maximum Rating System (IEC 60134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ig continuous forward current - 200 mA
lzsm non-repetitive peak reverse tp = 100 ps; square wave; Tamp = 25 °C; | see Table 1

current prior to surge
Piot total power dissipation Tamb = 25 °C; 2 diodes loaded; note 1 - 425 mwW
Tamb = 25 °C; 1 diode loaded; note 1 - 265 mwW
Pzsm non-repetitive peak reverse t, = 100 ps; square wave; Tamp = 25 °C; | - 40 wW
dissipation prior to surge

Tstg storage temperature -65 +150 °C

T; junction temperature - 150 °C
Note

1. Device mounted on an FR4 printed-circuit board.

2002 Jun 21



NXP Semiconductors Product data sheet

Voltage regulator double diodes BZB984 series

ELECTRICAL CHARACTERISTICS

Total BZB984-C series
Tamb = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MAX. UNIT

VE forward voltage Ir =10 mA,; see Fig.2 0.9 \Y

IR reverse current
BZB984-C2V4 VR=1V 50 pA
BZB984-C2V7 VR=1V 20 pA
BZB984-C3V0 VR=1V 10 pA
BZB984-C3V3 VR=1V 5 pA
BZB984-C3V6 VR=1V 5 pA
BZB984-C3V9 VgR=1V 3 pA
BZB984-C4V3 VgR=1V 3 pA
BZB984-C4V7 Vg=2V 3 pA
BZB984-C5V1 VR=2V 2 pA
BZB984-C5V6 Vg=2V 1 pA
BZB984-C6V2 VgR=4V 3 pA
BZB984-C6V8 VgR=4V 2 pA
BZB984-C7V5 VR=5V 1 pA
BzB984-C8V2 VR=5V 700 nA
BZB984-C9V1 VR=6V 500 nA
BZB984-C10 VR=7V 200 nA
BZB984-C11 VR =8V 100 nA
BZB984-C12 VR=8V 100 nA
BZB984-C13 VR=8V 100 nA
BZB984-C15 Vg =105V 50 nA

2002 Jun 21 3
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Table 1 Per type BZB984-C2V4 to C15
Tj = 25 °C unless otherwise specified.

WORKING VOLTAGE DIFFERENTIAL RESISTANCE TEMP. COEFF. DIODE CAP. NON-REPETITIVE PEAK
Vz (V) r4if () Sz (mVIK) Cq (pF) REVERSE CURRENT
BZB984- atl; =5mA at lziest =5 MA at f = 1 MHz; Izsm (A) at tp = 100 ps;
Cxxx Tol. ~5% atly=1mA atly = 5mA (see Figs 3 and 4) VR=0V Tamb =25 °C
MIN. MAX. TYP. MAX. TYP. MAX. TYP. MAX. MAX.
2V4 2.2 2.6 275 600 70 100 -1.3 450 6.0
2V7 2.5 2.9 300 600 75 100 -1.4 450 6.0
3V0 2.8 3.2 325 600 80 95 -1.6 450 6.0
3V3 3.1 3.5 350 600 85 95 -1.8 450 6.0
3V6 3.4 3.8 375 600 85 90 -1.9 450 6.0
3V9 3.7 41 400 600 85 90 -1.9 450 6.0
4v3 4.0 4.6 410 600 80 90 -1.7 450 6.0
VAV 4.4 5.0 425 500 50 80 -1.2 300 6.0
5v1 4.8 5.4 400 480 40 60 -0.5 300 6.0
5V6 5.2 6.0 80 400 15 40 1.0 300 6.0
6V2 5.8 6.6 40 150 6 10 2.2 200 6.0
6V8 6.4 7.2 30 80 6 15 3.0 200 6.0
7V5 7.0 7.9 30 80 6 15 3.6 150 4.0
8Vv2 7.7 8.7 40 80 6 15 4.3 150 4.0
9VvV1 8.5 9.6 40 100 6 15 5.2 150 3.0
10 9.4 10.6 50 150 8 20 6.0 90 3.0
11 104 11.6 50 150 10 20 6.9 90 25
12 114 12.7 50 150 10 25 7.9 85 25
13 12.4 14.1 50 170 10 30 8.8 80 2.5
15 13.8 15.6 50 200 10 30 10.7 75 2.0
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NXP Semiconductors

Product data sheet

Voltage regulator double diodes BZB984 series
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-s thermal resistance from junction to soldering point | 2 diodes loaded; note 1 125 KIW
1 diode loaded; note 1 230 K/W
Rithj-a thermal resistance from junction to ambient 2 diodes loaded; note 2 294 K/W
1 diode loaded; note 2 472 K/W
Notes
1. Solder points on cathode tabs.
2. Device mounted on an FR4 printed-circuit board.
Soldering
The only recommended soldering method is reflow soldering.
GRAPHICAL DATA
MLD362 MLD363
300 0.5
Sz
I (MV/K) 4v7
(mA) 0
200 4v3
/ -05
/ 2V4
/ ) \\:é\\\ 2vr 3V9
- SR
100 / NN AL/
NU TN DN I 4
/ 15 \:\\\\ ><Z\\: A / ;V(\S\
: NUTN NI 3v3
A SIS D o
/ TR il
0 -2
0.6 0.7 0.8 0.9 1 -1 2
Ve W) 10 1 10 b ) 10
BZB984-C2V4 to C4V7.
Tj=25°C. Tj= 2510 150 °C.
Fig.2 Forward current as a function of forward Fig.3 Temperature coefficient as a function of
voltage; typical values. working current; typical values.
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NXP Semiconductors Product data sheet

Voltage regulator double diodes BZB984 series
MLD364
12 ‘
Sz L
\
(MVI/K) 13
8 12
11
10
9v1
8v2
4 7V5
L 6V8
LR [[[I———5v6
L1 |1 | +5V1
0 =
///"___,/ il
-4
10t 1 2
BZB984-C5V1 to C15.
Tj =25 to 150 °C.
Fig.4 Temperature coefficient as a function of
working current; typical values.
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Voltage regulator double diodes

BZB984 series

PACKAGE OUTLINE

Plastic surface mounted package; 3 leads

SOT663

/\

4
I

|
|
L [
B I = oy ..
|
i [e] 1
0 1 2 mm
L P |
scale
DIMENSIONS (mm are the original dimensions)
UNIT A bp c D E e e, He Lp w y
0.6 0.33 0.18 1.7 1.3 1.7 0.3
mM | o5 | 023|008 | 15 | 11 | X0 | 95 | 15 | o1 | 01| O1
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
01-12-04
SOT663 g @ 02-05-21
2002 Jun 21 7




NXP Semiconductors

Product data sheet

Voltage regulator double diodes

BZB984 series

DATA SHEET STATUS

DOCUMENT
STATUS®

PRODUCT
STATUS®

DEFINITION

Objective data sheet Development

This document contains data from the objective specification for product
development.

Preliminary data sheet Qualification

This document contains data from the preliminary specification.

Product data sheet Production

This document contains the product specification.

Notes

1. Please consult the most recently issued document before initiating or completing a design.

2. The product status of device(s) described in this document may have changed since this document was published
and may differ in case of multiple devices. The latest product status information is available on the Internet at

URL http://www.nxp.com.

DISCLAIMERS

General — Information in this document is believed to be
accurate and reliable. However, NXP Semiconductors
does not give any representations or warranties,
expressed or implied, as to the accuracy or completeness
of such information and shall have no liability for the
consequences of use of such information.

Right to make changes — NXP Semiconductors
reserves the right to make changes to information
published in this document, including without limitation
specifications and product descriptions, at any time and
without notice. This document supersedes and replaces all
information supplied prior to the publication hereof.

Suitability for use — NXP Semiconductors products are
not designed, authorized or warranted to be suitable for
use in medical, military, aircraft, space or life support
equipment, nor in applications where failure or malfunction
of an NXP Semiconductors product can reasonably be
expected to result in personal injury, death or severe
property or environmental damage. NXP Semiconductors
accepts no liability for inclusion and/or use of NXP
Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for
any of these products are for illustrative purposes only.
NXP Semiconductors makes no representation or
warranty that such applications will be suitable for the
specified use without further testing or modification.

Limiting values — Stress above one or more limiting
values (as defined in the Absolute Maximum Ratings
System of IEC 60134) may cause permanent damage to
the device. Limiting values are stress ratings only and
operation of the device at these or any other conditions

2002 Jun 21

above those given in the Characteristics sections of this
document is not implied. Exposure to limiting values for
extended periods may affect device reliability.

Terms and conditions of sale — NXP Semiconductors
products are sold subject to the general terms and
conditions of commercial sale, as published at
http://www.nxp.com/profile/terms, including those
pertaining to warranty, intellectual property rights
infringement and limitation of liability, unless explicitly
otherwise agreed to in writing by NXP Semiconductors. In
case of any inconsistency or conflict between information
in this document and such terms and conditions, the latter
will prevail.

No offer to sell or license — Nothing in this document
may be interpreted or construed as an offer to sell products
that is open for acceptance or the grant, conveyance or
implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Export control — This document as well as the item(s)
described herein may be subject to export control
regulations. Export might require a prior authorization from
national authorities.

Quick reference data— The Quick reference data is an
extract of the product data given in the Limiting values and
Characteristics sections of this document, and as such is
not complete, exhaustive or legally binding.


http://www.nxp.com/profile/terms
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NXP Semiconductors

Customer notification

This data sheet was changed to reflect the new company name NXP Semiconductors. No changes were
made to the content, except for the legal definitions and disclaimers.

Contact information

For additional information please visit: http://www.nxp.com
For sales offices addresses send e-mail to: salesaddresses@nxp.com

© NXP B.V. 2009

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the copyright owner.

The information presented in this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be changed
without notice. No liability will be accepted by the publisher for any consequence of its use. Publication thereof does not convey nor imply any license
under patent- or other industrial or intellectual property rights.

Printed in The Netherlands 613514/02/pp9 Date of release: 2002 Jun 21 Document order number: 9397 750 09768
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A Product Line of
Diodes Incorporated ;
FMMT624

125V NPN LOW SATURATION TRANSISTOR IN SOT23

CDTOUES.

I M € O R P ORATE D

Lead-free Green

Features Mechanical Data

e  BVceo >125V e Case: SOT23

. Ic = 1A high Continuous Collector Current . Case Material: molded plastic, “Green” molding compound
. Icm = 3A Peak Pulse Current . UL Flammability Classification Rating 94V-0

*  Rcegsay = 160mQ for a low equivalent On-Resistance e Moisture Sensitivity: Level 1 per J-STD-020

*  625mW Power dissipation e  Terminals: Finish — Matte Tin Plated Leads, Solderable per
e  hge specified up to 3A for high current gain hold up MIL-STD-202, Method 208 ©€3:

e Totally Lead-Free & Fully RoHS compliant (Notes 1 & 2) e Weight 0.008 grams (approximate)

. Halogen and Antimony Free. “Green” Device (Note 3)

e Qualified to AEC-Q101 Standards for High Reliability

Applications

. DC-DC / DC-AC Modules

. Regulator

. LED driver

. CCFL Backlighting Inverters

sSoT23 C :l E

~ :|B

E

Device Symbol

Top View
Pin-Out

Top View

Ordering Information (Note 4)

Product Marking Reel size (inches) Tape width (mm) Quantity per reel
FMMT624TA 624 7 8 3,000
FMMT624TC 624 13 8 10,000

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS) & 2011/65/EU (RoHS 2) compliant.
2. See http://www.diodes.com for more information about Diodes Incorporated’s definitions of Halogen and Antimony free, "Green" and Lead-Free.
3. Halogen and Antimony free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + ClI)
and <1000ppm antimony compounds.
4. For packaging details, go to our website at http://www.diodes.com.

Marking Information

624 624 = Product Type Marking Code

December 2012

© Diodes Incorporated

FMMT624 lof7

Document number: DS33110 Rev. 5 - 2 www.diodes.com
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A Product Line of

Diodes Incorporated

LETEX

FMMT624
Maximum Ratings (@Ta = +25°C, unless otherwise specified.)
Characteristic Symbol Value Unit
Collector-Base Voltage VcBo 125 \
Collector-Emitter Voltage VcEo 125 \
Emitter-Base Voltage VEBO 7 \%
Continuous Collector Current Ic 1 A
Peak Pulse Current (Note 5) Icm 3 A
Base Current Ig 500 mA
Thermal Characteristics (@Ta = +25°C, unless otherwise specified.)
Characteristic Symbol Value Unit
Power Dissipation (Note 5) Pp 625 mwW
Power Dissipation (Note 6) Pp 806 mw
Thermal Resistance, Junction to Ambient (Note 5) RoJa 200 °C/W
Thermal Resistance, Junction to Ambient (Note 6) Rgia 155 °C/W
Thermal Resistance, Junction to Leads (Note 7) RoJL 194 °C/W
Operating and Storage Temperature Range T3, TstG -55 to +150 °C
ESD Ratings (Note 8)
Characteristic Symbol Value Unit JEDEC Class

Electrostatic Discharge - Human Body Model ESD HBM 4,000 V 3A
Electrostatic Discharge - Machine Model ESD MM > 400 \ C

Notes:
when operating in a steady-state condition.
6. Same as note 5, except the device is measured att < 5 sec.
7. Thermal resistance from junction to solder-point (at the end of the collector lead).
8. Refer to JEDEC specification JESD22-A114 and JESD22-A115.
FMMT624
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Electrical Characteristics (@Ta = +25°C, unless otherwise specified.)

Characteristic Symbol Min Typ Max Unit Test Condition
Collector-Base Breakdown Voltage BVcBo 125 250 - \Y Ic = 100pA
Collector-Emitter Breakdown Voltage (Note 9) BVceo 125 160 - \% Ic = 1mA
Emitter-Base Breakdown Voltage BVEBo 7 8.3 - \Y Ie = 100pA
Collector Cut-off Current IcBo - <10 100 nA Vce = 100V
Emitter Cut-off Current lEBO - <10 100 nA Veg = 6.0V
Collector Emitter Cut-off Current IcEs - <10 100 nA Vces = 100V
200 400 - Ic = 10mA, Vce = 10V
. . 300 450 - Ic = 200mA, Vce = 10V
Static F d Current Transfer Ratio (Note 9 -
atic Forward Current Transfer Ratio (Note 9) hre 100 140 ) le = 1A, Veg = 10V
- 18 - Ic = 3A, Vce = 10V
- 26 50 Ic =0.1A, Ig = 10mA
. . - 70 150 Ic = 0.5A, I = 50mA
Collector-Emitter Saturation Voltage (Note 9) VCE(sat) ) 160 220 mV lo = 0.5A, g = 10mA
- 165 250 Ic = 1A, Ig = 50mA
Base-Emitter Saturation Voltage (Note 9) VBE(sat) - 0.85 1.0 \Y Ic = 1A, I = 50mA
Base-Emitter Saturation Voltage (Note 9) VBE(on) - 0.70 1.0 \ Ic = 1A, Vce = 10V
. ) Ic = 50mA, Vcg =10V,
Transition Frequency fr 100 155 MHz f= 100MHz
Collector Output Capacitance Cobo - 7 15 pF Ve =10V, f= 1IMHz
Turn-On Time t(on) - 60 - ns Vce =50V, Ic = 0.5A,
Turn-Off Time t(off) - 1300 - ns Ig1 = -Ig2 = 50mA
Notes: 9. Measured under pulsed conditions. Pulse width < 300ps. Duty cycle < 2%
FMMT624 4 0of 7 December 2012
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Package Outline Dimensions
Please see AP02002 at http://www.diodes.com/datasheets/ap02002.pdf for latest version.
A
_.l |<— [ SOT23
E:' Dim | Min | Max [ Typ
: A 0.37 | 0.51 [ 0.40
i | S L B 1.20 [ 1.40 [ 1.30
i C 2.30 | 2,50 | 2.40
; D 0.89 | 1.03 | 0.915
H F 0.45 | 0.60 | 0.535
G 1.78 [ 2.05 [ 1.83
|<— H
H 2.80 | 3.00 | 2.90
_Kr \ M J 0.013| 0.10 [ 0.05
v\ | | / iKl v K 10.903| 1.10 | 1.00
=x D 5 K1 - - 0.400
3 &l G‘ZZI N L | 045 | 06l | 055
M 10.085| 0.18 | 0.11
o 0° 8° -
All Dimensions in mm
Suggested Pad Layout
Please see AP02001 at http://www.diodes.com/datasheets/ap02001.pdf for the latest version.
Y
l | Dimensions | Value (in mm)
Z z 2.9
c X 0.8
_l_ Y 0.9
+ + C 2.0
E 1.35
— X —> E —>
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to the user.

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2012, Diodes Incorporated
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LM138 and LM338 5-Amp Adjustable Regulators
1 Features 3 Description

» Specified 7-A Peak Output Current

» Specified 5-A Output Current

» Adjustable Output Down to 1.2 V

» Specified Thermal Regulation

* Current Limit Constant With Temperature
« P * Product Enhancement Tested

e Output is Short-Circuit Protected

2 Applications

» Adjustable Power Supplies
» Constant Current Regulators
» Battery Chargers

Available Packages

Pin 1. Adjustment
2. Output
3. Input
Tab/Case is Output

Typical Application Circuit

Copyright © 2016, Texas Instruments Incorporated

TO-3

The LM138 series of adjustable 3-terminal positive
voltage regulators is capable of supplying in excess
of 5 A over a 1.2-V to 32-V output range. They are
exceptionally easy to use and require only 2 resistors
to set the output voltage. Careful circuit design has
resulted in outstanding load and line regulation,
comparable to many commercial power supplies. The
LM138 family is supplied in a standard 3-lead
transistor package.

A unique feature of the LM138 family is time-
dependent current limiting. The current limit circuitry
allows peak currents of up to 12 A to be drawn from
the regulator for short periods of time. This allows the
LM138 to be used with heavy transient loads and
speeds start-up under full-load conditions. Under
sustained loading conditions, the current limit
decreases to a safe value protecting the regulator.
Also included on the chip are thermal overload
protection and safe area protection for the power
transistor. Overload protection remains functional
even if the adjustment (ADJ) pin is accidentally
disconnected.

Normally, no capacitors are needed unless the device
is situated more than 6 inches from the input filter
capacitors in which case an input bypass is needed.
An output capacitor can be added to improve
transient response, while bypassing the adjustment
pin increases the ripple rejection of the regulator.

Besides replacing fixed regulators or discrete
designs, the LM138 is useful in a wide variety of
other applications. Because the regulator is floating
and receives only the input-to-output differential
voltage, supplies of several hundred volts can be
regulated as long as the maximum input to output
differential is not exceeded; do not short-circuit output
to ground. The part numbers in the LM138 series
which have a K suffix are packaged in a standard
steel TO-CAN package, while those with a T suffix
are packaged in a TO-220 plastic package. The
LM138 is rated for T; = -55°C to 150°C, and the
LM338 is rated for T; = 0°C to 125°C.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
LM138 TO-CAN (2) 25.40 mm x 38.94 mm
TO-220 (3) 10.16 mm x 14.986 mm
LM338
TO-CAN (2) 25.40 mm x 38.94 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

NDS Package

NDE Package

2-Pin TO-CAN 3-Pin TO-220
Bottom View Front View
Vour
ADJUSTMENT ViN 1
[
| — ———> VN
O | I ——————>\Vout
‘:: ADJ
il
Package Number NDEOOO3B
CASE IS
OUTPUT
Package Number NDS0002A
Pin Functions
PIN
110 DESCRIPTION

NAME TO-220 TO-CAN

ADJ 1 1 | Output voltage adjustment pin. Connect to a resistor divider to set Vg

VN 3 2 | Supply input pin

Vour 2 Case (0] Voltage output pin

6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Input and output voltage differential -0.3 40 Y
Power dissipation Internally limited
TO-3 package (soldering, 10 s) 300

Lead temperature - °C
TO-220 package (soldering, 4 s) 260
. LM138 —55 150

Operating temperature, T; °C
LM338 0 125

Storage temperature, Tgy —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

Copyright © 1998-2016, Texas Instruments Incorporated
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MIN MAX UNIT
Input-to-output voltage differential 3 40 \%
Output current 5 A
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6.3 Thermal Information

LM338 LM338
THERMAL METRIC® NDS (TO-CAN) NDE (TO-220) NDS (TO-CAN) UNIT
2 PINS 3 PINS 2 PINS
Rgia Junction-to-ambient thermal resistance 35 22.9 35 °C/IW
Rojcop) Junction-to-case (top) thermal resistance 1 15.7 1 °C/IW
Rgis Junction-to-board thermal resistance — 4.1 — °C/IW
WIT Junction-to-top characterization parameter — 2.1 — °C/IW
viB Junction-to-board characterization parameter — 4.1 — °C/IW
Roscpory Junction-to-case (bottom) thermal resistance — 0.7 — °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.4 Electrical Characteristics: LM138
Values apply for T; = 25°C; Viy — Vour = 5 V; and Iyt = 10 mA (unless otherwise noted).®

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VRer Reference voltage %V:S_ggb‘c_tg(igo)"é 35V, 10mA<loyr<5A P<50W, 1.19 1.24 129 V
v Li . < B < @ T;=25°C 0.005% 0.01% \Y,
RLINE ine regulation 3V= (Vi =Vour =35V T, = —55°C to 150°C 0.02% 0.04%| V
v L . - - @ T;=25°C 0.1% 0.3%
RLOAD oad regulation 10mA<Igyt<5A T, = 55°C to 150°C 03%  0.6%
Thermal regulation 20 ms pulse 0.002% 0.01% w
laDJ Adjustment pin current T;=-55°C to 150°C 45 100| pA
Alap; Adjustment pin current change #? Ln—ASé’IgUtI) S:L5506C3 Vs (Vin—Vour) <35V, 0.2 5| pA
AVt Temperature stability T; =-55°C to 150°C 1%
ILoapgviny  Minimum load current Vin = Vour =35V, T; =-55°C to 150°C 3.5 5/ mA
ViN—Voutr 10V
o DC, T; = -55°C to 150°C 5 8 A
leL Current limit
0.5-ms peak, T; = -55°C to 150°C 12 A
ViNn—Voutr =30V 1 1 A
Vi E:)"é'f: é’n‘f‘g;’t\/r(‘)‘zj'f)e 10 Hz < f < 10 kHz 0.003%
T 0 |w
AVR/AV|y  Ripple rejection ratio
Voytr =10V, f =120 Hz, Cppj = 10 pF, 60 75 dB
T;=-55°C to 150°C
Long-term stability T;=125°C, 1000 Hrs 0.3% 1%

(1) These specifications are applicable for power dissipations up to 50 W for the TO-3 (NDS) package and 25 W for the TO-220 (NDE)
package. Power dissipation is specified at these values up to 15-V input-output differential. Above 15-V differential, power dissipation is
limited by internal protection circuitry. All limits (that is, the numbers in the minimum and maximum columns) are specified to Tl's AOQL
(Average Outgoing Quality Level).

