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BeBatwvoue OTL E(LOOTE 0L CUYYPAPELC AUTIC TNG EpyaTiac Kat OTL kade Bondeia tnv omoia siya e yLo
NV mposTolUaoia TG €ivol MANPWC AVOYVWPLOUEVN KOl QVOEEPETAL atnV epyaoia. Emiong, €youue
KaTaypael TIC OMOLEC TTNYEC IO TIC OTOLEC KAVOUE Xprion SES0UEVWY, LOEWY, ELKOVWV KOl KELUEVOU,
elte aUTEC avaépovtal akplBwe eite mapappacusves. EmutAéov, BeBatwvouue OtL autr n epyacio
TIPOETOLUAOTNKE QMO EUAC TMPOCWIILKY, ELOIKX wC TTuxlaky epyacia, oto Tunuoa Mnyovikwy
MAnpooptkric kot HAektpovikwv Zuotnuatwv tou AlLTA.E.

H nmapovoa epyaoia amotelsi mvevuuatikn t6LoKTNoio Twv @ottntwv MiAttadn OsoAdyou — Avtwviou
MnAadn mou v ekmévnoav. Sto mAaiolo ¢ TOALTIKAC  aVOLKTHG  TpooBaong, o
ouyypapeac/dnuioupyoc ekxwpel oto Aedvéc [Mavemiotjuto t™¢ EAdbdog¢ dabdeia xprniong tou
SLKOLWUATOC aQVaTapaywyng, SAVELOUOU, TTAPOUTIHONG OTO KOLVO KAl YNELakNG SLaxuong the epyaoioc
OLedvwE, o€ NAEKTPOVIKY LLOPPN KOl OE OTTOLOSNTIOTE UETO, yla SLOAKTIKOUG KAl EPEUVNTIKOUG OKOTTOUG,
aveu avralayuato¢. H avoikty npooBaon oto mAnpe¢ keiuevo tng epyaoiag, dev onuaiver kad’
OLOVSNTTOTE TPOTTO TTapaxwPENon SIKAlWUATWY SlavonTikng L&LOKTHoIaG Tou ocuyypapéa/dnuitoupyod,
OUTE EMITPETIEL TNV avamapaywyl, avadnuooieuan, avtiyparn, mwAnon, eUropikn xpnon, dtavour,
g&kboon, uetapoptwon (downloading), avdaptnon (uploading), uetagpaocn, tpomomoinon UE
OmoLoVONTTOTE TPOTO, TUNUATIKA 1 TTEPIANTITIKA TNG Epyaciac, xwpic T PNt mPOoNYoULEVn Eyypapn
ouvaiveon tou ocuyypapéa/dnutoupyou.

H éykplon tng mruxlakng epyaociag amd 1o TuAapa Mnxavikwv MAnpodoptkic kot HAektpovikwy
Juotnuatwvtou Alebvouc Mavemniotnuiou tng EAAGSog, Sev urtoSnAwvel amopaltitw g Kot anodoxn twv
anoPewv Tou cuyypadéa, ek LEPOUC Tou TR HATOC.



MepiAnPin

MNpoAoyog

H mtuylakn aut gpyaoctia ekmovrBnke oto Epyactr)plo HAektpovikwv loxUog Tou TR atog Mnxovikwy
MAnpodopkA¢ Kal HAEKTPOVIKWY ZUOTNUATWY TN 0XoAN¢ Mnxavikwy tou AteBvol ¢ MavemLoTriiov TG
EMAS0C. AVTKElHevO TG ammOTEAECE N UEAETN KOl KOTOOKEUN TUAMUATOC TOU CUOCTAHOTOC EAEyXOU
novodaaotkol nAtakoU avtiotpodéa pe SCR.

JUYKEKPLUEVA, UEAETNONKE 0 Povodaolkog avtliotpodeac Kol ol pEBodoL eAéyxou Tou, KaBwG Kal N
povada puBULONG TNG ywVIOG €vauong yla Tov €AeyX0 NG porg evepyol Loxuog mpog To Siktuo, pe
Slatipnon povadloiou cuvieleoT) LOXUOC Kal CUYXPOVIOUOU Tou HE To OiKtuo XapnAng tdong.
Emunpdodeta, Baotkd KOUUATL TN mapouoag pyociag ntav n uAomoinon, os epyaotnpLoko meptBAailov,
TOU KUKAWHOTOC EAEYXOU TOU povodacoikol avilotpodEa MANpoug yébupag o onoiog os cuvduaouod pe
ta dwToPoATAlKA TAVEAN TNG OXOANG HOG €6WOE TG KATAAANAEG UETPAOELG YLO VO UTTOPECOUE VOl
OAOKANPWOOU LE TNV epyacia pag.

NepiAnyn

Mia amo TG SuvatoTnNTeG TwV NAEKTPOVIKWY LOXUOC ELvaL VO UETOTPEMOUV TNV NAEKTPLKN EVEPYELX
ouveyoU ¢ TToU TIPOEPYETAL Ao INYEG ouvexoU ¢ Taonc (dc), os evaAacoopevn (ac).

H €81k katnyopia twv dlatdtewv autwyv ovopalovral avilotpodeig (inverters). Me Tnv elcaywyn Twv
OVOVEWOLLLWV TTN YWV EVEPYELOG OTOV XWPO TG TTapaywyn NAEKTPLKNC EVEPYELAC TTPOKUTITOUY OpLOHEVA
TEXVIKA {nTrpata otnv mpoomndbela anddoong ¢ mapayOUevnG o’ aUTA EVEPYELAC, TIPOG TO SiKTuo
nAektpodotnong. Mia amo tg Suokohieg autég adopd otny real-time avixveuon ¢ cuxvoTNTAC TOU
SLkTUoU KoL Tou onpeiou «0» 1 zerocrossing. H MapAUeTpog auTh sival kpiolpun wote va untdpésl opBo¢
XPOVLOMOC YLOL TOV EAEYXO TWV EVEPYWYV OLOKOTITIKWY OTOLXELWV WOTE HE ToV KATAAANAo okavdaAloud
TOUG va TtpaypatornolnBei n petadopd evEpyeLag Ao TG SLATAEELS TWV AVAVEWGCLUWY TINYWV EVEPYELOG
npog to Siktuo. H epyaocia pag mpaypateVetal T MeEAETn plag Slataéng GwToBoATAiKWY CUCTOLXLWV
ouvbedepéva pe avopBwrtikn védupa SLOdwV otnv ££080 TNG N OmMolol UTIOKELTAL O €AeyXO HEOW
ENEeEEPYOOTN, KOL WE KUPLO TIAPASOTED €lval O TIPOYPOULATIOUOC TOU EMEEEPYAOTH) WOTE e KATAAANAO
XPOVLOUO va AELTOUPYNOEL WG ovtlotpodeag — inverter kot va amodoBel n mapayopevn NAEKTPLKA
gvépyela amno to wrtoBoAtaikd otolxeio, miow oto NAektplkd Siktuo. OL TEMKEC UETPNOELG KATESELEQV
TIW¢ ptopet vor eheyyBel Kot va amodoBel LoyU ¢ amod ta GpwToBoAtaikd oto SiKTuo e amoAuTo EAey)0 TG
ywviag évauonc twv nULaywytkwy ototxelwv (SCR).



Euxaplotiec

Abstract

One of the capabilities of power electronics is to convert alternating current (dc) to alternating current
(ac) electricity.

The special category of these devices is called inverters. Inverters are divided into two main categories,
depending on the type of input source, voltage source inverters and current source inverters. They are
also divided into single-phase and multi-phase. Output frequency adjustment is a feature provided by all
inverters.

With the introduction of renewable energy sources in the field of electricity generation, some technical
issues arise in the effort to return the energy produced by them to the electricity grid. One of these
difficulties concerns the real-time detection of the network frequency and the "0" point or zerocrossing.
This parameter is crucial in order to have a correct timing for the control of the active switching
elements so that with their appropriate triggering, the transfer of energy from the provisions of the
renewable energy sources to the grid takes place.

Our work deals with the study of a photovoltaic array device connected to a silicon rectifier diode bridge
at its output which is subject to control via a processor. The main deliverable is the programming of the
processor so that with proper timing it acts as an inverter and the output electrical produced from the
photovoltaic cell, is feeded back to the main network. The final measurements showed that
photovoltaics can be controlled and delivered power to the network with absolute control of the angle
of one of the semiconductor elements (SCR).

Euxaplotieg

la tv oAOKAN pwoN TG MTUXLOKA G 0delAOU LLE VO EUXAPLOTI OOV e ToV KaBnynth K. lopdavn Kliookepidn
ylot TNV APTLOL EMLOTNMOVIKN UTIOOTAPLEN LECW TWV YVWOEWYV TIOU MO UETESWOE, TNV UTIOUOVI TOU Kal
TNV KATAVONon TOU OTn HOKPOXPovN SLAPKELX EKTTOVNONG TNG TMTUXLAKN G Hag. Emiong tov HAektpoviko
Mnxavikd NavAo Moupatidn yla TG SlopBwoEl TOu TAVW OTOV TIPOYPOUUATIONO  Kal ThV
TLOPOLLLETPOTIOLNON TOU WLKpoemeEepyaotr) koBwc Kal To ¢pido Xiova Mamadomouvlo yia Tnv enefepyaocia
TwV KePaALdwv. TENOG, £va peyAAO eUXAPLOTW OPEIAOULE OTLG OLKOYEVELEC LLOG YLOL TN OTHPLEN TOUG OAA
OUTA TA XPOVLA TWV oTtou WV pag Kot LoLaitepa To tTeEdeuTaio autd Suokoho Staotnua.
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Kedalato 1o

Kedpalawo lo: Ercaywyn

1.1. Zkomogtngepyaoiag

IKOTOG TNG epyaociag eival o éheyxog, evog avtiotpodéa (Inverter), o omoiog AapPavel w¢ eicodo

HAektplkn evépyela pe ouvexn taon DC 42V anod ¢wtoPoAtaiki cuotolyia, kol Tnv omoia pe KUTAAANAn

pLBULON TWV YWVLWV OKAVOAALOUOU TWV NULAYwWYLKwY otolxelwv toxuog SCR (Silicon Controlled Rectifier

- Bupiotop) amodibel wg wpéAn LoV mpog Ta Siktuo NAektpodotnanc. To onUEelo OTO OMOLO KAVOU pLE

A n/mpoobwon evépyelag €xel w¢ TOALKN Ttdon ta 42V (oL UIOPVEC TOU EPYAOTNPLAKOU TIAYKOU) Ta

onoia péow petaoynuatiotr 42V/400V cuvdéovtal oto diktuo nAektpodotnong.

MTZ MTz 400V/42V
Awavoprig AEH néAoc péonc anopdvwong
A T
péon taon YOUNAR tdon Xapnii téon PO NEPTEIAZ
20KV 230V a2v 1] 0/8
MoAwkr Dacuay BoNY 3E ANTIZTPOOH et
—
50:1 Oudétepogmohog
4
'H

Ewova 1.1 Mevikd oxXfpa tng anddoong eVEPYELOG MPOG TO SikTuo

O éAeyxoc twv SCR TPOYUOTOMOLETOL MEOW TAPAYWYNG KATAAMNAWV TOAHwVY €vauong amo

pikpoeme€epyaotry. Ta SCR elval tomoBetnpuéva oe MAAKETA NAEKTPOVLKWY LOXUOC. TNV TAAKETA Eival

emnion¢ tomoBetnpévee SLatagelg aviyveuong ¢ Tdong Tou SIKTtUou pEow SLATagng amopovwong, Kot

KataAnAo KOKAwUO yLa Tov okavSdaALopo Twv SCR otolxelwv Ymapxouv eniong LETAOXN LOTLOTEG VLA TNV

OTMOULOVWON TWV KUKAWHATWV.

MT: MTz 400V/42V
Awavoprig AEH NéAog déong AMOHOVWONG +
# ( | MAAKETA I H
I 2 5 2 3 12XYO2
Heon Taon XapnAn taon XapnAr téon AC s C
20KV 230V av SCR —1o/8
I'Io}\u(r'] Oaown MoAwn {} 42V
, . MIKPOEMEZEPTASTHY| A
50:1 Oubetepogmoiog
A 4
rH

Ewova 1.2 EAeyXoG KUKAWROTOG yia avaoctpodn ThG LoxUog
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Eloaywyn

To npwto kepdAaro amotelel thv eLoaywyn], TEPLYPAPETAL TTEPLANTITLKA O OKOTIOG TN G EPYACLOC EVW
TepLypAdOoVTaL EMLYPAUUATIKA KaL TA EMLUEPOUG KepAAaLa TNG Epyaciog.

Ito 6eltepo kedpdlalo meplypddetal T0 BewpPNTIKO TIAALOLO KATOOKEUNC Kal AELTOUpYlOG Twv
dwtoBoAtaikwy Kal LSLaitepa Twv TOMOAOYLWV TwV avTLoTpodEwv Ue Ta dlaitepa otolyeia SCR).
Eniong meplypddovrtal Ta BewpnTKA oTolXeld TWV KUKAWHATWY Twv avilotpodpeéwyv. Eldikdtepa
ovaAUEeTaL N cupmepldopd HLOG avopBwTIKAG SLaTtagng Kal oL cuverKeg AELTOUPYLOC TOU TIOU TOU
ETUTPETOUV VO AELTOUPYHOEL WC avtiotpodéag. Meplypadetal n Asttoupyia twv SCR Kal oL Tpdmot
€AEYXOU TNG AyWYLLOTNTOG TOUG.

210 tpito KepAAao mapouotalovial Ta TUTTWHEVA KUKAWMATO TwV BaBuidwy tng mAaKETAC LoXUOG
LLE TOL EVEPYA OTOLXELQ, LEOW TWV OMOLWYV MIPAYUATOMOLETAL N LETadOPA LoXUOC TTPOog To Siktuo.

210 tétapto KepaAauo yivetal n enefnynon tng pebodoloylog epyaciog e TEPALTEPW AVAAUCN TWV
BaBuidwv tng mAakETag Loxvoc.

210 MEUNTOo KepAAalo MaPoUcLAleTalL O TIPOYPOUUATIONOC Tou enefepyootn o block Siaypappa
Kall oL KploLpEeG puBuioelg Twv peyeBwy mou €X0U LE OploEL yLa TOV TIPOYPAULATIONO TOU (timers KTA).

210 €Kkto KepAAawo mapouaolalovtal oL LETPHOELG TIAVW ota SLaAapBavopEVa aTTO TOV EMEEEPYOOTN
ofuata €l008wv ££6dwv tou. Auta eival n dstypatoAnPio amod tnv MAAKETA, N TOpAywWYH TTOALWY
oe SLadopeTIKEG ywviag okavdaAlopol twv SCR, 0 TPOMOG UETPAOEWY HE TO KLBWTLO QVTLOTACEWV
KoL TaL Opyova LETpNnoncG.

2to £BSopo kepAahauwo kataypdadovtal Ta GUUIMEPACHUATA.

210 0y600 kedpaharo mapatiBevral SLAdOPES TPOTACELG YLO EMEKTAON TNG EPYACLOG.

TéMNog akolouBel n BLBAloypadia Kot To TapapTnuaL.
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Kedalato 20

KedpdAalo 20: OswpnTKO HEPOG

2.1. Ewaywyn

210 8eUTePO Kedpalalo meplypddetal n Asttoupyia Twv GWTOPOATAIKWY KoL LOLOLTEPA TWV TOTTOAOYLWVY
Twv avtotpodéwy pe ta Wolaitepa otolxeia (SCR). Emiong meplypadovral ta BewpnTikd otolxeia Twv
KU KAWUATWY TwV avtlotpodéwy. Avaluou e ) Asttoupyia Twv SCR 1oU XpnoLUomnolol e otn TAOKETA
LoxUOG KOl TOUG TPOTIOUC EAEYXOU TNG AyWYLLOTNTAC TouC. TéAog Ba avadépoupe Kol Ta TpoBARHaTa
TLOU TtOlpOU GLAZovTal KOTA T Xprion Toug.

2.2. Tevika nepi SLATAEEWV TWV NAEKTPOVIKWV LOXVOG [3, p. 4]

Ot 8LaTALELC NAEKTPOVLKWVY LOXUOG TIAPEXOUV TN pUBLLLON KAl TN HETOTPOTH TG SLaBEotng NAEKTPLKAG
EVEPYELAC, WOTE va AAPEL TG TLUEG TAONG, PEVLATOC KL CUXVOTNTOG TTOU amalLTel To kaBe doptio. Mo tov
£\eyX0 NG LOXVOC XPNOLUOMOoLoUVTaL EAEYKTEC OL omolol Héow KAslotoU Bpoyxou pubuilouv v dopd
TLAPOXI G EVEPYELAG KL TOV XPOVO OVOLYOKAELGLLOTOC TWV SLOKOMTIKWY oTolyelwv.

_ MetaTpontas NAEKTPIKIG EVEPYEWS ‘
M B fi (Bopukd oToryEio o1 SoKONTES) Uy Io fo
Ioy0g e106600 ) ) o

T > 2

=]

]

&

e

g

g

o

3

g

=

g

Eleykriig 53

Znpoto ovopopas (ovaroyucdg, ynelokos ( J/

gite pikpoemelepyaotig)

Ewkova 2.1 Aldypappo NAEKTPOVIKWV LoXU oG e EAey)xo KAeloToU Bpoyxou [3]

Katnyoplonoinon dtataewv woxvog 1[4, p. 5]
OL petatporeig NAEKTPLKNG eVEPYELAG SlaKpivovtal os TECOEPLE KUPLEC KaTnyopleg avaioya ¢ Loxuog
€L0060U Kal TNG LoV og e€660u:

e Metatponeic evalaooopevn g taong os cuvexn (ac-dc) n AvopBwtsg (Rectifiers).

14



OewpPNTLKO LEPOG

e Metatporeig evalaocoopevou pevpoatog ( ac-ac) i Kukhopetatporeig (Cycloconverters).
e Metatpormeig cuvexoUl¢ pevpatog (dc-dc converters-choppers).

e Metatpomneig ouvexoUg Taong os evaAlacoopevn (dc-ac)  Avtiotpodeig (Inverters).

AvopBwTig Avuotpodéag
Ui [ U, U B U;
fi —| f=0Hz fi=0 Hz el [
Tix. .
230 v -=YPodoSOTKS_ 15 yv_ | 12 V- = USV = 230 V
50 Hz \ 50 Hz
Por) evépyelag
Metatponéag cuveXoUg /Metatponéaq eVOAAQACOONEVOU
PEVHOTOG OE OUVEXEG. peUpaTog o8 EVOAAQCOONEVO
U 1 | = U 2 U 1 |~ U 2
f1=0HZ; —1f,=0Hz f1; = fa
119'8
3 230 V _’_Metatponéa 10 V
i y.DC/DC pevanponéag, |, |72 0 ouxvémmci o

ElkOva 2.2 SUYKEVTPWTLKOG MIVOKOG CUGKEUWV KO AELTOUPYLWV TWV NAEKTPOVIKWV LoXVOG. [5]

Katnyoplomoinon Siatdagswv oxvog 2

H avwtépw SLaKpLon Twv HETOTPOMEWY MPoUTIOBETEL LovoSpopn por LoxUog. e TTOAOUG LETATPOTELG
pe audibpoun ocuumepidpopd otnv pon EVEPYELOC, Tou KaAoUvtal avopBwTeg emiteAeital Kol n
Aettoupyia tou avtlotpodea. TETola eival n SLATaLn MOU UEAETATAL OTNV CUYKEKPLULEVN €pyacia.

P Ogtn Agrrovpyio
—

i, A
avopBmt
2 1
[\/ Avopb oTijg
ac
> U,
Avop0 mTijg

3 4

Agttovpyio P Apwmru

OVTIGTPOPEN O ocvpPotikdg avopdwmTg Aettovpyei

Hoévo ota teTtopTnuopla 1 ko 2

Ewova 2.3 Audidpopn pon tngLoxog otoug ou B atikol g avopbwTég otatetaptnuopia 1,2 [3, p. 30]
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Kedalato 20

O avopBbwTtn g AslToupyel oUUPATIKA LETATPEMOVTAC TNV EVOANOLOCOUEVN TAON €L00S0U OE CUVEXN TAON
otnv £€odo. Itnv mepinmtwon auty n por Loxuog sivat Betikn. O (6Log petatponéag pe KataAAnAo €leyxo
umopel va AELTOUPYNOEL Kal WC aviloTpod£ag UeTadEPOVTAC apvNTIK LoYXU. TOTE O LETATPOTENS
HETOPEPEL LOYU ouveXouG Hopdng amod tnv €060 tou oto evaAAacoduevo Siktuo . O cupBatikdg
oavopBwTn ¢ e SCR Asttoupyel povo ota SV 0 amo Ta TECOEPO TETAPTN LOPLA Kol ELOLKOTEPA OTO 1 KOl OTO
2. [3, p. 30]

Emopévwg ol petatpormeic Slakplvovtal oe TPELG KATnyopleg avaloya He Thv KatevBuvon NG pong
evépyelag. [4, pp. 5,6]

e MeTtatpomnei evog TETAPTNOPLOU OL OMoloL EMLTPEMOUV TNV PON TNG LOXUOG OUTOKAELOTLKA amtd TV
€loobo otnv €odo

e Metatponel¢ SU0 TETAPTNHOPLWVY OL OTOoLoL EMLTPENOUV UTIO TtpoUmoBéoslg tnv apdibpoun porn
Loxvog

e  MEeTATPOTElG TECOAPWY TETAPTN LOPLWYV , OL ortoiol apExouv AN pwe apdidpopn por) LoxUog Letay
gL0060uU - €660V

Katnyoplonoinon diatafewv toxvog 3

Mua Tpltn SLAKPLON TWV UETATPOMEWV LoXUOG avadEPETAL OTOV TPOMO UETAPRNONG TwV SLAKOTITWY TOUG.
[4, pp. 32,33]

e  Metatponeig pe ¢uolkn petaBaocn otnv oBéon eite otnv évauon (6lodog, SCR, TRIAC). H duoikn
HETABacn mpokalsl LOXUPEG OPUOVLKEC TNV £lcodo kot otnv £€odo.

e Metatponeig e e€avaykaopévn HetaBacn amo eleykt (kuplwg transistors).

e  Metatpomneig ouvtoviopoU e emiteuén NG évauong-oBEong Toug eite AOyw UNSEVIKNG TAonG elte
AOyw  pundevikol pelpoToC. [MAEOVEKTOUV OTIC HELWUEVEC UETAPATIKEC QATMWAELEG KAl OtNV

TLEPLOPLOUEVN NAEKTPOLAYVNTIKA TTOPEUBOAN.

2.3. EdapHOoyEGUETATPOTEWV NAEKTPLKNG EVEPYELOC

OL LETOTPOTIELG NAEKTPLKA G EVEPYELOC XPNOLUOTOLOUVTOL OTLG 0iKOAoU Beg edapovEG: [3, pp. 39-40]

o Metadopad NAEKTPLKN G EVEPYELAG

e Zel&n evepyelakwyv SIKTU WV SLadOPETLKA G CUXVOTNTAG
o 'Hreg popdEg evépyelag

o  Metadopég

e Alakomtikd ototyela (UPS)

o 'EAgyXOC TWV NAEKTPLKWV KLVNTAPWV
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2.4. Ztoweia avriotpodéwv (inverters) - Xpnoeigtwv aviiotpodpiwv [3, p.
609]

O SLatdgelg LoV oG TOU UETATPETIOUV TNV NAEKTPLKN eVEPYELA ouxVoUC Lopdn ¢ (dc), o evaAAaooouevn
(ac), ovoupdatlovtal avrtiotpodeic (Inverters). O oTOXOC TNG EYKOTACTOONG E£VOC avVILOTpodEo oTa
dwTtoPoAtaikd cuotrpata, mou Ba acxoAnBou e otnv gpyaocia oG, €lval n HLETATPOTH TNG OUVEXOUG
(dc)ioxb ¢ mou mapayetat anod ta pwtoBoAtaikd os evaAacoouevn (ac) Loxu.

O o0po¢ tou avtotpodéa onuaivel OtL eival €vag NAEKTPOVIKOC HETATPONENG OmoU TAPEXEL TNV
Suvatotnta PetaBoAn¢ TG00 ToU TTAATOUG 000 Kol TNG CUXVOTNTAC TG KU LATtopopdn g e€6dou elte autn
glval taon eite pebpa.

Ou avtiotpodeig dlakpivovtal oe duo KUpPLEG KATnyopleg, avaloya Ue To €l6o¢ TNG tNyN G EL0Od0U:

e Avuotpodeic mou tpododotolvral amod mnyn cuvexoug taong(Voltage Source Inverters)

e Avtlotpodeic oL omolol tpododotouvtal amo nyn cuvexoug pelpatog(Current Source Inverters).
KaBe pia amd tig Suo mapandvw katnyopisg pmopsi vo utodiatpebel og Suo kotnyopieg:

e JT0UG povodaolkoUC avtlotpodelg (ouvdeopoloyia TANPouC yvéPupag e TEooEPA eAeyXOUEVA
NULyWYLKA SLOKOTTTLKA oTolyeia )
e JToUug TPLHAOCLKOUG avTLoTtpodeiG e £EL eEAeyXOHEVO NLOYWYLKA SLOKOTITLKA oToLYElal

To EOWTEPLKO KAAU LA TOU aVTLOTPOhEQ ATOTEAEITAL A0 EAEYXOUEVA NLOYWYLIKA SLOKOTITLKG OTOLXELa
Lloxvo¢ oOmou pe T PorBela Tou KUKAWMOTOG €Aéyxou Tou, &lte eAéyxetal povo n évauon (yla
napadelypa thyristors), eite tooo n évavon kot n oféon(BTJ,IGBT,MOSFET). To KUKAWHO €AEYXOU TOU
avtiotpodéa meplAapBavel 6Aou¢ Toug EAEyXOUC TTou XpeLalovtal.

O £€odoL Tou KUKAWHATOG eAEyXOU lval Ta NAEKTPLKA ONLOTA TOU OVTLOTPOodE Ta oMol EAEyXouv Ta
Slakomtika otolxeia. H puBuion tng ocuxvotntag e€660u sival pia SuvatotnTa ToU TNV ITAPEXOUY OAOL OL
avtiotpodeic. H mAsioPpndia twv aviiotpodpéwv TOMOBETEITOL O EYKATOOTAOCELG OUVOESEUEVEG UE TO
NAEKTPLKO SikTuo.

2.4.1.TormoAoyieg nAlakwv avtiotpoPpiwv [6]

Q¢ avtiotpodeig  xpnotponolouvtal SlAdopeg Un ANMOUOVWUEVEG Tomoloyieg SlapopdwHEVEG UE
nuitovoeldy PWM. Autad nepthappavouv tnv yédpupa H duo emunédwv, tnv HERIC (Highly Efficient and
Reliable Inverter Concept), tTnv TNPC(T-Type Neutral Point Clamped) tpiwv emunédwy, tTnv NPC (Neutral
Point Clamped) kat tnv ANPC (Active Neutral Point Clamped) tplwv eninédwv. H LEAETWLEVN KATAOKEU N
gumnintel otnv two-level H-bridge inverter.
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Kedalato 20

2.5. AvopOwtn¢yédpupagpe SCR Kat wpiko ¢poptio og Asttouvpyia
avtiotpodéa [3, pp. 313-317]

To KUKAWHO LLE TO OMmoio Umopel va mpaypatonolnBel n avactpodr Loxvog, ival évag avopbwtn g pe
SCR, povo mou otnv Béon tou doptiou cuvdéstal 10 PWTOPOATAIKO LA OTOLXELO WG TtNYY GUVEXOUG
Taong , kot éva mnvio uPnAng avtemaywyng (L —o00). O SCR elval o npLoywyLkog SLAKOMTNG KE TNV
UeyaAUTEPN LKOVOTNTA XELPLOKOU LoYUOG.

Uy U,

f1=0HZ e f2

Ewova 2.4 To cUpBoAo Tou avtiotpodéa

H avaotpodn oxvog (inversion power) ekSNAWVETAL CUVEXWG, LOVO OTaV OTNV ££080 TOU UETATPOMEN
UTIAPXEL pLa TtnyA LoxUoG. 2To MopoKATtw KUKAwMO ouvdEstal pLa tnyn taong (Vs) otnv €060, n omoia
LOG TTOPEXEL TNV avayKaia Loyl otaBepr)¢ TAONG TIOU O PETATPOMEQNC eTadEPEL OTO SiKTUO.

