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Befoicover ot eiuon o ovyypapéas avtis e epyooiog kol ot kabe fonbeio v omoia iy yio v
TPOETOIUATIO, TG EIVAL TANPOS OVAYVWPLOUEVH KOL AVOWYEPETaL 0TV epyaoia. Emions, éxw katoypayet
TG OMOIEG TNYES OTO TIGC OTOIES EKAVO, XPNON OEOOUEVMYV, 10DV, EIKOVOV KOl KEWUEVOD, EITE ADTEG
ovapépoviar oxpifag site mapappoouéves. EmmAéov, Pefoidvm Ot avth B Epyacio. mpoETOLUGoTHKE OT0
EUEVO, TPOOWTIKG, EI0IKG ¢ OmAwuatiky epyaoia, oto Tuqua Mnyovikwv [IAnpopopikns xai
Hlextpovikawv Zvotquadtwy tov ALTIA.E.

H mapodoa epyocio omotelei mvevuotikn 1doxtnoio tov oty Avaotaoiov I ofpiniion mov v
EKTOVHOE. 2T0 TAGLO10 TS TOMTIKNC OVOIKTHE TPOOLOCTHS, 0 GVYYPOPEAS/ONULOVPYOS ekywpel oTo A1edvég
Hoavemotiuio e EALGOOS ddeio ypHons T00 OIKOLMDUOTOS OVOTOPOYWYHG, OOVELTUOD, TOPODOLATHS OTO
KOLVO KOl WHPLOKNS 016 VONG THS EPYATLOC OLlEBVAS, 08 NAEKTPOVIKY HOPPN KOl 0 OTOLOONTOTE UETO, YLO.
OL0GKTIKODG KO EPEVVTIKODS OKOTTOVG, AveDd aviodiayuatos. H avoixty mpoofaocn oto minpec keiusvo
™G EPYOIag, 0ev onuaivel Ko’ o10VONTOTE TPOTO TOPOYDPNTN OIKOIWUATOV OLOVONTIKNG LOIOKTHOLOC
OV OVYYPAPEQ/ONUIOVPYOD, ODTE ETUTPETEL THV AVOTOPAYWYH, OVOONUOTIEDTN, AVILYPaQH, TWANoT,
eumopixn xpron, olovoun, éxdooy, uetapoptwaon (downloading), avaptnon (uploading), uetappoon,
TPOTOTOINCY IUE OTOLOVONTOTE TPOTTO, TUNUOTIKG. 1] TEPIANTTIKG, THS EPYOTIOS, YWPIS TH PHTH TPOHYODUEVH
EYypopn cOVAIVEGH TOD GVYYPOPER/INULODPYOD.

H éyxpion mg dumhopotikng epyaciog and 1o Tpuquo Mnyavikeov [Tinpoeopikng kot Hiextpovikodv
Yvompdtev Tov Atebvoig [avemotnpiov g EAAASOC, dev bITOdNAMVEL AMOPAITHTOS KOl ATOd0)Y| TV
ATOYEMV TOL GLYYPAPLEX, EK HEPovs Tov Tunparos.



«Agpiépwon»

AQLepmvew vty Ty epYoTio. oTHY OIKOYEVELG OV, TOD UE DIOOTHPILE avelliTas oe ke Prua,
TOPEYOVTOS HOV OYOTH, EVEGPPOVON KOl TH ODVOUT VO GOVEXIO®, OKOUN KOl OTAV TO. TPAYUOTO
poIvovTay dDOKOAA.






IIpoioyog

H andépaon va acyoindd pe ™ SmAOUOTIKY gpyacio mave ot {uyaplég MmousTpnong
mmydler amd v €viovn TEPEPYELL LOL VO KOTOVONG® TN AETOLPYIKOTNTO OVTAOV TOV
ovokev®V. ‘Exovtag mpocmmiky| euneipio amd moAOmTAEG MTOUETPNOELS, TAVTO e EVOLEQPEPE
VoL VOKOADW® TL KPOPBETOL TIO® 0o TIG LETPNOELS KOl TMOG VTEC Tapdyovtol. Méca amd vt
™V gpyacio, 0 KVPLOG GTOYX0C HoL MTav Vo eufabfdived oty KaTavonoT TNng Sodkaciog
KOTOOKELNG EVOG EMTLUYNUEVOL TPOIOVTOG OV OVTATOKPIVETOL GE TPOYLOTIKES OVOYKES TNG
ayopas. Avalntdvtog AVCELS Kot avTILETORILOVTOG TIG TPOKANGELS Prina Tpog Prpa, katéAnéa
VO OTOKTNG® TOAVTIUN EUTEPIN KOL [0 TO GQOIPIKY OTMTIKN Yo TV OVOTTLEN Kol TNV
vAomoinom WeV Tov EYovV dpeco avtiktumo otn {on TOV avipoTmy.