@

heating effects are covered under the specifications for thermal regulation.

Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to

4 Submit Documentation Feedback
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6.5 Electrical Characteristics: LM338
Values apply for T; = 25°C; V,y — Vour = 5 V; and Ioyr = 10 mA (unless otherwise noted). ®

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
VRer Reference voltage %stoﬁ‘éhéo‘l‘;%gg <35V, 10mA=loyr<5A P<50W, 1.19 1.24 1.29 \%
VRLINE Line regulation 3V < (Viy=Vour) £35V®@ T =257 0.005% 0.03% v
T;=0°Cto 125°C 0.02% 0.06% \%
Vrioao  Load regulation 10 mA < loyr <5 A® T =257 01 0
T;=0°Cto 125°C 0.3 1
Thermal regulation 20-ms pulse 0.002% 0.02% w
laDJ Adjustment pin current T;=0°Cto 125°C 45 100 HA
Alapg Adjustment pin current change %? ;ng:,é IthIZSSOSCA’ 8V =(ViNn-Vour) =35V, 0.2 5| pA
AVt Temperature stability T;=0°C to 125°C
ILoapgviny  Minimum load current VN —Vour =35V, T;=0°C to 125°C 3.5 10 mA
Vin=Vour €10V
o DC, T;=0°C to 125°C 8 A
lcL Current limit
0.5-ms peak, T; = 0°C to 125°C 12 A
VN = Vour = 30V 1 A
Vi Eagi:nﬂtg?t\/gﬂf)e 10 Hz < f< 10 kHz 0.003%
T Tocare T 60 a8
AVR/AV|y  Ripple rejection ratio
Vout = 10V, f = 120 Hz, Cap; = 10 pF, 60 - 4B
T;=0°Cto 125°C
Long-term stability T;=125°C, 1000 Hrs 0.3% 1%

(1) These specifications are applicable for power dissipations up to 50 W for the TO-3 (NDS) package and 25 W for the TO-220 (NDE)
package. Power dissipation is specified at these values up to 15-V input-output differential. Above 15-V differential, power dissipation is
limited by internal protection circuitry. All limits (that is, the numbers in the minimum and maximum columns) are specified to Tl's AOQL
(Average Outgoing Quality Level).

@

heating effects are covered under the specifications for thermal regulation.

Regulation is measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to

Copyright © 1998-2016, Texas Instruments Incorporated
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6.6 Typical Characteristics

14 16 T — T T T
PRELOAD CURRENT =0 «s «= «» PEAK CURRENT LIMIT
12 TCASE=25 C DC CURREI!T LIMIT ]
= o PO T I
< 10 ™ \ = 12 =J PRELOAD =0
= N NN Vour =10V = ﬁ:\ | | |
I . L b Y, PRELOAD - 3A
=3 | T ™ o 1 \ | |
3 NNYINVOUT = 15V 3 8 PRELOAD = 5A—
; 6 Suny - I (Y |
2 I AN 2 PRELOAD = 1A
S e IN Vout - 20V 5 N
S T L 4 N\ ~
2 mas VIN-VoyT = 30V, ~
I T M
1} 0
0.1 1.0 10 100 0 10 20 30 40
TIME (ms) INPUT-OUTPUT DIFFERENTIAL (V)
Figure 1. Current Limit Figure 2. Current Limit
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Figure 3. Current Limit Figure 4. Load Regulation
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Figure 5. Dropout Voltage
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Figure 6. Adjustment Current
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The LM138 and LM338 devices are adjustable, three-terminal, positive-voltage regulators capable of supplying
more than 5 A over an output-voltage range of 1.2 V to 32 V. It requires only two external resistors to set the
output voltage. These devices feature a typical line regulation of 0.005% and typical load regulation of 0.1%. It
includes time-dependent current limiting, thermal overload protection, and safe operating area protection.
Overload protection remains functional even if the ADJUST terminal is disconnected.

The LM138 and LM338 devices are versatile in their applications, including uses in programmable output
regulation and local on-card regulation. Or, by connecting a fixed resistor between the ADJUST and OUTPUT
terminals, the LM138 and LM338 devices can function as a precision current regulators. An optional output
capacitor can be added to improve transient response. The ADJUST terminal can be bypassed to achieve very
high ripple-rejection ratios, which are difficult to achieve with standard three-terminal regulators.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 NPN Darlington Output Drive

NPN Darlington output topology provides naturally low output impedance and an output capacitor is optional. To
support maximum current and lowest temperature, 3-V headroom is recommended (V, — Vo).

7.3.2 Overload Block

Overcurrent and overtemperature shutdown protects the device against overload or damage from operating in
excessive heat.

7.3.3 Programmable Feedback

Op amp with 1.25-V offset input at the ADJUST terminal provides easy output voltage or current (not both)
programming. For current regulation applications, a single resistor whose resistance value is 1.25 V/IO and
power rating is greater than 1.25 V?/R must be used. For voltage regulation applications, two resistors set the
output voltage.
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7.4 Device Functional Modes

7.4.1 Normal Operation

The device OUTPUT pin sources current necessary to make OUTPUT pin 1.25 V greater than ADJUST terminal
to provide output regulation.

7.4.2 Operation With Low Input Voltage

The device requires up to 3-V headroom (V| — V) to operate in regulation. With less headroom, the device may
drop out and OUTPUT voltage is INPUT voltage minus drop out voltage.

7.4.3 Operation at Light Loads

The device passes its bias current to the OUTPUT pin. The load or feedback must consume this minimum
current for regulation or the output may be too high. A 250-Q feedback resistor between OUTPUT and ADJUST
consumes the worst case minimum load current of 5 mA.

7.4.4 Operation in Self Protection

When an overload occurs, the device shuts down Darlington NPN output stage or reduces the output current to
prevent device damage. The device automatically resets from the overload. The output may be reduced or
alternate between on and off until the overload is removed.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

In operation, the LM138 develops a nhominal 1.25-V reference voltage (Vrer) between the output and adjustment
terminal. The reference voltage is impressed across program resistor R; and, since the voltage is constant, a
constant current I, then flows through the output set resistor R,, giving an output voltage calculated with
Equation 1.

R2
Vout =V, 1+ — [+1pyR2
out REF( sz ADJ O

Copyright © 2016, Texas Instruments Incorporated

Figure 15. Typical Application Circuit

Because the 50-pA current from the adjustment terminal represents an error term, the LM138 was designed to
minimize l5p; and make it very constant with line and load changes. To do this, all quiescent operating current is
returned to the output establishing a minimum load current requirement. If there is insufficient load on the output,
the output rises.
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8.2 Typical Applications

8.2.1 Constant 5-V Regulator

LM338
vy —@=Vin  Vour vant!?
N At ouT
R
2700
e [[1# cat
— 0.1uF 1uF
R?
8200

*Needed if device is more than 6 inches from filter
capacitors.

TOptional—improves transient response

R2
o Vour =125V [1+ﬁ]+;m (R.)

Copyright © 2016, Texas Instruments Incorporated

Figure 16. Constant 5-V Regulator

8.2.1.1 Design Requirements

R1: Because the LM138 produces a typical 1.24 V potential between the OUTPUT and ADJUST pins, placing a
270-Q resistor between them causes 4.6 mA to flow through R1 and R2.

R2: To achieve a 5-V output, the sum of the voltages across R1 and R2 must equal 5 V. Therefore, Vr2 must
equal 3.76 V when 4.6 mA is flowing through it. R2 =Vr2 /1 =3.76 V / 4.6 mA = ~820 Q.

Cin: 0.1 pF of input capacitance helps filter out unwanted noise, especially if the regulator is located far from the
power supply filter capacitors.

Cout: The regulator is stable without any output capacitance, but adding a 1-uF capacitor improves the transient
response.

Caps: A 10-pF capacitor bypassing the ADJUST pin to ground improves the regulators ripple rejection.

D1: Protection diode D1 is recommended if Coyt is used. The diode provides a low-impedance discharge path to
prevent the capacitor from discharging into the output of the regulator (see Protection Diodes).

D2: Protection diode D2 is recommended if C,p; is used. The diode provides a low-impedance discharge path to
prevent the capacitor from discharging into the output of the regulator (see Protection Diodes).

Table 1 lists the design parameters for this typical application.
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Table 1. Design Parameters

PARAMETER VALUE
Feedback resistor 1 (R1) 270 Q
Feedback resistor 2 (R2) 820 Q

Input capacitor (Cyy) 0.1 pF
Output capacitor (Coyr) 1pF
Adjust capacitor(Cap;) 10 pF

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 External Capacitors

An input bypass capacitor is recommended. A 0.1-uF disc or 1-uF solid tantalum on the input is suitable input
bypassing for almost all applications. The device is more sensitive to the absence of input bypassing when
adjustment or output capacitors are used but the above values eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on the LM138 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the output voltage is increased. With a 10-uF bypass capacitor,
75-dB ripple rejection is obtainable at any output level. Increases over 20 uF do not appreciably improve the
ripple rejection at frequencies above 120 Hz. If the bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor from discharging through internal low current paths and
damaging the device.

In general, the best type of capacitors to use are solid tantalum. Solid tantalum capacitors have low impedance
even at high frequencies. Depending upon capacitor construction, it takes about 25 pF in aluminum electrolytic to
equal 1-uF solid tantalum at high frequencies. Ceramic capacitors are also good at high frequencies; but some
types have a large decrease in capacitance at frequencies around 0.5 MHz. For this reason, 0.01-uF disc may
seem to work better than a 0.1-pF disc as a bypass.

Although the LM138 is stable with no output capacitors, like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs with values between 500 pF and 5000 pF. A 1-pF solid
tantalum (or 25-puF aluminum electrolytic) on the output swamps this effect and insures stability.

8.2.1.2.2 Load Regulation

The LM138 is capable of providing extremely good load regulation but a few precautions are needed to obtain
maximum performance. The current set resistor connected between the adjustment terminal and the output
terminal (usually 240 Q) must be tied directly to the output of the regulator (case) rather than near the load. This
eliminates line drops from appearing effectively in series with the reference and degrading regulation. For
example, a 15-V regulator with 0.05-Q resistance between the regulator and load has a load regulation due to
line resistance of 0.05 Q x |. If the set resistor is connected near the load, the effective line resistance is 0.05 Q
(1 + R2/R1) or in this case, 11.5 times worse.

Figure 17 shows the effect of resistance between the regulator and 240-Q set resistor.
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Figure 17. Regulator With Line Resistance in Output Lead

With the TO-3 package, it is easy to minimize the resistance from the case to the set resistor, by using 2
separate leads to the case. The ground of R2 can be returned near the ground of the load to provide remote
ground sensing and improve load regulation.

8.2.1.2.3 Protection Diodes

When external capacitors are used with any IC regulator it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low current points into the regulator. Most 20-uF capacitors have
low enough internal series resistance to deliver 20-A spikes when shorted. Although the surge is short, there is
enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator and the input is shorted, the output capacitor discharges
into the output of the regulator. The discharge current depends on the value of the capacitor, the output voltage
of the regulator, and the rate of decrease of V5. In the LM138 this discharge path is through a large junction that
is able to sustain 25-A surge with no problem. This is not true of other types of positive regulators. For output
capacitors of 100 pF or less at output of 15 V or less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can discharge through a low current junction. Discharge occurs
when either the input or output is shorted. Internal to the LM138 is a 50-Q resistor which limits the peak
discharge current. No protection is needed for output voltages of 25-V or less and 10-pF capacitance. Figure 18
shows an LM138 with protection diodes included for use with outputs greater than 25 V and high values of output
capacitance.
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R2
Vour =125V {1+ m + lapJR2

D1 protects against C1
D2 protects against C2

Figure 18. Regulator With Protection Diodes

8.2.1.3 Application Curves

imebase 20.0ms|
10

Figure 19. Regulator Start-Up Figure 20. Regulator Shutdown
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imebase -400 me]

Figure 21. Regulator Response to Load Step
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8.3 System Examples

Copyright © 2016, Texas Instruments Incorporated

Copyright © 2016, Texas Instruments Incorporated

Figure 22. Regulator and Voltage Reference Figure 23. 1.2-V to 25-V Adjustable Regulator

Copyright © 2016, Texas Instruments Incorporated

Full output current not available at high input-output voltages Copyright © 2016, Texas Instruments Incorporated

TOptional—improves transient response. Output capacitors in the * Adjust for 3.75 across R1
range of 1 uF to 1000 pF of aluminum or tantalum electrolytic are

commonly used to provide improved output impedance and rejection

of transients.

*Needed if device is more than 6 inches from filter capacitors.

R2
TiVout = 1.25V (1 + E) + lapd (Ro)

*»*R1 = 240 Q for LM138. R1, R2 as an assembly can be ordered
from Bourns:

MIL part no. 7105A-AT2-502

COMM part no. 7105A-AT7-502

Figure 24. Temperature Controller Figure 25. Precision Power Regulator With
Low Temperature Coefficient
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System Examples (continued)

VINI -
C2
I

LM338
Vout Jout
ADJ

1 uF
K 1N4002

Copyright © 2016, Texas Instruments Incorporated

Figure 26. Slow Turnon 15-V Regulator

Copyright © 2016, Texas Instruments Incorporated

Figure 28. High Stability 10-V Regulator

Copyright © 2016, Texas Instruments Incorporated

1Solid tantalum
*Discharges C1 if output is shorted to ground
*R1 = 240 Q for LM138

Figure 27. Adjustable Regulator With
Improved Ripple Rejection

Copyright © 2016, Texas Instruments Incorporated

*Sets maximum Vout
**R1 =240 Q for LM138

Figure 29. Digitally Selected Outputs
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System Examples (continued)

Copyright © 2016, Texas Instruments Incorporated
** Minimum output = 1.2 V
Copyright © 2016, Texas Instruments Incorporated
* Minimum load—2100 mA

Figure 30. 15-A Regulator Figure 31. 5-V Logic Regulator With
Electronic Shutdown**

Copyright © 2016, Texas Instruments Incorporated

Copyright © 2016, Texas Instruments Incorporated

* R1 =240 Q, R2 = 5k for LM138
Full output current not available at high input-output voltages

Figure 32. Light Controller Figure 33. 0 to 22-V Regulator
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System Examples (continued)

Copyright © 2016, Texas Instruments Incorporated

Copyright © 2016, Texas Instruments Incorporated

Figure 34. 12-V Battery Charger Figure 35. Adjustable Current Regulator

LM338 ﬁ
VRer

ViN Vin_~ Vour louT = —
AD!J R1 R1

Copyright © 2016, Texas Instruments Incorporated

Copyright © 2016, Texas Instruments Incorporated

Figure 36. Precision Current Limiter Figure 37. 5-A Current Regulator
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System Examples (continued)

Copyright © 2016, Texas Instruments Incorporated

T Minimum load—10 mA
* All outputs within £100 mV

Copyright © 2016, Texas Instruments Incorporated

Figure 38. Tracking Preregulator Figure 39. Adjusting Multiple On-Card Regulators

Copyright © 2016, Texas Instruments Incorporated

Ay =1 Rg= 10k, Cg =100 pF
Ay = 10, Rg = 100k, Cg = 10 pF
Bandwidth = 100 kHz

Distortion < 0.1%

With Single Control*

Copyright © 2016, Texas Instruments Incorporated

R2
*Rg—sets output impedance of charger Zoyt = Rg (1 + m)

Use of Rg allows low charging rates with fully charged battery.
**The 1000 pF is recommended to filter out input transients

R2
*Rs—sets output impedance of charger Zoyt = Rg (1 + m)

Use of Rg allows low charging rates with fully charged battery.
**The 1000 pF is recommended to filter out input transients

Figure 40. Power Amplifier Figure 41. Simple 12-V Battery Charger

Copyright © 1998-2016, Texas Instruments Incorporated
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System Examples (continued)

Copyright © 2016, Texas Instruments Incorporated

* Set max charge current to 3 A
** THE 1000 pF is recommended to filter out input transients.

Copyright © 2016, Texas Instruments Incorporated

Figure 42. Adjustable 15-A Regulator Figure 43. Current Limited 6-V Charger

Copyright © 2016, Texas Instruments Incorporated

* Minimum load—100 mA

Figure 44. 10-A Regulator
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9 Power Supply Recommendations

The input supply to LM138 and LM338 must be kept at a voltage level such that its maximum input to output
differential voltage rating is not exceeded. The minimum dropout voltage must also be met with extra headroom
when possible to keep the LM138 and LM338 in regulation. TI recommends a capacitor be placed at the input to
bypass noise.

10 Layout

10.1 Layout Guidelines

Some layout guidelines must be followed to ensure proper regulation of the output voltage with minimum noise.
Traces carrying the load current must be wide to reduce the amount of parasitic trace inductance and the
feedback loop from Vg1 to ADJ must be kept as short as possible. To improve PSRR, a bypass capacitor can
be placed at the ADJ pin and must be placed as close as possible to the IC. In cases when V,y shorts to ground,
an external diode must be placed from Vgyt to V)y to divert the surge current from the output capacitor and
protect the IC. Similarly, in cases when a large bypass capacitor is placed at the ADJ pin and VOUT shorts to
ground, an external diode must be placed from ADJ to Vgyr to provide a path for the bypass capacitor to
discharge. These diodes must be placed close to the corresponding IC pins to increase their effectiveness.

10.2 Layout Example

Figure 45. LMx38 Layout
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11 Device and Documentation Support

11.1 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 2. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOETWARE COMMUNITY
LM138 Click here Click here Click here Click here Click here
LM338 Click here Click here Click here Click here Click here

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) ®3) (415)
LM138K STEEL ACTIVE TO-3 NDS 50 TBD Call Tl Call TI -55to 125 LM138K Samnles
STEELP+ Lt
LM138K STEEL/NOPB ACTIVE TO-3 NDS 50 Green (RoHS Call Tl Level-1-NA-UNLIM -55to 125 LM138K Samnles
& no Sb/Br) STEELP+ L
LM338 MWC ACTIVE WAFERSALE YS 1 Green (RoHS Call Tl Level-1-NA-UNLIM -40 to 85 o 1
Samples
& no Sh/Br)
LM338K STEEL ACTIVE TO-3 NDS 2 50 TBD Call Tl Call Tl 0to 125 LM338K
STEELP+
LM338K STEEL/NOPB ACTIVE TO-3 NDS 2 50 Green (RoHS Call Tl Level-1-NA-UNLIM 0to 125 LM338K
& no Sh/Br) STEELP+
LM338T NRND TO-220 NDE 3 45 TBD Call Tl Call Tl 0to 125 LM338T P+
LM338T/NOPB ACTIVE TO-220 NDE 3 45 Green (RoHS CU SN Level-1-NA-UNLIM 0to 125 LM338T P+
& no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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TECHNOLOGY

FEATURES

= Reduces Power Dissipation by Replacing a Power
Schottky Diode

Wide Operating Voltage Range: 4V to 80V

Reverse Input Protection to —40V

Low 9pA Shutdown Current

Low 150pA Operating Current

Smooth Switchover without Oscillation

Controls Single or Back-to-Back N-Channel MOSFETs
Available in 6-Lead (2mm x 3mm) DFN and 8-Lead
MSOP Packages

APPLICATIONS

Automotive Battery Protection
Redundant Power Supplies
Supply Holdup

Telecom Infrastructure
Computer Systems/Servers
Solar Systems

| t /\D LTC4359

|deul Diode Controller with

Reverse Input Protection

DESCRIPTION

The LTC®4339 is a positive high voltage, ideal diode
controller that drives an external N-channel MOSFET to
replace a Schottky diode. It controls the forward-voltage
dropacrossthe MOSFET to ensure smooth currentdelivery
without oscillation even at light loads. If a power source
fails or is shorted, a fast turn-off minimizes reverse cur-
rent transients. A shutdown mode is available to reduce
the quiescent current to 9uA for load switch and 14pA for
ideal diode applications.

Whenusedin highcurrent diode applications, the LTC4359
reduces power consumption, heat dissipation, voltage loss
and PC board area. With its wide operating voltage range,
the ability to withstand reverse input voltage, and high
temperature rating, the LTC4359 satisfies the demanding
requirements of bothautomotive and telecomapplications.
The LTC4359 also easily ORs power sources in systems
with redundant supplies.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
Hot Swap is a trademark of Linear Technology Corporation. All other trademarks are the
property of their respective owners.

