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Evyopiotiec:

e autd 10 onueio Oa MBera va evyoploTNo®:

. [Mpota v yuvaike pov 'ewpyio kot ta wodd pov dvvn kot XtéMo mov
£Kovay TOG0 Kapd VITOUOVT] Y10 VO OAOKANPOG® T0 Metamtuylakd avto.

. Tovg yoveic pLov mov pe PEYIAMGAVE Kol PLe GTOVONGHV KOl OV 0DGAVE OA TO
Qoo Y10 VoL Yive 6moTdg avOpmmog.

. O)o 1o Tpocwmkd g XxoAng Epapuoocuévov Emoetudv tov TEI Kprjtng vov
EAMnviké Mecoyeloxd Tlovemotio mov Hov OMCGOVE HE TIC XTOVOEG MOV GTO
[Tpomruytaxd Kdxkho Erovdmv ta pddia va tereimwon to Tunpa HAektpovikng.

. Tov glonynm pov Ap. Avtovn Kevotavtdpa mov pov €dwoe v gvkoipio va
EUTAOVTIOM TIG YVAOOELS OV VD oto avtikeipevo g [oT Teyvoloyiag.

. Kot 610 1€h0¢ TOV pévTopa Kot cuvepydtn pov 'edpylro Atoddakn yia Tig TOAAES
Kol TOAD®PES GLENTNGELS oL KAvoe Tavm og Bépata diktvwv H/Y ko IoT.




Abstract:

In this Thesis we are dealing with the Objective for another possibility to deliver the per scripted
medication to the patient by using loT Technology.

The terminology IoT Technology is in the present day a way to make things easier and better.
It has penetrated in all possible dimensions and ways into everyday work and flows.

One of these innovations is an autonomous vehicle following a designated route using the
following the Line Algorithm and Technology. This automation seems to be used also in other
possible ways.

Our difference is that we use the same implementation supervised by a microcomputer
Raspberry PI for the specific and special deliverance of Medication on an autonomous vehicle
following a designated route. The implementation of this system consisted of a wireless
network, devices and sensors which have been deployed in a way to fulfill the requirements.
The program in this network is achieved by using Python as a programming language.

The purpose of this network is supervising the autonomous vehicle, input of the different
deliverance variables (which medication box port applies to which patient) designed from
Scratch.

We call this Project MEDIBERRY. Automatic Medication Dispenser using Raspberry Pi.




2ovoyn:

Xe avtn Vv gpyacio Oa acyoAnBovue pe 6tOXO TV SLVATOTNTO TAPAOOCNG PUPUAK®OV CE
acBeveic ypnowonowwvtog v texvoroyia [oT.

H teyvoloyia [oT eivon onuepa €vag TpOTOG Y10 VO SIEVKOAVVOLUE KOl VO BEATIOGOVLE TO
npdyunata. ‘Exel d1e10000el oe OAeG TIG dLVOTEG TTLYXEG KO OGTACELS KOl TPOTOVG TNG
KON UEPIVOTNTOG GTOV EPYOCIOKO KO IOIOTIKO YDPO Kot OxL LoVO.

Mio and avtéc TIc Kovotopieg eival n xpnon €vog avTOVOLOL OXLOTOG 0KOAOVODVTOG ol
TpokaBopIGIEVT S100POUN XPNCILOTOLOVTAS TOV AAYOPIO0 TapakoAoHON oG YPaUUS. AvTth
N OVTOHOTOTOINCT QUiveTal Vo YPNOILOTOoLEiTOl Kot pe GAAOLG TBavoLg TPOTOVG Kot
oLVOVOCHOVG,.

H Swgpopd pag etvar 011 ypnoomolodpie v 10100 €Qoppoyn mov eAéyyeton omd Evav
pikpobvmoroyiot Raspberry PI ywo thv €101k mopddoon Qopudkmy Tave 6e auTOVOURO OYMUa
akohovBmvtag poe mpokabopiopévn owodpoun. H epapuoyn avtod 1OV  GLGTHUATOC
TEPAAUPAVEL EVa ACVPUOTO OTKTVO, SAPOPEG GLOKEVES Ko oGO TNPEG TOL AAANAOETIOPOVV
KOTE TPOTO TOL VO IKAVOTOLEL TIG OTTOLTIOELS LLOG.

O mpoypoppatTiopdg o€ avTtd TO OIKTLO EMTVYYAVETOL HE TN YXPNON NG YADCGOG
npoypoppotiopov Python.

O okomdg avtov ToL SIKTVOL elval M eMIPAEYN TOL OVTOVOLOL OYNUOTOSG, M EICAYOYN TMOV
SLPOPETIKMOV HETAPANTOV amerlevBépmonc (Tng avticToyng Bupidag eoprak®y Tov 16YVEL Yo
ToV 060V Kot TOL GYESIAGTNKE A0 TO UNOEV).

V T0T i T 0 To T 1KG
Ovoualovug avto to Project MEDIBERRY mpogpyousvo amd To apyika

Avtopatog Avwavopsag @appaxmv pe ypnon Raspberry Pi.
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1.1 Iepidnyn

Nuepo, to Internet of Things mdver éva OA0 Kot PEYOADTEPO KOUWUATL GTNV OyOpd TOV
TEYVOAOYLDV KOODG TPocpEPEL ADGELS Ko evKOMa otnv kafnuepvotnta evog avOpmmov. 'Eva
amAd 0lKkTLO aeONTP®V pIopel va TPOGPEPEL AVGELS Ad TNV L0 ATAOVCTEPT ). ocOnTpla
Yo TV Tapoakolovdnon g Beppokpaciog o SOUATIO PEXPL KOl TNV 7O GOVOETN VTG, TNG
OTOLLOKPVGUEVIC TOPOKOAOVONONG oG LOVASOS TT.). VOGS pouUTdT o€ GAAO TAaviTn. EmmAéov,
ue ta Smartphones vo anotehobv mAéov avandonacto Koupdtt thg (ong pog 1 dayeipton Kot
N TapakoAoHON o™ TETOIWV GLOTNUATOV £XEL YiVEL TO €VKOAN KOl TPOCITH OO TOTE KOl GLV
TOWG OAANG LOG EMTPEMEL TV TOPOUETPOTOINCT Kol TOPEUPACT] OTOONTOTE CTIYUN KOl OV
XPEWLOTEL

O1 owwokoi avtopaticpoi sivat éva dAlo medio epapuroyne tov Internet of Things mov avrket
OTNV KOTNYOPiol TOV EQUPUOYDV YO0 KOTOVOA®MTEG Kot €lval cuvexdg oe e£EMEN pe VEECS
TAUTQOPLES, TEXVOAOYieC Kau Hardware va Byaivouv kéBe t660. Evog okiokdg ovtopaticpog
Umopel va TpoopEpeL otkovopio KabBmS Kavel TV mapakoAovOnomn 6e KatavaAmon eVEPYELNG
7O EVKOAT a0 TOTE, TPOCSPEPEL AGPAAELD LE TNV EYKATACTAON £VOC OIKTVOV olsONTpOV Kot
KApEPES KAl TNV OKOUN €VKOAOTEPT €&’ AMOGTACEWMS daXElPIon OA®V TV J10CVLVIEIEUEVDV
EELTVOV OIKIOKAOV GUOKEVMV.

H vAomoinon mpooeépel emiong vELNG AVTORATICUOVS KOOMDS GTNV ALY TN KATAGTAONG
KATOI®WV  OVTIKEWWEVOV  EVEPYOTOIOVVTOL (GAAOL UNYOVIGHOL TOL GULGTHUATOS WHEGH TNG
vAOTTOINONG KATOL®Y KOvOV®VY oL Ba e€nynoovpe o Tapakdtm evotnta. To cOoTHa 0V TO [Le
TIG KATAAANAEC TPOTOTOMOELS KO (PO ausONTp®V umopel va ypnotpomotnel kot yio dAreg
EQAPUOYEC OVTOUATIONOD ©TO TAaicto viomomoewv twv Internet of Things onwg Y
TOPAOELYLLOL, EQPOPULOYEG TNAETATPIKNG, EKTOIOELONG 1 OLVOUNG EUTOPEVLATWV.

10




1.2 Ki A i E 1

Ta tehevtaia gpdvia, Ady® ™ paydoiog avATTLUENG TOV CLOKELMV TOL GLVOEOVTIOL GTO
dadiktvo kot eAéyyoviar pécm avtov, &xel odnynoet To Internet of Things va eivol apketd
ONUOPIAEG KOl VAL AVOTTOCCOVTOL SIAPOPES EPAPUOYES 6T0 TTedio avtd. OAo Kol TEPIEGOTEPES
EMYEPNOELS £YOVV aPYIGEL VO VIOOETOVV EPAPUOYEG TOL VO TOVAOVV TEYVOAOYIKE TTPoidvVTQ
oyxetwkd pe to Internet of Things ywo Tnv yp1on 6T0VG KATAVOAWDTES.

[Tap’ 6Aa avTA av KATO10G ¥pNoTnG BEAEL VO GTNGEL EVOL OLOKANPOUEVO GOGTI IO CUTOLATIGLOV
and to Tpoidvta avtd Oo YpelacTEl VO TAPAUETPOTOINGTN TIC GUOKEVEG MGTE VO TANPOVV TA
StapopeTikd (NToVUEVA TOV EPAPULOYDV.

Mo ovtd Tov AdY0 G€ QTN TNV €PYACIN OVOTTUGOETOL VO GUGTNHO, CVTOUATIGLOD TOV VO
VAOTOLEL TNV apyIKN 10£0 TNG GTOYELVUEVIG TTOPASOOTG PUPUAK®OV GE TEAATEG o€ Evav  Smart
KOGUHO pe TNV ¥pNom evOg OIKTHOL UIKPOEAEYKTMV Kol oucOntinpov kot Tic €€’ amosTAcEMC
dwayeipiong ko eEAEyyov. 'Eva dAlo {ntovpevo givol mmg Hmopovpe v, KPOTHGOVUE TO KOGTOG
YOUNAO Ko Tt eveMEl0 LG TPOGPEPEL OVTO TO GVGTNUA, DGTE VO LWITOPEL VA TTAGO GTIYUR VOl
TapapeTpomomOel ko Yo GALQ TESIO EPUPLOYDV KOl YDPWOV.
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1.3 Y komog kon XtoyoL E

YKomog G epyaciog ivat 1 dnpovpyia EVOg ELEMKTOV GUGTHUATOG LE XOUNAO KOGTOG Y10l TNV
OTOLLOKPVGUEVT] TOPAOOOT] YOTIOV € TEAATEG PE TN XPNON EVOS GLTOVOLOL TPOYOPOPOL
OYNUOTOC HECO GE €vav KAEIGTO KOl TPOJYPOUUUEVO YDPO. LTdY0g €ivar M avamTuén Kot
EPOPULOYN €VOC AOYICUIKOD YlOL TNV E00YOYN OPYIKOV TOPAUETPOV Kol OEOOUEVMV, TNG
OLOPOUNG, TOVG TEMKOVG OMOOEKTEG, GE TAATEOPUA Kovh vo TpEEEl Ge OMO00MmOTE
Smartphone 1 kot évav nAektpovikd voloyloti] Kabd¢ Kot v avamtuén Kot vAomoinon ¢’
OGOV TO OIKTLO TV CLGKELOV HOG Elval GLVOEOEUEVO LE TO daOIKTLO VO TaPaKOAOLOEL TV
KOTAGTACT) TOV OYTLLOTOG, OAAA KOl VOL OAANAOETOPA. LLE TIG GLOKEVEG OTTOLUOTTTOTE GTIY T OVTO
XPEWLOTEL

Xe aut Vv gpyacia Ba acyoinbodue pe otdyo ™V SLVOTOHTNTO GTOXELVUEVNS TOPASOOTG
QopuLaKoV o€ acbeveic ypnooroiwvtog ) teyvoroyia IoT.

H teyvoloyia [oT etvan onuepa €vag tpoOmog Yoo v SIEVKOADVOLUE Kot Vo BEATIOGOVUE TO
npayunata. Exet 01€16000¢e1 68 OAeg TIC dLVATEG SOGTAGELS KO TPOTOVG TNG KabnuepvoTnTOg
OTOV £PYACLUKO YDPO Kot Oyl LOVO.

Mio amd avTtég TG KavoTopieg elval Ko 1 ¥promn EVOS GUTOVOLOV OYNHOTOS 0KOAOLOMVTOC Hia
TpokaBopIGUEVT SLdPOUT YPNCILOTOIOVTAG Evav AlyopiBuo Tov TOTOV TapakoAovOM oG
YPOUUNG. AVT M GLTOUOTOTOINGCT QOIVETOL VO ¥PNOLOTOolEiTal Ko He GAAoVS Thovoug
TPOTOVE KOl GLVIVAGHOVC,.

H ovcuwotikny dwwpopd pog eivar 6t Ba ypnoiporoodpe o kapdid ToOv GLGTHUATOS  EVOV
wkpobmoroylot tomov Raspberry Pi. H €8 napddoon tov @oppikov mive o€ éva
QLTOVOLO TPOYOPOPO OYMua akolovBmvtag pia tpokabopiopévn dadpoun. H epappoyn avtov
TOV GLGTHUATOS TEPILAUPAVEL EVOL AGVPUATO OIKTVO, JIAPOPES GVOKEVES Ko oGO TNPES TOL
OAANAOETOPOVV KT TPOTO TOV VO IKOVOTOIEL TIG OTOUTY|GELS LLOG.

OAa avtd Oa dpovv avtoévoua (oyedidotnke amd To undéV) Kot 1 EXKOV®mVIo 6€ 0w Td TO diKTVLO
EMTVYYAVETAL UE TN YPNON TNG YADooag Tpoypoupaticpod Python.

O okomdg avtov ToL SIKTVOL elval N eMiPAEYN TOL AVTOVOLOL OYNUOTOG, M EICAYMOYN TMV
SLPOPETIKMV HETAPANTOV amerlevBépmonc (Tng avticToyng Bupidag eoprak®y Tov 16YVEL Yo
oV 060ev1)) o€ AAANAETIOpAOT LE TOV AMOOEKTN €6V awTdg givon Tapdv 1 Oyt H cuvéyion otov
EMOUEVO OTUOUO TOPBAOOGTG KOl TNV EMTVYT OAOKANP®GN TG SO POUNG KOl ETAVOPOPE GTNV
Baon tov.

Ovopéaloope avté 10 Project MEDIBERRY mpogpyopevo amd to apyikd Avtopotog
Awavopéog Pappdxmv pe ypion Raspberry Pi.
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1.4 Aop Epyaciog

YV mopovco epyacio 6To KepaAiato 2° yivete avagopd otig texvoloyieg tov Internet of
Things kot tov acvpudtev SIKTOL®V e poVY, Ol 0moieg amotelovV TV Baon yio TV
VAOTTOINGM £VOG GUYYPOVOL CUTOUATIGHLOV.

Y10 kepdAiato 3° meprypagetor o pikpoeneepyootnc Raspberry Pi kot Tt duvatdtreg éxel pe
10 efotepkd mepiPdAiov kot Oa yivel xou pi €lc0y®yn OTOV TPOTO XPNONG KOl
TOPOUUETPOTOINGNG Y10 TO OIKO HOG GKOTO.

210 KePAAOL0 4° TEPTYPAPOVTOL OVOAVTIKE TO TPO AOUTOVUEVO GTASIN VAOTTOINGNG Yo kKGOE
onueio avapopds kol Tapddoons Kol ToPOVGIOcT) CEVAPIMY AEITOVPYING TOV GUGTUATOS UE
EKOVEC.

Y10 ke@diaio 5° mwg Oo ypnoyomombei Aentopepdc Pripa Tpog Prina to Aoyiopkd Python
v v dlacvvdeon Raspberry Pi ue 1o ovotnua tov H/Y 1 ko gopntov.

Ev ouvveyela, ot0 kepdhiao 6° axolovbdviag OAo To 6TAd10L OV TPoavaPEPONKaY Oa
TOPOVCLUCTEL GTO GUVOLO TNG 1) LAOTOINGM Yo TNV O1K1d pog mepintmon Kot Oa avagepHoipe
o€ Pacikd cevdplo KOTAGTAONS TOV OVTOUATICHOD GE TpayUaTikd mepBdAlov Palovtag Tig
aVTIGTO(EG TOPOAUETPOVG,.

Y10 7° Ke@AAao TEPYPAPOVTOL HEANOVTIKEC EMEKTAGEIC TOV GUOTHHOTOC, OVOPOPH GE
HELOVEKTNLOTO. KO GUVOALKY] 0&10AOYN o™ TG £pyaciog mov Bo uropovoe va £xel N TOPOVCO.

gpappoy.
Téhog oto 8° kepdiaio Ba Exovpe avapopd GTo ZVUTEPAGLOTOL.
H mopodoa owrpif] olokAnpovete pe 1o 9° kepdAoio 10 omoio mepthapPaver v

Bipioypagia, Tnyéc wor Teyvika @oirldolo TtoV YPNCIUOTOMUEVOV GUOKELMOV KOl
oo piov Kabdg Kot ToV avaALTIKO KOOKO TNG EPUPUOYTS.
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21. Trveivan T Lovi Intern Internet of Things — 10T

To Internet of Things 1 d10dikTVO TOV TPAYUATOV Elvar 1o VEQ EPAPUOYT TEXVOLOYLDV TOV
avOilel amd Ta TéAn e Sexaetiog Tov ‘90 kat mo cuykekpyéve o 1999. O Kevin Ashton'
amotelel PEAOG NG OMASOG TOL OVOKAALYE TOV TPOTO CLVOEONG TV GUOKEVAOV UE TO
d1adiKTLO, KT TNV TOPOVGINGT) TOL EMTEVYLATOG ALTOV OVOPEPONKE Y100 TPMTN POPE 0 GpOg
the Internet of Things kot and tdte Ko VotepO KabepdONKe 1 yprioN TOVG.

Hepiypapete pue amid A0yo WG 01 GUGKEVES KAl TEPIPEPEIOKE TTOV YPHCIUOTOLOVY
EVOOUATOUEVOVS 0IGONTHPES Y10 TH GVIAOYH KOl HUETAOOGH OEOOUEVMV 1] TNV AvAinyn
Kamolag opacns fdoel avTy.

Ot ovokevég avtég etvar ovvdedepéveg o€ TomikO diktvo M Kou to Internet kot cuAAéyovv,
OVTOALAGGOVY TANPOPOPIES KOl EMKOIVOVOVY HETAED TOVG e amALG Sokpitég nebodovg Kot
KOTA TPOTO TETO10, (MGTE VO VAOTOI0VV TO TTPO OTTOLTOVLEVAL.

H 10éa micw amé avto eival 1 O10.6HVIEGH OAMY TOV NAEKTPOVIKOY GOCKEVOV (aicOnTijpwv
Kot un) uetadév Tovg 1 Kol aKoua n olacvvoeen tovg ue to Internet.

H Cisco og pa épevva mov ékave kat Baon g S1apavopevns ovantuéng npoéPreye ot apyéc
™G emouevng dekaetiog (dekaetio tov ‘20) Bo éyovpe kat’ extipunormn mepimov S50
SloEKATOUUVPLO GUOKEVEG d10oVVOEdENEVEG e To Internet.

THE INTERNET OF THINGS i ()

AN EXPLOSION OF CONNECTED POSSIBILITY =

ooy (D

usswon (=)

29 BLLIN f@\\;

2amuuion

nzewuck

144 BILLOK )‘i

o781 @)

2ok @)

(B Toooo o5 euoN ()

Tyqua 1: To *20 Oo £yovpe TovAdyotov 50 Sig 10T cuokevéc?

Kot avtég 6o avEnbovv axoun mepiosodtepo 060 OB vAomolovpe OAO KOl TEPIGGOTEPES
epappoyég oto Internet. Epdc oxomog pog dev givar va kpivovpe 1 va €pgLVIGOVLLE oV TO {010
10 Internet otv moapovca @don €xet v dvvardmTa va avtametéAfel oto mAnbog twv
SLPUVOLEVOV EQAPULOYDV 0VTE Lag evOlapépet av Ba petafet Tayéwe oe SG 1 ko akdpa 6G.

! Wikipedia avagopd otov Kevin Ashton gpgvvnt ko tpotootdt g Teyvoloyiog 10T.
2 What is the Internet of Things ,
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Connecting:

Anything \ Anyone
based on standard and

Anytime! interoperable
4 communication protocols

A dynamic global network
infrastructure

have identities, physical
attributes, and virtual
personalities

with self configuring

capabilities use intelligent interfaces,

and are seamlessly
integrated

where physical and virtual into the information
“things” network.
Yypo 2a: AlochHvoeon ToV TavVIoV Yympoa 2p: Tpomor ko Adyot dtasvvoeong
22.T 1 ) Internet of Thin

O1 teXVOAOYIEC TTOV YPNGILOTOIOVUE APOPOVV GE Tl Tedia B OEAaE va epapUOGOVLE VTN
™ véa teyvoroyia. X yevikéc ypouués Pyaivel To slogan ...

Mmopovpe va. cuvdésovpe ta Thvta pe ta tavto. !

Machine-to-Machine

Yyfqua 3: Tedio epapuoymv tov Internet of Things

2.2 O@éin e ypong Tou Internet of Things (10T)

Kapia texvoloyikn epapuoyn dev mopayet tepiocotepa DATA and to Internet of Things kot
otav mpdxerrar yio BIG DATA phdipe v tepdoTtiovg GyKovg dedoUEVMV.

Axodue ovveywg yia to Internet of Things aAld wov givau,
11ote Qa yiver uépog s kobnuepivotnTdg pog;
Tlov givau o1 auétpnres ovokevég-aalntnpes mov Bo cvvoéovrar oto Internet,

Yrdpyer Gitnon oty ayopd.,
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Exer wpydoer n teyvoloyia,

[Mpémer va Eekabapicovpe TV  KoTtdoTOOT MTOPOLGLALOVTAG UEPIKE  YOPUKTNPIOTIKA
napadeiypata and fropunyavieg mov evompatdvouy teyvoroyieg [oT oyt oto péAov, aAld 6Tto
TapOV.

0 yapog tov IoT ywpilete o€ 00 facikég KaTnyopics.

XNV TPOTY £XOVUE TNV KATOVOAMTIKY 0yopd Kot TIG S1ApOopeg GLVIEIEUEVEC GVOKEVES Kol
oT1] O0EVTEP TIC GLGKEVES PLOUNYAVIKOD QVTOUATICHOD SIOGVVOEUEVES LETOED TOVG,

Qo1660, 0 YpNoTNG YpeWbleTal TpavToyTd Tapadetypata fyoipéva péca ard tm (o1 Tov yio vo
avTiAn el to mpaypatikd dperog tov IoT.

‘Eva and avtd eivar n avtokivnrofopnyovia n onoio amd tnv mpdTn GTIYUn vioBEnoe ™
oLYKEKPIEVN TEYVOLOYia. Mmopel otnv EAALGSa va unv v €govpe oty mpdén akopa, oArd
o€ HITA kot A. Evpdnn ta meptocotepa 0YNUATO TOAOVVTOL LLE EVOOUATOUEVT] GUVOEGIULATITO
Kol (CLUVOPOUNTIKES) LANPEGIES LIOCTAPIENG TTPOg TOV 00MNYd (TEPAOTIO TO OPEAOC GTOV
enayyeALaTKd KAG00). ‘ETot, oyt povo pmopet va yiver mpofreym Prapav Kot aviikotdotoon
eCoptuatov (g pmatopiog yoo mopddetypa 1 TOV TPOYPOUUOTIGHOD Yio. SErvice oto
TANGLESTEPO GLVEPYELD) aALG Kol 1 eToupeiat VTOGTIPIENG UTOPEL VA E100TOMGEL TOV 001 Y0 OTL
TO OVTOKIVITO TOL etvon EKAEIdMTO KAt var TOV To KAEWSMGEL €€’ amooTdoens’. Asv PAGpE OTL
ot Moelg og mepipdirov cloud Tpokarovv Tig etaupiec LoYIGHIKOD 6TO VO a&lOTOIMGOVVY Kol Vo,
EVOOUATMOGOVYV OAO KOl TEPIOCOTEPES 10£EC KO EQPAPUOYEG OTO OLOLGLVOEOEUEVOL OYTLLOLTOL.
AMG Toug Balovv cuvexdc vo eEEMOGOVY OO KO TEPICCOTEPES YPOUUES KMOTKO KOl VO
avOTTOEOVY UIKPOEAEKTEG Ko acOnTipla yio TV kdAvyn tov ovaykav. Kot 1t Bo dodue
aKOUO 6TO HEALOV!

2.3 Kivovvor kot rpokincsis Tov 10T

O xivovvor kat TpokAncelg tov 10T apopodv 6To TOG0 UTOPOVLLE TEYVOLOYIKE VO GUVOEGOLVLLE
TO TAVTO PUE TO TAVTO. Y TAPYOLV KATOW0 TESID GTNV WLTPIKT TT.X. TOL OEV UTOPOVV QKO VoL
alomomoovv oty mpdén v teyvoroyio avtr. Eite ywti dev €xel axdpo opyldcel m
tevoloyia vAomoinong tovg eite dev givar akdpo ePKTd vo TopapeTporoinfodv TANP®S To
dedopéva DGTE VO TPOYWPNGOVIE GTNV VAOTOINGN TOLg Kot va €xovpe O0erog Telkd. Ot
kivovvor and v dAAn givor kupiog n acepdrewa tov [oT mov eivor oAb mo moldmAokn omd
NV ac@dAEl GLVNIGUEVOV KOl TUTIKOV TEPLOTIKOV cuokevmv. 210 [oT &yovpe pia mheiddo
EEVTVOV GLOKELAY, OO ACONTNPES, JSCLVOEIEUEVES TAUKETES, VITOTANKETES, CLUOKEVEG
YEVIKOTEPO TOV GLVOEOVTOL GE KATOW0 TOTKO OikTvo Kot amd ekel 6to Internet v kou Kot
evbeiav oto Internet. Mnopet emiong vo VAOTOOVV Kot KATOW S0OIKTLOKY] EQUPLOYT TV
omoia £xovpe oxedAcEL amd TO UNSEV N TNV TOPEYEL O KATACKEVAOTNG LE 1 Ot TpdcPacn o€
vnpeoieg cloud. Xe OAn v dwdpoun| Kot akdun nepiocotepa ta idwa ta [IoT €yovv evmdbeieg
Kot TpoTd onpeio. H acpdieia tov aiebnmpiov 1 g ocvokevng 0V amotelel TpotepatdTnTo
07O HVOAO KGOE GYedOOT EPAPHOYNG. ATAL VAOTOLOVVE TIG GYEIUCTIKESG OVAYKES OYVODVTOG
10 Oéua acpdrewnc. IMopdderypo OBo pmopovoe va elvar OTL “gdKOAN™ pmOpoLUE VO

® Ta mporypatucd 0@éAn tov 10T, Biztech.gr
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napafidcovpe kamoteg Webcam apod pe o koA avalitmon oto Internet pmopovue va
Bpovue ta cvvOnuoTikd Yoo TV SwelploTiky TpoécPacn IV TOVg Kol £TOL VA
EKUETOAAEVTOVLLE KOL VO ATOCTAGOVE T, 0€d0pEVa TOVG. To AOYIoUIKO TOV TPEYOLY TOAAES
QopEc dev evnuepavete N dev a&lomotel Omwg Oa Empene Kamowo eminedo ac@oAeiog Kot £Tot
TOPAUEVEL EKTEDEUEVO KO ATPOCTATEVTO GE EEMTEPIKEG KakOPovAeC emBécelc. AmO v GAAN
KoL 01 1016C EQUPOYEG TTOL EAEYXOVV QWTEC OEV EVIUEPDVOVTAL 1] O KOTOUGKEVOUOTNC/ GYESOGTIG
OEV EVOIPEPETE VA TIG EVNUEPDOGELS OivovTag €Tl AALO €va onueio Tpoenc oe embéaelg. Agv
amoTELEL KATO10 PAVTOGTIKO GEVAPLO dALD SVGTLXMDG Eivar 1 KaBnpepVOTNTO Kot TO cVuvNOEeg
0€ QVTEG TIG TEPIMTMOCELS.

2.4 4 i Internet of Thin loT

To 10T yevikOtepa £xel tepdotior 0péAT. Agv B avaADCOLE 0D TNV TOKIAIL TOV OQPEADV
OV £XEL VO TPOGPEPEL VTN 1) TEYVOAOYIR Yia KAOE TTLYN NG Kabnpepvotntag. Ag avapepOel
EVOEIKTIKA Gov TOpAoEtyLa 1 xpMom EEuveV eTIKETOV o€ Pappaka. Etol pmopel omotoodnmote
Vo TaPaKoAOLONGEL Ko vor EAEYEEL TNV S1OPOLY| OO TNV TOPAUCKELT HEYPL TNV KATOVAAW®GCN
TOV POPUAKOV, KATL TO 0010 HEYPL CUEPA TTAV OOLOVONTO YMPIG TNV VEQ QLT TEYVOAOYIOL.
[ToAAG eivon emiong ta OIKOVOUIKE OQEAT TOL UTOPOVUE VO EXOvpE omd TNV opbn ypriomn TV
10T ausOnmMpwv Kol GLOKELOV.

[Ma mopdoetypa 1 eykatdotaoT evog TANPES EVEVOVE GTITION HOG EMTPENEL OV £XOVLE COOTH
TOPAUETPOTTOINGN TO OEOOUEVA KOl TIG OPYIKES GLVONKEG TO GVOTNUA OTd POVO TOV PUOVO UE
emkotvovia machine 2 machine (M2M) va. géAéyyel To omitl AVOLYOKAEIVOVTAG TEPITTA PAOTA,
gvepyomoinon/anevepyonoinon GLUVOLYEPLLOD, EVEPYOTOINOT/OEVEPYOTOINGN TV
KMUOTIOTIK®V, CUUPAALOVTAS ovclooTiKA oty opBotepn evepyelakn Olayeipion Kot
eEokovoumon ypnUdTeVv Kot ophotepn ypnon Topwv.

2.5 Ilpokijesig tov IoT

AvapeifoAa n véa Taom 6Tov Topén TNG TEXVOAOYiag givor 1) a&lomoinon g TevVoAOYing TV
[oT. Olo ka1l mePLoGdTEPEG CLOKEVEG KOl ouaONTPeg dlacvvoEovTal €ite TOTIKG €iTe pE TN
xprion tov IP mpwtokdAiov oto Internet. Avtd eysipel véec TpokANGELS Kol KIvdUVOUG OV
onaloke@oAdlovy ot TeYVIKOL AOYIopIKOD Kol OIKTLOKNG AGPAAEING VA TPOGTAONGOVY Vi
avVELOLV KOl VO OTOTPEYOVY TPMTOTNTES 1) E160J0VE G€ KOKOBOLAO Aoyiopkd. Ot moAAEG
QopEc amAn evon M M oyedioon tev actntpwv. H tpdyepn oyediaon Kot vAomoinon otnv
avamTuEn TOoL KMOWKO, 1 THEST ¥POVOL Yo TNV VAOTOINoM TG €POPUOYNG, Ponbovdv Tovg
emidoEOVG Yakeps va EIGRAAAOVY Kot va avTAOVV gvaicOnta dedopéva 1 va maipvouy TANp®G
TOV €AEYY0 TV GLOKELAOV AVTAV. AAAN TPOKANGT givar va 6Yedl0GTOVVY Kol va Yivouv dTpoTa
TO. GUOCTNUOTO QLT MG TTPOG TIS KLPEPVOETIOEGELS.

2.6 T1£0i pv tov Internet of Things (10T)

Ta nedia epappoydv tov 10T dev givar povo oe €va medio. Oheg ot kabnuepvég Aettovpyieg
eite etvan o1 o amhég eite etvan o1 o cHvOeteg evd€yetar amd micm va tpéyovve kdmoto [oT
avTOHOTIoHO. Agv voeite 0Tt yperdletarl Wwitepn pvela av pe avtd to pdémo Eemepvape
KATO100G GKOTELOVG TOV GE TPOTYOVLEVA XPOVIA TV Ad10VONTO TEXVIKE KATO10 TPy LOTaL VoL
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viomombovv, m.y. N TaPaKOAOVON G TG apTNPLaKNG TTieons amd avtokdAAnTo 10T aeOntmplo
o€ mpaypotikd xpovo, 1 m xpnon loT aeOnmpiov yo v mapakorlohOnon g S1dpOUNg
OVTIKEWEVOD GTNV YPOUUN TOPOY®YNG N KOl TNV TopakoAovdnon g akpiPng 6éong evog
dwPabcuévov eyypdoov pécH GE 0L VINPECIO KoL TNV OOTPOT TNG KAOTMNG M NG
adtKooAOyNTNG €650V TOV 1 TNG TOPATOINGNG TOV.

Detection of relocations
Documents not to
be taken out

Joch

Position information —

1| =

management @ B
= = '
— ==

J

Security managemem

|
= Documents not

= o _be copied

Management department

Server Media ﬁ
ion DB

Information D

Xympa 4: Smart Document management ce ypageio

THopaotatika oo wopakatw oynua o dovue eVOEIKTIKG, Ta 016popo. Tedia epapuoywy twv 10T anv
KaOnuepvoryo.

se'f‘"'lfy Pumps, valves,  Servers and
UPS batierlss, | REDandNFC | ByAC, | [ B R pipelines storage, Resource Cats Jeons.
generators, fuel cells, supply chain fire and PRICANAES motors, robotics, PCs and allocation; threat ambulances, tanks,
ambient energy production, SEa tablets, analysis, troop
control, safety fabrication, fighter jets, radios,
harvesting, transportatios smartphones, monitoring,
o n, tactical devices, storage
telemetry, invenfary security, storage, sales ls:emlfly. switches and  intrusion detection | tibility dete ci::
ower statio) tracking access packaging, ronters ncompa ity def n
P ns, and after-sales,
AmACC grid; qualtty cllmntc conh‘ol vusels, unks EBAS
trol
2 Homeland security,
Buﬂdlngs Resnnrce Surveillance border security, fire-
Supply and automation fighting, search and
Meters, drills demand Pul)lic Equipment rescue, medical crisis,
Logisti Proc esses =
OB u Enterpnse Tracking disaster relle'f, h‘;Meﬁeld
communications,
Solar panels, turbines Mming’ o “d / mission critical voice,
R svinadmiile Emergency energy harvesting
Alternative \ Smart Defense—~—  Services
&pub) Environmental
Digital cameras, R == Energy Indlutry Netvmrkl i — Public = monitoring, law
AVEMEss, xSy infraestructure  enforcement and public
gaming consoles == Entertainment protection
Powersystems, Safely  — The Smart St POS terminals, "’_h
sockets, alarms. — Internet of Things Retail reghten:s, tags, vending
Awareness machines, cameras,
Thermostats, signs, customer
refrigerator, ovens, Efficiency experience and focused
e-readers and -~ : ealth Sllart Farming T l‘ll'l!lm rt Assisted driving market
—
deskiops, Robot taxi
washers/dryers, / \ \ Mnbile ticketing
lights
e A vivo/home Tnnsport\
research Leisure Traffic Agriculture Item location, anti-theft,
‘Wearables, wellness caatiol systems NFC payment
monitors, trackers Ci (non-
5 Connect'ed ot 'Yﬁ - ad
commusity ot vehicular)
A model \ Vehicles, lights, ships,
- PPA’ Smart gyms. ’: ITS, traffic Soil analysis, fleet, plaaes, ugnaye,
femsdicine : social s) orh: & % flow, ‘Weath storage (wnter’and fuel tolls; condition hased
medical devices, networking, smll:-t structural s es;lon e::mer :ih) andwaile maintenance,
.lmphnfl, paweiel museums oA zioke nvaiflance - i o management, livestock iagobased desige, pre
surgical equipment,  queries, losses o maps, waste 2 Spocis e sales analytics, real-time
chronic diseases enhanced smart tracking monitoring, fish %
and thefts management routing and tracking
game rooms parking farming, forestry
[ todustries and sectors [] Apptication groups [ Devices

Tynna 5: TMedio spappoydv IoT texvoroyiac?

4 Medio epoppoydv tmv 10T tegvoloyidy, myn
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Y10 kKepalato 3° meprypapeTal 1 avortuélokn TAakéTa pe Tov pkpoeneEepyaotn Raspberry Pi
KOl TL QUVATOTNTEG EXEL LE TOV €M KOO0 Kol Oa Yivel Kot Lol El0ymYyT] 6ToV TPOTO Yp1ong Kot
TOPOUUETPOTOINGNG Y10 TO OKO OGS GKOTO.

AT 1

R

rry Pi

To Raspberry Pi eivai évog mAnpng vroloyiotic oe uéyeBog 1iog motwTikng KapTog.

Ot 014popeg YEVIEC TOV JOPEPOLY GTNV TOYVTNTO TOL EMEEEPYOOTY] KOl GTNV UVAUN TOL

ow0étovve.

Raspberry Pi 3 Model B

Raspberry Pi Zero

Raspberry Pi 2 Model B

Raspberry Pi Model B+

Introduction Date 2/29/2016 11/25/2015 2/2/12015 7/14/2014
SoC BCM2837 BCM2835 BCM2836 BCM2835
CPU Quad Cortex A53 @ 1.2GHz ARM11 @ 1GHz Quad Cortex A7 @ 900MHz ARM11 @ 700MHz
Instruction set ARMvS-A ARMvVE ARMV7-A ARMvVE

GPU 400MHz VideoCore IV 250MHz VideoCore IV 250MHz VideoCore IV 250MHz VideoCore IV
RAM 1GB SDRAM 512 MB SDRAM 1GB SDRAM 512MB SDRAM
Storage micro-SD micro-SD micro-SD micro-SD
Ethemet 10/100 none 10/100 10/100
Wireless 802.11n/ Bluetooth 4.0 none none none

Video Output HDMI / Composite HDMI / Composite HDM!I / Composite HDMI / Composite
Audio Output HDMI / Headphone HDMI HDMI / Headphone HDMI / Headphone
GPIO 40 40 40 40

Price $35 $5 $35 $35

Yympoe 6: Adpopa povtéro Raspberry Pi kot ot duvatdtnteg toug

To Raspberry Pi 3 (ue to omoio Ba viomomcovue v mopovca gpyacia) owbétel Evav
teTpomOpvo eneEepyaotn ypovicpévo ota 1.2GHz teyvoroyiog 64-Bit, pe ecotepikn pviun
1GB RAM.

Mo ) dcvvdeon pe dapopa meprpepelokd Exovpe otn dwdbeon pog 4 Bupeg USB 2.0 yu
oLVOEON pe TANKTPOAOY0, TOVTIKL Kot GAAa mepipepelaxd, po Bvpa Ethernet taydnrog
10/100Mbps. Avto Tov T0 dloKpiveL Kot TO KAVEL 13104TEPO SNUOPIATY EIVaL 1] EVOOUOTOUEVN
duvatodtta acvpuatng cvvoeong toco og Wifi 660 kot pe to tpotdékorro Bluetooth 4.1.

Enedn elmope 0t1 mpoxetton yio TAnpn vworoylotn 0ev Ba mpémel va Egxdoovpe 0Tt 61006t

¢€0d0 HDMI yia v cvvdeon oe 006vn H/Y (av d1a0étel cuvdeom) 1 KON KoL 6TV GOVOEST)
oe tAeopdoelc TFT/LCD. OLo avtd 0AOKANPOVOVTOL LE TI SVVATOTNTA GUVOEGTG YOV GTNV
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vrodoyn mini jack kot téhog microUSB vmodoyn ywo va v tpoodocio SV pe péyioto ta
2.5A.

Broadcom BCM2837 64 bit
Quad core CPU at 1.2Ghz
1GB RAM

40 pin extended GPIO

On-board WI-FI = E
And Bluetooth 4.1

“3.5mm audio + composite

microUSB power — needs <2.5A Full size HDMI CSI camera port

Yyfqua 7: Raspberry Pi 3 model B

INa va Aertovpynoet 1o Pi 3 ypetdletar ko po képto microSD omov Ba eykotactadel to
AEITOVPYIKO GUGTNUA Y1OTL 0O LOVO TOV OEV SLODETEL EVOOUATOUEVO AEITOVPYIKO 0VTE TPEYEL
LLE TNV EVEPYOTOINGT TOL KATOL0 £TO1O0 Set povtivev Kot kowdikodv o€ avtifeon pe o Arduino.

Avdioyo pe TV xpNoN TOL OTIS OAPOPEC VAOTOMOCELS VRAPYOLV ETOWUEG OLOVOUEG
AELTOVPYIKOV OVOYTOV KOOIKO TIC OMOIEC KLPI®MG YPNOWOTOWLHOL 1 O ¥PNOTNG TIG
SLOLOPPDVEL, TPOTOTOLEL 1] Kol EEEAIGOEL KOTAAANAQ Y100 TNV YPNOT TOL.

To Raspberry Pi 3 amotekel 10avikny Adomn yu gprion oy ekmaidgvon Kot v expadnon

TPOYPOUUATIGLOD 010TL OIVETE AIO TOVS TPOYPUUUOTIOTEG OLAPOPES EKOOCELS AEITOVPYIKOD LE
avoLyTO KOJKA Y10 TNV YPNON 1 TEP ETAIPOV TOPAUETPOTOINGT).
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Kesodlaoto 4°

210 Ke@AALo 4° TEPYPAPOVTOL OVOAVTIKG TO TPO OTOLTOVUEVO GTASLO VAOTOINGNG Yo KAOE
onueio avapopdis Kot Tapadocn TOV CLGTHOTOC IE AETTOUEPT] ETEENYNON TOGO TEXVIKA OGO
Kol [LE EIKOVEG,.

4.1 Follow the Lin R rry Pi

Onwg yvopilovue to Raspberry Pi éxet apuétpnteg epappoyég xapn oty mAat@Opuo avamtuéng
mov Pacilete o emelepyaotig ARM mov mepiéyet. Mo amd avtéc ivat n duvatdTnTo e ¥p1ion
KOTOAANA®V KUKA®UOTIKOV GTOEI®OV TG TapaKoAovONoNg YpauuUng ite to £xovue otabepd
KAmov ToTo0eTUEVO €ITE TO £XOVUE GE [0 VTOKIVOVUEVT] KOTAGKEL.

Yympo 8: Raspberry Pi ditpoyo apo&idio pe aodnthipio yio aviyvenon ypouung
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4.2 A 10 K K1) ¢K01.00 Ne (Line Follower

H teyvuc mov axolovbeite givat evpémg yvootn cav “Teyvikn akorovdnong I'pappis - Line
Follower”. H apyn otnv onoia otnpilete OAN avth 1 teyvikn givar 6Tt éva (evyapt acuoOntnpiov
(umopel va yivel kol otnv Pmdvto towv VTEPLOPOY Ko GTNV UTEAVTO TOV KOVCTIK®OV CTUAT®V)
aviyvevel v 6dgvon og mpokabopiopévng dtadpouns. Avti 1 dwdpoun pmopel va givan
adpatn onOTE £YOVUE EK TOV TPOTEPWV EIGAYEL GTO AOYIGHIKO TV akp1Pr] dtadpoun| pe onueio
avapopac (waypoints). 'H de dAAn mepintmon €ivar 1 euQav] OTTIKY TopakoAovLONGN LG
YPOUUNG (Lopn 6TV TAELOVOTNTO KO YPOUOTICT OOV YPELNCTEL).

X 0w pog mepintwon Ba ypnoipomomocovpe Eva (evyapt vrépvbpwv oucbntnpicov. Kabe
awoOnmpro €xetl éva (evydpt omd moumodéktn IR. O moumdg ekmépmetl pia déoun emMTOS 61N
umavto Tov vEpudpmv 10 omoio 0devel mpog T umpoc. Edv m déoun avakiaotel og o
emedvelo 0o VITAPEEL EMOGTPOPT] KOL O OEKTNG MOV OTN 0K HoG Tepimtmon sivor pua
@®T001000¢ B T0 avayvopicetl kot Ba OdcEL o oTIS EMOUEVES PaBUIdEC TOL KUKAMDUATOC.

2T UravTo, Ty vIEPLIPOY TO PG AVAKAGTOL A0 OAES TIS EMPAVEIES AAAG DITGPYOVY 2 OKPOIES
KaTaOoTO0EIS TOV UGS fonBodv 1d1aitepa.

r

11 nepinTon:

Edv 1 mpoonintovca em@dveia eivar dompn n avdkioon 0o ivar ok kor 0o aviyvedel
0 d&kTNG WYVPo IR ofua (Zyrjua 9a).

2" nepinToon:

Eév n mpoonintovco em@aveio gival pavpn 1 avakioon 0o givor pnoevikn yroti 0o £xer
vrootel oAk amoppoenen ™S IR aktwvoPoiriog (Zyrqua 96).

[Tapaoctatikd 6To TapaKAT® oYU PAETOVE TIG 2 KOTAGTACEL.

:m . Reflected IR Light m

Light Absorbed

. Black Surface
White Surface

Xyqpna 9: @) pe Aompn OVOKAMUEVT EMQAVED ) Ge Lopn OVOKADLEVT ETLPAVEL,

H Aoyum ovvéyewa givar mog Oa amotummBovv avtéc ot dvo TPOUVUPEPOLEVES KATAGTACELS
KUKAOULOTIKA.

210 mopokdT® oy o SoVLE oL VAOTOINGT € TPOYUATIKY] TAAKETOL
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HW-006 V1.3

; < D ‘
_b" , Q e,  ©

p
Tracker Sensor

Yyqpe 10: IR aieOnmpeg HW-006 yuo tnv vAomoinon

Bdon oavmg g opyfg xoau 1O TPOTO Agttovpyiog otnv moapovoo vLAomoinon Oa
ypnowonomcovpe 2 IR awednmipes. Ot asbntpec sivarl étol Torobetnuévor otabepd oto
EUTPOG TUNHO DGTE VO OVIYVEVOVV TNV Topeia Tov oynuatoc. To Oymua Ba etvan evidg mopeiag
av ovveyilel va aviyvevel dompo amd 1o (evyapt tov acOnmpiov. Xe mepinton mwov
avyvevoel pavpo Eva omd ta 2 asOnpla tote B vdpyel TPOPANIA Topeiag kot Oa Tpémel
va eméA0el 016pOmwon g Topeiag.

Av kavévag ané tovg 2 aweOntipes IR dev aviyveder pavpn ypoppy 1 €vtorn omd 1o
AoyiopKo givan va Tpoymprjoel vbeia.

BlackLine

Left
Sensor

Right
Sensor

Both Sensors

On white surface
Moving
Forward

Edv 10 aprotepd arcOnTiipro aviyvevosr pavpo kar to oS aviyvevel dompo tote £ovpe
nATNRO YpoppnS amd apretepd Ko Tpémer va yivel o10pOmon g mopeiag mTpog Ta
apPLOTEPQ TEPLOTPEPOVTUS TO OYNUA TOGO 0G0 VO AVLYVEVGOLY KUl TO. 2 arcOnT)pro mai
aompo Kol va cuveyotel N gvbeia mopeia.
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BlackLine

Left Right

Sensor

Left Sensor on black
Right sensor on white
Turning
Left

Edav to 0€i aroOnT)pro aviyvevoel povpo KoL 10 aprotePO aviyvevel Aompo ToTE £xovpne
naTnpo ypoppis amé oefld ko mpémel va yiver ow0pOmon g mopeiog mpog Ta oelLa
TEPLOTPEPOVTAS TO OYNUA TOGO 060 V. aviyveEDLSOVY Kal To. 2 aroOnTipLa T dompo Ko
va coveyloTel 1) evleia mopeio.

Black Line

Left
Sensor

Right
Sensor

Turning
Right

Left Sensor on white
Right sensor on black

Kmdwomorovpe TV KOTAGTAG Y10, GTORATI|INO TOV OY1LATOS, OIVOVTUS GTOV KOOLKA TO
OTTOLTOVUEVO EVAVGUO Y10, OEGUT EVEPYELOV OTAV KOt T, 2 aroONTipLa avTiin@Bodv pavpn
oprovTiIa Ypopuput), 00TO TO TETVYAIVOVUE PHE TN (PO GUVEXOREVIS HOVPNS YPOUUNS OTT™G
QOUIVETE KU1 6TO TOPUKATO oypo (LToPEl va. YIVEL KOl e OLOKEKORIEVT] YPOUUT] OPKEL VO
gival Aiyo peyoldtepn amd o medio “opaons” TV aednTnpiov).

BlackLine

Left
Sensor.

Right
Sensor

Both Sensors
On Black surface
Stop

H 6An aviyvevon yivete ota e£ng 6Tdd10.

Ta 2 acsnpra IR aviyvedbovv v mopeia kot o £dv to dynua Bpickete oty mpokabopiopévn
evBeia. Exeiva pe ) oepd tovg odnyovvtar oe éva Raspberry Pi to omoio pe tov katdAAnio
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AoylopIKO €xel Tpoypappatiotel €161 Mote vo  eAEYXEL kot Kvel amd kdbe mAgvpd TNV
avtioToryn poda Tov pe TN oelpd g dopbavel v mopeia dnwe Tpoavapépape. Mo GAAN
araitnon eivol ot Kvnpeg avTol vo £XouvV TNV SuvaTdTNTO VO KIVOUVTOL KOl TPOS TO LITPOG
KO TPOG Ta oW Yo va 510pHdvVovV TV opeia.

IR Sensor

Raspberry Motor

Pi Driver
IR Sensor

Yympo 11: Mok didypoppio 0d1ynong tov tpoy®@v ard toug IR aentmpeg
[Ma avt Vv arioikn vAoroinon Ba ¥pelacTOVE TO TUPAKATED VAIKA:

Raspberry Pi 3 (kapdid tov ovotiuatog uog)

IR Sensors (2 auoOntipio IR)

DC Gear Motor (2 fruatikote kivntiipeg yio. Tovg Ipoyois Tov OYHUOTOC)
L293D Motor Driver

Tpoxopopo oynua (éva cact amwod yopTovi 1 OxNUe 6o TOPOTALGUEVO
nAEKaTeELOVVOUEVO (EVYAPIOTA TO VIO UOD Y10, GVTO).

o Power bank (I1ny7n tpopodoasiog tov ovotiuatog kot twv vTOAOITWY VAIKOV)

4.3 Kvkh KO OWd KOAOU

[Mopakdto Ba emkevipmBole 6TO KUKA®UOTIKO S1dypALLILOL THG VAOTOINGN G divovTag Epoon
oToV TpOTO. G0 KAVovpE YP1)oT] TPOYPENNLATOS UVOLKTOV KMOOIKA Y10 TV VAOTOINGT TOV
KUKAOPOTIKOV owotaéemv Babpidoa npog Padpida enelnyovrag en’ akpifpdg tov tpomo
Aertovpyiog Tovg KoL 6T0 TEA0G 00 TapovoLdGoVNE TNV OAN O14TAEN CUVYKEVTPOTIKA.

To mapakdto oyRua ivor vAomompévo oto Tpdypauue Fritzing® (avotktod kddika - TpdTLMO
ox£010 vIapyel mg oyédio pe ovoua follow the line 1.fzz).

% Fritzing mpoypappo, https:/fritzing.org/

25




.A'\LuBntr‘]pzq IR' yia
EAEYYD YPapHIG

5V olvdeon  oro Pin 2 (+5V) KOKKLVO
5V olveon ot Pin 4 (+5V) KBKKLUO
GMND otveon  ato Pin 6 (GND) patpo
GMD olivBean oo Pin 34 (GND) paipo
GMND gtvdean  ato Pin 9 (GND) patpe

IR1 oUvéeon  oto Pin 3 (GPIOZ)

IR2 oOVéecn  oTo Pin 5 (GPIO3)

[ AA Battery -
Ii A233E8, W

Al sivBeon oo Pin 7 (GPIO4) pwB
=N
A2 givéeon  oTo Pin 11 (GPIO17) Hwh
B1 olvdeon ot Pin 8(GPIO14) Tye3
B2 alvéeon oro Pin 12 (GPIG18) [Ty ots
SV olvBEon  (+5V) KORKLYD.
5V obvston  (GND) paupo
) Trigotvsean  oto Pin 10 (GPIGIS)  pwp
APLOTEPS POTEP a Aefro potép a ) )
apLatEpo Tpexd Be€10 poyo Echo aywdson oto Pin 16 (GPIO23) Kopé

fritzing

Yympe 12: Follow the Line with Fritzing

AvVoALTIKE OT®G POIVETOL GTO TOPATAV® GYNUO 6TO KOKA®U vidpyovy 2 oucOntipeg IR ko
éva Cevyapt amd DC potép mov kvohv toug Tpoyovg avesdptnta apiotepd kot de€id. To 6lo
KOKA®UO TpoQodoteite amd o cvototyio and urotopicg 1 éva power bank yia va dmoet ta
aroutovpeva SV mov yperdletol (010 oyNUa aiveTton oG pmatoapio).

Ene16m kabe £xkdoomn tov Raspberry Pi éyet dtapopetikn didtacn otov connector cvvdeong (deg
TopoakdTw oyfue) Oa Tpénel Yo, KoADTEPN Katavonon Oa deiovue avorvtikd Ty d1dTaén Touc.

Raspberry Pi (Revl Raspberry Pi (Rev 2 Raspberry Pi B+, 2, 3 & Zero
3vV3 1 2 5V 3Vv3 1 2 5V 3v3 1 2 5V Key
GPIO@ 3 4 SV GPIO2 3 4 5V GPIO2 3 4 SV +
GPIO1 5 6 GND GPIO3 5 6 GND GPIO3 5 6 GND Ground
GPlO4 7 8 GPlO4 7 8 GPlO4 7 8
GND 9 10 GND 9 10 GND 9 10 12C
GPIO17 |11 12| GPIO18 GPIO17 | 11 12 | GPlIO18 GPIO17 11 12 GPIO13 SPI
GPIO27 |13 14 GND GPIO27 | 13 14 GND GPlO27 13 14 GND GPIO
GPIO22 | 15 16| GPIO23 GPIO22 | 15 16 | GPIO23 GPI022 15 16 GPIO23 Pin Number
3V3 17 18| GPlO24 3V3 17 18 | GPlO24 3v3 17 18 GPlO24
GPIO10 |19 20 GND GPIO10 | 19 20 GND GPIO10 19 20 GND
GPIO9 21 22| GPIO25 GPIOS 21 22 | GPIO25 GPIO9 21 22 GPIO25
GPIO11 | 23 24 GPIO8 GPIO11 | 23 24 GPlO8 GPIO11 23 24 GPIO8
GND 25 26 GPIO7 GND 25 26 GPIO7 GND 25 26 GPIO7
DNC 27 28 DNC
GPIO5 29 30 GND
GPIO6 31 32 GPIO12
GPIO13 33 34 GND
GPIO19 35 36 GPIO16
GPIO26 37 38 GPIO20
GND 39 40 GPIO21

Yympo 13: Avdraén tov GPIO Header otig d1Gpopeg exdooelg Raspberry Pi
Y1 dwd pog viomoinon Ba ypnoomomcovpe to Raspberry Pi Zero v1.3 to onoio givou o

owovopkoé (ota 15€) kan €xet T1¢ ideg duvatdtnTeg oto Header pe 1o peydio adepiKt Tov
Raspberry Pi 3.
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Position | FBWER [T Control GPIO
i Wiring BCM  Serial PWM  Misc .
Raspberry Pi Zero v1.3 Raspberry Pi Zero W v1.1

Different places use different pin numbers
GPIO, Wiring, and BCM have been included.

. 2 sV
3 sbpA @ 2 3 4 [
2 scL 9 3 5 6
= GPCLKO 4 7 4 7 8 14 15 TXD
= [EI 9 10 /15 @6 RxD g
spi1 cs1/17 0 17 11 12 18 1 18 PWMO spil cs0
27 2 27 13 14
22 3 22 15 16 23 4 23
S 17 18 24 5 24
mosl 12 10 19 20
Miso A3 9 21 22 25 6 25
< scLk 14 11 23 24 8 10 SPI €50 -
@ [N 25 26 7 11 SPI €51 I
= ID SD 30 0 DNC 27 28 DNC 1 31 ID SC =
3 GPCLK1 5 21 5 29 30 g
- Grelk2 6 22 6 31 32 12 26 12 PWMO &
c PWML I3TTTR3TN13 33 34 _
E PWM1 misol 19 24 19 35 36 16 27 16 spil €52 &
E] 26 25 26 37 38 20 28 20 mosil =
g I 59 40 121 2OIN21000 sclkl z
= [-]
m
™+ TV Run Run
V- TV Run | Run

GPIO 0 and 1 are reserved - Do Not Connect

PAL or NTSC via composite video on TV pads

Run - temporarily connect pins to reset chip (or

start chip after a shutdown)

Camera Connector (not on Zero 1.1 or 1.2) - 22pin, 0.5mm
Board Dimensions - 65mm x 30mm x 0.2mm

Mounting holes M2.5

Processor - BCM2835 Video Wireless
ARM 11 mini HDMI 2 4GHz
Single Core PAL or NTSC via pads 802.11n
1GHz HDMI capable of 1080p Bluetooth 4.1/BLE
ELECTRONICS
usB

microB for power
microB for OTG

@) 06

Memory
512MB RAM Audio
uSD slot to run 05 from HDMI port only

Yyfqna 14: Raspberry Pi Zerov1.3vsvl.1

Ot axpodéxteg 2 kot 4 givan v voo tpopodoticovv o arsOntipre IR pe ta arotodueva
+5V(koKkKIvol aymyoi). Xt cvvéyela YEL@VovpE Ta ido ateOntipra IR otig Oéoeic 6 ko 34
(navpn cvvdeon). Me ovvoéovpe TG £E660vg TV amednTipov IR1 - pin 3 (GP102)
kot IR2 — pin 5 (GP103). Ou 6uvdéselg ovtéig 00 pog yperastodv 6Ty 6OVTes) o KATO

TOV TPOYPAPRATOS VIO TNV GVAYVOPLET] TS HOVPNS YPORUNS.

I'o v 0dMynon tev potép Ba ypnoomomoovpe 4 pins (pop to A kot pmrie To B) ovtd
ocvvdéovtarl pe to pins tov Raspberry GP104 (pin7), GP1014 (pin8), GPIO17 (pinll) kot
GPIO18 (pinl2).To Ko Cevyapt koA®diov amotelodv to (evydpt
oOVOEONG TOV £KAGTOTE HOTEP. O 6VVOEDT TOVG YiveTe omd po mhokéTo odnynong L293D mwov
TPOPodoTEiTE OVTioTOY O 06 po Ty TpoYodociog( pratapicg | power bank). H dvodog
Ba Tpopodoticel TV TAAKETO 00N YNoNG Kot M KEBodog tng Tpoodociog Ba mdsr cTov
KovéKTopa pag otn yeioon (pin 9) ywo va kieioel to kKOKA® UL

% 5V obhvdeon oto Pin 2 (+5V) KOKKIVO
% 5V obhvdeon oto Pin 4 (+5V) KOKKIVO
% GND otvdeon oto Pin 6 (GND) povpo
% GND ohvdeon oo Pin34  (GND) povpo
% GND ohvdeon oto Pin 9 (GND) povpo
% IR1 chvdeon oto Pin 3 (GP102)

% IR2 chvdeon oto Pin 5 (GP10O3)
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% Al ovvdeon oto Pin
% A2 ovvdeon oto Pin
% B1 ovvdeon oto Pin

*
°e

B2 ovvdeon oto Pin

4.4 Mpoypoupa

7 (GP104) pop
11 (GPIO17)  pop
8 (GPI1014) NTAE
12 (GPIO18) NTAE

Metd v emtuyn GVVOEST TG TANKETAG LLE TO VITOAOITO KUKAMUATIKG GTotyeio 11 VAomoinon

Oa etvan kamwg étot:

Yympe 15: Etoyo oynpa yuo

v viornoinon Follow the Line

To endpevo Pripa givar 0 TPOYPAUUATIGUOS TOV POLTIVOV Yl Vo, bAomotcovpe to Follow the

Line AlyopiBuo ypappévo og ékdoon Python.

v mopovoa OmAopatiky dgv o emektabodpe obte Ba avaAlvcovpe TOVg TPOTOLG
TPOYPAUHOTIGHOD g meptBéAiov Python®. ®a Bewpndei 611 0 avayvdotng Oa avarpétel os

& Python programming language
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http://www.python.org/

Biproypapio Kot TOpadElyHOTO TOL TPOTOL TPOYPOUUOTIGHOD GE OUTH TN YADCGCO
TPOYPOULUATIGLOV.

[Ipoywpdpe oty vAomoinon.

Apa mpoto giodyovpe and v PiProdnkn vy va evepyomomBel o mpoypoploTIcHOg TV
akpodektav ¢ ovvdeonc GPIO oto Raspberry Pi. T'a Adyouc cuvtopiog o kmdikomomoovpe
tov 0po “GPIO” og “l10” yia va £yovpe pio 1010 6aPn KOV KOTE TOV TPOYPOULATIGUO.

import RPi.GPIO as GPI10 # calling header file for GPIO’s of PI

IMa va aroebHyovpe AGON otov mpoypaplaTicid TV akpodektdv Bo BAAovpe o vioAn vo
OYVONGEL OV TO TO TPOPANLLOL KOl VO TPOYMPNGEL LLE TNV EKTEAEGT] TOV TPOYPAUUATOS E£0J0L OV
ExeL.

GPI10O.setwarnings (False)

Mmopovue va avagepBodue 0nmg kol otov Tpoypappotiond oe Arduino gite pe tov apuod
TOV OKPOOEKTN €iTe pe TNV 1010TNTA OV £)YEl TO Guykekpévo pin (m.y. PINS mov givar 1o
GPI1014).

GP10.setmode (GP10.BOARD)

[Ipénel ot cvvéyelo va opicovpe 2 OKPOOEKTES MG 100001 CNUATOV KOl 4 OKPOOEKTES MG
eEdoovc. Ta podta 2 Ba etvar o1 elcodot and Tovg astnmpes IR evd ot dArol 4 ivar avd dvo
Y Tov €Aeyyo TV Tpoy®v aptotepd kot doe&id (H o1dtoén tov potép 1 kon 2 givon Ommg
(QOivoVTOl GTO GYNUOL).

GP10.setup(3,GPIO.IN) #GPI02  — IR1 &f0doc
GPI10.setup(5,GPIO.IN) #GP103  — IR2 &Z0dog

GP10.setup(7,GPI10.0UT) #GP104  — wwvyrijpacl (deé1a) Oéon A
10.setup(8,GP10.0UT) #GP1014 — kwvptiipocl (0eéia) Oéon B

GP10.setup(11,GPI0O.OUT) #GPI1017 — wkivytijpac? (apiotepd) Oéon A
GP10.setup(12,GP10.0OUT) #GPI1018 — kivyrijpac? (apiotepa) Oéon B

Ta vagépvBpa acOnTipLa divovy ££000 «ain01)c» 660 avi vevOLV AGTPT EMPAVELD.

Q¢ emax6iov0o 6Tav Kot o1 dvo aeONTPES pag divouy aAndfg anotéreopa propodue va,
00N Y|GOVHE TO OYNUO ROS VO TPOY WP GEL gvbeia.