Iepiinyn

H ooppomnuévn d1atpoen £xel GNUOVTIKO OVTIKTUTIO GTO TEPIGGOTEPO OPYAVO TOV GMOWOTOG.
H a&ordynon avtov tov katactdoewv Paciletar e peydro Pabud oe €idn petpnoewv tov
deikmn palog copatog «AMEy Kot TG MTOUETPNONG, 01 OTOIES EVOEYOUEVAS VO TOPOVGLALOVV
avakpiPpn otoyeio M mapdienyn Kpicpwov dedopévov. H dnuovpyia doedpov opydvov
pétpnong kot tpocdiopiopo ov BMI kot 10 10006t GOUATIKOV AITOVG  EMTPEMEL TNV
KOADTEPT] OVAYVAOPIOT] OLTOV TOV KOTOCTAGE®MV YPNOYOTOIOVTAS OKPP TO0TIKA Kol
TOGOTIKG OE0OUEVA TOL OTOI0L GE GLGYETICUO HE SLAPOPOLS TVTOVG TodNoeEWY — acBeveldv
BonBd otnv €£EMEN TOL TPOTOL AVTIUETMOTIGNG TOVG.

H Beitioon tov teyvikav yio v extipunon tov BMI kot tov copoticov Aimovg eivon pio amd
TIG KOPLPOIES TPOTEPOULOTNTEG TNG EMCTNUOVIKNG EPEVVOC GTOV TOpEN TNG Lvyeiag. Mia mo
akppng exTiunon g elval avaykoaio ®GTe vo AE10A0YTCOVLE TTO OVTIKEYEVIKE TOL OQEAT TG
TNV LYED Ko TNV AOTEAECUATIKOTNTA TOPEUPAGEDMY TOV ATOGKOTOVY GTO VO, TPOGYOLV TV
vyela. Ot aoOnmpeg dvvapokvyédng mpoodopiopo BMI kot Aimovg mapéyovv éva
OVTIKELEVIKO TPOTO LETPNONG TOVG.

H mopovoa epyacia £xel okomd v koTackevL] ™G Quyoplac MmopéTpnong Le SUVALOKVYEA
TPOKEEVOD VO, BEATIOGEL TOV TPOTO TPOGdloptopov Tov BMI kat Aimovg (body fat) yia dropa
LE TToLoapKio Kol SLOTPOPIKES OATOPAYES EMTPEMOVTAS TV TOPOYN SVUPOVAMOV GE aoHEVEIC
HE GYETIKO TPOTO. ZTNV Tapovoa, epyacio Bo avaAivbel to khkiopo mov ékava, divovtag To
TOAD EUPACT) OTOV TPOTO KATOOKEVNS TG Luyapld.



Abstract

Balanced nutrition significantly impacts various organs of the body. The evaluation of these
conditions is largely based on measurements such as Body Mass Index (BMI) and fat
measurements, which may present inaccurate data or omit critical information. The
development of various measuring instruments and the determination of BMI and body fat
percentage allow for a better recognition of these conditions, utilizing precise qualitative and
quantitative data, which, in correlation with various types of diseases and illnesses, aids in the
evolution of their management.

The improvement of techniques for estimating BMI and body fat measurement is a top priority
in health scientific research. A more accurate assessment is necessary to objectively evaluate
its benefits on health and the effectiveness of interventions aimed at promoting health. Load
cell sensors provide an objective way of measuring these parameters.

This work aims to construct a body fat measurement scale to enhance the determination of BMI
and body fat for individuals with obesity and nutritional disorders, allowing the provision of
advice to patients in a relevant manner. In this thesis we will analyze the circuit and giving
more attention to the design and manufacturing process of the fat body-scale.