TYPICAL APPLICATION

12V, 20A Automotive Reverse-Battery Protection

Power Dissipation vs Load Current
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LTCA4359

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2) Operating Ambient Temperature Range
IN, SOURCE, SHDN........cocoeiiiiiiccriinns -40V to 100V LTC4359C ... 0°C to 70°C
OUT (NOtE 3)...eeeeeeeeeeeeeeeees -2V to 100V LTC43590 oo -40°C to 85°C
IN=OUT oo, -100V to 100V LTC4359H.. ~40°C to 125°C
IN=SOURCE ..o -1V to 80V Storage Temperature Range .................. -65°C to 150°C
GATE (Note 4).............. Vsource —0.3V 10 Vsource +10V  Lead Temperature (Soldering, 10 sec)
MS Package.........cccccoeuvveveeeeeeee e, 300°C
PIN CONFIGURATION
TOP VIEW
l_ - _ TOP VIEW
ouTp e 1 8fVss GATE 1] 8 ouT
oaTE[2] | 7 N Bl SOURCE 200 07 NC
el P NC 303 6 Vss
SOURCEf3!! ~ jl4fiN IN 40 15 SHON
MS8 PACKAGE

DCB PACKAGE
6-LEAD (2mm x 3mm) PLASTIC DFN
Tamax = 150°C, 6,4 = 64°C/W
EXPOSED PAD (PIN 7) PCB Vgg CONNECTION OPTIONAL

8-LEAD PLASTIC MSOP
Tymax = 150°C, 64 = 163°C/W

ORDER INFORMATION

Lead Free Finish

TAPE AND REEL (MINI) | TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4359CDCB#TRMPBF | LTC4359CDCB#TRPBF LFKF 6-Lead (2mm x 3mm) Plastic DFN 0°C to 70°C
LTC4359IDCB#TRMPBF | LTC4359IDCB#TRPBF LFKF 6-Lead (2mm x 3mm) Plastic DFN —40°C to 85°C
LTC4359HDCB#TRMPBF | LTC4359HDCB#TRPBF LFKF 6-Lead (2mm x 3mm) Plastic DFN -40°C to 125°C

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4359CMS8#PBF LTC4359CMS8#TRPBF | LTFKD 8-Lead Plastic MSOP 0°C to 70°C
LTC4359IMS8#PBF LTC4359IMS8#TRPBF LTFKD 8-Lead Plastic MSOP -40°C to 85°C
LTC4359HMS8#PBF LTC4359HMS8#TRPBF | LTFKD 8-Lead Plastic MSOP —40°C to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

4359fb
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LTCA4359

GLGCTRKHL CHﬂﬂﬂCTGﬁISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C, IN = 12V, SOURCE = IN, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX | UNITS
Vin Operating Supply Range [ 4 80 v
I IN Current IN=12V o 150 200 HA
IN = 0UT =12V, SHDN = 0V (] 9 20 HA
IN = OUT = 24V, SHDN = 0V ) 15 30 HA
IN = -40V o -15 -40 HA
lout OUT Current IN =12V, In Regulation ® 5 7.5 pA
IN =12V, AVgp = -1V o 120 200 HA
IN = 0UT =12V, SHDN = 0V ° 0.8 3 HA
IN = OUT = 24V, SHDN = 0V ° 0.8 3 HA
OUT =12V, IN = SHDN = 0V o 6 12 HA
IsouRrcE SOURCE Current IN =12V, AVgp = -1V ) 150 200 HA
IN = SOURCE =12V, SHDN = 0V ° 1 4 15 HA
SOURCE =40V e | 04 -0.8 -15 mA
AVgaTe Gate Drive (GATE-SOURCE) IN =4V, lgate =0, -1pA ° 45 5.5 15 Vv
IN = 8V to 80V; Igare = 0, —1pA (] 10 12 15 v
AVgp Source-Drain Regulation Voltage (IN -OUT) | AVgare = 2.5V ® 20 30 45 mV
lgATE(UP) Gate Pull-Up Current GATE = IN, AVgp = 0.1V [} -6 -10 -14 pA
lgae(OWN) | Gate Pull-Down Current Fault Condition, AVgare = 5V, AVgp = -1V ® 70 130 180 mA
Shutdown Mode, AVgatg = 5V, AVgp = 0.7V o 0.6 mA
torr Gate Turn-Off Delay Time AVgp = 0.1V 1o -1V, AVgate < 2V, ° 0.3 0.5 us
Cgare = OpF
ton Gate Turn-On Delay Time IN =12V, SOURCE = OUT = 0V, SHDN = 0V to 2V 200 Us
AVGATE > 4.5V, CGATE = OpF
Vsmon(rH) | SHDN Pin Input Threshold IN =4V to 80V ° 0.6 1.2 2 v
Vsron(rLr) | SHDN Pin Float Voltage IN =4V to 80V ® 0.6 1.75 2.5 v
ISHON SHDN Pin Current SHDN = 0.5V, LTC43591, LTC4359C ° -1 -2.6 -5 pA
SHDN = 0.5V, LTC4359H ®| -05 -2.6 -5 HA
SHDN = -40V o 04 -0.8 -1.5 mA
Maximum Allowable Leakage, Vy = 4V 100 nA
VSOURCE(TH) Reverse SOURGE Threshold for GATE Off GATE =0V, |GATE(DOWN) =1mA [ ] -0.9 -1.8 2.7 v

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.

Note 2. All currents into pins are positive; all voltages are referenced to

Vgg unless otherwise specified.

Note 3. An internal clamp limits the OUT pin to a minimum of 100V above
Vss. Driving this pin with more current than TmA may damage the device.

Note 4. An internal clamp limits the GATE pin to a minimum of 10V above

IN or 100V above Vgg. Driving this pin to voltages beyond the clamp may

damage the device.

4359fb
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TYPICAL PERFORMANCE CHARACTERISTICS

IN Current in Regulation
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IN Current in Shutdown
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TYPICAL PERFORMANCE CHARACTERISTICS

Gate Turn-0ff Time
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Load Current
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Exposed Pad (DCB Package Only): Exposed pad may be
left open or connected to Vgg.

GATE: Gate Drive Output. The GATE pin pulls high, enhanc-
ing the N-channel MOSFET when the load current creates
more than 30mV of voltage drop across the MOSFET.
When the load current is small, the gate is actively driven
to maintain 30mV across the MOSFET. If reverse current
flows, a fast pull-down circuit connects the GATE to the
SOURGE pin within 0.3ps, turning off the MOSFET.

IN: Voltage Sense and Supply Voltage. IN is the anode of
the ideal diode. The voltage sensed at this pin is used to
control the MOSFET gate.

NC (MS Package Only): No Connection. Not internally
connected.

OUT: Drain Voltage Sense. OUT is the cathode of the ideal
diode and the common output when multiple LTC4359s

are configured as an ideal diode-OR. It connects either di-
rectly or through a 2k resistor to the drain of the N-channel
MOSFET. The voltage sensed at this pin is used to control
the MOSFET gate.

SHDN: Shutdown Control Input. The LTC4359 can be
shut down to a low current mode by pulling the SHDN
pin below 0.6V. Pulling this pin above 2V or disconnect-
ing it allows an internal 2.6pA current source to turn the
part on. Maintain board leakage to less than 100nA for
proper operation. The SHDN pin can be pulled up to 100V
or down to —40V with respect to Vgg without damage. If
the shutdown feature is not used, connect SHDN to IN.

SOURCE: Source Connection. SOURCE is the return path
of the gate fast pull-down. Connect this pin as close as
possible to the source of the external N-channel MOSFET.

Vgs: Supply Voltage Return and Device Ground.

4359fb

LY N

For more information www.linear.com/LTC4359

5



LTCA4359

BLOCK DIRGRAM

Vi

LIyl
N | source
L |

]'_IGATE lOUT
| -
é 1 T &I
2.6pA
HDN

SHUTDOWN

Vout

m‘

CHARGE PUMP
TYP 500kHz

30mv
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LTCA4359

OPERATION

The LTC4359 controls an external N-channel MOSFET to
form an ideal diode. The GATE amplifier (see Block Dia-
gram) sensesacross INand OUT and drives the gate of the
MOSFET to regulate the forward voltage to 30mV. As the
load currentincreases, GATE is driven higher until a point
isreached where the MOSFET is fully on. Furtherincreases
in load current result in a forward drop of Rpg(on)® ILoap-

If the load current is reduced, the GATE amplifier drives
the MOSFET gate lower to maintain a 30mV drop. If the
input voltage is reduced to a point where a forward drop
of 30mV cannot be supported, the GATE amplifier drives
the MOSFET off.

In the event of a rapid drop in input voltage, such as an
input short-circuit fault or negative-going voltage spike,
reverse current temporarily flows through the MOSFET.
This current is provided by any load capacitance and by
other supplies or batteries that feed the output in diode-
OR applications.

The FPD COMP (Fast Pull-Down Comparator) quickly
responds to this condition by turning the MOSFET off in
300ns, thus minimizing the disturbance to the output bus.

The IN, SOURCE, GATE and SHDN pins are protected
againstreverseinputs of upto—40V. The NEGATIVE COMP
detects negative input potentials at the SOURCE pin and
quickly pulls GATE to SOURCE, turning off the MOSFET
and isolating the load from the negative input.

When pulled low the SHDN pin turns off most of the
internal circuitry, reducing the quiescent current to 9uA
and holding the MOSFET off. The SHDN pin may be either
driven high or left open to enable the LTC4359. If left
open, an internal 2.6pA current source pulls SHDN high.
In applications where Q1 is replaced with back-to-back
MOSFETs, the SHDN pin serves as an on/off control for
the forward path, as well as enabling the diode function.

APPLICATIONS INFORMATION

Blocking diodes are commonly placed in series with supply
inputs for the purpose of ORing redundant power sources
and protecting against supply reversal. The LTC4359
replaces diodes in these applications with a MOSFET to
reduce both the voltage drop and power loss associated
with a passive solution. The curve shown on page 1 illus-
trates the dramaticimprovementin power loss achieved in
apractical application. This represents significant savings
in board area by greatly reducing power dissipation in the
pass device. At low input voltages, the improvement in
forward voltage loss is readily appreciated where head-
room is tight, as shown in Figure 2.

The LTC4359 operates from 4V to 80V and withstands
an absolute maximum range of —40V to 100V without
damage. Inautomotive applications the LTC4359 operates
through load dump, cold crank and two-battery jumps,
and it survives reverse battery connections while also
protecting the load.

A 12V/20A ideal diode application is shown in Figure 1.
Several external components are included in addition to
the MOSFET, Q1. Ideal diodes, like their nonideal coun-

terparts, exhibit a behavior known as reverse recovery.
In combination with parasitic or intentionally introduced
inductances, reverse recovery spikes may be generated by
anideal diode during commutation. D1, D2 and R1 protect
against these spikes which might otherwise exceed the
LTC4359’s —40V to 100V survival rating. Coyt also plays
a role in absorbing reverse recovery energy. Spikes and
protection schemes are discussed in detail in the Input
Short-Circuit Faults section.

Q1
BSC028NO6NS

v | I l—l Vour
120 9 & *— 12V
[, o1 Ivl 200
SMAT70A
70V |
D2 IN SOURCE  GATE OUT

Cour
SMAJ24A
o4y LTC4359
—] SHON Ves

T 47nF
<R1

4359 FO1
i

Figure 1. 12V/20A Ideal Diode with Reverse Input Protection
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APPLICATIONS INFORMATION

20 / | ]
MOSFET I

(BSC028NOGNS) |

SCHOTTKY DIODE
(SBG2040CT) I/

L
/
/
|/
0 — ]
0 0.1 02 03 04 05
VOLTAGE (V)

4359 F02

Figure 2. Forward Voltage Drop Comparison
Between MOSFET and Schottky Diode

It is important to note that the SHDN pin, while disabling
the LTC4359 and reducing its current consumption to
9uA, does not disconnect the load from the input since
Q1’s body diode is ever-present. A second MOSFET is
required for load switching applications.

MOSFET Selection

All load current passes through an external MOSFET,
Q1. The important characteristics of the MOSFET are on-
resistance, Rps(on), the maximum drain-source voltage,
BVpss, and the gate threshold voltage Vgsth).

Gate drive is compatible with 4.5V logic-level MOSFETs
overtheentire operating range of4Vto 80V. Inapplications
above 8V, standard 10V threshold MOSFETs may be used.
An internal clamp limits the gate drive to 15V maximum
between the GATE and SOURCE pins. For 24V and higher
applications, an external Zener clamp (D4) must be added
between GATE and SOURCE to not exceed the MOSFET’s
Vs(max) during input shorts.

The maximumallowable drain-source voltage, BVpsg, must
be higher than the power supply voltage. If the input is
grounded, the full supply voltage will appear across the
MOSFET. If the input is reversed, and the output is held
up by a charged capacitor, battery or power supply, the
sum of the input and output voltages will appear across
the MOSFET and BVpgs > OUT + |V |-

The MOSFET's on-resistance, Rps(on), directly affects
the forward voltage drop and power dissipation. Desired
forward voltage drop should be less than that of a diode
for reduced power dissipation; 100mV is a good starting
point. Choose a MOSFET which has:

Forward Voltage Drop

ILoAD
The resulting power dissipation is

Ros(on) <

Pa = (ILoaD)? * Ros(on)

Shutdown Mode

In shutdown, the LTC4359 pulls GATE low to SOURCE,
turning offthe MOSFET and reducing its current consump-
tion to 9pA. Shutdown does not interrupt forward current
flow, a path is still present through Q1’s body diode, as
shown in Figure 1. A second MOSFET is needed to block
the forward path; see the section Load Switching and
Inrush Control. When enabled the LTC4359 operates as
an ideal diode. If shutdown is not needed, connect SHDN
to IN. SHDN may be driven with a 3.3V or 5V logic sig-
nal, or with an open drain or collector. To assert SHDN
low, the pull down must sink at least 5pA at 500mV. To
enable the part, SHDN must be pulled up to at least 2V.
If SHDN is driven with an open drain, open collector or
switch contact, an internal pull-up current of 2.6pA (1pA
minimum) asserts SHDN high and enables the LTC4359.
If leakage from SHDN to ground cannot be maintained at
less than 100nA, add a pull-up resistor to >2V to assure
turn on. The self-driven open circuit voltage is limited
internally to 2.5V. When floating, the impedance is high
and SHDN is subject to capacitive coupling from nearby
clock lines or traces exhibiting high dV/dt. Bypass SHDN
to Vgg with 10nF to eliminate injection. Figure 3a is the
simplestway to control the shutdown pin. Since the control
signal ground is different from the SHDN pin reference,
Vs, there could be momentary glitches on SHDN during
transients. Figures 3b and 3c are alternative solutions
that level-shift the control signal and eliminate glitches.

4359fb
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APPLICATIONS INFORMATION

LTC4359

Input Short-Circuit Faults

SHON The dynamic behavior of an active, ideal diode entering
— reverse bias is most accurately characterized by a delay
ON[OFF — egmeazait Tk followed by a period of reverse recovery. During the delay

phase some reverse currentis built up, limited by parasitic
= resistances and inductances. During the reverse recovery

Figure 3a. SHDN Control phase, energy stored in the parasitic inductances is trans-
ferred to other elements in the circuit. Current slew rates
18 during reverse recovery may reach 100A/ps or higher.
d

High slew rates coupled with parasitic inductances in

20 100K L series with the input and output paths may cause poten-

2N5401 tially destructive transients to appear at the IN, SOURCE

ors[57 —{ aess S and OUT pins of the LTCA359 during reverse recovery.
Vs A zero impedance short-circuit directly across the input

TR and ground is especially troublesome because it permits

\ A Ad

the highest possible reverse current to build up during
the delay phase. When the MOSFET finally interrupts the
_ o reverse current, the LTC4359 IN and SOURCE pins experi-
Figure 3b. Transistor SHDN Control ence a negative voltage spike, while the OUT pin spikes in
the positive direction.

To prevent damage to the LTC4359 under conditions

—_— <
<

—
=

48V

onfore éZK of input short-circuit, protect the IN, SOURCE and OUT
y - pins as shown in Figure 4 . The IN and SOURCE pins are
SHDN protected by clamping to the Vgg pin with two TransZorbs
so IR 04359 or TVS. For input voltages 24V and greater, D4 is needed
I to protect the MOSFET’s gate oxide during input short-
. 1 circuitconditions. Negative spikes, seen after the MOSFET
= fk turns off during an input short, are clamped by D2, a 24V
= TVS. D2 allows reverse inputs to 24V while keeping the
Figure 3c. Opto-Isolator SHDN Control MOSFET off and is not required if reverse-input protection
REVERSE RECOVERY CURRENT
INPUT PARASITIC OUTPUT PARASITIC
INDUCTANCE Q1 INDUCTANCE
Viy + - FDI\£886101 + - Vour
! it |
INPUT DDZ9699T 1 Croap
SHORT oy —_|___
= glt/lATmA '»P" —L—Cour i
I 70V IN SOURCE  GATE our | — =2'oHF
D2 —SHDN LTC4359
SMAJ24A Vss
24V T

R1
1k 4359 Fo4

Figure 4. Reverse Recovery Produces Inductive Spikes at the IN, SOURCE and OUT Pins.

The Polarity of Step Recovery Is Shown Across Parasitic Inductances
4359fb
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APPLICATIONS INFORMATION

is not needed. D1, a 70V TVS, protects IN and SOURCE in
the positive direction during load steps and overvoltage
conditions. OUT can be protected by an output capacitor,
Coyt of at least 1.5pF, a TVS across the MOSFET or by
the MOSFET’s avalanche breakdown. Care must be taken
if the MOSFET’s avalanche breakdown is used to protect
the OUT pin. The MOSFET’s BVpgg must be sufficiently
lower than 100V, and the MOSFET’s avalanche energy rat-
ing must be ample enough to absorb the inductive energy.
If a TVS across the MOSFET or the MOSFET avalanche
is used to protect the OUT pin, Coyt can be reduced to
47nF. oyt and R1 preserve the fast turn off time when
output parasitic inductance causes the IN and OUT volt-
ages to drop quickly.

Paralleling Supplies

Multiple LTC4359s can be used to combine the outputs of
two ormore supplies for redundancy or for droop sharing,
as shown in Figure 5. For redundant supplies, the supply
with the highest output voltage sources most or all of the
load current. If this supply’s output is quickly shorted to
ground while delivering load current, the flow of current
temporarily reverses and flows backwards through the
LTC4359’s MOSFET. The LTC4359 senses this reverse

Q1A

FDMS86101 %X
Vina =12V 4 \ 4
D2A l*l BUS
PSA 27 SMAJ24CA |
24V
IN SOURCE  GATE OUT
RTNA —L_Couta
l LTC4359 —— 1.5)F
— —{ SHDN
= Vss
S R1A
>
2w
Q1B
FDMS86101
Ving = 12V 4 \ 4
v 0z Tl
2~ SMAJ24CA
PSB Y |
RTNB IN SOURCE  GATE OUT .
LTC4359 —— I
1.5pF
— —] SHDN
= Vss

< R1B
S

Figure 5. Redundant Power Supplies

current and activates a fast pull-down to quickly turn off
the MOSFET.

If the other, initially lower, supply was not delivering any
load current at the time of the fault, the output falls until
the body diode of its ORing MOSFET conducts. Meanwhile,
the LTC4359 charges the MOSFET gate with 10pA until
the forward drop is reduced to 30mV. If this supply was
sharing load current at the time of the fault, its associated
ORing MOSFET was already driven partially on. Inthis case,
the LTC4359 will simply drive the MOSFET gate harder in
an effort to maintain a drop of 30mV.

Droop sharing can be accomplished if both power supply
output voltages and output impedances are nearly equal.
The 30mV regulation technique ensures smooth load
sharing between outputs without oscillation. The degree
of sharing is a function of MOSFET Rpsgn), the output
impedance of the supplies and their initial output voltages.