—< VW
o Iy
ZS SCR, ZS SCR; =3 l
i
: ; X
]
L 8 o
[ ug Ua <
| 1
VB i
) wl- |
SCR, SCR,

1 O—

(o)
Ewova 2.5 Metatpomnéag yepupag — avopOwtrg KatdAAnAog yiwa tnv avactpodr toxvog [3, p. 316]
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Ewova 2.6 Kupatopopd£g Twv TACEWV KaL TWV PEVATWV [3, p. 316]

JTOV MOPOMAVW UETATPOMEN N HECN TLUA TNC Taong e€66ou Vd; glval apvntikn otav n ywvia évauong
petaBaMhetal otnv miepoyn) 90°<a<180°. EMopévwg 0 pUETATpOMEAS METadEPEL Loxy amd tnv dc £6060
TPOG TNV ac £10060, Aettoupyel SnAadn we avtotpodéag kal n péon T thg toxVog eival apvntikr . H
LoYU G Slvetal amo tnv oxéon :

PdI =P =V/I,=V/l,cosa=V, 1, cosp<0 2.1)
a>—
2
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V‘Cx’a
Vfcqlo
Avopbaon
: { e
/2 ., K
AvacTpoen 16y00¢
Y bmmmmm e e m e oo T

Ewova 2.7 MetofoAn tng péong taong e€66ouv , pHe thv ywvia évavong a twv SCR [3]

Ewkova 2.8 MetaBoAn tng péong woxvog P, TG dgpyng Q;, Kat thg pouvouevng oxvog S,;, othv
OgpeAwdn cuxvotnta Kot oAkAG dpavopevng toxlog S, He TV ywvia évavong a, pe pevpa poptiou
otaBepo [3]

H amaitnon ywa otaBepd pedpa Iq mpolmobétel tnv Umapén pLlag tnyng tTdong LUe to KAtdAnAo mAdtog
Kal moAlkotnTa otnv Béon tou doptiou. ItV OIKA HAC TEplmMTwon n  TACH TAPEXETOL OO TO
dwToBoAtaiko. 2to SLkO HaG KUKAWMO XpnOLUOToloUUE éva tnvio Kal pla aviiotaon wc ¢optio, Kat
Méow autoU Ttou ¢optiou Ripap 0ONYOUME TNV Mapayouevn amo to pwtoPoAtaikd otolxelo evépyela
npog to Siktuo nAektpododtnong. H xprion tou mnviou eivat yia v e€opdAuvon. H TLun Tn¢ emaywyng

glval Tétola wote va LoV EL ig=ly .
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To pevpa opiletal amod v oxéon:

(2.2)

Ta Vd; :Vd; cosa katto V, eival apvnTikég . Emopévwg , n péon tdon £§650U TOU LETATPOTEN Vd;
glval JLKPOTEPN KOT QoAU , OE ox€on He TV taon g mnyng V; . Pubuiovrag v ywvia évavong a>

712 N woxLuGetddou malpvel apvnNTIKEG TLLEG TTPAYLA TTOU OnUaiveL EMLOTpodr] TG IapayoUevn G amnod to
dwToPoATaikd evépyelag mpog to Siktuo.

'r_j 4Tn r_j 4 A
S| E 55 XB|E = MHNIO L
——S ZS 0mE10A
. e Ry AL

L 1 60 | | 6
w© + o o o
8 g v| 805
5 |u £ RLoaD

_ PV
N ] -
- * - : Lpyp

— R, . +

Sl OO0 100V +

h.
T¥N6l2 L

Ewova 2.9 KOkAwpo toxVog He R, ko tnvio L

v DC mAeupd ¢ yédupag cuvdéetal n dwTtoBoAtailkr) cuoToLyiol PE TAON QVOLKTOU KUKAWUOTOG
21.9V, pebpa BpaxukOkAwong 4.95A kal LoxUg kopu drg 8OW. MapdlnAa e thv cuctolyia cuvséovrtal
TLEVTE NAEKTPOAUTLKOL TTUKVWTEG OALKA G XWPNTLKOTNTAC 5 MF Kal og oglpd €val nvio avtenaywyng 20mH.
H ac mAeupa ¢ yédupag ouvdEsTal oto NAEKTPLKO SiKTUO pEow peTaoxnpatiotr 42V/400V.

MoapdMnAa pe kaBs SCR €xel ouvdebel éva Siktuwpa snubber ou amnoteleital ano éva mukvwth 47nF
Kal pla avtiotaon 1,2KQ. To snubber meplopilet Tnv taxvTNTA LETABOAN G TNG TAONG KOTA TNV 0BEON TOU
SCR oe aodaleig TIHEG. Me Tov TPOMO AUTO TpootaTeUouv Touc SCR  amd umeptdoelc. To avVwWTEPW
KU KAWLOL KATTOLOKEU ALOTNKE WE EMLUEPOUG BaBuida otnv mAAKETA LoYXUOG TTOU LEAETATAL OTNV Epyaoia.
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2.6. HueAeyxopevolr avopOwtégnupttiov SCR - Thyristors

Ol nuLaywyLkol SLtakomteg Slakpivovtal o 3 BACLKEG KATNYOPLEG avAAOya LLE TOV TPOTIO TTOU EMLTEAELTAL
n évouon touc Kal n oféan toug [4, pp. 31,32]:

e Mn gAeyXOLEVOUC OTOUG OMoLouG N évauaon Kal n of£on toug emLBAMETOL amod To KUKAW LA LoyUoG.

o  TIApwWG eAeyXOUEVOL OTTO TTAAULKO O o 081 ynong

e Hpleleyyopevol SLakOMTEC OTOUC Omoloug eAEyXeTal Lovo n évauon. H oBéon emiBaMetal ano v
TALON £LTE A0 TO PEU LA TOU KUKAWHLOTOG LOXU OG

Ta Bupiotop elval nuLeAeyXOUEVOL NULOYWYLKOL SLOKOMTEC LoXUOC TIOU OMOTEAOUVTOL OO TECOEPOL
OTPWHATO NULAYWYwWV TUTIOU N Kal p. To BaolkO TTAEOVEKTN LA TOUG elval OTL UmopoUV va eAEyxouv TNV
oYV and ovotipata AC i DC KaTovaAWVOVTOC MLIKPr) TOOOTNTA LOXUG. TNV OLKOYEVELD TWV
Buplotop avAkouv o eleyxouevog avopBwtr¢ mupttiou SCR (Silicon Control Rectifier), to
TRIAC (Triode Alternating Current), to DIAC (Diode Alternating Current), o eAeyxOuevog
Slakomtn g mupttiou SCS (Silicon Controlled Switch), to GTO (Gate Turn-Off).

O eheyyopevog avopbwtn¢ mupttiou (SCR) wg NULEAEYXOUEVOC SLAKOTITNG AV KEL OTNV OLKOYEVELD TWV
Buplotopg, slval Tautoxpova Kal Stakomtng SUo tetaptnpopiwy pe apdidpoun taon amokonnc. [4, p.
32]

Avodog
oA iA

Ry

Kdé&Bodog

Ewova 2.10(a) ZuppoAo SCR ko teTapTnLOpLO AELTOUpYLOG TOU

—

i — Pebpo aryoymg
u — Téon amokomg

ON

b x;;m{jg

SCR

e=mrcamand

&
W

Ewova 2.10 (B) Atakomtng 800 TETAPTNUOPLWV e OETIKNA EITE APVNTLKY TAGH QUMMOKOT G Kal O€TIKO
pedpa aywyng
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O SCR &lval To TLO ONUAVILKO HEAOC TNG OLKOYEVELOG QUTHG KOL XPNOLLOTIOLELTOL O TIOMEG £DAPUOYEG
onw¢ avrtiotpodeic, ocuotiuata Gwtopol, €leyxog Kwvntipwv (motor control) kot TOMEG GANeG.
Kotaokeu aotikd amoteleitol and 4 TE00EpO OTPWHOTA NULOYWYWV TUTIoU p Kot n. PEpel 3 emadég p-n
mou oupBoAilovral J1,J2,J3. O SCR amoteAsital amo TPl akpodEKTEG: TNV avodo (A), Tnv kabodo (K) kot
Vv tUAn (G) o omoiog elval o akpodektng eAéyxou (Elk 2.11 -2.13). [4, p. 47]

?‘4
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Ewkova 2.11 Ztpwpata Kataokevg SCR

K

O HOVOC EMLTPENTOC TPOTOG évauong tou SCR ota kKuKAWHOTA Loxuoc sival pe tnv edappoyr Betikol
pevpatog otnv mUAn . Otav o SCR moAwBel opbd, kat odnynBel éva BeTkd pevpa otnv MUAN Tou, TOTE
petaBaivel otnv aywylnotnta. Oco peyallTepo gival To peUpa TNG TIUANG, TOOO ULKPOTEPN €lval n taon
0pBr ¢ moAwon¢ avodou — kaBddou yla tnv HetdBaon otnv aywytpnotnta. (Ew 2.12(a)). [4, p. 48]

IA

Iri=--

rr’!l)

/Rp

Ewkova 2.12(a) ZTatikn XOpoKTNPLOTIKA PEVHATOC -TAoNGTOU SCRTO pelpa mou odnyeitat otnv nMUAn
elval évag maApog pikpng duapketag (latch - up) adot dev eivar avaykaio va ayeL cuvexwe.
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H popdny tou moApol pevpatog otnv TUAN twv SCR efaptatal and 1o €idog tou doptiov . TNV
nepintwon wpwkol ¢optiou, 6mou 1o pevpa aywyng I+ avavetal amotopa, oL Aol Evauvong €xouv
™MV popdn T UmAe ypappng (Eik. 2.12). O xpovog avodou MPEMEL va elval PLIKpOTEPOC amod 1ps. Itnv
neplmtwon enaywylkol Goptiou o MAAUOC Evauong EXeL TNV Lopdr TG KOKKVNG YPOAUMAGS UE lgm 3-5
@opéc 1o pevpo. lgt €vw xpovog avodou eivat peyalltepog amo 1 ps. [4, p. 49]

igh Quukd poptio

>51;
- JT
Ernayoyixé goprtio

l(jm ~. (3 5 )1(; T l

U~()l(jm'--

O- l l(}r!l s

0| e f->1ps

Ewova 2.12(B) Mopdn pevpatog nvAng otoug SCR avdloya to €idog tou dpoptiou

Otav o SCR ayet (kAstotdg Stakdmncg) n oféon tou Sev eival Suvathy xpnoLponolwvtag thv AN tou
oKoOua KL av epoppootel Eva uPnAo apvnTKo pevpa. O LOVOC TPOTOG YLa TNV ATIOKOMN Tou, slval e Tov
UNdeviopod tou pevpatog aywyne. Eldikotepa otav To pevpa aywyn ¢ YIVEL ULKPOTEPO TOU PEUOTOC
ouykpatnong Iy (Holding current). 2Tnv KATa.OKEU ] TOU LETATPOMEN LOXVUOC XPNOLUOTOLELTAL HLa TeETpada
gleyxouevwy avopbwtwyv nupttiou (Silicon Controlled Rectifiers — SCR ), ta omnoia StaBétouv akpodEkTn
eléyxou évauong - aywyng, aAAd oxL oféonc. [4, pp. 47-50]

Ot SCR avaloya pe TNV xprion Toug dlakpivovtal os phase control type kol oe inverter 1 fast switching
type. OL tOTou phase control type eival KatdAnAoL yLo. epopUOYES XOUNAWY CUXVOTHTWY OMWC OTOUG
ovopBwTEG TAon ¢ Tou Siktuou ota 50Hz

Ta Buplotop ToOU XPNOLUOTOLOU UE Ot TIAQKETO LoXU oG elval tng etatpiag ST kal To HovtéAo ival To
TYN612.

A_>[1—o K
(€]
A
DPAK
A
K A &
IPAK TO-220AB

Ewova 2.13 Akpodékteg tou SCR
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Table 3. Standard electrical characteristics (T; = 25 °C, unless otherwise specified)

THA215-x000 12 TYHE
Symbol Test conditions Unit
-BI-H -G x12T® | xq20
Bdin. 2 0.5 2
et mA
Vp=12V.R =330 Ma. 15 5 15
Vot Max. 1.3
VGD l'-'ID= UDRH RL =3.3 ki1 TI =125 "C Min. 0.2
Iy b= 500 mA, gate open M. 40 30 15 30 mA
ly lg =121z Max. 80 a0 0 a0 mA
dWidt |Vp=87% Vpru, gate open |T)=125°C Bdin. 200 40 200 Wius
Vim [l =24A f=380ps Ty=25°C Max. 1.6 W
Wi Threshaold voltage Tj=125°C Max. 0.B5 W
Ra Dynamic resistance Tj=125°C M. 30 mil
loam T=25°C 5 pA
Vo =Vr = VorMm = VRRM M.
Inam T =125°C 2 mé

1. x«00= 800, 800
2. Check Table 1 for devices availability

3. »=084810
Ewkova 2.14 TeXVIKA XapaKTNPLOTIKA Tou SCR
Table 2. Absolute ratings (limiting values)
Value
TH1213-
Symbol Parameter TH121 5-x008 xDogiina Uit
TH1215-x00H (213
1) 2 TYH=12
TYNx 12T =
L On-state RMS curment TC-220AB ins. 12
(RMZ} | (1B0" conduction angle) | DEPAK
T.=110"C A
| Average on-state cument DRAK 5
T [ [180° conduction angle) | IPAK
Non repefitive surge peak |t =8-3ms - 115 145
T, =25°C A
ke | onestate cument t,=10ms fintal 110 140
Pt |13t value for fusing Tyt = 25°C &0 98 AZE
Critical rate of rise of on-
difdt | siate current F =0 Hz T, =125°C 50 Alus
I{..=2 KIET,‘LS 100 ns
L Peak gate cumrent t, =20 ps T=125°C 4 A
Papay |Awerage gate power dissipation Ty=125°C 1 W
Teyg Storage pmction temperature range - 40 to+ 150 0
T, Dperating junction ternperature range -4 to+ 125
Vagn |Maximum peak reverse gate voltage 5 W
1. wd0= 600, 500
2. Check Tabie 1 for devices avallabllity
3. »=6810

Ewkova 2.15 TeXVIKA XapaKTNPLOTIKA Tou SCR
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2.7. MpoPARuarta nov napovotdlovral [3, pp. 15-16]

ITc SLaTALELC TwV NAEKTPOVIKWY LoxUog ta KUpla mpoPAnpata mou kataypddovial adopolv v
gudavion averntBUUNTWV APHOVLKWY TTOAATAGOLWY TNG SLAKOMTIKAG ouXVOTNTAS f;, TNV KATOVAAWoN
0€PYOU LOXVUOC E0WTEPLKA OTLG Slatagelg kabwg ol Stakdmteg Sev elval Léavikol kabwg Kal thv epdavion
NAeKTpopOYVNTIKWY TtapepBorwy. Mo tnv e€adavion Twv appovikwy xpnotpomnowovvtal ¢idtpa LC yia
v AqPn NULTOVoELlSoUG Taong ac, Ta Omoia €KTOG Ao TNV KOTOOTOAN TWV APHOVIKWY TTAPEXOUV Kol
LEPOG TN G KATAVAALOKOMEVN G OLEPYOU LOYXUOG OO TOUG HeTaTpOome(G. [4, p. 23]

Mpénel vo AapPavetal pépLuva yla thv tonobétnon Pnktpwv AOYw amwAslwyv oxUog He TNV Hopdn
BeppotnTag . To oo NG amayopevng BepuotnTag s€opTaTal oo To PEVU A OYyWYH G KoL TNV cuxvotnta
Twv uetaBdacewv f; Tou Olakomtkol otolxeiou. Av n KAlon Tou peUpOTO¢ UTEPPel TN MEyloTn
ETILTPEMOMEVN TLUH, N TTUKVOTNTA TOU PEV LOTOC aAUEAVETOL UTIEPBOALKA OTNV APXLK ETTLPAVELD OYWYN G
KoL To otolxelo kataoTpédetal amo Tomnikn unepBépuavon.

MelovekTnuo emiong amoteAel n oMoy TwV KUPATOMOPGWY TACEWV — PEUHATWY N omoia &gv
Slatnpettal (dla pe v popdr €L0660U. TUYKEKPLUEVA N KUUOTOUOPdH TOU peU LaTOC oto SikTuo is , N
omoia eival mopapopdwHéVn WG TPOC TNV NILTOVOELSH , evw gpdavilel kat daoikr) kabuotépnon

2.8. NepiAnyn

210 6eUTEPO KEPANALO ELSAUE TIG YEVIKEG SLATALELG NAEKTPOVIKWV LOXUOG KOl TG EPapLOYEG TouG. Ta
oTolXEla. aVTLOTPODEWY KoL TG XPNOELG TouC. Emiong avoAUoape TOuG NULEAEYXOUEVOUC avVOPOWTEC
riupttiou SCR-Thyristors kot To TPoBAr pata mou mopou ctdovtal.
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KepdaAatio 30: Meplypadni NAEKTPOVIKWV KUKAWUATWV — SLatdéewe .oy og

3.1. Ewoaywyn

310 Tpito Kedpdatlo mepLypddovral ot Baolkég Babuideg Tng MAAKETAC LOYUOG Kal oL LOLOTNTEC TOUG. XTO
TUTIWUEVO OXESLO UTOPOUUE €UKOAA va EEXWPLOOUUE OAAL TAL OTOLXELOL TIOU TNV OOTEAOUV KAl TLG
oUVSEoELG e Ta TiepLdepeLakd. To KUKAW O ovopBwTLKN ¢ YEPU paG e SCR Kol To KUKAWMA LETPNCNG TNG
TAONG-PEV LATOG TOU SIKTUOU.

3.2. TUuNMWMEVO KUKAWHO KoL TIAAKETA LOXUOG TOU avtlotpodéa

JTNV CUYKEKPLUEVN EPapPLOYA KOG TO TUTTWLEVO KUKAWLOL €XEL TNV TIOPAKATW Hopdn:

M0 810801
[yaay

7 St /

Vi

I\ P ] = .
E.I.\- mﬁ @.ll:é- S

Ewkova 3.1 TumwEVO KUKAWHA TNG TTAAKETOG LOXUVOG

AMNO & NPOS ENEZEPTAZTH g
SCR1,2,3,4 i
J1

M/% YWHAHE /000

V

fil
I M/Z YWHAHZ
IPO®OAOZIA 230 V

Ewkova 3.2 H mAakEta .oxUog
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H mAaKETa LETA TNV KATAOKEU T TNG Omou Stakpivovtal ta € ¢ kU pla onueia tng:

Us :H kKAéupa €L0060U TNG TTOALKA G TAoN G Tou StkTtuou 42V amd tov MAyKo Tou gpyactnpiou.

R. :H kAéppo olvdeong ¢ avtiotaong ¢optiou mdAvw otnv omoia ouvdéoope KBpwtio 2
QVTLOTAOEWYV TwV 50Q €KaoTn , E GUVOALKN v TtapaAAnAw avtiotaon 25Q.

ipv = iconv-is : Tl dkpa AQPNG HETPAOEWV TWV PEVUATWY TNG TAAKETAG LOXUOG HECW TWV
HETPNTIKWV Slatafewv

PV —: To pelov TnG dwTtoPoAtaikr ¢ ouotoLyiog

COIL : Ta akpa oUVSeon¢ tou tnviou twv 20 mH

Toa SCR pe TG PAKTPEG TOUC

MeTtaoxnLatlotég U PNAWY CUXVOTATWY yLa TNV YOAPBOVLKY OTTOMOVWON TOU KUKAWMUOTOS 08 ynong
Twv SCR aro to KU KAwpo uPNAARG Taong

J1: BpaxUKUKAWTAPOC TIOU EMLTPEMEL TNV SLOXETELVON TIAAMLWVY amd tov pikpoeneéepyaotr] (BA. Eik.
3.6)

n
_O_TO_

Kovvéktopag (aplotepd) yLa Tnv mapoxn MoARwY tpoc ta SCR

KAéua tpododociag 230V yia to tpododotikd RAC -10

PV+ : To Betikd akpo tn¢ pwtoBoAtaikng ocucotoLyiog

PIN +5V: O Bpa)UKUKAWTHPOG OUTOG £ivol amoouvoedepévog. ApXLKaA e TNV cUVSEoH Tou Tapeixe
TNV amattoupevn taon Asttoupyiag tou AMC-1100 mou emiteAel Tnv aviyveuon tng taong tou
Swktvou. Avti tng tpododooiag +5V erAéxOnke n tpododocia tou AMC-1100 va yivel amo taon 3,3V
TNV omola TapéEXEL O LKpoeTeEepya ot STM.

3.3. EmuEPoug KUKAWHATO TG MAAKETAG NAEKTPOVLKWV LOXVOG

AvadopLKA Ta EMLUEPOU G KUKAWLLATA TN G TTAAKETAG TIOU ouvarmoteAolV tnv Babuido pong Loy og petaty

dwTtoBoAtaikol otolxeiou Kal SIKTUOU NAEKTPOSOTNONG Elval TA TAPAKATW:

To KUKAwUA TNG avopBwTIKAC yEPu pag pe ta SCR (BA. mapaypado §2.5)

To KUKAWLOL LETPNONG TNC TAONC TOU SLKTUOU

To KUKAWLO LETPNONG TNG TAONG TOU PpwToPoATAiKOU

Ta KUKAWLOTOL LE TLG LETPNTIKEG SLATALELG YL TNV LETPNON TWV PEULATWV

To kUKAwpo (PWM) mapaywyn ¢ Kal enefepyaoiag Twv nalpwy évavong twv SCR
To tpododotikd

3.3.1. KUKAWMO NHLOLYWYLKWV S LOLKOTTTWV LoXU0G

To KUKAWHO TG avopBwTLKN G YEPUpaC TepLlypddnke otnv mapaypado §2.5, 6IMoU MoPOUCLACTNKE N
ovopBwtikn yédupa TOU avilotpodo. H xprnon g vEPupog TApPEXEL UeYAAn aflomiotio otnv
Asltoupyia tou cuotuatog. H xapnAn ouxvotnta Opwc Asttoupyloag tou avilotpodéa amotelel to

28



Meplypadn NAEKTPOVIKWY KU KAWLLATWY — SLatdfewd LoxL oG

KUPLO AELTOUPYLIKO UELOVEKTNUA TOU GWTOPROATAIKOU CUCTHATOC, OE OXEQN LE TNV XPHON QVTLoTpodEa
UE AN PWG eAeyxOpevou ¢ Slakomteg [4, p. 435]

3.3.2. Mé€tpnon taong diktuou

Tﬂ- L
=70V +3,3V amnd puposnsispyaoctn)

- 16 3V 5V
& é o]
IJ) . . 8
I Vo Vom C;
——
TN Pﬂjm
e =
i PA3

| >N AMC1100DWY =

29 +4Vig (Vpp=3V) Dy | A 1IN0
5

154004

33 330
2007|200V

Ewkova 3.3 H pétpnon tng tadong SIKTUou pe yaABaviki anopovwon

To olokAnpwpévo kKOKAwpa I1C; pe kwdkd AMC 1100 DWV, eival éva Stadoplkdg evioxutng e
yaABavikry amopovwon Hetafl TMAEUPAG LOXUOG Kal eAéyxou €wg 1200V Xpnolpomoleital otn
UETPNON OO TOV HLKPOEMEEEPYAOTH TNG TAONC Tou PpwToBoAtaikol Kol avtiotola Tng TAong
Tpododooiag amod Tov EpYacTnPLAKO TTAYKO YLOL TNV QVIXVEUON TOU ONUELOU UNOEV TNG EVAAACOOUEVNG
TIOAKA G Taong tTwv 42V . To IC; tpododoteital pe taon 3,3V anod tnv MAAKETA TOU LKPOETECEPYAOTH)
otnV AU PA eAEyXOU Kal He Tdon 5 V otnv mAsupd Loxvog. H tdon twv 5 V AapBavetal amnod 1o KUKAw o
YUPW aro 1o ypap ko otabepornoint) 1C, pe kwdiko TL 783 [4, pp. 139-141]
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3.3.3. Métpnon tngtaong tTwv ¢ wtofoAtaikwv

To PV+
_ 50V max o o
Rg 5
1 ]s
O Vop1 Vo2 @ e
I C 100 250MV ax
A 8 n J =
E ; 2 7 PAl
\ >Vinp VOUtp<>_—o Upys _lloon
K1 -
6
)Vinn Voutn<>_—0 uPV- PAO
5
g GND, GNchh
AMC1100DWV =
Ds |_A 1N4004 Voup= 1.2 + 4Vipy (Vop2=3V)
Iq Voutp= 255 + 4Vir, (Vpp2=5V)
IC,
5V
N 3 TL783 2 |
1
. —/
2:|+l — Cu Ad) N Co
50V e :E
<7 16V
_>
Led2 \/ 3
\/

Ewova 3.4 Métpnon tng taong twv pwtoBoAtailkwv

To olhokAnpwpévo KUKAwpa 1C pe kwdkd AMC 1100 DWV, eival éva SLadoplkog eVICXUTHG ME
yoABavikr amopdvwon. Xpnoldomoleltal otn PETPNON oo TOV UIKPOEMEEEPYQOTr) TG TAONG TOU
dwToPoATaikoU KoL avTioTolXa TNG Tdon g Tpododoaoiag amo Tov EpyaoTnpLaKO TIAYKO YL TNV QViXVEUON

TOU onpeiou pndév NG evaAOOOOLEVN G TIOALKN G TAoNG TwV 42V [4, p. 139]
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3.3.4. M€tpnon TwWV PEVUATWY

S22P015S05 pp—

3 Q4
_ 2 Q5
Ipv
—— 1 6
9 8 7
O O O
5
||
Cis S
—/
1000 ==
T Lmsss |-
K2
i o | Pa4
S22P015505 (P—
) 2 5 Vref = 325V PAS
|
s o4l & b6 o | Pa7
2 Q5
i 9 8 7 Res
-5 1 6 O O O 12k b
5V .
9 8 7
o 0 O | ~
C
N '__|16 S| Rz .
24

3

6V +1.375V
(15A)

100n ’
Ly H T ok
Cis S| R» —_]

2.5V +0.625vV
— (15A) OPA2171AIDR ==

Ewova 3.5 M£tpnon Twv pEVUATWV
H pétpnon twv peupdtwy yivetal pe yoABavikr anopovwon. Ot alobntripeg LETPNONG TWV PEU LATWV
glval ot Tamura S22P 5505 Hall Efffect pe ovopaotikd peupa Asttoupylag ta 15 A oto mpwtevov LE
xpovo avtibpaong £<1.0 ps (di/dt=100A/ps) kot akpifeta 0,625+0,010V(at If) kot oxéon
petaoxnuatiopol 1:2000 pe undevikn anooBeon oe dB onpdtwy og cuxvotnteg oo 0,1~100 kHz.

Ta pevpatTo TTOU HaG EVELAPEPOUV ELVOL TO is TO igony KAL ipy. H AN TOUG yLO TIG HETPAOELG YiveTaL ATTO

TOV KOVVEKTOpa K2 Kol TOU G aKPOSEKTEG.

o i -PA4
* icon—PAS
o i,_PA7
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3.3.5. Ot naApoi évavongtwv SCRs

Ve
Y7z 4 N
-
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one pulse RS 0 BCeMT L o
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Ewkova 3.6 OL maApoi évavong twv SCRs

KUkAwpa rtapay wyn g noApwv eAéyxou twv SCR

Katd tnv Aettoupyila evOg KUKAWUATOG NAEKTPOVIKWY LoXUOG TIPEMEL va SlaodaAiletal n nAeKTpLKN
amopovwon petaly tou GTC (Gate trigger Cirquit - KOkKAwpa okavSaAlopol twv SCR) kal Tou
KUKAWHOTOG LoXUog Tou. MNa tnv Asttoupyla NAEKTPLKAG AMOUOVWONG TOU KUKAWOTOG OKAVOAALOUOU
(GTC), oL maApol e€66ou obnyouvtal otnv MUAN Twv SCR UEOW €VOC PETACKXNUOATLOTA TIAARWY HE €va
mpwtelov Kol 2 Seutepeliovta TUAlypota. Ol CUYKEKPLUEVOL UETAOXNHUOTIOTEG TMOARWY Elval TG
etalpiog muRata — 1009C povtého pe oxéon TuAlypdtwy 1:1:1 otaBepd 550V s oto mpwtelov TUALYLa
Kal JE Tdon amopovwong 2000V,,s. Ol maAuol évauong npénet va €xouv dlapkela 50pus kat epiodo 20
ms . To GpLO TOU LETOOYNMATLOTH TOALWVY HE Tdon tpododooiag ta 12V kal otabepd 550V s poKUTTEL
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ota 45,83 ps. Emopévwe ol maApol mou Ba Sieyeipouv ta SCR Ba mpémel va €(ouv SLAPKELA LLKPOTEPN
Twv 45,83u.s AUTA Ta OTOLXELO KUKAWUOTOG, UE OXETIKA XOUNAR Loxug, (10+20)VA, mapouaotalouv ta
0lKOAOU Bl TTAEOVEKTH AT OE OXE0N LLE TOV OTTTLKO OULEUKTN:

e Qev amnaltel mpdoBetn MNyr EVEPYELAG.

®  XPNOLUOTIOLWVTOC HETACXNHUOTLOTH HE TOMATAEG SeuTEPEUOU OEC TIEPLEALEELG TNV Ol OKAVOAAN oL

TaApol pmopouv va eAéyéouv Tteplocotepa Buplotop TauTto)Xpova.

H BaBuida mapaywyn¢ kat petadopds twv MaApwv TepAapBavel tov kovvéktopa K3 otov omoio
obdnyouvrtal oL taApol amno tov eneepyaoty STM . OL maApol cuvdéovtat oto PD1, PD3.

E€attiag tng Suvatdtntag tou enefepyactr| va mapéxel 10 shots omwc Ba davel oTlg LETPROELC pag,
Uéoa oe KABe TAAUO, Mpoxwpnoaue otnv an eubelag ouvdeon twv PIN PA8 tou kovvéktopa K3 ota
+5V , PAYUA TIOU ETUTPETIEL OTO VAL KTIEPACEL» O TIAPAYOUEVOC QIO TOV EMEEEPYOLOTI) TLOAAUOC AUTOU OLOG
TPOC TOUG PEeTaoxnpatiotég uPnAng cuxvotntag (Trl, Tr2 1009c¢) okavdaAilovtag £ToL oto Seutepeliov
TOU KUKAWOTOG Tou¢ Ta SCR’s .

3.3.6. To tpododotikd

To tpododotiko, petatpémnel tnv AC tdon mou edapudletal otnv eicodo tou, oe cuveyn DC taon pe
puBuLlOuEVO TTAGTOC otnv ££o80. Alakpivovtal o Suo KUPLeC KaTtnyopleg, Ta ypappLka (linear) kat ta
Slakomtika tpododotikd 1N malpotpododotikd (switching power supplies). H &gutepn katnyopia
eudavilel opKeETA TTAEOVEKTH AT OE OXEON HE TN MPWTIN OMWG: BApog, Oyko, KOotog Kat uPpnAd Babuod
amnodoonc. Movadikd HELOVEKTNHA TwV TTaALOTPodPoSOTIKWY gival o auvénuévog BopuBog otnv eicodo
Ka otnv £€odo.