O povTiveg givan o €€n\¢:

if(GP10.input(3)==True and GP10.input(5)==True): #dorpny emipadveia kot evlcia

mopéeia
GPI10O.output (4,True) #1A+
GPI10.output (14,False) #1B-
GPI10O.output (17,True) #2A+
GPI10.output (18,False) #2B-
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Edv topa PBpebel o apiotepdc acOnmpag va aviyvedel povpn ypappu o Tpénet va KavVouue
OTPOPN TPOS TO APloTEPE. B0 TPEMEL VO GTANATAGEL 0 JEEIOC KIVNTHPOS Kot Vo, YOPIGEL O
apLoTEPOG MG OTOV GTOUOTIGEL 1] OVIYVELCT) TNG HOVPNG YPOUUNG.

elif(GP10.input(3)==False and GPI1O.input(5)==True): #etpoeij mpos ta apictepd

GPI10O.output (4,True) #1A+
GPI10O.output (14,True) #1B-
GPI10O.output (17,True) H2A+
GPI10O.output (18,False) #2B-

€ avTIO0GTOAN OV aviyvVELGOVLE dEEIG LODPN YPOUUN KO 0ploTepd dompo Oa Tpémet To Oymua
HoG va Kével otpon) mpog ta 0e€1d. O kmdwog tvar:

elif(GP10.input(3)==True and GPI1O.input(5)==False): #otpopij npoc ta deéia

GPI10O.output(4, True) #1A+
GPI10O.output(14,False) #1B-
GPI10O.output(17,True) H2A+
GPI10.output(18,True) #2B-

Av Ko 01 2 ouoOnTpES TOTHGOVY LOPN YO TOTE TO dynua pog Oa TPETEL VoL GTOLOTIOEL
va Kwvetton ylori o eipacte og B€on mov anattel vo KOAEGOLE KATO10, VITOPOVTIVAL.

else: #oroudryua tov oyfuaros

GPI10O.output(4,True) #1A+
GPI10.output(14,True) #1B-
GPI10O.output(17,True) H2A+
GPI10O.output(18,True) #2B-

O 0AOKANPOUEVOG KDOOKOS Y10 TO TPOYOPOPO OYNUO GE KIV|oN UE TOV aAYOPIOLO aviyvevong
ypauung v v povtiva “Follow the Black Line” givat o mapokdtm:

import RPi.GPIO as GPIO # calling header file for GP1O’s of PI

GPI10O.setwarnings(False)

GPI10O.setmode (GP10.BOARD) # The Rpi uses the physical pin numbering
# setup pins as Inputs and Outputs

GPI10.setup(3,GPIO.IN) #GP102 IR1 £€0d0g

GPI10.setup(5,GPIO.IN) #GP103 IR2 £€0d0g
GPI10.setup(7,GP10.0OUT) #GP104 Kwntipog 1 (6e&ra) 0éon A
GPI10.setup(8,GP10.0OUT) #GP1014 Kwntipog 1 (6e1d) 0éon B
GPI10.setup(11,GP10.0UT) #GP1017 Kwntipog 2 (aprotepa) 0son A
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GPI0O.setup(12,GP10.0OUT) #GP1018 Kintipog 2 (aprotepd) 0<on B
while 1:

iIf(GPI10O.input(3)==True and GPIO.input(5)==True): #adcnpn emedveio Kol gvbscio
mopeia

GPIO.output(4, True) #1A
GPI10.output(14,False) #1B
GPI1O.output(17,True) #2A
GPI10.output(18,False) #2B

elif(GP10.input(3)==False and GPI10O.input(5)==True): #otpo@n mpog To. aPL6TEPQ

GPI0O.output(4, True) #1A
GPI10O.output(14,True) #1B
GPI10O.output(17,True) #2A
GPI10.output(18,False) #2B

elif(GP10O.input(3)==True and GPI10.input(5)==False): #otpopn ntpog To d&1d

GPI0O.output(4, True) #1A
GPI10O.output(14,False) #1B
GPI10O.output(17,True) #2A
GPI10O.output(18,True) #2B
else: #otapdTnpoe Tov oyuaTOG
GPIO.output(4,True) #1A
GPI10O.output(14,True) #1B
GPI1O.output(17,True) #2A
GPI0O.output(18,True) #2B

O TNPNG KOOKOGS YioL OAN TNV O1ATAEN TOV VAOTOWONKE LAPYEL GTNV APYN TOV KEPAAAIOL
6.

H Zvvdeopoloyio oty mloxéto ivot n ToapoKdTo '

8 -
789101112

7 Official connection description for L298N Motor Driver
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N e

8.
9.
10.
11.
12.

13.
14.

DC motor 1 “+” or stepper motor A+

DC motor 1 “-” or stepper motor A-

12V jumper — remove this if using a supply voltage greater than 12V DC. This
enables power to the onboard 5V regulator

Connect your motor supply voltage here, maximum of 35V DC. Remove 12V jumper
if >12Vv DC

GND

5V output if 12V jumper in place, ideal for powering your Arduino (etc)

DC motor 1 enable jumper. Leave this in place when using a stepper motor. Connect
to PWM output for DC motor speed control.

IN1

IN2

IN3

IN4

DC motor 2 enable jumper. Leave this in place when using a stepper motor. Connect
to PWM output for DC motor speed control.

DC motor 2 “+” or stepper motor B+

DC motor 2 “-” or stepper motor B-

Kot g kaAvtepn ecdva tov 16100

L298N Dual H-Bridge

* Internal 5v voltage Regulator

Out 3: Motor B lead out
Out 4: Motor B lead out

>
A3
- L
N Enables PWM signal for Motor B
¥ &= Enable Motor B
<3 Enable Motor B
\@.‘ Enable Motor A \
Enable Motor A

"*
/, Enables PWM signal for Motor A

Sv input *or 5v Output

12v input from DC power source

Yympa 16: L298 Motor Driver
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doptdvovtog Tov Kmdika tdpa 6to Raspberry Pi kot divovtag tov pio SoKipaoeTtiky dtadpoun
Ba £yovpe To emBLUNTO ATOTELEC LA VO KIVELTOL LLE EVKOMO GTNV TPOSLOYEYPALUEVT SLAOPOLLT.

H apovca dwadpoun £xel oyedaotel ko ektummbei and Eva étoyo free downloadable project
tov Github®.

Mo owtd T0 6KOTO EPUPUOGULE [0 SOKILOGTIKT O1OPOUT KOl APTCULE TO TPOYOPOPO O L0
Vo, Kvettan Tave g auT.

Oa ¥PEIGTOVE V1oL TNV OIKLA LoG Otdpopn] ToL €ENG KOUUATLO Yol VoL TV GLVOEGOLLE:

9 X 1o Koppatt pe opOpo 3 (eTpoen)

6 X to Koupatt pe opbpod 2 (evleia)

1 X t0 xoppdrt pe apBud 12 (eTpo@i] kon £vbeia)

1 X 10 xoppdtt pe apBud 22 (ekkivon)

4 X to koppatt pe apdud 18 (svbeia pe onpeio avopopag)

YVVYVYYV

H dwdpopn Oa éxel v mapakdto popen poli pe to 4 onueio avagopdg (waypoints)

Yympe 17: Ewovikn dokipactikn dtadpoun

8 The Raspberry Project Guy
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https://github.com/the-raspberry-pi-guy/robot/blob/master/pi2go/extra_tools/line_following/track_generator.pdf

Yympo 18: [poypotikn SOKIAGTIKN S10dpOuN
Awoctdoewv 2m X 0.7m pe onueia avoaeopds 1 émg 4

Eniong og avt ) 01dtaén Ba dovpe 0Tt EYOVLLE EVOOUATOGEL KOl EVOV ocONTNpa VITEPT YOV
(HC-SR04).

Xympe 19: AwwOntpag vrepriyov HC-SR04

YKOTOG TOV €ival va aviVEVEL TPOS TO. EUTPOS TNV Tapovsia 1 Oyl EUnodinv, dote gite va
OTOUOTNOEL TO OyMue. (Tov Bo VAOTOMGOVLE) 1 VO EKTEAECEL £VOV TTO TOADTAOKO aAyOp1OLo
ATOPLYNG EUTOSIOV OTAV AVTOG £XEL EVEOUAT®OEL KATAAANAQ GTOV KOSIKO.
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H apyn Aertovpyiog poivetol 6To mopaKaT® GYNLLL.

I'X

RX Target
HC-SR04

Tyfqua 20: Apyn Aettovpyiag Ultrasonic Sensor

O asOntpog €xet 4 pins:

o VCC 5V Supply KOKKLVO
. TRIG Trigger Input pin16 (GP1023)  «ag

. Echo Echo Input pin10 (GPIO15)  uop

° GND Ground poopo

H ocvvdeoporoyia amattel tpopodocia ota SV v onoio Tov mapéyovpe non omd to vVTOAOUTO
KoK Ampo ovvdeong «Follow the Line». To pin Echo dev mpénet vo cuvdebel katevbeiav og
gicodo Pin tov Raspberry Pi yati oAldc o kdyel v gicodo. o vo pnv 1o kavel ovtd Oa
YPNOLOTOUM|COVLLE VAV SLOUPETT TACTG DGTE VO AITOPVYOVLLE TO TTPOOVOPEPOLEVAL.

‘Eva amocmocpo Tov Kadika givot To mapakdtm 6mov opilovpe to pPinlé we 16060 Tov TAAUOD
Trigger and tov arcbnmpa vepnyov kot to Pinl0 g eicodo Tov moipuov Echo.

[Mapaoctatikd PAETOVUE KOt TO TApOKAT® oYES0 UE TIG cVVOEGELS oto Fritzing (ultrasonic HC-
SR04 thesis.fzz).

ALGBNTAPES UTTE prxWY
YLd oV EALYYO
prodiuy.

|5V otwsean  (+5V) KOKKIVO
5V obvseon  (GND) padpo
Trig obwéeon  oto Pin 10 (GPIO15) Hwp

Echo oUvbear oro Pin 16 (GPIO23) Kagé

Poner

fritzing
Yympo 21: Xovdeon tov aroOntipa vrepryowv HC-SR04 oto Raspberry

H cvvdeoporoyia etvar cuvéyeto Tov TponyodUeEVOL KUKADUOTOS Kol 0EV AmOTEAEL EEYMPIOTY
ovtOTNTA OIS OO TAL GYEJOL GE OVTH T1 OUTAMLOTIKY.

Avadewvboope kaBe @opd T0 emuépovg kOKAwpo poll pe TG emeEnynoeEl yu va
OTTOTVTTMGCOVLE TWG OOVAEVEL KOl TMG EIVAL O KOOTKOS Y10l VO, AEITOVPYNOEL.

O kddwcag og Python givau:
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# We setup the pins as Inputs and Outputs for controlling the Ultrasonic Sensor for

# obstacle avoidance

GPI0O.setup(10,GPIO.IN) #TRIGGER PULSE

GPI0O.setup(16,GPIO.IN) #ECHO PULSE

sensor = DistanceSensor(echo=16, trigger=10, max_distance=1, threshold_distance=0.2)

led = LED(30)

sensor.when_in_range = led.on #turns led on when sensor in range
sensor.when_out_of _range = led.off #turns led off when sensor out of range

pause()

Otov 0 auenmpog aviyvedoel «gumooto» UmTpootd Tov Kot givan og amoctaon 20cm tote
avapet éva kokkvo Led to omoio 1o £yovpe cvvdéoet oty €060 oto pin 30.

Mo 610popomoinom avtov Tov TPOYPAULaTOSg Oa NTav agol aviyvevtel To eumdo1o (To omoio
gueic anhd PAEmOVLE 060 givol UTPOGTA LLOG) VOL OTOUATHOEL Kot TO OYNUa, EKTOG OO TO OTTIKO
onuadt mov Ba avafet, Yoo 600 ddoTnpa PpiokeTe UITPOGTA TOL VO TPEEEL KOl U0, pOVTIVAL
OTOPLYNG 1 OKOWA OTTOPVYNG KOl CLVEYIONG TS O10LOPOUNG.

AvTO €YEL KOL TOL VITEP KL TO KOTA TOL.

YIIEP:
e To oynua dev petaxkveital 660 «PAERELY LTPOGTAH TOV EUTOOI0
o Aev yperaletor eMALOV TOAOTAOKOG KOJIKAGS Yol TV €ELANPETNOT TS POLTIVOLC.

3

TA:
o [lpémer va 600¢i Evavoua amd ToV KOSKA Y10, T GLVEXLGT] TOV TPOYPELLLOTOG

4.6 RFID

O etkéteg RFID (Radio Frequency IDentification) eivar pic moAld vmooyOpevn Kot
TOVTOYPOVE TOLTATO VEQ OovomTueoopevn texvoroyio. T givar dpwg ov etkéreg RFID;
Ovolootikd TpdKeTal Yoo pikpookomikd chips pe evoopotopévn Kepoia, To omoia
YPNOOTOOVVTOL O AVTOKOAANTEG ETIKETES GE O1Apopa Tpoidvta. Etot 6tav Bpebodv kovtd
og pia ovokevn avayvoong ovtg (RFID reader) ekméumovv ta dedopéve Tov £X0VV HEGH TOVG
OT®G, .. TNV TAVTOTNTO TOL TPOIOVTOG, TNV NUEPOUNVIO KATAGKELNG 1] TOPAY®OYNG 1] KATOL0
A0 K®MOKO TTOL gUElG EMAEYOVE K. T.A.
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Yympo 22: RFID tags tomov kdptag Kot ETIKETAG

ZNUEPO Y10 TN CNUAVOT] TOV TPOTOVIMV YPNGYLOTOLEITOL GLVIOME Y10 AGYOVG O1KOVOLIKOVG KOl
EVKOAOG TayKOoHImG 0 Ypoppkds kddwkag (Barcode).
I'pryopa dpmg awtog Ba avtikatactadet and tov RFID, yuo toug €€ng Adyoug:

1. Agv omortei oveTnp OATIKY £ma@n Om®S yivetaw pe to barcode. T
napdderyuo ot epumopikd Kataotiuato (supermarket) kabe mpoiov mepvaet amod
éva "patt" oto tapeio yio vo "dwfooctel” to barcode ®ote vo amotvnwbel oty
006vn tov tapeio To mPoidv Kot To KOGTOC Tov. Edv dev mepdoel to eumdpevpa
TEPVAEL ATOPOTPNTO Kot 0V Ba ypembel Kav.

2. H avayvoon tov otoyeiov yivetor amd amdéotacn. H amdotoon tov
avayvaot eivat Todd peyoddtepn and vt tov barcode reader mov givat o moAD
KOO0 EKOTOOTAL.

3. AvEnpuévn ac@direro. TomoBetobvtor ce onueio mov dev yivovtal eOkoAa
OVTIAMNTITA TT.Y. LEGO OTO POVYLL, OTIG ETIKETEG 1] GTO EGOTEPTIKO SLOPOPWV TPOTOVIMV
1N KOl GUGKELVAGIDV.

4. Ov ovokevéc avayvoong Tov RFID tags pmopoiv vo 1omo0etnBodv otnv
opoQ1], 610 0A4medo, oc onueio ava@opds KTh. Ot ocvokeELEG OVTEC eivan
pikpomounoi, ot omoiot dnuovpyovv €va nAektpopayvnTikd medio. ‘Etor polg
nePAoEL amd PECH TOVG TO TPOIOV, EVEPYOTOIEITOL 1 ETIKETA KO UETAOIOEL TIg
TANPOPOPIES TNG TLG® GTOV HUKPOTOUTO.

5. Agv yperdlovtal praTopisg 1o TNV AELTOVPYI TOVG.
Oa pmopovoape va modue 6Tt 1 TeYvoroyia avtn £xel anepldpiota nedia epapuoydv. Me v
avBpomvn eavtacio propet va fpovpe kKo véa media epappoydv. Tétowa media kdvovy non
EPAPLLOYN AVTNG TNG TEYVOAOYiOG Kot fval KATOW amd T TOPUKAT® OTMG:
. 2iuoven {owv Y10, EVIOTIGUO TOVG 1] KO THV GVTANGH GTOLYELWY

o Avurlertikd ovotiuato Qopwv
o BiflioOnxeg, maparxoiodOnen kivnong Pifricwv
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. Agpodpopua, oviyvevon UETOKIVIONS OTOCKEDWDV
o Kapteg avérapwv oovallaydv (Totwtikés/ypewotikés kKApTeg)

Epeig Ba kavoupe yprion avtig g teqvoroyiag g akorovbwe. IMavw oto dkd poag RFID

RC522 éyovpe 8 onueia ovvoeons. Avtd eivat:

SDA (Serial Data Signal),
SCK (Serial Clock),

MOSI (Master Out Slave In),
MISO (Master In Slave Out),
IRQ (Interrupt Request),
GND (Ground Power),

RST (Reset Circuit) ko

3.3v (3.3V Power In).

AN AN N N N NN

Oa mpémel vo cuvdésovue OAoVG Tovg akpodékteg oto GPIO tov Raspberry Pi gktog omd
ovvdeon tov IRQ. H ovvdeon pmopel va yivel anevbeiog KaAwdiokd 1 p€ca and cuVOECELS
navo og breadboard. H didtaén tov akpodektdv gival opOorpopavec kot dgv amotel KAmoteg

GAAEG el TAEOV CUVOECELG.
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Yympe 23: Pin layout oto RFID-RC522

Y10 Tapakdto oyfue mopadiTovue TV KUKAOUATIKY dlacvvdeo pe to Raspberry Pi pog.

[Mopatnpodpe 6Tt Exovpe Kavel cuvdEaelg o elevbepeg Béaeic oto GPIO pag, kétt mov o pag
Bonbnoet 6to télog dtav oAokAnpmcovpe v ddtaén. [Ipog to mapdv ot tpoPodociec TV
3.3V, 5V kot GND givar 6heg aveEaptnTa GUVOESEUEVES, AALA Y100 AOYOLS EVKOAMOC UTOPOVLLE
oTNV OAIKY| LAomoinom va 11§ opadonomacovpe. Iapactatikd PAETOLHE Ko TO TOPOKAT®
oyéd10 pe T1g ovvdéoelg oto Fritzing (rfid-rc522 thesis.fzz).

RFID-RC522
[ J
3.3vouvéeon oto Pin 17 (3.3V) KOKKLVO
GND ovvéeon  oto Pin 39 (GND) Halpo
MOSI cuvéeon  oto Pin 19 (GP1IO10) HTTAE
% MISO ouvéeon  oto Pin 21 (GPIO9) HwpB
: RST ouvdean oto Pin 22 (GPIO25) aorpo

SCK olvéeon oto Pin 23 (GPIO11)

SDA oUv&eon oto Pin 24 (GPIO8)

fritzing
Yymna 24: Awevvdeon tov Raspberry Pi pe to RFID-RC522

v' 3.3V ovvdeon oto Pin 17 (3.3V) KOKKIVO
v" GND ocbvdeon oto Pin 39 (GND) povpo
v" MOSI chvdeon oto Pin 19 (GP1010) 17,783

v" MISO ochvdeon oto Pin 21 (GP109) pop

v" RST ovvdeon oto Pin 22 (GP1025) Gompa
v' SCK o0vdeon oto Pin 23 (GP1011)
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v' SDA chvdeon oto Pin 24 (GP108)
v IRQ ohvdeon aGOVOETO

"Exovtag v dtacvvoeon pag vOev Kot eKOTEPOOEY UTOPOVLE VO, AVOTTUEOVUE TOV KOJIKA GE
python yio v avayvopion.

Ta mpo amoutodpeva givan va £xovpe evepyoromost to SPI Interface oto Raspberry Pi amo tig
pvBuiceic tov raspi-config.

Sudo raspi-config

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User Password Change password for the current u

2 Network Options Configure network settings

3 Boot Options Configure options for start-up

4 Localisation Opti Set up language and regional sett

S Interfacing Options Configure connections to peripher

6 Overclock Configure overclocking for your P

T Advanced Options Configure adwvanced settings

8 Update Update this tool to the latest wve

9 About raspi-config Information about this configurat
<Select> <Finish>

Meta Interfacing Options
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Raspberry Pi Software Configuration Tool (raspi-config)
Pl Camera Enable/Disable connection to the
P2 S5S5H Enable/Disable remote command lin
P3 VHC Enable/Disable graphical remote a
automatic loading
PS I2C Enable/Disable automatic loading
P& Serial Enable/Disable shell and kernel m
PT 1-Wire Enable/Disable one-wire interface
P8 Remote GPIO Enable/Disable remote access to &

<Select> <Back>

kot enable SPI Interface

Would you like the 5PI interface to be enabled?

AoV oloxkAnpwBel n dwdwkacio g evepyomoinong Bo cdcovpe ™V kKaTdoToon kot Ho
TpoPovpe o€ eMAVEKKIVION Yo Vo gvepyomomBel TANp®G.

Sudo reboot
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A@o0 yiver avtod Oa mpémel va edéyEovpe av €xet evepyomombei to SPI Interface.

Ismod | grep spi

Kot pAémovpe 611 givan evepyd to spi_becm2835 (Raspberry Pi).

Yy 01 pog vhomoinom {ntovuevo givor vo o €ENG oTddwL:

1) Agov éxel éADel o€ axvynoio To TPOYOPOPO OYNUO EVEPYOTOLEITE POVTIVO GTOV KMOIK
ToV Y10, va. 00vAEyel o RFID avayvootng.

2) O RFID avayvmotng eivar e «avopovipy yio toxov onua ord RFID moumd tomov
KOPTOG.

3) A@ob tavtomombei 6Tl aVIKEL 68 «YVOGTA» KAE1Q B0 TPOoY®mPHOEL 0 KOSIKAC Kot Oa
ToeKApEL av glval oty cwotn Béon (m.y. otapdtnoe to dynua otn Béon 1 Ko eivon o
RFID g 6éong 1 16te mpoympael cav aAndng n povtiva, aAAdg Pyalet AdHog).

4) Av givar omn cwotn 0o

5) Eivat kot 10 avtiotoryo kA&l e 0éomng;

6) Ilpoywpaue otov KMOKO divovtag EVIOAN oT0 avtiotolyo moptakt (Oa eEnynoovue
TOPOKATO TL EIVOL TO TOPTAKL).

7) EpgeaviCovpe evdektikn Avyvio 6t eivan Aabog BEon i kA6,

8) Av dev givan 1o avtiotoryo Kiewdi g BEong Tpoywpape 6TOV KON Kol divovue
EVTOM] Y10 GUVEYIOT TNG KIVNONG TOV OYNLOTOC.

Metd v AekTikn TEptypapr] akoAovbei Eva duypappa pong oe Microsoft Visio yu v
vAomoinon tov.
Ilpocoyn oivel uovo onuacio 6to KOUUATI TO TWG OOVAEVEL )| AVIYVEVGH TOV GIjUHATOS

RFID ka1 71 povtiveg dovicbovy kot T1 6Tdd1a DIAPYOVY.

To IIMMpeg owdypappa pong s 0Ang dwdtaing 0a avarvlei ko Oo Tapovoraotel 6TO
KeQaiaro 7.
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\ 4

Follow the track

h 4

Avi)EVIUGQ 6uW:k
Halpng VpapuAg
NAI - Erapampa
' T oNnueteg
¥ 7 ox
Yropoutiva
RFID
. oy S| |Check the RFID
Aviyveuon ywa RFID |—NAI—3< 5o, f!FiD present —NAI—»] In Database
x| +
L Proceed to open b5 @ \
———————»
SRR, § Open drawer lock ﬂ!
No RFID . 2
e ‘y -
/ Proceed for next |
waypeint / h 4

(TEnoz AlAaPOMHE )

Metd v AeKTIKN TEPLYpaPn okoAoLOEL To TPdYpoppa o KO Python yua v viomoinon
TOV.

4.7 Relays

To endpevo o1ad10 etvan 10 TG o avoiovpe kot Oa KAEICOVE TO TOPTAKIN GTO KEALL GTO
TPOYOPOPO OYTLLOL.

"o owtd 10 oKomd O Ypnooromoovpe éva relay 4 kavoldv e181kd 6YES10GUEVO Y1
Arduino/Raspberry tomov HW-316 ota 5V yia vo kdvovpe Ty 0d7yNncT TeV €L LEPOLVG
kehMov pappakov (medicine cell). Kabe apbunuévo kel (amod to 1 péypt to 4) mepiéyet péoo
TOV TO OVTIGTOL(O PAPLLOKO.
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2TV TPOKEEVN TTEPImTOOT TPEMEL Va giplacte o€ BEom va odnynoovpe Kabe kel Eeywplotd
amd TNV avTiGTOYN POLTIVE TOL TPOYPAULOTOGC.

el Nt

- SIEMH
Bl A G
Beje L
"t LR

,®

b ATV sy t

Yyfquna 25: Relay 4 kovaiiov

H dodkacio givon n €€ng:

Ao yiver n emPePainon and 1o RFid (d&g mo mave yio Ty meprypaen) tote Oo 500ei amd
70 TPOYPOLLUO 1) EVTOAN oTa dkpa Tov Relays kat cuykekpuéva otig g160d0vg IN1 Emg IN4
avéAoya pe TV TepinTmOo Yo evepyomoinon €£0d0v. Avto e ™ oepd Tov Ba evepyomomoet
mv avtictoymn ££0do oto relays K1 émg K4. Ot é€odot tmv relays sivor cuvdedepéva pe
poyvntikovg asntnpes.

[Mapakdtom PAérovpe To oynuatikd oyxedacuévo oto Fritzing (4 relais board thesis.fzz)
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Cell1 Cell 2 Cell 3 Cell 4
4 cells for medication storage
with magnets to open l l ) l l
- - - -

4 magnetic open close
sensors

4 relais to handle the
medicine cells

4 RELAY MODULE

AR
LI
5V clOvéean pin2  KOKKvo GND gUvéeon pin30 paldpo
IN1 gvdeon pin35  prmie IN2 glvéeon pin36 pwp
IN3 ouvéeon  pin37 N4 ocuvéeon  pin38

fritzing

Yyfqua 26: Anotonmon og Fritzing ywo t yprion 4 Relays
48 M K6 i
To nwg Aetrtovpyei kabe payvntikog acOntipag ON/OFF Oa yivel meptypagn mo Katm.

O payvntikog areOnmpag ON/OFF mov gival o i610¢ TOTOG TOL EYOVUE GTOVES GLVAYEPUOVG
ota mopdOvpa Ba ivar cuvedg OTAMGUEVOC ONANdT EVEPYOTOMUEVOG (1] EVTOAN £pYETOL OO
ta Relay), dote va unv pmopei va avoi&et 1o keAl tov gapudkov. Etot katapépvoupe va
EYOVLE TNV OTTALTOVLEVT] AGPAAELD Kot Vo UV pmopel var avoilet to kel amd omolovonmote
éAro.

Mo yiver n emPBePainon tov acBevoidg 6TL TpoOKELTOL ONAON Y100 TNV GOGTY BEom Kot ToV
avtiotoyo aobevi| toTe 10 relay divel eviodn a@OmTAoNG TOL HayVNTIKOD cuoBnTpo Ko eivat
AoV duvaTov vo avoitel To keM. 'Etot dev dappéet pedpa 6To E6OTEPIKO HEPOC TOL
HayvnTIKoH ooOnTnpiov Kot omevePyYOTOIEITE 1] LOYVITION).
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Yympe 27: Mayvntikog aodntipag ON/OFF
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NC NO
L 1

o || © -
O O connect ; O O Disconnect
R=0 : »

switch Magnet :  switch Magnet R=1
switch Magnet switch Magnet

o) o) ¢ o o)

0 0 - : |8 0

isconnect : connect
R—— R=1 — R=0

Yympa 28: [Mapaoctatikdg TpoOTOC Acttovpyiag Tov payvnTikoH osontipo

4.9 Servo Kwnnpeg

O Servo kwvntpeg tomov Tower Pro givor Brypatikol kivntipeg pe duvatdTnTo TEPIGTPOPTS
tov dEova amd 0° émg 360°. Eivar tpudv axpodektdv pe tpopodocio +5V, GND kot
noptokari v evioan PWM ®ote va divel Tov maAud mov 0élovpe.

RED (+5V)
BROWN (GND)

Yympe 29: Micro Step motor tomov Tower Pro kot didtaén akpodektdv
g 0wToVG TOVg SErVo KvntMpeg EPYETOL 1| EVIOAT amd TO TPOYPOLLLLO VO 0VOTYOKAEIGOLVE

Kotd P yovio yopm otig 90° dote va avoitel o kamdkt oto kehi (Chamber) kot étot o
acBevig va mapoAaPel To EAPLLOKO TOV.
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Metd TV TEPIGTPOPIKT KIVI|OT) TOL OVOTYHOITOC KoL TO EETAMMMLO, TOL KEALOV 0 AEOVOC
TEPIOTPOPNG Bl KAVEL TNV avTIGTPOPN Kivnon va eravEépBel oty apyikn Tov BEon apod
nepdoovy Kamowo Aentd mov epeic Oa opicovpe cav kat®EAl péca oto Tpdypappa. Otov Oa
oAoKANpwOEl avt N emoTpoen Tov dEova, o acBevig Ba PePfarmbel omtikd 6Tt emaviADE
otV 0éom ToV Ko B TamdGEL TO KEA. AvTd ol dODGEL KO TO EVOVGLLO GTOV LAYV TIKO
aicOntpa ON/OFF va omAicet kat to Tpoxopdpo va cuveyicet TV mopeia Tov.
[Mapactatikd to oyédo o€ Fritzing (servo motor control.fzz)

5V olvéean oto Pin 2 (+5V) kokkwvo GND aOvdean oto Pin 14 (GND) Haupo
Chamber 1 obvéean oto Pin 29 (GPIO5) ks Chamber2 oUvdeon  oto Pin 31 (GPIO6)  prrhs
Chamber 3 oUvéeon  oto Pin 32 (GPIO12) prtAs Chamber4 oovéeon  oto Pin 33 (GPIO13) prmmhs

Servo Motor 1 ' Chamber 1

| A

:..‘

g Chamber 4 T Servo Motor 4
I A’

[E

Servo Motor 3

Chamber3

o o U VY .

1
l (
Chamber 2 Servo Motor 2

fritzing

Yympe 30: Anotonwon og Fritzing ywo ) ypnion 4 Micro Server Motor

2mv telkn| €kdoon PBalovpe ko pia avtictaon 1 KQ og kébe axpodéktn PWM yuo va punv
&yovpe Bépa, og KaOBe pmie aywyo mov eaivetat 6to oynua 30 Kot TP ThEL 1| YPOLLUN GTO
Raspberry.

Teyvikd ot eykomés méve 610 KoLTl TV PoPUAK®V Kot 0KPPBESTEPA GTA TAAYLOL TOV KEAMDV
gival y1o va. LTopEGOVE VL TEPACOVLLE TOV GEOVE TOL MICIO SErvo Kvnthipa LEGa. yia Vo,
avotryokAgicovpe 1o komdktl. Emiong otig mapakdtom eikdveg paivetot kot 1 B€om twv
poyvnTikov aenmpiov tog £govv Tomobe el 610 e0mTEPIKO KO EEMTEPIKO TEPIUETPIKAL.

I"a va vroloyiotet 10 1dG0 Ba mepiotpépet o aEovas tov Step Motor Ba npénet va
vroAoyicovpe yio 3 Béoeig to Duty Cycle kot v avtictoyn yovio nepiotpopnc.

Oempovpe, og apempia ™V kevrpuey (0°) kot o tepiotpepdpacte oe 2 Oécelg apiotepd 90°
o 8e€16 900 . 1o TopaKATe) GYIN GOIVOVTOL O1 YMVIEC TEPIGTPOPYC Y10. APIGTEPE KEVTPO
de&idL.
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LEARN ROBOTICS

1-2ms

Duty Cycle

LBVI(-5V) :r----r | <_I-‘._) LH_>

Power and Signal LI | T gt
________________________ Left Neutral Right
1:‘;11: Il'ﬂi::' 0 /M1ms 0°/15ms +90°/2ms

INa va vmoloyicovpe Tov KOKAO gpyaciog ent g 100 ya kdbe BEom Oa mpémet va Kavoue
daipeon g cLVOMKNC TePLOSdOL TNE TANPN G TeptoTpoPnc Next, convert the duty cycle times
to percentages by dividing the position’s duty cycle by the total PWM Period (20 ms). For

example, the left position has a duty cycle = 1 ms. Therefore, 1/20 x 100% = 5%. I’ve
included this handy chart for your reference.

Left Neutral Right
Angle (deg) -90 0 +90
Duty Cycle (ms) 1 ms1.5ms 2 ms
Duty Cycle (%) 5% 7.5% 10%

Yympoe 31: A) Pill box gvpeiog xpnong
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B) Kéartoyn Pill box I') ITAaitvy Oy pe eykomég ywpic auodniplo

Yympa 32: Pill box pe awoOnmpeg poryvntucovg kon mMicro servo kivntipao
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5.1 Ewcayoyikd

210 kepdiawo 5° 0Ba deiEovpue Aemtopepds Prpa mpog P To Aoyopkd xpnong ywo
dracvvdeon tov Raspberry Pi pe tov YmoAoyiot) yio tov Tpoypappotiopd tov kabdg Kot mmg
avartuyOnke kot vAoromOnke OAO TO0 AOYIGLKO PEXPL TO TEMKO GTA10.

2 Bi] ) i R rry Pi Y i

AxolovBolv ta Pruata yio v dtacvvoeon ¢ povadac Raspberry Pi3, Pi Zero 1 Pi Zero
W yia va égovue SSH npdcsPacn pécov g Bvpag USB oe mepipariiov Windows.

Mo and 11c BacikoTePEg EPpOTNOELS TPOKVTTTEL OTOV £XOVUE AYOPACEL TNV HovAdd Twg Oa
&yovpe TPOGPaoT o€ TPOYPOUUATIOTIKO TEPPAALOV 1| KaAVTEpA TNV doxeipton ympig va
ypewdletarl vo, ouvoéoovpe emmAéov eEomAiopnd omwg éva. USB Hub ya v odvdeon USB
novtiky, USB mAnktpordylo 1} Kot 006vng yio TV omoTOTMoT Kot AOUT®Y GUCKEVOV OTMS Kol
ocaP®OC AVTATTOPO Y10 va cuvdEécovue amd micro HDMI (mov éyet to Pi Zero) o HDMI yia
ovuvdeon pe 006vn véag TexvoAoYiag 1) KOO KOl GE TNAEOPAOT).

Olo avtd Bo doOue Tog elvarl mepittd kol TG B0 cLVOECOVE TNV HOVAdL OTAQ UOVO LE
Kahmd1o USB og vroloyioth / popntd vAOTOIHVTOC T Tapakdt® Prinata.

Bijua I°:

Katefalovpe o dwovoury Raspbian Stretch Lite yw to Raspberry Pi amd tv emionun
16t00eMida’ (VapyoLY To iMages oTic TYEC TG AUTAOUOTIKHC).

Tnv mepvape pe éva mpdypappa eyypoenc® oe pio micro SD képta yopnTIKOTNTO TOLAGIGTOV
8GB.

Brua 2°:
To ssh tpmtdékorro dev givar gvepyomompévo yio Adyoug ao@odeiog €€ apyng 6TO AELTOVPYIKO
Raspbian xat 6o wpémet xeypoxivnta va evepyomombei ek Tmv VoTEP®V Amd TO YPNOTN TPV

a6 v 1" yprion. ' va to evepyomotcovpe akolovBovpe ta NG Prpotas

1. Tpéyovpe To Znperopatapro.

2. Kdavoupe éva kevod péca o véo £yypogo.

3. Amobnkevovpe oto root g SD kaptag og véo apyeio pe to 6vopo ssh ko
KatdAnén «0ra Ta apysion.

4. Kietvoopue 1o apyeio.

9 https://www.raspberrypi.org/downloads/raspbian/

10 Etcher mpdypappa gyypagig eIkOVeV o€ amodnKevTikd péca.
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https://www.raspberrypi.org/downloads/raspbian/

Brua 3°:

Ene&epyasia tov apyeiov config.txt yia va éyovpue mpdsPacn ssh rpochétovtag 6to Téhog
TOV OPYEIOL TO TOPAKAT®

dtoverlay=dwc2
Byua 4°:

EneEepyacio kar anobnikevon tov apyeiov cmdline.txt yw vo éyovpe mpoécPacn ssh
npocbétovtog petd to onpeio rootwait ta mopakdto:

modules-load=dwc2,g_ether

Ilpocoyn va vrapyel uovo kevo mpiv Kol UeTd 10 TPOcheTo oToryeio yiati alilwg dev Oa
nailer

Bnjua 5°:
Eyxatdotaon tov Bonjour og nepipdirov Windows.

INo va égovpe mpdoPacn ssh oe mepipariiov Windows oto Raspberry Pi Balovtag to pe
hostname axoAovBovuevo omd .local (m.y.: raspberrypi.local) 8o mpémel vo gykotootodel 610
Aertovpyikd pog 1 vanpesio Bonjourt?,

Briua 6
Evepyonoinon tov Pi Zero 1 omowovdnmote Raspberry Pi
1. Balovpe tqv micro SD card péco otov £181kd 0dny6 oto Pi Zero.
2. Yvvdéovpe to kaAddo Micro-USB otnv vrodoyny data/peripherals ywpic va
YPELOOTEL VO, GLVOECOVUE EMTAEOV TPOPOSOGTiaL.

3. Atvovpe tov amoutodpevo ypdvo 2-3 Aemtmdv péxpt mov va poptmbel to
Aertovpykd oto Pi Zero kot vo givat £Too mpog ypfon.

Bnjua 7°:
Avoiyoupe to Tpoypapa putty yuo tmy exikowvovio ssh.
O1 puBpicelg etvon OT®G POIVOVTOL GTO TOPAKAT® GYNLLOL.
1o mepPdArov ekkivnong Lol {nbel eloaymyn otoyeiov Balovpe:
1. >0 mhaicto Host Name (or IP address) to évoua raspberrypi.local

2. H =népta (Port) €& opiopov eivar n 22 kot n ovvdeon Connection type
oettapiopévn o SSH.

11 hitps://support.apple.com/kb/DL999?locale=en US
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3. [Motape To Open kot tepipévoupie va, pog Byaiel 6To TAOIG10 dOAOYOV Yid T
OO TEVTIHPLN GTA OTTOL0L EIGAYOVLE:

Username: pi xaz password: raspberry.

Meta v emroyn €icodo Oa npémel va eipacte 6to root Tov Raspberry Pi.

PR PUTTY Configuration ?
Category:
| = Session | Basic options for your PuTTY session
T Fog]ging Specify the destination you want to connect to
= eminal 2
Keyboard Host Name for IP address) Port
Bell raspbenmypilocal 22
Features Cpnnecuon type: ) i )
-~ Window (ORaw () Telnet () Rlogin @SSH () Seqal
A
rBopea@nce Load, save or delete a stored session
ehaviour
Translation Saved Sessions
+- Selection
Colours Default Settings {oad
- Connection raspbermy =
Data Save
Proxy
Telnet Delete
Rlogin
+- SSH
Serick Close window on exit: i
() Aways () Never (® Onlyon clean exit
About Help Open Cancel

Yyfqua 33: PvBuiceic yua tpocPfaon ssh

Bnjua 8°:
[IpdcPaom 610 diktvo omd 1o cvotnuo Tov Windows

Emedn €€’ apyfc n odvdeon n evevpuatn oto cvotnua tov Windows dev givar pubuiopévn va
mapéxel Kol TawTdYpovo Olacvvdeon oto Internet, o mpémer amd pepldc  pog va
TPOLYLOTOTOU|GOVUE KOATOEG XEPOKIVITEG EVEPYEIEG DOTE VO OMGOVE GTNV LOVAdO TANPT
npocPaon.

Avtd T POt TEPTYPAPOVTOL GTY] GUVEXELO.

1. Avotyovpue tov Ilivaka EAEyyov kor Tpéyovpe To Kévipo Aiktiov kKon Kowvi|g
Xpnong.
2. E&aptdrat amd 1o 1pdmo pe Tov 0moio EHAGTE GUVIESEUEVOL Y10 VO EMAEEOVLLE

N TV evodppatn 1\ TV ocLPUATN GHVOEST LG KOl LETE

Click Iowotnteg

Click omv koptéda kotvn gpiiomn.

Evepyomoovpe v emioyn Na emrpénete n (pNion GAA®V YpNGTOV TOL
OL0OIKTVOV a0 VT T1] GVVOEST).

ok w
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6. Click OK «o petd Kigiowpo.
7. IN'o édeyyo o umopovoa péca oto mapdbupo va Palape ping www.hmu.gr ko
va dodue edv £xovpe andvtnon oto artiuato, ping.

OloxAnpaovovtag avtd ta Prpota Bo Exovpe meTvREL TNV OIGVVOEST TNG HOVAJNG
Raspberry pe tov H/Y 1} kot popntd pag.

Mpocoyn !!!
[péner ommodNTOTE VO EKTELEGTOVV TO fpaTOo AVTO TPV TNV TPATN P61 KOl

o0VOEGT TNG TAUKETAS OVEEAPTNTOS UNYUVIIHATOC.

5.3 By

‘Eva dAdo (Rtnua givarl Tmg o kavoovue to Raspberry Pi va tpé€etl avtopatoromuéva pue tny
exkivnon 1o Tpdypappa tov BEAoLVLLE.

To Raspberry dev d10béter autorun 6mmg S1obéter to Arduin0 pe amotéleocuo v EQOVUE
TPOPAN LA Yo TV QVTOUOTN EKTEAECT) TPOYPAULOTOS KAOE pOPE TOV VT EVEPYOTOIEITE 1 TTOV
tifeTon o€ Asttovpyia petd amd exkivnon.

Me 10 Cron mov vrdpyel oto cvotiuate. LiNUX, pmopodue va KAVOuUE TPOYPOUUATIoHO TOTE
0élovpe va emavaineBodv Kamoleg epyacieg 6To YOPo-ypOVO dIVOVTaG GTOV TPOYPOLUATIGTY)
amepeg dvvordtrec. Epelc Ba mpoomabncovpe vo 10 TPOCAPUOGOLUE OTO HETPO HOG
Tpéyovtag £va SCript oe python mov Oa tpéyet to mpoOYpappo pog ke opd Tov eKKiveite TO
Raspberry Pi.

Bnua 1°: Anuovpyia Tov Python Script

To mpdTo Prpa eivor vo dnuiovpyncovpe to Script og Python. Avtd Oa tpéyet dtav Oa kdvel
boot. Eivar oAb onuovtikd vo yvopilovpe to akpiéc dvopa kat t 0éon mov Ppiokete.
dwid pag viomoinom Ba to ovopdoovpe «Mediberry.py» kot 6o to amobnkedoovpue otV
tonoBeoio «/home/pi/».

BAémovpe ko toekdpovpe av £xovpe dMGEL T cwot Béon oto apyeio

cat /home/pi/Mediberry.py

Oa mpénel va pag dgi&et to mepleydpevo tov Script mov pridéoype.

Ed®d onpewdvovpe 611 Bo mpémet va Eyovpe SOmMOTOGEL OTL TO GLVTAEANIE COOTA YTl TPEXEL
Katd TV ekkivnon Kot dev givar ebkoAo vo 1o dopBdcovpe dnas kot TpEEet.

Bnua 2°: Aymovpyia véov Cron job
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"o dnuovpyia evog véov Cron job Oa mpémet va arddEovpe To «crontaby. Eivat oty ovoia
évag mivakag pe AMota amd avtopaTonompéves epyacieg mov o Cron gmomtevel Ko eKTEAEL
Baoet ypovodwaypappotoc. I'a va 1o Tpomomomcovpie Bo eKTEAEGOVLLE TIC EENG EVTOALS:

sudo crontab -e

Kdébe ypnomg tov Aettovpywkod ovotiuatog €xet 1o dwkd tov Crontab, omdte yio va
amo@Oyovpe TUXOV SLGAEITOVPYIEC TOL PETAPPALETE VA AoTOYEL Vo TpEXEL TO TpoavaPePHEY
script amd GAoVG TOVG YPNOTES, GTOYOG HaG EIVOL VAL TO TEPAGOVLE MG dtoryelplothg admin ondte
YU awtd Balovue o Tpdbepa 1o «Sudo» oto «crontab -e». Orote Bo whpovue G amoTéEAESUA.
avTO OV PAETOVLE GTNV TOPAKAT®O EKOVO.

GHNO mano 2.7.4 File: /tmp/crontab.9Z80xF/crontab ~

Yympe 34: Apywn 006vn oto Crontab

Y10 téA0g 010V Ba TPENEL VO TEPAGOVE TO EENG Y10 VO TPEYEL KOTA TNV €KKiviion To SCript

@reboot sudo python Mediberry.py &
To Cron tdpa pobaiverl 6t og kaBe exkivnon boot (or reboot or start-up) 6édovpe va tpé&ovpe
10 Mediberry.py avtéparte ety Python. To «kaw 6t0 TEhog «&» £xelL TNV évvola va TPEYEL

OTO MOPAGKNVIO KOl O€ GTOHOTUEL OTIWS TPLV.

Ytnv 006vn Ba PAémovpe ta e&Ng:
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‘@ |

GNU nano 2.7.4 File: /tmp/crontab.9%Z80xF/crontab Modified |»

'y
w
'y
m
'
m
£
T
£
T
'y
w
'y
m
'y
m
£
m
£
T
£
T
'y
m

Yyfqua 35: 006vn oto Crontab petd v eloaymyn Tov Script pog

INa va to cdcovpe moatdpe «CTRL-X» yo £€£000g, petd «Y» yio empPefoainon Kot 610 TEA0G
«Return». Metd and avt ) dwdikoaocio emotpépovue oto Command Prompt kot kévouvve ta
TECT LOG OTNV EXOUEVT EMAVEKKIVION.

Sudo reboot
Apob 1o Epovue tpa cettapel kale popa Qo tpéxet pe v exxivion tov Pi.

Oa vrapEovv Opmg Kol eopéc mov dgv Ba BELovpe va TPEYEL AVTONOTA TO CKPLTTAKL KOL
Yo avTO T0 AOY0o 00 TPEMEL VAL TO GTOUATI|GOVE.

210%0¢ eivol TANKTPOAOYDVTOG TNV TOPAKAT® EVTIOAN va. Bpovie Tov aplBud eKTEAEONS TNG
dadikaciog kot va Tov Kavovpe «Killy.

Ps aux | grep /home/pi/Mediberry.py

Méoa ota Ola amoteréopata pog Pyaler Kot to TopoKaTe ond OTov Kol GTOUOTAUE TNV
ektédeon divovtog Tov v tehkn evtoln «Kill» pe dikoudpota dwyepio).

root 1863 0.0 1.0 24908 4012 ? Sl 19:45 0:00 python /home/pi/Mediberry.py

sudo kill 1863

56




MOVTOG TO

A

VOTOTO KO

Bo evepynoovpe amio
tva:

GLLLOTOGC

AN 0TIV KOVeOAQ B &

AEGT TOL TPOYPO

OTE M EVTO

G pog mepimtwomn yw v eKTE

p3 1IN

’

Mediberry.py omé

avtiotoyo apyeio

python Mediberry.py

Ko 1) eKTéEAEST TOL TTpOYpaupatog Ba pag Pydiel o welcome screen.

Aeomng

r

4

ov1n €KTE

pa 36: Apywn o0

XM

imong

’

Aomo

r

ETovUE TO TPOYpOYLA THS D

r

2t evvéyela ato kepalaio 6 mwopal

S7




1E K@

Ev ocuvveyela, ot0 kepdriawo 6° akolovbdvtag Ao To otddl  moOv TpoavaeEpOnKay Oa
TaPOVGCTOVV OAN TO 6TASI VAOTTOINoNG Hall apov £xovv de€odikd emTuy®MG ovolvBel Kot
amd TO EPYNCTNPLOKO KOUUATL TPOYWPAIE TNV avToL Kabawtoh LAOTOINGT Kol 6Ta GEVAPLOL
vAOTOINoNG 0€ TPAYUATIKO TEPPAALOV.
Tpio Xevapio Oo PG AmOGYOANGOVY GE QLTI TV LAOTOIN G

1. Ylomoinon oe mAnpn Asttovpyia

2. Ylomoinon pe RFID og AdBog Béoelc

3. YXlomoinon pe eunddio oy dtodpoun
[Tpota and 6Aa Opwe o ddcovpE TO TANPEG OLAYPALLLLO POTIC TNG VAOTOINGTC.

6.2 A1g , ) ,

To mAnpec Sdypappo pong TS VAOTOINGNG GOG HOG PAIVETOL GTO TAPUKAT® Gy LLOL
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Medibbery Flow Chart Dlagramm

Phase 1

Start Begin to drive the
car

Fellow the track

Starting sequence

IR detect the

line
YES NO )
Continue Driving  f«¢! > Wc‘:?::g'i\r;:
A 4
Detect double
black line S

T

Is this ﬂ?—\:o

RFID
detection

Correct RFID?

Yes

!

HAVE TO GO BACK

h 4

Check the RFID
In Database

v

- » Proceed to drawer
END sequence

Y

Open correct
Drawer

YES

Drawer
closed

Yyqpa 37: [Tnpeg duaypoppa pong “Mediberry”
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6.3 To m)peg 6yd10 o€ Fritzing

OLokAnp@dvovTag Olo to. oTddL TG VAOTOINONG Kol TNG MAEKTPOVIKNG oYedioong HeE TO
npOypappe Fritzing axoiovbei 1o TAPEG NAEKTPOVIKO GXEL0 LE OAEG TOL EMTL LEPOVG TN UOLTOL
T omoia £xovv avaAivbel oe TPoNyoHUEVES EVOTNTES.
Amotomwon og Fritzing tov 6Aov kukhldpotog e vioroinong (thesis final shematic.fzz).

Yympa 38: Tehko oyéoro odraing pali pe ocuvooelg

Y10 oynua avto ogv ta fdrovpe 6ra poli yro va ociCovpue e’ axpipdg To drdpopa pépn

¢ vAomoinonc.
IMavo oto GPIO tov Raspberry épovpe 115 £€1g 6VVHEGEIS TPAYNATOTO|OEL:
SV abvoeon  oto Pin 2 GND obdvoean  oto Pin 6
5V ovvoeon  oro Pin 4 GND cbvoean oo Pin 9
3.3v gdvoeon oto Pin 17 GND cbvoean oo Pin 14
GND cbvoeon  oto pin30
LEDRED1 ot0oPin13 GND ovvoeon  oto Pin 34
LEDRED 2 ot0Pin18 GND ovvoeon  oto Pin 39
Switch oo Pin 15
Trig ovvdeon oto Pin 10 (GP1015)
Echo abvoeon aro Pin 16 (GPIO23)
Chamber 1  o70 Pin 29 (GPIO5) INI obvoeon  oto pin3s
Chamber 2 o70 Pin 31 (GPIO6) IN2 obvoeon  oto pin36
Chamber 3 o70 Pin 32 (GPI1012) IN3 ovvoeon  oto pin37
Chamber 4 o70 Pin 33 (GP1013) IN4 ovvoeon  oto pin38
IR odvoeon oro Pin 3 (GPIO2) MOSI obvoean oto Pin 19 (GPIO10)
IR?2 gvvoeon oro Pin 5 (GPIO3) MISO cbvdean oto Pin 21 (GPIOY)
Al gbvoean oto Pin 7 (GPIO4) RST abvoean  aro Pin 22 (GPIO2)5)
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A2 odvéeon oro Pin 11 (GPIO17) SCK abvoeon oo Pin 23 (GPIOI11)
B gbvoeon oro Pin 8 (GPIO14) SDA odvoeon  oto Pin 24 (GPIOS)
B2 abvoean oo Pin 12 (GPIOI8)

6.4 To minpseg npdypoupe og Python

H tehikn mapdypagog ovtod tov Kepaloiov gival 0 TAPeS KOJIKOG TNG bAotoinong oe python
omog akpiPoc tpéxet péso oto Raspberry Pi.

O xoOdwag elvar ypouun mpog ypouu kot ogv Ba yivel wiaitepn avaeopd ovte Kdmola
eneénynomn tov o ot To oNueEio, TPoHmobETOVE VO £XEL O OVOYVOOTNG KATOEG POOIKES
yvooelg og Python yia va tov kotalaPet.

K®dwac Mediberr

#!/usr/bin/python:
PN HA BT

print("### Master Thesis HHH")
print("### Hellenic Mediterranean University — ###")
print("### Master Course Teleauto HHH")
print("### Title : Mediberry HHH")
print("### Author Zervoudakis Antonios HHH")
print("### Copyright 2020 HHH")
print("### Email: mtt9@edu.hmu.gr HHH")
print("### zervoud@hmu.gr HHH")

PriNt( R
PriNt( A
print("### Welcome to the Presentation — ###")
PriNt( iR
import RP1.GPIO as GPIO # calling header file for GPIO’s of PI
import time
from time import sleep #import sleep function to call later
GPI0O.setwarnings(False) # Ignore multiple warnings
GPI10.setmode(GPIO0.BOARD)
GPI0O.setup(13,GPI10.0UT) # RED LED Indicator
GPI0O.setup(15,GPIO.IN) # Switch On/Off
#while True:

if GPIO.input(15):

GPI10O.output(13,GPIO.HIGH)

print ("LED ON")
else:
GPI0.output(13,GPIO.LOW)
print ("LED OFF")

print("Running full Mediberry programm")
print("proceeding to start wheels™)

# Fhhhhkhkhkhkhkkhkhkihihhhkhkhkhkhkhhirrhhhkhkhkhhhirrhhhkrhhhhkhkhkhiirrhhhhkhhhiiriiiiix
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#* START OF ULTRASONIC FUNCTION *
# *hhkkkhkhkhkkhkhkhkkhkhkhkhhhkhhhkhkhhkhhhkhkhhkhkihhkhkkhkhkhkkihkhkihkkihkhkirhhkkihhhkkirhhkkikkihkkihihkkiihkhiikiik
def ultrasonic_function():

# We setup the pins as Inputs and Outputs

# for controlling the Ultrasonic Sensor and

# obstacle recognition to halt

GPI10.setup(10,GP10.0UT) #TRIGGER PULSE
GPIO.setup(16,GPIO.IN) #ECHO PULSE
GPI10.setup(18,GP10.OUT) #RED INDICATOR for Distance

print ("Distance Measurement In Process")

GPIO.output(10, False)

print ("Waiting For Sensor To Travel forward")

time.sleep(.1)

GPI10.output(10,GPIO.HIGH)

time.sleep(0.00001)

GPI0O.output(10,GPIO.LOW)

while GP10.input(16) == 0:
pass
pulse_startl = time.time()

while GPIO.input(16) == 1:
pass
pulse_endl = time.time()

pulse_durationl = pulse_end1 - pulse_startl

distancel = pulse_durationl * 17150
distancel= round(distancel, 2)
print ("Distancel:",distancel, "cm™)

time.sleep(10)
#while True:

if distancel<=0.2:
GPI0.output(18,GPI10.HIGH)
print("LED ON OBSTACLE IN RANGE UNDER 20cm")
else:
GPIO.output(18,GP10.LOW)
print("LED OFF OBSTACLE OUT OF RANGE")
pause()
GPIO.cleanup() #this ensures a clean exit

#*******************************************************************

#* START OF MAIN FUNCTION *

#*******************************************************************

def Main_function(): print("starts Main Function™)
# First we setup pins as Inputs and Outputs
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# for controlling the direction of the Wheels

GPI0O.setup(3,GPIO.IN)
GPI0O.setup(5,GPIO.IN)
GPI0O.setup(7,GP10.0UT)
GPI10O.setup(8,GP10.0UT)
GPIO.setup(11,GPI10.0UT)
GPIO.setup(12,GP10.0UT)
try:
while True:
if GP10O.input(3)==False and GP10.input(5)==False:
print("Forward movement")
GPIO.output(7,True)
GPI10.output(8,False)
GPI10O.output(11,False)
GPI10O.output(12,True)

if GP10O.input(3)==True and GPIO.input(5)==False:
print("Left turn™)
GPI1O.output(7,True)
GPI10O.output(8,True)
GPI10O.output(11,True)
GPI10.output(12,False)

if GPIO.input(3)==False and GPIO.input(5)==True:
print("Right turn™)
GPI10O.output(7,False)
GPI10O.output(8,True)
GPIO.output(11,False)
GPI0O.output(12,False)

if GP10O.input(3)==True and GPIO.input(5)==True:
print("Reverse movement")
GPI10O.output(7,True)
GPI10O.output(8,True)
GPI10O.output(11,True)
GPI10O.output(12, True)

finally:
GPI1O.cleanup() #this ensures a clean exit

#*******************************************************************

#* START OF Rfid FUNCTION *
#*******************************************************************
def rfid_function():

GPI10.setup(19,GPIO.IN) # MOSI

GPI0O.setup(21,GPIO.IN) # MISO

GPI10O.setup(22,GPIO.IN) # RST

GPI10.setup(23,GPIO.IN) # SCK
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GPI10.setup(24,GPI0.IN) # SDA

#*******************************************************************

#* START OF Magnetic lock FUNCTION *

#*******************************************************************

def magnet_function():

GPI0O.setup(35,GPI0.0OUT) # IN1 Magnetic Lock 1
GPI0O.setup(36,GP10.OUT) # IN2 Magnetic Lock 2
GPI0O.setup(37,GPIO0.OUT) # IN3 Magnetic Lock 3
GPI0O.setup(38,GPI0.0OUT) # IN4 Magnetic Lock 4
GPI10O.output(35,GPIO.HIGH)

print ("IN1 Locked")

GPI10.output(36,GPIO.HIGH)

print ("IN2 Locked")

GPI10.output(37,GPIO.HIGH)

print ("IN3 Locked")

GPI10.output(38,GPIO.HIGH)

print ("IN4 Locked")

GPI10.output(35,GP10.LOW)

print ("IN1 Opened™)

GPI10.output(36,GP10.LOW)

print ("IN2 Opened™)

GPI10.output(37,GP10.LOW)

print ("IN3 Opened™)

GPI10.output(38,GP10.LOW)

print ("IN4 Opened™)

def servo_function():
#*******************************************************************

#* START OF Servo rotation FUNCTION *

#*******************************************************************

GPI10.setmode(GP10.BOARD)
GPI0O.setup(29,GPI10.0UT) # Servo 1
if GP10O.output(29,LOW)

print ("Servo 1 Closed")

else GP10.output(29,HIGH)

print ("Servo 2 open")
GPI10.setup(31,0UT) # Servo 2

if GP10.output(31,GP10.LOW)

print ("Servo 2 Closed")
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else GP10.output(31,GPIO.HIGH)
print ("Servo 2 open")
GPI0O.setup(32,GPIO.OUT) # Servo 3
GPI10.output(32,GP10.LOW)

print ("Servo 3 Closed")

else GP10.output(32,GPIO.HIGH)
print ("Servo 3 Open")
GPI0O.setup(33,GPIO.OUT) # Servo 4
GPI10.output(33,GPI0.LOW)

print ("Servo 4 Closed")

else GP10.output(32,GPIO.HIGH)
print ("Server 4 Open"™)

# Now we need an output to send our PWM signal on correct servo motor
if IN1=true:

pwm=GP10.PWM(29, 50)

pwm.start(7)

#stay for 60 seconds open

time.sleep(60)

pwm.stop()

pwm.start(0)

elif IN2=True :
pwm=GPIO.PWM(31, 50)
pwm.start(7)

#stay for 60 seconds open
time.sleep(60)

pwm.stop()

elif IN3=True :
pwm=GPIO.PWM(32, 50)
pwm.start(7)

#stay for 60 seconds open
time.sleep(60)

pwm.stop()

else IN4=True :

GPIO.setup(33, GPIO.OUT) #Chamber 4
pwm=GP10.PWM(33, 50)

pwm.start(7)

#stay for 60 seconds open

time.sleep(60)

pwm.stop()

GPIO.cleanup()

# Fhhhhhkhkhkhkkhkhhihhhkhkhkhkhkhhrrrhhhkhkhkhkhhirrhhhkhhhhhkhkhhhrrrhhhhhhhiirriixixixdx

#* START OF Cell FUNCTION *
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#*******************************************************************

def cell_function():

#*******************************************************************

#* START OF THE MAIN PROGRAM *

#*******************************************************************

ultrasonic_function() #Ultrasonic Function to handle distance and

obstacles

Main_function() #Main Function to handle wheels

rfid_function() #Main Function to handle wheels

servo_function() #Servo function to handle servos
magnet_function() #Main Function to handle wheels

cell_function() #cell Function to handle opening and closing cells on

pill box
exit_function() # Function to exit properly

#*******************************************************************

#* FUNCTION TO EXIT THE PROGRAM CLEANLY *
#*******************************************************************
# * We use this function to turn off both motor and to ensure the *

# * GPIO ports are reset properly on exit *
#*******************************************************************

def exit_program():
z = motor_drive (False) # Turn off all the GPIO outputs

print ("\n\n") # Print a couple of blank lines
GPIO.cleanup() # Clean up GPIO ports with any
exit() # And quit the program
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2EV0 Y

[Mopabétovpe mapoakdt® cevéplo LAOTOINGONG TNG TOPOVGOS VAOTOINGTC.

a. Yhomoinon cg mAfpn Aertovpyia,

Ilpwro cevapio m vionoinon oe TANPTM Asttovpyia mepAapPavel vo KAVEL TO TPOYOPOPO TNV
PN dwdpoun xwpig epnddio kot Adbog aviyvevon RFID’S. Avto amotelei kar To 1daviko
Kot emBounto cevdpro. ES® dev €xovpe va moOe Timota AL Tapd OTL TO TPOYOPOPO YN
akoAOVOEL KaTd Ypappa Kot TV dtadpoun| Kot To mpdypappa e python.

b. Ylomoinen pe RFID 6¢ Ad0og Ooerg

270 devTEPO Gevaplo Exovpe TNV 1010 akpPdG TANPT S1OPOUT| Y1 TO TPOYOPOPO LOVO TOV
avtipetabétovpe ota onueio 2 kKo 3 toug 6ékteg RFid’s peta&d tovg. Avtod €xet 1o vonua va,
dei&ovpe 11 Ba copPei av 2 onueio aAAdEovY TV BEom Tovg 1 KaAVTEPX 0V 01 0l60eVEIC Oev
Bpiockovtor oty B€om Tovg. Avto Ba Exel oV ETIMTOON TO TPOYOPOPO VO TAPUOIOEL KAVOVIKEL
o1o onueio 1. Apov @tdoel oto onueio 2 Oa kavel OAN TV emkowvwvio oto Kopudtt tov RFid
Kol LOALG O1omIGTAGEL OTL OV €ivorl 0 6GTOHS TapaAnTING Oa Tov avoilel To PAPLOKO LE TO
omoTo KeM. AnAadn edm otn BEon 2 Ba tov avoitet To keA 3 Kot 61N cvVEXEL Ba
TPOY®PNGEL 610 onueio 3 6mov amhd Oa damotdaet 0Tt €ivor o 2 kot o TapadMOEL TO
(QAPLOKO OTO KEAL 2.

o  Mia mpaty mapallayn 0o Nrav OAeg o1 BEGEIC VAL TOV OVOKOTEUEVES KO VO TOPESOE
TOL GOOTA PAPHAKO OO T OVTIGTOL O KEAG OTOVG GMOOTOVS 060eveig petd amd opOn
tavtonoinon tov RFid tovg.

o  Mia devtepn wapaiiayn Ho oy vo myove omd OAo To onpeion avapopds £va Tpog
éva (Yo to 01K0 pog mopdodetypa amd 1o 1 £wg to 4) Kot vo mopEode povo To pAp oKL
0TI 0MOTEC BEGELS KO TOVS GMOGTOVG 000EVEIC Ko vo TEpVOVGE A Ao To
voéAouto onpeia mov oev Ba elxe cmwot avtiotoiyion péExpt eEAVTANGN NG S1OPOUNC.