Load Switching and Inrush Control

By adding a second MOSFET as shown in Figure 6, the
LTC4359 can be used to control power flow in the for-
ward direction while retaining ideal diode behavior in the
reverse direction. The body diodes of Q1 and Q2 prohibit

Q2 Q1
FQA140N10 FDMS86101

Vour
L.
o BT T w
SMAJ58A e
58V RS o—Ppl—o T CLoap
D2 C1 100 D4 =
¥, suasaan 100F R4 DDZ9699T

12V
24V |__MA' o

= [in SOURCE _ GATE oUT| —— Sout

ON|OFF —{SHDN

LTC4359

Vss

R1
H

Figure 6. 28V Load Switch and Ideal
Diode with Reverse Input Protection

4359 FO6
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APPLICATIONS INFORMATION

current flow when the MOSFETSs are off. Q1 serves as the

ideal diode, while Q2 acts as a switch to control forward Vin % : E % Vour
power flow. On/off control is provided by the SHDN pin, &l jlOSFER o5
and C1 and R4 may be added if inrush control is desired. e of5]
When SHDN is driven highand provided Vi >Voyt+30mV, GATE
GATE sources 10pA and gradually charges G1, pulling up SOURCE * [TETT=I =T ] out
both MOSFET gates. Q2 operates as a source follower and :’ : 5
| _10pA +Ciopp g
INRUSH = C IN = 55
DCB6
If Viy <Vout + 30mV, the LTC4359 will be activated but _
holds Q1 and Q2 off until the input exceeds the output by Figure 7a. Layout, DCB6 Package
30mV. In this way normal diode behavior of the circuit is
preserved, but with soft starting when the diode turns on. o B
1]S D|8
When SHDN is pulled low, GATE pulls the MOSFET gates Vin z]s o[7] Vour
down quickly to SOURCE turning off both forward and &ls " o5
reverse paths, and the input current is reduced to 9uA. ] o[5]
While G1 and R4 may be omitted if soft starting is not ente B B our
needed, R3 is necessary to prevent MOSFET parasitic SOURCE T 14350 |
oscillations and must be placed close to Q2. y = =
MS8
Layout Considerations
Connectthe IN, SOURCE and OUT pins as close as possible Figure 7b. Layout, MS8 Package
to the MOSFET source and drain pins. Keep the traces to
the MOSFET wide and shortto minimize resistive losses as B h ol Vour
showninFigure 7. Place surge suppressors and necessary T NI -
transient protection components close to the LTC4359 T _L
using short lead lengths. 1 sRlReE  TwE ol T Conn
—1_C —
For the DFN package, pin spacing may be a concern at LTS::SQ St | =
voltages greater than 30V. Check creepage and clearance
guidelines to determine if this is an issue. To increase the %?;A
effective pinspacing between high voltage and ground pins, e
leave the exposed pad connection open. Use no-clean flux Q1B
L . . v BSC011NO3LS
to minimize PCB contamination. e I
Figures 8 through 18 show typical applications of the e ;:; =
LTC4359. o430 .
—1—47nF
Vss
SR1B
‘{1k
—12V 4359 F08

Figure 8. 1.2V Diode-OR

4359fb
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TYPICAL APPLICATIONS

a
Si4874DY
IN SOURCE GATE OUT
100W
A SHUNT +] 1oy
SOLAR A REGULATOR LTC4359 = saTTeRy | LOAD
—| SHDN
Vss
e 4359 F09
Figure 9. Lossless Solar Panel Isolation
1K
ES1D 0470F =
at | |_
D6 Vi IPB200N25N3G \2/83\3
SMCJ150A 200V 1 1
150V Ivl CLoaD 7A
> T
C .=
o) IE ggsme
Vin IPB200N25N3G Xg\LIJT D4 P
o e ¥l S 104 EZ;BQQT *DEPLETION MODE
DDz9699T | S H2 CLoan 9 P“
2%k TRANSISTOR
12v ) _-L—_ 10M
O—b\bb ® +—\—¢
D1 IN SOURCE GATE OUT | IN SOURCE  GATE  OUT
SMAT70A ggug Ao /03
70V LTC4359 nF | D3 ——1onF DDZ9699 DDZ9702
D2 —| SHDN o BZGO3C75 4 12v 04SS9 4 15V
A HDN
MMSZ5231B Vss v
! | 51V 55
T 4359F10 1 4359 FA1
D5 Rl
200k

S1B

|||—|‘—0—

Figure 10. 48V Ideal Diode with Reverse Input Protection

Figure 11. 200V Ideal Diode
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TYPICAL APPLICATIONS

02 Q1
BSC028NOBNS ~ BSCO28NOBNS Vout BSC028NO6NS BSCO28NOSNS
Vi 12V INPUT p— OUTPUT
i W RIT X iz, LT R
- CLoap 8.2M 2M SMAJ24CAT’ T- I
Ct L < ] 24V
1onF | R4 SRS -
10k S100 IN  SOURGE GATE OUT
AW ¢ —C
J_—_l I_ _ , 01540 TC4359 e
= [ SOURCE _ GATEOUT UV = 10.8V IS our
v, 02 Cout =—D3 | [T SHDN Vs
5/ SMAJ24CA 4k M siB
A2y LTC4359
0FF|0N HDN M 2 HYST L/ 10v 4359 F13
= >
Vss S _%EL A Dpd706977 ?II
4359 F12 A
S R V= GND
i‘]k é
= Re
Figure 12. 12V Load Switch and Ideal Figure 13. 12V Load Switch and Ideal
Diode with Reverse Input Protection Diode with Precise Undervoltage Lockout
Q1
Vi FDMS86101 Vout
24v Y * 24y
4 Jy 108
DDZ9699T —1—
12V
0—}%0
D IN SOURCE GATE OUT
SMAT70A 1 cour
ov LTC4359 —— 154F
D2 —] SHDN
SMAJ24A Vss
T 24v
<’ R1 4359 F14
1k

Figure 14. 24V Ideal Diode with Reverse Input Protection

D6
SMAT70A
70V
It a1
Vi FDMS86101 ng
v Ivl 10A
D4 ==
DDZ9699T
12V
D—’hl
|, D1
74 SMAT70A |IN SOURCE GATE OUT
70V —L cour
LTC4359 —
—] SHDON Vss

< R1

i1 k

4359 F15

Figure 15. 48V Ideal Diode without Reverse Input Protection
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TYPICAL APPLICATIONS

R5A*
100K
Q2A Q1A
Vina FQA140N10 FDMS86101 Vout
>—_| —E +— 28V
28 IW\ {r D4A il | 10A
ggQ/AJ%A DDZ9699T ~T CLond
12V
D2A .._;b‘. _-l—_
SMAJ24A =
24V
IN SOURCE GATE OUT
LTC4359 — ?%UTFA
oFF [ON —| SHDN s
Vss
<ZRIA
R5B* iﬂ(
100k al
028 Q1B
Ving FQA140N10 FDMS86101
28V T"—J Fr'—lq
D1B )4 D4B _J.
SMAJ58A DDZ9699T ~T
58V 12V
D2B '»H'
SMAJ24A
24V
IN SOURCE GATE OUT
—L_Couts
LTC4359 —— 1.54F
0FF [ON' —{ SHDN
Vss
:; R‘I B 4359 F16
gk *DECREASES GATE RAMP TIME BY BIASING SOURCEX NEAR Vinx
= 100k PATH TO Voyr IF VouT < Vinx
Figure 16. Diode-0OR with Selectable Power
Supply Feeds and Reverse Input Protection
Q1
Y BSCBZSNOSNS . FDD16ANOSBA0  10mQ R 4A OUTPUT
12V CLAMPED AT 16V
,-L Dt 1yl SMAJ58A 1 ( )
SMAT70A i 58V 57.6k 22uF
7nov = 10Q I_
D2 | % =
gz/lvAJ%A IN SOURCE GATE OUT Vec GATE  SNS out
SHON ——our S i
— LTC4359 47nF  o—1 SHDN 14363 499K
Vss —{u ENOUT |—
1% e mr U
~27V T0 60V DC SURVIVAL 2R
~40V TO 100V TRANSIENT SURVIVAL i‘]k J_ L 01U

4359 F17

Figure 17. Overvoltage Protector and Ideal Diode Blocks Reverse Input Voltage
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LTCA4359

PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

DCB Package
6-Lead Plastic DFN (2mm x 3mm)
(Reference LTC DWG # 05-08-1715 Rev A)

‘ '

~10.70 £0.05

‘ i

1.65 £0.05
3552005 | (y'sigs) 77!,7 ||
2.15 +0.05 i
l A PACKAGE
M |+| M OUTLINE
|
< 0.25 +0.05
—  l<—050BsC
1.35 £0.05
(2 SIDES) -

RECOMMENDED SOLDER PAD PITCH AND DIMENSIONS

2.00 0.10

0.40 £0.10

K

(2 SIDES)

i
| |
1
| ik
1 | s00:010 1A65¢0A1077777!77 B
% (2SIDES) (2 SIDES) ‘
|
|
PIN 1 BAR ‘ | ~—1-PIN 1 NOTCH
TOP MARK~_{ ‘ R0.20 OR 0.25
(SEENOTE ) | e \ m } ﬂ x 45° CHAMFER
| 3 ‘ 1 ‘L (DCBS) DFN 0405
0.25 +0.05
0.200 REF 0.75 +0.05 - =~—050BSC
—L 1.35 +0.10 ‘
| 1 ! (2 SIDES)
F —5 0.00-0.05 BOTTOM VIEW—EXPOSED PAD
NOTE:

1. DRAWING TO BE MADE A JEDEC PACKAGE OUTLINE M0-229 VARIATION OF (TBD)
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION ON THE
TOP AND BOTTOM OF PACKAGE
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LTCA4359
PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

MS8 Package
8-Lead Plastic MSOP
(Reference LTC DWG # 05-08-1660 Rev G)

0.889 +0.127
(.035 +.005)
('52'% 3.20-3.45
MIN 126— 136)
3.00 +0.102 |
0.42 + 0. 033 0.65 (.118 £.004) < 052
(.0165 + 0015 0256 (NOTE 3) (.0205)
TYP BSC REF
RECOMMENDED SOLDER PAD LAYOUT
3.00 0.102
4.90 £0.152 STl
DETAIL “A” 7102 2 0081 (.118 +.004)
0,2154 (.193 £.006) (NOTE 4)
(010) % -6°TYP
GAUGE PLANE —+— k’ ¢

o 53 +0.152
(021 £.008) 110 0.86

(.043) (.034)
DETAIL “A” MAX REF
0.18 ]
T e
! SEATING f—
—
X PLANE 022-038 | | 4 0.1016 :0.0508
(.009 -.015) 0.65 (.004 £.002)
TY . MSOP (VS8) 0213 REV G
. (.0256)
NOTE: BSC
1. DIMENSIONS IN MILLIMETER/(INCH)

2. DRAWING NOT TO SCALE
3. DIMENSION DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS.
MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
4. DIMENSION DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSIONS.
INTERLEAD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.152mm (.006") PER SIDE
5. LEAD COPLANARITY (BOTTOM OF LEADS AFTER FORMING) SHALL BE 0.102mm (.004") MAX
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 08/13 | Corrected SHDN pull-up current from 2pA to 2.6pA 5,6,7,8
Updated Figure 11 12
B 05/14 | Pin Configuration, updated T jyax to 150°C from 125°C 2
Added specification, Gate Turn-On Delay Time (toy) 3
Figure 16, added R5A and R5B resistors 14
4359fb
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BACKPLANE  PLUG-IN CARD
48V —foud [ Pers Hot Suap™ v
Lyl CONTROLLER o
DDZ9699T
12V
0—}%»
IN SOURCE GATE OUT
_ ——1.50F +
SHDN LTC4359 1~ CroLbup
5~ SMAT70A
T 70V Vss
if 1k
GND
= GND 4359 F18
Figure 18. Input Diode for Supply Hold-Up on Plug-In Card

PART NUMBER DESCRIPTION COMMENTS
LTC4352 Ideal Diode Controller with Monitor Controls N-Channel MOSFET, 0V to 18V Operation
LTC4354 Negative Voltage Diode-OR Controller | Controls Two N-Channel MOSFETs, 1.2us Turn-0ff, ~80V Operation

and Monitor
LTC4355 Positive Voltage Diode-OR Controller | Controls Two N-Channel MOSFETs, 0.4ps Turn-0ff, 80V Operation

and Monitor
LTC4357 Positive High Voltage |deal Diode Controls Single N-Channel MOSFET, 0.5ps Turn-Off, 80V Operation

Controller
LTC4358 5A ldeal Diode Internal N Channel MOSFET, 9V to 26.5V Operation

LT4363-1/LT4363-2

High Voltage Surge Stopper

Stops High Voltage Surges, 4V to 80V, —60V Reverse Input Protection

LT4256-1/LT4256-2

Positive High Voltage Hot Swap™
Controllers

Active Current Limiting, Supplies from 10.8V to 80V

Latch-Off and Automatic Retry Option

LTC4260 Positive High Voltage Hot Swap With 12C and ADC, Supplies from 8.5V to 80V
Controller
LTC4364 Surge Stopper with |deal Diode 4V to 80V Operation, —40V Reverse Input, —20V Reverse Output
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EVALUATION KIT AVAILABLE

MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

General Description

The MAX5035 easy-to-use, high-efficiency, high-volt-
age, step-down DC-DC converter operates from an
input voltage up to 76V and consumes only 270uA qui-
escent current at no load. This pulse-width modulated
(PWM) converter operates at a fixed 125kHz switching
frequency at heavy loads, and automatically switches
to pulse-skipping mode to provide low quiescent cur-
rent and high efficiency at light loads. The MAX5035
includes internal frequency compensation simplifying
circuit implementation. The device uses an internal low-
on-resistance, high-voltage, DMOS transistor to obtain
high efficiency and reduce overall system cost. This
device includes undervoltage lockout, cycle-by-cycle
current limit, hiccup mode output short-circuit protec-
tion, and thermal shutdown.

The MAX5035 delivers up to 1A output current. The out-
put current may be limited by the maximum power dis-
sipation capability of the package. External shutdown is
included, featuring 10pA (typ) shutdown current. The
MAX5035A/B/C versions have fixed output voltages of
3.3V, 5V, and 12V, respectively, while the MAX5035D/E
versions have an adjustable output voltage from 1.25V
to 13.2V.

The MAX5035 is available in space-saving 8-pin SO
and 8-pin plastic DIP packages and operates over the
automotive (-40°C to +125°C) temperature range.

Applications

Automotive

Consumer Electronics
Industrial

Distributed Power

Typical Operating Circuit

Features

* <

* & & o

* > <

Wide 7.5V to 76V Input Voltage Range

Fixed (3.3V, 5V, 12V) and Adjustable
(1.25V to 13.2V) Versions

1A Output Current
Efficiency Up to 94%
Internal 0.4Q High-Side DMOS FET

270pA Quiescent Current at No Load, 10pA
Shutdown Current

Internal Frequency Compensation

Fixed 125kHz Switching Frequency

Thermal Shutdown and Short-Circuit Current
Limit

8-Pin SO and PDIP Packages

Ordering Information

PIN OUTPUT

PART TEMP RANGE .\ - | VOLTAGE
V)

MAX5035AUSA  0°Cto +85°C 8 SO

MAX5035AUPA  0°Cto +85°C__ 8 PDIP

MAX5035AASA  -40°C to +125°C 8 SO 53

MAX5035AASAN+ -40°C to +125°C 8 SO

MAX5035BUSA  0°Cto +85°C 8 SO

MAX5035BUPA  0°C to +85°C__ 8 PDIP

MAX5035BASA  -40°C to +125°C 8 SO >0

MAX5035BASAN+ -40°C to +125°C 8 SO

/V denotes an automotive qualified part.

+Denotes a lead(Pb)-free/RoHS-compliant package.
Ordering Information continued at end of data sheet.

Pin Configuration

ViN
7.5V 71076V

+
68uF I
R1

Vin

MAX5035

ON/OFF

VD
OFF GND

TOP VIEW
e
BST [1 ] 8] Lx
w2l paxsess [
SGND [ 3] [ 6] GND
FB [4 [ 5] onjoFF
SO/PDIP

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

ABSOLUTE MAXIMUM RATINGS

(Voltages referenced to GND, unless otherwise specified.) VD Short-Circuit Duration ...........cccccceeeviiieiiiiiiiieee Indefinite
......................................................................... -0.3V to +80V Continuous Power Dissipation (Ta = +70°C)

.................................................................... -0.3V to +0.3V 8-Pin PDIP (derate 9.1mW/°C above +70°C)..............727TmW
..-0.8Vto (VN + 0.3V) 8-Pin SO (derate 5.9mW/°C above +70°C)................. 471mW

....-0.3V to (VIN + 10V) Operating Temperature Range
................................ -0.3V to (VN + 15V) MAXB035_U_ _ ooioviiiiiiiiiieieiceieieeieen...0°C 10 +85°C
................................................................ -0.3V to +10V MAXB035_A_ _ iiociiiiiiiiiiieiiieieee.m40°C 1O +125°C
....-0.3Vto +15V Storage Temperature Range ..........cc.ccooeveeeenn. -65°C to +150°C

ON/OFF .o ....-0.3V to +80V Junction Temperature ...........cooovveiiiiiiiiiiicec +150°C
VD i -0.3Vto +12V Lead Temperature (soldering, 10S) ........ccoceeviiieiiiinnennn, +300°C
FB Soldering Temperature (reflow)
MAX5035A/MAX5035B/MAX5035C ................... -0.3Vto +15V Lead(Ph)-free . ...coooiiii +260°C
MAXB0BED/E .....c.vvviiiiiiiiiiiieieeie ....-0.3Vto +12V Containing lead(Po) ........cocccoviiiiiiiii +240°C
Vout Short-Circuit Duration (VIN<40V)...cccooeeivinnn.. Indefinite

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS (MAX5035_U_ )

(VIN = +12V, VONJOFF = +12V, louT = 0, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Tpa = +25°C. See the
Typical Application Circuit.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
MAX5035A 7.5 76.0
MAX5035B 7.5 76.0
Input Voltage Range VIN \
MAX5035C 15 76
MAX5035D/E 7.5 76.0
Undervoltage Lockout UVLO 52 \
VIN=7.5Vto 76V,
MAX5035A |O”:‘JT om0 A 3185 33 3415
Output Voltage VouT | MAX5035B Ycl)ﬁ;?;c;/mt: ff\:'A 4.85 5.0 5.15 v
VIN = 15V to 76V,
MAX5035C lc')t‘” oA 1A 1164 12 12.36
VIN = 7.5V to 76V, MAX5035D/E 1.192 1.221 1.250
Feedback Voltage VFB \
VIN = 7.5V to 76V, MAX5035E 1.185 1.221 1.250
VIN = 12V, ILoaD = 0.5A, MAX5035A 86
VIN = 12V, ILoaD = 0.5A, MAX5035B 90
Efficiency n VIN = 24V, ILoaD = 0.5A, MAX5035C 94 %
VIN = 12V, VouT =5V, ILoaD = 0.5A, 9
MAX5035D/E
VEB = 3.5V, V|N = 7.5V to 76V, MAX5035A 270 440
VFB = 5.5V, VIN = 7.5V to 76V, MAX5035B 270 440
Quiescent Supply Current lQ VEB = 13V, V|N = 15V to 76V, MAX5035C 270 440 pA
VFB = 1.3V, MAX5035D 270 440
VB = 1.3V, MAX5035E 340 460
Shutdown Current ISHDN VON/OFF = OV, VIN = 7.5V to 76V 10 45 pA
Peak Switch Current Limit ILim (Note 1) 1.30 1.9 2.50 A

2 Maxim Integrated
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

ELECTRICAL CHARACTERISTICS (continued) (MAX5035_U_ )

(VIN = +12V, VoN/OFF = +12V, lout = 0, TA = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C. See the
Typical Application Circuit.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Switch Leakage Current loL VIN = 76V, VON/OFF = 0V, ViL.x = OV 0.01 1 PA
Switch On-Resistance RpsoN) | IswitcH = 1A 0.40 0.80 Q
PFM Threshold IPFM Minimum switch current in any cycle 55 85 130 mA
FB Input Bias Current B MAX5035D/E -150 +0.01 +150 nA
ON/OFF CONTROL INPUT
_ | Rising trip point for MAX5035A/B/C/D 1.53 1.69 1.85
ON/OFF Input-Voltage Threshold VON/OFF — - - \
Rising trip point for MAX5035E 1.40 1.65 1.90
ONJ/OFF Input-Voltage Hysteresis VHYST 100 mV
ON/OFF Input Current lON/OEE | VONJOFE = 0V to VN 10 150 nA
Sglr:;)gF Operating Voltage VON/OFE 76 N
OSCILLATOR
Oscillator Frequency fosc 109 125 135 kHz
Maximum Duty Cycle Dmax MAX5035D/E 95 %
VOLTAGE REGULATOR
Regulator Output Voltage VD VIN=85Vto76V,IL=0 6.9 7.8 8.8 Y
Dropout Voltage 75VSVINS8EY, IL=1mA 2.0 \
Load Regulation AVD/Alyp | 0to 5mA 150 Q
PACKAGE THERMAL CHARACTERISTICS
Thermal Resistance SO package (JEDEC 51) 170 .
(Junction to Ambient) %A DI package (JEDEC 51) 110 o
THERMAL SHUTDOWN
gemr;near;tsuhr:tdown Junction Ton +160 oC
Thermal-Shutdown Hysteresis THYST 20 °C

ELECTRICAL CHARACTERISTICS (MAX5035_A )

(VIN = +12V, VON/OFF = +12V, louT = 0, TA = Ty = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See
the Typical Application Circuit.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
MAX5035A 75 76.0
MAX5035B 7.5 76.0
Input Voltage Range VIN \
MAX5035C 15 76
MAX5035D/E 75 76.0
Undervoltage Lockout UVLO 5.2 Y
VIN = 7.5V to 76V,
MAX5035A lOUT = 20mA to 1A 3.185 3.3 3.415
VIN=7.5Vto 76V,
Output Voltage Vourt MAX5035B loUT = 20mA to 1A 4.825 5.0 5175 Y
ViN = 15V to 76V,
MAX5035C loUT = 20mA to 1A 11.58 12 12.42

Maxim Integrated
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

ELECTRICAL CHARACTERISTICS (MAX5035_A_ ) (continued)

(VIN = +12V, VON/OFF = +12V, louT = 0, TA = Ty = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See
the Typical Application Circuit.) (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
VIN = 7.5V to 76V, MAX5035D 1.192 1.221 1.250
Feedback Voltage VFEB V
VIN = 7.5V to 76V, MAX5035E 1185  1.221 1.250
VIN = 12V, ILoaD = 0.5A, MAX5035A 86
VIN = 12V, ILoaD = 0.5A, MAX5035B a0
Efficiency n VIN = 24V, ILoaD = 0.5A, MAX5035C 94 %
VIN = 12V, VouT =5V, ILoaD = 0.5A, 20
MAX5035D/E
VFB = 3.5V, VIN = 7.5V to 76V, MAX5035A 270 440
VEB = 5.5V, VIN = 7.5V to 76V, MAX5035B 270 440
Quiescent Supply Current IQ VEB = 13V, V|N = 15V to 76V, MAX5035C 270 440 PA
VEB = 1.3V, MAX5035D 270 440
VFB = 1.3V, MAX5035E 340 460
Shutdown Current ISHDN VON/OFE = 0V, VIN = 7.5V to 76V 10 45 pA
Peak Switch Current Limit ILIM (Note 1) 1.30 1.9 2.50 A
VIN = 76V, VON/OFF = 0V, VL.x = 0V 1
Switch Leakage Current loL VIN = 76V, VON/OFF = 0V, Vix = 0V, 5 pA
MAX5035E
Switch On-Resistance Rpson) | IswitcH = 1A 0.40 0.80 Q
PFM Threshold IPEM Minimum switch current in any cycle 55 85 130 mA
FB Input Bias Current B MAX5035D/E -150 +0.01 +150 nA
ON/OFF CONTROL INPUT
_ | Rising trip point for MAX5035A/B/C/D 1.50 1.69 1.85
ON/OFF Input-Voltage Threshold VON/OFF — - - Vv
Rising trip point for MAX5035E 1.40 1.65 1.90
ON/OFF Input-Voltage Hysteresis VHYST 100 mV
ON/OFF Input Current lON/OEE | VONJOFE = OV to VN 10 150 nA
S;\IrfggF Operating Voltage VON/OFF 76 N
OSCILLATOR
Oscillator Frequency fosc 105 125 137 kHz
Maximum Duty Cycle DmAX MAX5035D/E 95 %
VOLTAGE REGULATOR
Regulator Output Voltage VD VIN=85Vto76V,IL=0 6.5 7.8 9.0 \
Dropout Voltage 75V<SVINS8EY, IL=1mA 2.0 \
Load Regulation AVD/Alyp | 0to 5mA 150 Q

4 Maxim Integrated
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MAX5035
1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

ELECTRICAL CHARACTERISTICS (MAX5035_A_ ) (continued)

(VIN = +12V, VON/OFF = +12V, louT = 0, TA = Ty = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See

the Typical Application Circuit.) (Note 2)

PARAMETER | sYmBoOL | CONDITIONS | MIN  TYP  MAX | UNITS
PACKAGE THERMAL CHARACTERISTICS
Thermal Resistance o SO package (JEDEC 51) 170 CW
(Junction to Ambient) DIP package (JEDEC 51) 110
THERMAL SHUTDOWN
Thermal-Shutdown Junction Ten +160 oC
Temperature
Thermal-Shutdown Hysteresis THYST 20 °C

Note 1: Switch current at which current limit is activated.
Note 2: All limits at -40°C are guaranteed by design, not production tested.