D1 Iq 1N4004

1Cq

K4

Ls 2

12v
(o,
4
230Vac | RACI10-12SK/277 Rso
(o, 3 Clg
N 1 —
; Leds\/ 3

Ewova 3.7 To tpodpoSoTiko
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Ta tpododoTIKA TIOU XPNOLLOMOLOUVTOL OT EQYOOTH LA Elval cUVABWE YPaU LKA AOyw Tou eAAXLOTOU
BopUBou mou mapouctalouv. Ta Paolkd s€aptripata &voc ypappkol tpododotikol eival o
otaBeponolnti¢ Kol o petaoynuatiotig. O otabepomolntr| €lval éva cUCTNHO QUTOUATOU EAEYXOU OE
KAELOTO PpoOxo, 1o omoio meplhapPavel éva tpaviiotop oxvog (ouvrBwg Sutohké 1 MOSFET), to
KU KAWL 061 ynong Kat tov eAeyktn. [4, p. 177]

Ta KUpLA XAPOKTN PLOTLKA ota Tpododotikd sival : [4, pp. 175-177]
e O BaBuog amddoong

e H Kupdtwon tng tdong e€66ou

e H puBuLon slcodou

e HpuBuion doprtiou

e H petafatiki amokplon

Baolka otolyeia yia tnv tpododooia tng mAakeTag Loyl og pag (Ewkova 3.7) amotehel n Babuida mou
niepthapBavel to RAC10-12SK/277, tng etatpiocg RECOM, 1o omoio £xet 12 V DC tdon €€66ou pe 0,84 A
peupa e€odou, Kal amodotikotnta 84%. e cuvepyooia e oTaBePOTMOLNTEG TG OELPAS 7805 apéxeTal
Betikn) taon €€66ou +5V pe péyloto pebpa e€6dou 1A. Ot otaBeporolnteg 7805 SLtabEtouv KUKAWA
nipoatociag and urepdOPTLON EVW OL TIUKVWTEG otnV £€080 Tou 7805 meplopilouv TNV KU LATWON

(ripple).

3.4. MepiAnyn

Y10 Tpito Kedpalalo mapouvaoldotnkay oL Babuibeg g MAAKETAG LOXUOG KOL TA EMLUEPOUC e€apTr LOTa
TIOU TNV amoteAouV. To KUKAwHO avopBwTikh ¢ Yébupag e Buplotop, To KUKAWUA Tdong Tou Skt ou, To
TP0d0oSOTLKO KOl TO KUKAWLLO TTOPOYWYN G TwV MAAUWY £vauong twv SCR.
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KepdaAaio4o0: MeBoboloyia epyaociog

4.1. Ewaywyn

Jto Tétapto kedpdAalo Ba TMOPOUCLACOUME TG EMLUEPOUG Babuideg tng mMAAKETOC LOXUOG Kol Th
ouvdeopoloyia toug. To KUKAwO eAEyXou Tou amoTeAeital and Tov avaloylkd Sladoplkd evioyxutr -
OIMOMOVWTN TNG TAong Stktou. Tnv avartulakn MAQKETA TOU PLKPOEAEYKTH, Tn Hovada buffer kot télog
™ Hovada amopdvwong Twv onUATwV PndLakng AoyLKr ¢ mou odnyouv toug SCR.

4.2. PUOpoN LoXVOG HE TN XPrIoN HIKPOEAEYKTH

I'vwpllou e OTL N eVOANOLOCOUEVN TAON TIOU LAG TTAPEXEL TO NAEKTPLKO SIKTUO €XEL NULTOVOELST popdn (
OpUOVIKA TaAaviwaon ) pe cuxvotnta 50Hz kal mepiodo T = 20ms. Onwc paivetal kat otnv swkova 4.1, o
€\eyxoc Tou Poptiou EMITUYXAVETAL PE OVIXVEUON TWV onUeiwv aAayng TTOALKOTNTAC TNG TAONG Kal
EMUTALOV TNV SnULoUpyla TTOARWY évauong yla okavSaAlopo twv SCR. Ta SCR Adyw Asttoupyilog wg
eAeyxOUEVOL NULAVOPOBWTEG EMITPEMOUV TOV €AEYXO HMLOOU KUUATOG, €VW HME TN Xpnon védpupag (
TECOAPWY OTOLXELWV ) HmopoU e va eAEYEOU LE Kol Tt SUO TUA LOTA TO BETIKO Kol TO apvnTLKO avtiotoLya
okavdaAilovtog evaAaE ta {elyn Twv otolxelwv. Avixvelovtag To onpeio Un6Ev Kal e T LeTABOAN TNG
KaBu oTEpNoNG Tou TaALOU £Vauon ¢ EMLTUYXAVETAL N pUBULON TNG TAoNC Tou GopTiou Kal KOTA CUVENELL
N woxu¢ . H amokomn tou {eUyou¢ Twv oTtolyelwv ylvetal Pe TNV aAlayr TG TTOALKOTNTAG TNG TAoNG Kal
£10L 0 KUKAOG emavalopBavetal og kKGBe nuinepiodo.
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Ewkova 4.1 Népaocpa amo to onpeio undev oe KABs aAAayn TNG TMOALKOTNTOG TG TAONG-

Zero crossing
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MNa va mpaypotonotnBel o €leyxog tou $opTiou XpnOLUOTOLEITAL ULKPOEAEYKTHC , O OTOLOG LG TTOPEXEL
okpiPeta kot peyaln euveliéia 6co avadopd TV Suvatotnta oAAAyNC TWV TOPAUETPWV XWwPLg
UETATPOT Tou UALKOU Onwc¢ Ba e€nynBel otn cuveéyela.

4.3. KOKAwpa oxvog

Onwg ¢aivetal otnv swkova 4.2, ta staptipato SCR1,2,3,4 amoteAoUv ta SOULKA OTOLXElol eAEyXou
Loxvog Tou doptiou. Me tn BonBsla Twv petaoyn patiotwy T1 katl T2 anopovwvetal yaABavika to Siktuo
KaL n tpododooia mpog Ta KUKAwpOTA eAéyou. O EAeyXOG EMITUYXAVETOL OIWGE TipoavadEPONKE UE T
XPNoN ULKPOEAEYKTH) KAl CUYKEKPLUEVA cuyxpovilovtac tn Bdaon xpovou ( Timer ) pe to onpeio pndév. Ot
maApol évavong edappolovral ava lelyog ot MUAeG Twv SCR Gatel,2 kat Gate3,4 avrtiotoya. Adyw
TwV UPNAWY TACEWVY KaL PEU LATWY TTOU SLappEouV To KUKAWA elval amapaitntn n mARpNG amopovwon
TOU KUKAWPATOG eAéyxou amd Tto umoAouto KUKAwUa pe Slddopeg HeBOSoUC Kal TEXVLKEG OL OTOLES

g€nyoulvtal og enopevo KedhAAaLo.

SCRI SCR3
Gate | j Gate 3 lj
RL
Is Tl |
- =
I .- e — _L 3+
] PVI
Vi —1*Co
230Vrms T~
50Hz
[
Ns N
SCR4 SCR2 P

VRI =12V_ISOLATED VR2 +5V_ISOLATED

-
rJ

AC/DC = DC/DC =

Ewkova 4.2 Baowko kUKAwpa EAEYXOU TNG LOXVOG.
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4.4. KukAwpa eAéyxou

To KUKAwpO €Aéyyxou amoteleital amd Siddopeg Pabuideg oL omoleg €MITEAOUV GUYKEKPLUEVEC
Asttoupyiec. Ao aplotepd Onwe daivetal oto moapakdatw oxnua 4.3 umnapxet 1o 0.K AMC1100 wg
OVaAOYLKOC SLaOPLKOG EVIOXUTHC KOl OMOUOVWIAG TNG TAoNG Tou Siktuou, pe €080 2 onuatwv
Stapopag 180° petafl Toug Kol BETIKEG TIUEG e OKOTIO TNV EMEEEPYACLO OTTO TNV EMOUEVN LovAda, TTou
glval To avamTuélakd KIT Kol CUYKEKpLUEVA N gloodog tou Tepidepelakol ADCI tou HLKPOeAEYKTH. To
OUVKEKPLUEVO TEPLDEPELOKO E€XEL TN SuvaTotNTA €L0660U SLadopPLKWV CNUATWY UE ATIOTEAECUO TNV
£€€060 Pndlaknc AEng 16bit mou ekteivetal amod Tuég 0X0000 éwg OXFFFF. Xpnoipomoiwvtag 2
Xpovioteg TIM1 kat TIM8 amod ta eowTePLKA TTEPLPEPELOKA TOU UIKPOEAEYKTH €€dyou e 2 orjpata PWM
£T0L WOTE PETA Ao evioyuon Kol amopdévwon va tpododotrioouy ¢ mUAsg Twv SCR. H povada Buffer
OMWG ONMELWVETAL OTO OxAHa avaAapPavel v evioyuon Kol AmoOpOvVWwon TwV CNUATWVY Tou
ULKPOEAEYKTN N omolacdnmote PndLlakng Aoykng emAEEOULE VA XPNOLUOTOLI GOV LLE, UE SuvaTotnTa
Slapdpowong tou ToARoU péow TG okiboag PWM n omolo otnv Tapoluoo KAtaokeur Oev
XpnoLlomnoleltal kat ouveéetal povipa oe uPnAo duvaptkd ( Aoywkd HIGH ). Téhog n povada ota
6e€lotepa e onueiwon Amplifier emitpénel Tnv amopovwon Kal TPooapUoyn TwV onUATwy PndLlakng
AoyLKN G o KatdAANAo Suvapikod yia tyv odriynon twv SCR.
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>
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/IN_P VOUT_ ADCI_IN_P

Gate 2 ——
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Ewkova 4.3 AELITOUPYLKO SLAY PO TWV KUKAWHATWY EAEYXOU.
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Kedalatio 4o

4.5. KOKAwpO POCAPHOYARG— AMOUOVWoNG tngeto0dou ADC tou
HIKPOEAEYKTH S1adOopPLKWV GNUATWV

H yaABaviky amoudvwon mpo¢ tov ADC TOU MIKPOEAEYKTH EMITUYXAVETAL ME TN XPHon Tou

oAokAnpwpévou KukAwpato¢ AMC1100 tng estawpsiag Texas Instruments To omolo pag TapEXEL

omopovwon Hetaly g el00dou — €€660u Kol emumAéov evioyuon Sladoplkwv onpdtwy. H gicodog

tpododoteital amo pn amopovwpévn taon +5V evw n £€€odo¢ ameuBeiag amod to avamtuilaKo KIT pE

+3.3V. Onwc¢ daivetal otnv moapokdtw ewkova 4.4 — 4.5 n péylotn taon €loodou eival +- 250mV evw n

Taon €€0dou Ue T ouykekpLUévn Tpododooia €xel péyLoto AdTog 2Vpp kot offset £1.29V.

no
Floating _
Power Supply IKPOEMNE=EPTAYXTH
HV+
K
l AMC1100 \
Gate Driver 50V
| VDD1 vDD2 T 33V,or50V
|
b
. —1— GND1 GND2 {
RSM.IN'T : Rru : o
To Load ¢——9-"\N/\/ . '\/\/\TO—D VINN VOUTP
, Rar Car, Riy ADS7263
+ «N\,Lo—ﬁ VINP VOUTN .
mi - M
L

Ewova 4.4 AvoAuTtiko duaypappo tou AMC 1100 [1]

VDD1 vDD2

VINP

ov /\/W\ £250 mV/

VWA

VINN

GND1 GND2

vDD2Z=5V /\/\/\/\
255V 2V
— WW

VDD2=33V
VOUTN
2V

- \/\/\N

Ewova 4.5 AsttoupyLko Sidypappa tov AMC1100 [1]
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MeBobdoloyia gpyaociag

Ito TapakAtw oxnpo 4.6 daivetal n cuvdeopoloyia Tou Sladoplkol EVIOXUTH KOL CUYKEKPLUEVA N
edappoyn TNG eVAAOOOOWEVNG TAONG Tou Siktuou otnv eloodo péow evog Sapétn taong (R1,R2,R3)
£T0L WOTE VO ATIOKTNOEL TO EMLBUUNTO €UPOC TAONG AsLToupylac Tou OAOKANPWHEVOU KUKAWUOTOC. To
Siktbwpa (R4, C1, R5) XpnOLUOTIOLELTOL WE AVTLITAPAOLTIKO PIATPO yLa TNV €UOTABEL TOU KUKAWLOTOG
EVW OL UTIOAOLTTIOL TTUKVWTEG Lo artooVTevén Kat e€opdAuvon ¢ tpododooiag.

15V +3V3_FROM_MCU

K —_——C2 _—‘_(

— 3
100nF 100nF
R2 ’

S RPot IC1
3¢50k
R4 VDDl VDD2 (5 _
= VINP  VOUTP [ VOUT P>
, IR VINN  VOUTN [-2 VOUT N>
3 s
[]JR}()R GNDI  GND2
AMCIT00DWB
GND

ol
rof

Ewova 4.6 AladopkoG EVIGXUTHG — AMOOVWTAG

Onwg daivetal otnv sikova 4.7 pe peyoAUtepn Asmtopépela ta SUo onuota e£6dou £xouv Stadopd
daong 180° kal enumALov €xouv BETIKEG TLUEC £TOL WOTE Vo Kataotel duvath n enefepyaocia Toug ano
PUnNdLokd KUKAWHATA OMWE O MIKPOEAEYKTAC otnV Ttapoloa mTuxlakn. Na onpelwBel eniong nwg to
onpa Vout+ glval cupdooLko e TNV EVAAACOOUEVN TACN L0080V KOl TO OMOLO XPNOLUOTOLEITAL WG
ovadopd yLo To E0WTEPLKO KUKAW LA Tou ADC Tou pKpogAeykTh yia tv e€aywyn tng Wndlaknc ALEng.

Alagopikd ofjpara [ 50Hz ]

25

MAdrog [ Volt ]

0 0.005 001 0015 002 0025 003 0035 004
Xpovog [ Second ]

Ewova 4.7 Awadopika onpata eE66ou tou AMC1100
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Kedalatio 4o
4.6. KOokAwpa PndrakngAoykig

To ouykekpLUéVo KUKAW LA aroteAel tnv Babuida Stapnopdpwong —anopuovwong onUAaTwy TIou UIoPEL va
npoépyovtal amo Badbuida enefepyaociag onuartog . Q¢ eL066oug EXETAL Ta ON LaATA OKAVSAAGHOU TwY
TUAWVY TwV SCR Kol emutAgov péow ¢ akidag PWM n Stapopdpwon tTwv SUo ponyou LEVWV ONUATWV
€0l wote va elvat duvaty n petadopd TOUC HEOW KUKAWHOTOC ONMOUOVWONG OMwe n Xpnon
peTaoxnpatiotwyv onpatog. No onpewwBel emiong OTL UMAPXEL TOMIKOC TOAQVIWTNG Slopopdwonc
onuatog ( U1D, R9, R10, C4 ) o omoiog pag Slvel t duvatdtnta tng odriynong twv SCR povo pe duo

ofpata. H emhoyr autn yivetal pe BpayuKuKAWTAPEG eite otn B€on 1,2 eite otn B€on 2,3 oto e€aptnua
S1.

+5V_ISOLATED

.,|}_ 3

SN74HCIZ2N
% Si
o SW-SPDT

! SN74HCI32N SNT4HC 132N

+5V_ISOLATED U2E SV_ISOLATED LIE
14

+SV_ISOLATED

R14
TOR
c

. UIC
9
A 8
- SNTAHC 132N
2 Q3
BCSa?

-

Ewova 4.8 KOKAwpa Stoapdpdpwong tov onpatog PWM
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MeBobdoloyia gpyaociag
4.7. KOKAWHO EVIOXUTH — AMOUOVWONG

H tehevtaia Babuida omwe dpaivetal oto MapoKATW KU KAWL TNG ELKOVAG 4.9 amoteAsital amo evioxu i
KOLVOU €KTTOUTIOU pe SumoAlkd tpaviiotop, ta saptiuata Q6, R22, D4, D2, R17 kal To MPpWIELWV
TUALYHO TOU pEeTaoynpatioty onpatog T1 wg ¢optio. To CUYKEKPLLEVO KUKAWO EVIOXUEL TO OH LA TTOU
epapudletal otnv akida TR2 1o omoio £xel Siapketa 500us kot cuxvotnta 20KHz. H Stapodpdpwaon autol
TOu TOAROU £€xeL okomd tnG oLleuéng tou Héca amd Tov HETAoYnMOTIOT) ohfpato¢ Tl mou ot
Sladopetikny mepintwon Ba mpokalolos TOV KOPECHO TOU TIUPNVA UE OTTOTEAECUA Th KN oUleuén Tou
oto Seutepelov TOAyUO. Télog n &lodog D1 avopBwvel tov TMAAUS PUTAC KAl HE OUVOUOOUO TwV
gtaptnuatwyv R18, R19, Cg4 pAtpdpouv ta uicuxva pevpata Sivovtag évav kabapo MaApo otig MUAEG
Twv SCR.

Pair 1
=12V_ISOLATED
R17
10R Q4
D1 SCR4
] Ti RIR
2 ([% P IR I
82 .
3 MBR 1100 RIO ——Ca4
2 (3 1K2
MBR1100O {
C Qs
& | D3 SCR3
D4  —1
L) l
._!34\' 0.5W g MBRI1100  R20 R21 ——Cg3
82R 1K2
) C
& C
T |
ErR—— _{E}——K s Murata 1009C
=12V _ISOLATED
R23
10R Q7
Ds SCR2
1 r2 R24
o|le SR =
g MBR1100 [‘]R:< :]:_( a2
D6 € 1K2
MBRI1 100 e
< QS8
o~ L D7 SCR1
DR | r— L -
! -
Z| 2avosw g MBRI10O R26 R27 :I:c«,q
£ 82R 1K2
4 C
~ CI
R28
3 Q9 s -
TR _%l——K =T Murata 1009€

Ewkova 4.9 Babuida evioyuong — anopovwong Tou naApol oKavSaALloou

4.8. NepiAnyn

210 TETOPTO KEDAAOLO TTOPOUCLACTN KAV KATIOLA T LOTA TNG TTAAKETAG LoXUOG, T XOPOKTN PLOTLKA TOUG
KOl O TPOmo¢ olVOeon¢ toug. Emiong avadépBnkov avaluTiKA oL AELTOUPYIEG TOU KABE TN MOTOG
Eexwplota.
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Kedalato 50

KedpdAaio50: Mpoypopatiopog HKpoeAEYKTA

5.1. Ewaywyn

Jto méunto kedpdlalo Ba avaAlooupe to avamtullakd kitg NUCLEO-H743Z1 tng etatpeiag ST
microelectronics kot Tig duvatdtnTtég tou. Emiong Ba mapouoLdoou e Ta UITAOK SLaypALaTo PO G ToU
KUPLWC TIPOYPAUUATOG KAl TG OUVOEDELC HE TO UTIOAOLTTO KUKAWUA. Kamola UiKpd TUAHOTA oo Tov
TUPOYPOULLATIOUO TOU LKPOEAEYKTN KoL T epyaAsia Tou pag BonBave og auTo.

5.2. O pkposeAeykticSTM32H743

O LLKPOEAEYKTA G TToU eTAEEQLE YL TRV LAOTIOLN OGN TNG TTAPOU OaLG TITUXLAKA G elval 0 STM32H743ZIT6U o
ornoio¢ ¢urofeveitat oto avamtullakd kit NUCLEO-H743ZI tng etaipeiag ST microelectronics. O
OUVKEKPLUEVOG ULKPOEAEYKTAC Xpnotpomolel tov muprivo ARM Cortex-M7 apxLtektovikig 32bit kot pe
TaxUutnTa Asttoupyiag 400MHz. H tkavotnTa TN OLKOYEVELAC UTH G VO TIPAYLLOTOTIOLEL TLG TIEPLOCOTEPES
EVTOAEG TOU OET EVIOAWV O€ €va KUKAO pnxavr ¢ SLVEL TN SuvatotnTta ULKpoU XPOVOU EKTEAECN G, TIPAYUA
TO omolo onpalvel peyahn akpifela LOIKA o EPAPLOYEC TTPAYUATIKOU XpOvou Omwc n SetypatoAndia
O ATOC YL TNV EUPECHN TOU onpeiou pndév atnv mapol oa TITUXLOKK.

e CeE

e . ¥
frer .
- &

Ewova 5.1 H avamntuiokn nAakéta touv NUCLEO-H743ZI [2]

42



MPOoYPOULATIONOC LLKPOEAEYKTN

TO OUYKEKPLUEVO QVATITUELOKO KIT TIEPLEXEL EVOWHUATWUEVO TPOYPAUUATLOT - anoodoApatwtr]. O
TIPOYPOLLLLATLOTA G EMLTPETEL TNV gYYPOdr] TNC ECWTEPLKNAG UVANG TOU HLkpogheykTr (Internal Flash) pe
TO TPOYpPAPUO TNG ekdotote edappoync. Avtiotolxa o amoopoaApoatwtng (debugger) 1 epyaleio
anoopaApdtwong (debugging tool) ovopdletal éva mpdypappa UTTOAOYLOTH TO OTolo xpnotlpomnoLeital
yla TV e€€taon Kol armoohoApdTwon GAAWY TIPoyPapUATWY (Tou Ttpoypdppatog "otoxou"). H mAakéta
tpodoboteital and efwteplky mnyn UE +5V Kol LE TN XPHON €VOG VPO LKOU otaBspormolntr) Taong
mapExeL +3.3V yla TNV AELTOUPYLO TOU ULKPOEAEYKTH KoL TWV TIEPLPEPELOKWY CUOKEUWVY. Tpia LED kot
gvac Slakomtng (Push button) SiatiBevtal otov xpriotn vy ¢ edappoyés. Onwe dalvetal otig
TIOPOKATW ELKOVEG 1N TIAAKETOL OlaBétel emiong OKPOOEKTEC TOU OUVSEOVTAL OTLG TIOPTEG TOU
MULKPOEAEYKTA) UE OKOTO TNV oUVOEon EEWTEPIKWY KUKAWUOTWY HE TA E0WTEPLKA TEPLPEPELOKA YLal
EMEKTAON TN EKAOTOTE £PapLOYNG OMWCE N POV oa TITUXLAKI).

Ly

d 5P UART3_TX > [5Pi_MISO] PC_11
fe.augmented P _ - ¢ ARTS_RX] PD.2
VDD - = E5V
NUCLEO-H743Z| s s Q
CN11HEADER [ METIIETIN Abcas Jeris SSEUARTY RX] NG
(top left side) PRI, PwM17/1 | IEORREN S UART7_TX 91‘3 ==
PA 13 OQ NRST
3v3
ISP SSELWARTZ_RTUARTT TX 5V
GND

— pctiic HETET
ART2_RT9 1/17 PWM2/2

b LADC1/10 |
= { |
CAN1_TD _TX}—®) @
CAN2_RD |53 ] _RX}—a) &

- = 72 _SCLK
- o 14_SSEL] PWM1SAN
- {sPiz_miso} PWM15(1

PF_1 12C2_SCL -.) & PF_2

PF_0 12C2.SDA - »
Po_s @F e
PG_ GND
P El—w P52 PEs
[PG_12; EEE!IIE] 11_SSEL] PG_10
NC ,) [ 16_SCLK| PG_13
[ PD_9 | {0ARTS_RX}—® ®> {EPI1_SCLK}
CN11

Ewova 5.2 O kovvéktopag CN11
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Kedalato 50

, ’ PC_3 Hf . =] 1 ARTS5_RT.
fe.augmented LRl L o) ® UARTE. TX

o

= bt 1o e |

NUCLEO-H743ZI el ©—{ncven

CN12 HEADER “;"g;; [0ARTE_ T}
(top right side) PVIM2/1 & & T CAN1_TD PA_12
PWM3/1 f oo = * CAN1_RD * ‘_r_.m_.._ PA_11
PN /AN f ) — | ARTS_RX CAN2_RD **nu.r-.u- PB_12
P41 & =

PWM3/2
PWM1/2
PWM1/1

SPI3_MOS] PB_2

ADC1/S s s PB_1

PWM2/3 *IQCQ_SCL - 5 PWM13M * Pl2_MOE] *!.D'U.rﬂ.- PB_15
PWM31 Pl2_SSEL] 5 PV + E Pl2_MISO| + LED3 PB_14

PWM3/2

PWM1/TN MPJ; OTG HS_VE [gPas e i rs PB_13

3 B I, Pwi2i2 AGND
A_10 o CAN1_TD | WEGREGES | PWM1/3 —@ ®—{ ADC1/4
e * 3
PA_2 | Pwnizzs | WS ®— _ADC3i4
A ART2_RXYGITEER aDcii1s |— @—{ ADcaie

- o —— G

PwM4/2 | [IZC4 SDA ADC36 |
_RTE *IQC4_SCL —) - {JART?_Rx]
JART3_CT3 L8 = ART8_CT
PRI CTYIIETY - e P o
+® ®—{ ADcoe [ acn
PWI1/4 —a) & S ART7_RT.
—8 =
 ETENIEG), —a =  SEIEEEY,
PF_13 ADC2/2 |—® ®—{ ADC35 |
PF_12 ADC1i6_|—a) m—]lriel 5ol
PG_14 {0ARTe_Tx} = =—| _ADC12 |
s & ERENGES| CAN1_RD
PD_10 - & {ART6_RT [5Fi6_ssEL}
PG_7 - »
=3 » &
ENT2

Ewkova 5.3 O kovvéktopag CN12

Na onpelwdel emiong Mwg 0 MPOYPAUMATIOT G — AMOCHAAUATWTN G TTOU Onw¢ avad£pOnKe Mapanavw
SL0Bétel evowpatwpévo odnyo VCP (virtual com port) £tolL wote PE TNV XPron TOU E0WTEPLKOU
neptdepetakol USART3 va eival duvati n amootoAr, Adn Kot amelkévion pnvupdtwy pe t BorBsla
omoLacdnmoTeE  CELpLaKr G KovooAag (serial terminal) énwg Tera Term, PUTTY kArt. O 08nyd¢ autodg
ovaAapBAvel TNV UETATPOTI OElploKWY Sedopévwy otabunc TTL os Stodoplkd ornpato Ta omoia
xpnolhornolel to mpwtokoAo USB pe tn PBorBela mepidepelakwy, mou mepAapBAvoVIaL O Evav
S6eUTEPO LKPOEAEYKTH TIOU OMWC MPoavad£PONKE ATTOTEAEL TOV TIPOYPAUATLOTY - AoodaAaTwTr. H
SuvatotnTa AUt KOG AnmaAACCEL OO TN Xpron EwTeplkwv KUKAwPATwWV ( protocol translators ) yla
v petadopd dedopévwy amod kat mtpog tov H/Y. Ma tnv ouvdeon tN¢ avamtuélakn g MAAKETOC UE TOV
H/Y xpelaletal povo éva kalwdlo USB tumou A oe micro B. H {Sta BUpa xpnolpomnoleital Kat yLo tov
TIPOYPOUUATIONO TNG E0WTEPLKNAC MVAMNG Tou UiKpoegeyktr tumou flash pe v xprion efwtepikou
Aoylopikov MDK-ARM tn¢ etatpeiag KEIL kat thv anoochaAudtwon ¢ epapUoyng.

44



MPOoYPOULATIONOC LLKPOEAEYKTN

Ol ouvb£aelg amelkovi{ovTal oTo MOPAKATW OXA UL

NITE SNSRI E
2000000000800000000
100000QQQQR00QQQR00
LLESETTELLTRELEELILE

GND
NAAMOZL G3,4

Vout AMC MNAAMOZ
110Q G1,2

>

AEIMMATOAHWIA

TIMER 2

Ewova 5.4 Katw oyn tou CN 12 cuvdioelg

5.3. Hyndrakn Aoywkn

Ye ehOPUOYEC TIPOYUATIKOU XPOVOU, OTWG N aviXVEUoNn TOU MNSEVOC Kal n mapaywyr) onuatwv
HeEYAAng akpifelag ko emavoAnPpuotntag, kablotatol ovaykalo n Xpron evog HLKPOEAEYKTH €AV
ovaloylotoupe thv SuokapPia Tou VALKOU (SLakpltd e€apTraTa ) TTOU ATTALTEL OTLG TIEPLOCOTEPEC TWV
MEPUTTWOEWY oAAayr] UALKwV. H aloay Twv TOPpAPETpWY KoL KOTA OCUVEMELR N oAAayr ¢
ouUTEPLPOPAC TOU CUCTHUOTOG TTPAYUOTOMNOLEITAL LOVO HE OAAay TOU KWOLKA TTPOYPOUATIONOU O
avtiBeon pe kamolo otabepd cuotnua.

H kUpla Asttoupyia Tou HIKPOgAEyKTH OMwG avaAlBnke og tponyou levo KeddaAalo sival n aviyvevon
TOU HUNndevog anod ta oipata e§66ou tou diadopkov evioyxuty (AMC1100), ou pe t BoriBeta evog
Slalpétn taong n taon elcodou umoPLBaletal oto katdAAnAo eUpog Asttoupylag tou evioyutr. Etol
UTtopoU e va TIoUpe OtL Ta Sladoplkd onpata €660V avtlotolyoUv otnv Tdon £loodou. Ta onpota
oUTA odnyouvtol otov ecwteplkd ADC (analog to digital converter) Tou UIKpogAeyKTH 0 omoiog paAlota
£XeL TN duvatdtnta L0660 Sladoplkwy oNUATWY HE OKOMO tnv anoBopuBomnoinon tou wdéAlpou
onpatoc. H €€060¢ tou petatpornéa sival po Pndrakn Aé€n unkoug 16bit n orola mapéyel 2216 = 65536
otaBueg (ampdonpog aplbuog) mou Ba emefepyactol e HECW TOU AOYLOULKOU yla ThV €VPECH TOU

onueiov undév mou sivan Kal o TEAKOG 0TOX0G. Edv BEAou e va uTIoAOYLOOU LE TNV TLUNA TNG TAONG

Vref

2161

onou taon avadopds (Vref) toovtal pe +3.3V. Edooov to onpeio moAwong twv Sladoplkwv onUaATwyv
45
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Kedalato 50

gival Vref/2, to onpeio zero crossing Oa avtiotoiyei otnv tiu ADC_Full_Scale/2 =32768. Aut n TLuA
opiletat wg ADC TRIG_POINT kot Kot enéktaon BOswpeitol to onpeio pndév. Stov KwoLKA poG auto
SnAwvetal wg g&nc:

Nivakag 5.1 AlAwon tou ‘zero crossing point’

/* AnAwon octabepwv ADC */
#define ADC_TRIG_POINT 32767
#define ADC_TRIG_OFFSET 200

H ouvBrkn auTr XpnOLUOMOLELTAL YLO TNV OMOCTOAN TTAALWY EvouonG eVAAAGE yLa Tov oKavSoALoUO Tou
{elyou G TWV SLAKOTTWV.