C. Y\lomoinomn pe enmdoro otnv oradpopn

270 TpiTo oevdpio £xovpe TV 10 akpP®OG TANPN SO POLT Y10 TO TPOYOPOPO LOVO TOL
Balovpe mhvo oy dedpopun Eva ePTOd0 HETAED TV onpeimv 2 £0g 4 va KaAOTTTEL TV
povpn ypopuun akorovdiog. Avtd Ba £xel cav eninTom T0 TPOYOPOHPO VO TAPASIOEL KOVOVIKA
oto onueio 1. Apov gtéoetl yopic epmddlo Ba mapaddoet kot 6To onueio 2 Kot Ba cuveyicet
07O EMOUEVO. AV SmGTMOGEL KOO 00MV 0Tl £xel eumdO10 Ba cTOpaTIoEL Kot Ha
EVEPYOTOUGEL EVAL _ Kol - Yo YMTIKO oUa EUTOSIoV.

Av10 10 gUmHO10 pmopel va givarl KAmTolog Tov mepnatdel TAve oTnV Sdpoun 1 KAToo
avTikeipevo mov Ppiokete méve otnv dtadpoun.

OLokAnpooape emTuYOS To THOVA cEVAPLL G€ aLTO TO onpeio Kot Bewpovpe OTL Exovpe
eEavtinoet Tig mOavég TapaAloyEs.
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Y10 7° xepdhoio TEPYpAEOVTOL HEAMOVTIIKEC EMEKTAGES TOV GUGTHUATOS, OVAPOPH
LELOVEKTNUATOV KOl GUVOAKT aSloAdyN o1 NG epyaciog mov Ba pmopovoe va £xel n Ttapodcoa

EPAPUOYT.

e Ot peAoVTIKEG EMEKTACELG TOV cLuoTHHATOG B pmopovcave va gival va avamtuydet
EMIONG 0 AAYOPIOLOG Y10 TNV AP ATOPLYT TV EUTOdIWV OTTOV TaPOLGLAlovVToL
KOTA TNV 010 0pOL].

e Emiong Oa propodvoe 1 id1o 1 dtadpopr| va Tav mo eKTeVH oYL LOVO GTOV 1010 OPOPO 1M
eMimedo aALG ko va GAAaLE EMIMESO 1| VO KIVOOTOV GE TEPICTOTEPOVS OPOPOVC.

e AN eméxtaomn Oa NTav vo unv ivor Hovo yuol ApUoKo 0ALL VoL LETOPEPEL Ko ETTL
AoV Ao oTotyelo OTTMC Qo

e  Mmopovue va TO £YOVUE GE EPUPLOYT| GE OTOIOVONTOTE EMAYYEAUATIKO KAGOO.

NA C1ANICL TV T 1 N A

Ta pelovektiuata g mapovoag epyaciog frav 0t to Raspberry Pi ypnoonomdnke wg
évag amlog pukpoenesepyaotns / LKpoHToAOY1IoTHS. Agv d0ONKE N omanTOOLEVN TPOGOYN
00TE NTAV AVTIKEILEVO VO EUTAOVTIOTEL TO OAO €Y)eipnua pe 0Tl Ba umopovoE va EKAVE.
[Ipéner va EEpet kdmorog mov Ba BEAEL Vo VAOTOMGEL OPKETA KAAL YADCGGO TPOYPOLLUATIGLOV
KOl GTOUYELDOEC NAEKTPOVIKAL.

TT) cAv\ICL~TrA 11 A

210 TAeOVEKTNUATO B0l TPETEL VoL TOVHE OTL 1] KATAOKELT Eval apKeTA TNVI], E0KOAN
VAOTOMGIUN HE EDKOAO €VPETO VAIKE. MTOPOVLE VO YPNCLOTOU|COVLE VITAPYOVGES
VIOOOUEG KO TEXVIKES KOl VOL TIG TPOGOPUOcOVUE Thve o avtéc. O id1og o Raspberry Pi divet
TIG TOAAEG £mG AMEPES WOOTNTES OIKTVMOTG KO EPAPLOYTS.
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Téhog ot0 8° Ke@arato Oa EYovpe Lo avaPOPd GTO. ZUUTEPAGLOTOL.
Youmepdopato

e AmM)] £yK0TAGTOGCT KO GLVTPNON TG KATUGKELNG KOt TOV EE0TAMGLOV

e EiOxoAn Tumomoinom 6€ 0mTOdNTOTE EQPUPLOYT

Apeon aAlayn otnv apyttektovikn tov Raspberry Pi pe v pe yprion wog SD
KOPTOG KOl TOL OVTIGTOL(OL AEITOLPYIKOD VAOTOINGNG

Evkoin avapdduon kot xprion “malimdv 1 v uépn vAomomcemv’”’

XopunAd k6GTOGC KOTAGKELNG KO EYKATAGTACTG

Avvotdtnto UTAOVTIGHOD HE el TAEOV oaucOnTipla Ko otoryeio

AmokoAOTTEL TAEVPES TOL VAKOD Kol TPOTOVG EMKOVAOVING UE GAAEG EQOPLOYES
EvBappovetl tnv onpovpykdtta
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1 Biya

H mruyuokn odokAnpavete pe 1o 9° kepdhato to omoio mepthapfavel v Biphoypagia, [nyég
KoL TEYVIKE QUALAOIL TV YPNCYLOTOMUEVOV GLOKELAV Kol aucOnpiwv.
Emiong oe niextpovikn popen dwbésia oto DVD
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUP TO 46 V

s TOTALDC CURRENT UPTO4 A

s LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

s LOGICAL "0” INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enable or disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionofan externalsensing resistor. Anadditional
supply inputis provided so that the logic works at a
lower voltage.

ouTI our2 Vg ouT3 CUT4
[o] ImnF
F 3 & %) e
55 |4
o Vret
it : :
T
K S [ - -
1 2 3 4
Int In&
o—4s p L4
*+— F->_C|—4r — L
Pl b o |
EenA & " EnB
1 8 15
SENSE AO—4 = _L —OSENSEB
Hﬂsn Rsp
Jenuary 2000 1/13




L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 V
Vss Logic Supply Voltage 7 V
V,Ven Input and Enable Voltage -0.3t0 7 V
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \Y
Pot Total Power Dissipation (Tcase = 75°C) 25 0
Top Junction Operating Temperature —-251t0130 °C
Tstg, Tj | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ I. ~ 15— CURRENT SENSING B
14 2 OuUTPUT4
'$‘ 3N I OUTPUT 3
12 3 INPUT4
unjf— ENABLE B
10 3 INPUT3
) L} I LOGIC SUPPLY VOLTAGE Vg
Multiwattl5 s —————— oo
T—— INPUT 2
6 3 ENABLEA
[ | INPUT 1
4 [ SUPPLY VOLTAGE Vg
_$_ s I—— OUTPUT 2
2 [ outpuT1
\ |' P I CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 D95IN240A
/
GND [ 1 20 /] GND
SenseA [ 2 19 ] SenseB
NC [ 3 18 [ N.C
outl 1 4 17 —] Out4
ou2 ] 5 PowerSO20 16 ] out3
Ve 1 6 15 1 Input4
Inputl 4 7 14 ] EnableB
Enable A [} 8 13 [ Input3
Input2 1 9 12 1] vss
GND [ 10 11 1 GND
D95IN239
THERMAL DATA
Symbol Parameter PowerSO20 Multiwatt15 Unit
Rihjcase | Thermal Resistance Junction-case Max. — 3 °C/W
Rthj-amb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °CIW

(*) Mounted on aluminum substrate

2/13

%)




L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B | Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4;5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7,9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13;14 16;17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V;Vss =5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Nax. Unit
Vs Supply Voltage (pin 4) Operative Condition Vg +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 V
Is Quiescent Supply Current (pin4)  |Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven=1L Vi=X 4 mA
Iss Quiescent Current from Vss (pin9) |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = L Vi=X 6 mA
ViL Input Low Voltage -0.3 15 \%
(pins 5, 7, 10, 12)
Vin Input High Voltage 2.3 VSS \%
(pins 5, 7, 10, 12)
li Low Voltage Input Current Vi=L -10 HA
(pins 5, 7, 10, 12)
lin High Voltage Input Current Vi=H < Vss-0.6V 30 100 HA
(pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) -0.3 1.5 V
Ven = H |Enable High Voltage (pins 6, 11) 2.3 Vss V
len =L |Low Voltage Enable Current Ven=1L -10 HA
(pins 6, 11)
len =H [High Voltage Enable Current Ven = H < Vss —0.6V 30 100 HA
(pins 6, 11)
VcesatH) |Source Saturation Voltage IL=1A 0.95 1.35 1.7 \%
IL=2A 2 2.7 \Y
Vcesar) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 \%
IL=2A (5) 1.7 2.3 \Y
Vcesat | Total Drop IL=1A (5) 1.80 3.2 \%
IL=2A (5 4.9 \Y
Vsens |Sensing Voltage (pins 1, 15) -1 () 2 \%
17} 3/13
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Nax. Unit
T1 (Vi) |Source Current Turn-off Delay 0.5Vito 0.91L.  (2);(4) 15 us
T2 (V) [Source Current Fall Time 09I, to0.21.  (2);(4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 0.5Vito0.11L.  (2);(4) 2 us
T4 (V) [Source Current Rise Time 0.11. to0.91.  (2);(4) 0.7 us
Ts (Vi) |Sink Current Turn-off Delay 0.5Vito0.91.  (3);(4) 0.7 us
Te (Vi) |Sink Current Fall Time 091, to0.21.  (3);(4) 0.25 us
T7 (Vi) [Sink Current Turn-on Delay 0.5Vito 091  (3);(4) 1.6 us
Ts (Vi) |Sink Current Rise Time 0.11L to0.91.  (3);(4) 0.2 us
fc (V) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 0.91L  (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 091 to0.11.  (2);(4) us
T3 (Ven) |Source Current Turn-on Delay 0.5Vento 0.21L  (2);(4) 0.3 us
T4 (Ven) |Source Current Rise Time 0.11. to0.91.  (2);(4) 0.4 us
Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 0.91L  (3); (4) 2.2 us
Te (Ven) |Sink Current Fall Time 09I to0.21.  (3);(4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 0.5Vento0.91L  (3);(4) 0.25 us
Tg (Ven) |Sink Current Rise Time 0.11. to091.  (3);(4) 0.1 us
1) 1)Sensing voltage can be —1V fort < 50 psec; in steady state Vsens min> —0.5 V.
2) Seefig. 2.
3) Seefig. 4.
4) The load must be a pureresistor.
Figure 1 : Typical SaturationVoltagevs. Output Figure 2 : Switching Times Test Circuits.
Current.
G~ 6418
VSAT
18)] Vgg=SV  Vgak2V
24 ss - INPUT
O—
20
.
1.6 > 7 L ENABLE
1.2 //
08
! 5-58521
C.4
0 04 08 12 16 20 24 Ig(A}. Note : For INPUT Switching, set EN = H
For ENABLE Switching, set IN =H
4113 7]




L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

I 4

Imax{2A)
90%, -

10%s %
T
Ven; (4V)
50% +%———-—--—mm—m e~ t
5-9053/2

Figure 4 : Switching Times Test Circuits.

INPUT

ENABLE

Vggogy  Vgea2V
() ()

S-585471

Note : For INPUT Switching, set EN =H
For ENABLE Switching, set IN = L

4
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Figure 5 : Sink Current Delay Times vs. Input 0 VV Enable Switching.

|
imax(2A)
90°% -
10°% -
Vi (&V)
50 %
Imax(2A)
90%% -
10% -
(4v)
50% |-
14-‘
5-10667 e
Figure 6 : Bidirectional DC Motor Control.
g
o
%OnF f;\‘} 03
. D2 04 1 -
_n_ _] I_o Inputs Function
a
Ven=H C=H;D=L Forward
?n':: 13 |u Onu C=L,;D=H Reverse
30w C=D Fast Motor Stop
IO Ven =L C=X;D=X Free Running
L& ] 1en F Motor Stop
142 L298N L = Low H =High X = Don'tcare
n Ven
TO CONTROL 15 s 1
creur ) 'L ——l_ °
R
DI TO bBa: 1A FAST RECOVERY DIODE {1, £200ns)
5-585772
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.

Vs Vg
1DOnF|_T ‘f_ltoonF
s | 4 9 i .

5

r\kl'zss , outi
1 0O

NA
(}E BLE
0 IN1 5
OIN 2 7

>
g4

.} | 15
5-587212

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridge is driven by means of four gatesthe in-
put of whichare In1; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bridge state when The En input
ishigh; a lowstate ofthe Eninputinhibitsthe bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be nearthe GND pin of the I.C.

<7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Turn-Off : Beforeto Turn-ONthe Sup-
ply Voltage and beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be usedto controlthe
currentamplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped; Shottkydiodeswould be preferred.

7/13




L298

This solution can drive until3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig 8itis shownthe driving ofa twophasebipolar Py the I.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designed forthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

Vs
s¥ 36V
o R1 e ? '_l 00nF
I c2 3
2Kn ;mnnp %70 Ii
1InF =< WF
GND :
I ‘ ml nz| Da| m.l
O5C
cwitcw 2 1® 2y, 9 8 ilm
I M 5 F
croek | L] ; ]
HALFIFULL c |oz
" ? n 3 STEPPER
AESET L2807 o LzeeN  |o, MOTOR
0 9 3 WINDINGS
enaee | s |INF0 BI
v —_—
ret " 8 INH2 % Q&
1 13 1k 1 15

L os! os| o7 o8
SENSE1 |
] l sewse 5111
CONTROL
Sy
RSIE"S!
S -5 B4GI4

RSl = RSZ =05Q

_ VE<12V@I=2A
D1 to D8 =2 A Fast diodes trr < 200 ns
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L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).

L%=0473

b

GHB Ve D] O

Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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DIM. mm e OUTLINE AND
MIN. | TYP. [mMax. | MmN, [TvP. [maAx.
A 5 0.197 MECHANICAL DATA
B 2.65 0.104
c 16 0.063
D 1 0.039
E | 049 055 |0.019 0.022
F | 0.66 0.75 |0.026 0.030
G | 1.02 | 127 | 1.52 [0.040 [0.050 | 0.060
Gl |17.53 | 17.78 | 18.03 | 0.690 [0.700 | 0.710
H1 | 196 0.772
H2 202 0.795
L | 219 | 222 | 225 [0.862 [0.874 [0.886
L1 | 217 | 221 | 225 |0.854 | 0.870 | 0.886
L2 |17.65 18.1 | 0.695 0.713
13 |17.25 | 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 10.7 | 109 [0.406 [0.421 [ 0.429
L7 | 265 29 |o0.104 0114
M | 425 | 455 | 485 [0.167 |0.179 [0.101
M1 | 463 | 5.08 | 553 | 0.182 [0.200 | 0.218
s | 19 26 |0.075 0.102
s1 | 1.9 26 |0.075 0.102 Multiwattl5 V
Dial | 3.65 3.85 |0.144 0.152
H
LA ) 5|
— ¢ i "y
— )
¥ / / hm
B F Y Dia 1 J
I
7 s O 04 5
L [ ] - | 4
]
H2
bl
J B y T— H‘Hﬂﬂm
E N _
| = F_ G
WM 61 L
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DIM, — — OUTLINE AND
MIN. TYP. | MAX. | MIN. TYP. | MAX.
n : e MECHANICAL DATA
B 2.65 0.104
C 1.6 0.063
E 0.49 0.55 | 0.019 0.022
F 0.66 0.75 | 0.026 0.030
G 1.14 1.27 1.4 0.045 | 0.050 | 0.055
G1l 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 17.25 1 175 | 17.75 ]| 0.679 | 0.689 | 0.699
L4 10.3 10.7 10.9 | 0.406 | 0.421 | 0.429
L5 5.28 0.208
L6 2.38 0.094
L7 2.65 2.9 0.104 0.114
S 1.9 2.6 0.075 0.102
s1 | 19 26 |0075 0.102 Multiwatt15 H
Dial 3.65 3.85 | 0.144 0.152
H1
A S >
NN 5 St Lo
3
r 4 /4 \
[y F Y
. Dia. 1 -/
|
| B
!
Ll
\\ 1=
§ 1 Y
Lé
LS

4
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DIM. mm inch
MIN. | TYP. [max. [ MIN. T TYP. TmAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
al 0.1 0.3 0.004 0.012
a2 3.3 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D (1) | 15.8 16 0.622 0.630
D1 9.4 9.8 0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1)| 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 0.228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 11 0.043 JEDEC MO-166
L 0.8 1.1 ]0.031 0.043
N 10° (max.)
S 8° (max.)
I [ 10 [ [ [o3w] PowerS020
(1) "D and F” do not include mold flash or protrusions.
- Mold flash or protrusions shall not exceed 0.15 mm (0.006").
- Criticaldimensions "E”, "G” and "a3”
N N R—,
1 a2| A . l‘_‘j L\ .
al
b ! ! DETAIL A --I—"E DETAIL B E *
e3 I
m lead [~ DETALLA
0 P —
;3 slug
OO0 M0 PETALE
20 11 ]
Gage Plane .
S L ZGEATING PLANE
" [=]c]¢]
[= ) p | S B BOTTOM VIEW (COPLANARITY)
j—q) @-[ anooononnn
T
] E3
L 10 |
DA T
h X 45 PSO20MEC Dl
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
guences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
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Tutorial - L298N Dual Motor Controller
Module 2A and Arduino

In this tutorial we'll explain how to use our L298N H-bridge Dual Motor Controller Module
2A with Arduino. This allows you to control the speed and direction of two DC motors, or
control one bipolar stepper motor with ease. The L298N H-bridge module can be used with
motors that have a voltage of between 5 and 35V DC.

There is also an onboard 5V regulator, so if your supply voltage is up to 12V you can also
source 5V from the board.

So let's get started!

First we'll run through the connections, then explain how to control DC motors then a stepper
motor.


http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/
http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/

Module pinouts

Consider the following image - match the numbers against the list below the image:

N e

789101112

DC motor 1 "+" or stepper motor A+

DC motor 1 "-" or stepper motor A-

12V jumper - remove this if using a supply voltage greater than 12V DC. This enables
power to the onboard 5V regulator

Connect your motor supply voltage here, maximum of 35V DC. Remove 12V jumper
if >12Vv DC

GND

5V output if 12V jumper in place, ideal for powering your Arduino (etc)

DC motor 1 enable jumper. Leave this in place when using a stepper motor. Connect
to PWM output for DC motor speed control.

IN1

IN2

. IN3
. IN4
. DC motor 2 enable jumper. Leave this in place when using a stepper motor. Connect

to PWM output for DC motor speed control.


http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/

13. DC motor 2 "+" or stepper motor B+
14. DC motor 2 "-" or stepper motor B-

Controlling DC Motors

To control one or two DC motors is quite easy. First connect each motor to the A and B
connections on the L298N module. If you're using two motors for a robot (etc) ensure that the
polarity of the motors is the same on both inputs. Otherwise you may need to swap them over
when you set both motors to forward and one goes backwards!

Next, connect your power supply - the positive to pin 4 on the module and negative/GND to
pin 5. If you supply is up to 12V you can leave in the 12V jumper (point 3 in the image
above) and 5V will be available from pin 6 on the module. This can be fed to your Arduino's
5V pin to power it from the motors' power supply. Don't forget to connect Arduino GND to
pin 5 on the module as well to complete the circuit.

Now you will need six digital output pins on your Arduino, two of which need to be PWM
(pulse-width modulation) pins. PWM pins are denoted by the tilde ("~") next to the pin
number, for example:

Finally, connect the Arduino digital output pins to the driver module. In our example we have
two DC motors, so digital pins D9, D8, D7 and D6 will be connected to pins IN1, IN2, IN3
and IN4 respectively. Then connect D10 to module pin 7 (remove the jumper first) and D5 to
module pin 12 (again, remove the jumper).

The motor direction is controlled by sending a HIGH or LOW signal to the drive for each
motor (or channel). For example for motor one, a HIGH to IN1 and a LOW to IN2 will cause
it to turn in one direction, and a LOW and HIGH will cause it to turn in the other direction.

However the motors will not turn until a HIGH is set to the enable pin (7 for motor one, 12 for
motor two). And they can be turned off with a LOW to the same pin(s). However if you need
to control the speed of the motors, the PWM signal from the digital pin connected to the
enable pin can take care of it.

This is what we've done with the DC motor demonstration sketch. Two DC motors and an
Arduino Uno are connected as described above, along with an external power supply. Then
enter and upload the following sketch:

// connect motor controller pins to Arduino digital pins
// motor one

int enA = 10;
int inl = 9;
int in2 = 8;
// motor two
int enB = 5;
int in3 = 7;
int in4 = 6;


http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/
http://tronixlabs.com/uno

void setup ()
{
// set all the motor control pins to outputs
pinMode (enA, OUTPUT) ;
pinMode (enB, OUTPUT)
pinMode (inl, OUTPUT) ;
pinMode (in2, OUTPUT) ;
( )
( )

’

I

pinMode (in3, OUTPUT
pinMode (in4, OUTPUT

’

}

void demoOne ()

{

// this function will run the motors in both directions at a fixed speed

// turn on motor A
digitalWrite(inl, HIGH);

digitalWrite (in2, LOW) ;

// set speed to 200 out of possible range 0~255
analogWrite (enA, 200);

// turn on motor B

digitalWrite (in3, HIGH);

digitalWrite (in4, LOW);

// set speed to 200 out of possible range 0~255
analogWrite (enB, 200);

delay (2000) ;

// now change motor directions

digitalWrite (inl, LOW)

digitalWrite (in2, HIGH);

digitalWrite (in3, LOW) ;

digitalWrite (in4, HIGH);

delay (2000) ;

// now turn off motors

digitalWrite (inl, LOW) ;

digitalWrite (in2, LOW) ;

digitalWrite (in3, LOW)

digitalWrite (in4, LOW)

’

}

void demoTwo ()

{

// this function will run the motors across the range of possible speeds
// note that maximum speed is determined by the motor itself and the

operating voltage

// the PWM values sent by analogWrite() are fractions of the maximum

speed possible
// by your hardware
// turn on motors
digitalWrite (inl, LOW)
digitalWrite (in2, HIGH);
digitalWrite (in3, LOW) ;
digitalWrite (in4, HIGH);
// accelerate from zero to maximum speed
for (int i = 0; i < 256; i++)
{
analogWrite (enA, 1i);
analogWrite (enB, 1);
delay (20);
}
// decelerate from maximum speed to zero
for (int i = 255; 1 >= 0; --1)
{
analogWrite (enA, 1i);
analogWrite (enB, 1);



delay (20);
}
// now turn off motors
digitalWrite (inl, LOW)
digitalWrite (in2, LOW)
digitalWrite (in3, LOW)
digitalWrite (in4, LOW)
}
void loop ()
{
demoOne () ;
delay (1000) ;
demoTwo () ;
delay (1000) ;

’
’
’
I

So what's happening in that sketch? In the function demoOne() we turn the motors on and run
them at a PWM value of 200. This is not a speed value, instead power is applied for 200/255
of an amount of time at once.

Then after a moment the motors operate in the reverse direction (see how we changed the
HIGHSs and LOWSs in the digitalWrite() functions?).

To get an idea of the range of speed possible of your hardware, we run through the entire
PWM range in the function demoTwo() which turns the motors on and them runs through
PWM values zero to 255 and back to zero with the two for loops.

Finally this is demonstrated in the following video - using a well-worn tank chassis with two
DC motors:


http://tronixlabs.com/robotics/chassis/heavy-duty-tank-chassis/
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USER MANUAL

1. Introduction

To all residents of the European Union
Important environmental information about this product

This symbol on the device or the package indicates that disposal of the device after its lifecycle could
harm the environment. Do not dispose of the unit (or batteries) as unsorted municipal waste; it
should be taken to a specialized company for recycling. This device should be returned to your
distributor or to a local recycling service. Respect the local environmental rules.

I If in doubt, contact your local waste disposal authorities.

Thank you for choosing Velleman®! Please read the manual thoroughly before bringing this device into service.
If the device was damaged in transit, do not install or use it and contact your dealer.

2. Safety Instructions

e This device can be used by children aged from 8 years and above, and persons with
reduced physical, sensory or mental capabilities or lack of experience and knowledge if
they have been given supervision or instruction concerning the use of the device in a
safe way and understand the hazards involved. Children shall not play with the device.
Cleaning and user maintenance shall not be made by children without supervision.

e Indoor use only.
Keep away from rain, moisture, splashing and dripping liquids.

3. General Guidelines

e Refer to the Velleman® Service and Quality Warranty on the last pages of this manual.

e Familiarise yourself with the functions of the device before actually using it.

e All modifications of the device are forbidden for safety reasons. Damage caused by user
modifications to the device is not covered by the warranty.

e Only use the device for its intended purpose. Using the device in an unauthorised way
will void the warranty.

e Damage caused by disregard of certain guidelines in this manual is not covered by the
warranty and the dealer will not accept responsibility for any ensuing defects or
problems.

e Nor Velleman nv nor its dealers can be held responsible for any damage (extraordinary,
incidental or indirect) - of any nature (financial, physical...) arising from the possession,
use or failure of this product.

e Due to constant product improvements, the actual product appearance might differ from
the shown images.

e Product images are for illustrative purposes only.

e Do not switch the device on immediately after it has been exposed to changes in

temperature. Protect the device against damage by leaving it switched off until it has
reached room temperature.

e Keep this manual for future reference.

4. What is Arduino®

Arduino® is an open-source prototyping platform based in easy-to-use hardware and software. Arduino® boards
are able to read inputs - light-on sensor, a finger on a button or a Twitter message — and turn it into an output
- activating of a motor, turning on an LED, publishing something online. You can tell your board what to do by
sending a set of instructions to the microcontroller on the board. To do so, you use the Arduino programming
language (based on Wiring) and the Arduino® software IDE (based on Processing).

Surf to www.arduino.cc and www.arduino.org for more information.

V. 01 - 19/03/2018 2 ©Velleman nv
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5. Overview

VMA326

The line tracking sensor based on TCRT5000 is a type of infrared reflectance sensor, and is commonly used in
line following robots, mounted at the bottom of the robot chassis. The line tracking sensor works by detecting
reflected light coming from its own infrared LED and by measuring the amount of reflected infrared light, it
can detect transitions from light to dark (lines) or even objects directly in front of it.

sensor adopts TCRT5000, high sensitivity

sensitivity adjustable by potentiometer

Working voltage 3.3 Vto 5V

operating current : 20 mA

digital switch output (0 and 1)

two fixed bolt holes for convenient installation

small board PCB size: 42 x 10.5 mm

power indicator light (red) and digital switch output indicator light (green)
detection reflection distance: 1-25 mm

6. Pin Layout

S digital output (black = low, white = high)
V+ 5 VDC power
G ground

7. Example

The example shows that when the sensor detects a black area, the S pin’s output is a low TTL signal. The
LED13 switches off while the light L on this module switches on. On the contrary, LED13 switches on.

V. 01 - 19/03/2018 3 ©Velleman nv
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// CODE BEGIN

int Led=13; // variable Led = connected to digital pin 13 (Which is on your VMA100 connected to a LED as

well)

int buttonpin=3; // Variable buttonpin = connected to digital line 3, this is where the VMA326 output has to

be connected for this test

int val;

void setup()

{ pinMode(Led,OUTPUT); // declare Led (digital 13) as output
pinMode(buttonpin,INPUT); // declare buttonpin (digital 3) as input
b

void loop()

{

val=digitalRead(buttonpin); // read the value of buttonpin (digital 3)
if(val==HIGH) // if this value is high ...

{ digitalWrite(Led,HIGH); } // then switch Led (digital 13) to High
else { digitalWrite(Led,LOW); } // else .. switch to low

b
// CODE END

8. More Information

Please refer to the VMA326 product page on www.velleman.eu for more information.

Use this device with original accessories only. Velleman nv cannot be held responsible in the event
of damage or injury resulting from (incorrect) use of this device. For more info concerning this
product and the latest version of this manual, please visit our website www.velleman.eu. The

information in this manual is subject to change without prior notice.

© COPYRIGHT NOTICE

The copyright to this manual is owned by Velleman nv. All worldwide rights reserved. No part of this
manual may be copied, reproduced, translated or reduced to any electronic medium or otherwise without the

prior written consent of the copyright holder.

V. 01 -19/03/2018 4
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Velleman® Service and Quality Warranty

Since its foundation in 1972, Velleman® acquired extensive experience in the electronics world and currently
distributes its products in over 85 countries.

All our products fulfil strict quality requirements and legal stipulations in the EU. In order to ensure the quality,
our products regularly go through an extra quality check, both by an internal quality department and by
specialized external organisations. If, all precautionary measures notwithstanding, problems should occur,
please make appeal to our warranty (see guarantee conditions).

General Warranty Conditions Concerning Consumer Products
(for EU):

¢ All consumer products are subject to a 24-month warranty on production flaws and defective material as from
the original date of purchase.

¢ Velleman® can decide to replace an article with an equivalent article, or to refund the retail value totally or
partially when the complaint is valid and a free repair or replacement of the article is impossible, or if the
expenses are out of proportion.

You will be delivered a replacing article or a refund at the value of 100% of the purchase price in case of a flaw
occurred in the first year after the date of purchase and delivery, or a replacing article at 50% of the purchase
price or a refund at the value of 50% of the retail value in case of a flaw occurred in the second year after the
date of purchase and delivery.

e Not covered by warranty:

- all direct or indirect damage caused after delivery to the article (e.g. by oxidation, shocks, falls, dust, dirt,
humidity...), and by the article, as well as its contents (e.g. data loss), compensation for loss of profits;

- consumable goods, parts or accessories that are subject to an aging process during normal use, such as
batteries (rechargeable, non-rechargeable, built-in or replaceable), lamps, rubber parts, drive belts...
(unlimited list);

- flaws resulting from fire, water damage, lightning, accident, natural disaster, etc....;

- flaws caused deliberately, negligently or resulting from improper handling, negligent maintenance, abusive
use or use contrary to the manufacturer’s instructions;

- damage caused by a commercial, professional or collective use of the article (the warranty validity will be
reduced to six (6) months when the article is used professionally);

- damage resulting from an inappropriate packing and shipping of the article;

- all damage caused by modification, repair or alteration performed by a third party without written permission
by Velleman®.

e Articles to be repaired must be delivered to your Velleman® dealer, solidly packed (preferably in the original
packaging), and be completed with the original receipt of purchase and a clear flaw description.

¢ Hint: In order to save on cost and time, please reread the manual and check if the flaw is caused by obvious
causes prior to presenting the article for repair. Note that returning a non-defective article can also involve
handling costs.

e Repairs occurring after warranty expiration are subject to shipping costs.
e The above conditions are without prejudice to all commercial warranties.

The above enumeration is subject to modification according to the article (see article’s manual).

Made in PRC

Imported by Velleman nv

Legen Heirweg 33, 9890 Gavere, Belgium
www.velleman.eu
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1. Introduction

This document describes the functionality and electrical specifications of the contactless
reader/writer MFRC522.

Remark: The MFRC522 supports all variants of the MIFARE Mini, MIFARE 1K,
MIFARE 4K, MIFARE Ultralight, MIFARE DESFire EV1 and MIFARE Plus RF
identification protocols. To aid readability throughout this data sheet, the MIFARE Mini,
MIFARE 1K, MIFARE 4K, MIFARE Ultralight, MIFARE DESFire EV1 and MIFARE Plus
products and protocols have the generic name MIFARE.

2. General description

2.1

The MFRC522 is a highly integrated reader/writer IC for contactless communication
at 13.56 MHz. The MFRC522 reader supports ISO/IEC 14443 A/IMIFARE mode.

The MFRC522’s internal transmitter is able to drive a reader/writer antenna designed to
communicate with ISO/IEC 14443 A/MIFARE cards and transponders without additional
active circuitry. The receiver module provides a robust and efficient implementation for
demodulating and decoding signals from ISO/IEC 14443 A/MIFARE compatible cards and
transponders. The digital module manages the complete ISO/IEC 14443 A framing and
error detection (parity and CRC) functionality.

The MFRC522 supports MF1xxS20, MF1xxS70 and MF1xxS50 products. The MFRC522
supports contactless communication and uses MIFARE higher transfer speeds up to
848 kBd in both directions.

The following host interfaces are provided:

¢ Serial Peripheral Interface (SPI)
¢ Serial UART (similar to RS232 with voltage levels dependant on pin voltage supply)
* |12C-bus interface

Differences between version 1.0 and 2.0

The MFRC522 is available in two versions:

* MFRC52201HN1, hereafter referred to version 1.0 and
¢ MFRC52202HN1, hereafter referred to version 2.0.

The MFRC522 version 2.0 is fully compatible to version 1.0 and offers in addition the
following features and improvements:

|
P |
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Contactless reader IC

* Increased stability of the reader IC in rough conditions
¢ An additional timer prescaler, see Section 8.5.
¢ A corrected CRC handling when RX Multiple is set to 1

This data sheet version covers both versions of the MFRC522 and describes the

di

fferences between the versions if applicable.

3. Features and benefits

4. Quick refere

Highly integrated analog circuitry to demodulate and decode responses

Buffered output drivers for connecting an antenna with the minimum number of
external components

Supports ISO/IEC 14443 AIMIFARE

Typical operating distance in Read/Write mode up to 50 mm depending on the
antenna size and tuning

Supports MF1xxS20, MF1xxS70 and MF1xxS50 encryption in Read/Write mode
Supports ISO/IEC 14443 A higher transfer speed communication up to 848 kBd
Supports MFIN/MFOUT

Additional internal power supply to the smart card IC connected via MFIN/MFOUT
Supported host interfaces

@ SPI up to 10 Mbit/s

# 12C-bus interface up to 400 kBd in Fast mode, up to 3400 kBd in High-speed mode

@ RS232 Serial UART up to 1228.8 kBd, with voltage levels dependant on pin
voltage supply

FIFO buffer handles 64 byte send and receive

Flexible interrupt modes

Hard reset with low power function

Power-down by software mode

Programmable timer

Internal oscillator for connection to 27.12 MHz quartz crystal
2.5V to 3.3 V power supply

CRC coprocessor

Programmable 1/O pins

Internal self-test

nce data

Table 1. Quick reference data

Symbol  Parameter Conditions Min Typ Max  Unit
Vbba analog supply voltage  Vppevop) < Vopa = Voob = Vop(rvopy; e 2.5 3.3 3.6 \Y;
VoD digital supply voltage Vssa = Vssp = Vss(pvss) = Vss(rvss) =0V 25 33 36 V
Vpparvopy TVDD supply voltage 2.5 3.3 3.6 \%
Vppevopy PVDD supply voltage Bl 1.6 1.8 3.6 Y,
Vopsvop)y SVDD supply voltage  Vssa = Vssp = Vss(pyss) = Vss(tvss) =0V 16 - 36 V

MFRC522

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Table 1.

Quick reference data ...continued

Contactless reader IC

Symbol  Parameter Conditions Min  Typ Max  Unit
lod power-down current Vbpa = Vppp = Vop(rvop) = Vopevop) = 3 V
hard power-down; pin NRSTPD set LOW @ - - 5 A
soft power-down; RF level detector on [ - - 10 A
Iobp digital supply current pin DVDD; Vppp =3V - 6.5 9 mA
Ibpa analog supply current pin AVDD; Vppa = 3 V, CommandReg register’s - 10 mA
RcvOff bit = 0
pin AVDD; receiver switched off; Vppa =3V, - 3 5 mA
CommandReg register’'s RcvOff bit = 1
looevopy  PVDD supply current pin PVDD Bl - - 40 mA
Ippcrvop)  TVDD supply current pin TVDD; continuous wave [el7ie] - 60 100 mA
Tamb ambient temperature HVQFN32 -25 - +85 °C
[1] Supply voltages below 3 V reduce the performance in, for example, the achievable operating distance.
[2] Vopa. Vbpp and Vpprvppy must always be the same voltage.
[3] Voprvbp) must always be the same or lower voltage than Vppp.
[4] Ipqis the total current for all supplies.
[5] lbpevop) depends on the overall load at the digital pins.
[6] Ipp(Tvpbp) depends on Vpprvop) and the external circuit connected to pins TX1 and TX2.
[7] During typical circuit operation, the overall current is below 100 mA.
[8] Typical value using a complementary driver configuration and an antenna matched to 40 Q between pins TX1 and TX2 at 13.56 MHz.

5. Ordering information

Table 2. Ordering information

Type number Package
Name Description Version

MFRC52201HN1/TRAYBL HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52201HN1/TRAYBMEZ  HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52202HN1/TRAYBL HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52202HN1/TRAYBMI[ZI  HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

[1] Delivered in one tray.

(2]

Delivered in five trays.

MFRC522

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2011. All rights reserved.
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6. Block diagram

Contactless reader IC

MFRC522

The analog interface handles the modulation and demodulation of the analog signals.

The contactless UART manages the protocol requirements for the communication
protocols in cooperation with the host. The FIFO buffer ensures fast and convenient data
transfer to and from the host and the contactless UART and vice versa.

Various host interfaces are implemented to meet different customer requirements.

ANTENNA

ANALOG
INTERFACE

«»| CONTACTLESS

UART

FIFO
BUFFER

[«— | REGISTER BANK

SERIAL UART
SPI
12C-BUS

1> HOST

Fig 1. Simplified block diagram of the MFRC522

001aaj627

All information provided in this document is subject to legal disclaimers.
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DvDD
DVSS

AVDD
AVSS

NRSTPD

IRQ

D6/ADR_0/
D2/ADR_4  D4/ADR 2  MOSIMX
D5/ADR_1/ + D7/SCL/
SDAINSS/RX EA 12C  DI/ADR.5 | D3/ADR 3 | SCK/DTRQ | MISO/TX PVDD PVSS
24 32 |1 25 |26 |27 |28 |29 |30 |31 2 5 5
VOLTAGE
3 3 MONITOR
SPI, UART, 12C-BUS INTERFACE CONTROL — | AND 5
POWER ON
DETECT 18
AN
FIFO CONTROL T
v 7 STATE MACHINE
64-BYTE FIFO COMMAND REGISTER RESET
BUFFER N——— N——— CONTROL
T
>| PROGRAMABLE TIMER POWER-DOWN| 6
CONTROL REGISTER — CONTROL
BANK N———
>| INTERRUPT CONTROL I 23
— CRC16
MIFARE CLASSIC UNIT K: N GENERATION AND CHECK
RANDOM NUMBER —\| |— PARALLEL/SERIAL
GENERATOR — — CONVERTER
o\
BIT COUNTER
N7
PARITY GENERATION AND CHECK
FRAME GENERATION AND CHECK
BIT DECODING | BIT ENCODING
SERIAL DATA SWITCH
CLOCK 21
ANALOG TO DIGITAL 22
CONVERTER — DISTRIBUTION
REFERENCE
VOLTAGE
Q-CLOCK TEMPERATURE
T T GENERATION SENSOR
ANALOG TEST T
MULTIPLEXOR I-CHANNEL Q-CHANNEL
AND AMPLIFIER AMPLIFIER
DIGITAL TO Ly TRANSMITTER CONTROL
ANALOG I-CHANNEL Q-CHANNEL
CONVERTER DEMODULATOR | | DEMODULATOR
T I \V4
X Z
16 |19 |20 17 10, 14 Y11 13 12
A, A, *
VMID AUXL AUX2 RX TVSS  TX1L TX2  TVDD

Fig 2.

Detailed block diagram of the MFRC522

MFIN
MFOUT
SVDD

OSCIN

OSscouT

001aak602

MFRC522
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7. Pinning information

o
s £
3 =0
ST Ny
J X X x x x o
(e e e a el al
S G O G
<N 6 bH F 3 a4 o
wuwoooooaon
EEEEEEEE
12c [ (24| sDANSS/RX
PVDD | 2) @3] IrRQ
DVDD | 3) (22| oscout
Dvss [ 4) MERCE22 (21] osciN
Pvss [ 5) 0] Aux2
NRSTPD | 6) (9] Auxa
MFIN | 7) (8] Avss
MFOUT | 8) @7] rx

T>1 [1D
TVDD [12)
™2 [13)
Tvss [19)
AVDD [15)
VMID [16)

001a2j819

svDD [ 9)
Tvss [10)

Transparent top view

Fig 3. Pinning configuration HYQFN32 (SOT617-1)

7.1 Pin description

Table 3.  Pin description

Pin Symbol Typelll Description
1 12C I 12C-bus enable input(2l
2 PVDD P pin power supply
3 DVDD P digital power supply
4 DVSS G digital ground3!
5 PVSS G pin power supply ground
6 NRSTPD I reset and power-down input:
power-down: enabled when LOW; internal current sinks are switched off, the oscillator
is inhibited and the input pins are disconnected from the outside world
reset: enabled by a positive edge
MFIN | MIFARE signal input
MFOUT (0] MIFARE signal output
SVDD P MFIN and MFOUT pin power supply
10 TVSS G transmitter output stage 1 ground
11 TX1 (0] transmitter 1 modulated 13.56 MHz energy carrier output
12 TVDD P transmitter power supply: supplies the output stage of transmitters 1 and 2
13 TX2 (0] transmitter 2 modulated 13.56 MHz energy carrier output
14 TVSS G transmitter output stage 2 ground
15 AVDD P analog power supply
MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
Product data sheet Rev. 3.6 — 14 December 2011

COMPANY PUBLIC 112136 6 of 94
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Table 3. Pin description ...continued

Pin Symbol Typelll Description
16 VMID P internal reference voltage
17 RX | RF signal input
18 AVSS G analog ground
19 AUX1 (0] auxiliary outputs for test purposes
20 AUX2 (0] auxiliary outputs for test purposes
21 OSCIN I crystal oscillator inverting amplifier input; also the input for an externally generated clock
(fok = 27.12 MHz)
22 OSCouT (0] crystal oscillator inverting amplifier output
23 IRQ (0] interrupt request output: indicates an interrupt event
24 SDA I/O I2C-bus serial data line input/outputl2]
NSS I SPI signal inputl2
RX I UART address input2l
25 D1 1’0 test port2l
ADR_5 110 I2C-bus address 5 input2]
26 D2 I/0 test port
ADR_4 I 12C-bus address 4 input2]
27 D3 I/0 test port
ADR_3 I 12C-bus address 3 input2]
28 D4 I/0 test port
ADR_2 I 12C-bus address 2 input2]
29 D5 I/0 test port
ADR_1 I 12C-bus address 1 input2
SCK I SPI serial clock inputl2l
DTRQ (0] UART request to send output to microcontrollerl2l
30 D6 I/0 test port
ADR_0 I 12C-bus address 0 input2]
MOSI I/0 SPI master out, slave in2
MX (0] UART output to microcontrollerl2]
31 D7 I/0 test port
SCL I/0 12C-bus clock input/outputl2]
MISO 1’0 SPI master in, slave outld
X (0] UART data output to microcontroller2l
32 EA | external address input for coding 12C-bus addressl2l

[1] Pintypes: | = Input, O = Output, /O = Input/Output, P = Power and G = Ground.
[2] The pin functionality of these pins is explained in Section 8.1 “Digital interfaces”.

[3] Connection of heatsink pad on package bottom side is not necessary. Optional connection to pin DVSS is possible.

MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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8. Functional description

Contactless reader IC

The MFRC522 transmission module supports the Read/Write mode for

ISO/IEC 14443 A/MIFARE using various transfer speeds and modulation protocols.

BATTERY

| MICROCONTROLLER |—

MFRC522

Fig 4.

reader/writer

MFRC522 Read/Write mode

ISO/IEC 14443 A CARD

contactless card

The physical level communication is shown in Figure 5.

001aak583

ISO/IEC 14443 A
READER

MFRC522

(1)

()

ISO/IEC 14443 A CARD

001aak584

(1) Reader to card 100 % ASK, Miller encoded, transfer speed 106 kBd to 848 kBd.

(2) Card to reader subcarrier load modulation, Manchester encoded or BPSK, transfer speed 106 kBd
to 848 kBd.

Fig 5.

ISO/IEC 14443 A/MIFARE Read/Write mode communication diagram

The physical parameters are described in Table 4.

Table 4. Communication overview for ISO/IEC 14443 A/MIFARE reader/writer
Communication Signal type Transfer speed
Gl 106 kBd 212 kBd 424 kBd 848 kBd
Reader to card (send reader side 100 % ASK 100 % ASK 100 % ASK 100 % ASK
data from the modulation
MFRC522toacard)  pitencoding  modified Miller ~ modified Miller ~ modified Miller  modified Miller
encoding encoding encoding encoding
bit length 128 (13.56 pus) 64 (13.56 us) 32 (13.56 ps) 16 (13.56 ps)
Card to reader card side subcarrier load subcarrier load subcarrier load subcarrier load
(MFRC522 receives modulation modulation modulation modulation modulation
data from a card) subcarrier 1356 MHz /16 1356 MHz/16 1356 MHz/16  13.56 MHz/16
frequency
bit encoding Manchester BPSK BPSK BPSK
encoding

The MFRC522's contactless UART and dedicated external host must manage the
complete ISO/IEC 14443 A/IMIFARE protocol. Figure 6 shows the data coding and
framing according to ISO/IEC 14443 A/MIFARE.

MFRC522
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ISO/IEC 14443 A framing at 106 kBd

start

" sbidaa | | " spidaa | [ 7 sbidam | |

odd odd " odd
start bit is 1 parity parity parity
ISO/IEC 14443 A framing at 212 kBd, 424 kBd and 848 kBd even
start , parity
T 1 1 1 1 1 1 1 1 1 1 T L
| | | 8-bit data | | 8-bit data | | ., 8-bitdata | |
odd odd "
start bitis 0 parity parity

burst of 32
subcarrier clocks

even parity at the
end of the frame

001aak585

Fig 6. Data coding and framing according to ISO/IEC 14443 A

8.1

8.1.1

MFRC522

The internal CRC coprocessor calculates the CRC value based on ISO/IEC 14443 A
part 3 and handles parity generation internally according to the transfer speed. Automatic
parity generation can be switched off using the MfRxReg register’s ParityDisable bit.

Digital interfaces

Automatic microcontroller interface detection

The MFRC522 supports direct interfacing of hosts using SPI, 12C-bus or serial UART
interfaces. The MFRC522 resets its interface and checks the current host interface type
automatically after performing a power-on or hard reset. The MFRC522 identifies the host
interface by sensing the logic levels on the control pins after the reset phase. This is done
using a combination of fixed pin connections. Table 5 shows the different connection
configurations.

Table 5.  Connection protocol for detecting different interface types

Pin Interface type
UART (input) SPI (output) I2C-bus (I/0)

SDA RX NSS SDA
12C 0 0 1
EA 0 1 EA
D7 TX MISO SCL
D6 MX MOSI ADR_O
D5 DTRQ SCK ADR_1
D4 - - ADR 2
D3 - - ADR_3
D2 - - ADR 4
D1 - - ADR_5

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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8.1.2

8.1.2.1

MFRC522

Contactless reader IC

Serial Peripheral Interface

A serial peripheral interface (SPI compatible) is supported to enable high-speed
communication to the host. The interface can handle data speeds up to 10 Mbit/s. When
communicating with a host, the MFRC522 acts as a slave, receiving data from the
external host for register settings, sending and receiving data relevant for RF interface
communication.

An interface compatible with SPI enables high-speed serial communication between the
MFRC522 and a microcontroller. The implemented interface is in accordance with the SPI
standard.

The timing specification is given in Section 14.1 on page 77.

MFRC522
—5525——————————> SCK
MOS| oS
MISo MISO
_J!§§__________> NSS

001aak586

Fig 7.  SPIl connection to host

The MFRC522 acts as a slave during SPI communication. The SPI clock signal SCK must
be generated by the master. Data communication from the master to the slave uses the
MOSI line. The MISO line is used to send data from the MFRC522 to the master.

Data bytes on both MOSI and MISO lines are sent with the MSB first. Data on both MOSI
and MISO lines must be stable on the rising edge of the clock and can be changed on the
falling edge. Data is provided by the MFRC522 on the falling clock edge and is stable
during the rising clock edge.

SPI read data

Reading data using SPI requires the byte order shown in Table 6 to be used. It is possible
to read out up to n-data bytes.

The first byte sent defines both the mode and the address.

Table 6.  MOSI and MISO byte order

Line Byte O Byte 1 Byte 2 To Byte n Byten +1
MOSI address 0 address 1 address 2 address n 00
MISO XA data O data 1 datan-1 data n

[1] X = Do not care.

Remark: The MSB must be sent first.
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8.1.2.2

8.1.2.3

8.1.3

8.1.3.1

MFRC522

Contactless reader IC

SPI write data

To write data to the MFRC522 using SPI requires the byte order shown in Table 7. It is
possible to write up to n data bytes by only sending one address byte.

The first send byte defines both the mode and the address byte.

Table 7. MOSI and MISO byte order

Line Byte O Byte 1 Byte 2 To Byte n Byten + 1
MOSI address 0 data O data 1l datan-1 datan
MISO X[ X[ XA XA XA

[1] X = Do not care.
Remark: The MSB must be sent first.
SPI address byte

The address byte must meet the following format.

The MSB of the first byte defines the mode used. To read data from the MFRC522 the
MSB is set to logic 1. To write data to the MFRC522 the MSB must be set to logic 0. Bits 6
to 1 define the address and the LSB is set to logic O.

Table 8.  Address byte O register; address MOSI

7 (MSB) 6 5 4 3 2 1 0 (LSB)
1 =read address 0
0 = write

UART interface

Connection to a host

MFRC522

RX
— | RX

X
— TX

DTRQ DTRQ

MX

001aak587

Fig 8. UART connection to microcontrollers

Remark: Signals DTRQ and MX can be disabled by clearing TestPinEnReg register’s
RS232LineEn bit.
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8.1.3.2 Selectable UART transfer speeds

MFRC522

Contactless reader IC

The internal UART interface is compatible with an RS232 serial interface.

The default transfer speed is 9.6 kBd. To change the transfer speed, the host controller
must write a value for the new transfer speed to the SerialSpeedReg register. Bits
BR_TO0[2:0] and BR_T1[4:0] define the factors for setting the transfer speed in the
SerialSpeedReg register.

The BR_TO0[2:0] and BR_T1[4:0] settings are described in Table 9. Examples of different
transfer speeds and the relevant register settings are given in Table 10.

Table 9. BR_TO and BR_T1 settings

BR_Tn
BR_TO factor
BR_T1 range

Table 10. Selectable UART transfer speeds

Bit0 Bitl
1 1

Bit 3
4

Bit 5 Bit 6 Bit 7

16

32 64

1to32 33to64 33to64 33to64 33to64 33to64 33to64 33to64

Transfer speed (kBd)

7.2
9.6
14.4
19.2
38.4
57.6
115.2
128
230.4
460.8
921.6
1228.8

Decimal

250
235
218
203
171
154
122
116
90
58
28
21

SerialSpeedReg value
Hexadecimal

FAh
EBh
DAh
CBh
ABh
9Ah
7Ah
74h
5Ah
3Ah
1Ch
15h

Transfer speed accuracy

(%)l

-0.25
0.32
-0.25
0.32
0.32
-0.25
-0.25
—-0.06
-0.25
-0.25
1.45
0.32

[1] The resulting transfer speed error is less than 1.5 % for all described transfer speeds.

The selectable transfer speeds shown in Table 10 are calculated according to the
following equations:

If BR_TO0[2:0] = O:

6
_ 27.12x10
transfer speed = BRT0O+D) (1)
If BR_TO0[2:0] > O:
_ | 27.12x108
transfer speed = | =o=———0 (2)
H(BR_TO-1)

Remark: Transfer speeds above 1228.8 kBd are not supported.
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8.1.3.3 UART framing

Contactless reader IC

Table 11. UART framing

Bit Length Value
Start 1-bit 0
Data 8 bits data
Stop 1-bit 1

Remark: The LSB for data and address bytes must be sent first. No parity bit is used

during transmission.

Read data: To read data using the UART interface, the flow shown in Table 12 must be
used. The first byte sent defines both the mode and the address.

Table 12. Read data byte order
Pin Byte 0 Byte 1
RX (pin 24) address -
TX (pin 31) - data O
< N
ADDRESS
/
RX
| SA | AD | Al | A2 | A3 | A4 | A5 | (1) |RW | SO
< DATA >—
X
‘SA‘DO‘D].‘DZ‘D3‘D4‘D5‘D6‘D7‘SO‘
MX
DTRQ B s
001aak588
(1) Reserved.
Fig 9. UART read data timing diagram

Write data: To write data to the MFRC522 using the UART interface, the structure shown

in Table 13 must be used.

The first byte sent defines both the mode and the address.

MFRC522

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2011. All rights reserved.

Product data sheet
COMPANY PUBLIC

112136

Rev. 3.6 — 14 December 2011

13 of 94



NXP Semiconductors MFRC522

Contactless reader IC

Table 13. Write data byte order

Pin Byte O Byte 1

RX (pin 24) address 0 data 0

TX (pin 31) - address 0
MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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’ N
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AN /
SA| A0 || AL | A2 | A3 | A4 | A5 | (1) |RIW SO

(1) Reserved.

Fig 10. UART write data timing diagram

Remark: The data byte can be sent directly after the address byte on pin RX.

Address byte: The address byte has to meet the following format:

The MSB of the first byte sets the mode used. To read data from the MFRC522, the MSB is set to logic 1. To write data to the

001aak589

MFRC522 the MSB is set to logic 0. Bit 6 is reserved for future use, and bits 5 to 0 define the address; see Table 14.
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8.1.4

MFRC522

Contactless reader IC

Table 14. Address byte 0 register; address MOSI

7(MSB) 6 5 4 3 2 1 0 (LSB)
1 =read reserved address
0 = write

I2C-bus interface

An 12C-bus (Inter-IC) interface is supported to enable a low-cost, low pin count serial bus
interface to the host. The 12C-bus interface is implemented according to

NXP Semiconductors’ I12C-bus interface specification, rev. 2.1, January 2000. The
interface can only act in Slave mode. Therefore the MFRC522 does not implement clock
generation or access arbitration.

PULL-UP PULL-UP MFRC522
NETWORK NETWORK
l SDA
»| scL
MICROCONTROLLER
»| 12¢
CONFIGURATION o Ea
WIRING
»| ADR_[5:0]

001aak590
Fig 11. 12C-bus interface

The MFRC522 can act either as a slave receiver or slave transmitter in Standard mode,
Fast mode and High-speed mode.

SDA is a bidirectional line connected to a positive supply voltage using a current source or
a pull-up resistor. Both SDA and SCL lines are set HIGH when data is not transmitted. The
MFRC522 has a 3-state output stage to perform the wired-AND function. Data on the
I2C-bus can be transferred at data rates of up to 100 kBd in Standard mode, up to

400 kBd in Fast mode or up to 3.4 Mbit/s in High-speed mode.

If the 12C-bus interface is selected, spike suppression is activated on lines SCL and SDA
as defined in the I2C-bus interface specification.

See Table 155 on page 78 for timing requirements.
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8.1.4.1 Data validity

Data on the SDA line must be stable during the HIGH clock period. The HIGH or LOW
state of the data line must only change when the clock signal on SCL is LOW.

on  / N \

| |
data line | change |

I

I

| stable; | of data |

| data valid | allowed | mbc621

Fig 12. Bit transfer on the 12C-bus

8.1.4.2 START and STOP conditions

To manage the data transfer on the 12C-bus, unique START (S) and STOP (P) conditions
are defined.

¢ A START condition is defined with a HIGH-to-LOW transition on the SDA line while
SCL is HIGH.

¢ A STOP condition is defined with a LOW-to-HIGH transition on the SDA line while
SCL is HIGH.

The 12C-bus master always generates the START and STOP conditions. The bus is busy
after the START condition. The bus is free again a certain time after the STOP condition.

The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition.
The START (S) and repeated START (Sr) conditions are functionally identical. Therefore,
S is used as a generic term to represent both the START (S) and repeated START (Sr)
conditions.

r——™ r——™

A

[ [

START condition STOP condition

mbc622

Fig 13. START and STOP conditions

8.1.4.3 Byte format

Each byte must be followed by an acknowledge bit. Data is transferred with the MSB first;
see Figure 16. The number of transmitted bytes during one data transfer is unrestricted
but must meet the read/write cycle format.
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8.1.4.4 Acknowledge

An acknowledge must be sent at the end of one data byte. The acknowledge-related clock
pulse is generated by the master. The transmitter of data, either master or slave, releases
the SDA line (HIGH) during the acknowledge clock pulse. The receiver pulls down the
SDA line during the acknowledge clock pulse so that it remains stable LOW during the
HIGH period of this clock pulse.

The master can then generate either a STOP (P) condition to stop the transfer or a
repeated START (Sr) condition to start a new transfer.

A master-receiver indicates the end of data to the slave-transmitter by not generating an
acknowledge on the last byte that was clocked out by the slave. The slave-transmitter
releases the data line to allow the master to generate a STOP (P) or repeated START (Sr)
condition.

data output | \
by transmitter |
I
I
I
I

A
|
—

[ X X X/
not acknowledge N\

n_/

data output

by receiver
acknowledge /
SCL from ) 3 L\
master | | --
%]
ST;RT clock pulse for
- acknowledgement
condition
mbc602
Fig 14. Acknowledge on the I2C-bus
-
P
soAa \ |/ X X x x \ / \ x x x X | X |
MSB acknowledgement acknowledgement | Sr
signal from slave signal from receiver

interrupt within slave

I

I

I

I

I . .
clock line held LOW while

| interrupts are serviced

or 1 2 - 7 8 9 1 2 3-8 9 or
ACK ACK I_E J

"7
|
I
|
|
|
|

|
byte complete, | |
[
.

LS
START or STOP or
repeated START repeated START
condition condition

msc608

Fig 15. Data transfer on the I12C-bus
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8.1.4.5 7-Bit addressing

During the 12C-bus address procedure, the first byte after the START condition is used to
determine which slave will be selected by the master.

Several address numbers are reserved. During device configuration, the designer must
ensure that collisions with these reserved addresses cannot occur. Check the 12C-bus
specification for a complete list of reserved addresses.

The 12C-bus address specification is dependent on the definition of pin EA. Immediately
after releasing pin NRSTPD or after a power-on reset, the device defines the 12C-bus
address according to pin EA.

If pin EA is set LOW, the upper 4 bits of the device bus address are reserved by

NXP Semiconductors and set to 0101b for all MFRC522 devices. The remaining 3 bits
(ADR_O, ADR_1, ADR_2) of the slave address can be freely configured by the customer
to prevent collisions with other 12C-bus devices.

If pin EA is set HIGH, ADR_0 to ADR_5 can be completely specified at the external pins
according to Table 5 on page 9. ADR_6 is always set to logic 0.

In both modes, the external address coding is latched immediately after releasing the
reset condition. Further changes at the used pins are not taken into consideration.
Depending on the external wiring, the 12C-bus address pins can be used for test signal
outputs.

MSB LSB

bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 RIW

slave address 001aak591

Fig 16. First byte following the START procedure

8.1.4.6 Register write access
To write data from the host controller using the 12C-bus to a specific register in the
MFRC522 the following frame format must be used.
* The first byte of a frame indicates the device address according to the 12C-bus rules.
* The second byte indicates the register address followed by up to n-data bytes.

In one frame all data bytes are written to the same register address. This enables fast
FIFO buffer access. The Read/Write (R/W) bit is set to logic O.
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8.1.4.7 Register read access

Contactless reader IC

To read out data from a specific register address in the MFRC522, the host controller must
use the following procedure:

* Firstly, a write access to the specific register address must be performed as indicated
in the frame that follows

* The first byte of a frame indicates the device address according to the 12C-bus rules

* The second byte indicates the register address. No data bytes are added
* The Read/Write bitis 0

After the write access, read access can start. The host sends the device address of the
MFRC522. In response, the MFRC522 sends the content of the read access register. In
one frame all data bytes can be read from the same register address. This enables fast
FIFO buffer access or register polling.

The Read/Write (R/W) bit is set to logic 1.

write cycle
/ 12C-BUS / J
S SLAVE ADDRESS A YK o 0 JOINER REGISTER LY [0:n] DATA A
\ [A7:A0] \ ADDRESS [A5:A0] \[7_0]
—
read cycle
/ / 12C-BUS 0
S SLAVE ADDRESS w) A » 0 0 JOINER REGISTER P
\ \ [A7:A0] ADDRESS [A5:A0]

optional, if the previous access was on the same register address

[0:n]

O

12C-BUS
SLAVE ADDRESS
[A7:A0]

sent by master

sent by slave

Fig 17. Register read and write access

MFRC522

LI/ DATA
[7:0]

N

S

o}/ DATA
[7:0]

>

e

AN

~<P>

start condition

P stop condition

A

acknowledge
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8.1.4.8 High-speed mode

In High-speed mode (HS mode), the device can transfer information at data rates of up to
3.4 Mbit/s, while remaining fully downward-compatible with Fast or Standard mode
(F/S mode) for bidirectional communication in a mixed-speed bus system.

8.1.4.9 High-speed transfer
To achieve data rates of up to 3.4 Mbit/s the following improvements have been made to

I2C-bus operation.

* The inputs of the device in HS mode incorporate spike suppression, a Schmitt trigger
on the SDA and SCL inputs and different timing constants when compared to
F/S mode

* The output buffers of the device in HS mode incorporate slope control of the falling
edges of the SDA and SCL signals with different fall times compared to F/S mode
8.1.4.10 Serial data transfer format in HS mode
The HS mode serial data transfer format meets the Standard mode 12C-bus specification.
HS mode can only start after all of the following conditions (all of which are in F/S mode):
1. START condition (S)
2. 8-bit master code (00001XXXb)
3. Not-acknowledge bit (A)
When HS mode starts, the active master sends a repeated START condition (Sr) followed

by a 7-bit slave address with a R/W bit address and receives an acknowledge bit (A) from
the selected MFRC522.