Typical Operating Characteristics

(VIN = 12V, VON/OFF = 12V, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See the Typical
Application Circuit, if applicable.)

Vour vs. TEMPERATURE Vour vs. TEMPERATURE LINE REGULATION

(MAX5035AASA, Vourt = 3.3V)

(MAX5035DASA, Vour = 5V)

(MAX5035AASA, Vour = 3.3V)

340 — 5 5.20 5 340 ‘ -
lout = 0.1A : s lout = 0.1A s
g 5.15 % |
336 — ¥ 510 3.36 %
- : S lour = 1A
four=14 lout = 0.1A 2 il
5.05 ouT =Y. 5]
< 3% = = 8
5 5500 =
328 195 7 = 328
lour=1A 3
490
324 324
485
320 480 320
50 -25 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150 5 20 35 50 80
TEMPERATURE (°C) TEMPERATURE (°C) INPUT VOLTAGE (V)
LINE REGULATION LOAD REGULATION LOAD REGULATION
(MAX5035DASA, Voyr = 5V) (MAX5035AASA, Vour = 3.3V) (MAX5035DASA, Vot = 5V)
520 5 3.40 T g 510 8
5 Vin =76V 8 :
515 g =10 : g
E 3.36 Fw ! E
X
= 510 Viy= 75V, 24V 5.05 —
% 505 |— lout = 0.1A\ = 3.32 = VH‘\] =75V
o 5 =
S 500 == 3 5500
2 % 328 = A
= 49 lour=1A : Vo7
3 N =76V
490 4.
3.24 %
485
480 320 490
5 20 35 50 65 80 0 200 400 600 800 1000 0 200 400 600 1000
INPUT VOLTAGE (V) LoD (MA) ILoaD (MA)

Maxim Integrated
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Application Circuit, if applicable.)

EFFICIENCY vs. LOAD CURRENT
(MAX5035AASA, Vour = 3.3V)

100 |§
90 é
e
o //A:/ =
P:’ 60 //’/ Viy=7.5V
= =7.
S %0 [f Viy=12v
2 =
£ 4 Vi = 24V
30
Vin =48V
20 '
Vin=T76V
10
0
0 200 400 600 800 1000
LOAD CURRENT (mA)
OUTPUT CURRENT LIMIT
vs. TEMPERATURE
2.0 B
= 2
= 15
=
=
£ 10
oD
O
=
=
3 05
o R
MAX5035DASA
Vour =5V
0 5% DROP IN Vourt
S50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)
QUIESCENT SUPPLY CURRENT
vs. INPUT VOLTAGE
350 o
=
2 a0
= L~
g L1
3 290 //
E //
oo
2 o0 L
= 260 |/
2
g 230
200
6 16 26 36 46 5 66 76

INPUT VOLTAGE (V)

OUTPUT CURRENT LIMIT (A) EFFICIENCY (%)

SHUTDOWN CURRENT (uA)

Typical Operating Characteristics (continued)
(VIN = 12V, VON/OFF = 12V, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See the Typical

2.0

17

14
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0.8

0.5

25

20

0

EFFICIENCY vs. LOAD CURRENT
(MAX5035DASA, Vour = 5V)

MAX5035 toc08

4

S
A

74
/

Vin=T7.5V

Vin=12V

VN =24V

Vin =48V

ViN=T76V

200 400 600

LOAD CURRENT (mA)

OUTPUT CURRENT LIMIT
vs. INPUT VOLTAGE

800 1000

IAX5035 toc11

/

r

MAX5035DASA |
Vour =5V
5% DROP IN VOUT

20 35 50

INPUT VOLTAGE (V)

65 80

SHUTDOWN CURRENT
vs. TEMPERATURE

IAX5035 toc14

-50

25 0 25 50 75

TEMPERATURE (°C)

100 125 150

QUIESCENT SUPPLY CURRENT (uA) EFFICIENCY (%)

SHUTDOWN CURRENT (uA)

100
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EFFICIENCY vs. LOAD CURRENT
(MAX5035DASA, Vout = 12V)

V2
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i

IAX5035 toc09

Vi =15V
Vin =24V
V=48V
| Vin= 7‘6V

0 200 400 600

LOAD CURRENT (mA)

800 1000

QUIESCENT SUPPLY CURRENT
vs. TEMPERATURE

IAX5035 toc12

50 25 0 25 50 75

TEMPERATURE (°C)

100 125 150

SHUTDOWN CURRENT vs. INPUT VOLTAGE

IAX5035 toc15
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Typical Operating Characteristics (continued)

(VIN = 12V, VON/OFF = 12V, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See the Typical

Application Circuit, if applicable.)

OUTPUT VOLTAGE
vs. INPUT VOLTAGE

MAX5035DASA
LOAD-TRANSIENT RESPONSE

MAX5035 toc17
]

1
MAX5035DASA
Vour =12V
12 |Von/orF=Vin

1AX5035 toc16.

N\

= V4
'é /¢ i
/ ...................
W/ lour = 1A B
e I Y 0 S SO SN B S
3 lour=0.3A
1 T N o N
’ lour=0 ‘
0 L PP R P AT T PV P
0 3 6 9 12 15 400us/div
Vin (V) A: Vour, 200mV/div, AC-COUPLED
B: lpyt, 500mA/div, 0.1A TO 1A
MAX5035DASA
LOAD-TRANSIENT RESPONSE MAX5035DASA LX WAVEFORMS
MAMSOSIEID e - e e
A
0
B
0

400ps/div dps/div
A: Vigur, 200mV/div, AC-COUPLED A: SWITCH VOLTAGE (LX PIN), 20V/div (Vi = 48V)
B: louT, 500mA/div, 0.1A TO 0.5A B: INDUCTOR CURRENT, 500mA/div (loyt = 14)

Maxim Integrated

MAX5035DASA
LOAD-TRANSIENT RESPONSE

MAX50‘3_5—‘££L
A
B
400ps/div
A: Viout, 200mV/div, AC-COUPLED
B: louT, 500mA/div, 0.5A TO 1A
ORMS
MAX5035 toc21
A
0
J B
4o

4us/div
A: SWITCH VOLTAGE (LX PIN), 20V/div (Vi = 48V)
B: INDUCTOR CURRENT, 200mA/div (Iout = 100mA)
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Typical Operating Characteristics (continued)

(VIN = 12V, VON/OFF = 12V, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Ta = +25°C. See the Typical
Application Circuit, if applicable.)

MAX5035DASA STARTUP WAVEFORM
MAX5035DASA LX WAVEFORMS (lo=0)

MAX5035 toc2:

MAX5035 toc23
H H

S
25 A
________ I' IS O
..... l 1: : . A
T e WYYV YVYYYNOT O 0
W it oot 5o B
..... |r\ a0 {i FRESE LA Zarr el
W bt B
= . -‘?K_"W’i’f!%—é(.:'_-- e, = N}
........... 4 0
i
4ps/div 1ms/div
A: SWITCH VOLTAGE (LX PIN), 20V/div (Vi = 48V) A: VonjorF, 2V/div
B: INDUCTOR CURRENT, 200mA/div (IguT = 0) B: Vut, 2V/div
MAX5035DASA STARTUP WAVEFORM PEAK SWITCH CURRENT LIMIT
(lo=1A) vs. INPUT VOLTAGE
- e AAXS0SS o2t 3.0 9
= £
: ! s 2
1 = L—
............... LA S . % 20 | —
1 oc . |
oc
0 = [
B -
________ S TSR e S 15
-1 T = /
= z
..... | i s |
NI E BN Ho MAX5035DASA
() [ F R by : Vour=5V
Loak BB B 8 5% DROP IN Vour
o i 05
1ms/div 6 16 26 36 46 56 66 76
A: Voo, 2V/div INPUT VOLTAGE (V)

B: Vour, 2V/div
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Pin Description

PIN NAME FUNCTION
1 BST Boost Capacitor Connection. Connect a 0.1uF ceramic capacitor from BST to LX.
2 VD Internal Regulator Output. Bypass VD to GND with a 0.1uF ceramic capacitor.
3 SGND | Internal Connection. SGND must be connected to GND.
Output Sense Feedback Connection. For fixed output voltage (MAX5035A, MAX5035B, MAX5035C),
4 FB connect FB to VouTt. For adjustable output voltage (MAX5035D, MAX5035E), use an external resistive
voltage-divider to set VouT. VFB regulating set point is 1.22V.
5 ONJOFE Shutdown Control Input. Pull ON/OFF low to put the device in shutdown mode. Drive ON/OFF high for
normal operation.
6 GND Ground
7 VIN Input Voltage. Bypass VN to GND with a low ESR capacitor as close to the device as possible.
8 LX Source Connection of Internal High-Side Switch
Block Diagram
ON/OFF Vi
|
1
ENABLE REGULATOR
169V (FOR ANALOG)
HIGH-SIDE
CURRENT
D REGULATOR SENSE
(FOR DRIVER) | VReF |—| 0SC RAMP |
P BST
MAX5035
N
B — CLK|  CONTROL N »_{
RAMP LOGIC
Ry /l/]
TYPE3 N ’
COMPENSATION jl o TRERMAL
Ri VReF—12 TAMP SHUTDOWN
GND —
L g L2 X
SGND
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Detailed Description

The MAX5035 step-down DC-DC converter operates
from a 7.5V to 76V input voltage range. A unique volt-
age-mode control scheme with voltage feed-forward
and an internal switching DMOS FET provides high effi-
ciency over a wide input voltage range. This pulse-
width modulated converter operates at a fixed 125kHz
switching frequency. The device also features automat-
ic pulse-skipping mode to provide low quiescent cur-
rent and high efficiency at light loads. Under no load,
the MAX5035 consumes only 270pA, and in shutdown
mode, consumes only 10pA. The MAX5035 also fea-
tures undervoltage lockout, hiccup mode output short-
circuit protection, and thermal shutdown.

o Shutdown Mode
Drive ON/OFF to ground to shut down the MAX5035.
Shutdown forces the internal power MOSFET off, turns
off all internal circuitry, and reduces the V|N supply cur-
rent to 10pA (typ). The ON/OFF rising threshold is
1.69V (typ). Before any operation begins, the voltage at
ON/OFF must exceed 1.69V (typ). The ON/OFF input
has 100mV hysteresis.

____Undervoltage Lockout (UVLO)
Use the ON/OFF function to program the UVLO thresh-
old at the input. Connect a resistive voltage-divider
from VIN to GND with the center node to ON/OFF as
shown in Figure 1. Calculate the threshold value by
using the following formula:

R1
VUVLO(TH) = (1 + @] x1.85V

The minimum recommended VUvLO(TH) is 6.5V, 7.5V, and
13V for the output voltages of 3.3V, 5V, and 12V, respec-
tively. The recommended value for R2 is less than 1MQ.

If the external UVLO threshold-setting divider is not
used, an internal undervoltage-lockout feature monitors
the supply voltage at V|N and allows operation to start
when V|N rises above 5.2V (typ). This feature can be
used only when V|N rise time is faster than 2ms. For
slower VIN rise time, use the resistive-divider at
ON/OFF.

Boost High-Side Gate Drive (BST)
Connect a flying bootstrap capacitor between LX and
BST to provide the gate-drive voltage to the high-side
N-channel DMOS switch. The capacitor is alternately
charged from the internally regulated output voltage VD
and placed across the high-side DMOS driver. Use a
0.1uF, 16V ceramic capacitor located as close to the
device as possible.

10

On startup, an internal low-side switch connects LX to
ground and charges the BST capacitor to VD. Once the
BST capacitor is charged, the internal low-side switch
is turned off and the BST capacitor voltage provides
the necessary enhancement voltage to turn on the
high-side switch.

Thermal-Overload Protection
The MAX5035 features integrated thermal overload pro-
tection. Thermal overload protection limits total power
dissipation in the device, and protects the device in the
event of a fault condition. When the die temperature
exceeds +160°C, an internal thermal sensor signals the
shutdown logic, turning off the internal power MOSFET
and allowing the IC to cool. The thermal sensor turns the
internal power MOSFET back on after the IC’s die tem-
perature cools down to +140°C, resulting in a pulsed
output under continuous thermal overload conditions.

Applications Information

Setting the Output Voltage
The MAX5035A/B/C have preset output voltages of 3.3V,
5.0V, and 12V, respectively. Connect FB to the preset
output voltage (see the Typical Operating Circuit).

The MAX5035D/E versions offer an adjustable output
voltage. Set the output voltage with a resistive voltage-
divider connected from the circuit’s output to ground
(Figure 1). Connect the center node of the divider to
FB. Choose R4 less than 15kQ, then calculate R3 as
follows:

(Vour =1.22)
1.22

R3 = x R4

ViN
7.5V 71076V

100uH Y

ViN
ON/OFF

R2 MAX5035D

SGND  GND

Figure 1. Adjustable Output Voltage

Maxim Integrated
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

The MAX5035 features internal compensation for opti-
mum closed-loop bandwidth and phase margin. With
the preset compensation, it is strongly advised to sense
the output immediately after the primary LC.

Inductor Selection
The choice of an inductor is guided by the voltage dif-
ference between VIN and VouT, the required output
current, and the operating frequency of the circuit. Use
an inductor with a minimum value given by:

__MN = Vour) xD
0.3 x loytmax x fsw

where:

D= Your
VIN

louTMAX is the maximum output current required, and
fsw is the operating frequency of 125kHz. Use an induc-
tor with a maximum saturation current rating equal to at
least the peak switch current limit (ILim). Use inductors
with low DC resistance for higher efficiency.

Selecting a Rectifier
The MAX5035 requires an external Schottky rectifier as
a freewheeling diode. Connect this rectifier close to the
device using short leads and short PC board traces.
Choose a rectifier with a continuous current rating
greater than the highest expected output current. Use a
rectifier with a voltage rating greater than the maximum
expected input voltage, VIN. Use a low forward-voltage
Schottky rectifier for proper operation and high efficien-
cy. Avoid higher than necessary reverse-voltage
Schottky rectifiers that have higher forward-voltage
drops. Use a Schottky rectifier with forward-voltage

Table 1. Diode Selection

VIN (V) | DIODE PART NUMBER MANUFACTURER
15MQO040N IR
B240A Diodes, Inc.
7.5t0 36 -
B240 Central Semiconductor
MBRS240, MBRS1540 ON Semiconductor
30BQO60 IR
B360A Diodes, Inc.
7.5to 56 -
CMSH3-60 Central Semiconductor
MBRD360, MBR3060 ON Semiconductor
50SQ100, 50SQ80 IR
75t076 -
MBRM5100 Diodes, Inc.

Maxim Integrated

drop (VFB) less than 0.45V at +25°C and maximum load
current to avoid forward biasing of the internal body
diode (LX to ground). Internal body diode conduction
may cause excessive junction temperature rise and
thermal shutdown. Use Table 1 to choose the proper
rectifier at different input voltages and output current.

Input Bypass Capacitor
The discontinuous input-current waveform of the buck
converter causes large ripple currents in the input
capacitor. The switching frequency, peak inductor cur-
rent, and the allowable peak-to-peak voltage ripple that
reflects back to the source dictate the capacitance
requirement. The MAX5035 high switching frequency
allows the use of smaller-value input capacitors.

The input ripple is comprised of AVQ (caused by the
capacitor discharge) and AVESR (caused by the ESR of
the capacitor). Use low-ESR aluminum electrolytic
capacitors with high ripple-current capability at the input.
Assuming that the contribution from the ESR and capaci-
tor discharge is equal to 90% and 10%, respectively, cal-
culate the input capacitance and the ESR required for a
specified ripple using the following equations:

AV
ESR|y = —ESZL
('om +2j
C _ |OUT XD(1—D)
IN AVq X faw

where :

A = MIN=Vour) x Vour
L VlN X fSW x L

D - Your
VIN

louT is the maximum output current of the converter
and fsw is the oscillator switching frequency (125kHz).
For example, at VIN = 48V, VouT = 3.3V, the ESR and
input capacitance are calculated for the input peak-to-
peak ripple of 100mV or less yielding an ESR and
capacitance value of 80mQ and 51uF, respectively.

Low-ESR, ceramic, multilayer chip capacitors are recom-
mended for size-optimized application. For ceramic
capacitors, assume the contribution from ESR and capaci-
tor discharge is equal to 10% and 90%, respectively.

The input capacitor must handle the RMS ripple current
without significant rise in temperature. The maximum
capacitor RMS current occurs at about 50% duty cycle.

11
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Ensure that the ripple specification of the input capaci-
tor exceeds the worst-case capacitor RMS ripple cur-
rent. Use the following equations to calculate the input
capacitor RMS current:

lcrRMS =\/|PRI\/|82 ~lavGING

where :
D
lpRMS = \/(lPKZ +1pc? +(Ipk xIpc )| % 3
AVGIN = Vour Xlour
ViN XM
Al Al
Pk =lout +—=Ipc =lout - —~
V
andD = —QUT
V

IN

IPRMS is the input switch RMS current, IaAVGIN is the
input average current, and n is the converter efficiency.

The ESR of aluminum electrolytic capacitors increases
significantly at cold temperatures. Use a 1uF or greater
value ceramic capacitor in parallel with the aluminum
electrolytic input capacitor, especially for input voltages
below 8V.

Output Filter Capacitor
The worst-case peak-to-peak and RMS capacitor ripple
current, allowable peak-to-peak output ripple voltage,
and the maximum deviation of the output voltage dur-
ing load steps determine the capacitance and the ESR
requirements for the output capacitors.

The output capacitance and its ESR form a zero, which
improves the closed-loop stability of the buck regulator.
Choose the output capacitor so the ESR zero frequency
(fz) occurs between 20kHz to 40kHz. Use the following
equation to verify the value of fz. Capacitors with 100mQ
to 250mQ ESR are recommended to ensure the closed-
loop stability, while keeping the output ripple low.

y
2 XWX Cout % ESRouT

fz

The output ripple is comprised of AVoQ (caused by the
capacitor discharge) and AVOESR (caused by the ESR
of the capacitor). Use low-ESR tantalum or aluminum
electrolytic capacitors at the output. Assuming that the
contributions from the ESR and capacitor discharge
equal 80% and 20% respectively, calculate the output

12

capacitance and the ESR required for a specified rip-
ple using the following equations:

AVOESR
ESRour = —BLS
Al
Cour = -

2.2X%X AVOQ x fow

The MAX5035 has an internal soft-start time (tss) of
400yps. It is important to keep the output rise time at
startup below tss to avoid output overshoot. The output
rise time is directly proportional to the output capacitor.
Use 68uF or lower capacitance at the output to control
the overshoot below 5%.

In a dynamic load application, the allowable deviation
of the output voltage during the fast-transient load dic-
tates the output capacitance value and the ESR. The
output capacitors supply the step load current until the
controller responds with a greater duty cycle. The
response time (tRESPONSE) depends on the closed-
loop bandwidth of the converter. The resistive drop
across the capacitor ESR and capacitor discharge
cause a voltage droop during a step load. Use a com-
bination of low-ESR tantalum and ceramic capacitors
for better transient load and ripple/noise performance.
Keep the maximum output-voltage deviation above the
tolerable limits of the electronics being powered.
Assuming a 50% contribution each from the output
capacitance discharge and the ESR drop, use the fol-
lowing equations to calculate the required ESR and
capacitance value:

AV ESR
ESRour=—_-"=" —
STEP
lsTEP X tRESPONSE
Cour =

AVg Q

where ISTEP is the load step and tRESPONSE is the
response time of the controller. Controller response
time is approximately one-third of the reciprocal of the
closed-loop unity-gain bandwidth, 20kHz typically.