H xprion &uo etwrtepikwyv Stakomtwv (push button) emitpémnel otov xpriotn thv pelwon kat tnv avénon
avtiotoya TnG KABUOTEPNONG ATTOOTOA G TWV MOARWY VAU NG oToug SLOKOMTEG puBuilovtag pe autov

ToV TPOMOo TV ywvia okavéaAlopol twv SCR dpa tnv taon €£0660U Kol KOT EMEKTACN TNV armtoAafn
LoxUo¢ o to GpwTOBOATALKO.

%, % % %
00000
500000

RERE

|
|

NPOX AMC 1100
+3,3V

MEIQZH AYZHIH
TONIAS TONIAS
ENAYZHI ENAYZHI
KATA 0,9° KATA 0,9°

Ewova 5.5 Katw oyn tou CN11 (cuvdéoelg)
5.4. XapOaKTNPELOTIKA KO TTOLP OLLETP OTIOLN O TOU HLKPOEAEYKTH

H mapovoa epappoyn Aoyo tng SetypatoAniag onpatog Kal enetepyaciog SeSopEVWY O TPAYUATIKO
XPOVO, OOULTEL EYAAN CUXVOTNTA XPOVIOUOU TOU ULKPOEAEYKTH YLOL LLKPO XPOVO EKTEAECN G EVIOAWV £TOL
wote va ghayLlotornolnBolv Ta opAApOTA KoL N AmoOKPLon TOU GUCTHUATOG. H cuxvotnta opilotnke ota
400MHz ypnotuomnowwvtag to MCO (main clock output) tou ST-LINK (evow UatwpEVOU TTPOYPOUMATLOTH —
anoodaApaTWTn) Tov €xeL otabepn T ota 8MHz n omnola dev punopel va aMagel. MNa va metvxou e
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MPOoYPOULATIONOC LLKPOEAEYKTN

TOV XPOVIOUO Tou Tupnva ota 400MHz XpnoLUOMOoLoU LE TOV E0WTEPIKO TIOMAMANCLAOTH CUXVOTNTOG
Silvovtog TG KATAAANAEG TAPAUETPOUG OTOU G KATAXWPNTES AsLTou pylag.

To mapakdtw oxAuo amnelkovilel to Pooikd diaypappa evog PLL (Phase — Locked Loop) mou
XPNOLLLOMOLE(TAL ATIO TA E0WTEPLKA KUKAWLOTA XPOVLOOU TOU HLLKPOEAEYKTN £T0L WOTE va npoupynBet
oUYVOTNTA HEYAAUTEPN amd TO ONUA XPOVIoUoU. AmoteAeltal amo €vav aviyveut ¢aong (phase
detector) mou okomo €xel thv oUykpLon SU0 oNUATWY WE TIPog TV daacn. O eAeyXOUEVOS TAAAVTWTH G
ano taon (Voltage Controlled Oscillator) mou Asttoupyel o pla epLoxn cuxvotnTwy, pubuiletal amno
TNV tdon €0060u TNV omola AappBavel and éva xaunlomnepatd ¢pidtpo. H avaloyikn taon €£66ou tou
diAtpou eival avaloyn pe ™ Sladopd GACEWV TwV ONUATWY EL6OS0U TOU CUYKPLTH ¢aonG. H apvnTikn
ovadpaon amnoteAel Kal To otolxeio pUBULONG TOU CUGCTNOTOC £T0L WOTE OTNV ££080 VA TTAPOU UE OO
ue otadepr) cuxvotnta. H avadpaon auth tpododotel évav SLtalpétn ouxvotnTag MPOoToU TOV CUYKPLTH
$AoNC e OKOTIO TNV EMLTAXUVON KAl KATA CUVETELO. TOV TIOAOTAGLAOO Th G cuxvotnTag €660u.

Yoltage
Phase Loop Controlled
Comparator  Filter Oscillator

el dm N
!

Ewova 5.6 Bpoyxog tng KAeldwpévng paong

Onwc¢ daivetal oto MapaKATW KOV 5.7 w¢ elcodog TTaApol wpoloyiou emiléyetal pe v Bor)Bsla tou
TOAUTIAEKTN 1 eloobog amd eEwTteplkd onpa ou Ttpogpxetal ano to ST-LINK pe cuyxvotnta 8MHz. Itn
OUVEXELX LEow SlalpeTwV Kat ToAamAaotaotr) (PLL) n cuxvotnta yivetot 400MHz kot TEAOG eTUAEyETOL
w¢ elooboc onpartog pe tn BorBela tou moAumAEKTn 2 n loodog PLLCLK. To oo outo SLOXETEVETAL JLE
EMUTAE0V SLOLPETEG OTOV TTUPAVA KOl OTA TIEPLDEPELAKA TOU ULKPOEAEYKTH.
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0 |To CPU Clocks (MHz)

400 [To GPU Systick Clock (NHz)

200 |To AXI Peripheral Clocks (WHz)

200 |To HCLK3 (WHz)

100 [To APB3 Peripheral Clocks (MHz)

200 |To AHE!.2 Peripheral Clocks (MHz)

00 |ToAPB1 Peripheral Clocks (MHz)
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200 |To APB2 Timer clocks (MHz)
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200 |To AHBA Peripheral (HHz)

00 |To APBd Peripheral Clocks (WHz)
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Ewkova 5.7 To E0WTEPLKO KUKAWHOL TOU XPOVIOOU

Mopakdtw mopatiBevtal €va HEPOC TWV TIOPAUETPOTIOLHOEWY TWV EOWTEPLKWY XPOVIOUWY TWV

XPOVLOTWV.

Nivakag 5.2 Ecwtepikoi xpoviopol

/**

* @param None
* @retval None

*/

* @brief System Clock Configuration

* The system Clock is configured as follow :

* System Clock source = PLL (HSE BYPASS)

* SYSCLK(Hz) = 400000000 (CPU Clock)

& HCLK(Hz) = 200000000 (AXI and AHBs Clock)
* AHB Prescaler =2

* D1 APB3 Prescaler =2 (APB3 Clock 100MHz)
* D2 APB1 Prescaler =2 (APB1 Clock 100MHz)
* D2 APB2 Prescaler =2 (APB2 Clock 100MHz)
* D3 APB4 Prescaler =2 (APB4 Clock 100MHz)
* HSE Frequency(Hz) = 8000000

* PLL_M =4

= PLL_N = 400

* PLL_P =2

* PLL_Q =4

* PLL_R =2

= VDD(V) =3.3

< Flash Latency(WS) =4
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5.5. Metatponéagavaloyikov ojpatogoe Pndroko - ADC
H dswypatohndia kat n cuykpdtnon sival amapaitntn os éva petotponéa A/D yia vo Ttapdyel va
0opLOUO 0 OTTOLOG AVATTAPLOTA TILOTA TO OO EL0OSOU KATA TNV OTLYUN TG detypatoAniag. To KUKAwa

SelypatoAniog kot cuykpdatnong, ekova 5.8, eivat éva avaAoyLko KUKAWLLO 0TO Omoio n taon eLoodou
TIou epappoletal, amobnKeUETOL O VOV TIUKVWTI LLKPWY QTTWAELWV.

—

il

Ewova 5.8 KUkAwpa tng detypatoAnyiag — cuykpatnong (S&H)

Yrnidpyxouv 800 tpormol Asttou pyilag os éva KUKAwpa Setypatohniag Ko GUYKPATNoNG, O TTPWTOG TPOTTOC
Aettoupyiag (tracking mode) otav o SLakomtng eivol KAELOTOC TOTE epapUOlETaL TO O A £L60S0U, KoL O
Seltepog tpomoc Asttoupyiag( hold mode) kotd tov omoio o Slakomtng eivat avolytog. Katd tov mpwto
TPOMo Aettoupylag £xoupe GOPTION TOU TIUKVWTA LE TNV TAON £L0080U, VW KATA Tov SeUTEPO TPOMO
A£LToU pylag €X0OU LE GUYKPATNON TNG TAONG OTOV TTUKVWTH YLOL LLOL CUYKEKPLLEVN XPOVLKI Tiepiodo.

O mapokdtw mivakag 5.1 deixvel TNV péylotn ouxvotnta xpoviopol tou ADC pe avdaAuon 16bit kot
Tsample = 2.5 k0kAoug. H péylotn ouxvotnta xpoviopou tou ADC cUpdwva pe 1o puradio dedopévwv
TOU KATOLOKEV OLOTN e avaAuon 16bit eivatl 32MHz.

Nivakag 5.3 Méywotn ocuxvotnta tng dstypatoAnyiog

Respution 210 01, fapc=32MHz | SMP=25 . - | 29

DDA~ Ty=90°C
Resolution = 16 bits fapc=31 MHz SMP =25 - - 2.80

3 _ Aoe MSps
Sampling rate for Resolution = 14 bits fapc =33 MHz SMP =25 - - 3.30
Fast channels

Resolution = 12 bits fapc = 39 MHz SMP=25 - - 4.30

Ty=125°C
Resolution = 10 bits fapc =48 MHz SMP=25 - - 6.00
Resolution = 8 bits fapc =50 MHz SMP=25 - - 7.10

H petotpomn twv 16bit emituyyxdvetol péoa o€ Xpoviko dtaotnua Tconversion = (Tsample + Tsar) *
Tadc_clk. Etol, n mwo ypriyopn petatporny yivetat oe xpovo Tconv = 2.5 + 8.5 * (1/32MHz) = 343.75 ns
Kal n Uéylotog puBuog detypatoAniog sival ta 2.9Mbps. H cuyvotnta detypatoAniog tou ADC éxel
oplotel ota 50 KHz (20us) pe ) BoriBeta tou TIMER4.
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Nivokag 5.4 H cuxvotnta tou ADC

Tsar (ns) at Tadc_ker_ck (ADC clock Tadc_ker_ck (NS)
RES Tsar F =24 cycles) at
(ADC clock cycles) adC-r';ﬁ[I-ck (with Sampling Time= Fadc_ker_ck=24
z 1.5 ADC clock cycles) MHz
16 8.5 ADC clock cycles 354.2 10 ADC clock cycles 416.7
14 7.5 ADC clock cycles 312.5 9 ADC clock cycles 375
12 6.5 ADC clock cycles 270.8 8 ADC clock cycles 333.3
10 5.5 ADC clock cycles 229.2 7 ADC clock cycles 291.7
8 4.5 ADC clock cycles 187.5 6 ADC clock cycles 250.0

5.6. O MPOYPOAUHATIONOE TOU ULKPOEAEYKTN

H Sadlkaoia tou mpoypapotiopol amaltel éva ocUvolo epyalelwv ta omola XpnoLonolouvIoL £T0L
wote va efaxBel amo tov mnyaio kwdlka To apxelo pnxavig mou Ba eykataotabel otV ECWTEPLKN LN
TITNTLKN UV N Tou pikpogheyktn (Internal Flash). Avadoptkd ta epyaleia sival ta €€nc:

e Compiler (MetayAwTttiot ¢ n petadpaotric)
e Linker

e Assembler

e  Programmer (mpoypOopLATLOTAG)

MetayAwttioti¢ | petadppaoctic (compiler) ovopdletal £vo mpoypoppa umoloyloty mou StaBalel
KwOIKA YPAUHUEVO OFE HLO YAWOOO TIPOYPOUUATIONOU (TnV Tnyaio yAwooa) Kol tov petodppdalel oe
LoodUVaHO KwdLKA O Lol AAAN YAwooo Tpoypappatiopol (tn yAwooa otoxo). To Kelpevo tn¢g etoddou
ovopdletal mnyaiog kwdkag (source code), evw n £€060G TOU TMPOYPAULOTOC, N Omola CUXVA E€XEL
Suadikn popdr), avIkelLeVIKOC Kwdikag (object code).

Linker otnv opoloyia tng mAnpodoplkng, €vag cUVOECHOG 1 EVOG EMEEEPYAOTH G OUVOECEWY Elval Eva
TPOYPaLa UTtoAoyLotr] ou AauBdavel éva n meplooltepa apyxelo avilkelnévwy (object files) mou
TlapAyovTaL amnod évav LETayAwTILoT ) évayv assembler kot ta cuvdualel og £vol LOVO EKTEAECLLLO
apyxelo, apyxeio BLPALOBAKNG R GANo apxeio 'object’.

Assembler éva mpoypappo umoloyloty mou petadpalel T ylAwooa assembly n asm os ylAwooa
HNXQVAG.

Programmer mpdypappa UTTOAOYLOTH - 08NYOG YLOL GUOKEUT TIPOYPAUUATIOUOU TIoU Tepa)LEL TO TEALKO
OpXELO MNXAVAC KOl TO TOMOBETEL oTNV avaAoyn TEPLOXH TNG KVALLNG TOU ULKPOEAEYKTH.
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MPOoYPOULATIONOC LLKPOEAEYKTN

To AOYLOULKO TTOU XpnoLlomolnBnke yla tnv ouyypodn tou mnyaiou kwdika g eboapuoyng (source
code) eivat to MDK-ARM 1tn¢ etatpeiag KEIL kat wg yAwooo uPpniol emunédou n C. EnutAéov, autd to
AOYLOULKO £XEL TNV SUVATOTNTA VO TIPOYPOUOTIOEL TOV ULKPOEAEYKT LLE TOUC KOTAAMNAOUG odnyoug
(drivers) yLa Tov evowHATWHEVO Tipoypapatioty — armoopaipatwth (ST-LINK) mou mepthappavetal oto
ovartulako Kit. Na onpelwBel emiong mwg To AOYLOHLKO aUTO TAPEXETAL SWPEAV YLA TIEPLOPLOUEVO
uéyebog kwbLka (32KB) mou elval ApKETO yLaL TNV CUYKEKPLUEVN Edapoy.

5.7. Awdypappa pongTngedapuoyng

Jto Slaypappa porng NG ewkovag 5.9, amewkoviletal o kupiwg PBpoOyxog TOU TPOYPAUHUATOC OF
amAouoteuuévn popdr o omoiog sival uTtelBuvog yLa TNV cuvexn Asttoupyia th¢ edbappoync. Apxika,
optloupe T peTaPAnTEG-0TOOEPEG TOU KWALKA KoL OTN CUVEXELA EEKLVA TO KUPLO TIPOYPALLLOL.

Nivakag 5.5 AlAwon otaBepwv yLa TNV Slaxelpion Twv ywviwv évavong twv SCR

/* AlAwon otaBepwv */

CROSS_DELAY 100 /* 0.5ms */

CROSS_DELAY_MIN 1500 /* 7.5 ms=135deg */

CROSS_DELAY_MAX 1810 /* 9ms =170.1*/

CROSS_DELAY_STEP 10 /* step 10 50us -> 0.9 degrees - step 1 5us for 0.09
degrees */

DEBOUNCE_DELAY 200 /* Switch debounce delay */

O PBpoyxoc autog efUTINPETEL HOVO TNV EKTUTIWON HEOW TNG ELKOVLKNG OELPLOKNAG TIOPTOG OMWG
ovadepbnke o ponyoU Levo KeDAAALO O OMOLASHTIOTE OELPLOKN KOVOOAQ TNV ywvia okovSaAlopol
Twv Slakomtwy, oc Sladopetiky popdn avaloya e TNV okpiPela mou €Xoupe opilosl otnv apxr Tou

T(POYPA L LATOG.

H aA\ayn NG ywviag cuyKekpLéva UTopel va yivel og Bripata twv 0.9 potpwv n 0.09 potpwv.
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Me v dnAwon :

Nivakag 5.6 Oplopog tov Briparog aAAayng tng ywviag Evavong twv SCR

CROSS_DELAY_STEP 10 1o Brpa opiletal o 0.9 poipeg
EVW LE TV SAAwon
CROSS_DELAY_STEP 1 Tto Briua opiletal os 0.09 poipeg.

Ol TLHEG QUTEG ECOPTWVTAL A0 TNV TApAUETponoinon Twv xpoviotwyv TIMER_2 kat TIMER_3 onwg Ba
g€nynBel otn ouveéxela. MapOKATW ATOTUTIWVETAL O TPOTTOG AN C TNC Yywviag :

Nivakag 5.7 EvtoAR uroutov yia aAdayn ywviog & ZUyKpLon LE OPLAKEG TLUEG

while (1)
{
/* Allagi gonias */
if(HAL_GPIO_ReadPin(DEGSW_GPIO_Port, DEGSW_Pin) == 0)
{
HAL_Delay(DEBOUNCE_DELAY);
if(HAL_GPIO_ReadPin(DEGSW_GPIO_Port, DEGSW_Pin) != 0)
{
BSP_LED_Toggle(LED1);
zcDelayOffset += CROSS_DELAY_STEP;
if(zcDelayOffset >=(CROSS_DELAY_MAX - CROSS_DELAY))zcDelayOffset = 0;
if(CROSS_DELAY_STEP == 10)
{
ConsolePrint("Degrees offset %4.1f%c\n",(float)((0.09*(zcDelayOffset +
CROSS_DELAY))),248);
}
else if(CROSS_DELAY_STEP == 1)
{
ConsolePrint("Degrees offset %5.2f%c\n", (float)((0.09*(zcDelayOffset +
CROSS_DELAY))),248);
}
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Print
info

Initialize
TIM4_start
ADC_start

DEBUG
defined?

ROSS_DELAY
STEP == 10?

Print degress
4.1 format

degress
changed?

ROSS_DELAY -
STEP == 1?

Print degress
5.2 format

ey
o
Ewkova 5.9 To SLaypappo poRg Tou Kupiwg tpoypdappatoc(aniny popdn)

H Aettoupyla tou kwdika Baociletal otnv amAn apXLTEKTOVLKN Ttpooknviou — untopabpou ( foreground —
background architecture ) mou onuaivel xwpig KAMOLO AELTOUPYLKO cUoTnpa N alwwg otnv £&vn
opoloyia bare metal. To mpookrvio ( foreground ) amoteleitat amod g Stakomég ( ISRs ) Kot to
uTtoBabpo ( background ) amd tov kupiwg Bpdyxo ( main loop ) emikolvwvoUV HETAEY TOUG LECW KOLV WV

HETOPANTWV.

O kwdikag umoBaBpou £xeL TNV euBUVN VA TIPOCTATEVEL AUTEC TLG KOLVEG LETAPBANTEG ATTO TNV aAolwon
aro ta acvyxpova ISR ( poutiveg e€umnpétnong Stakomwy ).

O HOVOG UNXOVLOMOG apoLBaiou armokAElopoU Tou eival SLUBEGLUOG O QUTH TNV OTTAN QPXLTEKTOVLKY],
elval va KAelbwoel yLa Alyo TL¢ SLaKomEG TipLv TNV TPOoBacn otov KowvdXpn oto OPo Kal va EEKAELOWOEL
TLG SLAKOTIEG ETA TNV ameAeuBépwan Tou MOPoU. To TUM A TOU KWELKO TTOU EKTEAELTOL QTOULKA ETAEY
SLakomWV KAELOWHATOG Kal EEKAELOWMATOC, KAAELTOL CUXVA KPLOLWO TUA A 1) Kplolun TepLox.
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Quoika, Ba mpénel va kpatnBel oto eAd(LOTO 0 XpOVOG TToU adLeEpWVETAL O KAOE Kplowun evotnta, £tol
WOTE VOl LNV EMEKTELVETOL N KolBU oTEPNON SLAKOTTI G TOU OUOTH LOTOG.

To mapakdatw oxnua 5.10 Seixvel og anAr popodr to npooknvio ( foreground ) to omoio sivat umel Buvo
yla TNV KUpLa Asttoupyia tng epappoyn . Kotd tnv apxLKkomnoinaon mapaLETPOToLOUVTOL Ol XPOVLOTEG Kol
o ADC yia eloobo Sladoplkwv onuaTwv.

O TIMER 4 evepyomoleital mpLv Tov KUpLo Bpoyxo Kal £ToL oKaVOAALIEL OE TAKTA XPOVIKA SLaoTH LaTa ToV
ADC €10l wote va mapel Selypa kat va e€ayetl tnv Pnolakn AEEn yla mepattépw enefepyaoia.

Mua erumAéov poutiva Stakomr g, n umo cuvtunon kaAoUpevn « ADC_ConvCpltCallback» cuykpivel tnv

Tun tou ADC pe pa pokaBoplopévn Tiun (32767), mou mPokKUTTTEL oo TNV avaluon twv 16bit tou ADC
KoL €ToL Qv elval peyaAltepn evepyomnolel tov TIMER 2 kat otnv avtiBetn nepintwon tov TIMER 3.

Nivakag 5.8 Ynopoutiva cuykpLong Kat okavSoALlo ol tTwv {euywv SCR

void HAL_ADC_ConvCpltCallback(ADC_HandleTypeDef* hadc)

{
HAL GPIO TogglePin(TP3_GPIO_Port,TP3_Pin);
adcValue = HAL_ADC_GetValue(&hadcl);

if((adcValue >ADC_TRIG_POINT) && (polarity== 0))
{
trigPositive=1;
trigNegative =0;
polarity = 1;
TIM2->ARR = (zcDelayOffset+ CROSS_DELAY);
TIM2->DIER =TIM_IT_UPDATE;
TIM2->CR1 |= (TIM_CR1_CEN);
}
elseif((adcValue < ADC_TRIG_POINT) && (polarity == 1))
{
trigPositive = 0;
trigNegative=1,;
polarity = 0;
TIM3->ARR = (zcDelayOffset+ CROSS_DELAY);
TIM3->DIER =TIM_IT_UPDATE;
TIM3->CR1 |= (TIM_CR1_CEN);
}
}
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OL U0 auTol XpovIoTéG otn cuveéxela okavdalilouv avtiotoya tov TIMER 1 kot TIMER 8 tou pmopouUv
va. Asttoupynoouv pla ¢opd (one shoot) epooov okavSaAMoToUV Kol EMLITAEOV UE EOWTEPLKO UETPNTH
(repetition counter) va mapaéouv otnv £€080 TOUG CUYKEKPLULEVO apLBLLO TTAALWY TTou eival amapaitnTol
yLaL TOV LETOLOXN LOTLOTH QTOOVWOoN G OMwG €nynBnke og tponyou Pevo kedpaato.

Trigger out
‘ to channel 1
TIMER 2 el —
one shoot
Compare
TIMER _4 ADC1 ADC
value
Trigger out
: a to channel 2
TIMER 3 TMERE
one shoot

Ewova 5.10 To mpookivio ( ISRs)

O Timer 4 eival o umaitiog yla tv ouvexn SetypatoAndior Kol apa yla TNV CUVEXN EKTEAECH TWV
uTtoAolmwv BnuaTwv.

ItV ewova 5.11 mapoucldloupe To Slaypappa PonG Tou KUupilwg MPoypapUatos. 2To mpwTo Bactkod
SLAYPOLO £XOU LLE LOL POUTIVA TTOU EKTEAEITE OUVEXWG E OPXLKOTIOLN O GU OT LLOTOC, EVOPEN CUYKPLTWV
o€ Asttoupyla mapabupou, oplopd TG TLUN G Tou petatporiéa ADC Kat EAeyxo TNG e€6060U TWV GUYKPLTWV.
Katémv 1o ovotnua Stafalel ouvexwg €dv matrBnke KAMOLO Ao ta SUO KOUUTLA oANaYNG ywviag
gvauong, (DEGRESS_SWITCH) 1} (ZPD_SWITCH) ka mpdtrtel avaioyo.

210 SLAypopa porC TOU CUYKPLT 1 €XOUHE ULa pouTiva eAéyxou alayng KOTAOTOoNG oo To BeTLkO
UETWTO OTO OPVNTLKO Kal To avtiotpodo. Eav evromiotel alayn BEtel os Asttoupyia Tov avtiotolyo

xpoviotr (TIMER 2-3).

210 EMOPEVO SLAYPAUHUA TWV XPOVIOTWVY 2,3 UTIAPXEL Lo pouTiva Tou okavdaAilel Toug xpovioteg 1-8
(TIMER 1-8) avtictola péow NG Lovadag mapaywyrn g MaALWVY Tou UIKpogAeykti PWM (one shoot).

TéAog BAEMOUE pla HKpR pouTiva eAéyxou n omoia Stofalel edv matrOnke to Kou umi Slakomng ano
ToV Xpnotn.
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2TO TOPOLOKI VIO EKTEAELTAL O TOPAKATW AAYOPLOUOG :

TIM2->CR1 |= (TIM_CR1_CEN);

> TrigPositive = 1. trighegative = 0

COMPx_IRQ PP oo 1o The>ARR = %cxnelayonm +

Semd iépoct TIM2:>DIER = TIM_IT_UPDATE;
COMP_IRQHandler{ COMP1 | .

COMP_RQHandler{ COMP2 ]
TrigPositive = 0, trigegative = 1
I R = t

: orioTKe 10 wg—;SAR (ﬁDelayOﬁse +

: SIS epog TIM3->DIER = TIM_IT_UPDATE;

Emotpogh TIM3>CR1 |= (TIM_CR1_CEN);

TIM2_IRQHandler TIM3_IRQHandler
. Kabapioe 1o Kabapioe 1o
Algnoe To TIM2 Update flag TIM3 Update flag
zcDelayOffset

step = CROSS_DELAY_STEP

TIM1 PWM Apxii TIM8 PWM Apxii
g Aermoupyiag g Aermoupyiag
oneshot oneshot

zcDelayOffset > 810 7

Adgnoe To
AidBace 1o ZPD_SWITCH, zpdThresshold

Nafnke? step=1
EXTI15_10_IRQHandler
zpdThresshold > i
A ? aTrifnke To =
(_ THRESSHOLD ? USER BUTTON? 2zpdChanged = 1
zpdThresshold =
MIN_THRESSHOLD .

Title : Inverter Controller

Date 12214122

Author : Miltiades Theologou
Antonis Miliadis

Ewova 5.11 To Siaypapjia pong Tou Kupiwg mpoypaotog

5.8. NepiAnyn

3TO MEUNMTO KEPAAALO AVOAUOCAUE OF YEVIKEC YPOAUMEC TO QVOMTUELOKO KIT KAl TG SuvaTOTnTEG TOU
MIKPOEAEYKT. Ta SLOYPAUOTA PONG TOU TIPOYPAULOTOC KOL TOUG ETATPOTEN OVOAOYLKOU OF LOTOC OE
Pnolakou (ADC). Emiong avacepOnkoape avaluTikd ota gpyaleia mou amaltel n Siadikaocia tou
TIPOYPOLLATLOMOU Kol oTouG Baotkou g xpovioteg (TIMERS).
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KepdaAaio 60: Metproelg

6.1. Ewoaywyn

210 €kto Kedpdlalo mapouatalovral OAeg oL SelypatoAnieg ota onpeia eAéyxou TG MAAKETAC LOXUOC.
Ol maApol elo0dou - €€660U 0 SLAPOPETIKEG HOIPEC TTAVW OTOV AEoVO TOU XPOVOU Kal oL TLaApol Twv

xpoviotwv (TIMER 2,3). OL aAAQyEG OTLG KUUATOMOPGEG TOU PEUHATOC KoL Ol TTOAUOL évauong Twv
Bupiotop.

6.2. AswypatoAnyio oto cuoTnua AP AYWYNRS TWV MAApwV eAEyxou yia ta SCR

H 50.0us : -9.74400000ms T 16.0V

Horizontal

Undo

g}

G

Ewkova 6.1 PUBOG SstypatoAniog ko moApol

AetypatoAnPia tou ouotipatog amo v MAAKETA . Ta probe eival cuvdedepéva otov akpodektn PGS
tou kovvektopa CN 11-12 armd émou yivetal n kotaypadr] tg cuxvotntog detypatohniag tou TIMER4.

NITR SIS
z000C000000QO00 (efejo) o) b
10000 CQQAQCQLOO0Q O Qe
LELISLFTLLLLTRESE Nt o Ll Lk

TIMER3

NAAMOS G3,4

TIMER2
Vout AMC TIMER 4
MAAMOZ G1,2 AEITMATOAHWIA

Ewkova 6.2 Zuvdéoelg Twv NoaApwv dstypatoAndiog kot e.lco6ou and tov AMC
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O TIMER 2 eivat oto PG6, O TIMER3 oto PG5. H sicobog anod tov AMC1100 oto PF11 kot PF12 evw o
maAuog G1,2 oto PE9 kat o maAuog G3,4 oto PC7.