Data transfer continues in HS mode after the next repeated START (Sr), only switching
back to F/S mode after a STOP condition (P). To reduce the overhead of the master code,
a master links a number of HS mode transfers, separated by repeated START conditions

(Sr).
F/S mode _ HS mode (current-source for SCL HIGH enabled) __ F/Smode
S | MASTER CODE | Alsr | SLAVE ADDRESSl RIW | A DATA |A/K: P
(n-bytes + A)

HS mode continues
B e E—

1 sr | SLAVE ADDRESS
1

001aak749

Fig 18. 12C-bus HS mode protocol switch
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[ 8-bit master code 0000 1xxx A t1
[ S ! tH
i ! |
""" T
SDAhigh | \ | \ )( )( / |
1
: - ~°=" }
1 ! |
1 ! |
1 ! |
1 e } L —
. ! 1
SCL high :_Wztos -\ fe\ [7\ [ 8) 9 \ /
L |
F/S mode
i-ér-i 7-bit SLA RW A n+(8-bitdata + A/A) E“S; ) i
I I I / I
— L - - Y g L AN
) T\ ! G |
SDA high I 1 b VA 1
1 | - - 1 (Y. _I_ R
- i i
| | ! !
. ( I - o ! _e_
SCL high (I 1 2to5\ [e\ [7\ [8\ [o 1 2t05\ [8\ [7\ [8\ [o ! |
___l ! ;
If P then
HS mode F/S mode
If Sr (dotted lines)
then HS mode
PELLCUNACEL
tH
tFs

_/— = Master current source pull-up

f = Resistor pull-up

Fig 19. 12C-bus HS mode protocol frame

MFRC522
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8.1.4.11 Switching between F/S mode and HS mode

8.1.4.12

MFRC522

After reset and initialization, the MFRC522 is in Fast mode (which is in effect F/'S mode as
Fast mode is downward-compatible with Standard mode). The connected MFRC522
recognizes the “S 00001XXX A” sequence and switches its internal circuitry from the Fast
mode setting to the HS mode setting.

The following actions are taken:

1. Adapt the SDA and SCL input filters according to the spike suppression requirement
in HS mode.

2. Adapt the slope control of the SDA output stages.

It is possible for system configurations that do not have other 12C-bus devices involved in
the communication to switch to HS mode permanently. This is implemented by setting
Status2Reg register’s 12CForceHS bit to logic 1. In permanent HS mode, the master code
is not required to be sent. This is not defined in the specification and must only be used
when no other devices are connected on the bus. In addition, spikes on the 12C-bus lines
must be avoided because of the reduced spike suppression.

MFRC522 at lower speed modes

MFRC522 is fully downward-compatible and can be connected to an F/S mode 12C-bus
system. The device stays in F/S mode and communicates at F/S mode speeds because a
master code is not transmitted in this configuration.
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8.2 Analog interface and contactless UART

8.2.1 General

8.2.2

The integrated contactless UART supports the external host online with framing and error
checking of the protocol requirements up to 848 kBd. An external circuit can be connected
to the communication interface pins MFIN and MFOUT to modulate and demodulate the
data.

The contactless UART handles the protocol requirements for the communication
protocols in cooperation with the host. Protocol handling generates bit and byte-oriented
framing. In addition, it handles error detection such as parity and CRC, based on the
various supported contactless communication protocols.

Remark: The size and tuning of the antenna and the power supply voltage have an
important impact on the achievable operating distance.

TX p-driver

The signal on pins TX1 and TX2 is the 13.56 MHz energy carrier modulated by an
envelope signal. It can be used to drive an antenna directly using a few passive
components for matching and filtering; see Section 15 on page 80. The signal on pins TX1
and TX2 can be configured using the TxControlReg register; see Section 9.3.2.5 on

page 49.

The modulation index can be set by adjusting the impedance of the drivers. The
impedance of the p-driver can be configured using registers CWGsPReg and
ModGsPReg. The impedance of the n-driver can be configured using the GsNReg
register. The modulation index also depends on the antenna design and tuning.

The TxModeReg and TxSelReg registers control the data rate and framing during
transmission and the antenna driver setting to support the different requirements at the
different modes and transfer speeds.

Table 15. Register and bit settings controlling the signal on pin TX1

Bit Bit
Tx1RFEn Force
100ASK
0 X
1 0
0
1

Bit Bit Envelope Pin GSPMos GSNMos Remarks
INnVTX1IRFONn InvTx1RFOff TX1
X[ X[ X[ xa o xa X[ not specified if RF is

switched off

X[ 0 RF pMod nMod 100 % ASK: pin TX1
1 RE pCW ncw pulled to logic 0,
independent of the
x4 0 RF pMod  nMod |nyTx1RFOff bit
1 RF pCW nCW
XA 0 0 pMod nMod
1 RF_n pCW nCwW

[1] X =Do not care.

MFRC522
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Table 16. Register and bit settings controlling the signal on pin TX2

Bit Bit Bit Bit Bit Envelope Pin GSPMos GSNMos Remarks
Tx1RFEn Force Tx2CW InvTx2RFOn InvTx2RFOff TX2
100ASK
0 Xl X[ X[ X[ XA X[ X[ X[ not specified if
RF is switched
off
1 0 0 0 X[ 0 RF pMod nMod -
1 RF pCW nCwW
1 X[ 0 RF_n pMod nMod
1 RF_n pCwW nCwW
1 0 X[ X[ RF pCW nCwW conductance
X X RF.n pcw  ncw  aways CWior
- the Tx2CW bit
1 0 0 Xal 0 0 pMod nMod 100 % ASK: pin
1 RF  pCwW nCW TX2 pulled
! to logic O
1 X 0 0 pMod nMod (independent of
1 RF_n pCwW nCW the
InvTx2RFON/Inv
[1] [1]
! 0 X X RFE PCW  nCW 1 ORFOff bits)
X[ XA RF n pCwW nCW

[1] X =Do not care.

The following abbreviations have been used in Table 15 and Table 16:

* RF: 13.56 MHz clock derived from 27.12 MHz quartz crystal oscillator divided by 2
* RF_n:inverted 13.56 MHz clock

* GSPMos: conductance, configuration of the PMOS array

* GSNMos: conductance, configuration of the NMOS array

* pCW: PMOS conductance value for continuous wave defined by the CWGsPReg
register

* pMod: PMOS conductance value for modulation defined by the ModGsPReg register

¢ nCW: NMOS conductance value for continuous wave defined by the GsNReg
register's CWGsN[3:0] bits

* nMod: NMOS conductance value for modulation defined by the GsNReg register’s
ModGsN[3:0] bits

¢ X =do not care.

Remark: If only one driver is switched on, the values for CWGsPReg, ModGsPReg and
GsNReg registers are used for both drivers.

MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Product data sheet Rev. 3.6 — 14 December 2011
COMPANY PUBLIC 112136 25 of 94




NXP Semiconductors MFRC522

8.2.3

8.2.4

MFRC522

Contactless reader IC

Serial data switch

Two main blocks are implemented in the MFRC522. The digital block comprises the state
machines, encoder/decoder logic. The analog block comprises the modulator and
antenna drivers, the receiver and amplifiers. It is possible for the interface between these
two blocks to be configured so that the interfacing signals are routed to pins MFIN and
MFOUT.

This topology allows the analog block of the MFRC522 to be connected to the digital block
of another device.

The serial signal switch is controlled by the TxSelReg and RxSelReg registers.

Figure 20 shows the serial data switch for p-driver TX1 and TX2.

DriverSel[1:0]
3-state — 00
INTERNAL | | INVERTIF envelope o1
CODER InvMod = 1
10 to driver TX1 and TX2
111 0 = impedance = modulated
1 = impedance = CW
INVERT IF
MFIN PoIMFin =0
00laak593

Fig 20. Serial data switch for p-driver TX1 and TX2

MFIN and MFOUT interface support

The MFRC522 is divided into a digital circuit block and an analog circuit block. The digital
block contains state machines, encoder and decoder logic and so on. The analog block
contains the modulator and antenna drivers, receiver and amplifiers. The interface
between these two blocks can be configured so that the interfacing signals can be routed
to pins MFIN and MFOUT; see Figure 21 on page 27. This configuration is implemented
using TxSelReg register’'s MFOutSel[3:0] and DriverSel[1:0] bits and RxSelReg register’s
UARTSel[1:0] bits.

This topology allows some parts of the analog block to be connected to the digital block of
another device.

Switch MFOutSel in the TxSelReg register can be used to measure MIFARE and
ISO/IEC14443 A related signals. This is especially important during the design-in phase
or for test purposes as it enables checking of the transmitted and received data.

The most important use of pins MFIN and MFOUT is found in the active antenna concept.
An external active antenna circuit can be connected to the MFRC522’s digital block.
Switch MFOutSel must be configured so that the internal Miller encoded signal is sent to
pin MFOUT (MFOutSel = 100b). UARTSel[1:0] must be configured to receive a
Manchester signal with subcarrier from pin MFIN (UARTSel[1:0] = 01).

It is possible to connect a passive antenna to pins TX1, TX2 and RX (using the
appropriate filter and matching circuit) and an active antenna to pins MFOUT and MFIN at
the same time. In this configuration, two RF circuits can be driven (one after another) by a
single host processor.
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Remark: Pins MFIN and MFOUT have a dedicated supply on pin SVDD with the ground on pin PVSS. If pin MFIN is not
used it must be connected to either pin SVDD or pin PVSS. If pin SVDD is not used it must be connected to either pin

DVDD, pin PVDD or any other voltage supply pin.

TX bit stream

MILLER
CODER

test bus
internal envelope

internal envelope

MODULATOR |— DRIVER

> TX2

envelope from pin MFIN

TX serial data stream

DIGITAL MODULE
MFRC522

reserved
RX serial data stream

NN EANEE

RX bit stream

MANCHESTER
DECODER

LOW
Manchester with subcarrier

DEMODULATOR | |

ANALOG MODULE
MFRC522

internal modulated

NRZ coding without subcarrier (> 106 kBd)

DEMODULATOR

X1

Fig 21. Overview of MFIN and MFOUT signal routing
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CRC coprocessor
The following CRC coprocessor parameters can be configured:
* The CRC preset value can be either 0000h, 6363h, A671h or FFFFh depending on
the ModeReg register's CRCPreset[1:0] bits setting
* The CRC polynomial for the 16-bit CRC is fixed to x16 + x12 + x5 + 1

* The CRCResultReg register indicates the result of the CRC calculation. This register
is split into two 8-bit registers representing the higher and lower bytes.

* The ModeReg register's MSBFirst bit indicates that data will be loaded with the MSB
first.

Table 17. CRC coprocessor parameters

Parameter Value

CRC register length 16-bit CRC

CRC algorithm algorithm according to ISO/IEC 14443 A and ITU-T

CRC preset value 0000h, 6363h, A671h or FFFFh depending on the setting of the

ModeReg register’s CRCPreset[1:0] bits

FIFO buffer

An 8 x 64 bit FIFO buffer is used in the MFRC522. It buffers the input and output data
stream between the host and the MFRC522’s internal state machine. This makes it
possible to manage data streams up to 64 bytes long without the need to take timing
constraints into account.

Accessing the FIFO buffer

The FIFO buffer input and output data bus is connected to the FIFODataReg register.
Writing to this register stores one byte in the FIFO buffer and increments the internal FIFO
buffer write pointer. Reading from this register shows the FIFO buffer contents stored in
the FIFO buffer read pointer and decrements the FIFO buffer read pointer. The distance
between the write and read pointer can be obtained by reading the FIFOLevelReg
register.

When the microcontroller starts a command, the MFRC522 can, while the command is in
progress, access the FIFO buffer according to that command. Only one FIFO buffer has
been implemented which can be used for input and output. The microcontroller must
ensure that there are not any unintentional FIFO buffer accesses.

Controlling the FIFO buffer

The FIFO buffer pointers can be reset by setting FIFOLevelReg register’s FlushBuffer bit
to logic 1. Consequently, the FIFOLevel[6:0] bits are all set to logic 0 and the ErrorReg
register’s BufferOvfl bit is cleared. The bytes stored in the FIFO buffer are no longer
accessible allowing the FIFO buffer to be filled with another 64 bytes.

FIFO buffer status information

The host can get the following FIFO buffer status information:

* Number of bytes stored in the FIFO buffer: FIFOLevelReg register’s FIFOLevel[6:0]
* FIFO buffer almost full warning: Status1Reg register’s HiAlert bit

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Product data sheet
COMPANY PUBLIC

Rev. 3.6 — 14 December 2011
112136 28 of 94



NXP Semiconductors MFRC522

8.4

8.4.1

MFRC522

Contactless reader IC

* FIFO buffer almost empty warning: Status1Reg register’s LoAlert bit

* FIFO buffer overflow warning: ErrorReg register’s BufferOvfl bit. The BufferOvfl bit
can only be cleared by setting the FIFOLevelReg register’s FlushBuffer bit.

The MFRC522 can generate an interrupt signal when:

* ComlEnReg register’s LoAlertlEn bit is set to logic 1. It activates pin IRQ when
Status1Reg register’s LoAlert bit changes to logic 1.

* ComlEnReg register’s HiAlertlEn bit is set to logic 1. It activates pin IRQ when
Status1Reg register’s HiAlert bit changes to logic 1.

If the maximum number of WaterLevel bytes (as set in the WaterLevelReg register) or less
are stored in the FIFO buffer, the HiAlert bit is set to logic 1. It is generated according to

Equation 3:
HiAlert = (64 - FIFOLength) <WaterLevel 3)

If the number of WaterLevel bytes (as set in the WaterLevelReg register) or less are
stored in the FIFO buffer, the LoAlert bit is set to logic 1. It is generated according to

Equation 4:

LoAlert = FIFOLength <WaterLevel 4)

Interrupt request system

The MFRC522 indicates certain events by setting the Status1Reg register’s IRq bit and, if
activated, by pin IRQ. The signal on pin IRQ can be used to interrupt the host using its
interrupt handling capabilities. This allows the implementation of efficient host software.

Interrupt sources overview

Table 18 shows the available interrupt bits, the corresponding source and the condition for
its activation. The ComlirgReg register’s TimerlRq interrupt bit indicates an interrupt set by
the timer unit which is set when the timer decrements from 1 to O.

The ComlirqgReg register’s TxIRq bit indicates that the transmitter has finished. If the state
changes from sending data to transmitting the end of the frame pattern, the transmitter
unit automatically sets the interrupt bit. The CRC coprocessor sets the DivirgReg
register's CRCIR(q bit after processing all the FIFO buffer data which is indicated by
CRCReady bit = 1.

The ComlirgReg register’'s RxIRq bit indicates an interrupt when the end of the received
data is detected. The ComlirgReg register’s IdleIRq bit is set if a command finishes and
the Command[3:0] value in the CommandReg register changes to idle (see Table 149 on

page 69).

The ComlrgReg register’s HiAlertIRq bit is set to logic 1 when the Status1Reg register’s
HiAlert bit is set to logic 1 which means that the FIFO buffer has reached the level
indicated by the WaterLevel[5:0] bits.

The ComlrgReg register’s LoAlertIRq bit is set to logic 1 when the Status1Reg register’s
LoAlert bit is set to logic 1 which means that the FIFO buffer has reached the level
indicated by the WaterLevel[5:0] bits.
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The ComlrqReg register’s ErrlIRq bit indicates an error detected by the contactless UART
during send or receive. This is indicated when any bit is set to logic 1 in register ErrorReg.

Table 18. Interrupt sources

Interrupt flag Interrupt source Trigger action

IRq timer unit the timer counts from 1to 0

TxIRq transmitter a transmitted data stream ends

CRCIRq CRC coprocessor all data from the FIFO buffer has been processed
RxIRqg receiver a received data stream ends

IdlelRq ComlrgReg register command execution finishes

HiAlertIRq FIFO buffer the FIFO buffer is almost full

LoAlertIRq FIFO buffer the FIFO buffer is almost empty

ErrIRq contactless UART an error is detected

8.5 Timer unit

The MFRC522A has a timer unit which the external host can use to manage timing tasks.
The timer unit can be used in one of the following timer/counter configurations:

* Timeout counter

¢ Watchdog counter

* Stop watch

* Programmable one shot

* Periodical trigger
The timer unit can be used to measure the time interval between two events or to indicate
that a specific event occurred after a specific time. The timer can be triggered by events
explained in the paragraphs below. The timer does not influence any internal events, for

example, a time-out during data reception does not automatically influence the reception
process. Furthermore, several timer-related bits can be used to generate an interrupt.

The timer has an input clock of 13.56 MHz derived from the 27.12 MHz quartz crystal
oscillator. The timer consists of two stages: prescaler and counter.

The prescaler (TPrescaler) is a 12-bit counter. The reload values (TReloadVal_Hi[7:0] and
TReloadVal_Lo[7:0]) for TPrescaler can be set between 0 and 4095 in the TModeReg
register’s TPrescaler_Hi[3:0] bits and TPrescalerReg register’s TPrescaler_L0[7:0] bits.

The reload value for the counter is defined by 16 bits between 0 and 65535 in the
TReloadReg register.

The current value of the timer is indicated in the TCounterValReg register.

When the counter reaches 0, an interrupt is automatically generated, indicated by the
ComirgReg register’s TimerlRq bit setting. If enabled, this event can be indicated on
pin IRQ. The TimerIRq bit can be set and reset by the host. Depending on the
configuration, the timer will stop at O or restart with the value set in the TReloadReg
register.

The timer status is indicated by the Status1Reg register’s TRunning bit.
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The timer can be started manually using the ControlReg register’s TStartNow bit and
stopped using the ControlReg register’s TStopNow bit.

The timer can also be activated automatically to meet any dedicated protocol
requirements by setting the TModeReg register’s TAuto bit to logic 1.

The delay time of a timer stage is set by the reload value + 1. The total delay time (t41) is
calculated using Equation 5:

- (TPrescaler x 2+ 1) x (TReloadVal + 1) 5)
d1 13.56 MHz

An example of calculating total delay time (tg) is shown in Equation 6, where the
TPrescaler value = 4095 and TReloadVal = 65535:

(4095 x 2 + 1) x (65535 + 1)

39.59s = 13.56 MHz

(6)

Example: To give a delay time of 25 us requires 339 clock cycles to be counted and a
TPrescaler value of 169. This configures the timer to count up to 65535 time-slots for
every 25 us period.

The MFRC522 version 2.0 offers in addition a second prescaler timer. Due to the fact that
the prescaler counts down to 0 the prescaler period always count an odd number of
clocks (1, 3, 5, ..). This may lead to inaccuracy. The second available prescaler timer
implements the possibility to change the prescaler reload value to odd numbers, which
results in an even prescaler period. This new prescaler can be enabled only in version 2.0
using the register bit DemodeReg, see Table 72. Within this option, the total delay time
(tg2) is calculated using Equation 5:

_ (TPrescaler x 2 +2) x (TReloadVal + 1)

t 7
d2 13.56 MHz @
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Power reduction modes

Hard power-down

Hard power-down is enabled when pin NRSTPD is LOW. This turns off all internal current
sinks including the oscillator. All digital input buffers are separated from the input pins and
clamped internally (except pin NRSTPD). The output pins are frozen at either a HIGH or

LOW level.

Soft power-down mode

Soft Power-down mode is entered immediately after the CommandReg register’s
PowerDown bit is set to logic 1. All internal current sinks are switched off, including the
oscillator buffer. However, the digital input buffers are not separated from the input pins
and keep their functionality. The digital output pins do not change their state.

During soft power-down, all register values, the FIFO buffer content and the configuration
keep their current contents.

After setting the PowerDown bit to logic 0, it takes 1024 clocks until the Soft power-down
mode is exited indicated by the PowerDown bit. Setting it to logic 0 does not immediately
clear it. It is cleared automatically by the MFRC522 when Soft power-down mode is
exited.

Remark: If the internal oscillator is used, you must take into account that it is supplied by
pin AVDD and it will take a certain time (tpsc) until the oscillator is stable and the clock
cycles can be detected by the internal logic. It is recommended for the serial UART, to first
send the value 55h to the MFRC522. The oscillator must be stable for further access to
the registers. To ensure this, perform a read access to address 0 until the MFRC522
answers to the last read command with the register content of address 0. This indicates
that the MFRC522 is ready.

Transmitter power-down mode

The Transmitter Power-down mode switches off the internal antenna drivers thereby,
turning off the RF field. Transmitter power-down mode is entered by setting either the
TxControlReg register's TxX1IRFEnN bit or Tx2RFER bit to logic 0.

Oscillator circuit

MFRC522

0SCOUT  OSCIN H
IDI
1 L]

I i 4
J J

001aak595

Fig 22. Quartz crystal connection
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The clock applied to the MFRC522 provides a time basis for the synchronous system’s
encoder and decoder. The stability of the clock frequency, therefore, is an important factor
for correct operation. To obtain optimum performance, clock jitter must be reduced as
much as possible. This is best achieved using the internal oscillator buffer with the
recommended circuitry.

If an external clock source is used, the clock signal must be applied to pin OSCIN. In this
case, special care must be taken with the clock duty cycle and clock jitter and the clock
quality must be verified.

Reset and oscillator start-up time

Reset timing requirements

The reset signal is filtered by a hysteresis circuit and a spike filter before it enters the
digital circuit. The spike filter rejects signals shorter than 10 ns. In order to perform a reset,
the signal must be LOW for at least 100 ns.

Oscillator start-up time

If the MFRC522 has been set to a Power-down mode or is powered by a Vppx supply, the
start-up time for the MFRC522 depends on the oscillator used and is shown in Figure 23.

The time (tstartup) IS the start-up time of the crystal oscillator circuit. The crystal oscillator
start-up time is defined by the crystal.

The time (tg) is the internal delay time of the MFRC522 when the clock signal is stable
before the MFRC522 can be addressed.

The delay time is calculated by:

1024

0 g7y = T4k (8)

The time (tosc) is the sum of tg and tsgartup.

device activation

oscillator
clock stable

clock ready

tstartup

td

tosc

t
001aak596

Fig 23. Oscillator start-up time
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9. MFRC522 registers

9.1 Register bit behavior

Depending on the functionality of a register, the access conditions to the register can vary.
In principle, bits with same behavior are grouped in common registers. The access
conditions are described in Table 19.

Table 19. Behavior of register bits and their designation

Abbreviation Behavior Description

R/W read and write These bits can be written and read by the microcontroller. Since
they are used only for control purposes, their content is not
influenced by internal state machines, for example the
ComlEnReg register can be written and read by the
microcontroller. It will also be read by internal state machines but
never changed by them.

D dynamic These bits can be written and read by the microcontroller.
Nevertheless, they can also be written automatically by internal
state machines, for example the CommandReg register changes
its value automatically after the execution of the command.

R read only These register bits hold values which are determined by internal
states only, for example the CRCReady bit cannot be written
externally but shows internal states.

w write only Reading these register bits always returns zero.

reserved - These registers are reserved for future use and must not be
changed. In case of a write access, it is recommended to always
write the value “0”.

RFT - These register bits are reserved for future use or are for
production tests and must not be changed.
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9.2 Register overview

Table 20. MFRC522 register overview
Address Register name Function Refer to
(hex)
Page 0: Command and status
00h Reserved reserved for future use Table 21 on page 37
01h CommandReg starts and stops command execution Table 23 on page 37
02h ComlEnReg enable and disable interrupt request control bits Table 25 on page 37
03h DivIEnReg enable and disable interrupt request control bits Table 27 on page 38
04h ComlrgReg interrupt request bits Table 29 on page 38
05h DivirgReg interrupt request bits Table 31 on page 39
06h ErrorReg error bits showing the error status of the last command Table 33 on page 40
executed
07h Status1Reg communication status bits Table 35 on page 41
08h Status2Reg receiver and transmitter status bits Table 37 on page 42
09h FIFODataReg input and output of 64 byte FIFO buffer Table 39 on page 43
OAh FIFOLevelReg number of bytes stored in the FIFO buffer Table 41 on page 43
0Bh WaterLevelReg level for FIFO underflow and overflow warning Table 43 on page 43
0Ch ControlReg miscellaneous control registers Table 45 on page 44
0Dh BitFramingReg adjustments for bit-oriented frames Table 47 on page 45
OEh CollReg bit position of the first bit-collision detected on the RF Table 49 on page 45
interface
OFh Reserved reserved for future use Table 51 on page 46
Page 1: Command
10h Reserved reserved for future use Table 53 on page 46
11h ModeReg defines general modes for transmitting and receiving Table 55 on page 47
12h TxModeReg defines transmission data rate and framing Table 57 on page 47
13h RxModeReg defines reception data rate and framing Table 59 on page 48
14h TxControlReg controls the logical behavior of the antenna driver pins TX1 Table 61 on page 49
and TX2
15h TxASKReg controls the setting of the transmission modulation Table 63 on page 50
16h TxSelReg selects the internal sources for the antenna driver Table 65 on page 50
17h RxSelReg selects internal receiver settings Table 67 on page 51
18h RxThresholdReg selects thresholds for the bit decoder Table 69 on page 52
19h DemodReg defines demodulator settings Table 71 on page 52
1Ah Reserved reserved for future use Table 73 on page 53
1Bh Reserved reserved for future use Table 75 on page 53
1Ch MfTxReg controls some MIFARE communication transmit parameters Table 77 on page 54
1Dh MfRxReg controls some MIFARE communication receive parameters  Table 79 on page 54
1Eh Reserved reserved for future use Table 81 on page 54
1Fh SerialSpeedReg selects the speed of the serial UART interface Table 83 on page 54

Page 2: Configuration

20h

MFRC522

Reserved

reserved for future use

All information provided in this document is subject to legal disclaimers.

Table 85 on page 56

© NXP B.V. 2011. All rights reserved.

Product data sheet
COMPANY PUBLIC

Rev. 3.6 — 14 December 2011
112136

35 of 94



NXP Semiconductors

MFRC522

Table 20. MFRC522 register overview ...continued

Contactless reader IC

Address Register name
(hex)

21h CRCResultReg
22h

23h Reserved

24h ModWidthReg
25h Reserved

26h RFCfgReg

27h GsNReg

28h CWGsPReg
29h ModGsPReg
2Ah TModeReg
2Bh TPrescalerReg
2Ch TReloadReg
2Dh

2Eh TCounterValReg
2Fh

Page 3: Test register

30h Reserved

31h TestSellReg
32h TestSel2Reg
33h TestPinEnReg
34h TestPinValueReg
35h TestBusReg
36h AutoTestReg
37h VersionReg
38h AnalogTestReg
39h TestDAC1Reg
3Ah TestDAC2Reg
3Bh TestADCReg

3Ch to 3Fh Reserved

MFRC522

Function

shows the MSB and LSB values of the CRC calculation

reserved for future use
controls the ModWidth setting
reserved for future use
configures the receiver gain

selects the conductance of the antenna driver pins TX1 and

TX2 for modulation

defines the conductance of the p-driver output during
periods of no modulation

defines the conductance of the p-driver output during
periods of modulation

defines settings for the internal timer

defines the 16-bit timer reload value

shows the 16-bit timer value

reserved for future use

general test signal configuration

general test signal configuration and PRBS control
enables pin output driver on pins D1 to D7

defines the values for D1 to D7 when it is used as an I/O bus

shows the status of the internal test bus
controls the digital self test

shows the software version

controls the pins AUX1 and AUX2
defines the test value for TestDAC1
defines the test value for TestDAC2
shows the value of ADC | and Q channels

reserved for production tests

All information provided in this document is subject to legal disclaimers.

Refer to

Table 87 on page 56

Table 89 on page 56

Table 91 on page 57

Table 93 on page 57

Table 95 on page 57

Table 97 on page 58

Table 99 on page 58

Table 101 on page 59

Table 103 on page 59

Table 105 on page 59
Table 107 on page 60
Table 109 on page 61
Table 111 on page 61
Table 113 on page 62
Table 115 on page 62

Table 117 on page 62
Table 119 on page 62
Table 121 on page 63
Table 123 on page 63
Table 125 on page 64
Table 127 on page 64
Table 129 on page 65
Table 131 on page 65
Table 133 on page 66
Table 135 on page 67
Table 137 on page 67
Table 139 on page 67
Table 141 to Table 147

on page 68
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9.3

9.3.1

9.3.1.1

9.3.1.2

9.3.1.3

MFRC522

Contactless reader IC

Register descriptions

Page 0: Command and status

Reserved register 00h
Functionality is reserved for future use.

Table 21. Reserved register (address 00h); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 22. Reserved register bit descriptions
Bit Symbol Description
7t00 - reserved

CommandReg register

Starts and stops command execution.

Table 23. CommandReg register (address 01h); reset value: 20h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol: reserved RcvOff  PowerDown Command[3:0]
Access: - R/W D D

Table 24. CommandReg register bit descriptions

Bit Symbol Value Description

7106 reserved - reserved for future use
5 RcvOff

4 PowerDown

analog part of the receiver is switched off
Soft power-down mode entered

o R

MFRC522 starts the wake up procedure during which this bit is
read as a logic 1; it is read as a logic 0 when the MFRC522 is
ready; see Section 8.6.2 on page 32

Remark: The PowerDown bit cannot be set when the SoftReset
command is activated

3to 0 Command[3:0] - activates a command based on the Command value; reading this
register shows which command is executed; see Section 10.3 on

page 69

ComlEnReg register
Control bits to enable and disable the passing of interrupt requests.

Table 25. ComlEnReg register (address 02h); reset value: 80h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol IRqInv TxIEn RxIEn IdlelEn  HiAlertlEn LoAlertlEn  ErrlEn  TimerlEn
Access R/W R/W R/W R/W R/W R/W R/W R/W
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9.3.14

9.3.1.5

MFRC522

Contactless reader IC

Table 26. ComlEnReg register bit descriptions
Bit Symbol Value Description

7 IRqlnv 1 signal on pin IRQ is inverted with respect to the Status1Reg register’s
IRq bit
0 signal on pin IRQ is equal to the IRq bit; in combination with the

DivIEnReg register’s IRqPushPull bit, the default value of logic 1 ensures
that the output level on pin IRQ is 3-state

6 TxIEn - allows the transmitter interrupt request (TxIRq bit) to be propagated to
pin IRQ
5 RxIEn - allows the receiver interrupt request (RxIRq bit) to be propagated to pin
IRQ
IdlelEn - allows the idle interrupt request (IdlelRq bit) to be propagated to pin IRQ
3 HiAlertlEn - allows the high alert interrupt request (HiAlertIRq bit) to be propagated to
pin IRQ
2 LoAlertlEn - allows the low alert interrupt request (LoAlertIRq bit) to be propagated to
pin IRQ
ErrlEn - allows the error interrupt request (ErrIRq bit) to be propagated to pin IRQ
0 TimerlEn - allows the timer interrupt request (TimerlRq bit) to be propagated to pin

IRQ

DivIEnReg register
Control bits to enable and disable the passing of interrupt requests.

Table 27. DivlEnReg register (address 03h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol IRQPushPull  reserved  MfinActlEn reserved CRCIEN reserved
Access R/W - R/W - R/W -

Table 28. DivlEnReg register bit descriptions

Bit Symbol Value Description
7 IRQPushPull 1 pin IRQ is a standard CMOS output pin
0 pin IRQ is an open-drain output pin
6to5 reserved - reserved for future use
4 MfinActlEn - allows the MFIN active interrupt request to be propagated to
pin IRQ
reserved - reserved for future use
CRCIENn - allows the CRC interrupt request, indicated by the DivirqgReg

register’'s CRCIR(q bit, to be propagated to pin IRQ
1to 0 reserved - reserved for future use

ComlirgReg register
Interrupt request bits.

Table 29. ComlrqReg register (address 04h); reset value: 14h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol Setl TxIRg RxIRg |IdlelRq HiAlertiRqg LoAlertiRqg ErrlRq TimerlRq
Access w D D D D D D D
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Table 30. ComlrgReg register bit descriptions
All bits in the ComlIrgReg register are cleared by software.

Bit Symbol

7 Setl
TxIRq
RxIRq

4 IdlelRq

3 HiAlertiRg

2 LoAlertlIRq
ErrlIRq

0 TimerlRq

Value Description

1 indicates that the marked bits in the ComlIrqReg register are set

0 indicates that the marked bits in the ComIrgReg register are cleared
1 set immediately after the last bit of the transmitted data was sent out
1 receiver has detected the end of a valid data stream

if the RxModeReg register’'s RxNoErr bit is set to logic 1, the RxIRq bit is
only set to logic 1 when data bytes are available in the FIFO

1 If a command terminates, for example, when the CommandReg changes
its value from any command to the Idle command (see Table 149 on
page 69)
if an unknown command is started, the CommandReg register
Command[3:0] value changes to the idle state and the IdlelRq bit is set

The microcontroller starting the Idle command does not set the IdlelRq
bit
1 the Status1Reg register’s HiAlert bit is set

in opposition to the HiAlert bit, the HiAlertIRq bit stores this event and
can only be reset as indicated by the Set1 bit in this register

1 Status1Reg register’s LoAlert bit is set

in opposition to the LoAlert bit, the LoAlertIRq bit stores this event and
can only be reset as indicated by the Set1 bit in this register

BN

any error bit in the ErrorReg register is set

[EEY

the timer decrements the timer value in register TCounterValReg to zero

9.3.1.6 DivirgReg register

Interrupt request bits.

Table 31. DivilrgReg register (address 05h); reset value: xOh bit allocation

Bit 7

Symbol Set2

Access W

6 5 4 3 2 1 0
reserved MfinActiRqg reserved CRCIR(q reserved
- D - D -

Table 32. DivirqgReg register bit descriptions
All bits in the DivirgReg register are cleared by software.

Bit Symbol
7 Set2

6to5 reserved

Value Description

1 indicates that the marked bits in the DivirqReg register are set

0 indicates that the marked bits in the DivirqgReg register are cleared
- reserved for future use

4 MfinActiRg 1 MFIN is active

3 reserved
2 CRCIRq
1to 0 reserved

this interrupt is set when either a rising or falling signal edge is
detected

- reserved for future use
1 the CalcCRC command is active and all data is processed
- reserved for future use

MFRC522
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9.3.1.7 ErrorReg register

Error bit register showing the error status of the last command executed.

Table 33. ErrorReg register (address 06h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol WrErr TempErr reserved BufferOvfl CollErr CRCErr  ParityErr  ProtocolErr
Access R R - R R R R R

Table 34. ErrorReg register bit descriptions
Bit Symbol Value Description

7  WrErr 1 data is written into the FIFO buffer by the host during the MFAuthent
command or if data is written into the FIFO buffer by the host during the
time between sending the last bit on the RF interface and receiving the
last bit on the RF interface

6 TempErrll 1 internal temperature sensor detects overheating, in which case the
antenna drivers are automatically switched off
5 reserved - reserved for future use
BufferOvfl 1 the host or a MFRC522’s internal state machine (e.g. receiver) tries to

write data to the FIFO buffer even though it is already full
3 CollErr 1 a bit-collision is detected

cleared automatically at receiver start-up phase

only valid during the bitwise anticollision at 106 kBd

always set to logic 0 during communication protocols at 212 kBd,
424 kBd and 848 kBd

2 CRCErr 1 the RxModeReg register’'s RXxCRCERn bit is set and the CRC calculation
fails

automatically cleared to logic O during receiver start-up phase
1 ParityErr 1 parity check failed

automatically cleared during receiver start-up phase

only valid for ISO/IEC 14443 A/MIFARE communication at 106 kBd
0 ProtocolErr 1 set to logic 1 if the SOF is incorrect

automatically cleared during receiver start-up phase

bit is only valid for 106 kBd

during the MFAuthent command, the ProtocolErr bit is set to logic 1 if the
number of bytes received in one data stream is incorrect

[1] Command execution clears all error bits except the TempErr bit. Cannot be set by software.
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9.3.1.8 StatuslReg register
Contains status bits of the CRC, interrupt and FIFO buffer.

Table 35. Status1Reg register (address 07h); reset value: 21h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved CRCOk CRCReady IRq TRunning reserved HiAlert LoAlert
Access - R R R R - R R

Table 36. Statusl1Reg register bit descriptions

Bit Symbol Value Description
7  reserved - reserved for future use
6 CRCOk 1 the CRC result is zero

for data transmission and reception, the CRCOKk bit is undefined: use the
ErrorReg register’'s CRCErr bit

indicates the status of the CRC coprocessor, during calculation the value
changes to logic 0, when the calculation is done correctly the value
changes to logic 1

5 CRCReady 1 the CRC calculation has finished
only valid for the CRC coprocessor calculation using the CalcCRC
command

4 IRq - indicates if any interrupt source requests attention with respect to the
setting of the interrupt enable bits: see the ComIEnReg and DivIEnReg
registers

3 TRunning 1 MFRC522’s timer unit is running, i.e. the timer will decrement the

TCounterValReg register with the next timer clock

Remark: in gated mode, the TRunning bit is set to logic 1 when the
timer is enabled by TModeReg register’'s TGated[1:0] bits; this bit is not
influenced by the gated signal

2  reserved - reserved for future use
HiAlert 1 the number of bytes stored in the FIFO buffer corresponds to equation:
HiAlert = (64 - FIFOLength) <WaterLevel
example:

FIFO length = 60, WaterLevel = 4 — HiAlert = 1
FIFO length = 59, WaterLevel = 4 — HiAlert = 0

0 LoAlert 1 the number of bytes stored in the FIFO buffer corresponds to equation:
LoAlert = FIFOLength <WaterLevel
example:

FIFO length = 4, WaterLevel =4 — LoAlert =1
FIFO length = 5, WaterLevel = 4 — LoAlert =0
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9.3.1.9 Status2Reg register
Contains status bits of the receiver, transmitter and data mode detector.

Table 37. Status2Reg register (address 08h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TempSensClear [2CForceHS reserved MFCrypto1On ModemState[2:0]
Access R/W R/W - D R

Table 38. Status2Reg register bit descriptions

Bit Symbol Value Description
7 TempSensClear 1 clears the temperature error if the temperature is below the
alarm limit of 125 °C
6 I2CForceHS I2C-bus input filter settings:
1 the 12C-bus input filter is set to the High-speed mode
independent of the 12C-bus protocol
0 the 12C-bus input filter is set to the 12C-bus protocol used
5to4 reserved - reserved
3 MFCryptolOn - indicates that the MIFARE Cryptol unit is switched on and

therefore all data communication with the card is encrypted

can only be set to logic 1 by a successful execution of the
MFAuthent command

only valid in Read/Write mode for MIFARE standard cards
this bit is cleared by software

2to 0 ModemState[2:0] - shows the state of the transmitter and receiver state
machines:
000 idle
001 wait for the BitFramingReg register’s StartSend bit
010 TxWait: wait until RF field is present if the TModeReg

register’'s TxWaitRF bit is set to logic 1
the minimum time for TxWait is defined by the TxWaitReg

register
011 transmitting
100 RxWait: wait until RF field is present if the TModeReg

register’'s TxWaitRF bit is set to logic 1

the minimum time for RxWait is defined by the
RxWaitReg register

101 wait for data

110 receiving
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9.3.1.11

9.3.1.12
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FIFODataReg register
Input and output of 64 byte FIFO buffer.

Table 39. FIFODataReg register (address 09h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol FIFOData[7:0]
Access D

Table 40. FIFODataReg register bit descriptions
Bit Symbol Description
7t00 FIFOData[7:0] data input and output port for the internal 64-byte FIFO buffer

FIFO buffer acts as parallel in/parallel out converter for all serial data
stream inputs and outputs

FIFOLevelReg register
Indicates the number of bytes stored in the FIFO.

Table 41. FIFOLevelReg register (address 0Ah); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol  FlushBuffer FIFOLevel[6:0]
Access W R

Table 42. FIFOLevelReg register bit descriptions
Bit Symbol Value Description

7 FlushBuffer 1 immediately clears the internal FIFO buffer’s read and write pointer
and ErrorReg register’s BufferOvfl bit

reading this bit always returns 0
6to 0 FIFOLevel - indicates the number of bytes stored in the FIFO buffer

[6:0] writing to the FIFODataReg register increments and reading
decrements the FIFOLevel value

WaterLevelReg register
Defines the level for FIFO under- and overflow warning.

Table 43. WaterLevelReg register (address 0Bh); reset value: 08h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved WaterLevel[5:0]
Access - R/W
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Table 44. WaterLevelReg register bit descriptions

Bit Symbol Description

7t06 reserved reserved for future use

5t00 WaterLevel defines a warning level to indicate a FIFO buffer overflow or underflow:
[5:0] Status1Reg register’s HiAlert bit is set to logic 1 if the remaining

number of bytes in the FIFO buffer space is equal to, or less than the
defined number of WaterLevel bytes

Status1Reg register’s LoAlert bit is set to logic 1 if equal to, or less
than the WaterLevel bytes in the FIFO buffer

Remark: to calculate values for HiAlert and LoAlert see
Section 9.3.1.8 on page 41.

9.3.1.13 ControlReg register
Miscellaneous control bits.

Table 45. ControlReg register (address 0Ch); reset value: 10h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TStopNow TStartNow reserved RxLastBits[2:0]
Access w w - R

Table 46. ControlReg register bit descriptions

Bit Symbol Value Description
7 TStopNow 1 timer stops immediately
reading this bit always returns it to logicO
6 TStartNow 1 timer starts immediately
reading this bit always returns it to logic 0
5t0 3 reserved - reserved for future use
2t0 0 RxLastBits[2:0] - indicates the number of valid bits in the last received byte

if this value is 000b, the whole byte is valid
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BitFramingReg register
Adjustments for bit-oriented frames.

Table 47. BitFramingReg register (address 0Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol  StartSend RxAlign[2:0] reserved TxLastBits[2:0]
Access W R/W - R/W

Table 48. BitFramingReg register bit descriptions
Bit Symbol Value Description
7 StartSend 1 starts the transmission of data
only valid in combination with the Transceive command

6to 4 RxAlign[2:0] used for reception of bit-oriented frames: defines the bit
position for the first bit received to be stored in the FIFO buffer

example:

0 LSB of the received bit is stored at bit position 0, the second
received bit is stored at bit position 1

1 LSB of the received bit is stored at bit position 1, the second
received bit is stored at bit position 2

7 LSB of the received bit is stored at bit position 7, the second
received bit is stored in the next byte that follows at bit
position 0

These bits are only to be used for bitwise anticollision at
106 kBd, for all other modes they are set to 0

3 reserved - reserved for future use
2t00 TxLastBits[2:0]

used for transmission of bit oriented frames: defines the
number of bits of the last byte that will be transmitted

000b indicates that all bits of the last byte will be transmitted

CollReg register

Defines the first bit-collision detected on the RF interface.

Table 49. CollReg register (address OEh); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol ValuesAfterColl reserved CollPosNotValid CollPos[4:0]
Access R/W - R R

Table 50. CollReg register bit descriptions
Bit Symbol Value Description
7 ValuesAfterColl 0 all received bits will be cleared after a collision

only used during bitwise anticollision at 106 kBd,
otherwise it is set to logic 1

reserved - reserved for future use

CollPosNotValid 1 no collision detected or the position of the collision is
out of the range of CollPos[4:0]
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Table 50. CollReg register bit descriptions ...continued
Bit Symbol Value Description

4100 CollPos[4:0] - shows the bit position of the first detected collision in a
received frame

only data bits are interpreted

example:
00h indicates a bit-collision in the 32nd bit
01lh indicates a bit-collision in the 15t bit
08h indicates a bit-collision in the 8t bit

These bits will only be interpreted if the
CollPosNotValid bit is set to logic 0

9.3.1.16 Reserved register OFh
Functionality is reserved for future use.

Table 51. Reserved register (address OFh); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 52. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

9.3.2 Page 1: Communication

9.3.2.1 Reserved register 10h
Functionality is reserved for future use.

Table 53. Reserved register (address 10h); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 54. Reserved register bit descriptions

Bit Symbol Description

7t00 reserved reserved for future use
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9.3.2.2 ModeReg register

Defines general mode settings for transmitting and receiving.

Table 55. ModeReg register (address 11h); reset value: 3Fh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol MSBFirst reserved TxWaitRF reserved PolMFin reserved CRCPreset[1:0]
Access R/W - R/W - R/W - R/W

Table 56. ModeReg register bit descriptions
Bit Symbol Value Description

7 MSBFirst 1 CRC coprocessor calculates the CRC with MSB first

in the CRCResultReg register the values for the
CRCResultMSBJ[7:0] bits and the CRCResultLSBJ[7:0] bits are bit
reversed

Remark: during RF communication this bit is ignored

6 reserved - reserved for future use
5 TxWaitRF 1 transmitter can only be started if an RF field is generated
4 reserved - reserved for future use
3 PolMFin defines the polarity of pin MFIN
Remark: the internal envelope signal is encoded active LOW,
changing this bit generates a MFinActIRq event
polarity of pin MFIN is active HIGH
0 polarity of pin MFIN is active LOW
2 reserved - reserved for future use
1to0 CRCPreset defines the preset value for the CRC coprocessor for the CalcCRC
[1:0] command

Remark: during any communication, the preset values are
selected automatically according to the definition of bits in the
RxModeReg and TxModeReg registers

00 0000h
01 6363h
10 A671h
11 FFFFh

9.3.2.3 TxModeReg register

Defines the data rate during transmission.

Table 57. TxModeReg register (address 12h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TxCRCEn TxSpeed[2:0] InvMod reserved
Access R/W D R/W -
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Table 58. TxModeReg register bit descriptions

Bit Symbol Value Description
7 TXCRCEnN 1 enables CRC generation during data transmission
Remark: can only be set to logic 0 at 106 kBd
6to4 TxSpeed[2:0] defines the bit rate during data transmission
the MFRC522 handles transfer speeds up to
848 kBd
000 106 kBd
001 212 kBd
010 424 kBd
011 848 kBd
100 reserved
101 reserved
110 reserved
111 reserved
3 InvMod 1 modulation of transmitted data is inverted
2t00 reserved - reserved for future use

9.3.2.4 RxModeReg register

Defines the data rate during reception.

Table 59. RxModeReg register (address 13h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RxCRCEn RxSpeed[2:0] RxNOErr RxMultiple reserved
Access R/W D R/W R/W -

Table 60. RxModeReg register bit descriptions

Bit Symbol Value Description
7 RxCRCEn 1 enables the CRC calculation during reception
Remark: can only be set to logic O at 106 kBd
6to4 RxSpeed[2:0] defines the bit rate while receiving data
the MFRC522 handles transfer speeds up to 848 kBd
000 106 kBd
001 212 kBd
010 424 kBd
011 848 kBd
100 reserved
101 reserved
110 reserved
111 reserved
3 RxNoOErr 1 an invalid received data stream (less than 4 bits received) will

be ignored and the receiver remains active
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Table 60. RxModeReg register bit descriptions ...continued

Bit Symbol Value Description
2 RxMultiple 0 receiver is deactivated after receiving a data frame
1 able to receive more than one data frame

only valid for data rates above 106 kBd in order to handle the
polling command

after setting this bit the Receive and Transceive commands will
not terminate automatically. Multiple reception can only be
deactivated by writing any command (except the Receive
command) to the CommandReg register, or by the host clearing
the bit

if set to logic 1, an error byte is added to the FIFO buffer at the
end of a received data stream which is a copy of the ErrorReg
register value. For the MFRC522 version 2.0 the CRC status is
reflected in the signal CRCOk, which indicates the actual status
of the CRC coprocessor. For the MFRC522 version 1.0 the CRC
status is reflected in the signal CRCEtr.

1to 0 reserved - reserved for future use

9.3.2.5 TxControlReg register
Controls the logical behavior of the antenna driver pins TX1 and TX2.

Table 61. TxControlReg register (address 14h); reset value: 80h bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol InvTx2RF InvTx1RF InvTx2RF InvTx1RF Tx2CW reserved Tx2RFEn Tx1RFEn
On On Off Off

Access R/W R/W R/W R/W R/W - R/W R/W

Table 62. TxControlReg register bit descriptions

Bit Symbol Value Description
7 InvTx2RFOn 1 output signal on pin TX2 inverted when driver TX2 is enabled
6 InvTx1RFOn 1 output signal on pin TX1 inverted when driver TX1 is enabled
5 InvTx2RFOff 1 output signal on pin TX2 inverted when driver TX2 is disabled
4  InvTx1RFOff 1 output signal on pin TX1 inverted when driver TX1 is disabled
3  Tx2CW 1 output signal on pin TX2 continuously delivers the unmodulated
13.56 MHz energy carrier
0 Tx2CW bit is enabled to modulate the 13.56 MHz energy carrier
reserved - reserved for future use
Tx2RFEN 1 output signal on pin TX2 delivers the 13.56 MHz energy carrier
modulated by the transmission data
0 Tx1RFEn 1 output signal on pin TX1 delivers the 13.56 MHz energy carrier
modulated by the transmission data
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9.3.2.6 TxASKReg register

Controls transmit modulation settings.

Table 63. TxASKReg register (address 15h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved Forcel00ASK reserved
Access - R/W -

Table 64. TxASKReg register bit descriptions

Bit Symbol Value Description
7 reserved - reserved for future use
6 ForcelO0ASK 1 forces a 100 % ASK modulation independent of the ModGsPReg

register setting
5to 0 reserved - reserved for future use

9.3.2.7 TxSelReg register
Selects the internal sources for the analog module.

Table 65. TxSelReg register (address 16h); reset value: 10h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol: reserved DriverSel[1:0] MFOutSel[3:0]
Access: - R/W R/W

Table 66. TxSelReg register bit descriptions

Bit Symbol  Value Description
7to6 reserved - reserved for future use
5to 4 DriverSel - selects the input of drivers TX1 and TX2
[1:0] 00 3-state; in soft power-down the drivers are only in 3-state
mode if the DriverSel[1:0] value is set to 3-state mode
01 modulation signal (envelope) from the internal encoder, Miller
pulse encoded
10 modulation signal (envelope) from pin MFIN
11 HIGH; the HIGH level depends on the setting of bits

INVTX1RFON/InvTx1RFOff and InvTx2RFON/InvTx2RFOff
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Table 66. TxSelReg register bit descriptions ...continued

Bit Symbol  Value Description
3to 0 MFOutSel selects the input for pin MFOUT
[3:0] 0000 3-state
0001 LOW
0010 HIGH
0011 test bus signal as defined by the TestSellReg register’s
TstBusBitSel[2:0] value
0100 modulation signal (envelope) from the internal encoder, Miller
pulse encoded
0101 serial data stream to be transmitted, data stream before Miller
encoder
0110 reserved
0111 serial data stream received, data stream after Manchester
decoder

1000 to 1111 reserved

9.3.2.8 RxSelReqg register

Selects internal receiver settings.

Table 67. RxSelReg register (address 17h); reset value: 84h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol UARTSel[1:0] RxWait[5:0]
Access R/W R/W

Table 68. RxSelReg register bit descriptions

Bit Symbol Value Description
7t06 UARTSel selects the input of the contactless UART
(1:0] 00 constant LOW
01 Manchester with subcarrier from pin MFIN
10 modulated signal from the internal analog module, default

11 NRZ coding without subcarrier from pin MFIN which is only valid
for transfer speeds above 106 kBd

5t0 0 RxWait - after data transmission the activation of the receiver is delayed for
[5:0] RxWait bit-clocks, during this ‘frame guard time’ any signal on pin RX
is ignored

this parameter is ignored by the Receive command

all other commands, such as Transceive, MFAuthent use this
parameter

the counter starts immediately after the external RF field is switched
on
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RxThresholdReg register
Selects thresholds for the bit decoder.

Table 69. RxThresholdReg register (address 18h); reset value: 84h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol MinLevel[3:0] reserved CollLevel[2:0]
Access R/W - R/W

Table 70. RxThresholdReg register bit descriptions

Bit Symbol Description
7t04 MinLevel defines the minimum signal strength at the decoder input that will be
[3:0] accepted
if the signal strength is below this level it is not evaluated
3 reserved reserved for future use
2t00 CollLevel defines the minimum signal strength at the decoder input that must be
[2:0] reached by the weaker half-bit of the Manchester encoded signal to

generate a bit-collision relative to the amplitude of the stronger half-bit

DemodReg register
Defines demodulator settings.

Table 71. DemodReg register (address 19h); reset value: 4Dh bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol AddIQ[1:0] FixlQ  TPrescal TauRcv[1:0] TauSync[1:0]
Even

Access R/W R/W R/W R/W R/W

Table 72. DemodReqg register bit descriptions

Bit Symbol Value Description
7t0 6 AddIQ - defines the use of | and Q channel during reception
(1:0] Remark: the FixIQ bit must be set to logic 0 to enable the following
settings:
00 selects the stronger channel
01 selects the stronger channel and freezes the selected channel
during communication

10 reserved
11 reserved

5 FixIQ 1 if AddIQ[1:0] are set to X0b, the reception is fixed to | channel

if AddIQ[1:0] are set to X1b, the reception is fixed to Q channel
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Table 72. DemodReg register bit descriptions ...continued
Bit Symbol Value Description
4 TPrescalEven R/W  Available on RC522 version 1.0 and version 2.0:

If set to logic 0 the following formula is used to calculate the timer
frequency of the prescaler:

ftimer = 13.56 MHz / (2*TPreScaler+1).
Only available on version 2.0:
If set to logic 1 the following formula is used to calculate the timer
frequency of the prescaler:
ftimer = 13.56 MHz / (2*TPreScaler+2).
Default TPrescalEven bit is logic 0, find more information on the
prescaler in Section 8.5.

3to2 TauRcv[1:0] - changes the time-constant of the internal PLL during data
reception

Remark: if set to 00b the PLL is frozen during data reception
1to 0 TauSync[1:0] - changes the time-constant of the internal PLL during burst

Reserved register 1Ah

Functionality is reserved for future use.

Table 73. Reserved register (address 1Ah); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0

Symbol reserved

Access -

Table 74. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

Reserved register 1Bh
Functionality is reserved for future use.

Table 75. Reserved register (address 1Bh); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 76. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

MfTxReg register
Controls some MIFARE communication transmit parameters.
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Table 77. MfTxReg register (address 1Ch); reset value: 62h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved TxWait[1:0]
Access - R/W

Table 78. MfTxReg register bit descriptions

Bit Symbol Description
7t02 reserved reserved for future use
1to0 TxWait defines the additional response time

7 bits are added to the value of the register bit by default

MfRxReg register

Table 79. MfRxReg register (address 1Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved ParityDisable reserved
Access - R/W -

Table 80. MfRxReg register bit descriptions

Bit  Symbol Value Description
7to5 reserved - reserved for future use
4 ParityDisable 1 generation of the parity bit for transmission and the parity check for

receiving is switched off
the received parity bit is handled like a data bit
3to 0 reserved - reserved for future use

Reserved register 1Eh
Functionality is reserved for future use.
Table 81. Reserved register (address 1Eh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol reserved

Access -

Table 82. Reserved register bit descriptions

Bit Symbol Description
7to0 reserved reserved for future use

SerialSpeedReg register
Selects the speed of the serial UART interface.

Table 83. SerialSpeedReg register (address 1Fh); reset value: EBh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol BR_TO0[2:0] BR_T1[4:0]
Access R/W R/W
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Table 84. SerialSpeedReg register bit descriptions
Bit Symbol Description

7t05 BR_T0[2:0] factor BR_TO adjusts the transfer speed: for description, see
Section 8.1.3.2 on page 12

4100 BR_T1[4:0] factor BR_T1 adjusts the transfer speed: for description, see
Section 8.1.3.2 on page 12
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Page 2: Configuration

Reserved register 20h
Functionality is reserved for future use.

Table 85. Reserved register (address 20h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol -

Access reserved

Table 86. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

CRCResultReg registers
Shows the MSB and LSB values of the CRC calculation.

Remark: The CRC is split into two 8-bit registers.

Table 87. CRCResultReg (higher bits) register (address 21h); reset value: FFh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CRCResultMSBJ[7:0]
Access R

Table 88. CRCResultReg register higher bit descriptions

Bit Symbol Description
7t00 CRCResultMSB  shows the value of the CRCResultReg register’s most significant
[7:0] byte

only valid if Status1Reg register's CRCReady bit is set to logic 1

Table 89. CRCResultReg (lower bits) register (address 22h); reset value: FFh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CRCResultLSBJ[7:0]
Access R

Table 90. CRCResultReg register lower bit descriptions

Bit Symbol Description
7t00 CRCResultLSB  shows the value of the least significant byte of the CRCResultReg
[7:0] register

only valid if Status1Reg register's CRCReady bit is set to logic 1
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Reserved register 23h
Functionality is reserved for future use.
Table 91. Reserved register (address 23h); reset value: 88h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 92. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

ModWidthReg register
Sets the modulation width.

Table 93. ModWidthReg register (address 24h); reset value: 26h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol ModWidth[7:0]
Access R/W

Table 94. ModWidthReg register bit descriptions
Bit Symbol Description

7t00 ModWidth[7:0] defines the width of the Miller modulation as multiples of the carrier
frequency (ModWidth + 1 / f.y)

the maximum value is half the bit period

Reserved register 25h
Functionality is reserved for future use.

Table 95. Reserved register (address 25h); reset value: 87h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 96. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use
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RFCfgReg register

Configures the receiver gain.

Table 97. RFCfgReg register (address 26h); reset value: 48h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved RxGain[2:0] reserved
Access - R/W -

Table 98. RFCfgReg register bit descriptions

Bit Symbol Value  Description
7 reserved - reserved for future use
6to4 RxGain defines the receiver’s signal voltage gain factor:
[2:0] 000 18 dB
001 23 dB
010 18 dB
011 23 dB
100 33dB
101 38dB
110 43 dB
111 48 dB
3to0 reserved - reserved for future use

GsNReg register

Defines the conductance of the antenna driver pins TX1 and TX2 for the n-driver when the
driver is switched on.

Table 99. GsNReg register (address 27h); reset value: 88h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CWGsN[3:0] ModGsN[3:0]
Access R/W R/W

Table 100. GsNReg register bit descriptions

Bit Symbol Description

7t04 CWGsN defines the conductance of the output n-driver during periods without
[3:0] modulation which can be used to regulate the output power and
subsequently current consumption and operating distance

Remark: the conductance value is binary-weighted
during soft Power-down mode the highest bit is forced to logic 1
value is only used if driver TX1 or TX2 is switched on

3to0 ModGsN defines the conductance of the output n-driver during periods without
[3:0] modulation which can be used to regulate the modulation index

Remark: the conductance value is binary weighted
during soft Power-down mode the highest bit is forced to logic 1
value is only used if driver TX1 or TX2 is switched on
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CWGsPReg register
Defines the conductance of the p-driver output during periods of no modulation.

Table 101. CWGsPReg register (address 28h); reset value: 20h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved CWGsP[5:0]
Access - R/W

Table 102. CWGsPReg register bit descriptions
Bit Symbol Description
7t06 reserved reserved for future use

5t00 CWGsP[5:0] defines the conductance of the p-driver output which can be used to
regulate the output power and subsequently current consumption and

operating distance
Remark: the conductance value is binary weighted
during soft Power-down mode the highest bit is forced to logic 1

ModGsPReg register
Defines the conductance of the p-driver output during modulation.

Table 103. ModGsPReg register (address 29h); reset value: 20h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved ModGsP[5:0]
Access - R/W

Table 104. ModGsPReg register bit descriptions

Bit Symbol Description
7t06 reserved reserved for future use
5t00 ModGsP[5:0] defines the conductance of the p-driver output during modulation

which can be used to regulate the modulation index
Remark: the conductance value is binary weighted
during soft Power-down mode the highest bit is forced to logic 1

if the TXASKReg register’'s Forcel00ASK bit is set to logic 1 the value
of ModGsP has no effect

TModeReg and TPrescalerReg registers

These registers define the timer settings.

Remark: The TPrescaler setting higher 4 bits are in the TModeReg register and the lower
8 bits are in the TPrescalerReg register.

Table 105. TModeReg register (address 2Ah); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TAuto TGated[1:0] TAutoRestart TPrescaler_Hi[3:0]
Access R/W R/W R/W R/W
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Table 106. TModeReg register bit descriptions

Bit Symbol

7 TAuto 1
0

6to5 TGated[1:0]
00
01
10
11

4 TAutoRestart 1
0

3to 0 TPrescaler_Hi[3:0] -

Value

Description

timer starts automatically at the end of the transmission in
all communication modes at all speeds

if the RxModeReqg register’s RxMultiple bit is not set, the
timer stops immediately after receiving the 5th bit (1 start_
bit, 4 data bits)

if the RxMultiple bit is set to logic 1 the timer never stops, in
which case the timer can be stopped by setting the
ControlReg register’s TStopNow bit to logic 1

indicates that the timer is not influenced by the protocol
internal timer is running in gated mode

Remark: in gated mode, the Status1Reg register’s
TRunning bit is logic 1 when the timer is enabled by the
TModeReg register’s TGated[1:0] bits

this bit does not influence the gating signal
non-gated mode
gated by pin MFIN
gated by pin AUX1

timer automatically restarts its count-down from the 16-bit
timer reload value instead of counting down to zero

timer decrements to 0 and the ComlirqReg register’s
TimerIRq bit is set to logic 1

defines the higher 4 bits of the TPrescaler value

The following formula is used to calculate the timer
frequency if the DemodReg register’s TPrescalEven bit in
Demot Regis set to logic O:

ftimer = 13.56 MHz / (2*TPreScaler+1).

Where TPreScaler = [TPrescaler_Hi:TPrescaler_L0]
(TPrescaler value on 12 bits) (Default TPrescalEven

bit is logic 0)
The following formula is used to calculate the timer

frequency if the DemodReg register’s TPrescalEven bit is
set to logic 1:

ftimer = 13.56 MHz / (2*TPreScaler+2).
See Section 8.5 “Timer unit”.

Table 107. TPrescalerReg register (address 2Bh); reset value: 00h bit allocation
Bit 7 6 4 3 2 1 0
Symbol TPrescaler_Lo[7:0]
Access R/W
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Table 108. TPrescalerReg register bit descriptions
Bit Symbol Description
7t00 TPrescaler_Lo[7:0] defines the lower 8 bits of the TPrescaler value

The following formula is used to calculate the timer frequency if the
DemodReg register’s TPrescalEven bit is set to logic O:

ftimer = 13.56 MHz / (2*TPreScaler+1).

Where TPreScaler = [TPrescaler_Hi:TPrescaler_Lo] (TPrescaler
value on 12 bits) (Default TPrescalEven bit is logic 0)

The following formula is used to calculate the timer frequency if the
DemodReg register’'s TPrescalEven bit inDemoReg is set to logic 1:

fiimer = 13.56 MHz / (2*TPreScaler+2).
See Section 8.5 “Timer unit”.

TReloadReg register
Defines the 16-bit timer reload value.

Remark: The reload value bits are contained in two 8-bit registers.

Table 109. TReloadReg (higher bits) register (address 2Ch); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TReloadVal_Hi[7:0]
Access R/W

Table 110. TReloadReg register higher bit descriptions

Bit Symbol Description
710 0 TReloadVal_Hi[7:0] defines the higher 8 bits of the 16-bit timer reload value
on a start event, the timer loads the timer reload value
changing this register affects the timer only at the next start event

Table 111. TReloadReg (lower bits) register (address 2Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TReloadVal_Lo[7:0]
Access R/W

Table 112. TReloadReg register lower bit descriptions

Bit Symbol Description
7100 TReloadVal_Lo[7:0] defines the lower 8 bits of the 16-bit timer reload value
on a start event, the timer loads the timer reload value
changing this register affects the timer only at the next start event

TCounterValReg register
Contains the timer value.