Evyopotieg

H moapovca dimhopatiky epyacio mpaypoatomombnke oto AIITAE g Xivéov, oto tuiua
UNYOVIKOV TANPOPOPIKNG KOl NAEKTPOVIKOV GLGTNUATOV. Q¢ eAdyioTtn dvvatn pveio pe v
TOPOVCO, TAPAYPAPO OPEIA® VO EVYAPIGTINC® OAOVS TOVG KOOMYNTEG TNG GYOANG HOL Kot
witepa Tov Miyomh Zndco yio v ToAVTYN VTOSTHPIEN TOL , CLUPAAAOVTOG GTO UEYIGTO
Yoo MV ekmdévnon g Smhopatikng pov epyaciag. Téhoc, Ba NOela va evyaploTio® TOV
Agutépn Xatinmétpov Kot TNV OKOYEVEWD LOL TOV OMOTEAECHV OTNPLyHo Kaf’ OAn v
SLAPKELDL TOV POLTNTIKDOV LoV YPOVOV.
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EIZAT'QI'H

1.1 HAektpovikog Luyog

O niektpovikdg Cuydg amotereiton amd Evav acOntipa Bdpovg kKot cuvnOwg and Evav
pikpoenegepyoaot. O acOnmpag Bapovg Tov niektpovikdv {uymv gival cuvinbmg évog
petoAddkTng punyovikng téong (load cell) 1 évag niektpodvvapikdg petorrdrkng. O
UETOAAGKTNG UNYOVIKNG TAONG OmOTEAEITOL OTO [ OVTIGTAGT] GOPUATOC GTEPEMUEVT GE Eval
Aemtd TAOGTIKO OIAUL. AETOVPYEL OTEPEMUEVOC GE 1oL KOWEAN POPTIOV 0md OAOVUIVIO M
OTGAAL TTOV TOPAUOPPOVETAL atd TO PAP0oG. Xta TEcTEPN oNUeinl TG KLYEANG LTAPYOVY
peToAAGKTEG TOL GVVOLovTaL GE YEPupa Wheatstone, petpovtog v petafoAin g yEpupoc,
petpdype to Papog.

O NAekTPOdVVAUIKOG LETOAAAKTNG POPTIOV amoTeEAEiTOL OO £VOV HETOAMKO KOAVOPO TTOV
€xel TVAYUEVO éva TVio, TPOGAPUOCUEVO GTO ECMTEPIKO VOGS LAYVITN, GTO OTOT0
otpiletor o diokog Lhyonc. To mnvio avoydvel Tov dicko avaAoYd e TO PEVIO TOV TOL
OTEAVEL TO TUN AL EAEYYOV, TOV OMOTEAEITOL OO 0L PMOTOO1000, EVaV EVIGYLTY, KOl VAL
oLYKPITH. ATO TNV HETPNON TOV PELLLOTOG TTOV SLOPPEEL TO TTNVIO O HUKPOETEEEPYOOTNG
vroAoyilel To Bdpoc.

H avaivon Broniextpikng epumédnong (bioelectrical impedance analysis, BIA) yuo t pétpnon

NG COUATIKNG GVOTAONG Elval pio oYeTIKA Tpoaotth HEBodog Yo T HETPNON TNG CVLGTOCNG
OMOTOC, TOV XPNOLOTOLEITAL OAO KOl GLYVOTEP TNV KMVIKT TPAEN.

1.2 Agiktng palog oOPOTOG (AME, body mass index (BMI), 1§ Quetelet index)

A6 ™ Bimaideia, tnv elenbepn eykvukAomoaidsio

O opopdg Agiktng palog sopatos (AME, body mass index (BMI), 1 Quetelet index) sivat
pio yevikn wtpikn £vOeEn yio Tov vtoAoYiGHo Tov Babuov Tayvcapkiog evog atdpov. AdYm
TOV EDKOAOL VTOAOYIGLOV TOV Eivar Eva EVPEMG SOEOOUEVO O1OYVMOOTIKO EPYOAELD TMV
mBavav TpoPAnpdtov vyeiog evog atdov o oYEom e T0 BApog Tov. Anuovpyndnke to
1832 am6 tov Béhyo actpovopo, pabnuatikd kot kowvaviohkdoyo Avtohe Ketedét (Adolphe
Quetelet).