RIGOL H 100ms  2home ~ D TEi@ 150V

Horizontal

Fall Time
i

+iidth

15 a
-Width

Undo

Ewkova 6.3 AstypatoAngio ko TIMER 3

RIGOL TD H 100m ~ D T £ 16.0Y

Horizontal

e
Fall Time
13

+iidth

15 a
-Width

Undo

od<400.0us

Ewova 6.4 AstypatoAnyia ko TIMER 2
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RIGOL

Horizontal

it

H 50.0us

Ewkova 6.6 AstypatoAnyia ko TIMER 3 ota 2,55 KHZ
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6.3. Mapaywyn TwWV OARWVY

D -1.32000000ms T £

Invert
OFF

Yolts/Div

Unit
v

@

Ewova 6.9 AstypatoAnyia ko TIMER 3
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6.4. XOPOKTNPLOTIKEG METPHOELG YLoL OKOVE OALOUO oTLG 30° TG TAoNG EL6GS0L —
TOU MaPayOHEVOU TTOAOU KalL TG TAoNnG €060V

Ot petprioetg AndOdnkav pe tov maipoypddo 2 avefaptrtwy kavaAiwv TEKTRONIX.
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6.5. XOPOKTNPLOTIKEG METPHOELS YLoL OKOVE OALOUO oTLG 90° TG TAoNG EL6GS0L —

TOU MaPayOHEVOU TTOAOU KalL TG TAoNnG €060V
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6.6. XaPOKTNPLOTIKEG LETPROELG YLt OKAVS AALOMO 0TI 120° TG TAonG EL6OS0U
— TOU ITOLPOLYO LEVOU TTOLALO U KoLl TG TAong e€060v
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Ewkova 6.19 H évavon SCR otig 120° Otk -apvn Tk nputepiodo

6.7. MepiAnyn

210 £KTO KEPAAALO TTApoUOLACTNKAY oL SdelypatoAnieg oto cUOTN O MAPAYWYNG TTAALWY EAEYXOU TWV
Bupiotop. MEAETAOAUE TG OUVOECEL TWV XPOVIOTWV Kal Ttov puBuo SetypoatoAniag touc. Emiong
TMPOPARONKaAV Kol oL €lKOVEG amod T taoelg €€06ou oto doptio kal oL MoApol okavsaAopol oTLg
30,90,120 poipeg avriotoya.
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Kepdalaio70: H pérpnon e§odov - Metpnoelg pe 1o pwtoPfoAtaiké cvotnua-
Nepypacdn

7.1. Ewaywyn

210 £B6opo KedhAAALO TEPLYPAPOVTOL AVOAUTIKA T NAEKTPOVIKA OpYOva TTIOU XPNoLUoToLOnkayv yla th
UETPNON Kol kKataypadn Twv anoteAeoUATWVY TnG gpyaciag. O tpdmog ouvdeong Kal n anddoon Loxvuog
Tou ouotnpatog ¢wrtoBoAtaikwy. Q¢ TeAkr HETpnon yla v enaAnBeuon tN¢ Asttoupyiag Ttou
KUKAWHOTOC MAEXONKeE va yivel n cUyKpLon TG AAUBavopevn g armo To SKTUo TTOALKN G EVOANOLOCOUEVN G
taong twv 42V w¢ taon avadopds, va anotunwbel o moApdg o pia and tg dvo nuureplddoug (m.x.
otnv BeTikn ), Kal Ta pevpaTo is Kail iconv, yla vo. propol e va dwooupe thv dopd tng Loxvog (av
TPOKeLtal yla avootpodry 6AS). Ta téooespa auTA UeYEDn amotumwvovtal otov MoApoypddo, evw
A PAAANAQ KOl TOUTOXPOVO. LLETPWVTAL TO PEU LA KAL N TAON oTa AKpo. Tou pwToBoATaikoU.

7.2. Tpomog¢ oUVOEONC TOU OUIEPOMETPOU KOl TOU PBOATOMHETpOU OTO
dwrtoBoAtaikd otoieio () — kataypadn tou PeLHATOC KAl TNG TACNG KoLl
UTtOAOYLOOG TNG anodidopevng oxvog péoa oto xcel.

Rioap 250

Elkova 7.1 ZU0TNLO TWV HUETPCEWV



H pétpnon e€66ou - Metprosig pe To pwToBoAtaiko cuotnua- Meplypadn

To mopayopevo pelpa and tnv dtataln tou avtotpodpéa Sev €xel kKabapd nuitovoeldn popdn Kat n
UETPNON TOU TtaPayOUEVOU pelATOG amod To dwTtoBoAtaiko yivetal pe opyavo thg FLUKE mou ¢pépel thv
£vbelén True RMS [4, p. 8].

To ¢poptio (RLOAD) sivol To HeTAAMLKO KOUTL TO omolo mepléxel Suo PATIKEG avTLoTAoELS Twv 50 Ohm og
mapA@MnAn ouvdeon. H cuvolikn avtiotaon (RLOAD) ivat 25 Ohm.

O naApoypadog tou epyaoctriptou (RIGOL DS1054), mou xpnoLUomoLBnKe oTLG LETPNOELG TNG EPYACLOG
LG, amoteleital amnod téoospa KavaAla. To kabe kavaAl pag Sivel Tig e€n¢ evbeilelc:

e CH1 (Us)Tdon Swktou

e (CH2 (10 shots) MaApuog évavong

- (is) Pebpa oto Siktwo
- (iconv) Pl oTOV avTLoTpOdEQ

To TMOAUUETPO TAYKOU TOU €pyactnpiou  xpnotpomnolndnke wg PBoATOUETpO yla TNV TAONH TOU
dwTtoPoAtaikol otolxeiou.

To apnepdpetpo FLUKE tou epyaotnpiou PeTpd to pevpa (ipv) TOU propel va mopdéel to GpwtoBoATaiko
OTOLYELO. ZUYKEKPLUEVA N KU LATOPopdr) ToU peU LATOG OTO SikTUuO is , N omola givol TapapopPwLEVN WG

TPOG TNV NULtovoeldn , evw gudavilel kat pootkn kabuotépnan.

Ta eEWTEPLKA UMOUTOV ota omola avadepBrikape mapandavw, aAG{ouV Th YwVLA Tou TTaARoU &vauong
ue Baua 0,9°. H amelkovion aMaync kabe BApatog ylvetal otov NAEKTPOVIKO UTIOAOYLOTH HECW TOU
TIPOYPALUATOC e TO Aoylopikd TeraTerm.

Ta amnotedéopata mou 660nkav Eekwvave amd g 130° mepimou kalt ¢tavouv €wg tg 170° oe
OUYKEKPLUEVEG WPEC TNG NUEPAG(10:00m. u-12:00. 1-14:00u. W),

Mopakdtw ota ypodrpata (oeh.76) PAEmou e to cUoTNA, otig 12:00u. 1, vo $TAVEL OTo pEyLoTo Babud
anodoong Loxvog otig 140,4° e Pmax = 142,5W.
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AMNO & NPOZ ENEZEPTAZTH :
SCR1,23,4 A

M/Z YWHAHZ

+3,3V DC (rpod.yra
AMC)

+5V DC /

She Vs amo AMC

L2 B O000000500
000 19999

g-}-’v§$(

G3,4

Ewova 7.2 Znpeiot AQPNG Kot GUVOECELG TWV UETPHOEWV

7.3. MetpRoelg LeyeOwWV - KUpOTOpopPwV

To ney€0n mou Ba emiBePatwaoouv TNy aviiotpodr LoxVUoc, Kaldpa thv Tpoodopd evépyelag amnod to
dwTtoBoAtaiko mpogto Siktuo eival :

e Htdon tou Siktvou Us

o Ta pevpora g 010 8ikt0o , Iy OTOV avtiotpodéa

e H kataypadr tou maAuou npog ta SCR

e Topelbparou diépxetal amnod to pwtoBoAtaikd ipv Kal n tdon TG $wTtoBoAtaikn ¢ ouoToLyiog Upv

n ornola avauévetal va Kweltat andAlya Volts éwg 42 V
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H pétpnon e€66ou - Metprosig pe To pwToBoAtaiko cuotnua- Meplypadn
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Kedalato 70

Mapatnpol e otnv mepLoxn évavong twv SCR OtL uTtapyel avTiBeTn TTOALKOTNTO OTO PEUA AYWYNG ,
mpayua Tou emiPePfalwvel v avilotpodry LOXUOG KAl dpa TNV amodoon evéPyelag Omo TO
¢dwTtoPoAtaiko otolxelo mpog To Oiktuo. 2TOo MPWTO TaApdBupo NG ewovag 7.6 efaitiag g
amoBnKeL UEVN G eVvEPYELAC OTO TtNVio Twv 20mH €xoupe Betikd pevpata is, iconv KalL 0€ CUVSUOLOUO LLE
MV apvnTiky TR G tdong etoddou Uy 0 ouvoMkd yivopevo g Loxhog éxel apvnTikd TPOoNHo,
TPAYLA TToU onpaivel avtiotpodn Loxuoc Kol popd ThG amo to GpwToBoATAIKO Ttpog To diktuo twy 230V.

Avtiotolya oto mapdBbupo Kal TNG 0PVNTLKA G TTEPLOSOU.

RIGOL ™0 'H sooms Goom=ss . . TNn® te0v

Horizontal

Fall Time

1t

—+
+iidth

1

+—

-\idth

Ewova 7.5 4-3-2022 144° - Us - Pulse G1,2 - is (purple)- iconv (blue)
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H pétpnon e€66ou - Metprosig pe To pwToBoAtaiko cuotnua- Meplypadn

7.4. Metpnoeig4/3/2022 15:00

RIGOL TP H 200ms 3oomps . 2.20000000ms Tn® 160v

Horizontal Tplmg

Coupling

BW Limit
OFF

Invert
OFF

Yolts/Div

Unit
vl

Ewova 7.8 4-3-2022 170,1° Us - Pulse G1,2 - is (purple)- iconv (blue)
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7.5. Metpnoeig12/3/2022 10:00

RIGOL ™0 [H 2o 316.000000Us

RIGOL T0 H :zop 216.000000us Tr@ onov

Harizontal

Unit

v

Ewkova 7.11 12-3-2022 10.54 170° Us - Pulse G1,2 - is (purple)- iconv (blue)
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7.6. Metpnoeig12/3/2022 12:00

Ewkova 7.14 12-3-2022 12.24 170° Us - Pulse G1,2 - is (purple)- iconv (blue)
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7.7. Metpnoeig12/3/2022 15:00

216.000000us

Unit

g

RIGOL TD H zmo

Horizontal

Ewova 7.17 12-3-2022 170° Us - Pulse G1,2 - is (purple)- iconv (blue)
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H pétpnon e€66ou - Metprosig pe To pwToBoAtaiko cuotnua- Meplypadn

7.8. ApLOUNTIKEG LETPNOELG TNG LOXVOG €060V TWV pwTOBOATAIKWV
AVOLEVOUEVEG TIUEC PEULATOC KOL TTOPAYOLEVNC TAonC mou Ba kaBopioouv Kal TNV apayopevn Loxy
Tou dwTtoPoAtaikol o ox£on UE TIG Lolpeg evepyomoinong twv SCR elvatl n akoAoudn:

APXLKA va £XOULE XOUNAEG TLLEG PEVLOTOG KAL TAONC , OTNV CUVEXELD VO aLUEAVOVTOLL KOLL TO PEVLLOL KaLL N
TAon w¢ €va onUelo , Kal oto TPITto OkEAOG aKOUA Kal e otabepr) TLUA TAONG va tapatnpeltal pelwon
TOU PeUHATOC APA KAl TN amodLdopevn g mpog to Siktuo Loyvoc. MapakAtw TapaTiOevToL AVAAUTLKEG
UETPNOELC TNG amOSIOOUEVNG TIpoG To SiKTUO LoxUog o oxéon UE TG polpeg évauvong twv SCR, oe

SLoPOPETIKEC WPEC TNG LdLag NUEPQG.

120

loxU¢gvs Moipeg10:00

100

N

80

AN

— loyug..

60

40

20

0

120

130 140 150 160 170 180

Ewova 7.18 Tpadiki mapdotaon tng loxtog - Molpwv okavSsaAilopol

TNV napandvw ypadikn mopdotaon To LEYLOTO TN TPoadLEOUEVN G LoXU O¢ TTPOC To SiKTu o

napatnpeitatotig 138,6° pe Pmax = 107W

loxUgvs Moipeg12:00

AN

200
150
100 /\[\\
50
0 T T
120 130 140

150

160 170

180

Ewova 7.19 Mpadikn napactacn tng loxvog - Molpwv okavSaAlopou

ItV Tapanavw ypadlk TopAcTOon To MEYLOTO TNG TPOoodLOOUEVNG LoXUog Tpog To Oilktuo

napatnpsital otg 140,4° ue Pmax = 142,5W.
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160

» loxUgvs Moipeg12:40
120 A

vl N

80 \

60 \

40 \

\

20

0 T T T T T 1
120 130 140 150 160 170 180

Ewova 7.20 Mpad ik napactacn tng loxvog - Molpwv okavSaAlopov

ItV Tapanavw ypadlk TopAcTocn TO UEYLOTO TNG TPOoodLOOUEVNG LoXUog Tpog To Oiktuo
napatnpeitat otg 141,3° ue Pmax = 123,42W.

loxU¢gvs Moipeg14:00
140
//\\
100 A
] V
80 \W

. N
. N\

20

O T T 1
120 140 160 180

Ewova 7.21 Mpad ik napdactacn tng loxvog - Molpwv okavSaAlopou

ItV Tapamnavw ypadlk TOpACcTOCon TO MEYLOTO TNG TPOoodLOOUEVNG LoXUog Tpog To Oilktuo
napatnpeitat otig 135,9° pe Pmax =131,72W.
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— ppv..  loxUGVs Moipeg15:00

60

50 A\

VAR
. N

20
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130 140 150 160 170 180

Ewova 7.22 Ipad ki napdactacn tng loxvog - Molpwv ckavSaAlopou

YTV Topamavw ypadikrp Topdotacn To HEYLOTO TG Tipoodldopevng Loxlog mpo¢ To biktuo
napatnpeitat otig 155,7° ue Pmax = 53,265W.

7.9. NepiAnyn

1o £BSopo KePAAALO TIAPOUOCLACTNKOV TO Opyava HEIPNONG TAONG, PEVMOTOG KAl TIAALWY TOU
KUKAWHOTOC. ElSLkoTtepa avaAlovtal oL PLETPROELG amodoong LoxUog Tou KUKAWUOTOC o Slad OPETIKEG
WPEG KAl NnUéPec TNG ePOopddog. TEAOC YiveETAL QTEKOVION TWV OTOTEASOUATWY HE YPADLKEG
TIOPOLOTALCELG.
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KepdAalo 8o: Tupnepaopata —Iuintnon

8.1. Ewaywyn

210 0y600 KepAAaLo YIVETOL pLa YEVIKA avodopd OTO OUUMEPACHOTA TNG EPYACLAC, OTO ONLELO VEKPOU
XpOvou Kal otn mapakaudn e Babuidag mapaywyng moaApwyv PWM.

8.2. NMepilemloyngTou HKpoeneéepyaoth

EmBeBalwbdnke n otabepdtnta tng emidoyng tou pikpoemeEepyaot. AOyw TG LEYAANG oUXVOTNTAC
(MHz)- taxutnTag xpoviopou Ttou eilval oAU suaicBbnto otnv aviyveuon HeTaBoAwvV NG TAoONC TOU
Siktuou kat dev ennpealetal and tov 80puBo. Auto oupPaivel ylati to «mapdBbupo» SetypatoAnPiog
Tou elval og KAlpoKa ¢ tdéewv Twv microsecond. Onwg yvwpiloupe o B6puPog mailel kupiapxo polo
ota PETpOUEVA orpata Kal lodpépel opAApata yla TNV avixveuon tou onpeiou «undévy», eldikotepa
ov AndBel umoyn n amaitnon yia real time amokplon TwWv cucTNUATWY gAéyxou. H otabepdtnta
odeiletal otn duvatotnta tou emefepyaotr) va Xpoviletal oe UPNAEC CUXVOTNTEC KOL VO UTIOPEL Vol
eKTeEAel TO TpoOypappa adevog oTo TAPOOKNVLO, AdETEPOU XWPLE va SLOKOTTEL TNV Kataypadn Twv
ELOEPXOUEVWV CNUATWY. ME TNV TOKTIKA aUTr 0 €AeyXoC KAELoTOU Bpoyxou amodidel to péyioto Suvato.

8.3. Avadopdoto onpeio vekpol xpovou

Je aVTLOTPOdELG TTNYNC TAONC UEAETATOL KoL n €Midpaon Tou VEKpoU XpOVoU otnv Tdon €£660u Tou
ovtiotpodEa OMwe autr ¢aivetal otnv eikova 8.1. Otav oL SLaKOMTEG Tou avtlotpodéa sival Ldavikol,
o€ KABE XPOVIKN OTLYUN AyeL évag SLAKOMTNG armo KABe okENOG Kal oL TAOELG £€0d0ou Sev e€apTwvTal amo
10 peva tou GopPTiou. ITA MPAKTLKA KUKAWOTO QTTALTELTOL N ELOOYWYI EVOG XPOVLKOU SLOCTH LATOG,
Tou vekpou xpovou (blanking time, dead time), petafl ¢ of£ong Tou evog SLAKOMTN Kol TG EVOUong
Tou SelTepOU SLAKOMTN OTO (610 OKEAOC TOu avtiotpodEa. H SLApKELO TOU VEKPOU XPOVOU £EopTATOL Ao
™V TaxUTNTA HETABAONG TWV XPNOLULOTOLOU LEVWY SLOKOTTTWV (Xpovol évauong Kol oBéong). O vekpog
XPOVOG TIPETEL VA ElvVOL EMAPKAC, WOTe va amodeuxbel n tautdxpovn aywyr Twv U0 SLOKOTITWVY EVOG
OKEAOUC, N omoia TPOoKaAel TNV Kataotpodr Toug amod to VPnAd pebpa BpaxuKUKAWGNC TNG TTNYNS
gL0060u (shoot through fault). [4]
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o A Iapapdppmon tns Taons

£EGBOV GRS TO VEKPS XPOVO
ISk ©
4— ywpic TO VEKPS xPOVO

Ewdva 8.1 H napapdpdwon ths tdong €66ou otou povodacikolg avtiotpodeig sfoutiog tou
VEKPOU XpOVOU

8.4. Mnopeiva napakapdOsin Baduida tng mAakétag Lloxvog yo thv
napaywyn twv PWM naApwv

H mapakaun t¢ pabuidac mapaywync moAuwyv évavong PWM pmnopel va npaypatornolnOetl yiatl
Suvatotnta mapaywyng mMaApwy pag t Slvel n avamtulakr TAAKETA TOU ULKPOEAEYKTH. H TapapeTpog
OUTH Mag EMLTPENEL va amootelhou e maApol¢ évavong otnv mUAn (gate) tou kdBe Buplotop yla va
UeTaPel og koTdoTOON OYyWYN G PEV LOTOC.

8.5. H popodn twvypadpnuatwv

OL amoTtopeg UETAPBOAEG TTOPATNPOUVTIOL AOYW TWV ANMOTOUWVY aAAaywv NALOGAVELOG TTOU TTPOOTILITTEL
otnv enudpavela tou dwtoBoAtaikol eite AOyw ouvwvedldg eite Aoyw okiaong. Mapatnpolpe v
UEeTaBOAN TNG HEYLOTNG LoXV oG va Seixvel av€naon armo péxpL Tic 12:00 Tt KoLl OVTLOTOLXN TITWON UETA TLG
12:00mu.  H popdn wwv ypadnuatwyv 7.23 ocuvddel Pe TV €UPAVION TOTIKWY HEYIOTWV OMWG
neplypadetal otnyv [4, p. 408] yLa TLG TIEPUTTWOELG LLEPLKN C OKiaonC.

8.6. H ywvia tng péytotng andédoongLoxvog:

Mopatn pWVTOG TLG KAUTIUAEG LOXUOG TIAPATN POU LLE TNV YwVia LEYLOTNG artodoon LoxU oG Vol LETAKLVELTOL
Katd TNV SLdpkela Tng nuépag amo g 130° mpog tg 160° . Mpogktaon tn¢ epyaciog Ba pumopouoe va
OIOTEAEDEL N UEAETN TWV KAUTIUAWY (POcd00on G EVEPYELAG TTPOG TO SIKTUO avaAoya LE TNV LETOBOAN TNG
ywviag kal v wpa oe SladopeTikéG meplodoug tou Xpodvou. Emiong Oa mpémel va peletnBel n
SuvaTtotNTa WOTE OL YUAALVEG AOPAAELEG TOU £PYOOTNPLAKOU TIAYKOU VA NV AmoteAolV umnodlo otny
MPOodwaon LoxUog TPOG To SIKTUO KaBWC amoTeAEL TtepLOPLOTLIKO Topayovta (kaiyetal n aoddAela o
avw Twv 2 A 5 A pebpatog amnod 1o pwtofoAtaiko). e dsUtepo xpovo Ba pmopoul oe va apxLkormoln el n

ywvio évavong twv SCR armo tg 90° avti twv 135° mou kaBopiotnke otnv tpEyovoa spyaocia.
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8.7. NepiAnyn

210 0y600 KedAAALO TTOPOUGCLACTNKAV OL AOYOL ETLAOYN G TOU OCUYKEKPLLEVOU LKPOEAEYKT), TO ONUELO
VEKPOU XPOVOU Kal N ywvia péylotng anodoonc. Emiong eidape tov tpomo napdkapudng tng Babuidag
Tapoywyn ¢ MoALWY PWM.
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Enektdoslg — Nepaltépw Brpata

KepdAaio90: Enektdoelg— MNepattépw BRpata

9.1. Anddoon twv pwtoBoAtaikwv

Oa pmopoloe va yivel HeAETN TNG amodoong twv GWTOBOATAIKWY O OXEON HUE TA OVOLLOOTLKA TOUC
UeyEOn. Oa umopouoes va KataypodoUv Ta oTtolxeio Tou PpwTtoBoATaikoU oTolyelou Kal va HeAeTnBel n
anodoon NG Siataéng (MPPT) pe éva ddopa HETPAOEwWV otnv Teplodo evdg £TOUC KOl Va YIVEL
OLKOVOLLOTEXVLK €emefepyaoia TNG EVEPYELOKNG TOAPAYWYNG amd TNV CUYKEKpLUEvN Siatagn. Me tov
TPOMO OQUTO propel os BaBog xpovou va peletnBel kot o Babuodg amoddoong twv GwToBoAtaikwv
OUCTNUATWV.

9.2. Noa peAeTtnOoUV OL AP HOVLIKEG TIOU TTOLP ALYOVTOLL LTIO TOV AVILOTPOPEa AOYwW
twv SCR [4, p. 33]

Edpooov cupdwva pe thv Bphoypadia [4, p. 33] oL petatporneic pe ¢puoky petaBaon (m.x. SCR )
TLPOKOAOUV LOXU PEC OPHOVIKEG Bal UmopoUoe va eAeTn Bsl SLatoén mMepLOPLOKOU TWV APLOVIKWY QUTWV
otV eiloodo kot otnv £€€060 TOU OUCTH LATOG.

9.3. Movtelonoinon o nepiBaAiov Simulink

Oa unopoUoe va eEETAOTOUV OUYKPLTLKA TOL OTIOTEAECLLOTA, OE OX£0N LLE TN LOVIEAOTIOLN 0N TOU OVWTEPW
KUKAWUOTOC OTo AOYLOULKO Tpooopoiwong Simulink  yla mepattépw enefepyaocia kol HEAETN TwV
BewpnTikwy otolyelwv Tou KUKAWHATOC. H oUykpLon Tou Umopet va yivel e tv BLpAloypadikn avadopd
[4, pp. 435-442] kau [4, pp. 142-147].
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O nnyaioc kwdikag tn¢ epoppoyng ( source code )

NopaptnpaA: O nnyaiogkwdkag tng edpappoyns ( source code)

O nnyaiog kwdikag tng epappoyns( main.c).

/**
3 sk sk 3k ok sk sk 3k ok sk sk sk 3k sk ok sk sk sk sk ok Sk sk sk sk sk sk sk ok sk sk sk sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk sk sk koK ks skesk sksk ok
* @file : main.c
* @brief : Inverter Controller V1.0
* Project started : 02/02/2022
* Author : Miltos Theologou-Antonis Miliadis

3k 3k 3k 3k ok sk 3k ok sk ok 3k sk ok sk ok sk sk ok sk sk sk ok sk sk sk ok sk sk sksk sk ok sk sk sk sk sk skok sk sk sk sk sk sk sk skosk sk sk ok sk ok sk sk sk sk sk sk sksk sk ok sk ok skook ok skok skok sksk Rk ok

**/

/* Includes */
#include "main.h"

/* ZupunepiAnyn BPALOONKwY */

#ifdef DEBUG /* amootoA} MNVUUATWY 0TV OELPLOK KovooAa */
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#endif

/* AlAwon otaBepwv */
#define CROSS_DELAY 100 /* 0.5ms */
#define CROSS_DELAY_MIN 1500 /* 7.5 ms=135deg */
#define CROSS_DELAY_MAX 1810 /* 9ms =170.1%/
#idefine CROSS_DELAY_STEP 10 /* step 10 50us -> 0.9 degrees - step 1 5us for 0.09 degrees
*
/
#define DEBOUNCE_DELAY 200 /* Switch debounce delay */

/* AlAwon otaBspwv ADC */
#define ADC_TRIG_POINT 32767
#define ADC_TRIG_OFFSET 200

/* AlAwon petapAntwy - Sopwv */
TIM_HandleTypeDef htimi1;
TIM_HandleTypeDef htim2;
TIM_HandleTypeDef htim3;
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TIM_HandleTypeDef htim4;

TIM_HandleTypeDef htim6;

TIM_HandleTypeDef htimS;

UART_HandleTypeDef huart3;

ADC_HandleTypeDef hadci;

/* ADC channel configuration structure declaration */

/* Converted value declaration */

__10 uint32_t adcValue;

__10 uint32_t polarity = 0;

/* Input voltage declaration */

__l0int32_t swinputVoltage,adcLast = 0,adcCurrent = 0,sampleCounter = 0;
__l0int32_t posEdge =0, negEdge = 0;

ADC_ChannelConfTypeDef sConfig;

__10 uint32_t counter = 0, arrVal = 0, systemCoreClock = 0, perClock = 0, frequency = 0, rcrVal
=0;

__10 uint32_t pscVal, updateEvent;

__10 uint32_t zpdThresshold = MIN_THRESSHOLD;

__l0 uint32_t zpdChanged = 0;

__10 uint32_t trigPositive = 0, trigNegative =0;

__10 uint32_t zcDelayOffset = 0;

/* NpwTtotuna cuvaptioswv */

static void SystemClock_Config(void);
static void MX_GPIO_Init(void);

static void MX_DAC1_lInit(void);

static void COMP_Config(void);

static void MX_USART3_UART _Init(void);
static void InputVoltagelLevel_Check(void);
static void MX_TIM1_Init(void);

static void MX_TIM2_lInit(void);

static void MX_TIM3_Init(void);

static void MX_TIMA4_lInit(void);

static void MX_TIMS8_Init(void);

static void MX_ADC1_Init(void);

/**
* @brief The application entry point.
* @retval int
*/

int main(void)

{

/* Enable I-Cache----------—--- - e - —---*/
SCB_EnablelCache();
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/* Enable D-Cache---------- E—
SCB_EnableDCache();

/* MCU Configuration----------—-- —--*/

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL_Init();

/* Configure the system clock */
SystemClock_Config();

/* Apxkomoinon twv nepipepetakwv */
MX_GPIO_Init();
MX_ADCL_Init();
MX_USART3_UART _Init();
MX_TIML_Init();
MX_TIM2_Init();
MX_TIM3_Init();
MX_TIM4_Init();
MX_TIMS_Init();
BSP_LED_Init(LED1);
BSP_LED_Init(LED2);
BSP_LED_Init(LED3);

DEBUG

xdev_out( PutCharacter);

ConsolePrint("**** INVERTER CONTROLLER ****\n\n");

ConsolePrint("Version: 1.0\nDate :02/05/2019\nAuthor : Miltos Theologou-Antonios
Mi|iadiS\n\n*****************************\n\n");

SystemCoreClock = HAL_RCC_GetSysClockFreq();

perClock = HAL_RCC_GetPCLK1Freq();

ConsolePrint("System clock frequency: %u MHz\nPeripheral clock  : %u
MHz\n",SystemCoreClock/1000000,perClock/1000000);

arrVal = TIM4->ARR;

pscVal = TIM4->PSC;

frequency = perClock /((pscVal + 1) * (arrVal + 1) * (rcrval + 1)); /* Actual frequency */

ConsolePrint("Timer4d Frequency  : %uHz\n\nInfo\n____ \n\n",frequency);

if(HAL_TIM_Base_Start(&htim4) != HAL_OK)
{

Error_Handler();

}
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if(HAL_ADC_Start_IT(&hadcl) != HAL_OK)
{

Error_Handler();

}

while (1)

{

/* Allagi gonias */

if(HAL_GPIO_ReadPin(DEGSW_GPIO_Port, DEGSW_Pin) == 0)

{

HAL_Delay(DEBOUNCE_DELAY);

if(HAL_GPIO_ReadPin(DEGSW_GPIO_Port, DEGSW_Pin) != 0)

{

BSP_LED Toggle(LED1);

zcDelayOffset+= CROSS_DELAY STEP;

if(zcDelayOffset >=(CROSS_DELAY_MAX - CROSS_DELAY))zcDelayOffset = 0;
if(CROSS_DELAY_STEP == 10)

{

ConsolePrint("Degrees offset %4.1f%c\n",(float)((0.09*(zcDelayOffset + CROSS_DELAY))),248);

}
else if(CROSS_DELAY_STEP == 1)

{
ConsolePrint("Degrees offset %5.2f%c\n",(float)((0.09*(zcDelayOffset + CROSS_DELAY))),248);
}
}
}
}
}
/**
* @brief System Clock Configuration
* The system Clock is configured as follow :
* System Clock source = PLL (HSE BYPASS)
* SYSCLK(Hz) = 400000000 (CPU Clock)
* HCLK(Hz) = 200000000 (AXI and AHBs Clock)
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* AHB Prescaler =2

* D1 APBS3 Prescaler =2 (APB3 Clock 100MHz)
* D2 APB1 Prescaler =2 (APB1 Clock 100MHz)
* D2 APB2 Prescaler =2 (APB2 Clock 100MHz)
* D3 APB4 Prescaler =2 (APB4 Clock 100MHz)
* HSE Frequency(Hz) = 8000000