Remark: The timer value bits are contained in two 8-bit registers.
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Table 113. TCounterValReg (higher bits) register (address 2Eh); reset value: xxh bit
allocation

Bit 7 6 5 4 3 2 1 0

Symbol TCounterVal_Hi[7:0]

Access R

Table 114. TCounterValReg register higher bit descriptions

Bit Symbol Description

7100 TCounterVal_Hi timer value higher 8 bits
[7:0]

Table 115. TCounterValReg (lower bits) register (address 2Fh); reset value: xxh bit
allocation

Bit 7 6 5 4 3 2 1 0

Symbol TCounterVal_Lo[7:0]

Access R

Table 116. TCounterValReg register lower bit descriptions

Bit Symbol Description

7t00 TCounterVal_Lo timer value lower 8 bits
[7:0]

Page 3: Test

Reserved register 30h

Functionality is reserved for future use.

Table 117. Reserved register (address 30h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 118. Reserved register bit descriptions

Bit Symbol Description

7t00 reserved reserved for future use

TestSellReg register

General test signal configuration.

Table 119. TestSellReg register (address 31h); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved TstBusBitSel[2:0]
Access - R/W
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Table 120. TestSellReg register bit descriptions

Bit Symbol Description

7t03 reserved reserved for future use

2t00 TstBusBitSel  selects a test bus signal which is output at pin MFOUT

(2:0] if AnalogSelAux2[3:0] = FFh in AnalogTestReg register, test bus signal
is also output at pins AUX1 or AUX2

TestSel2Reg register
General test signal configuration and PRBS control.

Table 121. TestSel2Reg register (address 32h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol  TstBusFlip PRBS9 PRBS15 TestBusSel[4:0]
Access R/W R/W R/W R/W

Table 122. TestSel2Reg register bit descriptions
Bit Symbol Value Description
7 TstBusFlip 1 test bus is mapped to the parallel port in the following order:

TstBusBit4, TstBusBit3, TstBusBit2, TstBusBit6, TstBusBit5,
TstBusBitO; see Section 16.1 on page 81

6 PRBS9 - starts and enables the PRBS9 sequence according to ITU-TO150

Remark: all relevant registers to transmit data must be
configured before entering PRBS9 mode

the data transmission of the defined sequence is started by the
Transmit command

5 PRBS15 - starts and enables the PRBS15 sequence according to
ITU-TO150
Remark: all relevant registers to transmit data must be
configured before entering PRBS15 mode
the data transmission of the defined sequence is started by the
Transmit command

”

4t00 TestBusSel[4:0] selects the test bus; see Section 16.1 “Test signals

TestPinEnReg register
Enables the test bus pin output driver.

Table 123. TestPinEnReg register (address 33h); reset value: 80h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RS232LineEn TestPinEn[5:0] reserved
Access R/W R/W -
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Table 124. TestPinEnReg register bit descriptions

Bit  Symbol Value Description
7 RS232LineEn 0 serial UART lines MX and DTRQ are disabled
6to1 TestPinEn - enables the output driver on one of the data pins D1 to D7 which
[5:0] outputs a test signal
Example:

setting bit 1 to logic 1 enables pin D1 output
setting bit 5 to logic 1 enables pin D5 output

Remark: If the SPI is used, only pins D1 to D4 can be used. If the
serial UART interface is used and the RS232LineEn bit is set to
logic 1 only pins D1 to D4 can be used.

0 reserved - reserved for future use

9.3.4.5 TestPinValueReg register
Defines the HIGH and LOW values for the test port D1 to D7 when it is used as I/O.

Table 125. TestPinValueReg register (address 34h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol UselO TestPinValue[5:0] reserved
Access R/W R/W -

Table 126. TestPinValueReg register bit descriptions
Bit Symbol Value Description

7 UselO 1 enables the I/O functionality for the test port when one of the serial
interfaces is used

the input/output behavior is defined by value TestPinEn[5:0] in the
TestPinEnReg register

the value for the output behavior is defined by TestPinValue[5:0]

6to 1l TestPinValue - defines the value of the test port when it is used as I/O and each
[5:0] output must be enabled by TestPinEn[5:0] in the TestPinEnReg
register

Remark: Reading the register indicates the status of pins D6 to D1
if the UselO bit is set to logic 1. If the UselO bit is set to logic 0, the
value of the TestPinValueReg register is read back.

0 reserved - reserved for future use

9.3.4.6 TestBusReg register
Shows the status of the internal test bus.

Table 127. TestBusReg register (address 35h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TestBus[7:0]
Access R
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Table 128. TestBusReg register bit descriptions
Bit Symbol Description
7t00 TestBus[7:0]  shows the status of the internal test bus

the test bus is selected using the TestSel2Reg register; see
Section 16.1 on page 81

AutoTestReg register
Controls the digital self-test.

Table 129. AutoTestReg register (address 36h); reset value: 40h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved AmpRcv RFT SelfTest[3:0]
Access - R/W - R/W

Table 130. AutoTestReg register bit descriptions

Bit Symbol Value Description
7 reserved - reserved for production tests
6 AmpRcv 1 internal signal processing in the receiver chain is performed

non-linearly which increases the operating distance in
communication modes at 106 kBd

Remark: due to non-linearity, the effect of the RxThresholdReg
register’s MinLevel[3:0] and the CollLevel[2:0] values is also
non-linear

5t04 RFT - reserved for production tests
3to 0 SelfTest[3:0]

enables the digital self test

the self test can also be started by the CalcCRC command; see
Section 10.3.1.4 on page 70

the self test is enabled by value 1001b

Remark: for default operation the self test must be disabled
by value 0000b

VersionReg register
Shows the MFRC522 software version.

Table 131. VersionReg register (address 37h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol Version[7:0]
Access R

Table 132. VersionReg register bit descriptions

Bit Symbol Description

7t04 Chiptype ‘9’ stands for MFRC522

3t00 Version ‘1’ stands for MFRC522 version 1.0 and ‘2’ stands for MFRC522
version 2.0.

MFRC522 version 1.0 software version is: 91h.

MFRC522 version 2.0 software version is: 92h.
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9.3.4.9 AnalogTestReg register

Determines the analog output test signal at, and status of, pins AUX1 and AUX2.

Table 133. AnalogTestReg register (address 38h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol AnalogSelAux1[3:0] AnalogSelAux2[3:0]
Access R/W R/W

Table 134. AnalogTestReg register bit descriptions

Bit Symbol Value Description
7to4 AnalogSelAuxl controls pin AUX1
[3:0] 0000  3-state

0001 output of TestDAC1 (AUX1), output of TestDAC2 (AUX2)1
0010 test signal Corr1[

0011 reserved

0100 DAC: test signal MinLevellll

0101 DAC: test signal ADC_Il

0110 DAC: test signal ADC_Q[

0111 reserved

1000 reserved, test signal for production testll
1001 reserved

1010 HIGH

1011 LOW

1100 TxActive:
at 106 kBd: HIGH during Start bit, Data bit, Parity and CRC

at 212 kBd: 424 kBd and 848 kBd: HIGH during data and
CRC

1101 RxActive:
at 106 kBd: HIGH during Data bit, Parity and CRC
at 212 kBd: 424 kBd and 848 kBd: HIGH during data and
CRC
1110 subcarrier detected:
106 kBd: not applicable
212 kBd: 424 kBd and 848 kBd: HIGH during last part of
data and CRC
1111 test bus bit as defined by the TestSellReg register’s
TstBusBitSel[2:0] bits
Remark: all test signals are described in Section 16.1 on
page 81
3to 0 AnalogSelAux2 - controls pin AUX2 (see bit descriptions for AUX1)
[3:0]

[1] Remark: Current source output; the use of 1 kQ pull-down resistor on AUXn is recommended.
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9.34.11

9.3.4.12

9.3.4.13
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TestDAC1Reg register
Defines the test value for TestDAC1.

Table 135. TestDAC1Reg register (address 39h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved TestDACL1[5:0]
Access - R/W

Table 136. TestDAC1Reg register bit descriptions

Bit Symbol Description
7 reserved reserved for production tests
6 reserved reserved for future use

5t00 TestDACL1[5:0] defines the test value for TestDAC1

output of DACL1 can be routed to AUX1 by setting value
AnalogSelAux1[3:0] to 0001b in the AnalogTestReg register

TestDAC2Reg register
Defines the test value for TestDAC2.

Table 137. TestDAC2Reg register (address 3Ah); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved TestDAC2[5:0]
Access - R/W

Table 138. TestDAC2Reg register bit descriptions
Bit Symbol Description
7t06 reserved reserved for future use

5t00 TestDAC2[5:0] defines the test value for TestDAC2

output of DAC2 can be routed to AUX2 by setting value
AnalogSelAux2[3:0] to 0001b in the AnalogTestReg register

TestADCReg register
Shows the values of ADC | and Q channels.

Table 139. TestADCReg register (address 3Bh); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol ADC_1[3:0] ADC_Q[3:0]
Access R R

Table 140. TestADCReg register bit descriptions
Bit Symbol Description

7t04 ADC_I[3:0] ADC | channel value
3to0 ADC_Q[3:0] ADC Q channel value

Reserved register 3Ch
Functionality reserved for production test.
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Table 141. Reserved register (address 3Ch); reset value: FFh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RFT

Access -

Table 142. Reserved register bit descriptions

Bit Symbol Description
7t00 reserved reserved for production tests

Table 143. Reserved register (address 3Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RFT

Access -

Table 144. Reserved register bit descriptions

Bit Symbol Description
7t00 reserved reserved for production tests

Table 145. Reserved register (address 3Eh); reset value: 03h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RFT

Access -

Table 146. Reserved register bit descriptions

Bit Symbol Description
7t00 reserved reserved for production tests

Table 147. Reserved register (address 3Fh); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 148. Reserved register bit descriptions

Bit Symbol Description

7t00 reserved reserved for production tests
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10. MFRC522 command set

10.1 General description

The MFRC522 operation is determined by a state machine capable of performing a set of
commands. A command is executed by writing a command code (see Table 149) to the
CommandReg register.

Arguments and/or data necessary to process a command are exchanged via the FIFO
buffer.

10.2 General behavior

e Each command that needs a data bit stream (or data byte stream) as an input
immediately processes any data in the FIFO buffer. An exception to this rule is the
Transceive command. Using this command, transmission is started with the
BitFramingReg register’s StartSend bit.

¢ Each command that needs a certain number of arguments, starts processing only
when it has received the correct number of arguments from the FIFO buffer.

* The FIFO buffer is not automatically cleared when commands start. This makes it
possible to write command arguments and/or the data bytes to the FIFO buffer and
then start the command.

¢ Each command can be interrupted by the host writing a new command code to the
CommandReg register, for example, the Idle command.

10.3 MFRC522 command overview

Table 149. Command overview

Command Command Action
code
Idle 0000 no action, cancels current command execution
Mem 0001 stores 25 bytes into the internal buffer
Generate RandomID 0010 generates a 10-byte random ID number
CalcCRC 0011 activates the CRC coprocessor or performs a self test
Transmit 0100 transmits data from the FIFO buffer
NoCmdChange 0111 no command change, can be used to modify the

CommandReg register bits without affecting the command,
for example, the PowerDown bit

Receive 1000 activates the receiver circuits
Transceive 1100 transmits data from FIFO buffer to antenna and automatically
activates the receiver after transmission
- 1101 reserved for future use
MFAuthent 1110 performs the MIFARE standard authentication as a reader
SoftReset 1111 resets the MFRC522
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MFRC522 command descriptions

Idle
Places the MFRC522 in Idle mode. The Idle command also terminates itself.

Mem

Transfers 25 bytes from the FIFO buffer to the internal buffer.

To read out the 25 bytes from the internal buffer the Mem command must be started with
an empty FIFO buffer. In this case, the 25 bytes are transferred from the internal buffer to
the FIFO.

During a hard power-down (using pin NRSTPD), the 25 bytes in the internal buffer remain
unchanged and are only lost if the power supply is removed from the MFRC522.

This command automatically terminates when finished and the Idle command becomes
active.

Generate RandomID

This command generates a 10-byte random number which is initially stored in the internal
buffer. This then overwrites the 10 bytes in the internal 25-byte buffer. This command
automatically terminates when finished and the MFRC522 returns to Idle mode.

CalcCRC

The FIFO buffer content is transferred to the CRC coprocessor and the CRC calculation is
started. The calculation result is stored in the CRCResultReg register. The CRC
calculation is not limited to a dedicated number of bytes. The calculation is not stopped
when the FIFO buffer is empty during the data stream. The next byte written to the FIFO
buffer is added to the calculation.

The CRC preset value is controlled by the ModeReg register’'s CRCPreset[1:0] bits. The
value is loaded in to the CRC coprocessor when the command starts.

This command must be terminated by writing a command to the CommandReg register,
such as, the Idle command.

If the AutoTestReg register’s SelfTest[3:0] bits are set correctly, the MFRC522 enters Self
Test mode. Starting the CalcCRC command initiates a digital self test. The result of the
self test is written to the FIFO buffer.

Transmit

The FIFO buffer content is immediately transmitted after starting this command. Before
transmitting the FIFO buffer content, all relevant registers must be set for data
transmission.

This command automatically terminates when the FIFO buffer is empty. It can be
terminated by another command written to the CommandReqg register.
NoCmdChange

This command does not influence any running command in the CommandReg register. It
can be used to manipulate any bit except the CommandReg register Command|[3:0] bits,
for example, the RcvOff bit or the PowerDown bit.
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Receive
The MFRC522 activates the receiver path and waits for a data stream to be received. The
correct settings must be chosen before starting this command.

This command automatically terminates when the data stream ends. This is indicated
either by the end of frame pattern or by the length byte depending on the selected frame
type and speed.

Remark: If the RxModeReg register’s RxMultiple bit is set to logic 1, the Receive
command will not automatically terminate. It must be terminated by starting another
command in the CommandReg register.

Transceive

This command continuously repeats the transmission of data from the FIFO buffer and the
reception of data from the RF field. The first action is transmit and after transmission the
command is changed to receive a data stream.

Each transmit process must be started by setting the BitFramingReg register’s StartSend
bit to logic 1. This command must be cleared by writing any command to the
CommandReg register.

Remark: If the RxModeReg register’'s RxMultiple bit is set to logic 1, the Transceive
command never leaves the receive state because this state cannot be cancelled
automatically.

MFAuthent
This command manages MIFARE authentication to enable a secure communication to
any MIFARE Mini, MIFARE 1K and MIFARE 4K card. The following data is written to the
FIFO buffer before the command can be activated:

¢ Authentication command code (60h, 61h)

* Block address

* Sector key byte 0

* Sector key byte 1

* Sector key byte 2

* Sector key byte 3

* Sector key byte 4

* Sector key byte 5

* Card serial number byte 0O

¢ Card serial number byte 1

* Card serial number byte 2

¢ Card serial number byte 3
In total 12 bytes are written to the FIFO.

Remark: When the MFAuthent command is active all access to the FIFO buffer is
blocked. However, if there is access to the FIFO buffer, the ErrorReg register’'s WrErr bit is
set.
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This command automatically terminates when the MIFARE card is authenticated and the
Status2Reg register’'s MFCryptol1On bit is set to logic 1.

This command does not terminate automatically if the card does not answer, so the timer
must be initialized to automatic mode. In this case, in addition to the IdlelRq bit, the
TimerlRq bit can be used as the termination criteria. During authentication processing, the
RxIRq bit and TxIRq bit are blocked. The Cryptol1On bit is only valid after termination of
the MFAuthent command, either after processing the protocol or writing Idle to the
CommandReg register.

If an error occurs during authentication, the ErrorReg register’s ProtocolErr bit is set to
logic 1 and the Status2Reg register’s Cryptol1On bit is set to logic 0.
SoftReset

This command performs a reset of the device. The configuration data of the internal buffer
remains unchanged. All registers are set to the reset values. This command automatically
terminates when finished.

Remark: The SerialSpeedReg register is reset and therefore the serial data rate is set to
9.6 kBd.
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Table 150. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min
Vppa analog supply voltage -0.5
VboD digital supply voltage -0.5
Vopevopy PVDD supply voltage -0.5
Vpparvopy TVDD supply voltage -0.5
Vbp(svopy SVDD supply voltage -0.5
V| input voltage all input pins except pins MFIN and Vsspvss) — 0.5
RX
pin MFIN Vsspvss) — 0.5
Piot total power dissipation per package; and Vppp in shortcut -
mode
T junction temperature -
VEsp electrostatic discharge voltage HBM; 1500 Q, 100 pF; -

JESD22-A114-B

MM; 0.75 puH, 200 pF; -
JESD22-A114-A

12. Recommended operating conditions

Max Unit
+4.0 \Y
+4.0 V
+4.0 \Y
+4.0 V
+4.0 \Y
Vppevop) + 0.5 V
VDD(SVDD) +05 V
200 mw
100 °C
2000 \%
200 V

Table 151. Operating conditions

Symbol Parameter Conditions

Vopa analog supply voltage  Vpp(pvop) < Vbpa = Vbbb = Voo(TvoD); [22]
Vssa = Vssp = Vsspvss) = Vssvss) =0V

Vbbb digital supply voltage  Vppevbp) < Vopa = Vopp = Voo(tvoD); (2]
Vssa = Vssp = Vsspvss) = Vsstvss) =0V

Voprvop)  TVDD supply voltage  Vppevob) < Vopa = Voop = Vop(rvopy), 2
Vssa = Vssp = Vsspvss) = Vsstvss) =0V

Voppevop) PVDD supply voltage  Vpp(pvop) < Vbpa = Vbpp = Vop(tvob); Bl

Vssa = Vssp = Vsspvss) = Vssrvss) =0V
Vppsvop) SVDD supply voltage  Vssa = Vssp = Vss(pyss) = Vss(rvss) =0V
Tamb ambient temperature HVQFN32

Min
25

25

25

1.6

1.6
-25

Typ Max Unit
3.3 3.6 \%
3.3 3.6 \%
3.3 3.6 \Y
1.8 3.6 \%
- 3.6 \%
- +85 °C

[1] Supply voltages below 3 V reduce the performance (the achievable operating distance).
[2] Vobpa: Voop and Vppervopy must always be the same voltage.

[3] Voprvbp) must always be the same or lower voltage than Vppp.

13. Thermal characteristics

Table 152. Thermal characteristics

Symbol Parameter Conditions Package Typ Unit

Ritn(-a) thermal resistance from junction to in still air with exposed pin soldered on a HVQFN32 40 K/W
ambient 4 layer JEDEC PCB
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Table 153. Characteristics

Symbol Parameter
Input characteristics

Pins EA, 12C and NRSTPD

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage
Pin MFIN

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage
Pin SDA

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage
Pin RX

Vi input voltage

Ci input capacitance

R; input resistance

Input voltage range; see Figure 24

minimum peak-to-peak input
voltage

Vi(p-p)(min)

Vip-p)max) Maximum peak-to-peak input
voltage

Input sensitivity; see Figure 24

Vimod modulation voltage

Pin OSCIN

I input leakage current
ViH HIGH-level input voltage
VL LOW-level input voltage
Ci input capacitance

Input/output characteristics
pins D1, D2, D3, D4, D5, D6 and D7

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage

MFRC522

Conditions

Vpopa = 3 V; receiver active;
Vrx(p-p) = 1 V; 1.5V (DC)
offset

Vppa = 3 V; receiver active;
Vrx(@pp) =1V; 1.5V (DC)
offset

Manchester encoded,;
Vppa =3V
Manchester encoded;
Vpopa =3V

minimum Manchester
encoded; Vppa =3 V;
RxGain[2:0] = 111b (48 dB)

Vppa = 2.8 V; DC = 0.65 V;
AC=1V (p-p)

Min

-1
0.7Vpp(pvpD)

-1

0.7Vpp(svop)

-1

0.7Vpp(pvpD)

-1
0.7Vpp(pvpD)

All information provided in this document is subject to legal disclaimers.

Typ

10

350

100

Max

+1

0.3Vpp(pvoD)

+1

0.3Vpp(svop)

+1

0.3Vpp(pvoD)

VDDA +1

+1

0.3Vppa

+1

0.3Vpp(pvoD)

Unit

HA

<

HA
\Y
\Y

\Y
pF

mV

mV

HA

pF

HA
\Y
\Y
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Symbol  Parameter

VoH HIGH-level output voltage
VoL LOW-level output voltage
lon HIGH-level output current
loL LOW-level output current

Output characteristics

Pin MFOUT

VoH HIGH-level output voltage
VoL LOW-level output voltage
loL LOW-level output current
loH HIGH-level output current
Pin IRQ

VoH HIGH-level output voltage
VoL LOW-level output voltage
loL LOW-level output current
loH HIGH-level output current
Pins AUX1 and AUX2

VoH HIGH-level output voltage
VoL LOW:-level output voltage
loL LOW-level output current
lon HIGH-level output current
Pins TX1 and TX2

VoH HIGH-level output voltage

MFRC522

Conditions Min Typ Max Unit
Voprevop) =3 V; lo =4 mA Voppvop) — - Vbp(PvDD) \
0.4
Vopevop) =3 V; lo =4 mA Vss(pvss) - Vsspvss) + V
0.4
Vbpevop) =3 V - - 4 mA
Vbp(rvop) = 3 V - - 4 mA
Vbp(svop) =3 V; lo =4 mA Vbp(svbp) — - Vbbp(svDD) \
0.4
Vopsvop) =3 V; lo =4 mA Vss(pvss) - Vsspvss)+ V
0.4
VDD(SVDD) =3V - - 4 mA
Vbp(svop) =3V - - 4 mA
Voppevop) =3 V; lo =4 mA Voppvop) — - Vbp(PvDD) \
0.4
Voppvop) = 3 V; lo =4 mA Vss(pvss) - Vssppvss)+ V
0.4
Vbp(pvop) = 3 V - - 4 mA
Vbp(pvop) = 3 V - - 4 mA
Voop =3V, lg=4mA Vpop — 0.4 - Vbbb \%
Voop =3V, lp =4 mA Vss(pvss) - Vsspvss)y + V
0.4
Voop =3V - - 4 mA
Vpopp =3V - - 4 mA
Vbp(rvop) =3V, Vpp(tvbp) = - - \
IDD(TVDD) =32 mA; 0.15

CWGSsP[5:0] = 3Fh

Vbp(rvop) =3V, Vbp(rvop) = - - \
Ipp(rvop) = 80 MA;
CWGsP[5:0] = 3Fh

Vbp(rvop) = 2.5V, Vbp(rvop) = - - \
Ipp(TvpD) = 32 MA,; 0.24

CWGsP[5:0] = 3Fh

Vbp(tvpD) = 2.5 V; Vop(tvop) = - - \%
Ipp(Tvpp) = 80 MA,; 0.64

CWGSsPI[5:0] = 3Fh
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Symbol  Parameter
VoL LOW-level output voltage

Current consumption

lpd power-down current
bbb digital supply current
Ibpa analog supply current

Ioppvop)y  PVDD supply current
Ipprvopy  TVDD supply current
Ippsvop)y  SVDD supply current
Clock frequency

foik clock frequency
Sclk clock duty cycle
it jitter time

Crystal oscillator

VoH HIGH-level output voltage
VoL LOW-level output voltage

Ci input capacitance

Typical input requirements

fxtal crystal frequency

ESR equivalent series resistance
CL load capacitance

Pytal crystal power dissipation

Conditions

Vop(rvop) =3V,
Ipp(rvop) = 32 MA;
CWGsP[5:0] = OFh

Vbp(vop) =3 V;
Ipp(rvop) = 80 MA;
CWGSsP[5:0] = OFh
Vop(rvop) = 2.5V,
Ipp(TvDD) = 32 MA;
CWGsP[5:0] = OFh
Vop(rvop) = 2.5V,
Ipp(rvop) = 80 MA;
CWGsP[5:0] = OFh

Vbpa = Vopp = Vpp(TvoD) =
Vbp(pvop) = 3 V

hard power-down; pin 2
NRSTPD set LOW
soft power-down; RF 2

level detector on
pin DVDD; Vppp =3V
pin AVDD; Vppa =3V,

CommandReg register’s
bit RevOff =0

pin AVDD; receiver
switched off; Vppa =3 V;
CommandReg register’s
bit RevOff = 1

pin PVDD B
pin TVDD; continuous wave MBI
pin SVDD |

RMS

pin OSCOUT
pin OSCOUT
pin OSCOUT
pin OSCIN

Min

Typ Max
- 0.15
- 0.4
- 0.24
- 0.64
- 5
- 10
6.5 9

10
3 5
- 40
60 100
- 4
27.12 -
50 60
- 10
1.1 -
0.2 -
2 -
2 -
27.12 -
- 100
10 -
50 100

Unit

HA
nA
mA

mA

mA

mA
mA
mA

MHz

%
ps

pF
pF

MHz

pF
mw

[1] The voltage on pin RX is clamped by internal diodes to pins AVSS and AVDD.

MFRC522
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[2] Ipq is the total current for all supplies.
[3] Ibpevop) depends on the overall load at the digital pins.
[4] Ipprvpp) depends on Vppervpp) and the external circuit connected to pins TX1 and TX2.
[5] During typical circuit operation, the overall current is below 100 mA.
[6] Typical value using a complementary driver configuration and an antenna matched to 40 Q between pins TX1 and TX2 at 13.56 MHz.
[7] Ipop(svop) depends on the load at pin MFOUT.
VbpAa+1V
Vimod
Vigp-pmax) | Vi(p-p)(min)
VMID
13.56 MHz
carrier | |
ov
—1v- 001aak012
Fig 24. Pin RX input voltage range
14.1 Timing characteristics
Table 154. SPItiming characteristics
Symbol Parameter Conditions Min Typ Max Unit
twi pulse width LOW line SCK 50 - - ns
twH pulse width HIGH line SCK 50 - - ns
thiscknpy SCKHIGH to data input  SCK to changing 25 - - ns
hold time MOSI
tsup-sckH)  data input to SCK HIGH  changing MOSI to 25 - - ns
set-up time SCK
th(sckL-Q) SCK LOW to data output SCK to changing - - 25 ns
hold time MISO
t(SCKL—NSSH) SCK LOW to NSS HIGH 0 - - ns
time
tNHNL NSS high before 50 - - ns
communication
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Table 155. I12C-bus timing in Fast mode

Symbol Parameter Conditions Fast mode High-speed  Unit
mode
‘Min ‘Max ‘Min ‘Max ‘
fscL SCL clock frequency 0 400 O 3400 kHz
tup:sta  hold time (repeated) START after this period, 600 - 160 - ns
condition the first clock pulse
is generated
tsu:sta  set-up time for a repeated 600 - 160 - ns
START condition
tsu:sto  set-up time for STOP condition 600 - 160 - ns
tLow LOW period of the SCL clock 1300 - 160 - ns
tHiGH HIGH period of the SCL clock 600 - 60 - ns
tuppar  data hold time 0 900 O 70 ns
tsupar  data set-up time 100 - 10 - ns
tr rise time SCL signal 20 300 10 40 ns
tf fall time SCL signal 20 300 10 40 ns
tr rise time SDA and SCL 20 300 10 80 ns
signals
ts fall time SDA and SCL 20 300 10 80 ns
signals
tBuF bus free time between a STOP 1.3 - 1.3 - us
and START condition
~—tsckL tsckH tsckL

SCK / N / N

—| |+ tsLDx

<— tDXSH tSHDX tDXSH

MOSI MSB > ' LSB
MISO —< MSB >< ' LSB
” \

*‘ ~—1tSLNH

NSS ‘\ /‘

001aaj634

Remark: The signal NSS must be LOW to be able to send several bytes in one data stream.
To send more than one data stream NSS must be set HIGH between the data streams.

Fig 25. Timing diagram for SPI
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a }{ 'l;/_
— = tsu;DAT

—| | tf

- letHiGH

< tHD;DAT
001aaj635
Fig 26. Timing for Fast and Standard mode devices on the 12C-bus
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15. Application information

A typical application diagram using a complementary antenna connection to the
MFRC522 is shown in Figure 27.

The antenna tuning and RF part matching is described in the application note Ref. 1 and

Ref. 2.

supply

4DVDD 4AVDD 4TVDD

3 15 12
CRx

PVDD 2 17 RX H
RL o .
vmid
PVSS 5 16 VMID HI]RZ
Lo Cc1 Ra
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host J_
interface MFRC522 co c2
MICRO- | merace 10, 14|TVSS T T
0,14 Lant
PROCESSOR [NV— 1L J_ J_
Lo Tco c1 c2
Ra
IRQ| o 13}7x2 Lo I
AVSS 18 4 DVSS
21 22
OSCIN OSCOUT
27.12 MHz

I

Fig 27. Typical application diagram
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16. Test information

16.1

16.1.1

16.1.2

MFRC522

Test signals

Self test

The MFRC522 has the capability to perform a digital self test. The self test is started by
using the following procedure:

1. Perform a soft reset.

n

Clear the internal buffer by writing 25 bytes of 00h and implement the Config
command.

Enable the self test by writing 09h to the AutoTestReg register.
Write 00h to the FIFO buffer.

Start the self test with the CalcCRC command.

The self test is initiated.

N o o bk~ w

When the self test has completed, the FIFO buffer contains the following 64 bytes:
FIFO buffer byte values for MFRC522 version 1.0:

00h, C6h, 37h, D5h, 32h, B7h, 57h, 5Ch,
C2h, D8h, 7Ch, 4Dh, D9h, 70h, C7h, 73h,
10h, E6h, D2h, AAh, 5Eh, Alh, 3Eh, 5Ah,
14h, AFh, 30h, 61h, C9h, 70h, DBh, 2Eh,
64h, 22h, 72h, B5h, BDh, 65h, F4h, ECh,
22h, BCh, D3h, 72h, 35h, CDh, AAh, 41h,
1Fh, A7h, F3h, 53h, 14h, DEh, 7Eh, 02h,
D9h, OFh, B5h, 5Eh, 25h, 1Dh, 29h, 79h

FIFO buffer byte values for MFRC522 version 2.0:

00h, EBh, 66h, BAh, 57h, BFh, 23h, 95h,
DOh, E3h, ODh, 3Dh, 27h, 89h, 5Ch, DEh,
9Dh, 3Bh, A7h, 00h, 21h, 5Bh, 89h, 82h,
51h, 3Ah, EBh, 02h, OCh, A5h, 00h, 49h,
7Ch, 84h, 4Dh, B3h, CCh, D2h, 1Bh, 81h,
5Dh, 48h, 76h, D5h, 71h, 061h, 21h, A9h,
86h, 96h, 83h, 38h, CFh, 9Dh, 5Bh, 6Dh,
DCh, 15h, BAh, 3Eh, 7Dh, 95h, 03Bh, 2Fh

Test bus

The test bus is used for production tests. The following configuration can be used to
improve the design of a system using the MFRC522. The test bus allows internal signals
to be routed to the digital interface. The test bus comprises two sets of test signals which
are selected using their subaddress specified in the TestSel2Reg register’s
TestBusSel[4:0] bits. The test signals and their related digital output pins are described in
Table 156 and Table 157.
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Table 156. Test bus signals: TestBusSel[4:0] = 07h

Pins Internal Description
signal name
D6 s_data received data stream
D5 s_coll bit-collision detected (106 kBd only)
D4 s_valid s_data and s_coll signals are valid
D3 s_over receiver has detected a stop condition
D2 RCV_reset receiver is reset
D1 - reserved

Table 157. Test bus signals: TestBusSel[4:0] = 0Dh

Pins Internal test  Description
signal name

D6 clkstable oscillator output signal

D5 clk27/8 oscillator output signal divided by 8
D4to D3 - reserved

D2 clk27 oscillator output signal

D1 - reserved

Test signals on pins AUX1 or AUX2

The MFRC522 allows the user to select internal signals for measurement on pins AUX1 or
AUX2. These measurements can be helpful during the design-in phase to optimize the
design or used for test purposes.

Table 158 shows the signals that can be switched to pin AUX1 or AUX2 by setting
AnalogSelAux1[3:0] or AnalogSelAux2[3:0] in the AnalogTestReg register.

Remark: The DAC has a current output, therefore it is recommended that a 1 kQ
pull-down resistor is connected to pin AUX1 or AUX2.

Table 158. Test signal descriptions
AnalogSelAux1[3:0] Signal on pin AUX1 or pin AUX2

ZrnalogSelAux2[3:0]

value

0000 3-state

0001 DAC: register TestDACL1 or TestDAC2
0010 DAC: test signal Corrl
0011 reserved

0100 DAC: test signal MinLevel
0101 DAC: test signal ADC_|
0110 DAC: test signal ADC_Q
0111 to 1001 reserved

1010 HIGH

1011 LOW

1100 TxActive
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Table 158. Test signal descriptions ...continued
AnalogSelAux1[3:0] Signal on pin AUX1 or pin AUX2

ZrnalogSelAux2[3:0]

value

1101 RxActive

1110 subcarrier detected
1111 TstBusBit

16.1.3.1 Example: Output test signals TestDAC1 and TestDAC2

The AnalogTestReg register is set to 11h. The output on pin AUX1 has the test signal
TestDAC1 and the output on pin AUX2 has the test signal TestDAC2. The signal values of
TestDAC1 and TestDAC2 are controlled by the TestDAC1Reg and TestDAC2Reg
registers.

Figure 28 shows test signal TestDAC1 on pin AUX1 and TestDAC2 on pin AUX2 when the
TestDAC1Reg register is programmed with a slope defined by values 00h to 3Fh and the
TestDAC2Reg register is programmed with a rectangular signal defined by values 00h
and 3Fh.

001aak597

()

100 ms/div

(1) TestDAC1 (500 mV/div) on pin AUX1.
(2) TestDAC2 (500 mV/div) on pin AUX2.

Fig 28. Output test signals TestDAC1 on pin AUX1 and TestDAC2 on pin AUX2

16.1.3.2 Example: Output test signals Corrl and MinLevel

Figure 29 shows test signals Corrl and MinLevel on pins AUX1 and AUX2, respectively.
The AnalogTestReg register is set to 24h.
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001aak598

)

()

®3)

10 ps/div

(1) MinLevel (1 V/div) on pin AUX2.
(2) Corrl (1 V/div) on pin AUX1.
(3) RFfield.

Fig 29. Output test signals Corrl on pin AUX1 and MinLevel on pin AUX2

16.1.3.3 Example: Output test signals ADC channel | and ADC channel Q

Figure 30 shows the channel behavior test signals ADC_| and ADC_Q on pins AUX1 and
AUX2, respectively. The AnalogTestReg register is set to 56h.

001aak599

(1)

()

(©)

5 us/div

(1) ADC_I (1 V/div) on pin AUX1.
(2) ADC_Q (500 mV/div) on pin AUX2.
(3) RFfield.

Fig 30. Output ADC channel | on pin AUX1 and ADC channel Q on pin AUX2
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16.1.3.4 Example: Output test signals RxActive and TxActive

Figure 31 shows the RxActive and TxActive test signals relating to RF communication.
The AnalogTestReg register is set to CDh.

¢ At 106 kBd, RxActive is HIGH during data bits, parity and CRC reception. Start bits
are not included

¢ At 106 kBd, TxActive is HIGH during start bits, data bits, parity and CRC transmission

e At 212 kBd, 424 kBd and 848 kBd, RxActive is HIGH during data bits and CRC
reception. Start bits are not included

e At 212 kBd, 424 kBd and 848 kBd, TxActive is HIGH during data bits and CRC
transmission

001aak600

1)

10 ps/div
(1) RxActive (2 V/div) on pin AUX1.
(2) TxActive (2 V/div) on pin AUX2.
(3) RF field.
Fig 31. Output RxActive on pin AUX1 and TxActive on pin AUX2
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16.1.3.5 Example: Output test signal RX data stream

Figure 32 shows the data stream that is currently being received. The TestSel2Reg
register’s TestBusSel[4:0] bits are set to 07h to enable test bus signals on pins D1 to D6;
see Section 16.1.2 on page 81. The TestSellReg register’s TstBusBitSel[2:0] bits are set
to 06h (pin D6 = s_data) and AnalogTestReg register is set to FFh (TstBusBit) which
outputs the received data stream on pins AUX1 and AUX2.

001aak601

()]

@

20 ps/div

(1) s_data (received data stream) (2 V/div).
(2) REFfield.

Fig 32. Received data stream on pins AUX1 and AUX2

16.1.3.6 PRBS

The pseudo-random binary sequences PRBS9 and PRBS15 are based on ITU-TO150
and are defined with the TestSel2Reg register. Transmission of either data stream is
started by the Transmit command. The preamble/sync byte/start bit/parity bit are
automatically generated depending on the mode selected.

Remark: All relevant registers for transmitting data must be configured in accordance with
ITU-TO150 before selecting PRBS transmission.
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17. Package outline

HVQFN32: plastic thermal enhanced very thin quad flat package; no leads;

32 terminals; body 5 x 5 x 0.85 mm SOT617-1
D [B][A
|
|
terminal 1 —— ! T
index area ‘ A
R - ,i - - | - E i * c
i
|
|
- -
>[e]~ = b @] v@[c[A]B] [/ va]cl~
Y D | PN
|
- LUUUyUuy ],
= RO
|
D) | (am
) a1
En — e — - — - = - —+-
D) ‘ (am
12e
) ‘ (o=
-
) | d 7
f /
1D ‘ =5 [
terminal 1 —— D D D } D D D D \
index area 32 f 25 N
Dpy
0 25 5mm
L L L
. X i scale
DIMENSIONS (mm are the original dimensions)
A
UNIT (1) 1)
max. A1 b c D D | E Eh e e1 e L v w y Y1
0.05 | 0.30 51 | 325 | 51 | 3.25 0.5
™M1 000|018 | %2 | 49 | 205 49 | 2905 | 05 | 35| 35 | g3 | 01 0051005101
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT617-1 --- MO-220 --- = @ SRR

Fig 33. Package outline SOT617-1 (HVQFN32)
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Detailed package information can be found at:
http://mww.nxp.com/package/SOT617-1.html.

18. Handling information

Moisture Sensitivity Level (MSL) evaluation has been performed according to
SNW-FQ-225B rev.04/07/07 (JEDEC J-STD-020C). MSL for this package is level 1 which
means 260 °C convection reflow temperature.

Dry pack is not required.

Unlimited out-of-pack floor life at maximum ambient 30 °C/85 % RH.

19. Packing information

The straps around the package of strap 46 mm from corner
stacked trays inside the piano-box
have sufficient pre-tension to avoid
loosening of the trays.

tray

ESD warning preprinted

chamfer barcode label (permanent)

barcode label (peel-off)

chamfer
QA seal

Hyatt patent preprinted

. . In the traystack (2 trays)
printed piano box only ONE tray type* allowed
*one supplier and one revision number.

001aaj740

Fig 34. Packing information 1 tray
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21. References

Table 159. Abbreviations

Acronym
ADC
BPSK
CRC
CWwW
DAC
HBM
12C
LSB
MISO
MM
MOSI
MSB
NRZ
NSS
PLL
PRBS
RX
SOF
SPI
X
UART

Description
Analog-to-Digital Converter
Binary Phase Shift Keying
Cyclic Redundancy Check
Continuous Wave
Digital-to-Analog Converter
Human Body Model
Inter-integrated Circuit
Least Significant Bit
Master In Slave Out
Machine Model

Master Out Slave In

Most Significant Bit

Not Return to Zero

Not Slave Select
Phase-Locked Loop

Pseudo-Random Bit Sequence

Receiver

Start Of Frame

Serial Peripheral Interface
Transmitter

Universal Asynchronous Receiver Transmitter

MFRC522

[1] Application note — MFRC52x Reader IC Family Directly Matched Antenna

Design

[2] Application note — MIFARE (ISO/IEC 14443 A) 13.56 MHz RFID Proximity

Antennas
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22. Revision history

Table 160. Revision history

Document ID Release date Data sheet status Change notice Supersedes
MFRC522 v.3.6 20111214 Product data sheet - MFRC522_35
Modifications: ® Section 2.1 “Differences between version 1.0 and 2.0” on page 1: added

® Table 2 “Ordering information” on page 3: updated

® Section 9.3.2.10 “DemodReg register” on page 52: register updated and add reference to
Timer unit

® Section 8.5 “Timer unit” on page 30: Pre Scaler Information for version 2.0 added

® Section 9.3.4.8 “VersionReg register” on page 65: version information structured in chip
information and version information updated, including version 1.0 and 2.0

® Section 16.1 “Test signals” on page 81: selftest result including values for version 1.0 and

2.0
MFRC522_35 20100621 Product data sheet MFRC522_34
Modifications: ® Section 9.3.2.10 “DemodReg register” on page 52: register updated

® Section 9.3.3.10 “TModeReg and TPrescalerReg registers” on page 59: register updated

® Section 8.5 “Timer unit” on page 30: timer calculation updated

® Section 9.3.4.8 “VersionReg register” on page 65: version B2h updated

® Section 16.1 “Test signals” on page 81: selftest result updated
MFRC522_34 20100305 Product data sheet MFRC522_33
Modifications: ® Section 8.5 “Timer unit”: information added

* Table 106 “TModeReg register bit descriptions”: bit 7 updated

* Table 154 “SPI timing characteristics”: row added
MFRC522_33 20091026 Product data sheet - 112132
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23.1 Data sheet status

Document status!1l(2] Product status3 Definition

Objective [short] data sheet Development
Preliminary [short] data sheet  Qualification

Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term ‘short data sheet’ is explained in section “Definitions”.

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

23.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
maodifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

23.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or

MFRC522

All information provided in this document is subject to legal disclaimers.

malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.
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Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. NXP
Semiconductors accepts no liability for inclusion and/or use of
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without NXP Semiconductors’ warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.
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23.4 Licenses

Purchase of NXP ICs with ISO/IEC 14443 type B functionality
This NXP Semiconductors IC is ISO/IEC 14443 Type B

. software enabled and is licensed under Innovatron’s
Contactless Card patents license for ISO/IEC 14443 B.
r The license includes the right to use the IC in systems

and/or end-user equipment.

RATP/Innovatron
Technology

23.5 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

12C-bus — logo is a trademark of NXP B.V.
MIFARE — is a trademark of NXP B.V.

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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Introducing the Raspberry Pi Zero
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ﬁ adafruit learning system
A Tour of the Pi
Zero

It's Thanksgiving 2015 - the turkey's brining, the potatos not-yet-mashed...and from Pi Towers the call goes out A NEW
PI IS BORN! LONG LIVE THE PI!

The Pi Zero - the smallest, thinnest, most-affordable Pi ever. So much so, it comes free with every issue of MagPi #40.

Want to get your own? Pick up a Raspberry Pi Zero starter kit, basic kit or just the bare computer board at the adafruit
shop. (https://adafru.it/jEe)

(RN NN

What's new? What's different?

Wow a new Pi - so exciting! The Pi Zero is the smallest, most affordable Pi ever. Wonder what's new & different? Let's
check it out!

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 3 of 37
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Size
First up, the Pi Zero is small and thin

65mm long x 30mm wide x 5mm thick

(31mm if you include the little sticky-out bits of the microUSB jacks)

Raspberry Pi-Zero V1.2
@ Raspberry Pi_2015

Way smaller than the Pi 2 or B+ and even smaller than the A+, its 60% the size of the A+: same length, and about half
the width:
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et 11111117

Made in the UK
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And about 40% the size of the Pi 2 or B+
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Processor and Speed

To keep the Pi Zero low cost, the processor and RAM are kept pretty basic. Instead of the Pi 2's zippy quad core ARM
v7, we're back to a single-core 1GHz ARM (same processor in the Pi Model B+ and A+). We also have 512 MB of RAM
with a 'package-on-package' setup. The chip shown here:

vpuloloo
: a‘g 150108D
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Is the RAM that is sitting on top of the main processor.

For maker and hacker projects, this isn't a big deal. You're essentially going to get the same performance as the Pi A+
or B+. If you're looking for something that can do some more serious processing, check out the Pi 2
(http://adafru.it/2358)

Micro SD Card Holder

Not much has changed here, we're still going with MicroSD for size and ease of use (they're the most common card
size these days!) This time the card holder is up top and is push-pull style not push-push. Honestly, | prefer it this way
since you wont accidentally 'push-pop' the card out

Video Out

HDMI Video is still available, you'll want to use a Mini to Standard HDMI adapter (http://adafru.it/2819) to connect an
HDMI cable. There's no 3.5mm jack with composite out, however you can get PAL or NTSC out via two 0.1" pads.
We've got a bigger write-up here about Pi Zero video outputs. (https://adafru.it/jEf)

Audio out

No analog audio out, but if you connect HDMI to a monitor with speakers you will get HDMI digital audio. It's also
possible to hack analog audio out with a few passive components, see our more detailed look at Pi Zero audio output

options. (https://adafru.it/jEh)
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USB Port

Like the Pi Model A+, the Pi Zero does not have a USB Hub built in which means you get one USB port! Moreover that
USB port is not a standard type A port, instead it is a 'USB On-The-Go' port

In order to connect a USB device (mouse, keyboard, WiFi) etc you'll need a USB OTG micro B to A
cable (http://adafru.it/1099):

If you need to connect multiple USB devices, a simple USB hub will do what you need. A powered hub is even
better (http://adafru.it/961), and will let you power high-current USB devices like WiFi adapters and even external USB
hard-drives.
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As a bonus you can power the Pi Zero from the hub (the power cable does not pass any data) - just plug the power
micro USB cable into one of the ports.

GPIO Header

To keep the Zero as simple and small as possible, the 'normal' GPIO header spot has been left blank! Normally, a
2x20 male header is soldered in there (http://adafru.it/2822). While you could grab one of those and solder them in,

the empty spot has a lot of potential. For example, you can solder in right-angle socket header, and turn the Pi Zero it
a sort of 'daughter card'

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 9 of 37
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We've got more ideas and suggestions on our GPIO header detail page (https://adafru.it/jEi)
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Setting up your SD card * adafruit learning system

I
s

Before you can power up your Pi Zero, you will need to program in the SD card with an Operating System

Much like your computer has Windows, Mac OS X or Linux on it to make it run, the Raspberry Pi needs something to
help it boot and run software. That software is Raspbian Linux (a flavor of Debian Linux). You can check out our tutorial
on What Is Linux if you're curious to learn more (https://adafru.it/jDZ)

If you just want to get rockin, grab the latest (https://adafru.it/fQi) Raspbian Jessie operating system from the Raspberry
Pi downloads page (https://adafru.it/fi7)

Just click the button below!

https://adafru.it/jEO

https://adafru.it/EO

|:| Raspbian Wheezy 5-15 or earlier do not support the Zero! Try Jessie instead

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 11 of 37
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_
Opening 2015-11-21-raspbian-jessiezip — ==

You have chosen to cpen:

| 1, 2015-11-21-raspbian-jessie.zip
which is: Compressed (zipped) Folder (1.3 GB)

from: http://212.187.212.152 I
What should Firefox do with this file? N
(") Open with | Windows Explorer (default) 'l

(@) ; Save File

[ Do this automatically for files like this from now on.

| ok || concel |

Once downloaded, unzip the zip file, the full image is about 4.5 Gigabytes.

Next up grab your SD or micro SD card reader and plug it into your computer

Now follow our guide for Windows (https://adafru.it/[E4) or Mac OS X (https://adafru.it/JE5) to burn the image

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 12 of 37
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Once you're done, plug the micro SD card into the slot indicated. It will fit snugly in place but you won't hear or feel a
‘click’
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Making an SD Card — Using ﬁ- adafruit learning system

Windows

We really like using balenaEtcher for burning SD cards. Works great on any version of Windows, macOS and Linux. It
will not over-write your backup disk drive, and can handle compressed images so you do not need to unzip them!

Step 1.

Download Etcher from: https://www.balena.io/etcher/ (https://adafru.it/EMc)

https://adafru.it/EMc

https://adafru.it/EMc

Opening Etcher-1.0.0-beta.l -5 I

You have chosen to cpen:

(27| Etcher-1.0.0-beta.17-win32-x64.exe
which is: Binary File (80.8 MB)

from: https://resin-production-downloads.s3.amazonaws.com

Would you like to save this file?

| saveFile | | Concel |

Step 2.

Run the downloaded app to install!

o Etcher Setup l = e

Welcome to the Etcher Setup
Wizard

This wizard will guide you through the installation of Etcher.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.,

Click Install to start the installation.

[ Install ] [ Cancel ]

You can start immediately, doubleclick the Etcher desktop icon, or select it from the Start menu
Step 3.

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 14 of 37
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Eject any external storage devices such as USB flash drives and backup hard disks. This makes it easier to identify the
SD card. Then insert the SD card into the slot on your computer or into the reader.

Step 4.

Run the Etcher program

&

Etcher

This will launch the following application.

© Need Help? #

SELECT IMAGE

&

Select image

FETCHER @iresin.io

Step 5.

Select the image file by clicking Select Image you can select a compressed file such as a.zip or.gz

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 15 of 37



| » ladyada » My Documents » Dropbox (adafruit) » SD Disk Images » ~ | ¥+ | Search SD Disk Images el

Organize v MNew folder =~ 0 @
it Favorites = Mame : Date modified Type Size -
B Desktop |1 2016-05-27-raspbian-jessie-lite zip §/21/201611:06 PM  Compressed (zipp... 299,283 KB
B Librsry 3 1) 2016-09-23-raspbian-jessie.zip 10/1/2016 9:18 PM  Compressed (; 1,483,551 KB f
¥ Projects 1) 2016-09-23-raspbian-jessie-litezip 10/12/2016 1:51 PM  Compressed o 208,830 KB
|8 Downloads | 1, NOOBS_v1_9.0.zip 3/18/2016 1:51 PM Compressed (zipp... 1,044,661 KB -
B shared [ (] PiIMAGER image.img 12/18/2014 2:58 PM  Disc Image File 1,519,616 KB
|, Othermill PCBs 4] pitestermasterimg 10/30/2016 4:43 PM  Disc Image File 3,002,368 KB
|\ Fritzing-Library 3 retropie-4.1-rpil_zero.img.gz 11/26/2016 8:14 PM  WinRAR archive 572615 KB L
B Development Q retropie-v3.8.1-rpil_zero.img.gz 11/26/2016 8:27 PM  WinRAR archive 832,728 KE.
L Recent Places B retropie-v38.1-rpi2_rpi3iimg.gz 12/2/2016 202 PM  WinRAR archive 931,335 KB| J
23 Dropbox (adafruit) i, SDFormattend.zip 7/13/201411:06 PM  Compressed (zipp... 6,140 KB
- & win32diskimager-binary.zip 7/18/2012 7:07 PM Compressed (; 5,526 KB -

File name: retropie-v3.8.1-rpi2_rpid.img.gz v | OSImages (".zip:".etch;".gz"ba = | ||
i

Step 6.

Etcher will automatically try to detect the SD drive, check the size to make sure its the right one

Then click Flash!

© Need Help? £

O = Q

SELECT IMAGE SELECT DRIVE FLASH IMAGE

00— d——— &

retropie-...i3.img.gz @ Elash!
ash!

FETCHER @ resin.io

Check that you have the right device, as it will be reformatted, and then click Install.

It will take a few minutes to install, but once the SD card is ready, you will see the following.

© Need Help? &

« Flash Complete!

Safely ejected and ready for use

Would you like to flash Would you like to flash
same image? a different image?

Use same image Use different image

Tc9d49300

ETCHER @ resin.io

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero
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That's all there is to it. Your SD card is ready for use in your Raspberry Pi.

Faster writes

If you burn a lot of cards, speed it up by turning off Validate write on success

© Need Help? € Back

Settings

Report errors
Eject on success

B validate write on success

Advanced

B Unsafe mode [DANGEROUS

ETCHER @resin.io

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 17 of 37



Making an SD Card — Using a * adafruit learning system
Mac

We really like using balenaEtcher for burning SD cards. Works great on Mac OS X 10.9 or later, won't over-write your
backup disk drive, and can handle compressed images so you do not need to unzip them!

Mac OS Catalina Issues

If you are having issues running Etcher on the Catalina release of Mac OS, see the links below for more information
and some suggested workarounds.

® |ssue 2833 (https://adafru.it/GB4)
® |ssue 2911 (https://adafru.it/GB5)
® Balena forum post (https://adafru.it/GB7)

Most success has been reported by simply running Etcher from the command line using sudo:

sudo /Applications/balenaEtcher.app/Contents/Mac0S/balenaEtcher

Step 1.

Download Etcher from https://www.balena.io/etcher/ (https://adafru.it/EMc)

https://adafru.it/EMc

https://adafru.it/EMc

Step 2.

Open the downloaded disk image and drag the balenaEtcher application to the Applications folder. You can then eject
the disk image.
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Step 3.

balenaEicher

e
An open source project by lggl balena

balenaEtcher

Applications

Eject any external storage devices such as USB flash drives and backup hard disks. This makes it easier to identify the
SD card. Then insert the SD card into the slot on your computer or into the reader.

Step 4.

Run the Etcher application.

I} AirDrop
5} Recents
#3 Applications
[.] Desktop

5" Documents

Downloads
b iCloud Drive
B balenaE... =

) Remote Disc

) Network

App Store

Calendar

a

»

e

Arduino Automator

h &

calibre Chess

w -

Font Book

FaceTime

Q

O

balenaEtcher

£

Fritzing

Calculator

IA a

Dictionary

The first time you run Etcher you’ll be asked to confirm the download. Click “Open” to continue.

© Adafruit Industries
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“Etcher” is an application downloaded from the
9 Internet. Are you sure you want to open it?
b |
1

Safari downloaded this file today at 1:10 PM from etcher.io.

? Cancel Show Web Page Open

This will launch the Etcher application...

© Need Help? #

SELECT IMAGE

©

Select image

‘FETCHER @iresinio

Step 5.

Select the SD card image file by clicking Select Image. You can choose a compressed SD image file such as
a .zip or .gz or an uncompressed .img, it’s all good!

EJ < H = E ZE v | | [ SD Images = th a Q
Favarites ILsh i 2016-09-2_ssie-lite_zip
b 2016-09-2..n-jessie.zi
A : .sh -N-|essie.zip
M iChud Brie \dif b 2018-10-1..28¢-lite.zip
# Applications onf.png : 2016-10-1...-28r-lite..zip
] Desktop I ; retrop!e—d.,.._zero.n.rng,gz
ac.zip retropie-4.1..rpi3.img.gz
EI Dropbox »
5 Creative Cloud Files | .19.18 PM
3923 PM
G pourgess 10.55 PM ZIP
Devices 11.20 PM
= ; A11.30 PM .
£ Macintosh HD 304 e 2016-09-23-raspbian-
Remote Disc . jessie-lite.zip
> ZIP - 306 MB
Shared > Stay Created 10/7/16, 4:50 PM
1 NAS = > Modified 10/7/16, 5:26 PM
B L Last opened 10/7/16, 5:26 PM
[=] NAS (AFP) paock Alr > ] " Add Tags...
1 NAS (CIFS)
Cancel Open

Step 6.

Etcher will automatically try to detect the SD drive. If you don’t have an SD card currently inserted, you’ll be prompted
to connect one.
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© Need Help?

SELECT IMAGE SELECT DRIVE

O———@

2016-09-2...-lite.zip @ .
Connect a drive

ETCHER Eiresin.io

Check the disk size to make sure its the right one, that it's not overwriting your main drive or anything nasty.

Then click Flash! A-ah!

© Need Help? %

o _ Q

SELECT IMAGE SELECT DRIVE FLASH IMAGE

O—OO—06

20168-08-2...-lite.zip @ /dev/disk3 - 32.0 GB
Flash!

“SETCHER @resin.io

Etcher will work for a few minutes to “burn” the SD image to the card. You’ll see a progress bar as it works. This is
about the time you’ll wish you’d splurged on a high-speed card.

Once the SD card is ready, you will see the following:
© Need Help? #

« Flash Complete!

Safely ejected and ready for use

Would you like to flash Would you like to flash
the same image? a different image?

Use same image Use different image

8b010e55

FETCHER @iresin.io

The card will be unmounted automatically, so you can pull it out now and use it in your Raspberry Pi.
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Faster Writes

If you find yourself burning a lot of SD cards, you can speed things up by clicking the gear icon at the top-right, then
turn off the “Validate write” option. I've written hundreds of cards and only had one fail validation.

© Need Help? ¢ Back

Settings

¥ Report errors
¥ Autc-unmount on success

@ Validate write on success

Advanced

@ Unsafe mode DANGEROUS

ETCHER @iresin.io
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Video Outputs * adafruit learning system

The Raspberry Pi chipset was originally designed to be a HDMI/graphics co-processor for mobile devices. For that
reason, it has quite a bit of 'HDMI horsepower' and can, despite it's small size, play 1080p video at full screen.

HDMI Video Out

The easiest & fastest way to get video going is to connect up an HDMI display (https://adafru.it/jsb). We have a ton of
options, and any HDMI display size from 640x480 up to 1920x1080 will work. The Mini HDMI port is conveniently
labeled and shown below:

For example, our 5" HDMI touch backpack which is the smallest all-in-one display we carry can be powered from the Pi
Zero's USB port and provide a touchscreen at the same time (http://adafru.it/2260)
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(Shown here with a Pi 2 because, well, the Pi Zero wasn't out at the time)

To connect an HDMI device, you'll need 2 things, aMini HDMI to HDMI Adapter (http://adafru.it/2819) and an HDMI
Cable (http://adafru.it/608)

The HDMI cable is pretty straight-forward to understand, and you can get one anywhere. The HDMI adapter is required
because the Pi Zero does not have a standard size HDMI port, instead the port is slimmer and smaller to keep the Zero

petite. The adapter is pretty straight forward to use - plug it into the Pi Zero and the port is now large enough for any
standard HDMI cable
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PiTFT Video

Even though it is 'half size' of the A+, you can still use any of our PiTFT's on the Pi Zero (https://adafru.it/JE7) You can
use any size from our 2.2" 320x240 PiTFT HAT, up to our 3.5" Touchscreen 480x320.

Before you can plug in a HAT or PiTFT you'll need to solder in the 2x20 male header (http://adafru.it/2822)

Then follow the tutorial for the PiTFT of your choice! Be sure to pick the Jessie install image

D E— s e

@ 00 00 90 90 O

#16 #13

VGA Video Out

This one is pretty easy, just use the HDMI adapter above, and anHDMI to VGA adapter (this also has the benefit of
giving you an audio output) (http://adafru.it/1151)
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NTSC/PAL Composite Video

OK so you want TV video? Maybe for one of our very tiny composite video screens (https://adafru.it/JE8)?

Well, the quality is not going to be nearly as nice as with VGA or HDMI but you can do it. Find the two pads marked TV
on the 'Zero
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The hole on the left, nearest to the TV text, is the signal (+) line, the pin to the right of it is the ground (-) line. Solder
two wires to these pads and connect them to an RCA Jack (http://adafru.it/2792) like this one

Make sure to not have HDMI plugged in, it should auto-switch to TV out. If you have somehow set your Pi for HDMI out
only, plug your HDMI screen back in, or use a console cable to connect and log into the Pi. Then run sudo raspi-config

at a command line to set video output to composite! You'll also want to tweak your Pi to use composite in the nicest
resolution possible (https://adafru.it/diN)
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Audio Outputs * adafruit learning system

Uh, well, there aren't any! That's right, to keep the Pi Zero small and low cost, the headphone audio filter isn't included

You can still get digital audio out via HDMI so if you plug it your Pi into a monitor with speakers, that will work fine.

|:| Well, ok that's not the whole truth

How to Add Audio Outputs to your Pi Zero

Hey, wanna do the below but with step-by-step instructions? We wrote a tutorial!

Click here to do the thing @ https://learn.adafruit.com/adding-basic-audio-ouput-to-raspberry-pi-
zero (https://adafru.it/jZD)

How Other Pi's Create Audio

GPIO #18 is also known as PWMO and in the original Pi was coupled with a very basic RC filter to create the audio

output:
+8
1 PA-5/013
Rl | et |
2T0R A 4 E:B LOUT_R 51 ]
€20 Rze 10 Ll \VA I
3n 1507 _3i_‘r ]
; 1 2y A 1
. 5]

PWML.OUT 1 7 PwHl_L 2 1
o |

PWMOOUT | 7 _PWMOR 2
® |

Raspberry Pi

Project Code: Title:

RPI00021 Fom. D Fard,

‘Seale Sheet: 02 of 05 | File Name

NTS | prawn By: PBL Issue/PMF
I G [ H T I

If you don't mind getting a few 150 and 270 ohm resistors, and two each of about 33nF (also known as 0.033uF) and
10uF capacitors, you can basically recreate those two filters.

Now all you need is access to PWMO_OUT and PWM1_OUT, which are...on GPIO #40 and #45 and are not brought out
on the Pi Zero. Tragedy? Give up? No! You can get to PWMO on GPIO #18 (ALT5) and PWM1 on GPIO #13 (ALTO) or
GPIO #19 (ALTD5) - see the full list of pins and alternate functions here (https://adafru.it/jEa)

You can do that by adjusting the device tree overlay to change the PWM audio pins from pins #40 and #45 (which are
not accessable) to pins #18 and #13 This very nice Pi forum thread will tell you how! (https://adafru.it/JEb)

See here for a program that will let you set the alt forms of GPIO pins (https://adafru.it/jEc)

If you want a higher quality audio output, the B+ and Pi 2 use this schematic - it has a driving buffer on the audio PWM
lines for better current drive andit uses a cleaner 2.5V reference for better quality audio.
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GPIO header options ﬁ adafruit learning system

The most intriguing difference for hackers and makers is that the Pi Zero does not come with the soldered GPIO
header. Partially this is to save cost, but it also allows the Pi Zero to be very thin and gives you the option of
embedding it easily into a project box.

Cons:
® You have to solder in the header to use Pi HATs and Pi toppers
Pros:

You can practice your soldering!

Can skip the GPIO header to keep the Pi Zero super slim

Solder wires directly into the GPIO pads, use only what you need
Try different, exotic headers such as right angle or socket header

Go Classic with 2x20 Male Header

Like blue jeans and Coca-Cola, the 2x20 male header is the classic option. (http://adafru.it/2822)
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Once soldered in, you can plug in any HAT or topper. The pinout is completely identical to the 2x20 headers on the Pi
2 and Pi A+ & B+

Or 2x20 Female Socket Header

This one is interesting, if you solder in a 2x20 female socket header (http://adafru.it/2222)

and attach it upside down you can plug it right into a T-Cobbler!
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Advanced 2x20 Right-Angle Female Socket Header

Or, take it even more extreme with 2x20 right angle female header (http://adafru.it/2823)

Now you can stick it into a Cobbler or T-Cobbler and it will sit sort of like a computer daughtercard!
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ﬁ adafruit learning system
Is My Pi Zero
Dead?

The Pi Zero is so minimal, it can be tough to tell if its working at all. Here's how to do a quick check (fromthis
sticky (https://adafru.it/upa))!

® Take your Zero, with nothing in any slot or socket(yes, no SD-card is needed or wanted to do this test!).

® Take a normal micro-USB to USB-A DATA SYNC cable (not a charge-only cable! make sure its a true data sync
cable!)

® Connect the USB cable to your PC, plugging the micro-USB into the Pi's USB, (not the PWR_IN).
If the Zero is alive, your Windows PC will go ding for the presence of new hardware & you should see "BCM2708
Boot" in Device Manager.