PCB Layout Considerations
Proper PCB layout is essential. Minimize ground noise
by connecting the anode of the Schottky rectifier, the
input bypass capacitor ground lead, and the output fil-
ter capacitor ground lead to a single point (“star”

Maxim Integrated
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ground configuration). A ground plane is required.
Minimize lead lengths to reduce stray capacitance,
trace resistance, and radiated noise. In particular,

MAX5035

1A, 76V, High-Efficiency MAXPower

Step-Down DC-DC Converter

place the Schottky rectifier diode right next to the

device. Also, place BST and VD bypass capacitors
very close to the device. Use the PC board copper
plane connecting to VN and LX for heatsinking.

Application Circuits

Vin

R2

ViN

SGND

BST ]
0.1uF U

LX Vour
D1 +

MAX5035 | ICOUT
ON/OFF — =

FB

VD
GND

0.1uF

:

Figure 2. Fixed Output Voltages

Table 2. Typical External Components Selection (Circuit of Figure 2)

VIN (V) Vour (V) lout (A) EXTERNAL COMPONENTS
CIN = 68pF, Panasonic, EEVFK2A680Q
75t0 76 33 05 Cout = 68yF, Vishay Sprague, 594D686X_010C2T
CpsT = 0.1pF, 0805
R1 = 1MQ +1%, 0805
R2 = 384kQ +1%, 0805
7.5t076 3.3 1 D1 =50SQ100, IR
L1 = 100uH, Coilcraft Inc., DO5022P-104
CIN = 68pF, Panasonic, EEVFK2A680Q
75t0 76 5 05 Cout = 68F, Vishay Sprague, 594D68X_010C2T
CpsT = 0.1pF, 0805
R1 = 1MQ +1%, 0805
R2 = 384kQ +1%, 0805
751076 5 1 D1 =50SQ100, IR
L1 = 100uH, Coilcraft Inc., DO5022P-104
CIN = 68uF, Panasonic, EEVFK2A680Q
Cout = 15yF, Vishay Sprague, 594D156X0025C2T
CpsT = 0.1pF, 0805
15t0 76 12 1 R1 = 1MQ +£1%, 0805
R2 = 139kQ +1%, 0805
D1 =50SQ100, IR
L1 = 220uH, Coilcraft Inc., DO5022P-224

Maxim Integrated
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MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

Table 2. Typical External Components Selection (Circuit of Figure 2) (continued)

VIN (V)

Vourt (V)

lout (A)

EXTERNAL COMPONENTS

9to 14

3.3

CIN = 220uF, Panasonic, EEVFK1E221P

Court = 68yF, Vishay Sprague, 594D686X_010C2T
CpsT = 0.1uF, 0805

R1 = 1MQ £1%, 0805

R2 = 274kQ +1%, 0805

D1 =B220, Diodes Inc.

L1 = 100uH, Coilcraft Inc., DO5022P-104

CIN = 220uF, Panasonic, EEVFK1E221P

Cout = 68yF, Vishay Sprague, 594D686X_010C2T
CpsT = 0.1uF, 0805

R1 = 1MQ +1%, 0805

R2 = 274kQ £1%, 0805

D1 = B220, Diodes Inc.

L1 = 100uH, Coilcraft Inc., DO5022P-104

18 to 36

3.3

CIN = 220yuF, Panasonic, EEVFK1H221P

CouTt = 68yF, Vishay Sprague, 594D686X_010C2T
CpsT = 0.1yF, 0805

R1 = 1MQ +1%, 0805

R2 = 130kQ +1%, 0805

D1 = MBRS2040, ON Semiconductor

L1 = 100uH, Coilcraft Inc., DO5022P-104

CIN = 220uF, Panasonic, EEVFK1H221P

Cout = 68yF, Vishay Sprague, 594D686X_010C2T
CpsT = 0.1uF, 0805

R1 = 1MQ +1%, 0805

R2 = 130kQ £1%, 0805

D1 = MBRS2040, ON Semiconductor

L1 = 100uH, Coilcraft Inc., DO5022P-104

12

CIN = 220yuF, Panasonic, EEVFK1H221P

Court = 15F, Vishay Sprague, 594D156X_0025C2T
CpsT = 0.1uF, 0805

R1 = 1MQ £1%, 0805

R2 = 130kQ +1%, 0805

D1 = MBRS2040, ON Semiconductor

L1 = 220uH, Coilcraft Inc., DO5022P-224

14
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Table 3. Component Suppliers

MAX5035

1A, 76V, High-Efficiency MAXPower
Step-Down DC-DC Converter

SUPPLIER PHONE FAX WEBSITE
AVX Corporation 843-946-0238 843-626-3123 WWW.avXCcorp.com
Coilcraft, Inc. 847-639-6400 847-639-1469 www.coilcraft.com

Diodes Incorporated

805-446-4800

805-446-4850

www.diodes.com

Panasonic Corp.

800-344-2112

714-737-7323

WWW.panasonic.com

SANYO Electric Co., Ltd.

619-661-6835

619-661-1055

Www.sanyo.com

TDK Corp.

847-803-6100

847-390-4405

www.component.tdk.com

Vishay

402-563-6866

402-563-6296

www.vishay.com

MAX5035

ON/OFF

Vi

SGND GND

FB

BST

LX

VD

*LOCATE PTC AS CLOSE TO HEAT-DISSIPATING COMPONENTS AS POSSIBLE.

Vout
5VAT 1A

Figure 3. Load Temperature Monitoring with ON/OFF (Requires Accurate VIN)

Maxim Integrated
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MAX5035

1A, 76V, High-Efficiency MAXPower

Step-Down DC-DC Converter

7.5V 70 36V

l—/\/\/\/ ON/OFF
o hd I Vin LX
68(3 ff ——o="1 sonp ano "

S R O B B

MAX50358  FB

BST __l_

ool

MAX5035A  FB

L1
01uF  220uH

ON/OFF BST
0.1uF
* I Vi LX
Oy Lt LR VD
68 T T SGND GND
o . 0.1uF

L1
100u

Figure 4. Dual-Sequenced DC-DC Converters (Startup Delay Determined by R1/R1’, Ct/Ct’ and Rt/Rt’)

__Ordering Information (continued)

Chip Information

/V denotes an automotive qualified part.

+Denotes a lead(Pb)-free/RoHS-compliant package.
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PART TEMP RANGE PACKAGE VOLTAGE
v)

MAX5035CUSA 0°C to +85°C 8 SO Package ’nformation
MAX5035CUPA 0°Cto +85°C 8 PDIP 12 For the latest package outline information and land patterns
MAX5035CASA -40°C to +125°C 8 SO (footprints), go to www.maxim-ic.com/packages. Note that a
MAX5035CASAN+ -40°C to +125°C 8 SO ‘7 7 or t-7 iln the package code indicates RoHS status only.

. . Package drawings may show a different suffix character, but
MAX5035DUSA 0°Cto +85°C 830 the drawing pertains to the package regardless of RoHS status.
MAX5035DUPA 0°Cto +85°C 8 PDIP

. - ADJ PACKAGE | PACKAGE | . .. \NE NO. LAND
MAX5035DASA  -40°Cto +125°C 8 SO TYPE CODE PATTERN NO.
MAX5035DASANV+ -40°C to +125°C 8 SO 8 SO S8+2 21-0041 90-0096
MAX5035EUSA 0°Cto +85°C  8SO 8 PDIP P8+1 21-0043 -
MAX5035EASA -40°C to +125°C 8 SO ADJ
MAX5035EASANV+  -40°C to +125°C 8 SO
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1A, 76V, High-Efficiency MAXPower
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 9/03 Initial release —

1 6/04 Removed future-product asterisks and made specification changes 1,2,83
2 1/07 Modified Absolute Maximum Ratings section, updated Ordering Information, style edits 2,3
3 5/09 Modified Absolute Maximum Ratings section 1,2,16, 18
4/10 Updated Electrical Characteristics table specifications 2,3,4,16, 17
5/11 Added new variant (MAX5035E) 1-4,9, 10, 16
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microcHier MCP6001/1R/1U/2/4

1 MHz, Low-Power Op Amp

Features

« Available in SC-70-5 and SOT-23-5 packages
» Gain Bandwidth Product: 1 MHz (typical)
 Rail-to-Rail Input/Output
« Supply Voltage: 1.8V to 6.0V
* Supply Current: I = 100 pA (typical)
* Phase Margin: 90° (typical)
« Temperature Range:
- Industrial: -40°C to +85°C
- Extended: -40°C to +125°C
« Available in Single, Dual and Quad Packages

Applications

* Automotive

» Portable Equipment

* Photodiode Amplifier

* Analog Filters

* Notebooks and PDAs

« Battery-Powered Systems

Design Aids

* SPICE Macro Models

« FilterLab® Software

¢ Mindi™ Circuit Designer & Simulator

* Microchip Advanced Part Selector (MAPS)

* Analog Demonstration and Evaluation Boards
* Application Notes

Typical Application

ViN O——+

MCP6001 —O Vour
=V

. Ry
Gain = 1+—=
R

VREF 2

Non-Inverting Amplifier

Description

The Microchip Technology Inc. MCP6001/2/4 family of
operational amplifiers (op amps) is specifically
designed for general-purpose applications. This family
has a 1 MHz Gain Bandwidth Product (GBWP) and 90°
phase margin (typical). It also maintains 45° phase
margin (typical) with a 500 pF capacitive load. This
family operates from a single supply voltage as low as
1.8V, while drawing 100 pA (typical) quiescent current.
Additionally, the MCP6001/2/4 supports rail-to-rail input
and output swing, with a common mode input voltage
range of Vpp + 300 mV to Vgg — 300 mV. This family of
op amps is designed with Microchip’s advanced CMOS
process.

The MCP6001/2/4 family is available in the industrial
and extended temperature ranges, with a power supply
range of 1.8V to 6.0V.

Package Types
MCP6001 MCP6001R
SC70-5, SOT-23-5 SOT-23-5
Vour [1] [5]Vop  Vour [1] [5]Vss
EAL A
Vin+ [3] Al Vint 3] 4] Vin-
MCP6002 MCP6001U
PDIP, SOIC, MSOP SOT-23-5
Voura F—~  [8]Vop Vit '5]Vop
Vina- E% (7] Vours  Vss :II:l>L
Vinat [3] %@ Vig=  VIN~ 4] Vour
Vss [4] 15] Ving+
MCP6002 MCP6004
2x3 DFN * PDIP, SOIC, TSSOP
Voura|1:© ... '8|vpp Voura[i] ~ 4 Vouro
Vina— 2:' EP 57 Vours VINAT E%%El Vino=
Vinat 3: 9 : 6 ViNB— Vina* 3] 12 Vino*
Vss 4___5 Ving* Voo [4] 1] Vss
Ving+ [5] 10| Vinc+
Ving— E%@E Vine=
Vours [7] 18] Voutc
* Includes Exposed Thermal Pad (EP); see Table 3-1.

© 2009 Microchip Technology Inc.
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MCP6001/1R/1U/2/4

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

VDD = VGG teerieiriiniinii it s 7.0V
Current at Analog Input Pins (Vin+, ViN—) ceoeeeieiiennns +2 mA
Analog Inputs (Vin+, ViN-) TT..... Vgs—1.0Vto Vpp + 1.0V
All Other Inputs and Outputs ......... Vgg— 0.3V to Vpp + 0.3V
Difference Input Voltage ............coccoeeiiiiiiiieninnns |Vpp — Vss|
Output Short Circuit Current .........ccccoecveeeriieennnns Continuous
Current at Output and Supply Pins ........cccoceeeiiiieenee +30 mA
Storage Temperature ............cceeeevcveeeiineeenne —65°C to +150°C
Maximum Junction Temperature (Tj)......cccooeerrinnnne .+150°C
ESD Protection On All Pins (HBM; MM) .............. > 4 kV; 200V

DC ELECTRICAL SPECIFICATIONS

t Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of
the device at those or any other conditions above those
indicated in the operational listings of this specification is not
implied. Exposure to maximum rating conditions for extended
periods may affect device reliability.

11 See Section 4.1.2 “Input Voltage and Current Limits”.

R_=10kQto V|, and Voyt = Vpp/2 (refer to Figure 1-1).

Electrical Characteristics: Unless otherwise indicated, Ty = +25°C, Vpp = +1.8V to +5.5V, Vgg = GND, Vcyp = Vpp/2, V| = Vpp/2,

Parameters ‘ Sym | Min ‘ Typ | Max ‘ Units ‘ Conditions
Input Offset
Input Offset Voltage Vos -4.5 — +4.5 mV | Vcm = Vss (Note 1)
Input Offset Drift with Temperature AVs/ATp — +2.0 — uV/°C | Tp=-40°C to +125°C,
Vem = Vss
Power Supply Rejection Ratio PSRR — 86 — dB Vewm = Vss
Input Bias Current and Impedance
Input Bias Current: Ig — +1.0 — pA
Industrial Temperature Ig — 19 — pA | Tp=+85°C
Extended Temperature Ig — 1100 — pA | Tp=+125°C
Input Offset Current los — +1.0 — pA
Common Mode Input Impedance Zewm — 1013||6 — Ql|pF
Differential Input Impedance Zoire — 10133 — Ql|pF
Common Mode
Common Mode Input Range Vemr Vgg—-0.3 — Vpp + 0.3 \%
Common Mode Rejection Ratio CMRR 60 76 — dB |Vcm=-0.3Vito 5.3V,
Vpp =5V
Open-Loop Gain
DC Open-Loop Gain (Large Signal) AoL 88 112 — dB Vout = 0.3V to Vpp — 0.3V,
Vem = Vss
Output
Maximum Output Voltage Swing Voo Voy | Vss+25 — Vpp — 25 mV | Vpp =5.5V,
0.5V Input Overdrive
Output Short Circuit Current Isc — +6 — mA | Vpp=1.8V
— +23 — mA | Vpp=5.5V
Power Supply
Supply Voltage Vpp 1.8 — 6.0 \% Note 2
Quiescent Current per Amplifier lo 50 100 170 HA lo=0,Vpp =5.5V, Ve =5V
Note 1: MCP6001/1R/1U/2/4 parts with date codes prior to December 2004 (week code 49) were tested to £7 mV minimum/

maximum limits.

2: All parts with date codes November 2007 and later have been screened to ensure operation at
Vpp = 6.0V. However, the other minimum and maximum specifications are measured at 1.8V and 5.5V.

© 2009 Microchip Technology Inc.
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MCP6001/1R/1U/2/4

AC ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Tp = +25°C, Vpp = +1.8 t0 5.5V, Vg5 = GND, V¢ = Vpp/2,
V| =Vpp/2, Vout = Vpp/2, R = 10 kQ to V|, and C|_ = 60 pF (refer to Figure 1-1).

Parameters ‘ Sym ‘ Min ‘ Typ ‘ Max ‘ Units ‘ Conditions
AC Response
Gain Bandwidth Product GBWP — 1.0 — MHz
Phase Margin PM — 920 — ° G=+1VIV
Slew Rate SR — 0.6 — V/us
Noise
Input Noise Voltage Eni — 6.1 — uVp-p |f=0.1Hzto 10 Hz
Input Noise Voltage Density eni — 28 — nVAHz |f=1kHz
Input Noise Current Density ini — 0.6 — fAWNHz |f=1kHz

TEMPERATURE SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Vpp = +1.8V to +5.5V and Vgg = GND.

Parameters ‘ Sym ‘ Min ‘ Typ ‘ Max ‘ Units ‘ Conditions
Temperature Ranges
Industrial Temperature Range Ta -40 — +85 °C
Extended Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C Note
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 5L-SC70 63a — 331 — °C/IwW
Thermal Resistance, 5L-SOT-23 03a — 256 — °C/IW
Thermal Resistance, 8L-PDIP RN — 85 — °C/IW
Thermal Resistance, 8L-SOIC (150 mil) CRTN — 163 — °C/IW
Thermal Resistance, 8L-MSOP CRTN — 206 — °CIW
Thermal Resistance, 8L-DFN (2x3) CRYN — 68 — °C/IW
Thermal Resistance, 14L-PDIP 03a — 70 — °C/wW
Thermal Resistance, 14L-SOIC 03a — 120 — °C/W
Thermal Resistance, 14L-TSSOP 03a — 100 — °C/W

Note:

The industrial temperature devices operate over this extended temperature range, but with reduced

performance. In any case, the internal Junction Temperature (T ;) must not exceed the Absolute Maximum

specification of +150°C.

DS21733J-page 4
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MCP6001/1R/1U/2/4

1.1

The circuit used for most DC and AC tests is shown in
Figure 1-1. This circuit can independently set V), and
Vout, see Equation 1-1. Note that V) is not the
circuit’s common mode voltage ((Vp + V))/2), and that
Vst includes Vg plus the effects (on the input offset
error, Vogr) of temperature, CMRR, PSRR and A, .

Test Circuits

EQUATION 1-1:
Gom = ReRg
Vem = (Vp+Vpp2)2
Vost = Vin-—Vin+

Vour = (Vpp2) + (Vp=Vy) + Vosr(1+ Gpy)

Gpwm = Differential Mode Gain (VIV)

Vem = Op Amp’s Common Mode )
Input Voltage

Vost = Op Amp’s Total Input Offset (mV)
Voltage

Cr
6.8 pF
———
R Re
100 kQ 100 kQ
VpO '—/\/\/\, OVDD/Z
DD
Vin+ © . T
I l Ce1 L Cg
MCP600X N T 100 nF 1pF
ViN-© ne
Vmo —VV\+1—t t—Vour
Re Re RL J_ CL
100 kQ | 100 kQ 10 kQ I 60 pF
I] =
11
Cr
68pF VL
FIGURE 1-1: AC and DC Test Circuit for

Most Specifications.

© 2009 Microchip Technology Inc.
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NOTES:
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MCP6001/1R/1U/2/4

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Ty = +25°C, Vpp = +1.8V t0o +5.5V, Vg5 = GND, Vcpm = Vpp/2, Vout = Vpp/2,

VL = VDD/2, RL =10kQto VL' and CL =60 pF

20% T, 695 Sampl
o | 64, amples —
18% Vewm = Vss

16% H
14%
12%
10% =t HH
8%
6%

i1 1]
2% -
0% = H=

Percentage of Occurrences

5 4 3 2 4 0 1 2 3 4 5
Input Offset Voltage (mV)

FIGURE 2-1: Input Offset Voltage.

18% 2453 Sampl
amples
16% 17 = 20°C to +125°C M
14% Ve = Vss 10
12% H
10% I
8% H
6% I
4% ¢ i
o% T \I_I\I_I\H\ T T T T T T T \H\I_I\ 1 T T T
1210 -8 6 4 2 0 2 4 6 8 10 12

Input Offset Voltage Drift;
TC,4 (uV/°C)

Percentage of Occurrences

0 —
Vpp = 1.8V
S -100
2
2 -200
E e
S -300 — =
>
S -400 Tp=-40°C
£ Ta=+25°C
° -500 Ny Ta=+85°C
-700 B —
T N o N ¥ © ® 9 I © 9 o N
°| °| ©O O O O ©O ™ ™ ™ v v N N
Common Mode Input Voltage (V)
FIGURE 2-4: Input Offset Voltage vs.

Common Mode Input Voltage at Vpp = 1.8V.

FIGURE 2-2: Input Offset Voltage Drift.

0 —
Vpp = 5.5V
S -100
2
g -200 7
S
§ -300 7*7$ /
‘@ -400 N\
L T = -40°C:
O -500 ™ Ta=+25cAA | ||
= N T, = +85°C,
2 -600 N T = +125°C,
-700 w !
n Qo w9’y o wao w9 w oo
°| ©O ©O v m N N M o F & v v o
Common Mode Input Voltage (V)
FIGURE 2-5: Input Offset Voltage vs.

Common Mode Input Voltage at Vpp = 5.5V.

0 45%
@ M 2453 Samples
§ 40% Ta =-40°C to +125°C
£ 35% Vew = Vss
3 30%
S 25%
‘s 20%
8 15%
£ 10%
3 5%
o[- —
o
N - [=] - N [ae] < wn o N~
S e e e e e e <o <9 @<
°| OI o o o o o o o o
Input Offset Quadratic Temp. Co.;
TC, (uV/°C?)
FIGURE 2-3: Input Offset Quadratic
Temp. Co.

200
150
100

50 Voo = 5.5V

Voo = 1.8V

-100

Input Offset Voltage (uV)
o

-150 Vem = Vss
-200 b
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Output Voltage (V)

FIGURE 2-6:
Output Voltage.

Input Offset Voltage vs.

© 2009 Microchip Technology Inc.
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MCP6001/1R/1U/2/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = +1.8V t0o +5.5V, Vg5 = GND, Vepm = Vpp/2, Vout = Vpp/2,

VL = VDD/2, RL =10kQto VL' and CL =60 pF

14%

1230 Samples M
12% - Vpp = 5.5V
Vew = Voo
10% +Ta=+85°C

8%
6%

4%

0 3 6 9 12 15 18 21 24 27 30
Input Bias Current (pA)

Percentage of Occurrences

100
90
80
70
60
50
40
30
20

PSRR, CMRR (dB)

Vew = Vss

10 100 1k 10k 100k
Frequency (Hz)

FIGURE 2-7: Input Bias Current at +85°C.

5% T 605 sampl

o | amples n
s, (002
ou Vem = Voo
‘;goﬁ’ TT, = +125°C

o

30%
25%

20%
15%
10%
5%

’_‘\ T

o

I}

=]

Percentage of Occurrences

0% +r—r

<t © ~ o

FIGURE 2-10:

PSRR, CMRR vs.