* PLL_M =

* PLL_N =400

* PLL_P =

* PLL_Q =

* PLL_R =

* VDD(V) =3.3

* Flash Latency(WS) =4

* @param None
* @retval None
*/

static void SystemClock_Config(void)

{
RCC_ClkInitTypeDef RCC_ClkInitStruct;
RCC_OsclnitTypeDef RCC_OsclnitStruct;
HAL StatusTypeDef ret = HAL_OK;

/*!< Supply configuration update enable */
MODIFY_REG(PWR->CR3, PWR_CR3_SCUEN, 0);

/* The voltage scaling allows optimizing the power consumption when the device is
clocked below the maximum system frequency, to update the voltage scaling value
regarding system frequency refer to product datasheet. */

__HAL PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_SCALE1);

while(!__HAL PWR_GET_FLAG(PWR_FLAG_VOSRDY)) {}

/* Enable HSE Oscillator and activate PLL with HSE as source */
RCC_OsclInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
RCC_OsclnitStruct.HSEState = RCC_HSE_BYPASS;
RCC_OsclnitStruct.HSIState = RCC_HSI_OFF;
RCC_OsclnitStruct.CSIState = RCC_CSI_OFF;
RCC_OsclInitStruct.PLL.PLLState = RCC_PLL ON;
RCC_OsclInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;

RCC_OsclnitStruct.PLL.PLLM =4;
RCC_OsclnitStruct.PLL.PLLN = 400;
RCC_OsclnitStruct.PLL.PLLP = 2;
RCC_OsclnitStruct.PLL.PLLR = 2;
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RCC_OsclnitStruct.PLL.PLLQ = 4;

RCC_OsclnitStruct.PLL.PLLVCOSEL = RCC_PLL1VCOWIDE;
RCC_OsclnitStruct.PLL.PLLRGE = RCC_PLL1VCIRANGE_2;
ret = HAL_RCC_OscConfig(&RCC_OsclnitStruct);
if(ret = HAL_OK)
{

Error_Handler();

}

/* Select PLL as system clock source and configure bus clocks dividers */
RCC_ClkInitStruct.ClockType = (RCC_CLOCKTYPE_SYSCLK | RCC_CLOCKTYPE_HCLK |
RCC_CLOCKTYPE_D1PCLK1 | RCC_CLOCKTYPE_PCLK1 | \
RCC_CLOCKTYPE_PCLK2 | RCC_CLOCKTYPE_D3PCLK1);

RCC_ClIkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_ClkInitStruct.SYSCLKDivider=RCC_SYSCLK_DIV1;
RCC_ClkInitStruct.AHBCLKDivider=RCC_HCLK_DIV2;
RCC_ClIkInitStruct.APB3CLKDivider=RCC_APB3 _DIV2;
RCC_ClkInitStruct.APB1CLKDivider=RCC_APB1 _DIV2;
RCC_ClkInitStruct.APB2CLKDivider=RCC_APB2_DIV2;
RCC_ClkInitStruct.APB4ACLKDivider=RCC_APB4 DIV2;
ret = HAL_RCC_ClockConfig(&RCC_ClkiInitStruct, FLASH_LATENCY_4);
if(ret = HAL_OK)
{

Error_Handler();
}

}

/**
* @brief USART3 Initialization Function
* @param None
* @retval None
*/

static void MX_USART3_UART _Init(void)

{
huart3.Instance = USARTS3;
huart3.Init.BaudRate = 115200;
huart3.Init.WordLength = UART_WORDLENGTH_8B;
huart3.Init.StopBits = UART_STOP_BITS 1;
huart3.Init.Parity = UART_PARITY_NONE;
huart3.Init.Mode = UART_MODE_TX_RX;
huart3.Init.HwFlowCtl = UART_HWCONTROL_NONE;
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huart3.Init.OverSampling= UART_OVERSAMPLING_16;
huart3.Init.OneBitSampling=UART_ONE_BIT_SAMPLE_DISABLE;
huart3.Init.Prescaler= UART_PRESCALER_DIV1;
huart3.Init.FIFOMode = UART_FIFOMODE_DISABLE;
huart3.Init. TXFIFOThreshold = UART_TXFIFO_THRESHOLD 1_8;
huart3.Init.RXFIFOThreshold = UART_RXFIFO_THRESHOLD_1_8;
huart3.AdvancedInit.AdvFeaturelnit=UART_ADVFEATURE_NO _INIT;
if (HAL_UART _Init(&huart3) != HAL_OK)
{

Error_Handler();
}
}

/**
* @brief GPIO Initialization Function
* @param None
* @retval None
*/
static void MX_GPIO_Init(void)

{
GPIO_InitTypeDef GPIO_InitStruct = {0};

/* GPIO Ports Clock Enable */

__HAL_RCC_GPIOH_CLK_ENABLE();
__HAL_RCC_GPIOA_CLK_ENABLE();
__HAL_RCC_GPIOB_CLK_ENABLE();
__HAL_RCC_GPIOD_CLK_ENABLE();
__HAL_RCC_GPIOG_CLK_ENABLE();

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOG, TP1_Pin|TP2_Pin|TP3_Pin, GPIO_PIN_RESET);

/*Configure GPIO pins : TP1_Pin TP2_Pin TP3_Pin */
GPIO_InitStruct.Pin= TP1_Pin|TP2_Pin|TP3_Pin;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Pull=GPIO_NOPULL;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
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HAL_GPIO_Init(GPIOG, &GPIO_InitStruct);

/* Degrees change switch PD10 */

/*Configure GPIO pin : DEGSW_Pin */
GPIO_InitStruct.Pin= DEGSW_Pin;
GPIO_InitStruct.Mode = GPIO_MODE_INPUT;
GPIO_InitStruct.Pull=GPIO_PULLUP;
HAL_GPIO_Init(DEGSW_GPIO_Port, &GPIO_InitStruct);

}

void HAL _ADC_ConvCpltCallback(ADC_HandleTypeDef* hadc)
{

HAL_GPIO_TogglePin(TP3_GPIO_Port,TP3_Pin);

adcValue = HAL_ADC_GetValue(&hadcl);

if((adcValue >ADC_TRIG_POINT) && (polarity == 0))
{
trigPositive=1;
trigNegative=0;
polarity = 1;
TIM2->ARR = (zcDelayOffset+ CROSS_DELAY);
TIM2->DIER =TIM_IT_UPDATE;
TIM2->CR1 |= (TIM_CR1_CEN);
}
elseif((adcValue <ADC_TRIG_POINT) && (polarity == 1))
{
trigPositive = 0;
trigNegative=1;
polarity = 0;
TIM3->ARR = (zcDelayOffset+ CROSS_DELAY);
TIM3->DIER =TIM_IT_UPDATE;
TIM3->CR1 |= (TIM_CR1_CEN);
}
1

/**
* @brief TIM1 Initialization Function
* @param None
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* @retval None

*/
static void MX_TIM1_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig = {0};
TIM_MasterConfigTypeDef sMasterConfig = {0};
TIM_OC_InitTypeDef sConfigOC= {0};
TIM_BreakDeadTimeConfigTypeDef sBreakDeadTimeConfig = {0};
htim1.Instance = TIM1;
htim1.Init.Prescaler=9;
htim1.Init.CounterMode = TIM_COUNTERMODE_UP;
htim1.Init.Period =999;
htim1.Init.ClockDivision=TIM_CLOCKDIVISION_DIV1,;
htim1.Init.RepetitionCounter=9;
htim1.Init.AutoReloadPreload =TIM_AUTORELOAD_PRELOAD_DISABLE;
if (HAL_TIM_Base_Init(&htim1) != HAL OK)
{

Error_Handler();
}
sClockSourceConfig.ClockSource =TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim1, &sClockSourceConfig) |= HAL _OK)
{

Error_Handler();
}
if (HAL_TIM_PWM_Init(&htim1) !=HAL_OK)
{

Error_Handler();
}
if (HAL_TIM_OnePulse_Init(&htim1, TIM_OPMODE_SINGLE) != HAL_OK)
{

Error_Handler();
}
sMasterConfig.MasterOutputTrigger= TIM_TRGO_RESET;
sMasterConfig.MasterOutputTrigger2 = TIM_TRGO2_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim1, & MasterConfig) != HAL_OK)
{

Error_Handler();
}
sConfigOC.0OCMode =TIM_OCMODE_PWM1;
sConfigOC.Pulse =500;
sConfigOC.OCPolarity=TIM_OCPOLARITY_LOW;
sConfigOC.OCNPolarity =TIM_OCNPOLARITY_HIGH;
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sConfigOC.OCFastMode = TIM_OCFAST_DISABLE;
sConfigOC.OCldleState =TIM_OCIDLESTATE_RESET;
sConfigOC.OCNIdleState =TIM_OCNIDLESTATE_RESET;
if (HAL_TIM_PWM_ConfigChannel(&htim1, &sConfigOC, TIM_CHANNEL_1) !=HAL_OK)
{

Error_Handler();
}
sBreakDeadTimeConfig.OffStateRunMode =TIM_OSSR_DISABLE;
sBreakDeadTimeConfig.OffStateIDLEMode = TIM_OSSI_DISABLE;
sBreakDeadTimeConfig.LockLevel=TIM_LOCKLEVEL_ OFF;
sBreakDeadTimeConfig.DeadTime=0;
sBreakDeadTimeConfig.BreakState =TIM_BREAK_DISABLE;
sBreakDeadTimeConfig.BreakPolarity =TIM_BREAKPOLARITY_HIGH;
sBreakDeadTimeConfig.BreakFilter = 0;
sBreakDeadTimeConfig.Break2State =TIM_BREAK2_DISABLE;
sBreakDeadTimeConfig.Break2Polarity =TIM_BREAK2POLARITY_HIGH,;
sBreakDeadTimeConfig.Break2Filter=0;
sBreakDeadTimeConfig.AutomaticOutput=TIM_AUTOMATICOUTPUT DISABLE;
if (HAL_TIMEx_ConfigBreakDeadTime(&htim1, &sBreakDeadTimeConfig) I=HAL_ OK)
{

Error_Handler();

}
HAL_TIM_MspPostlInit(&htim1);

/**
* @brief TIM2 Initialization Function
* @param None
* @retval None
*/
static void MX_TIM2_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig={0};
TIM_MasterConfigTypeDef sMasterConfig = {0};

htim2.Instance = TIM2;

htim2.Init.Prescaler=999;

htim2.Init.CounterMode = TIM_COUNTERMODE_UP;

htim2.Init.Period =CROSS_DELAY;

htim2.Init.ClockDivision =TIM_CLOCKDIVISION_DIV1;
htim2.Init.AutoReloadPreload =TIM_AUTORELOAD_PRELOAD_ENABLE;
if (HAL_TIM_Base_Init(&htim2) = HAL_OK)

{
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Error_Handler();
!
sClockSourceConfig.ClockSource =TIM_CLOCKSOURCE_INTERNAL,;
if (HAL_TIM_ConfigClockSource(&htim2, &sClockSourceConfig) = HAL OK)
{
Error_Handler();
}
if (HAL_TIM_OnePulse_Init(&htim2, TIM_OPMODE_SINGLE) != HAL_OK)
{
Error_Handler();
}
sMasterConfig.MasterOutputTrigger= TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim2, & MasterConfig) != HAL_OK)
{
Error_Handler();
}
}

/**
* @brief TIM3 Initialization Function
* @param None
* @retval None
*/
static void MX_TIM3_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig={0};
TIM_MasterConfigTypeDef sMasterConfig = {0};
htim3.Instance = TIM3;
htim3.Init.Prescaler=999;
htim3.Init.CounterMode = TIM_COUNTERMODE_UP;
htim3.Init.Period =CROSS_DELAY;
htim3.Init.ClockDivision=TIM_CLOCKDIVISION_DIV1,;
htim3.Init.AutoReloadPreload =TIM_AUTORELOAD_PRELOAD_ENABLE;
if (HAL_TIM_Base_lInit(&htim3) != HAL_OK)
{

Error_Handler();
}
sClockSourceConfig.ClockSource =TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim3, &sClockSourceConfig) |=HAL _OK)
{

Error_Handler();

}
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if (HAL_TIM_OnePulse_Init(&htim3, TIM_OPMODE_SINGLE) != HAL_OK)
{

Error_Handler();
}
sMasterConfig.MasterOutputTrigger= TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim3, &sMasterConfig) != HAL OK)
{

Error_Handler();
}

}

/**
* @brief TIMA Initialization Function
* @param None
* @retval None
*/
static void MX_TIM4_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig = {0};
TIM_MasterConfigTypeDef sMasterConfig = {0};

htim4.Instance = TIM4;
htim4.Init.Prescaler=1;
htim4.Init.CounterMode = TIM_COUNTERMODE_UP;
htim4.Init.Period =2000;
htim4.Init.ClockDivision=TIM_CLOCKDIVISION_DIV1,;
htim4.Init.AutoReloadPreload =TIM_AUTORELOAD_PRELOAD_ENABLE;
if (HAL_TIM_Base_Init(&htim4) = HAL_OK)
{
Error_Handler();
}
sClockSourceConfig.ClockSource =TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim4, &sClockSourceConfig) |= HAL OK)
{
Error_Handler();
}
sMasterConfig.MasterOutputTrigger= TIM_TRGO_UPDATE;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim4, & MasterConfig) = HAL_OK)
{

Error_Handler();

}
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}

/**
* @brief TIMS Initialization Function
* @param None
* @retval None
*/
static void MX_TIMS8_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig={0};
TIM_MasterConfigTypeDef sMasterConfig = {0};
TIM_OC _InitTypeDef sConfigOC= {0};
TIM_BreakDeadTimeConfigTypeDef sBreakDeadTimeConfig = {0};
htim8.Instance = TIMS;
htim8.Init.Prescaler=9;
htim8.Init.CounterMode = TIM_COUNTERMODE_UP;
htim8.Init.Period =999;
htim8.Init.ClockDivision=TIM_CLOCKDIVISION_DIV1,
htim8.Init.RepetitionCounter=9;
htim8.Init.AutoReloadPreload =TIM_AUTORELOAD_ PRELOAD_DISABLE;
if (HAL_TIM_Base_Init(&htim8) = HAL_OK)
{

Error_Handler();
}
sClockSourceConfig.ClockSource =TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim8, &sClockSourceConfig) I=HAL _OK)
{

Error_Handler();
}
if (HAL_TIM_PWM_Init(&htim8) !=HAL OK)
{

Error_Handler();
}
if (HAL_TIM_OnePulse_Init(&htim8, TIM_OPMODE_SINGLE) !=HAL OK)
{

Error_Handler();
}
sMasterConfig.MasterOutputTrigger= TIM_TRGO_RESET;
sMasterConfig.MasterOutputTrigger2 = TIM_TRGO2_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim8, & MasterConfig) != HAL_OK)
{

Error_Handler();
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}
sConfigOC.OCMode = TIM_OCMODE_PWM]1;

sConfigOC.Pulse =500;
sConfigOC.OCPolarity =TIM_OCPOLARITY_LOW;
sConfigOC.OCNPolarity =TIM_OCNPOLARITY_HIGH;
sConfigOC.OCFastMode = TIM_OCFAST_DISABLE;
sConfigOC.OClIdleState =TIM_OCIDLESTATE_RESET;
sConfigOC.OCNIdleState =TIM_OCNIDLESTATE_RESET;
if (HAL_TIM_PWM_ConfigChannel(&htim8, &sConfigOC, TIM_CHANNEL 2) !=HAL_OK)
{

Error_Handler();
}
sBreakDeadTimeConfig.OffStateRunMode =TIM_OSSR_DISABLE;
sBreakDeadTimeConfig.OffStateIDLEMode = TIM_OSSI_DISABLE;
sBreakDeadTimeConfig.LockLevel=TIM_LOCKLEVEL OFF;
sBreakDeadTimeConfig.DeadTime=0;
sBreakDeadTimeConfig.BreakState =TIM_BREAK_DISABLE;
sBreakDeadTimeConfig.BreakPolarity =TIM_BREAKPOLARITY_HIGH;
sBreakDeadTimeConfig.BreakFilter = 0;
sBreakDeadTimeConfig.Break2State =TIM_BREAK2_DISABLE;
sBreakDeadTimeConfig.Break2Polarity =TIM_BREAK2POLARITY_HIGH,;
sBreakDeadTimeConfig.Break2Filter=0;
sBreakDeadTimeConfig.AutomaticOutput =TIM_AUTOMATICOUTPUT_DISABLE;
if (HAL_TIMEx_ConfigBreakDeadTime(&htim8, &sBreakDeadTimeConfig) |=HAL OK)
{

Error_Handler();

}
HAL_TIM_MspPostlInit(&htim8);

}

static void MX_ADC1_Init(void)

{
[* #it#t - 1 - Initialize ADC peripheral $HHHHHHHHHHHHEEEEH I )

hadcl.Instance = ADC1;

if (HAL_ADC_Delnit(&hadcl) != HAL_OK)

{
/* ADC de-initialization Error */

Error_Handler();

}

hadcl.Init.ClockPrescaler = ADC_CLOCK_SYNC_PCLK_DIV4; /* Synchronous clock mode,
input ADC clock divided by 4*/
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hadcl.Init.Resolution = ADC_RESOLUTION_16B; /* 16-bit resolution for converted
data */

hadcl.Init.ScanConvMode = DISABLE; /* Sequencer disabled (ADC conversion on only
1 channel: channel set on rank 1) */

hadcl.Init.EOCSelection =ADC_EOC_SINGLE_CONV; /* EOC flag picked-up to
indicate conversion end */

hadcl.Init.LowPowerAutoWait = DISABLE; /* Auto-delayed conversion feature disabled
*

/

hadcl.Init.ContinuousConvMode = DISABLE; /* Continuous mode enabled (automatic
conversion restart after each conversion) */

hadcl.Init.NbrOfConversion = 1, /* Parameter discarded because sequencer is disabled
*

/

hadcl.Init.DiscontinuousConvMode = DISABLE; /* Parameter discarded because sequencer
is disabled */

hadcl.Init.NbrOfDiscConversion = 1; /* Parameter discarded because sequencer is
disabled */
hadcl.Init.ExternalTrigConv = ADC_EXTERNALTRIG_T4 TRGO; /* Software start to trig the

1st conversion manually, without external event */

hadcl.Init.ExternalTrigConvEdge = ADC_EXTERNALTRIGCONVEDGE_RISING; /* Parameter
discarded because software trigger chosen */

hadcl.Init.ConversionDataManagement= ADC_CONVERSIONDATA_DR; /* DR register used as
output (DMA mode disabled) */

hadcl.Init.LeftBitShift = ADC_LEFTBITSHIFT_NONE; /* Left shift of final results */

hadcl.Init.BoostMode =ENABLE; /* Enable Boost mode as ADC clock frequency is
bigger than 20 MHz */

hadcl.Init.Overrun = ADC_OVR_DATA_OVERWRITTEN; /* DR register is overwritten
with the last conversion result in case of overrun */

hadcl.Init.OversamplingMode = DISABLE; /* Oversampling disable */

/* Initialize ADC peripheral according to the passed parameters */
if (HAL_ADC_Init(&hadcl) != HAL_OK)
{

Error_Handler();

}

[* Bt - 2 - Start calibration HEHEHHEHHIHEHE IR BRI BRI SRR %/
if (HAL_ADCEx_Calibration_Start(&hadcl, ADC_CALIB_OFFSET, ADC_DIFFERENTIAL_ENDED) !=
HAL_OK)

{

Error_Handler();

}

[* ### - 3 - Channel configuration #HH#H#HHHHHIHHH HEHHHEHEHHEH T ]

97



Mapaptnua A

sConfig.Channel = ADC_CHANNEL_2; /* Sampled channel number */

sConfig.Rank = ADC_REGULAR_RANK_1; /* Rank of sampled channel number
ADCx_CHANNEL */

sConfig.SamplingTime = ADC_SAMPLETIME_1CYCLE_5; /* Sampling time (number of
clock cycles unit) */

sConfig.SingleDiff = ADC_DIFFERENTIAL_ENDED; /* Differential input channel */

sConfig.OffsetNumber = ADC_OFFSET_NONE; /* No offset subtraction */

sConfig.Offset =0; /* Parameter discarded because offsetcorrection is
disabled */

sConfig.OffsetRightShift = DISABLE; /* No Right Offset Shift */

sConfig.OffsetSignedSaturation = DISABLE; /* No Signed Saturation */

if (HAL_ADC_ConfigChannel(&hadc1, &sConfig) = HAL OK)

{

Error_Handler();

}

}

/* USER CODE END 4 */

/**

* @brief This function is executed in case of error occurrence.

* @retval None

*/

void Error_Handler(void)
{

while (1)

{
BSP_LED_Toggle(LED3);
HAL_Delay(200);

}

}

#ifdef USE_FULL_ASSERT

/**
* @brief Reports the name of the source file and the source line number
* where the assert_param error has occurred.

* @param file: pointer to the source file name
* @param line: assert_param error line source number
* @retval None

*/
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void assert_failed(uint8_t *file, uint32_t line)

{

/* USE_FULL_ASSERT */

/* Téhog mpoypapparog */
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UM2407

User manual

STM32H7 Nucleo-144 boards (MB1364)

Introduction

June 2020

The STM32H7 Nucleo-144 boards based on the MB1364 reference board (NUCLEO-
H723ZG, NUCLEO-H743ZI (Order code NUCLEO-H743Z12), and NUCLEO-H753ZI)
provide an affordable and flexible way for users to try out new concepts and build
prototypes, by choosing from the various combinations of performance and power
consumption features provided by the STM32H7 Series microcontroller. The ST Zio
connector, which extends the ARDUINO® Uno V3 connectivity, and the ST morpho headers
provide an easy means of expanding the functionality of the Nucleo open development
platform with a wide choice of specialized shields. The STM32H7 Nucleo-144 boards do not
require any separate probe as they integrate the STLINK-V3 debugger/programmer. The
STM32H7 Nucleo-144 boards come with the comprehensive free software libraries and
examples available with the STM32Cube MCU Package.

Figure 1. Nucleo-144 board (top view)

-'aumué 3

C‘ SGT\G(UE-&‘

B Befficn Rm‘ﬂ
SRR

: TOM. OVCR ~

LFSZ‘ iy

@©3

okl ©
w@y R

BORR B PRR ﬂ ﬁ“

STLINK

oc N — £

—— OSPl——— A

2
2
-1

|
C?Qlit 015 ﬁchn

ms

5
o (TMERy

gincs2

§
i tiln miiji

(=]
'A@ 200 U E’?fiiw

Kw o

MB1364E

Nucleo

oty
Eis§ Big

T OVCR vaus%

.

Figure 2. Nucleo-144 board (bottom view)

L v
®

‘B o c®mA o
J

e

§§ Sg; F@‘.CE_

oon

Bt
[55<]

°
~ CW3
A

sS85

24
w e
% W

CN11
%0 fre @/ﬁw L % RO O,
%00™ o8 - & =0 O3
400§ 6 ] ROD s 0 O
©OOm 6 sp £ 1) crs. 00 O
20 0o 5 & gﬁf‘x@ g? Ncogﬁ
00 g e - BE 25 ba oreiO O &
“00m90 By jlII mm eeToor
spowge af B8 B ©® 00
50O0= e 888 33ERg @6 00,
%0 0% & 6 Biane ©®® 20 O
%0 O ento 2 @® 0 04
%0 O © Flsamn bt Bz @@ 00
%0 0790 © e ° E k?vl ® misn oy w00
50 Ot @ ©ssam g g0 sazs| IRAISB4 @) ] Pri) O,c
%0 Orss © @soierm @55% T @@ w0 O
0 Ors © © gg“g&"#m ““i"'i AR FEE3 . @®~00p
~oompeRE 25 " 333 Fggy HEW 86 13
~00= OO  fgrg g0 S @@ ~00y
200ROmE X % gmm @@ ~00s
%0 Owo @ @™ ) E sson @O 0 Og
%0 Ors® © % BN @@ O Oy
>0 0~=R6 sB71 08 00¢s
2,0 Oro11® @ SB72ifER) @@ =00s
%,0 Oren® © @@ =000
%0 Orz@®® sy @® =002
SO OF@®@® mwisers i A @® 00
%0 Oreis® @ A @@ 00
0 0o S S 7 L Yot
%0 O * 500 O
%0 Opriz *( ) w0 0p
%0 O ‘ ! F0 0@
%0 Qoo . !3%!}'?‘3 r0 O &
40 Oror e Yo I
%0 O Bsere MB1364E § 00
00~ | 5 seatel " '
G - r"roﬁnen 8 s

[s879

©a

XO

Pictures are not contractual.

UM2407 Rev 2

1/50

www.st.com


http://www.st.com

Contents UM2407

Contents

1 Features ..........cc i e s e 6
2 Ordering information ............ ... . i 7
21 Codification . . ... ... 7
3 Development environment . ............. ... .. i iiiiiiaa 8
3.1 Developmenttoolchains . ......... . ... ... . . . . . . 8
3.2 Systemrequirements . ... ... 8
3.3 Demonstration software .. ...... ... .. ... .. 8
4 Conventions . ... ...t e 9
5 Quickstart ............. i e e 10
5.1 Gettingstarted .......... ... . ... 10
6 Hardware layout and configuration ............................ 1"
6.1 Nucleo-144 board layout . ........... .. ... . . . . 12
6.2 Mechanical drawing . .. ...... ... 14
6.3 Embedded STLINK-V3E . ... ... . . . . . i 16
6.3.1 DriVersS . . 16
6.3.2 STLINK-V3E firmwareupgrade . ................ ... ... 17

6.3.3 Using an external debug tool to program and debug the on-boards
STMGB2HT7 . . . e 17
6.4 Power sUpplY . ... 19
6.4.1 Power supply input from STLINK-V3E USB connector (default setting) 19
6.4.2 External power supply input from VIN (7 V to 12V, 800 mAmax) . . . . . 20
6.4.3 External power supply input 5V_EXT (5V, 500 mAmax) ........... 21
6.4.4 External power supply input from USB CHARGER (5V) ........... 22
6.4.5 External power supply input from 3V3_EXT (3.3V) ............... 22
6.4.6 Debugging while using VIN or EXT as an external power supply .. ... 23
6.5 Clock SOUICES . . . . 24
6.5.1 HSE clock (high-speed external clock) ......................... 24
6.5.2 LSE clock (low-speed external clock) - 32.768 kHz . . .............. 24
6.6 Board functions . ......... ... 25

2/50 UM2407 Rev 2 ‘Yl




UM2407 Contents

6.6.1 LEDS ..o 25

6.6.2 Push-buttons . ... . . 26

6.6.3 MCU voltage selection: 1V8/3V3 . ... ... ... ... . . . . ... 26

6.6.4 Current consumption measurement (IDD) . ...................... 26

6.6.5 Virtual COM port (VCP): LPUART/USART ...................... 26

6.6.6 USBOTGFS ... e e 27

6.6.7 Ethernet . .. ... 28

6.7 Solder bridges andjumpers . .......... .. ... . .. . 29

7 Boardconnectors ............ ... i i e 34
7.1 STLINK-V3 USB Micro-B connector CN1 .. ...................... 34

7.2 USBOTG FSconnectorCN13 . . ... ... . 35

7.3 Ethernet RJ45 connector CN14 . . . . ... ... .. ... . ... . . .. ... 35

8 Extensionconnectors ............. ... i i 37
8.1 ST Zioconnectors ........... . .. 37

8.2 STmorphoconnector . ......... ... . 42

9 Nucleo-144 boards information ............................... 44
9.1 Productmarking . ....... ... .. e 44

9.2 Board revision history . . ... ... 44

9.3 Known limitations . ....... ... ... .. . . . . . . 45

Appendix A Federal Communications Commission (FCC)

and ISED Canada (IC) Compliance Statements ............... 46

A1 FCC Compliance Statement . . .. ... .. .. ... . .. . . . . . . ... 46

A.2 ISED Compliance Statement. . . ............. ... .. .. ... ... 46
AppendixB CEconformity ........... ... i 48
B.1 Warning. . ... e 48

Revision history . ........ i i i it ettt et e eannnnnnns 49
Kys UM2407 Rev 2 3/50




List of tables UM2407

List of tables

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.
Table 18.
Table 19.
Table 20.
Table 21.
Table 22.
Table 23.

4/50

Ordering information. . . ... . e 7
Codification explanation . . . ... ... .. . . . . 7
ON/OFF conventions . . ... ..ot e e e 9
Jumper configuration . . ... ... e 10
MIPI-10 debug connector (CN5). . ... ... e 18
External power sources: VIN (7 V012 V). .. ... e 21
External power sources: 5V _EXT . ... ... 21
External power sources: CHGR (5 V). ... ... i e 22
External power sources: 3V3 EXT (3.3 V). ... .. e 23
USART3 CONNECHION . . ... oo e e e e e 27
LPUARTT connection . . . .. ... 27
USB pin configuration. . . ... ... ... . 28
Ethernet pin configuration. . . ... ... .. . . . . e 28
Solder bridge and jumper configuration . . ........... ... .. . . . 29
USB Micro-B connector pinout . . .. ... e 34
USB OTG FS Micro-AB connector pinout. . . ...t 35
Ethernet connector pinout. . . ... ... . . . e 36
CN7 ZIO connector pin0OUL . . ...t e 39
CN8 ZIO connector pinout . . ... e 39
CN9 ZIO connector pinoUt . . ... e 40
CN10 ZIO connector pinoUL . . ... 41
ST morpho connector pin assignment . ... ... .. ... . . i 42
Document revision history . ... ... .. . . . 49

3

UM2407 Rev 2




UM2407

List of figures

List of figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.