Ynoloyiletror moAd ed0kola and Tov THmO:

(Bapog o kKiAd)/(Yyog oe pétpa)2

10


https://el.wikipedia.org/w/index.php?title=%CE%91%CE%BD%CF%84%CE%BF%CE%BB%CF%86_%CE%9A%CE%B5%CF%84%CE%B5%CE%BB%CE%AD%CF%84&action=edit&redlink=1

Aebvéc cvotpa povadov (S1) AMZX = Bapog(kg) / (Dyoc)? (M?)

AMZX = Bapog(Ib) * 703 / (hyoc)? (in?)
AyYLooaEoVIKO cvoT|NO.

AMZX = Bapog(Ib) * 4,88 / (vyog)? (ft?)

IMa mapdoetypa: Atopo pe Hyog 1,80 pérpa ko Bépog 80 KiAd Exet
AMZ=80/(1,80*1,80)=24,69

Bdoel tov AME, 6nwg yiveton amodektd kot and tov [IOY (Tlaykoéouio Opyaviopd Yyeiog)
voiotoTon ko ypnoipomroleiton 1 €€1g Katnyoplonoinomn:

e  AMZX am6 18,4 kot kdTt® VTodEKVIEL OTL £va ATOoO givol EAMmofapés.

e AMZX peta&d 18,5 kot 24,9 yapaxtnpilet dtopo pe uotoroyiko Papog.™

e AMZI peta&d 25 kan 29,9 vmodeikvietl 0Tt €va dtopo sivor vréppapo.

e  AMZX an6 30 kot Tave LTOSEIKVIEL OTL VO ATOLO TAGYEL OO TOYVCAPKIO.

Y& MOAMEG 0010TIKEG TOAELS KO YDPES YIVETOL YEVIKA OEKTOG MG EVOEIET] PLGIOAOYIKOV
Bapovg, AMX oto €&ng evpoc: 18,5 - 22,9. AkorovBwg, AME and 23 émg kon 24,9
VIOJEKVVEL dTtopa "vépPapa og Nmo Pabud"” 1/xar "pe Kivovvo mayvoapkiag”. O AMI €yet
OmOOELYTEL O1OLYPOVIKOG KOl YPNOLOG 10TPIKAG OEIKTNG o€ TarykOouo eminedo. [Tapdia tavta,
UIKPEG N LETPIEG OLOLPOPOTOINGELS TPOKVTTOLY AVAAOYQ TO PVAO, TNV NAKiO KoL TO
COUATOTLTIO TOV ATOUOL. ATopa TOV aBAoVVTOL 1 EXOVV YEVIKA avENUEVT LViKT pdla £xovv
peyoAvtepo AME ywpic va £xovv TEPGGOTEPO AMTOG. ATopa TOV AOY® NAIKioG 1 Tadncemv
Exovv yaoel poikn pala Ba Exovv kpdTEPo AME Ympig avTd Vo onpaivel Twg Exovv
Mydtepo AMmog. Eniong dtopa ota omoio Asimel Tunpo Tov cdpatog (KOmoto dKpo 1 KOmolo
Opyovo tov copatog) Ba £xovv pikpdtepo AME. Edwd yuo to moudid ypnoyomotodvton
EeXPLoTOL TVOKEG TOV TPOEPYOVTAL OO GTOTIGTIKA GTOtKEln Yo kKB opdda atopwV (o€
Jdpo peTiKéG NIEipovg £xovpe dLoPOPETIKOVS TIVOKEGS), NAKIa Kot pUAO.

1.3 Z(Dll(l‘l'lK(') )yfTCOQ (body fat) ovopaleTot T0 GUVOAD TV MBIV 6TOVG 16TOVG
0V avOpOTIVOL cOPOTOC. Anpiovpyeitol petd amd £vo chHVOLO S10d01KACIOV GTOV avOpOTIVO
opyoviopd, ot omoieg petacynuatiCovv, amodnkevovy 1 aroBdALlovy To GLGTATIKE TOV
Aappévovtar and Tig TPoPEg

To copatikd Ainog gival amapoitnto Yo TNV TPOSTAGIN TOV 0PYAVOV TOV avOp®OTIVOL
OONOTOG Kot TV amonKevLon TV MTodloAvTdv Prroapvedy. To m0cootd copatikoh AMmovg
KOTOYPAPETOL LE AMTOUETPT|ON.
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https://el.wikipedia.org/wiki/%CE%A0%CE%9F%CE%A5