® Or on linux, run sudo Isusb or run dmesg and look for a ID 0a5c:2763 Broadcom Corp message. If you see that,
so far so good, you know the Zero's not dead.

| tested on Linux and here's my actual dmesg:

[226314.048026] usb 4-2: new full-speed USB device number 82 using uhci_hcd
[226314.213273] usb 4-2: New USB device found, idVendor=0a5c, idProduct=2763
[226314.213280] usb 4-2: New USB device strings: Mfr=1, Product=2, SerialNumber=0
[226314.213284] usb 4-2: Product: BCM2708 Boot

[226314.213288] usb 4-2: Manufacturer: Broadcom

but there will be NO LED LIGHT (looks so dead but its alive!)
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ﬁ adafruit learning system
Is There Even Life?

You can skip this section unless you have reason to believe your Pi Zero isn't alive.

|:| THE ZERO DOES NOT HAVE A POWER LED

The Pi Zero doesn't have much in the way of blinky LEDs to give you a warm fuzzy that it's doing anything or even
alive. And if the GPU doesn't find a valid OS image, it doesn't even turn on the green ACT LED and looks totally dead.
Typically this just means something is up with the SD card. Bad card. Bad image. Out of date image. Whatever. It does
not mean the Pi Zero is dead.

Here's how to run a sanity check to verify if the Pi Zero is OK.

(taken from here (https://adafru.it/upa) and also provided here (https://adafru.it/vle))

® Take your Zero, with nothing in any slot or socket(yes, no SD-card is needed or wanted to do this testl!).

® Take a normal micro-USB to USB-A DATA SYNC cable (not a charge-only cable! make sure its a true data sync
cable!)

® Connect the USB cable to your PC, plugging the micro-USB into the Pi's USB, (not the PWR_IN).
If the Zero is alive, your Windows PC will go ding for the presence of new hardware & you should see "BCM2708
Boot" in Device Manager.

® Or on linux, run sudo Isusb or run dmesg and look for a ID 0a5c:2763 Broadcom Corp message. If you see that,

so far so good, you know the Zero's not dead.

|:| It may take a few seconds for the messages to show up.

Below is a Pi Zero connected to a Linux computer via a USB cable and the resulting dmesg output.Note: there is no
SD card installed, USB cable is in USB port, and there are no lights.

Here's what our Windows machine showed:
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"_’! Driver Software Installation

Device driver software was not successfully installed

Please consult with your device manufacturer for assistance getting this device installed.

BCM2708 Boot x Mo driver found

What can [ do if my device did not install properly?

File  Action

== FE HE & %S

4 5 VARICK
-/ Computer

View Help

[ = Disk drives

;B Display adapters
» <4 DVD/CD-ROM drives
b % Human Interface Devices
B g [DE ATA/ATAPI controllers
-4 Imaging devices
b-EB Keyboards
DB Mice and other pointing devices

» A Monitars

[>I_I7F‘ Network adapters

A_UE:. Other devices

- L[z BCM2708 Boot |

» I Ports (COM & LPT)

[.>-R Processors

f> lﬁ] Sound, video and game controllers

f>--j-;_l System devices
b~ Universal Serial Bus controllers

Looks dead, but it's not.
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SERVO MOTOR SG90 DATA SHEET

Tower Pro™

RGN

Tiny and lightweight with high output power. Servo can rotate approximately 180 degrees (90 in each direction), and works just like the standard kinds
but smaller. You can use any servo code, hardware or library to control these servos. Good for beginners who want to make stuff move without building a
motor controller with feedback & gear box, especially since it will fit in small places. It comes with a 3 horns (arms) and hardware.

Dimensions & Specifications
A (mm): 32

B (mm) : 23

C (mm):28.5

c D(mm):12

E (mm) : 32

F (mm):19.5

B it Speed (sec) : 0.1
Torque (kg-cm) : 2.5
Weight (g) : 14.7
Voltage : 4.8 -6

Position "0" (1.5 ms pulse) is middle, "90" (~2ms pulse) is middle,

is all the way to the right, "-90" (~1ms pulse) is all the way to the left. PWM=0ran ge ( [ ) —

Vcc=Red (+) 4 ©/

Ground=Brown (=) —

and Signal

1-2ms
Duty Cycle
4.8V (~5V) |
Power i

20 ms (50 Hz)
PWM Period
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUP TO 46 V

s TOTALDC CURRENT UPTO4 A

s LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

s LOGICAL "0” INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enable or disable the deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Multiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionofan externalsensing resistor. Anadditional
supply inputis provided so that the logic works at a
lower voltage.

ouTI our2 Vg ouT3 CUT4
[o] ImnF
F 3 & %) e
55 |4
o Vret
it : :
T
K S [ - -
1 2 3 4
Int In&
o—4s p L4
*+— F->_C|—4r — L
Pl b o |
EenA & " EnB
1 8 15
SENSE AO—4 = _L —OSENSEB
Hﬂsn Rsp
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 V
Vss Logic Supply Voltage 7 V
V,Ven Input and Enable Voltage -0.3t0 7 V
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \Y
Pot Total Power Dissipation (Tcase = 75°C) 25 0
Top Junction Operating Temperature —-251t0130 °C
Tstg, Tj | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ I. ~ 15— CURRENT SENSING B
14 2 OuUTPUT4
'$‘ 3N I OUTPUT 3
12 3 INPUT4
unjf— ENABLE B
10 3 INPUT3
) L} I LOGIC SUPPLY VOLTAGE Vg
Multiwattl5 s —————— oo
T—— INPUT 2
6 3 ENABLEA
[ | INPUT 1
4 [ SUPPLY VOLTAGE Vg
_$_ s I—— OUTPUT 2
2 [ outpuT1
\ |' P I CURRENT SENSING A
Z TAB CONNECTED TO PIN 8 D95IN240A
/
GND [ 1 20 /] GND
SenseA [ 2 19 ] SenseB
NC [ 3 18 [ N.C
outl 1 4 17 —] Out4
ou2 ] 5 PowerSO20 16 ] out3
Ve 1 6 15 1 Input4
Inputl 4 7 14 ] EnableB
Enable A [} 8 13 [ Input3
Input2 1 9 12 1] vss
GND [ 10 11 1 GND
D95IN239
THERMAL DATA
Symbol Parameter PowerSO20 Multiwatt15 Unit
Rihjcase | Thermal Resistance Junction-case Max. — 3 °C/W
Rthj-amb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °CIW

(*) Mounted on aluminum substrate
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L298

PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
1;15 2;19 Sense A; Sense B | Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4;5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7,9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13;14 16;17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V;Vss =5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Nax. Unit
Vs Supply Voltage (pin 4) Operative Condition Vg +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 V
Is Quiescent Supply Current (pin4)  |Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven=1L Vi=X 4 mA
Iss Quiescent Current from Vss (pin9) |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven = L Vi=X 6 mA
ViL Input Low Voltage -0.3 15 \%
(pins 5, 7, 10, 12)
Vin Input High Voltage 2.3 VSS \%
(pins 5, 7, 10, 12)
li Low Voltage Input Current Vi=L -10 HA
(pins 5, 7, 10, 12)
lin High Voltage Input Current Vi=H < Vss-0.6V 30 100 HA
(pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) -0.3 1.5 V
Ven = H |Enable High Voltage (pins 6, 11) 2.3 Vss V
len =L |Low Voltage Enable Current Ven=1L -10 HA
(pins 6, 11)
len =H [High Voltage Enable Current Ven = H < Vss —0.6V 30 100 HA
(pins 6, 11)
VcesatH) |Source Saturation Voltage IL=1A 0.95 1.35 1.7 \%
IL=2A 2 2.7 \Y
Vcesar) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 \%
IL=2A (5) 1.7 2.3 \Y
Vcesat | Total Drop IL=1A (5) 1.80 3.2 \%
IL=2A (5 4.9 \Y
Vsens |Sensing Voltage (pins 1, 15) -1 () 2 \%
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L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Nax. Unit
T1 (Vi) |Source Current Turn-off Delay 0.5Vito 0.91L.  (2);(4) 15 us
T2 (V) [Source Current Fall Time 09I, to0.21.  (2);(4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 0.5Vito0.11L.  (2);(4) 2 us
T4 (V) [Source Current Rise Time 0.11. to0.91.  (2);(4) 0.7 us
Ts (Vi) |Sink Current Turn-off Delay 0.5Vito0.91.  (3);(4) 0.7 us
Te (Vi) |Sink Current Fall Time 091, to0.21.  (3);(4) 0.25 us
T7 (Vi) [Sink Current Turn-on Delay 0.5Vito 091  (3);(4) 1.6 us
Ts (Vi) |Sink Current Rise Time 0.11L to0.91.  (3);(4) 0.2 us
fc (V) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 0.91L  (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 091 to0.11.  (2);(4) us
T3 (Ven) |Source Current Turn-on Delay 0.5Vento 0.21L  (2);(4) 0.3 us
T4 (Ven) |Source Current Rise Time 0.11. to0.91.  (2);(4) 0.4 us
Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 0.91L  (3); (4) 2.2 us
Te (Ven) |Sink Current Fall Time 09I to0.21.  (3);(4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 0.5Vento0.91L  (3);(4) 0.25 us
Tg (Ven) |Sink Current Rise Time 0.11. to091.  (3);(4) 0.1 us
1) 1)Sensing voltage can be —1V fort < 50 psec; in steady state Vsens min> —0.5 V.
2) Seefig. 2.
3) Seefig. 4.
4) The load must be a pureresistor.
Figure 1 : Typical SaturationVoltagevs. Output Figure 2 : Switching Times Test Circuits.
Current.
G~ 6418
VSAT
18)] Vgg=SV  Vgak2V
24 ss - INPUT
O—
20
.
1.6 > 7 L ENABLE
1.2 //
08
! 5-58521
C.4
0 04 08 12 16 20 24 Ig(A}. Note : For INPUT Switching, set EN = H
For ENABLE Switching, set IN =H
4113 7]




L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.
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L298

Figure 5 : Sink Current Delay Times vs. Input 0 VV Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298integratestwo poweroutputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridge is driven by means of four gatesthe in-
put of whichare In1; In2; EnAand In3; In4 ; EnB.
The Ininputs set the bridge state when The En input
ishigh; a lowstate ofthe Eninputinhibitsthe bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be nearthe GND pin of the I.C.

<7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Turn-Off : Beforeto Turn-ONthe Sup-
ply Voltage and beforeto Turnit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be usedto controlthe
currentamplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped; Shottkydiodeswould be preferred.
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L298

This solution can drive until3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled
OnFig 8itis shownthe driving ofa twophasebipolar Py the I.C. L6506.

stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designed forthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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DIM. mm e OUTLINE AND
MIN. | TYP. [mMax. | MmN, [TvP. [maAx.
A 5 0.197 MECHANICAL DATA
B 2.65 0.104
c 16 0.063
D 1 0.039
E | 049 055 |0.019 0.022
F | 0.66 0.75 |0.026 0.030
G | 1.02 | 127 | 1.52 [0.040 [0.050 | 0.060
Gl |17.53 | 17.78 | 18.03 | 0.690 [0.700 | 0.710
H1 | 196 0.772
H2 202 0.795
L | 219 | 222 | 225 [0.862 [0.874 [0.886
L1 | 217 | 221 | 225 |0.854 | 0.870 | 0.886
L2 |17.65 18.1 | 0.695 0.713
13 |17.25 | 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 10.7 | 109 [0.406 [0.421 [ 0.429
L7 | 265 29 |o0.104 0114
M | 425 | 455 | 485 [0.167 |0.179 [0.101
M1 | 463 | 5.08 | 553 | 0.182 [0.200 | 0.218
s | 19 26 |0.075 0.102
s1 | 1.9 26 |0.075 0.102 Multiwattl5 V
Dial | 3.65 3.85 |0.144 0.152
H
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L298

DIM, — — OUTLINE AND
MIN. TYP. | MAX. | MIN. TYP. | MAX.
n : e MECHANICAL DATA
B 2.65 0.104
C 1.6 0.063
E 0.49 0.55 | 0.019 0.022
F 0.66 0.75 | 0.026 0.030
G 1.14 1.27 1.4 0.045 | 0.050 | 0.055
G1l 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 19.6 0.772
H2 20.2 0.795
L 20.57 0.810
L1 18.03 0.710
L2 2.54 0.100
L3 17.25 1 175 | 17.75 ]| 0.679 | 0.689 | 0.699
L4 10.3 10.7 10.9 | 0.406 | 0.421 | 0.429
L5 5.28 0.208
L6 2.38 0.094
L7 2.65 2.9 0.104 0.114
S 1.9 2.6 0.075 0.102
s1 | 19 26 |0075 0.102 Multiwatt15 H
Dial 3.65 3.85 | 0.144 0.152
H1
A S >
NN 5 St Lo
3
r 4 /4 \
[y F Y
. Dia. 1 -/
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DIM. mm inch
MIN. | TYP. [max. [ MIN. T TYP. TmAX. OUTLINE AND
A 3.6 0.142 MECHANICAL DATA
al 0.1 0.3 0.004 0.012
a2 3.3 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D (1) | 15.8 16 0.622 0.630
D1 9.4 9.8 0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1)| 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 0.228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 11 0.043 JEDEC MO-166
L 0.8 1.1 ]0.031 0.043
N 10° (max.)
S 8° (max.)
I [ 10 [ [ [o3w] PowerS020
(1) "D and F” do not include mold flash or protrusions.
- Mold flash or protrusions shall not exceed 0.15 mm (0.006").
- Criticaldimensions "E”, "G” and "a3”
N N R—,
1 a2| A . l‘_‘j L\ .
al
b ! ! DETAIL A --I—"E DETAIL B E *
e3 I
m lead [~ DETALLA
0 P —
;3 slug
OO0 M0 PETALE
20 11 ]
Gage Plane .
S L ZGEATING PLANE
" [=]c]¢]
[= ) p | S B BOTTOM VIEW (COPLANARITY)
j—q) @-[ anooononnn
T
] E3
L 10 |
DA T
h X 45 PSO20MEC Dl
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
guences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
[J 2000 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A.
http://www.st.com
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Tutorial - L298N Dual Motor Controller
Module 2A and Arduino

In this tutorial we'll explain how to use our L298N H-bridge Dual Motor Controller Module
2A with Arduino. This allows you to control the speed and direction of two DC motors, or
control one bipolar stepper motor with ease. The L298N H-bridge module can be used with
motors that have a voltage of between 5 and 35V DC.

There is also an onboard 5V regulator, so if your supply voltage is up to 12V you can also
source 5V from the board.

So let's get started!

First we'll run through the connections, then explain how to control DC motors then a stepper
motor.


http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/
http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/

Module pinouts

Consider the following image - match the numbers against the list below the image:

N e

789101112

DC motor 1 "+" or stepper motor A+

DC motor 1 "-" or stepper motor A-

12V jumper - remove this if using a supply voltage greater than 12V DC. This enables
power to the onboard 5V regulator

Connect your motor supply voltage here, maximum of 35V DC. Remove 12V jumper
if >12Vv DC

GND

5V output if 12V jumper in place, ideal for powering your Arduino (etc)

DC motor 1 enable jumper. Leave this in place when using a stepper motor. Connect
to PWM output for DC motor speed control.

IN1

IN2

. IN3
. IN4
. DC motor 2 enable jumper. Leave this in place when using a stepper motor. Connect

to PWM output for DC motor speed control.


http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/

13. DC motor 2 "+" or stepper motor B+
14. DC motor 2 "-" or stepper motor B-

Controlling DC Motors

To control one or two DC motors is quite easy. First connect each motor to the A and B
connections on the L298N module. If you're using two motors for a robot (etc) ensure that the
polarity of the motors is the same on both inputs. Otherwise you may need to swap them over
when you set both motors to forward and one goes backwards!

Next, connect your power supply - the positive to pin 4 on the module and negative/GND to
pin 5. If you supply is up to 12V you can leave in the 12V jumper (point 3 in the image
above) and 5V will be available from pin 6 on the module. This can be fed to your Arduino's
5V pin to power it from the motors' power supply. Don't forget to connect Arduino GND to
pin 5 on the module as well to complete the circuit.

Now you will need six digital output pins on your Arduino, two of which need to be PWM
(pulse-width modulation) pins. PWM pins are denoted by the tilde ("~") next to the pin
number, for example:

Finally, connect the Arduino digital output pins to the driver module. In our example we have
two DC motors, so digital pins D9, D8, D7 and D6 will be connected to pins IN1, IN2, IN3
and IN4 respectively. Then connect D10 to module pin 7 (remove the jumper first) and D5 to
module pin 12 (again, remove the jumper).

The motor direction is controlled by sending a HIGH or LOW signal to the drive for each
motor (or channel). For example for motor one, a HIGH to IN1 and a LOW to IN2 will cause
it to turn in one direction, and a LOW and HIGH will cause it to turn in the other direction.

However the motors will not turn until a HIGH is set to the enable pin (7 for motor one, 12 for
motor two). And they can be turned off with a LOW to the same pin(s). However if you need
to control the speed of the motors, the PWM signal from the digital pin connected to the
enable pin can take care of it.

This is what we've done with the DC motor demonstration sketch. Two DC motors and an
Arduino Uno are connected as described above, along with an external power supply. Then
enter and upload the following sketch:

// connect motor controller pins to Arduino digital pins
// motor one

int enA = 10;
int inl = 9;
int in2 = 8;
// motor two
int enB = 5;
int in3 = 7;
int in4 = 6;


http://tronixlabs.com/robotics/motor-controllers/l298n-dual-motor-controller-module-2a/
http://tronixlabs.com/uno

void setup ()
{
// set all the motor control pins to outputs
pinMode (enA, OUTPUT) ;
pinMode (enB, OUTPUT)
pinMode (inl, OUTPUT) ;
pinMode (in2, OUTPUT) ;
( )
( )

’

I

pinMode (in3, OUTPUT
pinMode (in4, OUTPUT

’

}

void demoOne ()

{

// this function will run the motors in both directions at a fixed speed

// turn on motor A
digitalWrite(inl, HIGH);

digitalWrite (in2, LOW) ;

// set speed to 200 out of possible range 0~255
analogWrite (enA, 200);

// turn on motor B

digitalWrite (in3, HIGH);

digitalWrite (in4, LOW);

// set speed to 200 out of possible range 0~255
analogWrite (enB, 200);

delay (2000) ;

// now change motor directions

digitalWrite (inl, LOW)

digitalWrite (in2, HIGH);

digitalWrite (in3, LOW) ;

digitalWrite (in4, HIGH);

delay (2000) ;

// now turn off motors

digitalWrite (inl, LOW) ;

digitalWrite (in2, LOW) ;

digitalWrite (in3, LOW)

digitalWrite (in4, LOW)

’

}

void demoTwo ()

{

// this function will run the motors across the range of possible speeds
// note that maximum speed is determined by the motor itself and the

operating voltage

// the PWM values sent by analogWrite() are fractions of the maximum

speed possible
// by your hardware
// turn on motors
digitalWrite (inl, LOW)
digitalWrite (in2, HIGH);
digitalWrite (in3, LOW) ;
digitalWrite (in4, HIGH);
// accelerate from zero to maximum speed
for (int i = 0; i < 256; i++)
{
analogWrite (enA, 1i);
analogWrite (enB, 1);
delay (20);
}
// decelerate from maximum speed to zero
for (int i = 255; 1 >= 0; --1)
{
analogWrite (enA, 1i);
analogWrite (enB, 1);



delay (20);
}
// now turn off motors
digitalWrite (inl, LOW)
digitalWrite (in2, LOW)
digitalWrite (in3, LOW)
digitalWrite (in4, LOW)
}
void loop ()
{
demoOne () ;
delay (1000) ;
demoTwo () ;
delay (1000) ;

’
’
’
I

So what's happening in that sketch? In the function demoOne() we turn the motors on and run
them at a PWM value of 200. This is not a speed value, instead power is applied for 200/255
of an amount of time at once.

Then after a moment the motors operate in the reverse direction (see how we changed the
HIGHSs and LOWSs in the digitalWrite() functions?).

To get an idea of the range of speed possible of your hardware, we run through the entire
PWM range in the function demoTwo() which turns the motors on and them runs through
PWM values zero to 255 and back to zero with the two for loops.

Finally this is demonstrated in the following video - using a well-worn tank chassis with two
DC motors:


http://tronixlabs.com/robotics/chassis/heavy-duty-tank-chassis/
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USER MANUAL

1. Introduction

To all residents of the European Union
Important environmental information about this product

This symbol on the device or the package indicates that disposal of the device after its lifecycle could
harm the environment. Do not dispose of the unit (or batteries) as unsorted municipal waste; it
should be taken to a specialized company for recycling. This device should be returned to your
distributor or to a local recycling service. Respect the local environmental rules.

I If in doubt, contact your local waste disposal authorities.

Thank you for choosing Velleman®! Please read the manual thoroughly before bringing this device into service.
If the device was damaged in transit, do not install or use it and contact your dealer.

2. Safety Instructions

e This device can be used by children aged from 8 years and above, and persons with
reduced physical, sensory or mental capabilities or lack of experience and knowledge if
they have been given supervision or instruction concerning the use of the device in a
safe way and understand the hazards involved. Children shall not play with the device.
Cleaning and user maintenance shall not be made by children without supervision.

e Indoor use only.
Keep away from rain, moisture, splashing and dripping liquids.

3. General Guidelines

e Refer to the Velleman® Service and Quality Warranty on the last pages of this manual.

e Familiarise yourself with the functions of the device before actually using it.

e All modifications of the device are forbidden for safety reasons. Damage caused by user
modifications to the device is not covered by the warranty.

e Only use the device for its intended purpose. Using the device in an unauthorised way
will void the warranty.

e Damage caused by disregard of certain guidelines in this manual is not covered by the
warranty and the dealer will not accept responsibility for any ensuing defects or
problems.

e Nor Velleman nv nor its dealers can be held responsible for any damage (extraordinary,
incidental or indirect) - of any nature (financial, physical...) arising from the possession,
use or failure of this product.

e Due to constant product improvements, the actual product appearance might differ from
the shown images.

e Product images are for illustrative purposes only.

e Do not switch the device on immediately after it has been exposed to changes in

temperature. Protect the device against damage by leaving it switched off until it has
reached room temperature.

e Keep this manual for future reference.

4. What is Arduino®

Arduino® is an open-source prototyping platform based in easy-to-use hardware and software. Arduino® boards
are able to read inputs - light-on sensor, a finger on a button or a Twitter message — and turn it into an output
- activating of a motor, turning on an LED, publishing something online. You can tell your board what to do by
sending a set of instructions to the microcontroller on the board. To do so, you use the Arduino programming
language (based on Wiring) and the Arduino® software IDE (based on Processing).

Surf to www.arduino.cc and www.arduino.org for more information.

V. 01 - 19/03/2018 2 ©Velleman nv
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VMA326

5. Overview

VMA326

The line tracking sensor based on TCRT5000 is a type of infrared reflectance sensor, and is commonly used in
line following robots, mounted at the bottom of the robot chassis. The line tracking sensor works by detecting
reflected light coming from its own infrared LED and by measuring the amount of reflected infrared light, it
can detect transitions from light to dark (lines) or even objects directly in front of it.

sensor adopts TCRT5000, high sensitivity

sensitivity adjustable by potentiometer

Working voltage 3.3 Vto 5V

operating current : 20 mA

digital switch output (0 and 1)

two fixed bolt holes for convenient installation

small board PCB size: 42 x 10.5 mm

power indicator light (red) and digital switch output indicator light (green)
detection reflection distance: 1-25 mm

6. Pin Layout

S digital output (black = low, white = high)
V+ 5 VDC power
G ground

7. Example

The example shows that when the sensor detects a black area, the S pin’s output is a low TTL signal. The
LED13 switches off while the light L on this module switches on. On the contrary, LED13 switches on.

V. 01 - 19/03/2018 3 ©Velleman nv
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// CODE BEGIN

int Led=13; // variable Led = connected to digital pin 13 (Which is on your VMA100 connected to a LED as

well)

int buttonpin=3; // Variable buttonpin = connected to digital line 3, this is where the VMA326 output has to

be connected for this test

int val;

void setup()

{ pinMode(Led,OUTPUT); // declare Led (digital 13) as output
pinMode(buttonpin,INPUT); // declare buttonpin (digital 3) as input
b

void loop()

{

val=digitalRead(buttonpin); // read the value of buttonpin (digital 3)
if(val==HIGH) // if this value is high ...

{ digitalWrite(Led,HIGH); } // then switch Led (digital 13) to High
else { digitalWrite(Led,LOW); } // else .. switch to low

b
// CODE END

8. More Information

Please refer to the VMA326 product page on www.velleman.eu for more information.

Use this device with original accessories only. Velleman nv cannot be held responsible in the event
of damage or injury resulting from (incorrect) use of this device. For more info concerning this
product and the latest version of this manual, please visit our website www.velleman.eu. The

information in this manual is subject to change without prior notice.

© COPYRIGHT NOTICE

The copyright to this manual is owned by Velleman nv. All worldwide rights reserved. No part of this
manual may be copied, reproduced, translated or reduced to any electronic medium or otherwise without the

prior written consent of the copyright holder.

V. 01 -19/03/2018 4
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Velleman® Service and Quality Warranty

Since its foundation in 1972, Velleman® acquired extensive experience in the electronics world and currently
distributes its products in over 85 countries.

All our products fulfil strict quality requirements and legal stipulations in the EU. In order to ensure the quality,
our products regularly go through an extra quality check, both by an internal quality department and by
specialized external organisations. If, all precautionary measures notwithstanding, problems should occur,
please make appeal to our warranty (see guarantee conditions).

General Warranty Conditions Concerning Consumer Products
(for EU):

¢ All consumer products are subject to a 24-month warranty on production flaws and defective material as from
the original date of purchase.

¢ Velleman® can decide to replace an article with an equivalent article, or to refund the retail value totally or
partially when the complaint is valid and a free repair or replacement of the article is impossible, or if the
expenses are out of proportion.

You will be delivered a replacing article or a refund at the value of 100% of the purchase price in case of a flaw
occurred in the first year after the date of purchase and delivery, or a replacing article at 50% of the purchase
price or a refund at the value of 50% of the retail value in case of a flaw occurred in the second year after the
date of purchase and delivery.

e Not covered by warranty:

- all direct or indirect damage caused after delivery to the article (e.g. by oxidation, shocks, falls, dust, dirt,
humidity...), and by the article, as well as its contents (e.g. data loss), compensation for loss of profits;

- consumable goods, parts or accessories that are subject to an aging process during normal use, such as
batteries (rechargeable, non-rechargeable, built-in or replaceable), lamps, rubber parts, drive belts...
(unlimited list);

- flaws resulting from fire, water damage, lightning, accident, natural disaster, etc....;

- flaws caused deliberately, negligently or resulting from improper handling, negligent maintenance, abusive
use or use contrary to the manufacturer’s instructions;

- damage caused by a commercial, professional or collective use of the article (the warranty validity will be
reduced to six (6) months when the article is used professionally);

- damage resulting from an inappropriate packing and shipping of the article;

- all damage caused by modification, repair or alteration performed by a third party without written permission
by Velleman®.

e Articles to be repaired must be delivered to your Velleman® dealer, solidly packed (preferably in the original
packaging), and be completed with the original receipt of purchase and a clear flaw description.

¢ Hint: In order to save on cost and time, please reread the manual and check if the flaw is caused by obvious
causes prior to presenting the article for repair. Note that returning a non-defective article can also involve
handling costs.

e Repairs occurring after warranty expiration are subject to shipping costs.
e The above conditions are without prejudice to all commercial warranties.

The above enumeration is subject to modification according to the article (see article’s manual).

Made in PRC

Imported by Velleman nv

Legen Heirweg 33, 9890 Gavere, Belgium
www.velleman.eu
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| MFRC522

1. Introduction

This document describes the functionality and electrical specifications of the contactless
reader/writer MFRC522.

Remark: The MFRC522 supports all variants of the MIFARE Mini, MIFARE 1K,
MIFARE 4K, MIFARE Ultralight, MIFARE DESFire EV1 and MIFARE Plus RF
identification protocols. To aid readability throughout this data sheet, the MIFARE Mini,
MIFARE 1K, MIFARE 4K, MIFARE Ultralight, MIFARE DESFire EV1 and MIFARE Plus
products and protocols have the generic name MIFARE.

2. General description

2.1

The MFRC522 is a highly integrated reader/writer IC for contactless communication
at 13.56 MHz. The MFRC522 reader supports ISO/IEC 14443 A/IMIFARE mode.

The MFRC522’s internal transmitter is able to drive a reader/writer antenna designed to
communicate with ISO/IEC 14443 A/MIFARE cards and transponders without additional
active circuitry. The receiver module provides a robust and efficient implementation for
demodulating and decoding signals from ISO/IEC 14443 A/MIFARE compatible cards and
transponders. The digital module manages the complete ISO/IEC 14443 A framing and
error detection (parity and CRC) functionality.

The MFRC522 supports MF1xxS20, MF1xxS70 and MF1xxS50 products. The MFRC522
supports contactless communication and uses MIFARE higher transfer speeds up to
848 kBd in both directions.

The following host interfaces are provided:

¢ Serial Peripheral Interface (SPI)
¢ Serial UART (similar to RS232 with voltage levels dependant on pin voltage supply)
* |12C-bus interface

Differences between version 1.0 and 2.0

The MFRC522 is available in two versions:

* MFRC52201HN1, hereafter referred to version 1.0 and
¢ MFRC52202HN1, hereafter referred to version 2.0.

The MFRC522 version 2.0 is fully compatible to version 1.0 and offers in addition the
following features and improvements:

|
P |



NXP Semiconductors MFRC522

Contactless reader IC

* Increased stability of the reader IC in rough conditions
¢ An additional timer prescaler, see Section 8.5.
¢ A corrected CRC handling when RX Multiple is set to 1

This data sheet version covers both versions of the MFRC522 and describes the

di

fferences between the versions if applicable.

3. Features and benefits

4. Quick refere

Highly integrated analog circuitry to demodulate and decode responses

Buffered output drivers for connecting an antenna with the minimum number of
external components

Supports ISO/IEC 14443 AIMIFARE

Typical operating distance in Read/Write mode up to 50 mm depending on the
antenna size and tuning

Supports MF1xxS20, MF1xxS70 and MF1xxS50 encryption in Read/Write mode
Supports ISO/IEC 14443 A higher transfer speed communication up to 848 kBd
Supports MFIN/MFOUT

Additional internal power supply to the smart card IC connected via MFIN/MFOUT
Supported host interfaces

@ SPI up to 10 Mbit/s

# 12C-bus interface up to 400 kBd in Fast mode, up to 3400 kBd in High-speed mode

@ RS232 Serial UART up to 1228.8 kBd, with voltage levels dependant on pin
voltage supply

FIFO buffer handles 64 byte send and receive

Flexible interrupt modes

Hard reset with low power function

Power-down by software mode

Programmable timer

Internal oscillator for connection to 27.12 MHz quartz crystal
2.5V to 3.3 V power supply

CRC coprocessor

Programmable 1/O pins

Internal self-test

nce data

Table 1. Quick reference data

Symbol  Parameter Conditions Min Typ Max  Unit
Vbba analog supply voltage  Vppevop) < Vopa = Voob = Vop(rvopy; e 2.5 3.3 3.6 \Y;
VoD digital supply voltage Vssa = Vssp = Vss(pvss) = Vss(rvss) =0V 25 33 36 V
Vpparvopy TVDD supply voltage 2.5 3.3 3.6 \%
Vppevopy PVDD supply voltage Bl 1.6 1.8 3.6 Y,
Vopsvop)y SVDD supply voltage  Vssa = Vssp = Vss(pyss) = Vss(tvss) =0V 16 - 36 V

MFRC522

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Table 1.

Quick reference data ...continued

Contactless reader IC

Symbol  Parameter Conditions Min  Typ Max  Unit
lod power-down current Vbpa = Vppp = Vop(rvop) = Vopevop) = 3 V
hard power-down; pin NRSTPD set LOW @ - - 5 A
soft power-down; RF level detector on [ - - 10 A
Iobp digital supply current pin DVDD; Vppp =3V - 6.5 9 mA
Ibpa analog supply current pin AVDD; Vppa = 3 V, CommandReg register’s - 10 mA
RcvOff bit = 0
pin AVDD; receiver switched off; Vppa =3V, - 3 5 mA
CommandReg register’'s RcvOff bit = 1
looevopy  PVDD supply current pin PVDD Bl - - 40 mA
Ippcrvop)  TVDD supply current pin TVDD; continuous wave [el7ie] - 60 100 mA
Tamb ambient temperature HVQFN32 -25 - +85 °C
[1] Supply voltages below 3 V reduce the performance in, for example, the achievable operating distance.
[2] Vopa. Vbpp and Vpprvppy must always be the same voltage.
[3] Voprvbp) must always be the same or lower voltage than Vppp.
[4] Ipqis the total current for all supplies.
[5] lbpevop) depends on the overall load at the digital pins.
[6] Ipp(Tvpbp) depends on Vpprvop) and the external circuit connected to pins TX1 and TX2.
[7] During typical circuit operation, the overall current is below 100 mA.
[8] Typical value using a complementary driver configuration and an antenna matched to 40 Q between pins TX1 and TX2 at 13.56 MHz.

5. Ordering information

Table 2. Ordering information

Type number Package
Name Description Version

MFRC52201HN1/TRAYBL HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52201HN1/TRAYBMEZ  HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52202HN1/TRAYBL HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

MFRC52202HN1/TRAYBMI[ZI  HVQFN32 plastic thermal enhanced very thin quad flat package; no leads; SOT617-1
32 terminal; body 5 x 5 x 0.85 mm

[1] Delivered in one tray.

(2]

Delivered in five trays.

MFRC522
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6. Block diagram

Contactless reader IC

MFRC522

The analog interface handles the modulation and demodulation of the analog signals.

The contactless UART manages the protocol requirements for the communication
protocols in cooperation with the host. The FIFO buffer ensures fast and convenient data
transfer to and from the host and the contactless UART and vice versa.

Various host interfaces are implemented to meet different customer requirements.

ANTENNA

ANALOG
INTERFACE

«»| CONTACTLESS

UART

FIFO
BUFFER

[«— | REGISTER BANK

SERIAL UART
SPI
12C-BUS

1> HOST

Fig 1. Simplified block diagram of the MFRC522
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DvDD
DVSS

AVDD
AVSS

NRSTPD

IRQ

D6/ADR_0/
D2/ADR_4  D4/ADR 2  MOSIMX
D5/ADR_1/ + D7/SCL/
SDAINSS/RX EA 12C  DI/ADR.5 | D3/ADR 3 | SCK/DTRQ | MISO/TX PVDD PVSS
24 32 |1 25 |26 |27 |28 |29 |30 |31 2 5 5
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SPI, UART, 12C-BUS INTERFACE CONTROL — | AND 5
POWER ON
DETECT 18
AN
FIFO CONTROL T
v 7 STATE MACHINE
64-BYTE FIFO COMMAND REGISTER RESET
BUFFER N——— N——— CONTROL
T
>| PROGRAMABLE TIMER POWER-DOWN| 6
CONTROL REGISTER — CONTROL
BANK N———
>| INTERRUPT CONTROL I 23
— CRC16
MIFARE CLASSIC UNIT K: N GENERATION AND CHECK
RANDOM NUMBER —\| |— PARALLEL/SERIAL
GENERATOR — — CONVERTER
o\
BIT COUNTER
N7
PARITY GENERATION AND CHECK
FRAME GENERATION AND CHECK
BIT DECODING | BIT ENCODING
SERIAL DATA SWITCH
CLOCK 21
ANALOG TO DIGITAL 22
CONVERTER — DISTRIBUTION
REFERENCE
VOLTAGE
Q-CLOCK TEMPERATURE
T T GENERATION SENSOR
ANALOG TEST T
MULTIPLEXOR I-CHANNEL Q-CHANNEL
AND AMPLIFIER AMPLIFIER
DIGITAL TO Ly TRANSMITTER CONTROL
ANALOG I-CHANNEL Q-CHANNEL
CONVERTER DEMODULATOR | | DEMODULATOR
T I \V4
X Z
16 |19 |20 17 10, 14 Y11 13 12
A, A, *
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Fig 2.

Detailed block diagram of the MFRC522
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7. Pinning information

o
s £
3 =0
ST Ny
J X X x x x o
(e e e a el al
S G O G
<N 6 bH F 3 a4 o
wuwoooooaon
EEEEEEEE
12c [ (24| sDANSS/RX
PVDD | 2) @3] IrRQ
DVDD | 3) (22| oscout
Dvss [ 4) MERCE22 (21] osciN
Pvss [ 5) 0] Aux2
NRSTPD | 6) (9] Auxa
MFIN | 7) (8] Avss
MFOUT | 8) @7] rx

T>1 [1D
TVDD [12)
™2 [13)
Tvss [19)
AVDD [15)
VMID [16)

001a2j819

svDD [ 9)
Tvss [10)

Transparent top view

Fig 3. Pinning configuration HYQFN32 (SOT617-1)

7.1 Pin description

Table 3.  Pin description

Pin Symbol Typelll Description
1 12C I 12C-bus enable input(2l
2 PVDD P pin power supply
3 DVDD P digital power supply
4 DVSS G digital ground3!
5 PVSS G pin power supply ground
6 NRSTPD I reset and power-down input:
power-down: enabled when LOW; internal current sinks are switched off, the oscillator
is inhibited and the input pins are disconnected from the outside world
reset: enabled by a positive edge
MFIN | MIFARE signal input
MFOUT (0] MIFARE signal output
SVDD P MFIN and MFOUT pin power supply
10 TVSS G transmitter output stage 1 ground
11 TX1 (0] transmitter 1 modulated 13.56 MHz energy carrier output
12 TVDD P transmitter power supply: supplies the output stage of transmitters 1 and 2
13 TX2 (0] transmitter 2 modulated 13.56 MHz energy carrier output
14 TVSS G transmitter output stage 2 ground
15 AVDD P analog power supply
MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Table 3. Pin description ...continued

Pin Symbol Typelll Description
16 VMID P internal reference voltage
17 RX | RF signal input
18 AVSS G analog ground
19 AUX1 (0] auxiliary outputs for test purposes
20 AUX2 (0] auxiliary outputs for test purposes
21 OSCIN I crystal oscillator inverting amplifier input; also the input for an externally generated clock
(fok = 27.12 MHz)
22 OSCouT (0] crystal oscillator inverting amplifier output
23 IRQ (0] interrupt request output: indicates an interrupt event
24 SDA I/O I2C-bus serial data line input/outputl2]
NSS I SPI signal inputl2
RX I UART address input2l
25 D1 1’0 test port2l
ADR_5 110 I2C-bus address 5 input2]
26 D2 I/0 test port
ADR_4 I 12C-bus address 4 input2]
27 D3 I/0 test port
ADR_3 I 12C-bus address 3 input2]
28 D4 I/0 test port
ADR_2 I 12C-bus address 2 input2]
29 D5 I/0 test port
ADR_1 I 12C-bus address 1 input2
SCK I SPI serial clock inputl2l
DTRQ (0] UART request to send output to microcontrollerl2l
30 D6 I/0 test port
ADR_0 I 12C-bus address 0 input2]
MOSI I/0 SPI master out, slave in2
MX (0] UART output to microcontrollerl2]
31 D7 I/0 test port
SCL I/0 12C-bus clock input/outputl2]
MISO 1’0 SPI master in, slave outld
X (0] UART data output to microcontroller2l
32 EA | external address input for coding 12C-bus addressl2l

[1] Pintypes: | = Input, O = Output, /O = Input/Output, P = Power and G = Ground.
[2] The pin functionality of these pins is explained in Section 8.1 “Digital interfaces”.

[3] Connection of heatsink pad on package bottom side is not necessary. Optional connection to pin DVSS is possible.
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8. Functional description

Contactless reader IC

The MFRC522 transmission module supports the Read/Write mode for

ISO/IEC 14443 A/MIFARE using various transfer speeds and modulation protocols.

BATTERY

| MICROCONTROLLER |—

MFRC522

Fig 4.

reader/writer

MFRC522 Read/Write mode

ISO/IEC 14443 A CARD

contactless card

The physical level communication is shown in Figure 5.

001aak583

ISO/IEC 14443 A
READER

MFRC522

(1)

()

ISO/IEC 14443 A CARD

001aak584

(1) Reader to card 100 % ASK, Miller encoded, transfer speed 106 kBd to 848 kBd.

(2) Card to reader subcarrier load modulation, Manchester encoded or BPSK, transfer speed 106 kBd
to 848 kBd.

Fig 5.

ISO/IEC 14443 A/MIFARE Read/Write mode communication diagram

The physical parameters are described in Table 4.

Table 4. Communication overview for ISO/IEC 14443 A/MIFARE reader/writer
Communication Signal type Transfer speed
Gl 106 kBd 212 kBd 424 kBd 848 kBd
Reader to card (send reader side 100 % ASK 100 % ASK 100 % ASK 100 % ASK
data from the modulation
MFRC522toacard)  pitencoding  modified Miller ~ modified Miller ~ modified Miller  modified Miller
encoding encoding encoding encoding
bit length 128 (13.56 pus) 64 (13.56 us) 32 (13.56 ps) 16 (13.56 ps)
Card to reader card side subcarrier load subcarrier load subcarrier load subcarrier load
(MFRC522 receives modulation modulation modulation modulation modulation
data from a card) subcarrier 1356 MHz /16 1356 MHz/16 1356 MHz/16  13.56 MHz/16
frequency
bit encoding Manchester BPSK BPSK BPSK
encoding

The MFRC522's contactless UART and dedicated external host must manage the
complete ISO/IEC 14443 A/IMIFARE protocol. Figure 6 shows the data coding and
framing according to ISO/IEC 14443 A/MIFARE.

MFRC522
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ISO/IEC 14443 A framing at 106 kBd

start

" sbidaa | | " spidaa | [ 7 sbidam | |

odd odd " odd
start bit is 1 parity parity parity
ISO/IEC 14443 A framing at 212 kBd, 424 kBd and 848 kBd even
start , parity
T 1 1 1 1 1 1 1 1 1 1 T L
| | | 8-bit data | | 8-bit data | | ., 8-bitdata | |
odd odd "
start bitis 0 parity parity

burst of 32
subcarrier clocks

even parity at the
end of the frame

001aak585

Fig 6. Data coding and framing according to ISO/IEC 14443 A

8.1

8.1.1

MFRC522

The internal CRC coprocessor calculates the CRC value based on ISO/IEC 14443 A
part 3 and handles parity generation internally according to the transfer speed. Automatic
parity generation can be switched off using the MfRxReg register’s ParityDisable bit.

Digital interfaces

Automatic microcontroller interface detection

The MFRC522 supports direct interfacing of hosts using SPI, 12C-bus or serial UART
interfaces. The MFRC522 resets its interface and checks the current host interface type
automatically after performing a power-on or hard reset. The MFRC522 identifies the host
interface by sensing the logic levels on the control pins after the reset phase. This is done
using a combination of fixed pin connections. Table 5 shows the different connection
configurations.

Table 5.  Connection protocol for detecting different interface types

Pin Interface type
UART (input) SPI (output) I2C-bus (I/0)

SDA RX NSS SDA
12C 0 0 1
EA 0 1 EA
D7 TX MISO SCL
D6 MX MOSI ADR_O
D5 DTRQ SCK ADR_1
D4 - - ADR 2
D3 - - ADR_3
D2 - - ADR 4
D1 - - ADR_5
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8.1.2

8.1.2.1

MFRC522

Contactless reader IC

Serial Peripheral Interface

A serial peripheral interface (SPI compatible) is supported to enable high-speed
communication to the host. The interface can handle data speeds up to 10 Mbit/s. When
communicating with a host, the MFRC522 acts as a slave, receiving data from the
external host for register settings, sending and receiving data relevant for RF interface
communication.

An interface compatible with SPI enables high-speed serial communication between the
MFRC522 and a microcontroller. The implemented interface is in accordance with the SPI
standard.

The timing specification is given in Section 14.1 on page 77.

MFRC522
—5525——————————> SCK
MOS| oS
MISo MISO
_J!§§__________> NSS

001aak586

Fig 7.  SPIl connection to host

The MFRC522 acts as a slave during SPI communication. The SPI clock signal SCK must
be generated by the master. Data communication from the master to the slave uses the
MOSI line. The MISO line is used to send data from the MFRC522 to the master.

Data bytes on both MOSI and MISO lines are sent with the MSB first. Data on both MOSI
and MISO lines must be stable on the rising edge of the clock and can be changed on the
falling edge. Data is provided by the MFRC522 on the falling clock edge and is stable
during the rising clock edge.

SPI read data

Reading data using SPI requires the byte order shown in Table 6 to be used. It is possible
to read out up to n-data bytes.

The first byte sent defines both the mode and the address.

Table 6.  MOSI and MISO byte order

Line Byte O Byte 1 Byte 2 To Byte n Byten +1
MOSI address 0 address 1 address 2 address n 00
MISO XA data O data 1 datan-1 data n

[1] X = Do not care.

Remark: The MSB must be sent first.
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8.1.2.2

8.1.2.3

8.1.3

8.1.3.1

MFRC522

Contactless reader IC

SPI write data

To write data to the MFRC522 using SPI requires the byte order shown in Table 7. It is
possible to write up to n data bytes by only sending one address byte.

The first send byte defines both the mode and the address byte.

Table 7. MOSI and MISO byte order

Line Byte O Byte 1 Byte 2 To Byte n Byten + 1
MOSI address 0 data O data 1l datan-1 datan
MISO X[ X[ XA XA XA

[1] X = Do not care.
Remark: The MSB must be sent first.
SPI address byte

The address byte must meet the following format.

The MSB of the first byte defines the mode used. To read data from the MFRC522 the
MSB is set to logic 1. To write data to the MFRC522 the MSB must be set to logic 0. Bits 6
to 1 define the address and the LSB is set to logic O.

Table 8.  Address byte O register; address MOSI

7 (MSB) 6 5 4 3 2 1 0 (LSB)
1 =read address 0
0 = write

UART interface

Connection to a host

MFRC522

RX
— | RX

X
— TX

DTRQ DTRQ

MX

001aak587

Fig 8. UART connection to microcontrollers

Remark: Signals DTRQ and MX can be disabled by clearing TestPinEnReg register’s
RS232LineEn bit.
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8.1.3.2 Selectable UART transfer speeds

MFRC522

Contactless reader IC

The internal UART interface is compatible with an RS232 serial interface.

The default transfer speed is 9.6 kBd. To change the transfer speed, the host controller
must write a value for the new transfer speed to the SerialSpeedReg register. Bits
BR_TO0[2:0] and BR_T1[4:0] define the factors for setting the transfer speed in the
SerialSpeedReg register.

The BR_TO0[2:0] and BR_T1[4:0] settings are described in Table 9. Examples of different
transfer speeds and the relevant register settings are given in Table 10.

Table 9. BR_TO and BR_T1 settings

BR_Tn
BR_TO factor
BR_T1 range

Table 10. Selectable UART transfer speeds

Bit0 Bitl
1 1

Bit 3
4

Bit 5 Bit 6 Bit 7

16

32 64

1to32 33to64 33to64 33to64 33to64 33to64 33to64 33to64

Transfer speed (kBd)

7.2
9.6
14.4
19.2
38.4
57.6
115.2
128
230.4
460.8
921.6
1228.8

Decimal

250
235
218
203
171
154
122
116
90
58
28
21

SerialSpeedReg value
Hexadecimal

FAh
EBh
DAh
CBh
ABh
9Ah
7Ah
74h
5Ah
3Ah
1Ch
15h

Transfer speed accuracy

(%)l

-0.25
0.32
-0.25
0.32
0.32
-0.25
-0.25
—-0.06
-0.25
-0.25
1.45
0.32

[1] The resulting transfer speed error is less than 1.5 % for all described transfer speeds.

The selectable transfer speeds shown in Table 10 are calculated according to the
following equations:

If BR_TO0[2:0] = O:

6
_ 27.12x10
transfer speed = BRT0O+D) (1)
If BR_TO0[2:0] > O:
_ | 27.12x108
transfer speed = | =o=———0 (2)
H(BR_TO-1)

Remark: Transfer speeds above 1228.8 kBd are not supported.
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8.1.3.3 UART framing

Contactless reader IC

Table 11. UART framing

Bit Length Value
Start 1-bit 0
Data 8 bits data
Stop 1-bit 1

Remark: The LSB for data and address bytes must be sent first. No parity bit is used

during transmission.

Read data: To read data using the UART interface, the flow shown in Table 12 must be
used. The first byte sent defines both the mode and the address.

Table 12. Read data byte order
Pin Byte 0 Byte 1
RX (pin 24) address -
TX (pin 31) - data O
< N
ADDRESS
/
RX
| SA | AD | Al | A2 | A3 | A4 | A5 | (1) |RW | SO
< DATA >—
X
‘SA‘DO‘D].‘DZ‘D3‘D4‘D5‘D6‘D7‘SO‘
MX
DTRQ B s
001aak588
(1) Reserved.
Fig 9. UART read data timing diagram

Write data: To write data to the MFRC522 using the UART interface, the structure shown

in Table 13 must be used.

The first byte sent defines both the mode and the address.

MFRC522

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2011. All rights reserved.

Product data sheet
COMPANY PUBLIC

112136

Rev. 3.6 — 14 December 2011

13 of 94



NXP Semiconductors MFRC522

Contactless reader IC

Table 13. Write data byte order

Pin Byte O Byte 1

RX (pin 24) address 0 data 0

TX (pin 31) - address 0
MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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Fig 10. UART write data timing diagram

Remark: The data byte can be sent directly after the address byte on pin RX.

Address byte: The address byte has to meet the following format:

The MSB of the first byte sets the mode used. To read data from the MFRC522, the MSB is set to logic 1. To write data to the

001aak589

MFRC522 the MSB is set to logic 0. Bit 6 is reserved for future use, and bits 5 to 0 define the address; see Table 14.
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8.1.4

MFRC522

Contactless reader IC

Table 14. Address byte 0 register; address MOSI

7(MSB) 6 5 4 3 2 1 0 (LSB)
1 =read reserved address
0 = write

I2C-bus interface

An 12C-bus (Inter-IC) interface is supported to enable a low-cost, low pin count serial bus
interface to the host. The 12C-bus interface is implemented according to

NXP Semiconductors’ I12C-bus interface specification, rev. 2.1, January 2000. The
interface can only act in Slave mode. Therefore the MFRC522 does not implement clock
generation or access arbitration.

PULL-UP PULL-UP MFRC522
NETWORK NETWORK
l SDA
»| scL
MICROCONTROLLER
»| 12¢
CONFIGURATION o Ea
WIRING
»| ADR_[5:0]

001aak590
Fig 11. 12C-bus interface

The MFRC522 can act either as a slave receiver or slave transmitter in Standard mode,
Fast mode and High-speed mode.

SDA is a bidirectional line connected to a positive supply voltage using a current source or
a pull-up resistor. Both SDA and SCL lines are set HIGH when data is not transmitted. The
MFRC522 has a 3-state output stage to perform the wired-AND function. Data on the
I2C-bus can be transferred at data rates of up to 100 kBd in Standard mode, up to

400 kBd in Fast mode or up to 3.4 Mbit/s in High-speed mode.

If the 12C-bus interface is selected, spike suppression is activated on lines SCL and SDA
as defined in the I2C-bus interface specification.

See Table 155 on page 78 for timing requirements.
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8.1.4.1 Data validity

Data on the SDA line must be stable during the HIGH clock period. The HIGH or LOW
state of the data line must only change when the clock signal on SCL is LOW.

on  / N \

| |
data line | change |

I

I

| stable; | of data |

| data valid | allowed | mbc621

Fig 12. Bit transfer on the 12C-bus

8.1.4.2 START and STOP conditions

To manage the data transfer on the 12C-bus, unique START (S) and STOP (P) conditions
are defined.

¢ A START condition is defined with a HIGH-to-LOW transition on the SDA line while
SCL is HIGH.

¢ A STOP condition is defined with a LOW-to-HIGH transition on the SDA line while
SCL is HIGH.

The 12C-bus master always generates the START and STOP conditions. The bus is busy
after the START condition. The bus is free again a certain time after the STOP condition.

The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition.
The START (S) and repeated START (Sr) conditions are functionally identical. Therefore,
S is used as a generic term to represent both the START (S) and repeated START (Sr)
conditions.

r——™ r——™

A

[ [

START condition STOP condition

mbc622

Fig 13. START and STOP conditions

8.1.4.3 Byte format

Each byte must be followed by an acknowledge bit. Data is transferred with the MSB first;
see Figure 16. The number of transmitted bytes during one data transfer is unrestricted
but must meet the read/write cycle format.
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8.1.4.4 Acknowledge

An acknowledge must be sent at the end of one data byte. The acknowledge-related clock
pulse is generated by the master. The transmitter of data, either master or slave, releases
the SDA line (HIGH) during the acknowledge clock pulse. The receiver pulls down the
SDA line during the acknowledge clock pulse so that it remains stable LOW during the
HIGH period of this clock pulse.

The master can then generate either a STOP (P) condition to stop the transfer or a
repeated START (Sr) condition to start a new transfer.

A master-receiver indicates the end of data to the slave-transmitter by not generating an
acknowledge on the last byte that was clocked out by the slave. The slave-transmitter
releases the data line to allow the master to generate a STOP (P) or repeated START (Sr)
condition.

data output | \
by transmitter |
I
I
I
I

A
|
—

[ X X X/
not acknowledge N\

n_/

data output

by receiver
acknowledge /
SCL from ) 3 L\
master | | --
%]
ST;RT clock pulse for
- acknowledgement
condition
mbc602
Fig 14. Acknowledge on the I2C-bus
-
P
soAa \ |/ X X x x \ / \ x x x X | X |
MSB acknowledgement acknowledgement | Sr
signal from slave signal from receiver

interrupt within slave

I

I

I

I

I . .
clock line held LOW while

| interrupts are serviced

or 1 2 - 7 8 9 1 2 3-8 9 or
ACK ACK I_E J

"7
|
I
|
|
|
|

|
byte complete, | |
[
.

LS
START or STOP or
repeated START repeated START
condition condition

msc608

Fig 15. Data transfer on the I12C-bus
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8.1.4.5 7-Bit addressing

During the 12C-bus address procedure, the first byte after the START condition is used to
determine which slave will be selected by the master.

Several address numbers are reserved. During device configuration, the designer must
ensure that collisions with these reserved addresses cannot occur. Check the 12C-bus
specification for a complete list of reserved addresses.

The 12C-bus address specification is dependent on the definition of pin EA. Immediately
after releasing pin NRSTPD or after a power-on reset, the device defines the 12C-bus
address according to pin EA.

If pin EA is set LOW, the upper 4 bits of the device bus address are reserved by

NXP Semiconductors and set to 0101b for all MFRC522 devices. The remaining 3 bits
(ADR_O, ADR_1, ADR_2) of the slave address can be freely configured by the customer
to prevent collisions with other 12C-bus devices.

If pin EA is set HIGH, ADR_0 to ADR_5 can be completely specified at the external pins
according to Table 5 on page 9. ADR_6 is always set to logic 0.

In both modes, the external address coding is latched immediately after releasing the
reset condition. Further changes at the used pins are not taken into consideration.
Depending on the external wiring, the 12C-bus address pins can be used for test signal
outputs.

MSB LSB

bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 RIW

slave address 001aak591

Fig 16. First byte following the START procedure

8.1.4.6 Register write access
To write data from the host controller using the 12C-bus to a specific register in the
MFRC522 the following frame format must be used.
* The first byte of a frame indicates the device address according to the 12C-bus rules.
* The second byte indicates the register address followed by up to n-data bytes.

In one frame all data bytes are written to the same register address. This enables fast
FIFO buffer access. The Read/Write (R/W) bit is set to logic O.
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To read out data from a specific register address in the MFRC522, the host controller must
use the following procedure:

* Firstly, a write access to the specific register address must be performed as indicated
in the frame that follows

* The first byte of a frame indicates the device address according to the 12C-bus rules

* The second byte indicates the register address. No data bytes are added
* The Read/Write bitis 0

After the write access, read access can start. The host sends the device address of the
MFRC522. In response, the MFRC522 sends the content of the read access register. In
one frame all data bytes can be read from the same register address. This enables fast
FIFO buffer access or register polling.

The Read/Write (R/W) bit is set to logic 1.

write cycle
/ 12C-BUS / J
S SLAVE ADDRESS A YK o 0 JOINER REGISTER LY [0:n] DATA A
\ [A7:A0] \ ADDRESS [A5:A0] \[7_0]
—
read cycle
/ / 12C-BUS 0
S SLAVE ADDRESS w) A » 0 0 JOINER REGISTER P
\ \ [A7:A0] ADDRESS [A5:A0]

optional, if the previous access was on the same register address

[0:n]

O

12C-BUS
SLAVE ADDRESS
[A7:A0]

sent by master

sent by slave

Fig 17. Register read and write access

MFRC522

LI/ DATA
[7:0]

N

S

o}/ DATA
[7:0]

>

e

AN

~<P>

start condition

P stop condition

A

acknowledge
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write cycle

read cycle
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8.1.4.8 High-speed mode

In High-speed mode (HS mode), the device can transfer information at data rates of up to
3.4 Mbit/s, while remaining fully downward-compatible with Fast or Standard mode
(F/S mode) for bidirectional communication in a mixed-speed bus system.

8.1.4.9 High-speed transfer
To achieve data rates of up to 3.4 Mbit/s the following improvements have been made to

I2C-bus operation.

* The inputs of the device in HS mode incorporate spike suppression, a Schmitt trigger
on the SDA and SCL inputs and different timing constants when compared to
F/S mode

* The output buffers of the device in HS mode incorporate slope control of the falling
edges of the SDA and SCL signals with different fall times compared to F/S mode
8.1.4.10 Serial data transfer format in HS mode
The HS mode serial data transfer format meets the Standard mode 12C-bus specification.
HS mode can only start after all of the following conditions (all of which are in F/S mode):
1. START condition (S)
2. 8-bit master code (00001XXXb)
3. Not-acknowledge bit (A)
When HS mode starts, the active master sends a repeated START condition (Sr) followed

by a 7-bit slave address with a R/W bit address and receives an acknowledge bit (A) from
the selected MFRC522.

Data transfer continues in HS mode after the next repeated START (Sr), only switching
back to F/S mode after a STOP condition (P). To reduce the overhead of the master code,
a master links a number of HS mode transfers, separated by repeated START conditions

(Sr).
F/S mode _ HS mode (current-source for SCL HIGH enabled) __ F/Smode
S | MASTER CODE | Alsr | SLAVE ADDRESSl RIW | A DATA |A/K: P
(n-bytes + A)

HS mode continues
B e E—

1 sr | SLAVE ADDRESS
1

001aak749

Fig 18. 12C-bus HS mode protocol switch
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[ 8-bit master code 0000 1xxx A t1
[ S ! tH
i ! |
""" T
SDAhigh | \ | \ )( )( / |
1
: - ~°=" }
1 ! |
1 ! |
1 ! |
1 e } L —
. ! 1
SCL high :_Wztos -\ fe\ [7\ [ 8) 9 \ /
L |
F/S mode
i-ér-i 7-bit SLA RW A n+(8-bitdata + A/A) E“S; ) i
I I I / I
— L - - Y g L AN
) T\ ! G |
SDA high I 1 b VA 1
1 | - - 1 (Y. _I_ R
- i i
| | ! !
. ( I - o ! _e_
SCL high (I 1 2to5\ [e\ [7\ [8\ [o 1 2t05\ [8\ [7\ [8\ [o ! |
___l ! ;
If P then
HS mode F/S mode
If Sr (dotted lines)
then HS mode
PELLCUNACEL
tH
tFs

_/— = Master current source pull-up

f = Resistor pull-up

Fig 19. 12C-bus HS mode protocol frame
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8.1.4.11 Switching between F/S mode and HS mode

8.1.4.12

MFRC522

After reset and initialization, the MFRC522 is in Fast mode (which is in effect F/'S mode as
Fast mode is downward-compatible with Standard mode). The connected MFRC522
recognizes the “S 00001XXX A” sequence and switches its internal circuitry from the Fast
mode setting to the HS mode setting.

The following actions are taken:

1. Adapt the SDA and SCL input filters according to the spike suppression requirement
in HS mode.

2. Adapt the slope control of the SDA output stages.

It is possible for system configurations that do not have other 12C-bus devices involved in
the communication to switch to HS mode permanently. This is implemented by setting
Status2Reg register’s 12CForceHS bit to logic 1. In permanent HS mode, the master code
is not required to be sent. This is not defined in the specification and must only be used
when no other devices are connected on the bus. In addition, spikes on the 12C-bus lines
must be avoided because of the reduced spike suppression.

MFRC522 at lower speed modes

MFRC522 is fully downward-compatible and can be connected to an F/S mode 12C-bus
system. The device stays in F/S mode and communicates at F/S mode speeds because a
master code is not transmitted in this configuration.
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8.2 Analog interface and contactless UART

8.2.1 General

8.2.2

The integrated contactless UART supports the external host online with framing and error
checking of the protocol requirements up to 848 kBd. An external circuit can be connected
to the communication interface pins MFIN and MFOUT to modulate and demodulate the
data.

The contactless UART handles the protocol requirements for the communication
protocols in cooperation with the host. Protocol handling generates bit and byte-oriented
framing. In addition, it handles error detection such as parity and CRC, based on the
various supported contactless communication protocols.

Remark: The size and tuning of the antenna and the power supply voltage have an
important impact on the achievable operating distance.

TX p-driver

The signal on pins TX1 and TX2 is the 13.56 MHz energy carrier modulated by an
envelope signal. It can be used to drive an antenna directly using a few passive
components for matching and filtering; see Section 15 on page 80. The signal on pins TX1
and TX2 can be configured using the TxControlReg register; see Section 9.3.2.5 on

page 49.

The modulation index can be set by adjusting the impedance of the drivers. The
impedance of the p-driver can be configured using registers CWGsPReg and
ModGsPReg. The impedance of the n-driver can be configured using the GsNReg
register. The modulation index also depends on the antenna design and tuning.

The TxModeReg and TxSelReg registers control the data rate and framing during
transmission and the antenna driver setting to support the different requirements at the
different modes and transfer speeds.

Table 15. Register and bit settings controlling the signal on pin TX1

Bit Bit
Tx1RFEn Force
100ASK
0 X
1 0
0
1

Bit Bit Envelope Pin GSPMos GSNMos Remarks
INnVTX1IRFONn InvTx1RFOff TX1
X[ X[ X[ xa o xa X[ not specified if RF is

switched off

X[ 0 RF pMod nMod 100 % ASK: pin TX1
1 RE pCW ncw pulled to logic 0,
independent of the
x4 0 RF pMod  nMod |nyTx1RFOff bit
1 RF pCW nCW
XA 0 0 pMod nMod
1 RF_n pCW nCwW

[1] X =Do not care.