3

Nucleo-144 board (IOp VIEW). . . . .t 1
Nucleo-144 board (bottom view). . ... ... ... . 1
Hardware block diagram. . . ... . 11
Nucleo-144 board top layout. . . . ... .. . . 12
Nucleo-144 bottom layout. . . . ... ... 13
Nucleo-144 board mechanical drawing in millimeter . ............................ 14
Nucleo-144 board mechanical drawinginmil. . ............... ... ... ... ... ....... 15
USB composite deViCe . . .. ..o e 17
Connecting an external debug tool to program the on-board STM32H7 .............. 18
Power supply input from STLINK-V3E USB connector with PC (5 V, 500 mA max) .. ... 20
Power supply input from VIN (7 V10 12V, 800 mAmax). .. ..., 21
Power supply input from 5V_EXT (5V, 500 mAmMax) . ........c.couiiiiiinnenn... 22
Power supply input from STLINK-V3E USB connector with a USB charger (5V) ....... 22
Power supply input from 3V3 EXT (3.3 V). . ..o e 23
USB Micro-B connector CN1 (frontview) . .. ... . e 34
USB OTG FS Micro-AB connector CN13 (frontview). .. ......... ... .............. 35
Ethernet RJ45 connector CN14 (frontview). .. ....... ... .. . . .. 36
NUCLEOH7 Nucleo-144 board. . . ... ...t e e e 37

UM2407 Rev 2 5/50




Features UM2407

1 Features

The STM32H7 Nucleo-144 boards offer the following features:
e STM32H7 Arm®@) Cortex® core-based microcontroller in LQFP144 package
e  Ethernet compliant with IEEE-802.3-2002 (depending on STM32H7 support)
e USB OTG full-speed
e 3userLEDs
e 2 push-buttons: USER and RESET
e LSE crystal:
—  32.768 kHz crystal oscillator
e Board connectors:
—  USB with Micro-AB
—  Ethernet RJ45
- MIPIO
e Board expansion connectors:
— ST Zio including ARDUINO® Uno V3
— ST morpho
e  Flexible power-supply options: ST-LINK USB Vpyg or external sources
e  On-board STLINK-V3 debugger/programmer with SWD connector:
—  USB re-enumeration capability: virtual COM port, mass storage, debug port
—  STLINK-V3 standalone kit capability
e  Comprehensive free software libraries and examples available with the STM32Cube
package
e  Support of a wide choice of Integrated Development Environments (IDEs) including
IAR Embedded Workbench®, MDK-ARM, and STM32CubelDE
arm

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

3
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2 Ordering information
To order the Nucleo-144 board corresponding to the targeted STM32, use the order code
given below in Table 1:
Table 1. Ordering information
Order code Board reference Target STM32H7 Differentiating feature
NUCLEO-H723ZG STM32H723ZGT6U -
NUCLEO-H743ZI2 MB1364 STM32H743ZIT6U -
NUCLEO-H753ZI STM32H753ZIT6U Cryptography
2.1 Codification

3

The meaning of the codification is explained in Table 2. The order code is mentioned on a
sticker placed on the top or bottom side of the board.

Table 2. Codification explanation

NUCLEO-XXYYZTN Description Example: NUCLEO-H743Z12
XX MCU series in STM32 32-bit Arm Cortex STM32H7 Series
MCUs
YY MCU product line in the series STM32H743
Z STM32 package pin count 144 pins
STM32H7 Flash memory size:
T -G for 1 Mbyte 2 Mbytes
-1 for 2 Mbytes
N Board version: void or 2 STLINK-V3E

UM2407 Rev 2
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3.1

3.2

3.3
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Development environment

Development toolchains

e IAR Systems - IAR Embedded Workbench®®@)
e Keil®- MDK-ARM®)

e  STMicroelectronics - STM32CubelDE

System requirements

e Windows® OS (7, 8 and 10), Linux® or macOS®®)
e USB Type-A to Micro-B cable

Demonstration software

The demonstration software, included in the STM32Cube package, is preloaded in the
STM32H7 Flash memory for easy demonstration of the device peripherals in standalone
mode. The latest versions of the demonstration source code and associated documentation
can be downloaded from the www.st.com/stm32nucleo web page.

a. On Windows only.

b. macOS is a trademark of Apple Inc., registered in the U.S. and other countries.

3
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3

Conventions

Table 3 provides the conventions used for the ON and OFF settings in the present

document.
Table 3. ON/OFF conventions
Convention Definition
Jumper JPx ON Jumper fitted
Jumper JPx OFF Jumper not fitted

Solder bridge SBx ON

SBx connections closed by solder or 0-ohm resistor

Solder bridge SBx OFF

SBx connections left open

In this document, for any information that is common to all sales types, the references are
noted “STM32H7 Nucleo-144 board” and “STM32H7 Nucleo-144 boards”.

UM2407 Rev 2 9/50
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5

Quick start

The STM32H7 Nucleo-144 board is a low-cost and easy-to-use development kit, used to
evaluate and start development quickly with an STM32H7 Series microcontroller in
LQFP144 package.

Before installing and using the product, accept the Evaluation Product License Agreement
from the www.st.com/epla web page. For more information on the STM32H7 Nucleo-144
and for demonstration software, visit the www.st.com/stm32nucleo web page.

5.1 Getting started
Follow the sequence below to configure the Nucleo-144 board and launch the
demonstration application (for components location, refer to Figure 4):
1. Check jumper position on the board:
Table 4. Jumper configuration
Jumper Definition Position Comment
JP1 STLK_RST OFF -
JP3 T_NRST ON -
ON [1-2] (default) VDD_MCU supplied with 3V3_VDD
JP5 VDD_MCU power selection
ON [2-3] (optional) VDD_MCU supplied with 1V8_VDD
JP4 IDD measurement ON MCU current measurement
JP2 Power source selection ON [1-2] 5V_USB_STLK (from ST-LINK)

10/50

2. For the correct identification of the device interfaces from the host PC and before
connecting the board, install the Nucleo USB driver available on the
www.st.com/stm32nucleo website.

3. Power the board by connecting the STM32H7 Nucleo-144 board to a PC with a USB
cable ‘Type-A to Micro-B’ through the USB connector CN1 on the ST-LINK. As a result,
the green LED LD6 (PWR) and LD4 (COM) light up and the red LED LD3 blinks.

4. Press button B1 (left button).

5. Observe the blinking frequency of the three LEDs LD1 to LD3 changes, by clicking on
the button B1.

6. The software demonstration and the several software examples, that allow the user to
use the Nucleo features, are available at the www.st.com/stm32nucleo web page.

7. Develop an application, using the available examples.

3
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3

Hardware layout and configuration

The STM32H7 Nucleo-144 board is designed around the STM32H7 Series microcontrollers

in a 144-pin LQFP package.

Figure 3 shows the connections between the STM32H7 and its peripherals (STLINK-V3E,
push-buttons, LEDs, USB, Ethernet, ST Zio connectors, and ST morpho headers).

Figure 4 and Figure 5 show the location of these features on the STM32H7 Nucleo-144

board.

The mechanical dimensions of the board are shown in Figure 6 and Figure 7.

Figure 3. Hardware block diagram
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6.1 Nucleo-144 board layout

Figure 4. Nucleo-144 board top layout
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Figure 5. Nucleo-144 bottom layout
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Mechanical drawing

Figure 6. Nucleo-144 board mechanical drawing in millimeter
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Figure 7. Nucleo-144 board mechanical drawing in mil
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6.3

6.3.1

Note:

16/50

Embedded STLINK-V3E

There are two different ways to program or debug the on-board STM32H7 MCU:
e  Using the embedded STLINK-V3E
e Using an external debug tool connected to the CN5 MIPI-10 connector.

The STLINK-V3E programming and debugging tool is integrated into the STM32H7
Nucleo-144 board.

The STLINK-V3E makes the STM32H7 Nucleo-144 board Mbed enable.

The embedded STLINK-V3E supports only SWD and VCP for STM32H7 devices. For
information about debugging and programming features, refer to Overview of ST-LINK
derivatives, Technical note (TN1235), which describes in detail all the STLINK/V3 features.
Features supported on STLINK--V3E:
e 5V power supplied by USB connector (CN1)
e USB 2.0 high-speed-compatible interface
e JTAG/serial wire debugging (SWD) specific features:
— 3V to 3.6 V application voltage on the JTAG/SWD interface and 5V tolerant inputs
- JTAG
—  SWD and serial viewer (SWV) communication
e Direct firmware update feature (DFU) (CN2)
e STDC14 (MIPI10) compatible connector (CN5)
e  Status COM LED (LD4) which blinks during communication with the PC
e Fault red LED (LDB6) alerting on USB overcurrent request
e  5V/300 mA output power supply capability (U2) with current limitation and LED
e  Green LED ON: 5V enabled (LD5)

Drivers

Before connecting the Nucleo-144 board to a Windows® 7 or Windows® 8 PC via USB, a
driver for STLINK-V3E must be installed (not required for Windows® 10). The driver is
automatically installed by the toolset supporting ST-LINK. It is also available from the
www.st.com website.

In case the STM32H7 Nucleo-144 board is connected to the PC before installing the driver,
the PC device manager may report some Nucleo interfaces as “Unknown”.

To recover from this situation, after installing the dedicated driver, the association of
“Unknown” USB devices found on the STM32H7 Nucleo-144 board to this dedicated driver,
must be updated in the device manager manually.

It is recommended to proceed using a USB composite device, as shown in Figure 8.

3
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6.3.3
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Figure 8. USB composite device
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STLINK-V3E firmware upgrade

The STLINK-V3E embeds a firmware upgrade mechanism for an in-situ upgrade through
the USB port. As the firmware may evolve during the lifetime of the STLINK-V3E product
(for example new functionalities, bug fixes, support for new microcontroller families), it is
recommended to keep the STLINK-V3E firmware up to date before starting to use the
STM32H7 Nucleo-144 board. The latest version of this firmware is available from the

www.st.com website.

Using an external debug tool to program and debug the on-boards

STM32H7

There are two basic ways to support an external debug tool:

1.  Keep the embedded STLINK-V3E running.
Power on the STLINK-V3E at first until the COM LED lights RED. Then connect your
external debug tool through CN5 MIPI-10 debug connector.

2. Set the embedded STLINK-V3E in the high-impedance state:
When you state the jumper JP1 (STLK_RST) ON, the embedded STLINK-V3E is in
RESET state and all GPIOs are in high impedance, then you can connect your external
Debug tool on the debug connector CN5.

UM2407 Rev 2
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Figure 9. Connecting an external debug tool to program the on-board STM32H7

Power supply selection

STLINK-V3E USB connector ‘
JP1 STLK_RST ;

External debug tool

MSv61202V2

Table 5. MIPI-10 debug connector (CN5)

MIPI-10 | STDC14

Pin Pin CN5 Designation
- 1 NC Reserved
- 2 NC Reserved
1 3 T_VCC Target VCC
2 4 T_SWDIO Target SWDIO using SWD protocol or Target JTMS

(T_JTMS) using JTAG protocol

3 5 GND Ground

Target SWCLK using SWD protocol or Target JCLK (T_JCLK)

4 6 T_SWCLK using JTAG protocol

5 7 GND Ground

Target SWO using SWD protocol or Target JTDO (T_JTMS)

6 8 T_Swo using JTAG protocol
7 9 T JRCLK Not used by SWD protocol, Tgrget JRCLK (T_JRCLK) using
JTAG protocol, only for specific use
Not used by SWD protocol, Target JTDI (T_JTDI) using JTAG
8 10 T_JTDI
protocol, only for external tools
9 1 GNDDetect Gl\_lD detect for plug indicator, used on SWD and JTAG
neither
10 12 T_NRST Target NRST using SWD protocol or Target JTMS (T_JTMS)

using JTAG protocol

UM2407 Rev 2 ‘Yl
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Table 5. MIPI-10 debug connector (CN5) (continued)

MIPI-10 | STDC14

. i CN5 Designation
Pin Pin

Target RX used for VCP (must be UART dedicated to

) 13 T_VCP_RX bootloader)

) 14 T_VCP_TX Target TX used for VCP (must be UART dedicated to

bootloader)

Power supply

The power supply can be provided by five different sources:

e Ahost PC connected to CN1 through a USB cable (default setting)

e Anexternal 7V to 12 V power supply connected to CN8 pin 15 or CN11 pin 24
e Anexternal 5V power supply connected to CN11 pin 6

e Anexternal 5V USB charger (5V_USB_CHGR) connected to CN1

e Anexternal 3.3 V power supply (3V3) connected to CN8 pin 7 or CN11 pin 16

The power supply is provided either by the host PC through the USB cable or by an external
source: V|y (7 V to 12 V), E5V (5 V), or +3.3 V power supply pins on CN8 or CN11. In case
V|ns ESY, or +3.3 V is used to power the Nucleo-144 board, this power source must comply
with the standard EN-60950-1: 2006+A11/2009 and must be Safety Extra Low Voltage
(SELV) with limited power capability.

In case the power supply is +3.3 V, the STLINK-V3E is not powered and cannot be used.

Power supply input from STLINK-V3E USB connector (default setting)

The STM32H7 Nucleo-144 board and shield can be powered from the STLINK-V3E USB
connector CN1 (5 V), by placing a jumper between the pins 1-2 of JP2 ‘STLINK’ (Refer to
Figure 10).

This is the default setting.
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Figure 10. Power supply input from STLINK-V3E USB connector with PC (5 V, 500 mA max)
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If the USB enumeration succeeds, the 5V_ST_LINK power is enabled, by asserting the
PWR_ENn signal from STM32F7231EK6 ‘STLINK-V3E’ (U7). This pin is connected to a
power switch STMPS2151STR (U2), which powers the board. The power switch
STMPS2151STR (U2) features also a current limitation to protect the PC in case of short-

circuit onboard. If an overcurrent (more than 500 mA) happens onboard, the red LED LD6 is
lit.

Nucleo board and its shield on it can be powered from STLINK-V3E USB connector CN1,
but only the STLINK-V3E circuit gets power before USB enumeration because the host PC
only provides 100 mA to the board at that time.

During the USB enumeration, the Nucleo board asks for the 500 mA power to the host PC.

e If the host is able to provide the required power, the enumeration finishes by a
SetConfiguration command and then, the power switch STMPS2151STR is switched
ON, the Green LED LD5 is turned ON, thus Nucleo board and its shield on it can
consume 500 mA current, but no more.

e If the host is not able to provide the requested current, the enumeration fails.
Therefore, the STMPS2151STR power switch (U2) remains OFF and the MCU part
including the extension board is not powered. As a consequence, the GREEN LED
LD5 remains turned OFF. In this case, it is mandatory to use an external power supply.

Warning: In case the maximum current consumption of the
STM32H7 Nucleo-144 board and its shield boards exceed
300 mA, it is mandatory to power the STM32H7 Nucleo-144
board, using an external power supply connected to E5V, V|y
or +3.3 V.

6.4.2 External power supply input from VIN (7 V to 12 V, 800 mA max)

When STM32H7 Nucleo-144 board is power supplied by VIN (Refer to Table 6 and
Figure 11), the jumper configuration must be the following: Jumper JP2 on pin 3-4 ‘VIN’

20/50 UM2407 Rev 2 ‘7]
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The Nucleo-144 board and its shield boards can be powered in three different ways from an
external power supply, depending on the voltage used. The three power sources are
summarized in Table 6.

Table 6. External power sources: VIN (7 V to 12 V)

Inp::taz‘c;wer Connector pins | Voltage range | Max current Limitation
From 7 V to 12 V only and input current
) capability is linked to input voltage:
Vin Cll:gzm BN 27 V012 v 800 mA — 800 mA input current when V=7 V
P — 450 mA input current when 7 V<V |\<9 V
— 250 mA input current when 9 V<V <12 V
Figure 11. Power supply input from VIN (7 V to 12 V, 800 mA max)
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w
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(0] il
O u
O (eXe]
(o] AvDDp 0 O
MSv61204V2
Note: Refer to Section 6.4.6 about debugging when using an external power supply.
6.4.3 External power supply input 5V_EXT (5 V, 500 mA max)
When STM32H7 Nucleo-144 board is power supplied by EXT (Refer to Table 7 and
Figure 12), the jumper configuration must be the following: Jumper JP2 on pin 5-6 ‘EXT’
Table 7. External power sources: 5V_EXT
Input power name Connector pins Voltage range Max current
EXT CN11 pin 6 475V1t0525V 500 mA
Note: Refer to Section 6.4.6 about debugging when using an external power supply.
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Figure 12. Power supply input from 5V_EXT (5 V, 500 mA max)
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6.4.4 External power supply input from USB CHARGER (5 V)

When STM32H7 Nucleo-144 board is power supplied by a USB charger on CN1 (Refer to
Table 8 and Table 13), the jumper configuration must be the following: Jumper JP2 on

pin 7-8 ‘CHGR'.
Table 8. External power sources: CHGR (5 V)
Input power name Connector pins Voltage range Max current
CHGR CN1 5V -

Figure 13. Power supply input from STLINK-V3E USB connector with a USB charger (5 V)

USB CHARGER

MSv61206V2

6.4.5 External power supply input from 3V3_EXT (3.3 V)

When the 3.3 V is provided by a shield board, it is interesting to use the 3V3 (CN8 pin 7 or
CN11 pin 16) directly as power input (Refer to Table 9 and Figure 14). In this case,

programming and debugging features are not available, since the STLINK-V3E is not
powered.
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Table 9. External power sources: 3V3_EXT (3.3 V)

Input power name Connector pins Voltage range Max current
CN8 pin 7
3V3 3Vto36V 1.3A
CN11 pin 16 °

Figure 14. Power supply input from 3V3_EXT (3.3 V)
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6.4.6 Debugging while using VIN or EXT as an external power supply

When powered by VIN or EXT, it is still possible to use the STLINK-V3E for programming or
debugging only, but it is mandatory to power the board first using VIN or EXT, then to
connect the USB cable to the PC. In this way, the enumeration succeeds, thanks to the
external power source.

The following power-sequence procedure must be respected:

1. Connect jumper JP2 between pin 5 and pin 6 for EXT or between pin 3 and pin 4 for
VIN

Connect the external power source to VIN or EXT

Power on the external power supply 7 V< VIN <12 V to VIN, or 5 V for EXT
Check that the green LED LD5 is turned ON

5. Connect the PC to the USB connector CN1

Powbwn

If this order is not respected, the board may be powered by USB (U5V) first, then by VIN or
EXT as the following risks may be encountered:

1. If more than 300 mA current is needed by the board, the PC may be damaged or the
current supplied can be limited by the PC. As a consequence, the board is not powered
correctly.

2. 300 mA s requested at enumeration so there is a risk that the request is rejected and
the enumeration does not succeed if the PC cannot provide such current.
Consequently, the board is not power supplied (LED LD5 remains OFF).

3
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6.5

6.5.1

6.5.2

24/50

Clock sources

HSE clock (high-speed external clock)

There are four ways to configure the pins corresponding to the external high-speed clock

(HSE):

e MCO from STLINK-V3E (default): MCO output of ST-LINK is used as an input clock.
This frequency cannot be changed, it is fixed at 8 MHz and connected to the PFO/PHO-
OSC_IN of STM32H7 Series microcontroller. The configuration must be:

— SB44 and SB46 OFF
— SB450N
— SB3and SB4 OFF

e HSE on-board oscillator from X3 crystal (not provided): for typical frequencies and its
capacitors and resistors, refer to the STM32H7 Series microcontroller datasheet and to
the Oscillator design guide for STM8AF/AL/S and STM32 microcontrollers Application
note (AN2867) for the oscillator design guide. The X3 crystal has the following
characteristics: 25 MHz, 6 pF, 20 ppm. It is recommended to use
NX2016SA-25MHz-EXS00A-CS11321 manufactured by NDK. The configuration must
be:

— SB44 and SB46 OFF

— SB3and SB4 ON

— €69 and C70 soldered with 5.6 pF capacitors

— SB45OFF
Oscillator from external PFO/PHO: from an external oscillator through the pin 29 of the CN11
connector. The configuration must be:

— SB46 ON

— SB45OFF

— SB3 and SB4 OFF

. HSE not used: PFO/PHO and PF1/PH1 are used as GPIOs instead of clocks. The
configuration must be:

— SB44 and SB46 ON
— SB45OFF
— SB3and SB4 OFF

LSE clock (low-speed external clock) - 32.768 kHz

There are three ways to configure the pins corresponding to the low-speed clock (LSE):

e On-board oscillator (default): X2 crystal. Refer to the Oscillator design guide for
STM8AF/AL/S and STM32 microcontrollers Application note (AN2867) for oscillator
design guide for STM32H7 Series microcontrollers. It is recommended to use

3
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NX3215SA-32.768kHZ-EXS00A-MU00525 (32.768 kHz, 6 pf load capacitance,
20 ppm) from NDK. The configuration must be:

— SB40 and SB41 OFF
— RB38and R39 ON

e  Oscillator from external PC14: from external oscillator through the pin 25 of CN11
connector. The configuration must be:

— SB40 and SB41 ON
— R38and R39 OFF

e LSE not used: PC14 and PC15 are used as GPIOs instead of the low-speed clock.
The configuration must be:

— SB40 and SB41 ON
— RB38 and R39 OFF

6.6 Board functions

6.6.1 LEDs

User LD1: a green user LED is connected to the STM32H7 I/O PBO (SB39 ON and SB47
OFF) or PA5 (SB47 ON and SB39 OFF) corresponding to the ST Zio D13.

User LD2: a yellow user LED is connected to PE1.
User LD3: a red user LED is connected to PB14.
These user LEDs are on when the 1/O is HIGH value, and are off when the I/O is LOW.

LD4 COM: the tricolor LED LD4 (green, orange, red) provides information about ST-LINK
communication status. LD4 default color is red. LD4 turns to green to indicate that
communication is in progress between the PC and the STLINK-V3E, with the following
setup:

e  Slow blinking red/OFF at power-on before USB initialization

e  Fast blinking red/OFF after the first correct communication between PC and
STLINK-V3E (enumeration)

e Red LED ON when the initialization between the PC and STLINK-V3E is complete
e Green LED ON after a successful target communication initialization

e  Blinking red/green during communication with the target

e  Green ON communication finished and successful

e  Orange ON communication failure

LD5 PWR: the green LED indicates that the STM32H7 part is powered and +5 V power is
available on CN8 pin 9 and CN11 pin 18.

LD6 USB power fault: LD5 indicates that the board power consumption on USB exceeds
500 mA, consequently the user must power the board using an external power supply.

LD7 and LD8 USB FS: Refer to Section 6.6.6: USB OTG FS.

3
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6.6.2 Push-buttons

B1 USER (blue button): the user button is connected to the I/O PC13 by default (tamper
support: SB51 ON and SB58 OFF) or PAO (Wakeup support: SB58 ON and SB51 OFF) of
the STM32H7 Series microcontroller.

B2 RESET (black button): this push-button is connected to NRST and is used to reset the
STM32H7 Series microcontroller.

6.6.3 MCU voltage selection: 1V8/3V3

The STM32H7 Nucleo-144 board offers the possibility to supply the STM32H7 Series
microcontroller with 1.8 V or 3.3 V. JP5 is used to select the VDD _MCU power level.

e  Place the JP5 jumper on 3V3 to supply the MCU with 3V3, connecting pins 1 and 2.
e Place the JP5 jumper on 1V8 to supply the MCU with 1V8, connecting pins 2 and 3.

6.6.4 Current consumption measurement (IDD)

Jumper JP4, labeled IDD, is used to measure the STM32H7 Series microcontroller
consumption by removing the jumper and by connecting an ammeter:
e  JP4 must be ON when STM32H7 is powered with 3V3_VDD (default)

. If JP4 is OFF, an ammeter must be connected to measure the STM32H7 current. If
there is no ammeter, the STM32H7 is not powered.

Warning: on MB1364 REV.C, ‘VDD_MCU'’ is also supplying Ethernet
PHY (U15) and debug voltage translation (U1 and U10).

If needed, for low power measurement (for example standby mode), in order to measure

only MCU (U7) power consumption, the user must remove the following components: R4,
R43, R44, R45, R46, R47, R48, R49, R50, R51, R52, R53, R59, R61, U1, U10, U15, and
SB45.

After removing these components, it becomes impossible to use Ethernet, and 1.8 V debug
with STLINK-V3E.

6.6.5 Virtual COM port (VCP): LPUART/USART

The STM32H7 Nucleo-144 board offers the possibility to connect an LPUART or a USART
interface to the STLINK-V3E or to the ST morpho connectors and ARDUINO® Uno V3
connectors.

The selection is done by settings the related solder bridges. (Refer to Table 10 and Table 11
below).

By default the USART3 communication between the target STM32H7 and the STLINK-V3E
is enabled, to support the Virtual COM port for the Mbed (SB5 and SB6 ON).

3
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6.6.6

Note:

3

Table 10. USART3 connection

Pin . Virtual COM port .
Function . . ST morpho connection
name (default configuration)

PD8 USART3 TX SB5 ON and SB7 OFF SB5 OFF and SB7 ON

PD9 USART3 RX SB6 ON and SB4 OFF SB6 OFF and SB4 ON

Table 11. LPUART1 connection

Pin ®
Function Virtual COM port ARDUINO™ D0 and

ST morpho connection
name D1

SB9 ON SB8 ON
PB6 LPUART1 TX SBS and SB18 OFF | SB9 and SB18 OFF SB9 OFF and SB18 OFF

SB34 ON SB68 ON SB12 OFF and SB34

PB7 LPUART1 RX
SB12 and SB68 OFF |SB34 and SB66 OFF |OFF

Hardware connection required for USART bootloader:

The STM32H7x3 embeds a USART bootloader. To use the USART bootloader (USART1),
hardware modifications are required on the NUCLEO board. Flying wires have to be
connected between PD8/PD9 (USART3 available on SB19/SB12) and PB10/PB11
(USART1 available on CN15).

USB OTG FS

The STM32H7 Nucleo-144 board supports USB OTG FS communication via a USB Micro-
AB connector (CN13) and USB power switch (U18) connected to Vg s.

Warning: USB Micro-AB connector (CN13) cannot power the Nucleo-
144 board. To avoid damaging the STM32H?7, it is mandatory
to power the Nucleo-144 before connecting a USB cable on
CN13. Otherwise, there is a risk of current injection on
STM32H7 1/Os.

A green LED LDS8 lights in one of these cases:

e  Power switch (U12) is ON and STM32H7 Nucleo-144 board works as a USB host

e Vpysis powered by another USB host when the STM32H7 Nucleo-144 board works as
a USB device.

The red LED LD?7 lights if overcurrent occurs when +5 V is enabled on Vgyg in USB host
mode.

1.1t is recommended to power the Nucleo-144 board with an external power supply when
using USB OTG or host function.

2.SB76 must be ON when using USB OTG FS.
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6.6.7

Note:
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Table 12. USB pin configuration

Pin Configuration Configuration
Function when using USB when using ST Remark
name connector morpho connector
PA8 USB SOF - - Test point TP4
PA9 USB Vpys SB23 ON SB23 OFF -
PA10 |USBID SB24 ON SB24 OFF -
PA11 USB DM SB21 ON SB21 OFF -
PA12 |USB DP SB22 ON SB22 OFF -
PD10 |USB PWR EN SB77 ON SB77 OFF -
PG7 USB FSOVCR |SB76 ON SB76 OFF -

ESD protection part USBLC6-2SC6 is implemented on USB port because all USB pins on
STM32H7 are dedicated to USB port protection only on the STM32H7 Nucleo-144 board.
USB pin ID is not used.

Ethernet

The STM32H7 Nucleo-144 board supports 10M/100M Ethernet communication by a PHY
LAN8742A-CZ-TR (U15) and RJ45 connector (CN14). Ethernet PHY is connected to the
STM32H7 Series microcontroller via the RMII interface. 50 MHz clock for the STM32H7
Series microcontroller is generated by the PHY RMII_REF_CLK.

1.JP6 and SB72 must be ON when using Ethernet.

2.Ethernet PHY LAN8742A must be set in power-down mode (in this mode Ethernet PHY
ref clock turns off) to achieve the expected low-power mode current. This is done by
configuring Ethernet PHY LAN8742A basic control register (at address 0x00) bit 11 (power
down) to '"1'. SB57 can also be OFF to get the same effect.

Table 13. Ethernet pin configuration

Conflict with Configuration when
Pin Function ST Zio Confi.guration when using
name connector using Ethernet ST Zio or ST morpho
signal connector
PA1 (F;I'\g::'kRefere”"e - SB57 ON SB57 OFF
PA2 RMII MDIO - SB72 ON SB72 OFF
PC1 RMII MDC - SB64 ON SB64 OFF
PA7 RMII RX Data Valid |- SB31 ON SB31 OFF
PC4 |RMII RXDO - SB36 ON SB36 OFF
PC5 |RMII RXD1 - SB29 ON SB29 OFF
PG11 |RMII TX Enable - SB27 ON SB27 OFF
PG13 |RXII TXDO - SB30 ON SB30 OFF
PB13 |RMII TXD1 I12S_A CK JP6 ON JP6 OFF

3
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6.7

Solder bridges and jumpers

SBxx can be found on the top layer and SB1xx can be found on the bottom layer of the

Nucleo-144 board.