H «Ilaykéopa Ztpatnywr tov WHO yio ) dtatpon, T GoOUOTIKY dpacTnploTNTo Kot TV
vyeion mov gykpidnke amd v Haykodoa Xvvérevon Yyeiog to 2004 kat avayvopiotnke
Eava o o moAtik| dtaknpvén tov 2011 yia T1g un peTadoTIkEG acBEveles, TEPLYPAPEL TIC
EVEPYEIEG TTOV OITOLTOVVTOL Y10 TNV VRTOGTNPIEN TNG VYLIEWVNG STPOPNG KO TNG TAKTIKNG
COUOTIKNG dpactnproTTas. Akolovnoe to «Ilaykdouio ox€d1o dpaong Yo T COUUTIKY
dpactnpromra 2018-2030» O WHO onpocicvce 1o ACTIVE éva teyvikd mokéto yio va
BonBnoet Tig ydpeg oTOV GYESOGUO Kot TNV TOPES0oN TOV OTAVINGEDY TOVG. NEEG
katevBouvtpieg ypoupés tov WHO yuo ) copotikni dpastnptotnta, v Kabiotikn
CLUTEPIPOPE KO TOV VTVO GE TOUOIH KATW TOV TEVTE ETMOV KuKAo@Opncav to 2019.

1.3.1 Awotpo@ikég dratapayég

‘Evag ouAAoyIKOG Opog Yoo TNV TEPYPOPT] YLYIKOV dlotapoy®v mov opilovior amd un
(QLGLOAOYIKEG OTPOPIKEG GLVVNOEIEG TOV £NPEALOVY APVNTIKA TI COUATIKN 1 YLYIKN VYEiQ
evOg atdpov. Ze avtifeon pe v Tayvoapkio Tov propel va amrodobel 6To GTPES, 01 IUTPOPIKES
dwtapoyéc eivar cofoapég kar cvuyvd Bavarnedpeg acOéveieg mov oyetilovion pe cofapég
TapoyEC oTN OTPOPIKT) CUUTEPIPOPE, TIC CYETIKEG OKEWYELS KOl TO GLVOUGOMUATO TOV
avOporov. Exovtag yuyikd kot copotikd copntdpata tastvopovvtatl toco oto ICD (Aebvig
Yrotiotikn Tagvounon Noonudatov kot Xvvaeonv [pofAnudtov Yyeiag) 6co kot oto DSM
(Ayvootikd kot Xtotiotikd Eyyepioo Poyikov Awatapaydv) kot teptiappdavet:

* Nevpikn| avopeia, po kotdotoon mov yopaktnpileTon amd Evay ePUoVIKO eOfo va Tapel
Bapog M dpvnomn va To KOVEL, Kol UL U1 PEOACTIKY OVTIAMYM M U ovoyvopion g
c0BapOTNTAC TOV TPEXOVTOG YOUNAOD COUATIKOV BApOovg.

* Nevpwknp Pooiio, mov yopaktnpileton amd  emoavorlapPoavopevn  vrepEayio
aKoAOVOOVUEVT] OO OVTIGTAOUIGTIKES CLUUTEPLPOPES OTTWG 1) KABpoT).

* H Awatopayn Yrepoayiog, ameucovilel Tnv enavorapfovopevn vrepeayio TovAdyIeToV pio
@opd v gfdopdda yo dtdotne 3 unvov, evad avtipetoniletor EAAenyn eAEYYOL Kot Evoyn
HETd amd VIEPKATAVIAMOT TPOPNC.

1.4 Enidoyog

Yvvoyilovtog, o€ aVTNV TNV £pyacio eEEPEVVNGALLE TN ONUAGIO TV NAEKTPOVIKOV {uydV, TOV
Agiktng Maloc Zopotog (BMI), Tov copotikod Mrovg kot Tmv STpopik®dv daTapoydV 6TovV
TOUEN TNG VYELOG Ko TNG OTpOPNG. Méca amd au TV TNV avacKOTN G, anoktnoape Babvtepn
KaTavoONnon Yo T0 TAS aVToi 01 TOPBEYOVTES GLVOLOVTOL LE TNV VYELN HOG KOl TOG UTOpOvV Vo
emnpedoovv TV gvekia Hog.