MFRC522
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Table 16. Register and bit settings controlling the signal on pin TX2

Bit Bit Bit Bit Bit Envelope Pin GSPMos GSNMos Remarks
Tx1RFEn Force Tx2CW InvTx2RFOn InvTx2RFOff TX2
100ASK
0 Xl X[ X[ X[ XA X[ X[ X[ not specified if
RF is switched
off
1 0 0 0 X[ 0 RF pMod nMod -
1 RF pCW nCwW
1 X[ 0 RF_n pMod nMod
1 RF_n pCwW nCwW
1 0 X[ X[ RF pCW nCwW conductance
X X RF.n pcw  ncw  aways CWior
- the Tx2CW bit
1 0 0 Xal 0 0 pMod nMod 100 % ASK: pin
1 RF  pCwW nCW TX2 pulled
! to logic O
1 X 0 0 pMod nMod (independent of
1 RF_n pCwW nCW the
InvTx2RFON/Inv
[1] [1]
! 0 X X RFE PCW  nCW 1 ORFOff bits)
X[ XA RF n pCwW nCW

[1] X =Do not care.

The following abbreviations have been used in Table 15 and Table 16:

* RF: 13.56 MHz clock derived from 27.12 MHz quartz crystal oscillator divided by 2
* RF_n:inverted 13.56 MHz clock

* GSPMos: conductance, configuration of the PMOS array

* GSNMos: conductance, configuration of the NMOS array

* pCW: PMOS conductance value for continuous wave defined by the CWGsPReg
register

* pMod: PMOS conductance value for modulation defined by the ModGsPReg register

¢ nCW: NMOS conductance value for continuous wave defined by the GsNReg
register's CWGsN[3:0] bits

* nMod: NMOS conductance value for modulation defined by the GsNReg register’s
ModGsN[3:0] bits

¢ X =do not care.

Remark: If only one driver is switched on, the values for CWGsPReg, ModGsPReg and
GsNReg registers are used for both drivers.
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Serial data switch

Two main blocks are implemented in the MFRC522. The digital block comprises the state
machines, encoder/decoder logic. The analog block comprises the modulator and
antenna drivers, the receiver and amplifiers. It is possible for the interface between these
two blocks to be configured so that the interfacing signals are routed to pins MFIN and
MFOUT.

This topology allows the analog block of the MFRC522 to be connected to the digital block
of another device.

The serial signal switch is controlled by the TxSelReg and RxSelReg registers.

Figure 20 shows the serial data switch for p-driver TX1 and TX2.

DriverSel[1:0]
3-state — 00
INTERNAL | | INVERTIF envelope o1
CODER InvMod = 1
10 to driver TX1 and TX2
111 0 = impedance = modulated
1 = impedance = CW
INVERT IF
MFIN PoIMFin =0
00laak593

Fig 20. Serial data switch for p-driver TX1 and TX2

MFIN and MFOUT interface support

The MFRC522 is divided into a digital circuit block and an analog circuit block. The digital
block contains state machines, encoder and decoder logic and so on. The analog block
contains the modulator and antenna drivers, receiver and amplifiers. The interface
between these two blocks can be configured so that the interfacing signals can be routed
to pins MFIN and MFOUT; see Figure 21 on page 27. This configuration is implemented
using TxSelReg register’'s MFOutSel[3:0] and DriverSel[1:0] bits and RxSelReg register’s
UARTSel[1:0] bits.

This topology allows some parts of the analog block to be connected to the digital block of
another device.

Switch MFOutSel in the TxSelReg register can be used to measure MIFARE and
ISO/IEC14443 A related signals. This is especially important during the design-in phase
or for test purposes as it enables checking of the transmitted and received data.

The most important use of pins MFIN and MFOUT is found in the active antenna concept.
An external active antenna circuit can be connected to the MFRC522’s digital block.
Switch MFOutSel must be configured so that the internal Miller encoded signal is sent to
pin MFOUT (MFOutSel = 100b). UARTSel[1:0] must be configured to receive a
Manchester signal with subcarrier from pin MFIN (UARTSel[1:0] = 01).

It is possible to connect a passive antenna to pins TX1, TX2 and RX (using the
appropriate filter and matching circuit) and an active antenna to pins MFOUT and MFIN at
the same time. In this configuration, two RF circuits can be driven (one after another) by a
single host processor.
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Remark: Pins MFIN and MFOUT have a dedicated supply on pin SVDD with the ground on pin PVSS. If pin MFIN is not
used it must be connected to either pin SVDD or pin PVSS. If pin SVDD is not used it must be connected to either pin

DVDD, pin PVDD or any other voltage supply pin.

TX bit stream

MILLER
CODER

test bus
internal envelope

internal envelope

MODULATOR |— DRIVER

> TX2

envelope from pin MFIN

TX serial data stream

DIGITAL MODULE
MFRC522

reserved
RX serial data stream

NN EANEE

RX bit stream

MANCHESTER
DECODER

LOW
Manchester with subcarrier

DEMODULATOR | |

ANALOG MODULE
MFRC522

internal modulated

NRZ coding without subcarrier (> 106 kBd)

DEMODULATOR

X1

Fig 21. Overview of MFIN and MFOUT signal routing
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CRC coprocessor
The following CRC coprocessor parameters can be configured:
* The CRC preset value can be either 0000h, 6363h, A671h or FFFFh depending on
the ModeReg register's CRCPreset[1:0] bits setting
* The CRC polynomial for the 16-bit CRC is fixed to x16 + x12 + x5 + 1

* The CRCResultReg register indicates the result of the CRC calculation. This register
is split into two 8-bit registers representing the higher and lower bytes.

* The ModeReg register's MSBFirst bit indicates that data will be loaded with the MSB
first.

Table 17. CRC coprocessor parameters

Parameter Value

CRC register length 16-bit CRC

CRC algorithm algorithm according to ISO/IEC 14443 A and ITU-T

CRC preset value 0000h, 6363h, A671h or FFFFh depending on the setting of the

ModeReg register’s CRCPreset[1:0] bits

FIFO buffer

An 8 x 64 bit FIFO buffer is used in the MFRC522. It buffers the input and output data
stream between the host and the MFRC522’s internal state machine. This makes it
possible to manage data streams up to 64 bytes long without the need to take timing
constraints into account.

Accessing the FIFO buffer

The FIFO buffer input and output data bus is connected to the FIFODataReg register.
Writing to this register stores one byte in the FIFO buffer and increments the internal FIFO
buffer write pointer. Reading from this register shows the FIFO buffer contents stored in
the FIFO buffer read pointer and decrements the FIFO buffer read pointer. The distance
between the write and read pointer can be obtained by reading the FIFOLevelReg
register.

When the microcontroller starts a command, the MFRC522 can, while the command is in
progress, access the FIFO buffer according to that command. Only one FIFO buffer has
been implemented which can be used for input and output. The microcontroller must
ensure that there are not any unintentional FIFO buffer accesses.

Controlling the FIFO buffer

The FIFO buffer pointers can be reset by setting FIFOLevelReg register’s FlushBuffer bit
to logic 1. Consequently, the FIFOLevel[6:0] bits are all set to logic 0 and the ErrorReg
register’s BufferOvfl bit is cleared. The bytes stored in the FIFO buffer are no longer
accessible allowing the FIFO buffer to be filled with another 64 bytes.

FIFO buffer status information

The host can get the following FIFO buffer status information:

* Number of bytes stored in the FIFO buffer: FIFOLevelReg register’s FIFOLevel[6:0]
* FIFO buffer almost full warning: Status1Reg register’s HiAlert bit
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* FIFO buffer almost empty warning: Status1Reg register’s LoAlert bit

* FIFO buffer overflow warning: ErrorReg register’s BufferOvfl bit. The BufferOvfl bit
can only be cleared by setting the FIFOLevelReg register’s FlushBuffer bit.

The MFRC522 can generate an interrupt signal when:

* ComlEnReg register’s LoAlertlEn bit is set to logic 1. It activates pin IRQ when
Status1Reg register’s LoAlert bit changes to logic 1.

* ComlEnReg register’s HiAlertlEn bit is set to logic 1. It activates pin IRQ when
Status1Reg register’s HiAlert bit changes to logic 1.

If the maximum number of WaterLevel bytes (as set in the WaterLevelReg register) or less
are stored in the FIFO buffer, the HiAlert bit is set to logic 1. It is generated according to

Equation 3:
HiAlert = (64 - FIFOLength) <WaterLevel 3)

If the number of WaterLevel bytes (as set in the WaterLevelReg register) or less are
stored in the FIFO buffer, the LoAlert bit is set to logic 1. It is generated according to

Equation 4:

LoAlert = FIFOLength <WaterLevel 4)

Interrupt request system

The MFRC522 indicates certain events by setting the Status1Reg register’s IRq bit and, if
activated, by pin IRQ. The signal on pin IRQ can be used to interrupt the host using its
interrupt handling capabilities. This allows the implementation of efficient host software.

Interrupt sources overview

Table 18 shows the available interrupt bits, the corresponding source and the condition for
its activation. The ComlirgReg register’s TimerlRq interrupt bit indicates an interrupt set by
the timer unit which is set when the timer decrements from 1 to O.

The ComlirqgReg register’s TxIRq bit indicates that the transmitter has finished. If the state
changes from sending data to transmitting the end of the frame pattern, the transmitter
unit automatically sets the interrupt bit. The CRC coprocessor sets the DivirgReg
register's CRCIR(q bit after processing all the FIFO buffer data which is indicated by
CRCReady bit = 1.

The ComlirgReg register’'s RxIRq bit indicates an interrupt when the end of the received
data is detected. The ComlirgReg register’s IdleIRq bit is set if a command finishes and
the Command[3:0] value in the CommandReg register changes to idle (see Table 149 on

page 69).

The ComlrgReg register’s HiAlertIRq bit is set to logic 1 when the Status1Reg register’s
HiAlert bit is set to logic 1 which means that the FIFO buffer has reached the level
indicated by the WaterLevel[5:0] bits.

The ComlrgReg register’s LoAlertIRq bit is set to logic 1 when the Status1Reg register’s
LoAlert bit is set to logic 1 which means that the FIFO buffer has reached the level
indicated by the WaterLevel[5:0] bits.
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The ComlrqReg register’s ErrlIRq bit indicates an error detected by the contactless UART
during send or receive. This is indicated when any bit is set to logic 1 in register ErrorReg.

Table 18. Interrupt sources

Interrupt flag Interrupt source Trigger action

IRq timer unit the timer counts from 1to 0

TxIRq transmitter a transmitted data stream ends

CRCIRq CRC coprocessor all data from the FIFO buffer has been processed
RxIRqg receiver a received data stream ends

IdlelRq ComlrgReg register command execution finishes

HiAlertIRq FIFO buffer the FIFO buffer is almost full

LoAlertIRq FIFO buffer the FIFO buffer is almost empty

ErrIRq contactless UART an error is detected

8.5 Timer unit

The MFRC522A has a timer unit which the external host can use to manage timing tasks.
The timer unit can be used in one of the following timer/counter configurations:

* Timeout counter

¢ Watchdog counter

* Stop watch

* Programmable one shot

* Periodical trigger
The timer unit can be used to measure the time interval between two events or to indicate
that a specific event occurred after a specific time. The timer can be triggered by events
explained in the paragraphs below. The timer does not influence any internal events, for

example, a time-out during data reception does not automatically influence the reception
process. Furthermore, several timer-related bits can be used to generate an interrupt.

The timer has an input clock of 13.56 MHz derived from the 27.12 MHz quartz crystal
oscillator. The timer consists of two stages: prescaler and counter.

The prescaler (TPrescaler) is a 12-bit counter. The reload values (TReloadVal_Hi[7:0] and
TReloadVal_Lo[7:0]) for TPrescaler can be set between 0 and 4095 in the TModeReg
register’s TPrescaler_Hi[3:0] bits and TPrescalerReg register’s TPrescaler_L0[7:0] bits.

The reload value for the counter is defined by 16 bits between 0 and 65535 in the
TReloadReg register.

The current value of the timer is indicated in the TCounterValReg register.

When the counter reaches 0, an interrupt is automatically generated, indicated by the
ComirgReg register’s TimerlRq bit setting. If enabled, this event can be indicated on
pin IRQ. The TimerIRq bit can be set and reset by the host. Depending on the
configuration, the timer will stop at O or restart with the value set in the TReloadReg
register.

The timer status is indicated by the Status1Reg register’s TRunning bit.
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The timer can be started manually using the ControlReg register’s TStartNow bit and
stopped using the ControlReg register’s TStopNow bit.

The timer can also be activated automatically to meet any dedicated protocol
requirements by setting the TModeReg register’s TAuto bit to logic 1.

The delay time of a timer stage is set by the reload value + 1. The total delay time (t41) is
calculated using Equation 5:

- (TPrescaler x 2+ 1) x (TReloadVal + 1) 5)
d1 13.56 MHz

An example of calculating total delay time (tg) is shown in Equation 6, where the
TPrescaler value = 4095 and TReloadVal = 65535:

(4095 x 2 + 1) x (65535 + 1)

39.59s = 13.56 MHz

(6)

Example: To give a delay time of 25 us requires 339 clock cycles to be counted and a
TPrescaler value of 169. This configures the timer to count up to 65535 time-slots for
every 25 us period.

The MFRC522 version 2.0 offers in addition a second prescaler timer. Due to the fact that
the prescaler counts down to 0 the prescaler period always count an odd number of
clocks (1, 3, 5, ..). This may lead to inaccuracy. The second available prescaler timer
implements the possibility to change the prescaler reload value to odd numbers, which
results in an even prescaler period. This new prescaler can be enabled only in version 2.0
using the register bit DemodeReg, see Table 72. Within this option, the total delay time
(tg2) is calculated using Equation 5:

_ (TPrescaler x 2 +2) x (TReloadVal + 1)

t 7
d2 13.56 MHz @
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Power reduction modes

Hard power-down

Hard power-down is enabled when pin NRSTPD is LOW. This turns off all internal current
sinks including the oscillator. All digital input buffers are separated from the input pins and
clamped internally (except pin NRSTPD). The output pins are frozen at either a HIGH or

LOW level.

Soft power-down mode

Soft Power-down mode is entered immediately after the CommandReg register’s
PowerDown bit is set to logic 1. All internal current sinks are switched off, including the
oscillator buffer. However, the digital input buffers are not separated from the input pins
and keep their functionality. The digital output pins do not change their state.

During soft power-down, all register values, the FIFO buffer content and the configuration
keep their current contents.

After setting the PowerDown bit to logic 0, it takes 1024 clocks until the Soft power-down
mode is exited indicated by the PowerDown bit. Setting it to logic 0 does not immediately
clear it. It is cleared automatically by the MFRC522 when Soft power-down mode is
exited.

Remark: If the internal oscillator is used, you must take into account that it is supplied by
pin AVDD and it will take a certain time (tpsc) until the oscillator is stable and the clock
cycles can be detected by the internal logic. It is recommended for the serial UART, to first
send the value 55h to the MFRC522. The oscillator must be stable for further access to
the registers. To ensure this, perform a read access to address 0 until the MFRC522
answers to the last read command with the register content of address 0. This indicates
that the MFRC522 is ready.

Transmitter power-down mode

The Transmitter Power-down mode switches off the internal antenna drivers thereby,
turning off the RF field. Transmitter power-down mode is entered by setting either the
TxControlReg register's TxX1IRFEnN bit or Tx2RFER bit to logic 0.

Oscillator circuit

MFRC522

0SCOUT  OSCIN H
IDI
1 L]

I i 4
J J

001aak595

Fig 22. Quartz crystal connection
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The clock applied to the MFRC522 provides a time basis for the synchronous system’s
encoder and decoder. The stability of the clock frequency, therefore, is an important factor
for correct operation. To obtain optimum performance, clock jitter must be reduced as
much as possible. This is best achieved using the internal oscillator buffer with the
recommended circuitry.

If an external clock source is used, the clock signal must be applied to pin OSCIN. In this
case, special care must be taken with the clock duty cycle and clock jitter and the clock
quality must be verified.

Reset and oscillator start-up time

Reset timing requirements

The reset signal is filtered by a hysteresis circuit and a spike filter before it enters the
digital circuit. The spike filter rejects signals shorter than 10 ns. In order to perform a reset,
the signal must be LOW for at least 100 ns.

Oscillator start-up time

If the MFRC522 has been set to a Power-down mode or is powered by a Vppx supply, the
start-up time for the MFRC522 depends on the oscillator used and is shown in Figure 23.

The time (tstartup) IS the start-up time of the crystal oscillator circuit. The crystal oscillator
start-up time is defined by the crystal.

The time (tg) is the internal delay time of the MFRC522 when the clock signal is stable
before the MFRC522 can be addressed.

The delay time is calculated by:

1024

0 g7y = T4k (8)

The time (tosc) is the sum of tg and tsgartup.

device activation

oscillator
clock stable

clock ready

tstartup

td

tosc

t
001aak596

Fig 23. Oscillator start-up time
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9. MFRC522 registers

9.1 Register bit behavior

Depending on the functionality of a register, the access conditions to the register can vary.
In principle, bits with same behavior are grouped in common registers. The access
conditions are described in Table 19.

Table 19. Behavior of register bits and their designation

Abbreviation Behavior Description

R/W read and write These bits can be written and read by the microcontroller. Since
they are used only for control purposes, their content is not
influenced by internal state machines, for example the
ComlEnReg register can be written and read by the
microcontroller. It will also be read by internal state machines but
never changed by them.

D dynamic These bits can be written and read by the microcontroller.
Nevertheless, they can also be written automatically by internal
state machines, for example the CommandReg register changes
its value automatically after the execution of the command.

R read only These register bits hold values which are determined by internal
states only, for example the CRCReady bit cannot be written
externally but shows internal states.

w write only Reading these register bits always returns zero.

reserved - These registers are reserved for future use and must not be
changed. In case of a write access, it is recommended to always
write the value “0”.

RFT - These register bits are reserved for future use or are for
production tests and must not be changed.
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9.2 Register overview

Table 20. MFRC522 register overview
Address Register name Function Refer to
(hex)
Page 0: Command and status
00h Reserved reserved for future use Table 21 on page 37
01h CommandReg starts and stops command execution Table 23 on page 37
02h ComlEnReg enable and disable interrupt request control bits Table 25 on page 37
03h DivIEnReg enable and disable interrupt request control bits Table 27 on page 38
04h ComlrgReg interrupt request bits Table 29 on page 38
05h DivirgReg interrupt request bits Table 31 on page 39
06h ErrorReg error bits showing the error status of the last command Table 33 on page 40
executed
07h Status1Reg communication status bits Table 35 on page 41
08h Status2Reg receiver and transmitter status bits Table 37 on page 42
09h FIFODataReg input and output of 64 byte FIFO buffer Table 39 on page 43
OAh FIFOLevelReg number of bytes stored in the FIFO buffer Table 41 on page 43
0Bh WaterLevelReg level for FIFO underflow and overflow warning Table 43 on page 43
0Ch ControlReg miscellaneous control registers Table 45 on page 44
0Dh BitFramingReg adjustments for bit-oriented frames Table 47 on page 45
OEh CollReg bit position of the first bit-collision detected on the RF Table 49 on page 45
interface
OFh Reserved reserved for future use Table 51 on page 46
Page 1: Command
10h Reserved reserved for future use Table 53 on page 46
11h ModeReg defines general modes for transmitting and receiving Table 55 on page 47
12h TxModeReg defines transmission data rate and framing Table 57 on page 47
13h RxModeReg defines reception data rate and framing Table 59 on page 48
14h TxControlReg controls the logical behavior of the antenna driver pins TX1 Table 61 on page 49
and TX2
15h TxASKReg controls the setting of the transmission modulation Table 63 on page 50
16h TxSelReg selects the internal sources for the antenna driver Table 65 on page 50
17h RxSelReg selects internal receiver settings Table 67 on page 51
18h RxThresholdReg selects thresholds for the bit decoder Table 69 on page 52
19h DemodReg defines demodulator settings Table 71 on page 52
1Ah Reserved reserved for future use Table 73 on page 53
1Bh Reserved reserved for future use Table 75 on page 53
1Ch MfTxReg controls some MIFARE communication transmit parameters Table 77 on page 54
1Dh MfRxReg controls some MIFARE communication receive parameters  Table 79 on page 54
1Eh Reserved reserved for future use Table 81 on page 54
1Fh SerialSpeedReg selects the speed of the serial UART interface Table 83 on page 54

Page 2: Configuration

20h

MFRC522

Reserved

reserved for future use
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Table 20. MFRC522 register overview ...continued
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Address Register name
(hex)

21h CRCResultReg
22h

23h Reserved

24h ModWidthReg
25h Reserved

26h RFCfgReg

27h GsNReg

28h CWGsPReg
29h ModGsPReg
2Ah TModeReg
2Bh TPrescalerReg
2Ch TReloadReg
2Dh

2Eh TCounterValReg
2Fh

Page 3: Test register

30h Reserved

31h TestSellReg
32h TestSel2Reg
33h TestPinEnReg
34h TestPinValueReg
35h TestBusReg
36h AutoTestReg
37h VersionReg
38h AnalogTestReg
39h TestDAC1Reg
3Ah TestDAC2Reg
3Bh TestADCReg

3Ch to 3Fh Reserved

MFRC522

Function

shows the MSB and LSB values of the CRC calculation

reserved for future use
controls the ModWidth setting
reserved for future use
configures the receiver gain

selects the conductance of the antenna driver pins TX1 and

TX2 for modulation

defines the conductance of the p-driver output during
periods of no modulation

defines the conductance of the p-driver output during
periods of modulation

defines settings for the internal timer

defines the 16-bit timer reload value

shows the 16-bit timer value

reserved for future use

general test signal configuration

general test signal configuration and PRBS control
enables pin output driver on pins D1 to D7

defines the values for D1 to D7 when it is used as an I/O bus

shows the status of the internal test bus
controls the digital self test

shows the software version

controls the pins AUX1 and AUX2
defines the test value for TestDAC1
defines the test value for TestDAC2
shows the value of ADC | and Q channels

reserved for production tests

All information provided in this document is subject to legal disclaimers.

Refer to

Table 87 on page 56

Table 89 on page 56

Table 91 on page 57

Table 93 on page 57

Table 95 on page 57

Table 97 on page 58

Table 99 on page 58

Table 101 on page 59

Table 103 on page 59

Table 105 on page 59
Table 107 on page 60
Table 109 on page 61
Table 111 on page 61
Table 113 on page 62
Table 115 on page 62

Table 117 on page 62
Table 119 on page 62
Table 121 on page 63
Table 123 on page 63
Table 125 on page 64
Table 127 on page 64
Table 129 on page 65
Table 131 on page 65
Table 133 on page 66
Table 135 on page 67
Table 137 on page 67
Table 139 on page 67
Table 141 to Table 147

on page 68
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9.3

9.3.1

9.3.1.1

9.3.1.2

9.3.1.3
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Register descriptions

Page 0: Command and status

Reserved register 00h
Functionality is reserved for future use.

Table 21. Reserved register (address 00h); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 22. Reserved register bit descriptions
Bit Symbol Description
7t00 - reserved

CommandReg register

Starts and stops command execution.

Table 23. CommandReg register (address 01h); reset value: 20h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol: reserved RcvOff  PowerDown Command[3:0]
Access: - R/W D D

Table 24. CommandReg register bit descriptions

Bit Symbol Value Description

7106 reserved - reserved for future use
5 RcvOff

4 PowerDown

analog part of the receiver is switched off
Soft power-down mode entered

o R

MFRC522 starts the wake up procedure during which this bit is
read as a logic 1; it is read as a logic 0 when the MFRC522 is
ready; see Section 8.6.2 on page 32

Remark: The PowerDown bit cannot be set when the SoftReset
command is activated

3to 0 Command[3:0] - activates a command based on the Command value; reading this
register shows which command is executed; see Section 10.3 on

page 69

ComlEnReg register
Control bits to enable and disable the passing of interrupt requests.

Table 25. ComlEnReg register (address 02h); reset value: 80h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol IRqInv TxIEn RxIEn IdlelEn  HiAlertlEn LoAlertlEn  ErrlEn  TimerlEn
Access R/W R/W R/W R/W R/W R/W R/W R/W
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9.3.14

9.3.1.5
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Table 26. ComlEnReg register bit descriptions
Bit Symbol Value Description

7 IRqlnv 1 signal on pin IRQ is inverted with respect to the Status1Reg register’s
IRq bit
0 signal on pin IRQ is equal to the IRq bit; in combination with the

DivIEnReg register’s IRqPushPull bit, the default value of logic 1 ensures
that the output level on pin IRQ is 3-state

6 TxIEn - allows the transmitter interrupt request (TxIRq bit) to be propagated to
pin IRQ
5 RxIEn - allows the receiver interrupt request (RxIRq bit) to be propagated to pin
IRQ
IdlelEn - allows the idle interrupt request (IdlelRq bit) to be propagated to pin IRQ
3 HiAlertlEn - allows the high alert interrupt request (HiAlertIRq bit) to be propagated to
pin IRQ
2 LoAlertlEn - allows the low alert interrupt request (LoAlertIRq bit) to be propagated to
pin IRQ
ErrlEn - allows the error interrupt request (ErrIRq bit) to be propagated to pin IRQ
0 TimerlEn - allows the timer interrupt request (TimerlRq bit) to be propagated to pin

IRQ

DivIEnReg register
Control bits to enable and disable the passing of interrupt requests.

Table 27. DivlEnReg register (address 03h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol IRQPushPull  reserved  MfinActlEn reserved CRCIEN reserved
Access R/W - R/W - R/W -

Table 28. DivlEnReg register bit descriptions

Bit Symbol Value Description
7 IRQPushPull 1 pin IRQ is a standard CMOS output pin
0 pin IRQ is an open-drain output pin
6to5 reserved - reserved for future use
4 MfinActlEn - allows the MFIN active interrupt request to be propagated to
pin IRQ
reserved - reserved for future use
CRCIENn - allows the CRC interrupt request, indicated by the DivirqgReg

register’'s CRCIR(q bit, to be propagated to pin IRQ
1to 0 reserved - reserved for future use

ComlirgReg register
Interrupt request bits.

Table 29. ComlrqReg register (address 04h); reset value: 14h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol Setl TxIRg RxIRg |IdlelRq HiAlertiRqg LoAlertiRqg ErrlRq TimerlRq
Access w D D D D D D D
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Table 30. ComlrgReg register bit descriptions
All bits in the ComlIrgReg register are cleared by software.

Bit Symbol

7 Setl
TxIRq
RxIRq

4 IdlelRq

3 HiAlertiRg

2 LoAlertlIRq
ErrlIRq

0 TimerlRq

Value Description

1 indicates that the marked bits in the ComlIrqReg register are set

0 indicates that the marked bits in the ComIrgReg register are cleared
1 set immediately after the last bit of the transmitted data was sent out
1 receiver has detected the end of a valid data stream

if the RxModeReg register’'s RxNoErr bit is set to logic 1, the RxIRq bit is
only set to logic 1 when data bytes are available in the FIFO

1 If a command terminates, for example, when the CommandReg changes
its value from any command to the Idle command (see Table 149 on
page 69)
if an unknown command is started, the CommandReg register
Command[3:0] value changes to the idle state and the IdlelRq bit is set

The microcontroller starting the Idle command does not set the IdlelRq
bit
1 the Status1Reg register’s HiAlert bit is set

in opposition to the HiAlert bit, the HiAlertIRq bit stores this event and
can only be reset as indicated by the Set1 bit in this register

1 Status1Reg register’s LoAlert bit is set

in opposition to the LoAlert bit, the LoAlertIRq bit stores this event and
can only be reset as indicated by the Set1 bit in this register

BN

any error bit in the ErrorReg register is set

[EEY

the timer decrements the timer value in register TCounterValReg to zero

9.3.1.6 DivirgReg register

Interrupt request bits.

Table 31. DivilrgReg register (address 05h); reset value: xOh bit allocation

Bit 7

Symbol Set2

Access W

6 5 4 3 2 1 0
reserved MfinActiRqg reserved CRCIR(q reserved
- D - D -

Table 32. DivirqgReg register bit descriptions
All bits in the DivirgReg register are cleared by software.

Bit Symbol
7 Set2

6to5 reserved

Value Description

1 indicates that the marked bits in the DivirqReg register are set

0 indicates that the marked bits in the DivirqgReg register are cleared
- reserved for future use

4 MfinActiRg 1 MFIN is active

3 reserved
2 CRCIRq
1to 0 reserved

this interrupt is set when either a rising or falling signal edge is
detected

- reserved for future use
1 the CalcCRC command is active and all data is processed
- reserved for future use

MFRC522
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9.3.1.7 ErrorReg register

Error bit register showing the error status of the last command executed.

Table 33. ErrorReg register (address 06h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol WrErr TempErr reserved BufferOvfl CollErr CRCErr  ParityErr  ProtocolErr
Access R R - R R R R R

Table 34. ErrorReg register bit descriptions
Bit Symbol Value Description

7  WrErr 1 data is written into the FIFO buffer by the host during the MFAuthent
command or if data is written into the FIFO buffer by the host during the
time between sending the last bit on the RF interface and receiving the
last bit on the RF interface

6 TempErrll 1 internal temperature sensor detects overheating, in which case the
antenna drivers are automatically switched off
5 reserved - reserved for future use
BufferOvfl 1 the host or a MFRC522’s internal state machine (e.g. receiver) tries to

write data to the FIFO buffer even though it is already full
3 CollErr 1 a bit-collision is detected

cleared automatically at receiver start-up phase

only valid during the bitwise anticollision at 106 kBd

always set to logic 0 during communication protocols at 212 kBd,
424 kBd and 848 kBd

2 CRCErr 1 the RxModeReg register’'s RXxCRCERn bit is set and the CRC calculation
fails

automatically cleared to logic O during receiver start-up phase
1 ParityErr 1 parity check failed

automatically cleared during receiver start-up phase

only valid for ISO/IEC 14443 A/MIFARE communication at 106 kBd
0 ProtocolErr 1 set to logic 1 if the SOF is incorrect

automatically cleared during receiver start-up phase

bit is only valid for 106 kBd

during the MFAuthent command, the ProtocolErr bit is set to logic 1 if the
number of bytes received in one data stream is incorrect

[1] Command execution clears all error bits except the TempErr bit. Cannot be set by software.
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9.3.1.8 StatuslReg register
Contains status bits of the CRC, interrupt and FIFO buffer.

Table 35. Status1Reg register (address 07h); reset value: 21h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved CRCOk CRCReady IRq TRunning reserved HiAlert LoAlert
Access - R R R R - R R

Table 36. Statusl1Reg register bit descriptions

Bit Symbol Value Description
7  reserved - reserved for future use
6 CRCOk 1 the CRC result is zero

for data transmission and reception, the CRCOKk bit is undefined: use the
ErrorReg register’'s CRCErr bit

indicates the status of the CRC coprocessor, during calculation the value
changes to logic 0, when the calculation is done correctly the value
changes to logic 1

5 CRCReady 1 the CRC calculation has finished
only valid for the CRC coprocessor calculation using the CalcCRC
command

4 IRq - indicates if any interrupt source requests attention with respect to the
setting of the interrupt enable bits: see the ComIEnReg and DivIEnReg
registers

3 TRunning 1 MFRC522’s timer unit is running, i.e. the timer will decrement the

TCounterValReg register with the next timer clock

Remark: in gated mode, the TRunning bit is set to logic 1 when the
timer is enabled by TModeReg register’'s TGated[1:0] bits; this bit is not
influenced by the gated signal

2  reserved - reserved for future use
HiAlert 1 the number of bytes stored in the FIFO buffer corresponds to equation:
HiAlert = (64 - FIFOLength) <WaterLevel
example:

FIFO length = 60, WaterLevel = 4 — HiAlert = 1
FIFO length = 59, WaterLevel = 4 — HiAlert = 0

0 LoAlert 1 the number of bytes stored in the FIFO buffer corresponds to equation:
LoAlert = FIFOLength <WaterLevel
example:

FIFO length = 4, WaterLevel =4 — LoAlert =1
FIFO length = 5, WaterLevel = 4 — LoAlert =0
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9.3.1.9 Status2Reg register
Contains status bits of the receiver, transmitter and data mode detector.

Table 37. Status2Reg register (address 08h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TempSensClear [2CForceHS reserved MFCrypto1On ModemState[2:0]
Access R/W R/W - D R

Table 38. Status2Reg register bit descriptions

Bit Symbol Value Description
7 TempSensClear 1 clears the temperature error if the temperature is below the
alarm limit of 125 °C
6 I2CForceHS I2C-bus input filter settings:
1 the 12C-bus input filter is set to the High-speed mode
independent of the 12C-bus protocol
0 the 12C-bus input filter is set to the 12C-bus protocol used
5to4 reserved - reserved
3 MFCryptolOn - indicates that the MIFARE Cryptol unit is switched on and

therefore all data communication with the card is encrypted

can only be set to logic 1 by a successful execution of the
MFAuthent command

only valid in Read/Write mode for MIFARE standard cards
this bit is cleared by software

2to 0 ModemState[2:0] - shows the state of the transmitter and receiver state
machines:
000 idle
001 wait for the BitFramingReg register’s StartSend bit
010 TxWait: wait until RF field is present if the TModeReg

register’'s TxWaitRF bit is set to logic 1
the minimum time for TxWait is defined by the TxWaitReg

register
011 transmitting
100 RxWait: wait until RF field is present if the TModeReg

register’'s TxWaitRF bit is set to logic 1

the minimum time for RxWait is defined by the
RxWaitReg register

101 wait for data

110 receiving
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FIFODataReg register
Input and output of 64 byte FIFO buffer.

Table 39. FIFODataReg register (address 09h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol FIFOData[7:0]
Access D

Table 40. FIFODataReg register bit descriptions
Bit Symbol Description
7t00 FIFOData[7:0] data input and output port for the internal 64-byte FIFO buffer

FIFO buffer acts as parallel in/parallel out converter for all serial data
stream inputs and outputs

FIFOLevelReg register
Indicates the number of bytes stored in the FIFO.

Table 41. FIFOLevelReg register (address 0Ah); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol  FlushBuffer FIFOLevel[6:0]
Access W R

Table 42. FIFOLevelReg register bit descriptions
Bit Symbol Value Description

7 FlushBuffer 1 immediately clears the internal FIFO buffer’s read and write pointer
and ErrorReg register’s BufferOvfl bit

reading this bit always returns 0
6to 0 FIFOLevel - indicates the number of bytes stored in the FIFO buffer

[6:0] writing to the FIFODataReg register increments and reading
decrements the FIFOLevel value

WaterLevelReg register
Defines the level for FIFO under- and overflow warning.

Table 43. WaterLevelReg register (address 0Bh); reset value: 08h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved WaterLevel[5:0]
Access - R/W
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Table 44. WaterLevelReg register bit descriptions

Bit Symbol Description

7t06 reserved reserved for future use

5t00 WaterLevel defines a warning level to indicate a FIFO buffer overflow or underflow:
[5:0] Status1Reg register’s HiAlert bit is set to logic 1 if the remaining

number of bytes in the FIFO buffer space is equal to, or less than the
defined number of WaterLevel bytes

Status1Reg register’s LoAlert bit is set to logic 1 if equal to, or less
than the WaterLevel bytes in the FIFO buffer

Remark: to calculate values for HiAlert and LoAlert see
Section 9.3.1.8 on page 41.

9.3.1.13 ControlReg register
Miscellaneous control bits.

Table 45. ControlReg register (address 0Ch); reset value: 10h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TStopNow TStartNow reserved RxLastBits[2:0]
Access w w - R

Table 46. ControlReg register bit descriptions

Bit Symbol Value Description
7 TStopNow 1 timer stops immediately
reading this bit always returns it to logicO
6 TStartNow 1 timer starts immediately
reading this bit always returns it to logic 0
5t0 3 reserved - reserved for future use
2t0 0 RxLastBits[2:0] - indicates the number of valid bits in the last received byte

if this value is 000b, the whole byte is valid
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BitFramingReg register
Adjustments for bit-oriented frames.

Table 47. BitFramingReg register (address 0Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol  StartSend RxAlign[2:0] reserved TxLastBits[2:0]
Access W R/W - R/W

Table 48. BitFramingReg register bit descriptions
Bit Symbol Value Description
7 StartSend 1 starts the transmission of data
only valid in combination with the Transceive command

6to 4 RxAlign[2:0] used for reception of bit-oriented frames: defines the bit
position for the first bit received to be stored in the FIFO buffer

example:

0 LSB of the received bit is stored at bit position 0, the second
received bit is stored at bit position 1

1 LSB of the received bit is stored at bit position 1, the second
received bit is stored at bit position 2

7 LSB of the received bit is stored at bit position 7, the second
received bit is stored in the next byte that follows at bit
position 0

These bits are only to be used for bitwise anticollision at
106 kBd, for all other modes they are set to 0

3 reserved - reserved for future use
2t00 TxLastBits[2:0]

used for transmission of bit oriented frames: defines the
number of bits of the last byte that will be transmitted

000b indicates that all bits of the last byte will be transmitted

CollReg register

Defines the first bit-collision detected on the RF interface.

Table 49. CollReg register (address OEh); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol ValuesAfterColl reserved CollPosNotValid CollPos[4:0]
Access R/W - R R

Table 50. CollReg register bit descriptions
Bit Symbol Value Description
7 ValuesAfterColl 0 all received bits will be cleared after a collision

only used during bitwise anticollision at 106 kBd,
otherwise it is set to logic 1

reserved - reserved for future use

CollPosNotValid 1 no collision detected or the position of the collision is
out of the range of CollPos[4:0]
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Table 50. CollReg register bit descriptions ...continued
Bit Symbol Value Description

4100 CollPos[4:0] - shows the bit position of the first detected collision in a
received frame

only data bits are interpreted

example:
00h indicates a bit-collision in the 32nd bit
01lh indicates a bit-collision in the 15t bit
08h indicates a bit-collision in the 8t bit

These bits will only be interpreted if the
CollPosNotValid bit is set to logic 0

9.3.1.16 Reserved register OFh
Functionality is reserved for future use.

Table 51. Reserved register (address OFh); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 52. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

9.3.2 Page 1: Communication

9.3.2.1 Reserved register 10h
Functionality is reserved for future use.

Table 53. Reserved register (address 10h); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 54. Reserved register bit descriptions

Bit Symbol Description

7t00 reserved reserved for future use
MFRC522 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
Product data sheet Rev. 3.6 — 14 December 2011

COMPANY PUBLIC 112136 46 of 94



NXP Semiconductors MFRCSZZ

Contactless reader IC

9.3.2.2 ModeReg register

Defines general mode settings for transmitting and receiving.

Table 55. ModeReg register (address 11h); reset value: 3Fh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol MSBFirst reserved TxWaitRF reserved PolMFin reserved CRCPreset[1:0]
Access R/W - R/W - R/W - R/W

Table 56. ModeReg register bit descriptions
Bit Symbol Value Description

7 MSBFirst 1 CRC coprocessor calculates the CRC with MSB first

in the CRCResultReg register the values for the
CRCResultMSBJ[7:0] bits and the CRCResultLSBJ[7:0] bits are bit
reversed

Remark: during RF communication this bit is ignored

6 reserved - reserved for future use
5 TxWaitRF 1 transmitter can only be started if an RF field is generated
4 reserved - reserved for future use
3 PolMFin defines the polarity of pin MFIN
Remark: the internal envelope signal is encoded active LOW,
changing this bit generates a MFinActIRq event
polarity of pin MFIN is active HIGH
0 polarity of pin MFIN is active LOW
2 reserved - reserved for future use
1to0 CRCPreset defines the preset value for the CRC coprocessor for the CalcCRC
[1:0] command

Remark: during any communication, the preset values are
selected automatically according to the definition of bits in the
RxModeReg and TxModeReg registers

00 0000h
01 6363h
10 A671h
11 FFFFh

9.3.2.3 TxModeReg register

Defines the data rate during transmission.

Table 57. TxModeReg register (address 12h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TxCRCEn TxSpeed[2:0] InvMod reserved
Access R/W D R/W -
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Table 58. TxModeReg register bit descriptions

Bit Symbol Value Description
7 TXCRCEnN 1 enables CRC generation during data transmission
Remark: can only be set to logic 0 at 106 kBd
6to4 TxSpeed[2:0] defines the bit rate during data transmission
the MFRC522 handles transfer speeds up to
848 kBd
000 106 kBd
001 212 kBd
010 424 kBd
011 848 kBd
100 reserved
101 reserved
110 reserved
111 reserved
3 InvMod 1 modulation of transmitted data is inverted
2t00 reserved - reserved for future use

9.3.2.4 RxModeReg register

Defines the data rate during reception.

Table 59. RxModeReg register (address 13h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RxCRCEn RxSpeed[2:0] RxNOErr RxMultiple reserved
Access R/W D R/W R/W -

Table 60. RxModeReg register bit descriptions

Bit Symbol Value Description
7 RxCRCEn 1 enables the CRC calculation during reception
Remark: can only be set to logic O at 106 kBd
6to4 RxSpeed[2:0] defines the bit rate while receiving data
the MFRC522 handles transfer speeds up to 848 kBd
000 106 kBd
001 212 kBd
010 424 kBd
011 848 kBd
100 reserved
101 reserved
110 reserved
111 reserved
3 RxNoOErr 1 an invalid received data stream (less than 4 bits received) will

be ignored and the receiver remains active
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Table 60. RxModeReg register bit descriptions ...continued

Bit Symbol Value Description
2 RxMultiple 0 receiver is deactivated after receiving a data frame
1 able to receive more than one data frame

only valid for data rates above 106 kBd in order to handle the
polling command

after setting this bit the Receive and Transceive commands will
not terminate automatically. Multiple reception can only be
deactivated by writing any command (except the Receive
command) to the CommandReg register, or by the host clearing
the bit

if set to logic 1, an error byte is added to the FIFO buffer at the
end of a received data stream which is a copy of the ErrorReg
register value. For the MFRC522 version 2.0 the CRC status is
reflected in the signal CRCOk, which indicates the actual status
of the CRC coprocessor. For the MFRC522 version 1.0 the CRC
status is reflected in the signal CRCEtr.

1to 0 reserved - reserved for future use

9.3.2.5 TxControlReg register
Controls the logical behavior of the antenna driver pins TX1 and TX2.

Table 61. TxControlReg register (address 14h); reset value: 80h bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol InvTx2RF InvTx1RF InvTx2RF InvTx1RF Tx2CW reserved Tx2RFEn Tx1RFEn
On On Off Off

Access R/W R/W R/W R/W R/W - R/W R/W

Table 62. TxControlReg register bit descriptions

Bit Symbol Value Description
7 InvTx2RFOn 1 output signal on pin TX2 inverted when driver TX2 is enabled
6 InvTx1RFOn 1 output signal on pin TX1 inverted when driver TX1 is enabled
5 InvTx2RFOff 1 output signal on pin TX2 inverted when driver TX2 is disabled
4  InvTx1RFOff 1 output signal on pin TX1 inverted when driver TX1 is disabled
3  Tx2CW 1 output signal on pin TX2 continuously delivers the unmodulated
13.56 MHz energy carrier
0 Tx2CW bit is enabled to modulate the 13.56 MHz energy carrier
reserved - reserved for future use
Tx2RFEN 1 output signal on pin TX2 delivers the 13.56 MHz energy carrier
modulated by the transmission data
0 Tx1RFEn 1 output signal on pin TX1 delivers the 13.56 MHz energy carrier
modulated by the transmission data
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9.3.2.6 TxASKReg register

Controls transmit modulation settings.

Table 63. TxASKReg register (address 15h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved Forcel00ASK reserved
Access - R/W -

Table 64. TxASKReg register bit descriptions

Bit Symbol Value Description
7 reserved - reserved for future use
6 ForcelO0ASK 1 forces a 100 % ASK modulation independent of the ModGsPReg

register setting
5to 0 reserved - reserved for future use

9.3.2.7 TxSelReg register
Selects the internal sources for the analog module.

Table 65. TxSelReg register (address 16h); reset value: 10h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol: reserved DriverSel[1:0] MFOutSel[3:0]
Access: - R/W R/W

Table 66. TxSelReg register bit descriptions

Bit Symbol  Value Description
7to6 reserved - reserved for future use
5to 4 DriverSel - selects the input of drivers TX1 and TX2
[1:0] 00 3-state; in soft power-down the drivers are only in 3-state
mode if the DriverSel[1:0] value is set to 3-state mode
01 modulation signal (envelope) from the internal encoder, Miller
pulse encoded
10 modulation signal (envelope) from pin MFIN
11 HIGH; the HIGH level depends on the setting of bits

INVTX1RFON/InvTx1RFOff and InvTx2RFON/InvTx2RFOff
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Table 66. TxSelReg register bit descriptions ...continued

Bit Symbol  Value Description
3to 0 MFOutSel selects the input for pin MFOUT
[3:0] 0000 3-state
0001 LOW
0010 HIGH
0011 test bus signal as defined by the TestSellReg register’s
TstBusBitSel[2:0] value
0100 modulation signal (envelope) from the internal encoder, Miller
pulse encoded
0101 serial data stream to be transmitted, data stream before Miller
encoder
0110 reserved
0111 serial data stream received, data stream after Manchester
decoder

1000 to 1111 reserved

9.3.2.8 RxSelReqg register

Selects internal receiver settings.

Table 67. RxSelReg register (address 17h); reset value: 84h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol UARTSel[1:0] RxWait[5:0]
Access R/W R/W

Table 68. RxSelReg register bit descriptions

Bit Symbol Value Description
7t06 UARTSel selects the input of the contactless UART
(1:0] 00 constant LOW
01 Manchester with subcarrier from pin MFIN
10 modulated signal from the internal analog module, default

11 NRZ coding without subcarrier from pin MFIN which is only valid
for transfer speeds above 106 kBd

5t0 0 RxWait - after data transmission the activation of the receiver is delayed for
[5:0] RxWait bit-clocks, during this ‘frame guard time’ any signal on pin RX
is ignored

this parameter is ignored by the Receive command

all other commands, such as Transceive, MFAuthent use this
parameter

the counter starts immediately after the external RF field is switched
on
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RxThresholdReg register
Selects thresholds for the bit decoder.

Table 69. RxThresholdReg register (address 18h); reset value: 84h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol MinLevel[3:0] reserved CollLevel[2:0]
Access R/W - R/W

Table 70. RxThresholdReg register bit descriptions

Bit Symbol Description
7t04 MinLevel defines the minimum signal strength at the decoder input that will be
[3:0] accepted
if the signal strength is below this level it is not evaluated
3 reserved reserved for future use
2t00 CollLevel defines the minimum signal strength at the decoder input that must be
[2:0] reached by the weaker half-bit of the Manchester encoded signal to

generate a bit-collision relative to the amplitude of the stronger half-bit

DemodReg register
Defines demodulator settings.

Table 71. DemodReg register (address 19h); reset value: 4Dh bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol AddIQ[1:0] FixlQ  TPrescal TauRcv[1:0] TauSync[1:0]
Even

Access R/W R/W R/W R/W R/W

Table 72. DemodReqg register bit descriptions

Bit Symbol Value Description
7t0 6 AddIQ - defines the use of | and Q channel during reception
(1:0] Remark: the FixIQ bit must be set to logic 0 to enable the following
settings:
00 selects the stronger channel
01 selects the stronger channel and freezes the selected channel
during communication

10 reserved
11 reserved

5 FixIQ 1 if AddIQ[1:0] are set to X0b, the reception is fixed to | channel

if AddIQ[1:0] are set to X1b, the reception is fixed to Q channel
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Table 72. DemodReg register bit descriptions ...continued
Bit Symbol Value Description
4 TPrescalEven R/W  Available on RC522 version 1.0 and version 2.0:

If set to logic 0 the following formula is used to calculate the timer
frequency of the prescaler:

ftimer = 13.56 MHz / (2*TPreScaler+1).
Only available on version 2.0:
If set to logic 1 the following formula is used to calculate the timer
frequency of the prescaler:
ftimer = 13.56 MHz / (2*TPreScaler+2).
Default TPrescalEven bit is logic 0, find more information on the
prescaler in Section 8.5.

3to2 TauRcv[1:0] - changes the time-constant of the internal PLL during data
reception

Remark: if set to 00b the PLL is frozen during data reception
1to 0 TauSync[1:0] - changes the time-constant of the internal PLL during burst

Reserved register 1Ah

Functionality is reserved for future use.

Table 73. Reserved register (address 1Ah); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0

Symbol reserved

Access -

Table 74. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

Reserved register 1Bh
Functionality is reserved for future use.

Table 75. Reserved register (address 1Bh); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 76. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

MfTxReg register
Controls some MIFARE communication transmit parameters.
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Table 77. MfTxReg register (address 1Ch); reset value: 62h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved TxWait[1:0]
Access - R/W

Table 78. MfTxReg register bit descriptions

Bit Symbol Description
7t02 reserved reserved for future use
1to0 TxWait defines the additional response time

7 bits are added to the value of the register bit by default

MfRxReg register

Table 79. MfRxReg register (address 1Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved ParityDisable reserved
Access - R/W -

Table 80. MfRxReg register bit descriptions

Bit  Symbol Value Description
7to5 reserved - reserved for future use
4 ParityDisable 1 generation of the parity bit for transmission and the parity check for

receiving is switched off
the received parity bit is handled like a data bit
3to 0 reserved - reserved for future use

Reserved register 1Eh
Functionality is reserved for future use.
Table 81. Reserved register (address 1Eh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0

Symbol reserved

Access -

Table 82. Reserved register bit descriptions

Bit Symbol Description
7to0 reserved reserved for future use

SerialSpeedReg register
Selects the speed of the serial UART interface.

Table 83. SerialSpeedReg register (address 1Fh); reset value: EBh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol BR_TO0[2:0] BR_T1[4:0]
Access R/W R/W
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Table 84. SerialSpeedReg register bit descriptions
Bit Symbol Description

7t05 BR_T0[2:0] factor BR_TO adjusts the transfer speed: for description, see
Section 8.1.3.2 on page 12

4100 BR_T1[4:0] factor BR_T1 adjusts the transfer speed: for description, see
Section 8.1.3.2 on page 12
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Page 2: Configuration

Reserved register 20h
Functionality is reserved for future use.

Table 85. Reserved register (address 20h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol -

Access reserved

Table 86. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

CRCResultReg registers
Shows the MSB and LSB values of the CRC calculation.

Remark: The CRC is split into two 8-bit registers.

Table 87. CRCResultReg (higher bits) register (address 21h); reset value: FFh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CRCResultMSBJ[7:0]
Access R

Table 88. CRCResultReg register higher bit descriptions

Bit Symbol Description
7t00 CRCResultMSB  shows the value of the CRCResultReg register’s most significant
[7:0] byte

only valid if Status1Reg register's CRCReady bit is set to logic 1

Table 89. CRCResultReg (lower bits) register (address 22h); reset value: FFh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CRCResultLSBJ[7:0]
Access R

Table 90. CRCResultReg register lower bit descriptions

Bit Symbol Description
7t00 CRCResultLSB  shows the value of the least significant byte of the CRCResultReg
[7:0] register

only valid if Status1Reg register's CRCReady bit is set to logic 1
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Reserved register 23h
Functionality is reserved for future use.
Table 91. Reserved register (address 23h); reset value: 88h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 92. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use

ModWidthReg register
Sets the modulation width.

Table 93. ModWidthReg register (address 24h); reset value: 26h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol ModWidth[7:0]
Access R/W

Table 94. ModWidthReg register bit descriptions
Bit Symbol Description

7t00 ModWidth[7:0] defines the width of the Miller modulation as multiples of the carrier
frequency (ModWidth + 1 / f.y)

the maximum value is half the bit period

Reserved register 25h
Functionality is reserved for future use.

Table 95. Reserved register (address 25h); reset value: 87h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 96. Reserved register bit descriptions
Bit Symbol Description
7t00 reserved reserved for future use
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RFCfgReg register

Configures the receiver gain.

Table 97. RFCfgReg register (address 26h); reset value: 48h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved RxGain[2:0] reserved
Access - R/W -

Table 98. RFCfgReg register bit descriptions

Bit Symbol Value  Description
7 reserved - reserved for future use
6to4 RxGain defines the receiver’s signal voltage gain factor:
[2:0] 000 18 dB
001 23 dB
010 18 dB
011 23 dB
100 33dB
101 38dB
110 43 dB
111 48 dB
3to0 reserved - reserved for future use

GsNReg register

Defines the conductance of the antenna driver pins TX1 and TX2 for the n-driver when the
driver is switched on.

Table 99. GsNReg register (address 27h); reset value: 88h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol CWGsN[3:0] ModGsN[3:0]
Access R/W R/W

Table 100. GsNReg register bit descriptions

Bit Symbol Description

7t04 CWGsN defines the conductance of the output n-driver during periods without
[3:0] modulation which can be used to regulate the output power and
subsequently current consumption and operating distance

Remark: the conductance value is binary-weighted
during soft Power-down mode the highest bit is forced to logic 1
value is only used if driver TX1 or TX2 is switched on

3to0 ModGsN defines the conductance of the output n-driver during periods without
[3:0] modulation which can be used to regulate the modulation index

Remark: the conductance value is binary weighted
during soft Power-down mode the highest bit is forced to logic 1
value is only used if driver TX1 or TX2 is switched on
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CWGsPReg register
Defines the conductance of the p-driver output during periods of no modulation.

Table 101. CWGsPReg register (address 28h); reset value: 20h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved CWGsP[5:0]
Access - R/W

Table 102. CWGsPReg register bit descriptions
Bit Symbol Description
7t06 reserved reserved for future use

5t00 CWGsP[5:0] defines the conductance of the p-driver output which can be used to
regulate the output power and subsequently current consumption and

operating distance
Remark: the conductance value is binary weighted
during soft Power-down mode the highest bit is forced to logic 1

ModGsPReg register
Defines the conductance of the p-driver output during modulation.

Table 103. ModGsPReg register (address 29h); reset value: 20h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved ModGsP[5:0]
Access - R/W

Table 104. ModGsPReg register bit descriptions

Bit Symbol Description
7t06 reserved reserved for future use
5t00 ModGsP[5:0] defines the conductance of the p-driver output during modulation

which can be used to regulate the modulation index
Remark: the conductance value is binary weighted
during soft Power-down mode the highest bit is forced to logic 1

if the TXASKReg register’'s Forcel00ASK bit is set to logic 1 the value
of ModGsP has no effect

TModeReg and TPrescalerReg registers

These registers define the timer settings.

Remark: The TPrescaler setting higher 4 bits are in the TModeReg register and the lower
8 bits are in the TPrescalerReg register.

Table 105. TModeReg register (address 2Ah); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TAuto TGated[1:0] TAutoRestart TPrescaler_Hi[3:0]
Access R/W R/W R/W R/W
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Table 106. TModeReg register bit descriptions

Bit Symbol

7 TAuto 1
0

6to5 TGated[1:0]
00
01
10
11

4 TAutoRestart 1
0

3to 0 TPrescaler_Hi[3:0] -

Value

Description

timer starts automatically at the end of the transmission in
all communication modes at all speeds

if the RxModeReqg register’s RxMultiple bit is not set, the
timer stops immediately after receiving the 5th bit (1 start_
bit, 4 data bits)

if the RxMultiple bit is set to logic 1 the timer never stops, in
which case the timer can be stopped by setting the
ControlReg register’s TStopNow bit to logic 1

indicates that the timer is not influenced by the protocol
internal timer is running in gated mode

Remark: in gated mode, the Status1Reg register’s
TRunning bit is logic 1 when the timer is enabled by the
TModeReg register’s TGated[1:0] bits

this bit does not influence the gating signal
non-gated mode
gated by pin MFIN
gated by pin AUX1

timer automatically restarts its count-down from the 16-bit
timer reload value instead of counting down to zero

timer decrements to 0 and the ComlirqReg register’s
TimerIRq bit is set to logic 1

defines the higher 4 bits of the TPrescaler value

The following formula is used to calculate the timer
frequency if the DemodReg register’s TPrescalEven bit in
Demot Regis set to logic O:

ftimer = 13.56 MHz / (2*TPreScaler+1).

Where TPreScaler = [TPrescaler_Hi:TPrescaler_L0]
(TPrescaler value on 12 bits) (Default TPrescalEven

bit is logic 0)
The following formula is used to calculate the timer

frequency if the DemodReg register’s TPrescalEven bit is
set to logic 1:

ftimer = 13.56 MHz / (2*TPreScaler+2).
See Section 8.5 “Timer unit”.

Table 107. TPrescalerReg register (address 2Bh); reset value: 00h bit allocation
Bit 7 6 4 3 2 1 0
Symbol TPrescaler_Lo[7:0]
Access R/W
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Table 108. TPrescalerReg register bit descriptions
Bit Symbol Description
7t00 TPrescaler_Lo[7:0] defines the lower 8 bits of the TPrescaler value

The following formula is used to calculate the timer frequency if the
DemodReg register’s TPrescalEven bit is set to logic O:

ftimer = 13.56 MHz / (2*TPreScaler+1).

Where TPreScaler = [TPrescaler_Hi:TPrescaler_Lo] (TPrescaler
value on 12 bits) (Default TPrescalEven bit is logic 0)

The following formula is used to calculate the timer frequency if the
DemodReg register’'s TPrescalEven bit inDemoReg is set to logic 1:

fiimer = 13.56 MHz / (2*TPreScaler+2).
See Section 8.5 “Timer unit”.

TReloadReg register
Defines the 16-bit timer reload value.

Remark: The reload value bits are contained in two 8-bit registers.

Table 109. TReloadReg (higher bits) register (address 2Ch); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TReloadVal_Hi[7:0]
Access R/W

Table 110. TReloadReg register higher bit descriptions

Bit Symbol Description
710 0 TReloadVal_Hi[7:0] defines the higher 8 bits of the 16-bit timer reload value
on a start event, the timer loads the timer reload value
changing this register affects the timer only at the next start event

Table 111. TReloadReg (lower bits) register (address 2Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TReloadVal_Lo[7:0]
Access R/W

Table 112. TReloadReg register lower bit descriptions

Bit Symbol Description
7100 TReloadVal_Lo[7:0] defines the lower 8 bits of the 16-bit timer reload value
on a start event, the timer loads the timer reload value
changing this register affects the timer only at the next start event

TCounterValReg register
Contains the timer value.

Remark: The timer value bits are contained in two 8-bit registers.
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Table 113. TCounterValReg (higher bits) register (address 2Eh); reset value: xxh bit
allocation

Bit 7 6 5 4 3 2 1 0

Symbol TCounterVal_Hi[7:0]

Access R

Table 114. TCounterValReg register higher bit descriptions

Bit Symbol Description

7100 TCounterVal_Hi timer value higher 8 bits
[7:0]

Table 115. TCounterValReg (lower bits) register (address 2Fh); reset value: xxh bit
allocation

Bit 7 6 5 4 3 2 1 0

Symbol TCounterVal_Lo[7:0]

Access R

Table 116. TCounterValReg register lower bit descriptions

Bit Symbol Description

7t00 TCounterVal_Lo timer value lower 8 bits
[7:0]

Page 3: Test

Reserved register 30h

Functionality is reserved for future use.

Table 117. Reserved register (address 30h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 118. Reserved register bit descriptions

Bit Symbol Description

7t00 reserved reserved for future use

TestSellReg register

General test signal configuration.

Table 119. TestSellReg register (address 31h); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved TstBusBitSel[2:0]
Access - R/W
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Table 120. TestSellReg register bit descriptions

Bit Symbol Description

7t03 reserved reserved for future use

2t00 TstBusBitSel  selects a test bus signal which is output at pin MFOUT

(2:0] if AnalogSelAux2[3:0] = FFh in AnalogTestReg register, test bus signal
is also output at pins AUX1 or AUX2

TestSel2Reg register
General test signal configuration and PRBS control.

Table 121. TestSel2Reg register (address 32h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol  TstBusFlip PRBS9 PRBS15 TestBusSel[4:0]
Access R/W R/W R/W R/W

Table 122. TestSel2Reg register bit descriptions
Bit Symbol Value Description
7 TstBusFlip 1 test bus is mapped to the parallel port in the following order:

TstBusBit4, TstBusBit3, TstBusBit2, TstBusBit6, TstBusBit5,
TstBusBitO; see Section 16.1 on page 81

6 PRBS9 - starts and enables the PRBS9 sequence according to ITU-TO150

Remark: all relevant registers to transmit data must be
configured before entering PRBS9 mode

the data transmission of the defined sequence is started by the
Transmit command

5 PRBS15 - starts and enables the PRBS15 sequence according to
ITU-TO150
Remark: all relevant registers to transmit data must be
configured before entering PRBS15 mode
the data transmission of the defined sequence is started by the
Transmit command

”

4t00 TestBusSel[4:0] selects the test bus; see Section 16.1 “Test signals

TestPinEnReg register
Enables the test bus pin output driver.

Table 123. TestPinEnReg register (address 33h); reset value: 80h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RS232LineEn TestPinEn[5:0] reserved
Access R/W R/W -
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Table 124. TestPinEnReg register bit descriptions

Bit  Symbol Value Description
7 RS232LineEn 0 serial UART lines MX and DTRQ are disabled
6to1 TestPinEn - enables the output driver on one of the data pins D1 to D7 which
[5:0] outputs a test signal
Example:

setting bit 1 to logic 1 enables pin D1 output
setting bit 5 to logic 1 enables pin D5 output

Remark: If the SPI is used, only pins D1 to D4 can be used. If the
serial UART interface is used and the RS232LineEn bit is set to
logic 1 only pins D1 to D4 can be used.

0 reserved - reserved for future use

9.3.4.5 TestPinValueReg register
Defines the HIGH and LOW values for the test port D1 to D7 when it is used as I/O.

Table 125. TestPinValueReg register (address 34h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol UselO TestPinValue[5:0] reserved
Access R/W R/W -

Table 126. TestPinValueReg register bit descriptions
Bit Symbol Value Description

7 UselO 1 enables the I/O functionality for the test port when one of the serial
interfaces is used

the input/output behavior is defined by value TestPinEn[5:0] in the
TestPinEnReg register

the value for the output behavior is defined by TestPinValue[5:0]

6to 1l TestPinValue - defines the value of the test port when it is used as I/O and each
[5:0] output must be enabled by TestPinEn[5:0] in the TestPinEnReg
register

Remark: Reading the register indicates the status of pins D6 to D1
if the UselO bit is set to logic 1. If the UselO bit is set to logic 0, the
value of the TestPinValueReg register is read back.

0 reserved - reserved for future use

9.3.4.6 TestBusReg register
Shows the status of the internal test bus.

Table 127. TestBusReg register (address 35h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol TestBus[7:0]
Access R
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Table 128. TestBusReg register bit descriptions
Bit Symbol Description
7t00 TestBus[7:0]  shows the status of the internal test bus

the test bus is selected using the TestSel2Reg register; see
Section 16.1 on page 81

AutoTestReg register
Controls the digital self-test.