Table 14. Solder bridge and jumper configuration

Bridge state(!) Description
ON Peripheral power 3V3_PER is connected to 3V3.
SB1 (3V3_PER)
OFF Peripheral power 3V3_PER is not connected.
Output of voltage regulator STILO5CPU33R is connected to
ON
3V3.
SB2 (3V3)
OFF Output of voltage regulator ST1LO5CPU33R is not
connected.
Output of voltage regulator ST1ILO5BPUR is connected to
ON
SB80 (1V8_VDD) 1v8_vDD.
OFF Output of voltage regulator ST1LO5BPUR is not connected.
ON Input of voltage regulator ST1LO5BPUR is connected to
SB6 3V3_VDD.
OFF Input of voltage regulator ST1LO5BPUR is not connected.
PG9 and PG14 on ST-LINK STM32F723IEK6 are connected
ON to PD8 and PD9 to enable virtual COM port for Mbed support.
SB12, SB19 (ST-LINK- Thus PD8 and PD9 on the ST morpho connectors cannot be
USART) used.
OFF PG9 and PG14 on ST-LINK STM32F723IEKG6 are
disconnected to PD8 and PD9 on STM32H7.
OFF No incidence on ST-LINK STM32F723IEK6 NRST signal.
JP1STLINKRST) 1 0\ ST-LINK STM32F723IEKS signal is connected to GND
(ST-LINK reset to reduce power consumption).
SWO signal of the STM32H7 (PB3) is connected to ST-LINK
SB32 ON SWO input.
(SWO) (SB26 must be removed)
OFF SWO signal of STM32H7 is not connected.
ON Board RESET signal (NRST) is connected to ST-LINK reset
JP3 control /O (T_NRST).
(NRST) Board RESET signal (NRST) is not connected to ST-LINK
OFF
reset control /0 (T_NRST).
OFF, ON, IOREF is connected to VDD_MCU.
OFF
SB10, SB11, SB20 ON, OFF ,
; ’ IOREF is connected to 3V3_PER.
(IOREF) OFF ! -
SEF’ OFF, IOREF is connected to 3V3.

3
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Table 14. Solder bridge and jumper configuration (continued)

Bridge state(!) Description
ON These pins are connected to ST morpho connector CN12.
SB14 (SDMMC_DO0),
SB15 (SDMMC_D1) OFF These pins are disconnected from ST morpho connector
- CN12 to avoid stub of SDMMC data signals on PCB.
ON, OFF Green user LED LD1 is connected to PBO.
OFF ON Green user LED LD1 is connected to D13 of ARDUINO®
SB39, SB47 ’ signal (PAS).
(LD1-LED) -
OFF, OFF Green user LED LD1 is not connected.
ON, ON Forbidden
OFF. ON D11 (Pin 14 of CN7) is connected to STM32H7 PB5
SB33, SB35 ’ (SPI_A_MOSI/ TIM_D_PWM2)
(D11) ON. OFF D11 (Pin 14 of CN7) is connected to STM32H7 PA7
' (SPI_A_MOSI/ TIM_E_PWM1)
PC14, PC15 are not connected to ST morpho connector
OFF, OFF CN11.
SB40,SB41 (X2 used to generate 32 kHz clock).
(X2 crystal)
ON. ON PC14, PC15 are connected to ST morpho connector CN11.
’ (R38 and R39 must be removed).
PFO/PHO is not connected to ST morpho connector CN11
ON. OFF PF1/PH1 is connected to ST morpho connector CN11
’ (MCO is used as the main clock for STM32H7 on PFO/PHO —
SB45 ON).
SB44 (PF1/PH1) PF0/PHO, PF1/PH1 are not connected to ST morpho
SB46 (PFO/PHO) OFF. OFF connector CN11
(Main clock) ’ (X3, C69, C70, SB3, and SB4 provide a clock. In this case,
SB45 must be removed).
PFO0/PHO and PF1/PH1 are connected to ST morpho
ON, ON connector CN11.
(SB3, SB4, and SB45 must be removed).
ON MCO of ST-LINK (STM32F723IEK6) is connected to
SB45 PFO/PHO of STM32H7.
(STLK_MCO) OFF MCO of ST-LINK (STM32F723IEKS) is not connected to
PFO/PHO of STM32H7.
OFF, OFF PFO0/PHO and PF1/PH1 are not connected to external
SB3, SB4 25 MHz crystal X3.
(external 25M crystal) PFO/PHO and PF1/PH1 are connected to external 25 MHz
ON, ON
crystal X3.
SB52 ON Vgat pin of STM32H7 is connected to Vpp mcu-
(Vgar) OFF Vgar pin of STM32H?7 is not connected to Vpp mcu-
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Table 14. Solder bridge and jumper configuration (continued)

Bridge state(!) Description
ON, OFF B1 push-button is connected to PC13.
SB51, SB58 B1 push-button is connected to PAO (Set SB51 OFF if the ST
OFF, ON . .
(B1-USER) Zio connector is used).
OFF, OFF B1 push-button is not connected.
- ON PAO is connected to the ST Zio connector (Pin 29 of CN10).
(PAO) OFF PAO is not connected to the ST Zio connector (Pin 29 of
CN10).
RMII Signals These pins are used as RMII signals and connected to
SB57 (PA1), SB64 Ethernet PHY.
(PC1), ON (SB7 must be removed)
SB72 (PA2), SB36 These pins must not be used on the ST morpho or the ST Zio
(PC4), connectors.
SB29 (PC5), SB30 These pins can be used as GPIOs on the ST morpho
(PG13), SB27 (PG11), OFF connectors.
SB31 (PA7), JP6 PB13 can be used as 12S_A_CK on ST Zio (Pin 5 of CN7) if
(PB13) not used on the ST morpho.

SB74 (Ethernet nRST) | ON NRST of STM32H7 is connected to Ethernet PHY (U15).
RMII Signal OFF NRST of STM32H7 is not connected to Ethernet PHY (U15).
ON USB overcurrent alarm is connected.

SB76 (PG7) OFF USB overcurrent alarm is not connected. PG7 is used as
GPIO on the ST morpho connector (CN12).
ON PD10 is connected to Enable for Power switch (U18) to
SB77 (PD10) control Vgys.
OFF PD10 is used as GPIO on the ST morpho connector (CN12).
ON PA9 is connected to USB Vpys.
SB23 (PA9) OFF PA9 is not connected to USB Vg s.
PA9 is used as GPIO on the ST morpho connector (CN12).
ON PA10 is connected to USB ID.
SB24 (PA10) OFF PA10 is not connected to USB ID.
PA10 is used as GPIO on the ST morpho connector (CN12).
ON These pins are used as D- and D+ on USB connector CN13.
SB21 (PA11), SB22 (SB16 and SB17 must be OFF).
(PA12) OFF These pins are used as GPIOs on the ST morpho
connectors.
SB13 ON VDD33 USB_ 1 is connected to 3V3_VDD.
OFF VDD33_USB_1 is not supplied.
- ON VDD_MMC_1 is connected to VDD_MCU.
OFF VDD_MMC_1 is not supplied.
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Table 14. Solder bridge and jumper configuration (continued)

Bridge state(!) Description
ON PG6 is connected to QSPI_CS (SB61 must be OFF).
SB59 (PGB6)
OFF PG6 is used as GPIO on the ST morpho connector (CN12).
ON PB2 is connected to QSPI_CLK. (SB69 must be OFF)
SB63 (PB2) PB2 is not connected to QSPI_CLK and can be used as
OFF COMP1_INP (SB69 ON) or used as GPIO on the ST morpho
connector CN12. (SB69 OFF)
SB71, SB73 ON, OFF PEG6 is connected to SAI_A_SD (D59 of CN9)
(PES) OFF, ON PES is connected to TIMER_A_BKIN2 (D38 of CN10)
ON PE2 is connected to SAI_A_MCLK (D56 of CN9).
SB67 (PE2) QSPI_BK1_IO2 cannot be used (D31 of CN10).
OFF PE2 is used as QSPI_BK1_lO02 (D31 of CN10).
ON ADC_IN are connected to A4 and A5 (pin 9 and 11) on the ST
SB53 (PC2) and Zio connector CN9. Thus SB55 and SB62 must be OFF
SB60 (PF10) OFF ADC_IN are connected to A4 and A5 (pin 9 and 11) on the ST

Zio connector CN9. Thus SB55 and SB62 can be ON (I2C)

On NUCLEO-H723ZG, NUCLEO-H743ZI2, and NUCLEO-
SB65 (PF11) OFF H753ZI, PF11 is used only as GPIO on the ST morpho
connector (CN12) and must not be used as ADC_IN.

PB9 and PB8 (12C) are connected to A4 and A5 (pin 9 and

12C ON 11) on the ST Zio connector CN9. Thus SB60 and SB53 must
SB55 (PB9) and SB62 be OFF
(PB8) OFE PB9 and PB8 (12C) are not connected to A4 and A5 (pin 9

and 11) on the ST Zio connector CN9.

PE9 is used as TIMER_A_PWM1 (Pin 4) on the ST Zio
connector CN10.

PE9 is used as COMP2_INP (Pin 15) on the ST Zio
connector CN9.

ON, OFF
SB28 and SB70 (PE9)

OFF, ON

ADC_IN is connected to A6 (pin 7) on the ST Zio connector
OFF, ON CN10.
PF12 must not be used as ADC_IN (SB37 must be OFF)

ADC_IN is connected to A7 (pin 9) on the ST Zio connector
ON, OFF CN10.
PF13 must not be used as ADC_IN (SB49 must be OFF)

ADC_IN is connected to A8 (pin 11) on the ST Zio connector
OFF, ON CN10.

SB37 (PF12) and
SB38 (PF4)

SB48 (PF5) and SB49
(PF13)

SB50 (PF14) and

SB54 (PF6
( ) PF14 must not be used as ADC_IN (SB50 must be OFF)
NUCLEO-H723ZG, NUCLEO-H743Z12, and NUCLEO-
OFF H753ZI support 1V8 and 3V3 for VDD_MCU. Thus U10 level
SB5 shifter is needed and SB5 must be OFF.
ON If the MCU is supplied with 3V3, U10 can be by-passed and

SB5 can be ON.

1. The default SBx state is shown in bold.
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All the other solder bridges present on the STM32H7 Nucleo-144 board are used to
configure several 1/0Os and power supply pins for compatibility of features and pinout with
the target STM32H7 supported.

The STM32H7 Nucleo-144 board is delivered with the solder bridges configured, according
to the target STM32H7 supported.

3
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7 Board connectors

Several connectors are implemented on the STM32H7 Nucleo-144 board.

71 STLINK-V3 USB Micro-B connector CN1

The USB Micro-B connector CN1 is used to connect embedded STLINK-V3E to the PC for
programming and debugging purposes.

Figure 15. USB Micro-B connector CN1 (front view)
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The related pinout for the USB STLINK-V3E connector is listed in Table 15.

Table 15. USB Micro-B connector pinout

Connector nuii?)er Pin name Signal name ;Lblslﬁ Function
1 VBUS 5V_USB_CHGR - 5V power
2 DM USB_DEV_HS_CN_N |PB14 USB differential pair N
CN1 3 DP USB_DEV_HS CN_P |PB15 USB differential pair P
4 ID - - -
5 GND - - GND
34/50 UM2407 Rev 2 m
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7.2 USB OTG FS connector CN13

An USB OTG Full Speed communication link is available at USB Micro-AB receptacle
connector CN13. Micro-AB receptacle enables USB Host and USB Devices features.

Figure 16. USB OTG FS Micro-AB connector CN13 (front view)

[l Ll

The related pinout for the USB OTG FS connector is listed in Table 16.

Table 16. USB OTG FS Micro-AB connector pinout

Connector nut:'l])er Pin name Signal name MCU pin Function
1 VBUS USB_FS_VBUS PA9 5V power
2 DM USB_FS N PA11 USB differential pair M
CN13 3 DP USB_FS_P PA12 USB differential pair P
4 ID USB_FS_ID PA10 -
5 GND - - GND

7.3 Ethernet RJ45 connector CN14

The STM32H7 Nucleo-144 board supports 10Mbps/100Mbps Ethernet communication with
the U15 LAN8742A-CZ-TR PHY from MICROCHIP and CN14 integrated RJ45 connector.
The Ethernet PHY is connected to the MCU via the RMII interface.

The 25 MHz clock for the PHY is generated by oscillator X4. The 50 MHz clock for the MCU
(derived from the 25 MHz crystal oscillator) is provided by the RMII_REF_CLK of the PHY.

3
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Figure 17. Ethernet RJ45 connector CN14 (front view)
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1. Green LED: Ethernet traffic
2. Amber LED: Ethernet connection

The related pinout for the Ethernet connector is listed in Table 17.

Table 17. Ethernet connector pinout

Pin i . Pin i .

Connector number Description MCU pin number Description MCU pin

1 TX+ - 7 NC

2 TX- - 8 NC

3 RX+ - 9 K, yellow LED
CN14

4 NC - 10 A, yellow LED

5 NC - 1 K, green LED

6 RX- - 12 A, green LED

UM2407 Rev 2
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Extension connectors

ST Zio connectors

For all STM32H7 Nucleo-144 boards, the following figure shows the signals connected by
default to the ST Zio connectors (CN7, CN8, CN9, CN10), including the support for
ARDUINO® Uno V3.

Figure 18. NUCLEOH7 Nucleo-144 board

NUCLEO-H

723Z2G

NUCLEO-H743Z12
NUCLEO-H753ZI

NC D43 PC8
|IOREF D44 PC9
NRST D45 PC10
3v3 D46 PC11
5V D47 PC12
GND D48 PD2
GND D49 PG2
VIN D50 PG3
PA3 D51 PD7
PCo D52 PD6
PC3 D53 PD5
PB1 D54 PD4
PC2 D55 PD3
PF10 GND GND
PB2 D56 PE2
PE9 D57 PE4
PF2 D58 PE5
PF1 D59 PE6
PFO D60 PE3
GND D61 PF8
PDO D62 PF7
PD1 D63 PF9
PGO D64 PG1
usB
oTG

. Arduino subset of Zio =

. Zio extension =

PC6
PB15
PB13
PB12
PA15

PC7

PB5

PB3

PA4

PB4

VDDA
AGND
GND
PF4
PF5
PF6
PG6
PB2
GND
PD13
PD12
PD11
PE2
GND
PAO
PBO
PEO

UsB
ST-LINK

ETHERNET

A0 to A5 and DO to D15

A6 to A8 and D16 to D72

PB8
PBS
VREFP
GND
PAS
PA6
PBS
PD14
PD15
PF3

PG12
PE9
PE11
PE14
BEIS
PG14
PB6
PB7
PE8
PE7
GND
PE10
PE12
PE6
[FES
PB10
PB11

MSv62196V2

CN7, CN8, CN9, and CN10 are female on top side and male on bottom side connectors.
They include support for ARDUINO® Uno V3. Most shields designed for ARDUINO® Uno
V3 can fit the STM32H7 Nucleo-144 board.

To cope with ARDUINO® Uno V3, apply the following modifications:

SB55 and SB62 must be ON

SB53/60/65 must be OFF to connect 1°C on A4 (pin 9) and A5 (pin 11 of CN9).

UM2407 Rev 2
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Caution:1 The I/Os of STM32H7 Series microcontroller are 3.3 V compatible instead of 5 V for
ARDUINO® Uno V3.

Caution:2 R37 must be removed before implementing ARDUINO® shield with Vggg. power being
provided on CN7 pin 6. Refer to Table 14: Solder bridge and jumper configuration for details
on R37.
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NUCLEO-H723ZG, NUCLEO-H743Z212, and NUCLEO-H7532I pin assignments

Table 18. CN7 ZIO connector pinout“)

Pin Pin Signal name STM_32H7 MCL.J Pin Pin name Signal name STM32H7 pin | MCU Function
name pin Function

1 D16 12S_A MCK PC6 128 _2 2 D15 I2C_A_SCL PB8 I2C_1_SCL
3 D17 I12S_A_SD PB15 12S_2 4 D14 I2C_A_SDA PB9 I2C_1_SDA
5 D18 12S_A CK PB13() 12S 2 6 VREFP VREFP - VDDA/VREFP
7 D19 12S_A WS PB12 12S_2 8 GND GND - -
9 D20 12S_B_WS PA15 128 _3 10 D13 SPI_A_SCK PA5 SPIM1_SCK
1" D21 12S_B_MCK PC7 128 _3 12 D12 SPI_A_MISO PAG SPI1_MISO
I G I e i o e L
o fos BEE e [ES e oo [mAGn,  |ew S
17 D24 SPI_B_NSS PA4 SPI3 18 D9 TIM_B_PWM2 PD15 TIM4_CH4
19 D25 SPI_B_MISO PB4 SPI3 20 D8 I/0 PF3 -

12S_A must be used.

For more details, refer to Table 14: Solder bridge and jumper configuration.

PB13 is used as 12S_A_CK and connected to CN7 pin 5. If JP6 is ON, it is also connected to Ethernet PHY as RMII_TXD1. In this case, only one function of the Ethernet or

3. PA7is used as D11 and connected to CN7 pin 14. If SB31 is ON, it is also connected to both Ethernet PHY as RMII_CRS_DV. In this case, only one function of the Ethernet
or D11 must be used.
Table 19. CN8 ZIO connector pinout
Pin | Pin name Signal name ST“:)I?:H7 MCU Function Pin Pin name Signal name STI\:?:H7 MCU Function
1 NC NC - - 2 D43 SDMMC_DO0 PC8 SDMMC
SDMMC_D1 SDMMC
3 IOREF IOREF - 3.3V Ref 4 D44 12S_A_CKIN PC9 12S_CKIN

5 NRST NRST NRST RESET 6 D45 SDMMC_D2 PC10 SDMMC

LOVZINN
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Table 19. CN8 ZIO connector pinout (continued)

Pin | Pin name Signal name ST“:)I?:H7 MCU Function Pin Pin name Signal name STI\:?:H7 MCU Function
7 3v3 3Vv3 - 3.3 Vinput/output |8 D46 SDMMC_D3 PC11 SDMMC
9 5V 5V - 5V output 10 D47 SDMMC_CK PC12 SDMMC
1" GND GND - ground 12 D48 SDMMC_CMD PD2 SDMMC
13 GND GND - ground 14 D49 110 PG2 -

15 VIN VIN - Power input 16 D50 I/0 PG3 -
Table 20. CN9 ZIO connector pinout

Pin | Pin name Signal name STI\:?:H7 MCU Function Pin Pin name Signal name STI\:?:H7 MCU Function
1 A0 ADC PA3 ADC12_INP15 2 D51 USART_B_SCLK PD7 USART_2
3 A1 ADC PCO ADC123_INP10 4 D52 USART_B_RX PD6 USART_2
5 A2 ADC PC3 ADC12_INP13 6 D53 USART_B_TX PD5 USART_2
7 A3 ADC PB1 ADC12_INP5 8 D54 USART_B_RTS PD4 USART_2

PC2/ ADC123_INP12/
9 A4 ADC PBY 12C1_SDA 10 D55 USART_B_CTS PD3 USART_2
ADC3_INP6/

1" A5 ADC PF10/ PB8 12C1_SCL 12 GND GND - -

13 D72 COMP1_INP PB2 COMP1_INP 14 D56 SAI_A_MCLK pe2(") SAI_1_A
15 D71 COMP2_INP PEO COMP2_INP 16 D57 SAI_A_FS PE4 SAI_1_A
17 D70 12C_B_SMBA PF2 12C2 18 D58 SAI_A_SCK PES5 SAI_1_A
19 D69 12C_B_SCL PF1 12C2 20 D59 SAI_A_SD PE6 SAI_1_A
21 D68 12C_B_SDA PFO 12C2 22 D60 SAl_B_SD PE3 SAI_1_B
23 GND GND - - 24 D61 SAI_B_SCK PF8 SAI_1_B
25 D67 CAN_RX PDO CAN_1 26 D62 SAl_B_MCLK PF7 SAI_1_B

SJ103}29UU09 UoIsualXx3y
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Table 20. CN9 ZIO connector pinout (continued)

Pin | Pin name Signal name STI\:?:H7 MCU Function Pin Pin name Signal name STI\:?:H7 MCU Function
27 D66 CAN_TX PD1 CAN_1 28 D63 SAI_B_FS PF9 SAI_1_B
29 D65 Ie} PGO - 30 D64 110 PG1 -

1. PE2 is connected to both CN9 pin 14 (SAI_A_MCLK) and CN10 pin 25 (QSPI_BK1_102). Only one function must be used at one time.
Table 21. CN10 ZIO connector pinout

Pin Pin name Signal name STI\S?:H? MCU Function | Pin |Pin name Signal name ST'\:?:H7 MCU Function
1 AVDD VDDA - Analog VDD 2 D7 I/0 PG12 I/0
3 AGND AGND - Analog GND 4 D6 TIMER_A_PWM1 PE9 TIM1_CH1
5 GND GND - GND 6 D5 TIMER_A_PWM2 PE11 TIM1_CH2
7 A6 ADC_A_IN PF4 ADC3_INP9 8 D4 I/0 PE14 I/0
9 A7 ADC_B_IN PF5 ADC3_INP4 10 D3 TIMER_A_PWM3 PE13 TIM1_CH3
1" A8 ADC_C_IN PF6 ADC3_INP8 12 D2 I/0 PG14 I/0
13 D26 QSPI_CS PG6 QSPI1_NCS 14 D1 USART_A_TX PB6 LPUART1
15 D27 QSPI_CLK PB2 QSPI1_CLK 16 DO USART_A_RX PB7 LPUART1
17 GND GND - GND 18 D42 TIMER_A_PWM1N PES8 TIM1_CH1N
19 D28 QSPI_BK1_l03 PD13 QSPI1_IO 20 D41 TIMER_A_ETR PE7 TIM1_ETR
21 D29 QSPI_BK1_l0O1 PD12 QSPI1_IO 22 GND GND - GND
23 D30 QSPI_BK1_l00 PD11 QSPI1_IO 24 D40 TIMER_A_PWM2N PE10 TIM1_CH2N
25 D31 QSPI_BK1_102 PE2(") QSPI1_IO 26 D39 TIMER_A_PWM3N PE12 TIM1_CH3N
27 GND - - - 28 D38 TIMER_A_BKIN2 PE6 TIM1_BKIN2
29 D32 TIM_C_PWM1 PAO TIM2_CH1 30 D37 TIMER_A_BKIN1 PE15 TIM1_BKIN1
31 D33 TIM_D_PWM1 PBO TIM3_CH3 32 D36 TIMER_C_PWM2 PB10 TIM2_CH3
33 D34 TIM_B_ETR PEO TIM4_ETR 34 D35 TIMER_C_PWMS3 PB11 TIM2_CH4
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8.2

ST morpho connector

The ST morpho connector consists of male pin header footprints CN11 and CN12 (not
soldered by default). They are used to connect the STM32H7 Nucleo-144 board to an
extension board or a prototype/wrapping board placed on top of the STM32H7 Nucleo-144
board. All signals and power pins of the STM32H7 are available on the ST morpho
connector. This connector can also be probed by an oscilloscope, logical analyzer, or

voltmeter.

Table 22 shows the pin assignments of each STM32H7 on the ST morpho connector.

Table 22. ST morpho connector pin assignment

CN11 odd pins

CN11 even pins

CN12 odd pins

CN12 even pins

Pin nbr Pin name Pin nbr Pin name Pin nbr| Pinname |Pin nbr Pin name
1 PC10 2 PC11 1 PC9 2 PC8

3 PC12 4 PD2 3 PB8 4 PC6

5 3V3_VDD 6 5V_EXT 5 PB9 6 PC5

7 BooTo(") 8 GND 7 VREFP 8 5V_USB_STLK®
9 PF6 10 NC 9 GND 10 PD8

1 PF7 12 IOREF 1 PA5 12 PA12

13 PA13() 14 NRST 13 PA6 14 PA11

15 PA14(3) 16 3v3 15 PA7 16 PB12

17 PA15 18 5V 17 PB6 18 PB11

19 GND 20 GND 19 PC7 20 GND

21 PB7 22 GND 21 PA9 22 PB2

23 PC13 24 VIN 23 PA8 24 PB1

25 PC14 26 NC 25 PB10 26 PB15

27 PC15 28 PAO 27 PB4 28 PB14

29 PHO 30 PA1 29 PB5 30 PB13

31 PH1 32 PA4 31 PB3 32 AGND

33 VBAT 34 PBO 33 PA10 34 PC4

35 PC2 36 PC1 35 PA2 36 PF5

37 PC3 38 PCO 37 PA3 38 PF4

39 PD4 40 PD3 39 GND 40 PES

41 PD5 42 PG2 41 PD13 42 PF10

43 PD6 44 PG3 43 PD12 44 PE7

45 PD7 46 PE2 45 PD11 46 PD14

47 PE3 48 PE4 47 PE10 48 PD15

49 GND 50 PE5 49 PE12 50 PF14

51 PF1 52 PF2 51 PE14 52 PE9
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Table 22. ST morpho connector pin assignment (continued)

CN11 odd pins CN11 even pins CN12 odd pins CN12 even pins

Pin nbr Pin name Pin nbr| Pin name Pin nbr| Pinname |Pin nbr Pin name
53 PFO 54 PF8 53 PE15 54 GND

55 PD1 56 PF9 55 PE13 56 PE11

57 PDO 58 PG1 57 PF13 58 PF3

59 PGO 60 GND 59 PF12 60 PF15

61 PE1 62 PE6 61 PG14 62 PF11

63 PG9 64 PG15 63 GND 64 PEO

65 PG12 66 PG10 65 PD10 66 PG8

67 NC 68 PG13 67 PG7 68 PG5

69 PD9 70 PG11 69 PG4 70 PG6

The default state of BOOTO is 0.

rising on the board.

3. PA13 and PA14 are shared with SWD signals connected to STLINK-V3. It is not recommended to use them as I/O pins.

3

It can be set to 1 when a jumper is plugged on the pins 5-7 of CN11.
2. 5V_USB_STLK s the 5 V power coming from the ST-LINKV3 USB connector that rises before and it rises before the +5 V
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9.2
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Nucleo-144 boards information

Product marking

The sticker located on the top or bottom side of the PCB board shows the information about
product identification such as board reference, revision, and serial number.

The first identification line has the following format: “MBxxxx-Variant-yzz”, where “MBxxxx”
is the board reference, “Variant” (optional) identifies the mounting variant when several
exist, "y" is the PCB revision and "zz" is the assembly revision: for example B0O1.

The second identification line is the board serial number used for traceability.

Evaluation tools marked as “ES” or “E” are not yet qualified and therefore not ready to be
used as reference design or in production. Any consequences deriving from such usage will
not be at ST charge. In no event, ST will be liable for any customer usage of these
engineering sample tools as reference design or in production.

“E” or “ES” marking examples of location:

e On the target STM32 that is soldered on the board (for illustration of STM32 marking,
refer to the STM32 datasheet “Package information” paragraph at the www.st.com
website).

e Next to the evaluation tool ordering part number that is stuck or silk-screen printed on
the board.

These boards feature a specific STM32H7 device version that allows the operation of any
stack or library. This STM32H7 device shows a ‘U’ marking option at the end of the standard
part number and is not available for sales.

The board reference for the STM32H7 Nucleo-144 boards is MB1364.

Board revision history

Revision C-01

The revision C-01 of the NUCLEO-H743ZI2 and NUCLEO-H753Zl is the initially released
version.

Revision E-01

The revision E-01 of the NUCLEO-H743Z12 and NUCLEO-H753ZI removes the limitations
of the revision C-01.

The revision E-01 of the NUCLEO-H723ZG is the initially released version.

3
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9.3 Known limitations

Revision C-01

The IDD measurement of the STM32H7x3 MCU cannot be done in standby mode because
of ETH PHY U15 and the pull-up resistors (R40/R43/R46/R47/R48) supplied by VDD_MCU.

Revision E-01

The IDD measurement of the STM32H7x3 MCU can be measured in standby mode. The
ETH PHY is powered from VDD and is separated from VDD_MCU.

The silkscreen has been corrected on the morpho connectors.
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Federal Communications Commission (FCC) and ISED Canada (IC) Compliance Statements

Appendix A Federal Communications Commission (FCC)

AA1

Note:

A.2
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and ISED Canada (IC) Compliance Statements

FCC Compliance Statement

Part 15.19

This device complies with Part 15 of the FCC Rules. Operation is subject to the following
two conditions: (1) this device may not cause harmful interference, and (2) this device must
accept any interference received, including interference that may cause undesired
operation.

Part 15.21

Any changes or modifications to this equipment not expressly approved by
STMicroelectronics may cause harmful interference and void the user's authority to operate
this equipment.

Part 15.105

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates uses and can radiate radio frequency energy and, if not installed and
used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or television
reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

e Reorient or relocate the receiving antenna.
¢ Increase the separation between the equipment and the receiver.

e  Connect the equipment into an outlet on a circuit different from that to which the receiver
is connected.

e  Consult the dealer or an experienced radio/TV technician for help.

Use only shielded cables.

Responsible party (in the USA)

Terry Blanchard

Americas Region Legal | Group Vice President and Regional Legal Counsel, The Americas
STMicroelectronics, Inc.

750 Canyon Drive | Suite 300 | Coppell, Texas 75019

USA

Telephone: +1 972-466-7845

ISED Compliance Statement

Compliance Statement
ISED Canada ICES-003 Compliance Label: CAN ICES-3 (B) / NMB-3 (B).

3

UM2407 Rev 2




UM2407 Federal Communications Commission (FCC) and ISED Canada (IC) Compliance State-

Déclaration de conformité
Etiquette de conformité a la NMB-003 d'ISDE Canada: CAN ICES-3 (B) / NMB-3 (B).

3
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Appendix B CE conformity

B.1 Warning

EN 55032 / CISPR32 (2012) Class B product

Warning: this device is compliant with Class B of EN55032 / CISPR32. In a residential
environment, this equipment may cause radio interference.

Avertissement : cet équipement est conforme a la Classe B de la EN55032 / CISPR 32.
Dans un environnement résidentiel, cet équipement peut créer des interférences radio.

Warning: This device is compliant with Class B of CISPR32. In a residential environment,
this equipment may cause radio interference.

Avertissement : cet équipement est conforme a la Classe B de la EN55032 / CISPR 32.
Dans un environnement résidentiel, cet équipement peut créer des interférences radio.
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Table 23. Document revision history

Date Revision Changes
14-Mar-2019 1 Initial version
Added:
— NUCLEO-H723ZG board
— Section 9 including Board revision history and Known
11-Jun-2020 2 limitations

Updated:
— Section 6.3 switch to STLINK-V3E
— Figure 1 to Figure 5, and Figure 9 to Figure 14
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other
product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2020 STMicroelectronics — All rights reserved
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