H evnuépwon kot ) katovonon avtdv tov Bepdtov eivor {otikng onpaciog yo t dotpnon
evog VY1006 TpOTOV (NG Ko TNV TpdANYN TpoPAnudtov vyeiog. Emmiéov, n epappoyn avtdv
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TOV YVOGE®V UTopel va cuufdaiel otnv mpomdOnon g vyeiog Ko g gve&iog Tov atdpov,
KoODC Kot otV OVATTLEN  OMOTEAECUATIKOV TPOYPUUUATOV OlOTPOPNG Kol (QUGIKNG
dpacTNPLOTNTOG.

e po emoyn 6mov M vYElo Kot 1 S1TPOPY] ATOKTOVY OA0 Kot LEYOADTEPT ONUAGIA, 1 YVAOOT
KOL 1) €EQPOPUOYN OVTOV TOV TANPOPOPLOV Umopel vo odnynoel o€ o, {on mo vym Kot
GOPPOTNLEVT).

OcpnTiKo vofadpo
2 Hiextpikn] oyoyipotyto

Mo mv kataypagy tov Alrovg 6Tov avlp®OTIVO opyavicid KOO €IVl VoL KOTOVOT|GOVUE TPOTO TMOG
Aettovpyel N NAeKTPIKN ay@ylotnTa. H nAekTpikn ayoyipdtnta skepdlet TV eukoAia e TV onoia
TO NAEKTPIKO pEDLOL TEPVAEL LEGO OO KATOLO VAIKO OO0, KOl amoTeAel TO dvadkd uéyedog

™G NAEKTPIKNG avtiotoons. H nAektpikn aymyyotnto Selyvel TNV amdKPIGT) TOV VAIKOD EGV
EPUPLOCTEL G€ aVTO dlapopd dvvapkov. Oco peyoldtepn givol 1 oy@yLOTNTO TOL VAIKOD TG0
TePIocOTEPO Pev O Bo pevGEL EVTOC TOL VAIKOD. AvAAoYo AOUTOV LLE TNV TN TNG NAEKTPIKNAG TOV
AYOYIHOTNTOG, EVO VAKS yapaktnpiletal og aymyos, HoVaTHS | HUIOYWYOG.

H niektpucn ayoyydmmra divetar aptOuntikd edv 6101p€GOVLE TV EVTOGT TOL PEOLITOC TOV dlapPEEL
éva avtikeipevo (og amperes) mpog TV Téor mov epaproletal oto dkpo Tov (o€ volts). I[Ipdkettal
ONAaod” Yo €vo péyebog avticTpo@o TG NAEKTPIKNG avtiotaons. O aviictoryog TOTog sivat:
G=1/R=I/V (2.1)

Omov:

G: H ayoypdmta mov eueoavilel 1o aviikeipevo (oe Siemens)

R: H avtictaon mov epeavilet 1o avtikeipevo (o€ ohms)

V: H dpopd duvaptkod mov epoproletol 6To AKpo TOL OVTIKEWEVOL (o€ Volts)

I: H évtaon tov pedpatog mov dlappEet To avTikeipevo (o amperes)

Omndte, dnwg kotaraPaivovpe vapyet n avaykn va Bpebel Eéva tout mov va Eyel ™
duvatdHTNTO PETPNONG TG AYOYIOTNTOG, OOV KOt TO GLYKEKPLUEVO eEAPTNLLA TO ElXE LOVO M)
Texas Instruments (T1) aAAd Aoym EAAenyNg NAEKTPOVIK®V EUPTNUATOV KOl VAKOV GTOV
KOGLO, TO eEdpTnua dev vnpye emedn| elxe e€avtinBel. OmodTe 1 poOVN Adon Ntav va Ppedet
£va KOKAMUO [LE TELECTIKOVS EVICYLTEG TTOL VO KAVAVE TNV 1010 dovAgld. Avtd 10 KOKAwpo Oo
avaALOEl TaPAKATO.
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2.1 Tekunpiomon NAEKTPOVIKOV eEapTNUATOV

HX711

H Aertovpyia tov HX711 omyv pétpnon PBapovg Paciletor oty apyn TS UETOTPOTNG TNG
UNYOVIKNG TTEOTG 0€ NAEKTPIKO onpa. Avth 1 dadikacio teprrapupavet Ta e€ng Prparta:

1)

2)

3)

4)

5)