Frequency.

Open-Loop Gain (dB)

FIGURE 2-8:
+125°C.

Input Bias Current at

[
’a

Open-Loop Phase (°)

100 1k 10k 100k 1M
Frequency (Hz)

100

Voo = 5.0V

95

90

PSRR (Vcw = Vss)

85

80

PSRR, CMRR (dB)

CMRR (Vg = -0.3V to +5.3V)

75

70
50 -25 0 25 50 75 100 125
Ambient Temperature (°C)

FIGURE 2-11:

Open-Loop Gain, Phase vs.

Frequency.

Input Noise Voltage Density
(nV/VHz)

FIGURE 2-9:
Temperature.

CMRR, PSRR vs. Ambient

1,000

=y
(=]
o

10

0.1 1 10 100 1k 10k 100k
Frequency (Hz)

FIGURE 2-12:

Input Noise Voltage Density

vs. Frequency.
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MCP6001/1R/1U/2/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = +1.8V t0o +5.5V, Vg5 = GND, Vepm = Vpp/2, Vout = Vpp/2,
VL = VDD/2, RL =10kQto VL' and CL =60 pF

30
g % Ta=-40°C | T -
g § 20 — Th= 4250 T~ L L
oL Ta= +85°C _ ™~ =
— o | —1
_~§-§ 15 Ta=+125°C \<>2yi | —
P S
S5 40 %ij/
+ ®©
2= -
w5
0 —= ;
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55
Power Supply Voltage (V)
FIGURE 2-13: Output Short Circuit Current
vs. Power Supply Voltage.
1,000
£
o
<
S Voo -V,
g 100 DD OH
oS Vo - Vss HH]
> — Vss 1
gé oL
S 10 g
5
[<X
5
o
1
10p 100u 1m 10m
Output Current Magnitude (A)
FIGURE 2-14: Output Voltage Headroom

vs. Output Current Magnitude.

180 VotV
160 CcMm DD .
€ g 140 7
[
£ 120 %
og [ 7
©2 100
l‘l:> E_ 80 /’l [ VAV
(%]
g E 60 ///J/ Ta=+125°C
'S g / Ta = +85°C
oS 40 /i T, =+25°C
20 To=-40°C
) [
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Power Supply Voltage (V)
FIGURE 2-15: Quiescent Current vs.
Power Supply Voltage.

T
G =+1VIV

-

[

Output Voltage (20 mV/div)

Time (1 ps/div)

FIGURE 2-16:
Pulse Response.

Small-Signal, Non-Inverting

5.0

G=+1VIV

4.5 /

\ Vpp = 5.0V

4.0 /

3.5 /

3.0 /

2.5 /

2.0 /

Output Voltage (V)

15 /

1.0
0.5 /

0.0

Time (10 ps/div)

FIGURE 2-17:
Pulse Response.

Large-Signal, Non-Inverting

1.0
0.9

0.8

Falling Edgey —
0.7 + N

0.5

0.6 — A(/

0a | T\

0.2

Slew Rate (V/ps)

NRising Edge

0.1

0.0

0 25 50 75 100 125
Ambient Temperature (°C)

FIGURE 2-18:
Temperature.

Slew Rate vs. Ambient

© 2009 Microchip Technology Inc.
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MCP6001/1R/1U/2/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = +1.8V t0o +5.5V, Vg5 = GND, Vepm = Vpp/2, Vout = Vpp/2,
VL = VDD/2, RL =10kQto VL' and CL =60 pF

. 10 T 6 Vi Vo = 5.0V
;i Sl s - oZaw |
b Vpp = 5.5V b / Vour
RN ]
g L] g 4 V4 \
7 Vpp = 1.8V 35 3
5 227 \
: g2
S ; N /|
5 © 4
2 g \ j
Qo
S 0.1 £0 ~—
1k 10k 100k 1M 4
Frequency (Hz) Time (10 ps/div)
FIGURE 2-19: Output Voltage Swing vs. FIGURE 2-21: The MCP6001/2/4 Show No
Frequency. Phase Reversal.

10m
< 1m
£ 100p
-‘E 10
g u )<>\
= 100n
"q:'; 10n \/é(
‘g 1n +125°C )‘
S 100p e
2 10p -40°C
c
= 1p -

-1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0
Input Voltage (V)

FIGURE 2-20: Measured Input Current vs.
Input Voltage (below Vgg).
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MCP6001/1R/1U/2/4

3.0 PIN DESCRIPTIONS

Descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
MCP6001 | MCP6001R | MCP6001U MCP6002 MCP6004
MSOP, PDIP, e
SSC;:T?- 2355 SOT-23-5 | SOT-23-5 PDIP, ZQJ,\I SOIC, Symbol Description
SOIC TSSOP
1 1 4 1 1 1 Vout VYouTta | Analog Output (op amp A)
4 4 3 2 2 2 ViN— Vina— | Inverting Input (op amp A)
3 3 1 3 3 3 VNt Vinat | Non-inverting Input (op amp A)
5 2 5 8 8 4 Vpp Positive Power Supply
— — — 5 5 5 VNt Non-inverting Input (op amp B)
— — — 6 6 6 Ving- Inverting Input (op amp B)
— — — 7 7 7 VouTs Analog Output (op amp B)
— — — — — 8 VouTtc Analog Output (op amp C)
— — — — — 9 ViNne— Inverting Input (op amp C)
— — — — — 10 Vinct Non-inverting Input (op amp C)
2 5 2 4 4 11 Vsg Negative Power Supply
— — — — — 12 VinDt Non-inverting Input (op amp D)
— — — — — 13 V\ND— Inverting Input (op amp D)
— — — — — 14 Voutp Analog Output (op amp D)
— — — — 9 — EP Exposed Thermal Pad (EP);
must be connected to VSS.
31 Analog Outputs 3.4 Exposed Thermal Pad (EP)

The output pins are low-impedance voltage sources.

3.2

The non-inverting and inverting inputs are
high-impedance CMOS inputs with low bias currents.

Analog Inputs

3.3

The positive power supply (Vpp) is 1.8V to 6.0V higher
than the negative power supply (Vsg). For normal
operation, the other pins are at voltages between Vgg
and Vpp.

Power Supply Pins

Typically, these parts are used in a single (positive)
supply configuration. In this case, Vgg is connected to
ground and Vpp is connected to the supply. Vpp will
need bypass capacitors.

There is an internal electrical connection between the
Exposed Thermal Pad (EP) and the Vgg pin; they must
be connected to the same potential on the Printed
Circuit Board (PCB).

© 2009 Microchip Technology Inc.
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NOTES:
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MCP6001/1R/1U/2/4

40 APPLICATION INFORMATION

The MCP6001/2/4 family of op amps is manufactured
using Microchip’s state-of-the-art CMOS process and
is specifically designed for low-cost, low-power and
general-purpose applications. The low supply voltage,
low quiescent current and wide bandwidth makes the
MCP6001/2/4 ideal for battery-powered applications.
This device has high phase margin, which makes it
stable for larger capacitive load applications.

4.1 Rail-to-Rail Inputs

411 PHASE REVERSAL

The MCP6001/1R/1U/2/4 op amp is designed to
prevent phase reversal when the input pins exceed the
supply voltages. Figure 2-21 shows the input voltage
exceeding the supply voltage without any phase
reversal.

41.2 INPUT VOLTAGE AND CURRENT
LIMITS

The ESD protection on the inputs can be depicted as
shown in Figure 4-1. This structure was chosen to
protect the input transistors, and to minimize input bias
current (lg). The input ESD diodes clamp the inputs
when they try to go more than one diode drop below
Vgs. They also clamp any voltages that go too far
above Vpp; their breakdown voltage is high enough to
allow normal operation, and low enough to bypass
quick ESD events within the specified limits.

Bond
V
PP | pad
Bond Input Bond
VNt . . Vin—
IN Pad Stage Pad IN
Bond
V . .
SS | pad
FIGURE 4-1: Simplified Analog Input ESD
Structures.

In order to prevent damage and/or improper operation
of these op amps, the circuit they are in must limit the
currents and voltages at the V,y+ and V|y— pins (see
Absolute Maximum Ratings { at the beginning of
Section 1.0 “Electrical Characteristics”). Figure 4-2
shows the recommended approach to protecting these
inputs. The internal ESD diodes prevent the input pins
(V)nt and Viy-) from going too far below ground, and
the resistors R, and R, limit the possible current drawn
out of the input pins. Diodes D, and D, prevent the
input pins (V|y+ and Vy-) from going too far above

Vpp, and dump any currents onto Vpp. When
implemented as shown, resistors R; and R, also limit
the current through D4 and D..

Vbp
D;A D
Vi oA T
R1 MCP600X >+
Va2 oW\ =
Rz =
AN
R3
Vgg — (minimum expected V)
Ry > 2mA
Vgs — (minimum expected V5)
Rz > 2mA
FIGURE 4-2: Protecting the Analog
Inputs.

It is also possible to connect the diodes to the left of
resistors Ry and R. In this case, current through the
diodes D; and D, needs to be limited by some other
mechanism. The resistors then serve as in-rush current
limiters; the DC current into the input pins (V,y+ and
V,y—) should be very small.

A significant amount of current can flow out of the
inputs when the common mode voltage (V¢y) is below
ground (Vgg); see Figure 2-20. Applications that are
high impedance may need to limit the usable voltage
range.

4.1.3 NORMAL OPERATION

The input stage of the MCP6001/1R/1U/2/4 op amps
use two differential CMOS input stages in parallel. One
operates at low common mode input voltage (Vcm),
while the other operates at high Vcy. With this
topology, the device operates with Vo up to 0.3V
above Vpp and 0.3V below Vgs.

The transition between the two input stages occurs
when Ve = Vpp — 1.1V. For the best distortion and
gain linearity, with non-inverting gains, avoid this region
of operation.

4.2 Rail-to-Rail Output

The output voltage range of the MCP6001/2/4 op amps
is Vpp—25mV (minimum) and Vgg+25mV
(maximum) when R =10 kQ is connected to Vpp/2
and Vpp=5.5V. Refer to Figure 2-14 for more
information.

© 2009 Microchip Technology Inc.
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4.3 Capacitive Loads

Driving large capacitive loads can cause stability
problems for voltage feedback op amps. As the load
capacitance increases, the feedback loop’s phase
margin decreases and the closed-loop bandwidth is
reduced. This produces gain peaking in the frequency
response, with overshoot and ringing in the step
response. While a unity-gain buffer (G = +1) is the most
sensitive to capacitive loads, all gains show the same
general behavior.

When driving large capacitive loads with these op
amps (e.g., > 100 pF when G = +1), a small series
resistor at the output (R,gp in Figure 4-3) improves the
feedback loop’s phase margin (stability) by making the
output load resistive at higher frequencies. The
bandwidth will be generally lower than the bandwidth
with no capacitance load.

Riso

MCP600X OVour

CL_l;_

FIGURE 4-3: Output resistor, R;gg
stabilizes large capacitive loads.

Figure 4-4 gives recommended R;gg values for
different capacitive loads and gains. The x-axis is the
normalized load capacitance (C /Gy), where Gy is the
circuit's noise gain. For non-inverting gains, Gy and the
Signal Gain are equal. For inverting gains, Gy is
1+|Signal Gain| (e.g., -1 VIV gives Gy = +2 VIV).

1000 —— {
Vpp = 5.0V
§ R, =100 k /// ~
9 [
o InNYA
° ™
]
2 100 =g
£ FGyz2 N
£ P
o
[5]
[
4
10
10p 100p 1n 10n
Normalized Load Capacitance; C /Gy (F)
FIGURE 4-4: Recommended R|gg values

for Capacitive Loads.

After selecting R g for your circuit, double-check the
resulting frequency response peaking and step
response overshoot. Modify Rigg’s value until the
response is reasonable. Bench evaluation and
simulations with the MCP6001/1R/1U/2/4 SPICE
macro model are very helpful.

4.4 Supply Bypass

With this family of operational amplifiers, the power
supply pin (Vpp for single-supply) should have a local
bypass capacitor (i.e., 0.01 pF to 0.1 pF) within 2 mm
for good high-frequency performance. It also needs a
bulk capacitor (i.e., 1 uF or larger) within 100 mm to
provide large, slow currents. This bulk capacitor can be
shared with nearby analog parts.

4.5 Unused Op Amps

An unused op amp in a quad package (MCP6004)
should be configured as shown in Figure 4-5. These
circuits prevent the output from toggling and causing
crosstalk. Circuits A sets the op amp at its minimum
noise gain. The resistor divider produces any desired
reference voltage within the output voltage range of the
op amp; the op amp buffers that reference voltage.
Circuit B uses the minimum number of components
and operates as a comparator, but it may draw more
current.

s MICP6004 (A) s MCP6004 (B)

Vpp Vbp
O

R
Vrer = Vop ® R, *R,

FIGURE 4-5: Unused Op Amps.

4.6 PCB Surface Leakage

In applications where low input bias current is critical,
Printed Circuit Board (PCB) surface leakage effects
need to be considered. Surface leakage is caused by
humidity, dust or other contamination on the board.
Under low humidity conditions, a typical resistance
between nearby traces is 10120. A 5V difference would
cause 5 pA of current to flow; which is greater than the
MCP6001/1R/1U/2/4 family’s bias current at 25°C (typ-
ically 1 pA).

The easiest way to reduce surface leakage is to use a
guard ring around sensitive pins (or traces). The guard
ring is biased at the same voltage as the sensitive pin.
An example of this type of layout is shown in
Figure 4-6.

DS21733J-page 14
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VIN- VNt
IN IN Ves

T

Guard Ring

FIGURE 4-6:
for Inverting Gain.

Example Guard Ring Layout

1. Non-inverting Gain and Unity-Gain Buffer:

a. Connect the non-inverting pin (Vy+) to the
input with a wire that does not touch the
PCB surface.

b. Connect the guard ring to the inverting input
pin (V|n—). This biases the guard ring to the
common mode input voltage.

2. Inverting Gain and Transimpedance Gain
Amplifiers (convert current to voltage, such as
photo detectors):

a. Connect the guard ring to the non-inverting
input pin (V). This biases the guard ring
to the same reference voltage as the op
amp (e.g., Vpp/2 or ground).

b. Connect the inverting pin (V|5-) to the input
with a wire that does not touch the PCB
surface.

4.7 Application Circuits

4.7.1 UNITY-GAIN BUFFER

The rail-to-rail input and output capability of the
MCP6001/2/4 op amp is ideal for unity-gain buffer
applications. The low quiescent current and wide
bandwidth makes the device suitable for a buffer
configuration in an instrumentation amplifier circuit, as
shown in Figure 4-7.

MCP6001 O VOUT
+

ViN2O—

o R, =20 kQ
% ! R, =10 kQ
VRer

Ry
Vour = Ving=VinD ® ﬁ; +Veer

FIGURE 4-7: Instrumentation Amplifier
with Unity-Gain Buffer Inputs.

4.7.2 ACTIVE LOW-PASS FILTER

The MCP6001/2/4 op amp’s low input bias current
makes it possible for the designer to use larger
resistors and smaller capacitors for active low-pass
filter applications. However, as the resistance
increases, the noise generated also increases.
Parasitic capacitances and the large value resistors
could also modify the frequency response. These
trade-offs need to be considered when selecting circuit
elements.

Usually, the op amp bandwidth is 100x the filter cutoff
frequency (or higher) for good performance. It is
possible to have the op amp bandwidth 10X higher
than the cutoff frequency, thus having a design that is
more sensitive to component tolerances.

Figure 4-8 shows a second-order Butterworth filter with
100 kHz cutoff frequency and a gain of +1 V/V; the op
amp bandwidth is only 10x higher than the cutoff
frequency. The component values were selected using
Microchip’s FilterLab® software.

100 pF

vy 143k 536 kQ

Vout

FIGURE 4-8:
Low-Pass Filter.

Active Second-Order

© 2009 Microchip Technology Inc.
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4.7.3 PEAK DETECTOR

The MCP6001/2/4 op amp has a high input impedance,
rail-to-rail input/output and low input bias current, which
makes this device suitable for peak detector
applications. Figure 4-9 shows a peak detector circuit
with clear and sample switches. The peak-detection
cycle uses a clock (CLK), as shown in Figure 4-9.

At the rising edge of CLK, Sample Switch closes to
begin sampling. The peak voltage stored on C; is
sampled to C, for a sample time defined by tgapp. At
the end of the sample time (falling edge of Sample
Signal), Clear Signal goes high and closes the Clear
Switch. When the Clear Switch closes, C, discharges
through R4 for a time defined by tc gar. At the end of
the clear time (falling edge of Clear Signal), op amp A
begins to store the peak value of V| on C; for a time
defined by tpetecT

In order to define tgapyp and to gar. it is necessary to
determine the capacitor charging and discharging
period. The capacitor charging time is limited by the
amplifier source current, while the discharging time (T)
is defined using Ry (T = R1Cy). tpeTecT IS the time that
the input signal is sampled on C; and is dependent on
the input voltage change frequency.

The op amp output current limit, and the size of the
storage capacitors (both C; and C,), could create
slewing limitations as the input voltage (V) increases.
Current through a capacitor is dependent on the size of
the capacitor and the rate of voltage change. From this
relationship, the rate of voltage change or the slew rate
can be determined. For example, with an op amp short
circuit current of Isc = 25 mA and a load capacitor of
C,=0.1 pF, then:

EQUATION 4-1:
dVe,
Isc = Cig;
Ve, _ lsc
it~ C
_ 25mA
0.1uF
Ve,
—== = 250mV/
dt MY/ s

This voltage rate of change is less than the MCP6001/2/4
slew rate of 0.6 V/us. When the input voltage swings
below the voltage across C,, D; becomes reverse-
biased. This opens the feedback loop and rails the
amplifier. When the input voltage increases, the amplifier
recovers at its slew rate. Based on the rate of voltage
change shown in the above equation, it takes an
extended period of time to charge a 0.1 pF capacitor. The
capacitors need to be selected so that the circuit is not
limited by the amplifier slew rate. Therefore, the
capacitors should be less than 40 yuF and a stabilizing
resistor (R;sp) needs to be properly selected. (Refer to
Section 4.3 “Capacitive Loads”).

Vin

Clear

Sample
Switch

Switch

tsamp

_ >
Sample Signal

tcLEAR

] —P
Clear Signal
toeTECT (4

CLK 1 [ —

FIGURE 4-9:

Peak Detector with Clear and Sample CMOS Analog Switches.
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5.0 DESIGN AIDS

Microchip provides the basic design tools needed for
the MCP6001/1R/1U/2/4 family of op amps.

5.1 SPICE Macro Model

The latest SPICE macro model for the MCP6001/1R/
1U/2/4 op amps is available on the Microchip web site
at www.microchip.com. The model was written and
tested in official Orcad (Cadence) owned PSPICE. For
the other simulators, it may require translation.

The model covers a wide aspect of the op amp's
electrical specifications. Not only does the model cover
voltage, current, and resistance of the op amp, but it
also covers the temperature and noise effects on the
behavior of the op amp. The model has not been
verified outside of the specification range listed in the
op amp data sheet. The model behaviors under these
conditions can not be guaranteed that it will match the
actual op amp performance.

Moreover, the model is intended to be an initial design
tool. Bench testing is a very important part of any
design and cannot be replaced with simulations. Also,
simulation results using this macro model need to be
validated by comparing them to the data sheet
specifications and characteristic curves.

5.2  FilterLab® Software

Microchip’s FilterLab® software is an innovative
software tool that simplifies analog active filter (using
op amps) design. Available at no cost from the
Microchip web site at www.microchip.comf/filterlab, the
FilterLab design tool provides full schematic diagrams
of the filter circuit with component values. It also
outputs the filter circuit in SPICE format, which can be
used with the macro model to simulate actual filter
performance.

5.3 Mindi™ Circuit Designer &
Simulator

Microchip’s Mindi™ Circuit Designer & Simulator aids
in the design of various circuits useful for active filter,
amplifier and power-management applications. It is a
free online circuit designer & simulator available from
the Microchip web site at www.microchip.com/mindi.
This interactive circuit designer & simulator enables
designers to quickly generate circuit diagrams,
simulate circuits. Circuits developed using the Mindi
Circuit Designer & Simulator can be downloaded to a
personal computer or workstation.

54 Microchip Advanced Part Selector
(MAPS)

MAPS is a software tool that helps semiconductor
professionals efficiently identify Microchip devices that
fit a particular design requirement. Available at no cost
from the Microchip web site at www.microchip.com/
maps, the MAPS is an overall selection tool for
Microchip’s product portfolio that includes Analog,
Memory, MCUs and DSCs. Using this tool you can
define a filter to sort features for a parametric search of
devices and export side-by-side technical comparison
reports. Helpful links are also provided for Data sheets,
Purchase, and Sampling of Microchip parts.

5.5 Analog Demonstration and
Evaluation Boards

Microchip offers a broad spectrum of Analog
Demonstration and Evaluation Boards that are
designed to help you achieve faster time to market. For
a complete listing of these boards and their
corresponding user’s guides and technical information,
visit the Microchip web site at www.microchip.com/
analogtools.

Some boards that are especially useful are:

* MCP6XXX Amplifier Evaluation Board 1

* MCP6XXX Amplifier Evaluation Board 2

* MCP6XXX Amplifier Evaluation Board 3

* MCP6XXX Amplifier Evaluation Board 4

* Active Filter Demo Board Kit

¢ 5/6-Pin SOT-23 Evaluation Board, P/N VSUPEV2

¢ 8-Pin SOIC/MSOP/TSSOP/DIP Evaluation Board,
P/N SOIC8EV

¢ 14-Pin SOIC/TSSOP/DIP Evaluation Board,
P/N SOIC14EV

© 2009 Microchip Technology Inc.
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5.6 Application Notes

The following Microchip Analog Design Note and
Application Notes are available on the Microchip web
site at www.microchip. com/appnotes and are
recommended as supplemental reference resources.