Table 129. AutoTestReg register (address 36h); reset value: 40h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved AmpRcv RFT SelfTest[3:0]
Access - R/W - R/W

Table 130. AutoTestReg register bit descriptions

Bit Symbol Value Description
7 reserved - reserved for production tests
6 AmpRcv 1 internal signal processing in the receiver chain is performed

non-linearly which increases the operating distance in
communication modes at 106 kBd

Remark: due to non-linearity, the effect of the RxThresholdReg
register’s MinLevel[3:0] and the CollLevel[2:0] values is also
non-linear

5t04 RFT - reserved for production tests
3to 0 SelfTest[3:0]

enables the digital self test

the self test can also be started by the CalcCRC command; see
Section 10.3.1.4 on page 70

the self test is enabled by value 1001b

Remark: for default operation the self test must be disabled
by value 0000b

VersionReg register
Shows the MFRC522 software version.

Table 131. VersionReg register (address 37h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol Version[7:0]
Access R

Table 132. VersionReg register bit descriptions

Bit Symbol Description

7t04 Chiptype ‘9’ stands for MFRC522

3t00 Version ‘1’ stands for MFRC522 version 1.0 and ‘2’ stands for MFRC522
version 2.0.

MFRC522 version 1.0 software version is: 91h.

MFRC522 version 2.0 software version is: 92h.
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9.3.4.9 AnalogTestReg register

Determines the analog output test signal at, and status of, pins AUX1 and AUX2.

Table 133. AnalogTestReg register (address 38h); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol AnalogSelAux1[3:0] AnalogSelAux2[3:0]
Access R/W R/W

Table 134. AnalogTestReg register bit descriptions

Bit Symbol Value Description
7to4 AnalogSelAuxl controls pin AUX1
[3:0] 0000  3-state

0001 output of TestDAC1 (AUX1), output of TestDAC2 (AUX2)1
0010 test signal Corr1[

0011 reserved

0100 DAC: test signal MinLevellll

0101 DAC: test signal ADC_Il

0110 DAC: test signal ADC_Q[

0111 reserved

1000 reserved, test signal for production testll
1001 reserved

1010 HIGH

1011 LOW

1100 TxActive:
at 106 kBd: HIGH during Start bit, Data bit, Parity and CRC

at 212 kBd: 424 kBd and 848 kBd: HIGH during data and
CRC

1101 RxActive:
at 106 kBd: HIGH during Data bit, Parity and CRC
at 212 kBd: 424 kBd and 848 kBd: HIGH during data and
CRC
1110 subcarrier detected:
106 kBd: not applicable
212 kBd: 424 kBd and 848 kBd: HIGH during last part of
data and CRC
1111 test bus bit as defined by the TestSellReg register’s
TstBusBitSel[2:0] bits
Remark: all test signals are described in Section 16.1 on
page 81
3to 0 AnalogSelAux2 - controls pin AUX2 (see bit descriptions for AUX1)
[3:0]

[1] Remark: Current source output; the use of 1 kQ pull-down resistor on AUXn is recommended.
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TestDAC1Reg register
Defines the test value for TestDAC1.

Table 135. TestDAC1Reg register (address 39h); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved TestDACL1[5:0]
Access - R/W

Table 136. TestDAC1Reg register bit descriptions

Bit Symbol Description
7 reserved reserved for production tests
6 reserved reserved for future use

5t00 TestDACL1[5:0] defines the test value for TestDAC1

output of DACL1 can be routed to AUX1 by setting value
AnalogSelAux1[3:0] to 0001b in the AnalogTestReg register

TestDAC2Reg register
Defines the test value for TestDAC2.

Table 137. TestDAC2Reg register (address 3Ah); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol reserved TestDAC2[5:0]
Access - R/W

Table 138. TestDAC2Reg register bit descriptions
Bit Symbol Description
7t06 reserved reserved for future use

5t00 TestDAC2[5:0] defines the test value for TestDAC2

output of DAC2 can be routed to AUX2 by setting value
AnalogSelAux2[3:0] to 0001b in the AnalogTestReg register

TestADCReg register
Shows the values of ADC | and Q channels.

Table 139. TestADCReg register (address 3Bh); reset value: xxh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol ADC_1[3:0] ADC_Q[3:0]
Access R R

Table 140. TestADCReg register bit descriptions
Bit Symbol Description

7t04 ADC_I[3:0] ADC | channel value
3to0 ADC_Q[3:0] ADC Q channel value

Reserved register 3Ch
Functionality reserved for production test.
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Table 141. Reserved register (address 3Ch); reset value: FFh bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RFT

Access -

Table 142. Reserved register bit descriptions

Bit Symbol Description
7t00 reserved reserved for production tests

Table 143. Reserved register (address 3Dh); reset value: 00h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RFT

Access -

Table 144. Reserved register bit descriptions

Bit Symbol Description
7t00 reserved reserved for production tests

Table 145. Reserved register (address 3Eh); reset value: 03h bit allocation

Bit 7 6 5 4 3 2 1 0
Symbol RFT

Access -

Table 146. Reserved register bit descriptions

Bit Symbol Description
7t00 reserved reserved for production tests

Table 147. Reserved register (address 3Fh); reset value: 00h bit allocation
Bit 7 6 5 4 3 2 1 0
Symbol reserved

Access -

Table 148. Reserved register bit descriptions

Bit Symbol Description

7t00 reserved reserved for production tests
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10. MFRC522 command set

10.1 General description

The MFRC522 operation is determined by a state machine capable of performing a set of
commands. A command is executed by writing a command code (see Table 149) to the
CommandReg register.

Arguments and/or data necessary to process a command are exchanged via the FIFO
buffer.

10.2 General behavior

e Each command that needs a data bit stream (or data byte stream) as an input
immediately processes any data in the FIFO buffer. An exception to this rule is the
Transceive command. Using this command, transmission is started with the
BitFramingReg register’s StartSend bit.

¢ Each command that needs a certain number of arguments, starts processing only
when it has received the correct number of arguments from the FIFO buffer.

* The FIFO buffer is not automatically cleared when commands start. This makes it
possible to write command arguments and/or the data bytes to the FIFO buffer and
then start the command.

¢ Each command can be interrupted by the host writing a new command code to the
CommandReg register, for example, the Idle command.

10.3 MFRC522 command overview

Table 149. Command overview

Command Command Action
code
Idle 0000 no action, cancels current command execution
Mem 0001 stores 25 bytes into the internal buffer
Generate RandomID 0010 generates a 10-byte random ID number
CalcCRC 0011 activates the CRC coprocessor or performs a self test
Transmit 0100 transmits data from the FIFO buffer
NoCmdChange 0111 no command change, can be used to modify the

CommandReg register bits without affecting the command,
for example, the PowerDown bit

Receive 1000 activates the receiver circuits
Transceive 1100 transmits data from FIFO buffer to antenna and automatically
activates the receiver after transmission
- 1101 reserved for future use
MFAuthent 1110 performs the MIFARE standard authentication as a reader
SoftReset 1111 resets the MFRC522
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MFRC522 command descriptions

Idle
Places the MFRC522 in Idle mode. The Idle command also terminates itself.

Mem

Transfers 25 bytes from the FIFO buffer to the internal buffer.

To read out the 25 bytes from the internal buffer the Mem command must be started with
an empty FIFO buffer. In this case, the 25 bytes are transferred from the internal buffer to
the FIFO.

During a hard power-down (using pin NRSTPD), the 25 bytes in the internal buffer remain
unchanged and are only lost if the power supply is removed from the MFRC522.

This command automatically terminates when finished and the Idle command becomes
active.

Generate RandomID

This command generates a 10-byte random number which is initially stored in the internal
buffer. This then overwrites the 10 bytes in the internal 25-byte buffer. This command
automatically terminates when finished and the MFRC522 returns to Idle mode.

CalcCRC

The FIFO buffer content is transferred to the CRC coprocessor and the CRC calculation is
started. The calculation result is stored in the CRCResultReg register. The CRC
calculation is not limited to a dedicated number of bytes. The calculation is not stopped
when the FIFO buffer is empty during the data stream. The next byte written to the FIFO
buffer is added to the calculation.

The CRC preset value is controlled by the ModeReg register’'s CRCPreset[1:0] bits. The
value is loaded in to the CRC coprocessor when the command starts.

This command must be terminated by writing a command to the CommandReg register,
such as, the Idle command.

If the AutoTestReg register’s SelfTest[3:0] bits are set correctly, the MFRC522 enters Self
Test mode. Starting the CalcCRC command initiates a digital self test. The result of the
self test is written to the FIFO buffer.

Transmit

The FIFO buffer content is immediately transmitted after starting this command. Before
transmitting the FIFO buffer content, all relevant registers must be set for data
transmission.

This command automatically terminates when the FIFO buffer is empty. It can be
terminated by another command written to the CommandReqg register.
NoCmdChange

This command does not influence any running command in the CommandReg register. It
can be used to manipulate any bit except the CommandReg register Command|[3:0] bits,
for example, the RcvOff bit or the PowerDown bit.
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Receive
The MFRC522 activates the receiver path and waits for a data stream to be received. The
correct settings must be chosen before starting this command.

This command automatically terminates when the data stream ends. This is indicated
either by the end of frame pattern or by the length byte depending on the selected frame
type and speed.

Remark: If the RxModeReg register’s RxMultiple bit is set to logic 1, the Receive
command will not automatically terminate. It must be terminated by starting another
command in the CommandReg register.

Transceive

This command continuously repeats the transmission of data from the FIFO buffer and the
reception of data from the RF field. The first action is transmit and after transmission the
command is changed to receive a data stream.

Each transmit process must be started by setting the BitFramingReg register’s StartSend
bit to logic 1. This command must be cleared by writing any command to the
CommandReg register.

Remark: If the RxModeReg register’'s RxMultiple bit is set to logic 1, the Transceive
command never leaves the receive state because this state cannot be cancelled
automatically.

MFAuthent
This command manages MIFARE authentication to enable a secure communication to
any MIFARE Mini, MIFARE 1K and MIFARE 4K card. The following data is written to the
FIFO buffer before the command can be activated:

¢ Authentication command code (60h, 61h)

* Block address

* Sector key byte 0

* Sector key byte 1

* Sector key byte 2

* Sector key byte 3

* Sector key byte 4

* Sector key byte 5

* Card serial number byte 0O

¢ Card serial number byte 1

* Card serial number byte 2

¢ Card serial number byte 3
In total 12 bytes are written to the FIFO.

Remark: When the MFAuthent command is active all access to the FIFO buffer is
blocked. However, if there is access to the FIFO buffer, the ErrorReg register’'s WrErr bit is
set.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.

Product data sheet
COMPANY PUBLIC

Rev. 3.6 — 14 December 2011
112136 71 0of 94



NXP Semiconductors MFRC522

10.3.1.10

MFRC522

Contactless reader IC

This command automatically terminates when the MIFARE card is authenticated and the
Status2Reg register’'s MFCryptol1On bit is set to logic 1.

This command does not terminate automatically if the card does not answer, so the timer
must be initialized to automatic mode. In this case, in addition to the IdlelRq bit, the
TimerlRq bit can be used as the termination criteria. During authentication processing, the
RxIRq bit and TxIRq bit are blocked. The Cryptol1On bit is only valid after termination of
the MFAuthent command, either after processing the protocol or writing Idle to the
CommandReg register.

If an error occurs during authentication, the ErrorReg register’s ProtocolErr bit is set to
logic 1 and the Status2Reg register’s Cryptol1On bit is set to logic 0.
SoftReset

This command performs a reset of the device. The configuration data of the internal buffer
remains unchanged. All registers are set to the reset values. This command automatically
terminates when finished.

Remark: The SerialSpeedReg register is reset and therefore the serial data rate is set to
9.6 kBd.
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Table 150. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min
Vppa analog supply voltage -0.5
VboD digital supply voltage -0.5
Vopevopy PVDD supply voltage -0.5
Vpparvopy TVDD supply voltage -0.5
Vbp(svopy SVDD supply voltage -0.5
V| input voltage all input pins except pins MFIN and Vsspvss) — 0.5
RX
pin MFIN Vsspvss) — 0.5
Piot total power dissipation per package; and Vppp in shortcut -
mode
T junction temperature -
VEsp electrostatic discharge voltage HBM; 1500 Q, 100 pF; -

JESD22-A114-B

MM; 0.75 puH, 200 pF; -
JESD22-A114-A

12. Recommended operating conditions

Max Unit
+4.0 \Y
+4.0 V
+4.0 \Y
+4.0 V
+4.0 \Y
Vppevop) + 0.5 V
VDD(SVDD) +05 V
200 mw
100 °C
2000 \%
200 V

Table 151. Operating conditions

Symbol Parameter Conditions

Vopa analog supply voltage  Vpp(pvop) < Vbpa = Vbbb = Voo(TvoD); [22]
Vssa = Vssp = Vsspvss) = Vssvss) =0V

Vbbb digital supply voltage  Vppevbp) < Vopa = Vopp = Voo(tvoD); (2]
Vssa = Vssp = Vsspvss) = Vsstvss) =0V

Voprvop)  TVDD supply voltage  Vppevob) < Vopa = Voop = Vop(rvopy), 2
Vssa = Vssp = Vsspvss) = Vsstvss) =0V

Voppevop) PVDD supply voltage  Vpp(pvop) < Vbpa = Vbpp = Vop(tvob); Bl

Vssa = Vssp = Vsspvss) = Vssrvss) =0V
Vppsvop) SVDD supply voltage  Vssa = Vssp = Vss(pyss) = Vss(rvss) =0V
Tamb ambient temperature HVQFN32

Min
25

25

25

1.6

1.6
-25

Typ Max Unit
3.3 3.6 \%
3.3 3.6 \%
3.3 3.6 \Y
1.8 3.6 \%
- 3.6 \%
- +85 °C

[1] Supply voltages below 3 V reduce the performance (the achievable operating distance).
[2] Vobpa: Voop and Vppervopy must always be the same voltage.

[3] Voprvbp) must always be the same or lower voltage than Vppp.

13. Thermal characteristics

Table 152. Thermal characteristics

Symbol Parameter Conditions Package Typ Unit

Ritn(-a) thermal resistance from junction to in still air with exposed pin soldered on a HVQFN32 40 K/W
ambient 4 layer JEDEC PCB
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Table 153. Characteristics

Symbol Parameter
Input characteristics

Pins EA, 12C and NRSTPD

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage
Pin MFIN

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage
Pin SDA

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage
Pin RX

Vi input voltage

Ci input capacitance

R; input resistance

Input voltage range; see Figure 24

minimum peak-to-peak input
voltage

Vi(p-p)(min)

Vip-p)max) Maximum peak-to-peak input
voltage

Input sensitivity; see Figure 24

Vimod modulation voltage

Pin OSCIN

I input leakage current
ViH HIGH-level input voltage
VL LOW-level input voltage
Ci input capacitance

Input/output characteristics
pins D1, D2, D3, D4, D5, D6 and D7

I input leakage current
ViH HIGH-level input voltage
Vi LOW-level input voltage

MFRC522

Conditions

Vpopa = 3 V; receiver active;
Vrx(p-p) = 1 V; 1.5V (DC)
offset

Vppa = 3 V; receiver active;
Vrx(@pp) =1V; 1.5V (DC)
offset

Manchester encoded,;
Vppa =3V
Manchester encoded;
Vpopa =3V

minimum Manchester
encoded; Vppa =3 V;
RxGain[2:0] = 111b (48 dB)

Vppa = 2.8 V; DC = 0.65 V;
AC=1V (p-p)

Min

-1
0.7Vpp(pvpD)

-1

0.7Vpp(svop)

-1

0.7Vpp(pvpD)

-1
0.7Vpp(pvpD)

All information provided in this document is subject to legal disclaimers.

Typ

10

350

100

Max

+1

0.3Vpp(pvoD)

+1

0.3Vpp(svop)

+1

0.3Vpp(pvoD)

VDDA +1

+1

0.3Vppa

+1

0.3Vpp(pvoD)

Unit

HA

<

HA
\Y
\Y

\Y
pF

mV

mV

HA

pF

HA
\Y
\Y
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Symbol  Parameter

VoH HIGH-level output voltage
VoL LOW-level output voltage
lon HIGH-level output current
loL LOW-level output current

Output characteristics

Pin MFOUT

VoH HIGH-level output voltage
VoL LOW-level output voltage
loL LOW-level output current
loH HIGH-level output current
Pin IRQ

VoH HIGH-level output voltage
VoL LOW-level output voltage
loL LOW-level output current
loH HIGH-level output current
Pins AUX1 and AUX2

VoH HIGH-level output voltage
VoL LOW:-level output voltage
loL LOW-level output current
lon HIGH-level output current
Pins TX1 and TX2

VoH HIGH-level output voltage

MFRC522

Conditions Min Typ Max Unit
Voprevop) =3 V; lo =4 mA Voppvop) — - Vbp(PvDD) \
0.4
Vopevop) =3 V; lo =4 mA Vss(pvss) - Vsspvss) + V
0.4
Vbpevop) =3 V - - 4 mA
Vbp(rvop) = 3 V - - 4 mA
Vbp(svop) =3 V; lo =4 mA Vbp(svbp) — - Vbbp(svDD) \
0.4
Vopsvop) =3 V; lo =4 mA Vss(pvss) - Vsspvss)+ V
0.4
VDD(SVDD) =3V - - 4 mA
Vbp(svop) =3V - - 4 mA
Voppevop) =3 V; lo =4 mA Voppvop) — - Vbp(PvDD) \
0.4
Voppvop) = 3 V; lo =4 mA Vss(pvss) - Vssppvss)+ V
0.4
Vbp(pvop) = 3 V - - 4 mA
Vbp(pvop) = 3 V - - 4 mA
Voop =3V, lg=4mA Vpop — 0.4 - Vbbb \%
Voop =3V, lp =4 mA Vss(pvss) - Vsspvss)y + V
0.4
Voop =3V - - 4 mA
Vpopp =3V - - 4 mA
Vbp(rvop) =3V, Vpp(tvbp) = - - \
IDD(TVDD) =32 mA; 0.15

CWGSsP[5:0] = 3Fh

Vbp(rvop) =3V, Vbp(rvop) = - - \
Ipp(rvop) = 80 MA;
CWGsP[5:0] = 3Fh

Vbp(rvop) = 2.5V, Vbp(rvop) = - - \
Ipp(TvpD) = 32 MA,; 0.24

CWGsP[5:0] = 3Fh

Vbp(tvpD) = 2.5 V; Vop(tvop) = - - \%
Ipp(Tvpp) = 80 MA,; 0.64

CWGSsPI[5:0] = 3Fh
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Symbol  Parameter
VoL LOW-level output voltage

Current consumption

lpd power-down current
bbb digital supply current
Ibpa analog supply current

Ioppvop)y  PVDD supply current
Ipprvopy  TVDD supply current
Ippsvop)y  SVDD supply current
Clock frequency

foik clock frequency
Sclk clock duty cycle
it jitter time

Crystal oscillator

VoH HIGH-level output voltage
VoL LOW-level output voltage

Ci input capacitance

Typical input requirements

fxtal crystal frequency

ESR equivalent series resistance
CL load capacitance

Pytal crystal power dissipation

Conditions

Vop(rvop) =3V,
Ipp(rvop) = 32 MA;
CWGsP[5:0] = OFh

Vbp(vop) =3 V;
Ipp(rvop) = 80 MA;
CWGSsP[5:0] = OFh
Vop(rvop) = 2.5V,
Ipp(TvDD) = 32 MA;
CWGsP[5:0] = OFh
Vop(rvop) = 2.5V,
Ipp(rvop) = 80 MA;
CWGsP[5:0] = OFh

Vbpa = Vopp = Vpp(TvoD) =
Vbp(pvop) = 3 V

hard power-down; pin 2
NRSTPD set LOW
soft power-down; RF 2

level detector on
pin DVDD; Vppp =3V
pin AVDD; Vppa =3V,

CommandReg register’s
bit RevOff =0

pin AVDD; receiver
switched off; Vppa =3 V;
CommandReg register’s
bit RevOff = 1

pin PVDD B
pin TVDD; continuous wave MBI
pin SVDD |

RMS

pin OSCOUT
pin OSCOUT
pin OSCOUT
pin OSCIN

Min

Typ Max
- 0.15
- 0.4
- 0.24
- 0.64
- 5
- 10
6.5 9

10
3 5
- 40
60 100
- 4
27.12 -
50 60
- 10
1.1 -
0.2 -
2 -
2 -
27.12 -
- 100
10 -
50 100

Unit

HA
nA
mA

mA

mA

mA
mA
mA

MHz

%
ps

pF
pF

MHz

pF
mw

[1] The voltage on pin RX is clamped by internal diodes to pins AVSS and AVDD.

MFRC522
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[2] Ipq is the total current for all supplies.
[3] Ibpevop) depends on the overall load at the digital pins.
[4] Ipprvpp) depends on Vppervpp) and the external circuit connected to pins TX1 and TX2.
[5] During typical circuit operation, the overall current is below 100 mA.
[6] Typical value using a complementary driver configuration and an antenna matched to 40 Q between pins TX1 and TX2 at 13.56 MHz.
[7] Ipop(svop) depends on the load at pin MFOUT.
VbpAa+1V
Vimod
Vigp-pmax) | Vi(p-p)(min)
VMID
13.56 MHz
carrier | |
ov
—1v- 001aak012
Fig 24. Pin RX input voltage range
14.1 Timing characteristics
Table 154. SPItiming characteristics
Symbol Parameter Conditions Min Typ Max Unit
twi pulse width LOW line SCK 50 - - ns
twH pulse width HIGH line SCK 50 - - ns
thiscknpy SCKHIGH to data input  SCK to changing 25 - - ns
hold time MOSI
tsup-sckH)  data input to SCK HIGH  changing MOSI to 25 - - ns
set-up time SCK
th(sckL-Q) SCK LOW to data output SCK to changing - - 25 ns
hold time MISO
t(SCKL—NSSH) SCK LOW to NSS HIGH 0 - - ns
time
tNHNL NSS high before 50 - - ns
communication
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Table 155. I12C-bus timing in Fast mode

Symbol Parameter Conditions Fast mode High-speed  Unit
mode
‘Min ‘Max ‘Min ‘Max ‘
fscL SCL clock frequency 0 400 O 3400 kHz
tup:sta  hold time (repeated) START after this period, 600 - 160 - ns
condition the first clock pulse
is generated
tsu:sta  set-up time for a repeated 600 - 160 - ns
START condition
tsu:sto  set-up time for STOP condition 600 - 160 - ns
tLow LOW period of the SCL clock 1300 - 160 - ns
tHiGH HIGH period of the SCL clock 600 - 60 - ns
tuppar  data hold time 0 900 O 70 ns
tsupar  data set-up time 100 - 10 - ns
tr rise time SCL signal 20 300 10 40 ns
tf fall time SCL signal 20 300 10 40 ns
tr rise time SDA and SCL 20 300 10 80 ns
signals
ts fall time SDA and SCL 20 300 10 80 ns
signals
tBuF bus free time between a STOP 1.3 - 1.3 - us
and START condition
~—tsckL tsckH tsckL

SCK / N / N

—| |+ tsLDx

<— tDXSH tSHDX tDXSH

MOSI MSB > ' LSB
MISO —< MSB >< ' LSB
” \

*‘ ~—1tSLNH

NSS ‘\ /‘

001aaj634

Remark: The signal NSS must be LOW to be able to send several bytes in one data stream.
To send more than one data stream NSS must be set HIGH between the data streams.

Fig 25. Timing diagram for SPI
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a }{ 'l;/_
— = tsu;DAT

—| | tf

- letHiGH

< tHD;DAT
001aaj635
Fig 26. Timing for Fast and Standard mode devices on the 12C-bus
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15. Application information

A typical application diagram using a complementary antenna connection to the
MFRC522 is shown in Figure 27.

The antenna tuning and RF part matching is described in the application note Ref. 1 and

Ref. 2.

supply

4DVDD 4AVDD 4TVDD

3 15 12
CRx

PVDD 2 17 RX H
RL o .
vmid
PVSS 5 16 VMID HI]RZ
Lo Cc1 Ra
NRSTPD 6 1 X1 = antenna
host J_
interface MFRC522 co c2
MICRO- | merace 10, 14|TVSS T T
0,14 Lant
PROCESSOR [NV— 1L J_ J_
Lo Tco c1 c2
Ra
IRQ| o 13}7x2 Lo I
AVSS 18 4 DVSS
21 22
OSCIN OSCOUT
27.12 MHz

I

Fig 27. Typical application diagram

T

001a2j636
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16. Test information

16.1

16.1.1

16.1.2

MFRC522

Test signals

Self test

The MFRC522 has the capability to perform a digital self test. The self test is started by
using the following procedure:

1. Perform a soft reset.

n

Clear the internal buffer by writing 25 bytes of 00h and implement the Config
command.

Enable the self test by writing 09h to the AutoTestReg register.
Write 00h to the FIFO buffer.

Start the self test with the CalcCRC command.

The self test is initiated.

N o o bk~ w

When the self test has completed, the FIFO buffer contains the following 64 bytes:
FIFO buffer byte values for MFRC522 version 1.0:

00h, C6h, 37h, D5h, 32h, B7h, 57h, 5Ch,
C2h, D8h, 7Ch, 4Dh, D9h, 70h, C7h, 73h,
10h, E6h, D2h, AAh, 5Eh, Alh, 3Eh, 5Ah,
14h, AFh, 30h, 61h, C9h, 70h, DBh, 2Eh,
64h, 22h, 72h, B5h, BDh, 65h, F4h, ECh,
22h, BCh, D3h, 72h, 35h, CDh, AAh, 41h,
1Fh, A7h, F3h, 53h, 14h, DEh, 7Eh, 02h,
D9h, OFh, B5h, 5Eh, 25h, 1Dh, 29h, 79h

FIFO buffer byte values for MFRC522 version 2.0:

00h, EBh, 66h, BAh, 57h, BFh, 23h, 95h,
DOh, E3h, ODh, 3Dh, 27h, 89h, 5Ch, DEh,
9Dh, 3Bh, A7h, 00h, 21h, 5Bh, 89h, 82h,
51h, 3Ah, EBh, 02h, OCh, A5h, 00h, 49h,
7Ch, 84h, 4Dh, B3h, CCh, D2h, 1Bh, 81h,
5Dh, 48h, 76h, D5h, 71h, 061h, 21h, A9h,
86h, 96h, 83h, 38h, CFh, 9Dh, 5Bh, 6Dh,
DCh, 15h, BAh, 3Eh, 7Dh, 95h, 03Bh, 2Fh

Test bus

The test bus is used for production tests. The following configuration can be used to
improve the design of a system using the MFRC522. The test bus allows internal signals
to be routed to the digital interface. The test bus comprises two sets of test signals which
are selected using their subaddress specified in the TestSel2Reg register’s
TestBusSel[4:0] bits. The test signals and their related digital output pins are described in
Table 156 and Table 157.
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Table 156. Test bus signals: TestBusSel[4:0] = 07h

Pins Internal Description
signal name
D6 s_data received data stream
D5 s_coll bit-collision detected (106 kBd only)
D4 s_valid s_data and s_coll signals are valid
D3 s_over receiver has detected a stop condition
D2 RCV_reset receiver is reset
D1 - reserved

Table 157. Test bus signals: TestBusSel[4:0] = 0Dh

Pins Internal test  Description
signal name

D6 clkstable oscillator output signal

D5 clk27/8 oscillator output signal divided by 8
D4to D3 - reserved

D2 clk27 oscillator output signal

D1 - reserved

Test signals on pins AUX1 or AUX2

The MFRC522 allows the user to select internal signals for measurement on pins AUX1 or
AUX2. These measurements can be helpful during the design-in phase to optimize the
design or used for test purposes.

Table 158 shows the signals that can be switched to pin AUX1 or AUX2 by setting
AnalogSelAux1[3:0] or AnalogSelAux2[3:0] in the AnalogTestReg register.

Remark: The DAC has a current output, therefore it is recommended that a 1 kQ
pull-down resistor is connected to pin AUX1 or AUX2.

Table 158. Test signal descriptions
AnalogSelAux1[3:0] Signal on pin AUX1 or pin AUX2

ZrnalogSelAux2[3:0]

value

0000 3-state

0001 DAC: register TestDACL1 or TestDAC2
0010 DAC: test signal Corrl
0011 reserved

0100 DAC: test signal MinLevel
0101 DAC: test signal ADC_|
0110 DAC: test signal ADC_Q
0111 to 1001 reserved

1010 HIGH

1011 LOW

1100 TxActive
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Table 158. Test signal descriptions ...continued
AnalogSelAux1[3:0] Signal on pin AUX1 or pin AUX2

ZrnalogSelAux2[3:0]

value

1101 RxActive

1110 subcarrier detected
1111 TstBusBit

16.1.3.1 Example: Output test signals TestDAC1 and TestDAC2

The AnalogTestReg register is set to 11h. The output on pin AUX1 has the test signal
TestDAC1 and the output on pin AUX2 has the test signal TestDAC2. The signal values of
TestDAC1 and TestDAC2 are controlled by the TestDAC1Reg and TestDAC2Reg
registers.

Figure 28 shows test signal TestDAC1 on pin AUX1 and TestDAC2 on pin AUX2 when the
TestDAC1Reg register is programmed with a slope defined by values 00h to 3Fh and the
TestDAC2Reg register is programmed with a rectangular signal defined by values 00h
and 3Fh.

001aak597

()

100 ms/div

(1) TestDAC1 (500 mV/div) on pin AUX1.
(2) TestDAC2 (500 mV/div) on pin AUX2.

Fig 28. Output test signals TestDAC1 on pin AUX1 and TestDAC2 on pin AUX2

16.1.3.2 Example: Output test signals Corrl and MinLevel

Figure 29 shows test signals Corrl and MinLevel on pins AUX1 and AUX2, respectively.
The AnalogTestReg register is set to 24h.
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001aak598

)

()

®3)

10 ps/div

(1) MinLevel (1 V/div) on pin AUX2.
(2) Corrl (1 V/div) on pin AUX1.
(3) RFfield.

Fig 29. Output test signals Corrl on pin AUX1 and MinLevel on pin AUX2

16.1.3.3 Example: Output test signals ADC channel | and ADC channel Q

Figure 30 shows the channel behavior test signals ADC_| and ADC_Q on pins AUX1 and
AUX2, respectively. The AnalogTestReg register is set to 56h.

001aak599

(1)

()

(©)

5 us/div

(1) ADC_I (1 V/div) on pin AUX1.
(2) ADC_Q (500 mV/div) on pin AUX2.
(3) RFfield.

Fig 30. Output ADC channel | on pin AUX1 and ADC channel Q on pin AUX2
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16.1.3.4 Example: Output test signals RxActive and TxActive

Figure 31 shows the RxActive and TxActive test signals relating to RF communication.
The AnalogTestReg register is set to CDh.

¢ At 106 kBd, RxActive is HIGH during data bits, parity and CRC reception. Start bits
are not included

¢ At 106 kBd, TxActive is HIGH during start bits, data bits, parity and CRC transmission

e At 212 kBd, 424 kBd and 848 kBd, RxActive is HIGH during data bits and CRC
reception. Start bits are not included

e At 212 kBd, 424 kBd and 848 kBd, TxActive is HIGH during data bits and CRC
transmission

001aak600

1)

10 ps/div
(1) RxActive (2 V/div) on pin AUX1.
(2) TxActive (2 V/div) on pin AUX2.
(3) RF field.
Fig 31. Output RxActive on pin AUX1 and TxActive on pin AUX2
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16.1.3.5 Example: Output test signal RX data stream

Figure 32 shows the data stream that is currently being received. The TestSel2Reg
register’s TestBusSel[4:0] bits are set to 07h to enable test bus signals on pins D1 to D6;
see Section 16.1.2 on page 81. The TestSellReg register’s TstBusBitSel[2:0] bits are set
to 06h (pin D6 = s_data) and AnalogTestReg register is set to FFh (TstBusBit) which
outputs the received data stream on pins AUX1 and AUX2.

001aak601

()]

@

20 ps/div

(1) s_data (received data stream) (2 V/div).
(2) REFfield.

Fig 32. Received data stream on pins AUX1 and AUX2

16.1.3.6 PRBS

The pseudo-random binary sequences PRBS9 and PRBS15 are based on ITU-TO150
and are defined with the TestSel2Reg register. Transmission of either data stream is
started by the Transmit command. The preamble/sync byte/start bit/parity bit are
automatically generated depending on the mode selected.

Remark: All relevant registers for transmitting data must be configured in accordance with
ITU-TO150 before selecting PRBS transmission.
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17. Package outline

HVQFN32: plastic thermal enhanced very thin quad flat package; no leads;

32 terminals; body 5 x 5 x 0.85 mm SOT617-1
D [B][A
|
|
terminal 1 —— ! T
index area ‘ A
R - ,i - - | - E i * c
i
|
|
- -
>[e]~ = b @] v@[c[A]B] [/ va]cl~
Y D | PN
|
- LUUUyUuy ],
= RO
|
D) | (am
) a1
En — e — - — - = - —+-
D) ‘ (am
12e
) ‘ (o=
-
) | d 7
f /
1D ‘ =5 [
terminal 1 —— D D D } D D D D \
index area 32 f 25 N
Dpy
0 25 5mm
L L L
. X i scale
DIMENSIONS (mm are the original dimensions)
A
UNIT (1) 1)
max. A1 b c D D | E Eh e e1 e L v w y Y1
0.05 | 0.30 51 | 325 | 51 | 3.25 0.5
™M1 000|018 | %2 | 49 | 205 49 | 2905 | 05 | 35| 35 | g3 | 01 0051005101
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT617-1 --- MO-220 --- = @ SRR

Fig 33. Package outline SOT617-1 (HVQFN32)
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Detailed package information can be found at:
http://mww.nxp.com/package/SOT617-1.html.

18. Handling information

Moisture Sensitivity Level (MSL) evaluation has been performed according to
SNW-FQ-225B rev.04/07/07 (JEDEC J-STD-020C). MSL for this package is level 1 which
means 260 °C convection reflow temperature.

Dry pack is not required.

Unlimited out-of-pack floor life at maximum ambient 30 °C/85 % RH.

19. Packing information

The straps around the package of strap 46 mm from corner
stacked trays inside the piano-box
have sufficient pre-tension to avoid
loosening of the trays.

tray

ESD warning preprinted

chamfer barcode label (permanent)

barcode label (peel-off)

chamfer
QA seal

Hyatt patent preprinted

. . In the traystack (2 trays)
printed piano box only ONE tray type* allowed
*one supplier and one revision number.

001aaj740

Fig 34. Packing information 1 tray
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21. References

Table 159. Abbreviations

Acronym
ADC
BPSK
CRC
CWwW
DAC
HBM
12C
LSB
MISO
MM
MOSI
MSB
NRZ
NSS
PLL
PRBS
RX
SOF
SPI
X
UART

Description
Analog-to-Digital Converter
Binary Phase Shift Keying
Cyclic Redundancy Check
Continuous Wave
Digital-to-Analog Converter
Human Body Model
Inter-integrated Circuit
Least Significant Bit
Master In Slave Out
Machine Model

Master Out Slave In

Most Significant Bit

Not Return to Zero

Not Slave Select
Phase-Locked Loop

Pseudo-Random Bit Sequence

Receiver

Start Of Frame

Serial Peripheral Interface
Transmitter

Universal Asynchronous Receiver Transmitter

MFRC522

[1] Application note — MFRC52x Reader IC Family Directly Matched Antenna

Design

[2] Application note — MIFARE (ISO/IEC 14443 A) 13.56 MHz RFID Proximity

Antennas
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22. Revision history

Table 160. Revision history

Document ID Release date Data sheet status Change notice Supersedes
MFRC522 v.3.6 20111214 Product data sheet - MFRC522_35
Modifications: ® Section 2.1 “Differences between version 1.0 and 2.0” on page 1: added

® Table 2 “Ordering information” on page 3: updated

® Section 9.3.2.10 “DemodReg register” on page 52: register updated and add reference to
Timer unit

® Section 8.5 “Timer unit” on page 30: Pre Scaler Information for version 2.0 added

® Section 9.3.4.8 “VersionReg register” on page 65: version information structured in chip
information and version information updated, including version 1.0 and 2.0

® Section 16.1 “Test signals” on page 81: selftest result including values for version 1.0 and

2.0
MFRC522_35 20100621 Product data sheet MFRC522_34
Modifications: ® Section 9.3.2.10 “DemodReg register” on page 52: register updated

® Section 9.3.3.10 “TModeReg and TPrescalerReg registers” on page 59: register updated

® Section 8.5 “Timer unit” on page 30: timer calculation updated

® Section 9.3.4.8 “VersionReg register” on page 65: version B2h updated

® Section 16.1 “Test signals” on page 81: selftest result updated
MFRC522_34 20100305 Product data sheet MFRC522_33
Modifications: ® Section 8.5 “Timer unit”: information added

* Table 106 “TModeReg register bit descriptions”: bit 7 updated

* Table 154 “SPI timing characteristics”: row added
MFRC522_33 20091026 Product data sheet - 112132
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23.1 Data sheet status

Document status!1l(2] Product status3 Definition

Objective [short] data sheet Development
Preliminary [short] data sheet  Qualification

Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term ‘short data sheet’ is explained in section “Definitions”.

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

23.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
maodifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

23.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or

MFRC522

All information provided in this document is subject to legal disclaimers.

malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
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Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. NXP
Semiconductors accepts no liability for inclusion and/or use of
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without NXP Semiconductors’ warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

24. Contact information

Contactless reader IC

23.4 Licenses

Purchase of NXP ICs with ISO/IEC 14443 type B functionality
This NXP Semiconductors IC is ISO/IEC 14443 Type B

. software enabled and is licensed under Innovatron’s
Contactless Card patents license for ISO/IEC 14443 B.
r The license includes the right to use the IC in systems

and/or end-user equipment.

RATP/Innovatron
Technology

23.5 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

12C-bus — logo is a trademark of NXP B.V.
MIFARE — is a trademark of NXP B.V.

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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Introducing the Raspberry Pi Zero
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ﬁ adafruit learning system
A Tour of the Pi
Zero

It's Thanksgiving 2015 - the turkey's brining, the potatos not-yet-mashed...and from Pi Towers the call goes out A NEW
PI IS BORN! LONG LIVE THE PI!

The Pi Zero - the smallest, thinnest, most-affordable Pi ever. So much so, it comes free with every issue of MagPi #40.

Want to get your own? Pick up a Raspberry Pi Zero starter kit, basic kit or just the bare computer board at the adafruit
shop. (https://adafru.it/jEe)

(RN NN

What's new? What's different?

Wow a new Pi - so exciting! The Pi Zero is the smallest, most affordable Pi ever. Wonder what's new & different? Let's
check it out!

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 3 of 37
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Size
First up, the Pi Zero is small and thin

65mm long x 30mm wide x 5mm thick

(31mm if you include the little sticky-out bits of the microUSB jacks)

Raspberry Pi-Zero V1.2
@ Raspberry Pi_2015

Way smaller than the Pi 2 or B+ and even smaller than the A+, its 60% the size of the A+: same length, and about half
the width:
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And about 40% the size of the Pi 2 or B+
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Processor and Speed

To keep the Pi Zero low cost, the processor and RAM are kept pretty basic. Instead of the Pi 2's zippy quad core ARM
v7, we're back to a single-core 1GHz ARM (same processor in the Pi Model B+ and A+). We also have 512 MB of RAM
with a 'package-on-package' setup. The chip shown here:

vpuloloo
: a‘g 150108D
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Is the RAM that is sitting on top of the main processor.

For maker and hacker projects, this isn't a big deal. You're essentially going to get the same performance as the Pi A+
or B+. If you're looking for something that can do some more serious processing, check out the Pi 2
(http://adafru.it/2358)

Micro SD Card Holder

Not much has changed here, we're still going with MicroSD for size and ease of use (they're the most common card
size these days!) This time the card holder is up top and is push-pull style not push-push. Honestly, | prefer it this way
since you wont accidentally 'push-pop' the card out

Video Out

HDMI Video is still available, you'll want to use a Mini to Standard HDMI adapter (http://adafru.it/2819) to connect an
HDMI cable. There's no 3.5mm jack with composite out, however you can get PAL or NTSC out via two 0.1" pads.
We've got a bigger write-up here about Pi Zero video outputs. (https://adafru.it/jEf)

Audio out

No analog audio out, but if you connect HDMI to a monitor with speakers you will get HDMI digital audio. It's also
possible to hack analog audio out with a few passive components, see our more detailed look at Pi Zero audio output

options. (https://adafru.it/jEh)

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 7 of 37
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USB Port

Like the Pi Model A+, the Pi Zero does not have a USB Hub built in which means you get one USB port! Moreover that
USB port is not a standard type A port, instead it is a 'USB On-The-Go' port

In order to connect a USB device (mouse, keyboard, WiFi) etc you'll need a USB OTG micro B to A
cable (http://adafru.it/1099):

If you need to connect multiple USB devices, a simple USB hub will do what you need. A powered hub is even
better (http://adafru.it/961), and will let you power high-current USB devices like WiFi adapters and even external USB
hard-drives.
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As a bonus you can power the Pi Zero from the hub (the power cable does not pass any data) - just plug the power
micro USB cable into one of the ports.

GPIO Header

To keep the Zero as simple and small as possible, the 'normal' GPIO header spot has been left blank! Normally, a
2x20 male header is soldered in there (http://adafru.it/2822). While you could grab one of those and solder them in,

the empty spot has a lot of potential. For example, you can solder in right-angle socket header, and turn the Pi Zero it
a sort of 'daughter card'

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 9 of 37
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We've got more ideas and suggestions on our GPIO header detail page (https://adafru.it/jEi)
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Setting up your SD card * adafruit learning system

I
s

Before you can power up your Pi Zero, you will need to program in the SD card with an Operating System

Much like your computer has Windows, Mac OS X or Linux on it to make it run, the Raspberry Pi needs something to
help it boot and run software. That software is Raspbian Linux (a flavor of Debian Linux). You can check out our tutorial
on What Is Linux if you're curious to learn more (https://adafru.it/jDZ)

If you just want to get rockin, grab the latest (https://adafru.it/fQi) Raspbian Jessie operating system from the Raspberry
Pi downloads page (https://adafru.it/fi7)

Just click the button below!

https://adafru.it/jEO

https://adafru.it/EO

|:| Raspbian Wheezy 5-15 or earlier do not support the Zero! Try Jessie instead

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 11 of 37
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_
Opening 2015-11-21-raspbian-jessiezip — ==

You have chosen to cpen:

| 1, 2015-11-21-raspbian-jessie.zip
which is: Compressed (zipped) Folder (1.3 GB)

from: http://212.187.212.152 I
What should Firefox do with this file? N
(") Open with | Windows Explorer (default) 'l

(@) ; Save File

[ Do this automatically for files like this from now on.

| ok || concel |

Once downloaded, unzip the zip file, the full image is about 4.5 Gigabytes.

Next up grab your SD or micro SD card reader and plug it into your computer

Now follow our guide for Windows (https://adafru.it/[E4) or Mac OS X (https://adafru.it/JE5) to burn the image

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 12 of 37
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Once you're done, plug the micro SD card into the slot indicated. It will fit snugly in place but you won't hear or feel a
‘click’
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Making an SD Card — Using ﬁ- adafruit learning system

Windows

We really like using balenaEtcher for burning SD cards. Works great on any version of Windows, macOS and Linux. It
will not over-write your backup disk drive, and can handle compressed images so you do not need to unzip them!

Step 1.

Download Etcher from: https://www.balena.io/etcher/ (https://adafru.it/EMc)

https://adafru.it/EMc

https://adafru.it/EMc

Opening Etcher-1.0.0-beta.l -5 I

You have chosen to cpen:

(27| Etcher-1.0.0-beta.17-win32-x64.exe
which is: Binary File (80.8 MB)

from: https://resin-production-downloads.s3.amazonaws.com

Would you like to save this file?

| saveFile | | Concel |

Step 2.

Run the downloaded app to install!

o Etcher Setup l = e

Welcome to the Etcher Setup
Wizard

This wizard will guide you through the installation of Etcher.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.,

Click Install to start the installation.

[ Install ] [ Cancel ]

You can start immediately, doubleclick the Etcher desktop icon, or select it from the Start menu
Step 3.

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 14 of 37
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Eject any external storage devices such as USB flash drives and backup hard disks. This makes it easier to identify the
SD card. Then insert the SD card into the slot on your computer or into the reader.

Step 4.

Run the Etcher program

&

Etcher

This will launch the following application.

© Need Help? #

SELECT IMAGE

&

Select image

FETCHER @iresin.io

Step 5.

Select the image file by clicking Select Image you can select a compressed file such as a.zip or.gz

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 15 of 37



| » ladyada » My Documents » Dropbox (adafruit) » SD Disk Images » ~ | ¥+ | Search SD Disk Images el

Organize v MNew folder =~ 0 @
it Favorites = Mame : Date modified Type Size -
B Desktop |1 2016-05-27-raspbian-jessie-lite zip §/21/201611:06 PM  Compressed (zipp... 299,283 KB
B Librsry 3 1) 2016-09-23-raspbian-jessie.zip 10/1/2016 9:18 PM  Compressed (; 1,483,551 KB f
¥ Projects 1) 2016-09-23-raspbian-jessie-litezip 10/12/2016 1:51 PM  Compressed o 208,830 KB
|8 Downloads | 1, NOOBS_v1_9.0.zip 3/18/2016 1:51 PM Compressed (zipp... 1,044,661 KB -
B shared [ (] PiIMAGER image.img 12/18/2014 2:58 PM  Disc Image File 1,519,616 KB
|, Othermill PCBs 4] pitestermasterimg 10/30/2016 4:43 PM  Disc Image File 3,002,368 KB
|\ Fritzing-Library 3 retropie-4.1-rpil_zero.img.gz 11/26/2016 8:14 PM  WinRAR archive 572615 KB L
B Development Q retropie-v3.8.1-rpil_zero.img.gz 11/26/2016 8:27 PM  WinRAR archive 832,728 KE.
L Recent Places B retropie-v38.1-rpi2_rpi3iimg.gz 12/2/2016 202 PM  WinRAR archive 931,335 KB| J
23 Dropbox (adafruit) i, SDFormattend.zip 7/13/201411:06 PM  Compressed (zipp... 6,140 KB
- & win32diskimager-binary.zip 7/18/2012 7:07 PM Compressed (; 5,526 KB -

File name: retropie-v3.8.1-rpi2_rpid.img.gz v | OSImages (".zip:".etch;".gz"ba = | ||
i

Step 6.

Etcher will automatically try to detect the SD drive, check the size to make sure its the right one

Then click Flash!

© Need Help? £

O = Q

SELECT IMAGE SELECT DRIVE FLASH IMAGE

00— d——— &

retropie-...i3.img.gz @ Elash!
ash!

FETCHER @ resin.io

Check that you have the right device, as it will be reformatted, and then click Install.

It will take a few minutes to install, but once the SD card is ready, you will see the following.

© Need Help? &

« Flash Complete!

Safely ejected and ready for use

Would you like to flash Would you like to flash
same image? a different image?

Use same image Use different image

Tc9d49300

ETCHER @ resin.io

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero
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That's all there is to it. Your SD card is ready for use in your Raspberry Pi.

Faster writes

If you burn a lot of cards, speed it up by turning off Validate write on success

© Need Help? € Back

Settings

Report errors
Eject on success

B validate write on success

Advanced

B Unsafe mode [DANGEROUS

ETCHER @resin.io

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 17 of 37
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Mac

We really like using balenaEtcher for burning SD cards. Works great on Mac OS X 10.9 or later, won't over-write your
backup disk drive, and can handle compressed images so you do not need to unzip them!

Mac OS Catalina Issues

If you are having issues running Etcher on the Catalina release of Mac OS, see the links below for more information
and some suggested workarounds.

® |ssue 2833 (https://adafru.it/GB4)
® |ssue 2911 (https://adafru.it/GB5)
® Balena forum post (https://adafru.it/GB7)

Most success has been reported by simply running Etcher from the command line using sudo:

sudo /Applications/balenaEtcher.app/Contents/Mac0S/balenaEtcher

Step 1.

Download Etcher from https://www.balena.io/etcher/ (https://adafru.it/EMc)

https://adafru.it/EMc

https://adafru.it/EMc

Step 2.

Open the downloaded disk image and drag the balenaEtcher application to the Applications folder. You can then eject
the disk image.
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Step 3.

balenaEicher

e
An open source project by lggl balena

balenaEtcher

Applications

Eject any external storage devices such as USB flash drives and backup hard disks. This makes it easier to identify the
SD card. Then insert the SD card into the slot on your computer or into the reader.

Step 4.

Run the Etcher application.

I} AirDrop
5} Recents
#3 Applications
[.] Desktop

5" Documents

Downloads
b iCloud Drive
B balenaE... =

) Remote Disc

) Network

App Store

Calendar

a

»

e

Arduino Automator

h &

calibre Chess

w -

Font Book

FaceTime

Q

O

balenaEtcher

£

Fritzing

Calculator

IA a

Dictionary

The first time you run Etcher you’ll be asked to confirm the download. Click “Open” to continue.

© Adafruit Industries
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“Etcher” is an application downloaded from the
9 Internet. Are you sure you want to open it?
b |
1

Safari downloaded this file today at 1:10 PM from etcher.io.

? Cancel Show Web Page Open

This will launch the Etcher application...

© Need Help? #

SELECT IMAGE

©

Select image

‘FETCHER @iresinio

Step 5.

Select the SD card image file by clicking Select Image. You can choose a compressed SD image file such as
a .zip or .gz or an uncompressed .img, it’s all good!

EJ < H = E ZE v | | [ SD Images = th a Q
Favarites ILsh i 2016-09-2_ssie-lite_zip
b 2016-09-2..n-jessie.zi
A : .sh -N-|essie.zip
M iChud Brie \dif b 2018-10-1..28¢-lite.zip
# Applications onf.png : 2016-10-1...-28r-lite..zip
] Desktop I ; retrop!e—d.,.._zero.n.rng,gz
ac.zip retropie-4.1..rpi3.img.gz
EI Dropbox »
5 Creative Cloud Files | .19.18 PM
3923 PM
G pourgess 10.55 PM ZIP
Devices 11.20 PM
= ; A11.30 PM .
£ Macintosh HD 304 e 2016-09-23-raspbian-
Remote Disc . jessie-lite.zip
> ZIP - 306 MB
Shared > Stay Created 10/7/16, 4:50 PM
1 NAS = > Modified 10/7/16, 5:26 PM
B L Last opened 10/7/16, 5:26 PM
[=] NAS (AFP) paock Alr > ] " Add Tags...
1 NAS (CIFS)
Cancel Open

Step 6.

Etcher will automatically try to detect the SD drive. If you don’t have an SD card currently inserted, you’ll be prompted
to connect one.
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© Need Help?

SELECT IMAGE SELECT DRIVE

O———@

2016-09-2...-lite.zip @ .
Connect a drive

ETCHER Eiresin.io

Check the disk size to make sure its the right one, that it's not overwriting your main drive or anything nasty.

Then click Flash! A-ah!

© Need Help? %

o _ Q

SELECT IMAGE SELECT DRIVE FLASH IMAGE

O—OO—06

20168-08-2...-lite.zip @ /dev/disk3 - 32.0 GB
Flash!

“SETCHER @resin.io

Etcher will work for a few minutes to “burn” the SD image to the card. You’ll see a progress bar as it works. This is
about the time you’ll wish you’d splurged on a high-speed card.

Once the SD card is ready, you will see the following:
© Need Help? #

« Flash Complete!

Safely ejected and ready for use

Would you like to flash Would you like to flash
the same image? a different image?

Use same image Use different image

8b010e55

FETCHER @iresin.io

The card will be unmounted automatically, so you can pull it out now and use it in your Raspberry Pi.
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Faster Writes

If you find yourself burning a lot of SD cards, you can speed things up by clicking the gear icon at the top-right, then
turn off the “Validate write” option. I've written hundreds of cards and only had one fail validation.

© Need Help? ¢ Back

Settings

¥ Report errors
¥ Autc-unmount on success

@ Validate write on success

Advanced

@ Unsafe mode DANGEROUS

ETCHER @iresin.io
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Video Outputs * adafruit learning system

The Raspberry Pi chipset was originally designed to be a HDMI/graphics co-processor for mobile devices. For that
reason, it has quite a bit of 'HDMI horsepower' and can, despite it's small size, play 1080p video at full screen.

HDMI Video Out

The easiest & fastest way to get video going is to connect up an HDMI display (https://adafru.it/jsb). We have a ton of
options, and any HDMI display size from 640x480 up to 1920x1080 will work. The Mini HDMI port is conveniently
labeled and shown below:

For example, our 5" HDMI touch backpack which is the smallest all-in-one display we carry can be powered from the Pi
Zero's USB port and provide a touchscreen at the same time (http://adafru.it/2260)
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(Shown here with a Pi 2 because, well, the Pi Zero wasn't out at the time)

To connect an HDMI device, you'll need 2 things, aMini HDMI to HDMI Adapter (http://adafru.it/2819) and an HDMI
Cable (http://adafru.it/608)

The HDMI cable is pretty straight-forward to understand, and you can get one anywhere. The HDMI adapter is required
because the Pi Zero does not have a standard size HDMI port, instead the port is slimmer and smaller to keep the Zero

petite. The adapter is pretty straight forward to use - plug it into the Pi Zero and the port is now large enough for any
standard HDMI cable
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PiTFT Video

Even though it is 'half size' of the A+, you can still use any of our PiTFT's on the Pi Zero (https://adafru.it/JE7) You can
use any size from our 2.2" 320x240 PiTFT HAT, up to our 3.5" Touchscreen 480x320.

Before you can plug in a HAT or PiTFT you'll need to solder in the 2x20 male header (http://adafru.it/2822)

Then follow the tutorial for the PiTFT of your choice! Be sure to pick the Jessie install image

D E— s e

@ 00 00 90 90 O

#16 #13

VGA Video Out

This one is pretty easy, just use the HDMI adapter above, and anHDMI to VGA adapter (this also has the benefit of
giving you an audio output) (http://adafru.it/1151)

© Adafruit Industries https://learn.adafruit.com/introducing-the-raspberry-pi-zero Page 25 of 37


https://www.adafruit.com/search?q=pitft&b=1
https://www.adafruit.com/products/2822
https://www.adafruit.com/products/1151

NTSC/PAL Composite Video

OK so you want TV video? Maybe for one of our very tiny composite video screens (https://adafru.it/JE8)?

Well, the quality is not going to be nearly as nice as with VGA or HDMI but you can do it. Find the two pads marked TV
on the 'Zero
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The hole on the left, nearest to the TV text, is the signal (+) line, the pin to the right of it is the ground (-) line. Solder
two wires to these pads and connect them to an RCA Jack (http://adafru.it/2792) like this one

Make sure to not have HDMI plugged in, it should auto-switch to TV out. If you have somehow set your Pi for HDMI out
only, plug your HDMI screen back in, or use a console cable to connect and log into the Pi. Then run sudo raspi-config

at a command line to set video output to composite! You'll also want to tweak your Pi to use composite in the nicest
resolution possible (https://adafru.it/diN)
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Audio Outputs * adafruit learning system

Uh, well, there aren't any! That's right, to keep the Pi Zero small and low cost, the headphone audio filter isn't included

You can still get digital audio out via HDMI so if you plug it your Pi into a monitor with speakers, that will work fine.

|:| Well, ok that's not the whole truth

How to Add Audio Outputs to your Pi Zero

Hey, wanna do the below but with step-by-step instructions? We wrote a tutorial!

Click here to do the thing @ https://learn.adafruit.com/adding-basic-audio-ouput-to-raspberry-pi-
zero (https://adafru.it/jZD)

How Other Pi's Create Audio

GPIO #18 is also known as PWMO and in the original Pi was coupled with a very basic RC filter to create the audio

output:
+8
1 PA-5/013
Rl | et |
2T0R A 4 E:B LOUT_R 51 ]
€20 Rze 10 Ll \VA I
3n 1507 _3i_‘r ]
; 1 2y A 1
. 5]

PWML.OUT 1 7 PwHl_L 2 1
o |

PWMOOUT | 7 _PWMOR 2
® |

Raspberry Pi

Project Code: Title:

RPI00021 Fom. D Fard,

‘Seale Sheet: 02 of 05 | File Name

NTS | prawn By: PBL Issue/PMF
I G [ H T I

If you don't mind getting a few 150 and 270 ohm resistors, and two each of about 33nF (also known as 0.033uF) and
10uF capacitors, you can basically recreate those two filters.

Now all you need is access to PWMO_OUT and PWM1_OUT, which are...on GPIO #40 and #45 and are not brought out
on the Pi Zero. Tragedy? Give up? No! You can get to PWMO on GPIO #18 (ALT5) and PWM1 on GPIO #13 (ALTO) or
GPIO #19 (ALTD5) - see the full list of pins and alternate functions here (https://adafru.it/jEa)

You can do that by adjusting the device tree overlay to change the PWM audio pins from pins #40 and #45 (which are
not accessable) to pins #18 and #13 This very nice Pi forum thread will tell you how! (https://adafru.it/JEb)

See here for a program that will let you set the alt forms of GPIO pins (https://adafru.it/jEc)

If you want a higher quality audio output, the B+ and Pi 2 use this schematic - it has a driving buffer on the audio PWM
lines for better current drive andit uses a cleaner 2.5V reference for better quality audio.
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GPIO header options ﬁ adafruit learning system

The most intriguing difference for hackers and makers is that the Pi Zero does not come with the soldered GPIO
header. Partially this is to save cost, but it also allows the Pi Zero to be very thin and gives you the option of
embedding it easily into a project box.

Cons:
® You have to solder in the header to use Pi HATs and Pi toppers
Pros:

You can practice your soldering!

Can skip the GPIO header to keep the Pi Zero super slim

Solder wires directly into the GPIO pads, use only what you need
Try different, exotic headers such as right angle or socket header

Go Classic with 2x20 Male Header

Like blue jeans and Coca-Cola, the 2x20 male header is the classic option. (http://adafru.it/2822)
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Once soldered in, you can plug in any HAT or topper. The pinout is completely identical to the 2x20 headers on the Pi
2 and Pi A+ & B+

Or 2x20 Female Socket Header

This one is interesting, if you solder in a 2x20 female socket header (http://adafru.it/2222)

and attach it upside down you can plug it right into a T-Cobbler!
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Advanced 2x20 Right-Angle Female Socket Header

Or, take it even more extreme with 2x20 right angle female header (http://adafru.it/2823)

Now you can stick it into a Cobbler or T-Cobbler and it will sit sort of like a computer daughtercard!
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ﬁ adafruit learning system
Is My Pi Zero
Dead?

The Pi Zero is so minimal, it can be tough to tell if its working at all. Here's how to do a quick check (fromthis
sticky (https://adafru.it/upa))!

® Take your Zero, with nothing in any slot or socket(yes, no SD-card is needed or wanted to do this test!).

® Take a normal micro-USB to USB-A DATA SYNC cable (not a charge-only cable! make sure its a true data sync
cable!)

® Connect the USB cable to your PC, plugging the micro-USB into the Pi's USB, (not the PWR_IN).
If the Zero is alive, your Windows PC will go ding for the presence of new hardware & you should see "BCM2708
Boot" in Device Manager.

® Or on linux, run sudo Isusb or run dmesg and look for a ID 0a5c:2763 Broadcom Corp message. If you see that,
so far so good, you know the Zero's not dead.

| tested on Linux and here's my actual dmesg:

[226314.048026] usb 4-2: new full-speed USB device number 82 using uhci_hcd
[226314.213273] usb 4-2: New USB device found, idVendor=0a5c, idProduct=2763
[226314.213280] usb 4-2: New USB device strings: Mfr=1, Product=2, SerialNumber=0
[226314.213284] usb 4-2: Product: BCM2708 Boot

[226314.213288] usb 4-2: Manufacturer: Broadcom

but there will be NO LED LIGHT (looks so dead but its alive!)
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ﬁ adafruit learning system
Is There Even Life?

You can skip this section unless you have reason to believe your Pi Zero isn't alive.

|:| THE ZERO DOES NOT HAVE A POWER LED

The Pi Zero doesn't have much in the way of blinky LEDs to give you a warm fuzzy that it's doing anything or even
alive. And if the GPU doesn't find a valid OS image, it doesn't even turn on the green ACT LED and looks totally dead.
Typically this just means something is up with the SD card. Bad card. Bad image. Out of date image. Whatever. It does
not mean the Pi Zero is dead.

Here's how to run a sanity check to verify if the Pi Zero is OK.

(taken from here (https://adafru.it/upa) and also provided here (https://adafru.it/vle))

® Take your Zero, with nothing in any slot or socket(yes, no SD-card is needed or wanted to do this testl!).

® Take a normal micro-USB to USB-A DATA SYNC cable (not a charge-only cable! make sure its a true data sync
cable!)

® Connect the USB cable to your PC, plugging the micro-USB into the Pi's USB, (not the PWR_IN).
If the Zero is alive, your Windows PC will go ding for the presence of new hardware & you should see "BCM2708
Boot" in Device Manager.

® Or on linux, run sudo Isusb or run dmesg and look for a ID 0a5c:2763 Broadcom Corp message. If you see that,

so far so good, you know the Zero's not dead.

|:| It may take a few seconds for the messages to show up.

Below is a Pi Zero connected to a Linux computer via a USB cable and the resulting dmesg output.Note: there is no
SD card installed, USB cable is in USB port, and there are no lights.

Here's what our Windows machine showed:
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-
"_’! Driver Software Installation

Device driver software was not successfully installed

Please consult with your device manufacturer for assistance getting this device installed.

BCM2708 Boot x Mo driver found

What can [ do if my device did not install properly?

File  Action

== FE HE & %S

4 5 VARICK
-/ Computer

View Help

[ = Disk drives

;B Display adapters
» <4 DVD/CD-ROM drives
b % Human Interface Devices
B g [DE ATA/ATAPI controllers
-4 Imaging devices
b-EB Keyboards
DB Mice and other pointing devices

» A Monitars

[>I_I7F‘ Network adapters

A_UE:. Other devices

- L[z BCM2708 Boot |

» I Ports (COM & LPT)

[.>-R Processors

f> lﬁ] Sound, video and game controllers

f>--j-;_l System devices
b~ Universal Serial Bus controllers

Looks dead, but it's not.
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SERVO MOTOR SG90 DATA SHEET

Tower Pro™

RGN

Tiny and lightweight with high output power. Servo can rotate approximately 180 degrees (90 in each direction), and works just like the standard kinds
but smaller. You can use any servo code, hardware or library to control these servos. Good for beginners who want to make stuff move without building a
motor controller with feedback & gear box, especially since it will fit in small places. It comes with a 3 horns (arms) and hardware.

Dimensions & Specifications
A (mm): 32

B (mm) : 23

C (mm):28.5

c D(mm):12

E (mm) : 32

F (mm):19.5

B it Speed (sec) : 0.1
Torque (kg-cm) : 2.5
Weight (g) : 14.7
Voltage : 4.8 -6

Position "0" (1.5 ms pulse) is middle, "90" (~2ms pulse) is middle,

is all the way to the right, "-90" (~1ms pulse) is all the way to the left. PWM=0ran ge ( [ ) —

Vcc=Red (+) 4 ©/

Ground=Brown (=) —

and Signal

1-2ms
Duty Cycle
4.8V (~5V) |
Power i

20 ms (50 Hz)
PWM Period
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