« ADNO003: “Select the Right Operational Amplifier
for your Filtering Circuits”, DS21821

* AN722: “Operational Amplifier Topologies and DC
Specifications”, DS00722

» AN723: “Operational Amplifier AC Specifications
and Applications”, DS00723

» ANB884: “Driving Capacitive Loads With Op
Amps”, DS00884

* AN990: “Analog Sensor Conditioning Circuits —
An Overview”, DS00990

* AN1177: “Op Amp Precision Design: DC Errors”,
DS01177

* AN1228: “Op Amp Precision Design: Random
Noise”, DS01228

* AN1297: "Microchip 's Op Amp SPICE Macro
Models"

These application notes and others are listed in the

design guide:

« “Signal Chain Design Guide”, DS21825

DS21733J-page 18
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information

5-Lead SC-70 (MCP6001)

H H

Example: (I-Temp)

H

H

XXN (Front) Device I-Temp E-Temp AA7 (Front)
YWW (Back) Code Code 432 (Back)
MCP6001 AAN CDN
l:‘ H H Note: Applies to 5-Lead SC-70. H H l:‘
OR OR
Device I-Temp E-Temp
XXNN Code Code AA74
MCP6001 AANN CDNN

HHd

5-Lead SOT-23 (MCP6001/1R/1U)

Note: Applies to 5-Lead SC-70.

0 dd

Example: (E-Temp)

5 4 . I-Tem E-Tem 5 4
H ’_‘ Device Codep Codep ’_| I_I
XXNN MCP6001 AANN CDNN CD25

MCP6001R| ADNN CENN
|i| |£| |i| MCP6001U |  AFNN CFNN |i| |£| |i|

Note: Applies to 5-Lead SOT-23.

8-Lead PDIP (300 mil)

[0 ][]

XXXXXXXX
XXXXXNNN

O@www
[T LITIL

8-Lead DFN (2 x 3)

XXX
YWW
NN

Example:

M rararl [0
MCP6002 MCP6002
1/P256 OR I/P€3256

0432 0746

®) e ©) e

LT LI 1 LT LI L]

Example:

ABY
944
25
O

Legend: XX..X Customer-specific information

€3

Y Year code (last digit of calendar year)

YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code

Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note:

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2009 Microchip Technology Inc.
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Package Marking Information (Continued)

8-Lead SOIC (150 mil) Example:

INININ INININ INININ
XXXXXXXX MCP6002I MCP6002I
XXXXYYWW SN0432 OR | sne0746
o S NNN o D256 o D256
IRININI IRIRIN IRININI
8-Lead MSOP Example:

C xxoxxxx | —] 60021 [

C—  vwwnaNn |—1 Cl 432256 |—1

—] ] — —

— @ O 1 ] @ O 1

14-Lead PDIP (300 mil) (MCP6004) Example:

[IrI Iy I raraririry
XXXXXXXXXXXXXX MCP6004
XXXXXXXXXXXXXX 1/P3

o R YYWNNN o R 0432256

(SR NN NN [ U [ B B B IR NN [ N [ B SR B O

OR
I raraririry
MCP6004
E/Pe3d

o " 0746256
BPS[ B J BU IR B B B

14-Lead SOIC (150 mil) (MCP6004) Example:

ININININININ Hpﬂﬂﬂﬂﬂﬂ INIRININININI
O R\ YYWWNNN O R 0432256 OR o 07462

IRIRIRINIRINE IRINIRIRININI INIRIRINIRIN]

14-Lead TSSOP (MCP6004) Example:

(LT (L LN
XXXXXX 6004ST 6004STE
R\ YYWw RY\ 0432 or | R 0432

O NNN O 256 O 256

IR IR IR

DS21733J-page 20
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5-Lead Plastic Small Outline Transistor (LT) [SC70]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
— ]| |=—Db
3 | 2| 1
[
| I |
E1
E | I |
] 4 5
|——— © — i ——— © — |
/ ] ] \
A A2 r c
L] — -
Al— ?
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 5
Pitch e 0.65 BSC
Overall Height A 0.80 - 1.10
Molded Package Thickness A2 0.80 - 1.00
Standoff A1 0.00 - 0.10
Overall Width E 1.80 210 2.40
Molded Package Width E1 1.15 1.25 1.35
Overall Length D 1.80 2.00 2.25
Foot Length L 0.10 0.20 0.46
Lead Thickness c 0.08 - 0.26
Lead Width b 0.15 - 0.40
Notes:

1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.127 mm per side.
2. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-061B

© 2009 Microchip Technology Inc.
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5-Lead Plastic Small Outline Transistor (LT) [SC70]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

SILK SCREEN X

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65BSC
Contact Pad Spacing C 2.20
Contact Pad Width X 0.45
Contact Pad Length Y 0.95
Distance Between Pads G 1.25
Distance Between Pads Gx 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2061A
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5-Lead Plastic Small Outline Transistor (OT) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

I

S

L
e

e

11—

D

T
g +} N

A1 —=| L

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 5
Lead Pitch e 0.95BSC
Outside Lead Pitch el 1.90 BSC
Overall Height A 0.90 - 1.45
Molded Package Thickness A2 0.89 - 1.30
Standoff A1 0.00 - 0.15
Overall Width E 2.20 - 3.20
Molded Package Width E1 1.30 - 1.80
Overall Length D 2.70 - 3.10
Foot Length L 0.10 - 0.60
Footprint L1 0.35 - 0.80
Foot Angle ¢ 0° - 30°
Lead Thickness c 0.08 - 0.26
Lead Width b 0.20 - 0.51

Notes:
1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.127 mm per side.
2. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-091B
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8-Lead Plastic Dual Flat, No Lead Package (MC) — 2x3x0.9 mm Body [DFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

|- D—— =] — e |—=—
b
N | é L N
| ; Y0y
| o i 1
— «ﬁf\_\i\ﬁ -—-+— E AR E2
Y v
NN vl Ly
SN A W
>2&\\\\\ EXPOSED PAD A
NoTE 1— TN
NN\ NOTE 1
1 2]
TOP VIEW BOTTOM VIEW
& ‘ A
A3 Al J NOTE 2
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 8
Pitch e 0.50 BSC
Overall Height A 0.80 0.90 1.00
Standoff A1 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Length D 2.00 BSC
Overall Width E 3.00 BSC
Exposed Pad Length D2 1.30 - 1.55
Exposed Pad Width E2 1.50 - 1.75
Contact Width b 0.20 0.25 0.30
Contact Length L 0.30 0.40 0.50
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package may have one or more exposed tie bars at ends.
3. Package is saw singulated.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-123C
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8-Lead Plastic Dual Flat, No Lead Package (MC) — 2x3x0.9 mm Body [DFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

2
G

il

T ]

—UUly
el

X1

SILK SCREEN

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits| MIN [ NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width W2 1.45
Optional Center Pad Length T2 1.75
Contact Pad Spacing C1 2.90
Contact Pad Width (X8) X1 0.30
Contact Pad Length (X8) Y1 0.75
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2123A

© 2009 Microchip Technology Inc. DS21733J-page 25



MCP6001/1R/1U/2/4

8-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

N
[
NOTE 1
7 E1
§
EmEwEN
1 2 3
D

.
P LT qﬁf_t
S I
A1 | _i — o ||=—cC

b1 —=l eB
b —=
Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 8
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 310 325
Molded Package Width E1 .240 .250 .280
Overall Length D .348 .365 400
Tip to Seating Plane L 115 1130 .150
Lead Thickness [¢ .008 .010 .015
Upper Lead Width b1 .040 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located with the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-018B
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8-Lead Plastic Small Outline (SN) — Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS
Dimension Limits|  MIN | NOM [ MAX
Number of Pins N 8
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 4.90 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L 0.40 - 1.27
Footprint L1 1.04 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. § Significant Characteristic.

2
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4

. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-057B
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8-Lead Plastic Small Outline (SN) — Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Notes:

|

i

/ SILK SCREEN

A [

]

ot

Y1

RECOMMENDED LAND PATTERN

Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width (X8) X1 0.60
Contact Pad Length (X8) Y1 1.55

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2057A
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8-Lead Plastic Micro Small Outline Package (MS) [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS
Dimension Limits MIN | NOM MAX
Number of Pins N 8
Pitch e 0.65 BSC
Overall Height A - - 1.10
Molded Package Thickness A2 0.75 0.85 0.95
Standoff A1 0.00 - 0.15
Overall Width E 490 BSC
Molded Package Width E1 3.00 BSC
Overall Length D 3.00 BSC
Foot Length L 0.40 0.60 0.80
Footprint L1 0.95 REF
Foot Angle ¢ 0° - 8°
Lead Thickness [¢ 0.08 - 0.23
Lead Width b 0.22 - 0.40
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-111B
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8-Lead Plastic Micro Small Outline Package (MS) [MSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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_—. L L SCREEN

GX

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C 4.40
Overall Width Z 5.85
Contact Pad Width (X8) X1 0.45
Contact Pad Length (X8) Y1 1.45
Distance Between Pads G1 2.95
Distance Between Pads GX 0.20

Notes:

1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2111A
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14-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging

NOTE 1 ’
x

Notes:

1. Pin 1 visual index feature may vary, but must be located with the hatched area.
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Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 .130 .195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 310 325
Molded Package Width E1 .240 .250 .280
Overall Length .735 .750 775
Tip to Seating Plane L 115 1130 .150
Lead Thickness .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-005B
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14-Lead Plastic Small Outline (SL) — Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS

Dimension Limits MIN NOM | MAX
Number of Pins N 14
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 8.65 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L 0.40 - 1.27
Footprint L1 1.04 REF
Foot Angle [0} 0° - 8°
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-065B
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14-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

e
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C 5 ~~ SCREEN
] §
ol
—= E ——l |<— X
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width X 0.60
Contact Pad Length Y 1.50
Distance Between Pads Gx 0.67
Distance Between Pads G 3.90

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2065A
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14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm Body [TSSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e 0.65 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.80 1.00 1.05
Standoff A1 0.05 - 0.15
Overall Width E 6.40 BSC
Molded Package Width E1 4.30 4.40 4.50
Molded Package Length D 4.90 5.00 5.10
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.09 - 0.20
Lead Width b 0.19 - 0.30

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-087B
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14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Contact Pad Spacing C1 5.90
Contact Pad Width (X28) X1 0.45
Contact Pad Length (X28) Y1 1.45
Distance Between Pads G 0.20
Notes:

1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2087A

© 2009 Microchip Technology Inc.
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APPENDIX A: REVISION HISTORY

Revision J (November 2009)

The following is the list of modifications:

1. Added new 2x3 DFN 8-Lead package on
page 1.

2. Updated the Temperature Specifications table
with 2x3 DFN thermal resistance information.

3. Updated Section 1.1 “Test Circuits”.

4. Updated Figure 2-15.

5. Added the 2x3 DFN column to Table 3-1.

6. Added new Section 3.4 “Exposed Thermal
Pad (EP)”.

7. Updated Section 5.1 “SPICE Macro Model”.

8. Updated Section 5.5 “Analog Demonstration

and Evaluation Boards”.

9. Updated Section 5.6 “Application Notes”.

10. Updated Section 6.1 “Package Marking
Information” with the new 2x3 DFN package
marking information.

11. Updated the package drawings.

12. Updated the Product Identification System
section with new 2x3 DFN package information.

Revision H (May 2008)

The following is the list of modifications:

1. Design Aids: Name change for Mindi
Simulation Tool.

2. Package Types: Correct device labeling error.

3. Section 1.0 “Electrical Characteristics”, DC
Electrical Specifications: Changed “Maximum
Output Voltage Swing” condition from 0.9V Input
Overdrive to 0.5V Input Overdrive.

4. Section 1.0 “Electrical Characteristics”, AC
Electrical Specifications: Changed Phase
Margin condition from G = +1 to G= +1 V/V.

5. Section 5.0 “Design AIDS”: Name change for
Mindi Simulation Tool.

Revision G (November 2007)

The following is the list of modifications:

1. Updated notes to Section 1.0 “Electrical
Characteristics”.

2. Increased Absolute Maximum Voltage range at
input pins.

3. Increased maximum operating supply voltage
(Vop)-

4. Added test circuits.

Added Figure 2-3 and Figure 2-20.

6. Added Section4.1.1 “Phase Reversal”,
Section 4.1.2 “Input Voltage and Current
Limits”, Section 4.1.3 “Normal Operation”
and Section 4.5 “Unused Op Amps”.

7. Updated Section 5.0 “Design AIDS”,

8. Updated Section 6.0 “Packaging
Information”

9. Updated Package Outline Drawings.

o

Revision F (March 2005)

The following is the list of modifications:

1. Updated Section 6.0 “Packaging
Information” to include old and new packaging
examples.

Revision E (December 2004)

The following is the list of modifications:

1. Vog specification reduced to *4.5mV from
+7.0 mV for parts starting with date code
YYWW = 0449

2. Corrected package markings in Section 6.0
“Packaging Information”.

3. Added Appendix A: Revision History.

Revision D (May 2003)

» Undocumented changes.

Revision C (December 2002)

* Undocumented changes.

Revision B (October 2002)

» Undocumented changes.

Revision A (June 2002)

« Original data sheet release.

© 2009 Microchip Technology Inc.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX Examples:
T —l_ a) MCP6001T-I/LT:
Device Temperature Package
Range
b) MCP6001T-I/OT:
Device: MCP6001T: Single Op Amp (Tape and Reel)
(SC-70, SOT-23) i
MCP60OLRT:  Single Op Amp (Tape and Reel) (SOT-23) ¢) MCPGOO1RT-/OT:
MCP6001UT:  Single Op Amp (Tape and Reel) (SOT-23)
MCP6002: Dual Op Amp
MCP6002T: Dual Op Amp (Tape and Reel) d) MCP6001UT-E/OT:
(SOIC, MSOP)
MCP6004: Quad Op Amp
MCP6004T: Quad Op Amp (Tape and Reel)
(SOIC, MSOP) a) MCP6002-I/MS:
Temperature Range: | = -40°C to +85°C b) MCP6002-1/P:
E = -40°Cto +125°C
c) MCP6002-E/P:
Package: LT = Plastic Package (SC-70), 5-lead (MCP6001 only)
OT = Plastic Small Outline Transistor (SOT-23), 5-lead d) MCP6002-E/MC:
(MCP6001, MCP6001R, MCP6001U)
MS = Plastic MSOP, 8-lead _ .
MC = Plastic DFN, 8-lead €) MCPB002-I/SN:
P = Plastic DIP (300 mil body), 8-lead, 14-lead
SN = Plastic SOIC, (3.99 mm body), 8-lead f) MCP6002T-I/MS:
SL = Plastic SOIC (3.99 body), 14-lead
ST = Plastic TSSOP (4.4mm body), 14-lead
g) MCP6002T-E/MC:
a) MCP6004-1/P:
b) MCP6004-1/SL:
¢c) MCP6004-E/SL:
d) MCP6004-1/ST:
e) MCP6004T-I/SL:
f) MCP6004T-I/ST:

Tape and Reel,
Industrial Temperature,
5LD SC-70 package
Tape and Reel,
Industrial Temperature,
5LD SOT-23 package.
Tape and Reel,
Industrial Temperature,
5LD SOT-23 package.
Tape and Reel,
Extended Temperature,
5LD SOT-23 package.

Industrial Temperature,
8LD MSOP package.
Industrial Temperature,
8LD PDIP package.
Extended Temperature,
8LD PDIP package.
Extended Temperature,
8LD DFN package.
Industrial Temperature,
8LD SOIC package.
Tape and Reel,
Industrial Temperature,
8LD MSOP package.
Tape and Reel,
Extended Temperature,
8LD DFN package.

Industrial Temperature,
14LD PDIP package.
Industrial Temperature,
14LD SOIC package.
Extended Temperature,
14LD SOIC package.
Industrial Temperature,
14LD TSSOP package.
Tape and Reel,
Industrial Temperature,
14LD SOIC package.
Tape and Reel,
Industrial Temperature,
14LD TSSOP package.

© 2009 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= I1S0/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
KEeLOQ, KEELOQ logo, MPLAB, PIC, PICmicro, PICSTART,
rfPIC and UNI/O are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MXDEV, MXLAB, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiWi, MPASM, MPLAB Certified
logo, MPLIB, MPLINK, mTouch, Octopus, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICKkit,
PICtail, PIC32 logo, REAL ICE, IfLAB, Select Mode, Total
Endurance, TSHARC, UniWinDriver, WiperLock and ZENA
are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2009, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received 1ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://support.microchip.com
Web Address:
www.microchip.com

Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Cleveland
Independence, OH
Tel: 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Hong Kong SAR
Tel: 852-2401-1200

Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4080

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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((?,@» RoHS Compliant

MagnaChip=’

MDP1921

Single N-channel Trench MOSFET 100V, 120A, 4.5mQ

General Description

The MDP1921 uses advanced MagnaChip’s MOSFET
Technology, which provides high performance in on-state
resistance, fast switching performance and excellent
quality. MDP1921 is suitable device for DC/DC Converter
and general purpose applications.

Features

o VDS =100V

o Ip = 120A @Ves = 10V

o Rps(on)

<4.5mQ @VGS =10V
a 100% UIL Tested
o 100% Rg Tested

OD

IxT
T

G
Os
TO-220
Absolute Maximum Ratings (Ta = 25°C)
Characteristics Symbol Rating Unit
Drain-Source Voltage Vpss 100 \%
Gate-Source Voltage Vass +20 Y,
Tc=25°C (Silicon Limited) 153
Continuous Drain Current @ Tc=25°C (Package Limited) I 120
A
Tc=100°C 97
Pulsed Drain Current lom 480
Tc=25°C 223
Power Dissipation Po w
Tc=100°C 89
Single Pulse Avalanche Energy © Eas 609 mJ
Junction and Storage Temperature Range Ty Tag -55~150 °C
Thermal Characteristics
Characteristics Symbol Rating Unit
Thermal Resistance, Junction-to-Ambient ReJa 62.5 -
Thermal Resistance, Junction-to-Case Rosc 0.56
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Ordering Information

Part Number Temp. Range Package Packing RoHS Status
MDP1921TH -55~150°C TO-220 Tube Halogen Free
Electrical Characteristics (T; =25°C)
Characteristics ‘ Symbol l Test Condition ‘ Min Typ | Max | Unit

Static Characteristics

Drain-Source Breakdown Voltage BVpss Ip = 250pA, Vgs = OV 100 - -

Gate Threshold Voltage Vst Vbs = Vs, Ip = 250pA 2.0 2.9 4.0 v

Drain Cut-Off Current Ipss Vps = 80V, Vgs = 0V - - 1.0

Gate Leakage Current lgss Vgs = 20V, Vps = OV - - +0.1 HA

Drain-Source ON Resistance Ros(ony Vgs = 10V, Ip= 50A - 3.8 45 mQ

Forward Transconductance Ors Vps = 10V, Ip = 50A - 120 - S
Dynamic Characteristics

Total Gate Charge Qq - 100 -

Gate-Source Charge Qqs xzz _ ig:// o = 504, - 27 - nC

Gate-Drain Charge Quu - 26 -

Input Capacitance Ciss - 6750 -

Reverse Transfer Capacitance Cres ?/zslzollt/?;/z Ves =0V, - 50 - pF

Output Capacitance Coss - 1300 -

Turn-On Delay Time tacon) - 30.4 -

Rise Time t; Ves = 10V, Vps = 50V, - 28.8 - o

Turn-Off Delay Time tacor Io = 50A , Rs = 3.0Q - 93.0 -

Fall Time ts - 34.2 -

Gate Resistance Rg f=1 MHz - 25 - Q
Drain-Source Body Diode Characteristics

Source-Drain Diode Forward Voltage Vsp Is = 50A, Vgs = 0V - 0.9 1.2 Y,

Body Diode Reverse Recovery Time trr - 73 ns

Ir = 50A, dl/dt = 100A/us
Body Diode Reverse Recovery Charge Qnr - 150 nC

Note :

1. Surface mounted FR-4 board by JEDEC (jesd51-7). Continuous current at Tc=25C is silicon limited

2. Easis tested at starting Tj = 25C, L = 1.0mH, Ias = 28.0A, Vgs = 10V.
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Package Dimension

Dimensions are in millimeters unless otherwise specified

3 Leads, TO-220
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ayvnbol Hin Non Nax
B 3.56 4.83
f 0.50 1.40
he 2.03 2.92
b 0.38 0.69 1.02
b 1.14 1.45 1.78
C 0.36 0.61
D 14,22 16.51
E Z2.04 TYP
E 9.65 10. 67
HI h.04 6.86
L 12.70 14.73
Ll 6.35
P 3.53 4.09
(] 2.54 3.43
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DISCLAIMER:

The Products are not designed for use in hostile environments, including, without limitation, aircraft, nuclear power
generation, medical appliances, and devices or systems in which malfunction of any Product can reasonably be
expected to result in a personal injury. Seller's customers using or selling Seller’s products for use in such
applications do so at their own risk and agree to fully defend and indemnify Seller.

MagnaChip reserves the right to change the specifications and circuitry without notice at any tiMagnaChip does not consider responsibility
for use of any circuitry other than circuitry entirely included in a MagnaChip product. MagnaChip=’ is a registered trademark of MagnaChip
Semiconductor Ltd.
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