AwcOnmpeg Ilieong (Load Cells): Xt Pdon g ovokewvng pétpnong Pdpovg
tomofetovvion aoOnpeg mieong, yvootoi ko o¢ load cells. Avtol ot aicOntpec
TEPEYOVV EANCTIKA GTOLXELD (Strain gauges) Tov avTIOPOVV GTNV UNYOVIKT THECT).
Metatponp g Mnyavikng Ilieong oe Hiektpikd Znpo: Otav éva avtikeipevo
tonoBeteitan mve ot cvokevn, Ta load cells d&yovtar micon. Avti n mieon npokael
LIKPOGKOTIKEG LETOPOAEG GTO UNKOG TOV EANCTIKMY GTOLYEIDV, TOV LE TN GEPA TOVG
oAAGCovY TNV NAEKTPIKT avTIoTAOT T®V strain gauges.

Anuovpyia Atapopucov Hiektpiko Znpatoc: Orpetaforéc oty aviictaomn Tov strain
gauges mopdyovv &va UIKPO MAEKTPIKO GNUA, OV &ivarl avdiloyo tov Pdpovg mov
epopuoletar. Avtd 10 onua givor mOAD advvapo kol mpEmEL va. evioyvbel Yoo va
petpnOet.

Evioyvon ko1 Metatponny tov Znpotog pe tov HX711: To HX711 AapPdver ovto 1o
SPOPIKO MAEKTPIKO GO KOL TO EVIOYVEL XTI GUVEXELN, UETOTPEMEL TO OVOAOYIKO
oNUO 0€ YNPLOKO LE TN ¥PNON EVOS avaroyoymelokov petatponéo (ADC).

Yok Emefepyacio kor ‘Evdeién: Ta ymelokd oedopéva HETOPEPOVIOL CTOV
HIKpoeLeYKT pé€ow Tov TPToKOAAOL SPI. To ymookd onua sivon mAéov £€too va
enefepyaotel amd Eva LUKPOEAEYKTN 1| AAAO GUGTNLLO EAEYYOL Y10l VO, VTOAOYICEL KOl VL
eupavioet to Bapoc.

HX711 Xvvoeon pe to ESP32:

Ta kodoowo tov HX711 (DT ko SCK) cvvdéovtar e ynorakovg akpodékteg tov ESP32
(otov kddwd, DT otov akpodéktn 14 kot SCK otov akpodéktn 4).

To kaAdd10 (VCC) ocvvdéetar otov 1popodotikd +3.3V tov ESP32.

To kaAdd10 (GND) cuvdéetar otov yeimon (GND) tov ESP32.

4 <|U. D
BUSEREY

12
N
2
| 52
W

Y]
®
0
A
—

[3:;1
|| o]
e

Ewova 1: HX711 Load Cell Amplifier Module. Reprinted from 'Introduction to HX711: A Complete Guide' by John Doe, 2023,

retrieved from https://www.example.com/hx711-quide."
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TPS60401DBVR (U10 oto schematic)

Ii it -

Ewkova 2

Heprypaen: To TPS60401DBVR givan évag puBuetg tdong step-up/down, wkoavog va
napéyel otabepn Tdon 6600V amd o YN 16000V, XPNGYOTOEITOL GTO KOKAMLLOL Y10l VOl
gxovpe BeTIKN Kot apvnTIKN TAON GTN YEVVITPLO TOAUMY KOl GTOVS TEAECTIKOVG EVIGYVTEG.

Kvpwo Xopoxtnyprotikd:
e P0Buion Téong Step-Up/Down

e Xpelalovtar povo 3 mokvetéc tov 1uF yio va Asttovpyet

CD4060BM96 (U9 oto Schematic)

M

X II

\ | AhkA i
Yy

v

1l
e 1—|rL

Ewkova 3

Heprypagn: To CD4060BMOI6 sivar £vog morvPabaiog puOoetnie/dtonpétng kot TonTdypovo.
£vag TOAOVTOTNG. XP1GYLOTOIEITOL Y10l SAPOPES XPOVOUETPNOELS.
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Xpnoiponoteitor 610 KOKA®UO Yo Vo, oG Topdyet Toalpovs. Aovievet amd 3V péypt 15V.
Kvpwo Xapoxtnprotika:
e TloAvBaduiaiog PuOuotig/Awpétng

e Evooparopévog Taravtmtng

To pin 11 givar to clk o 10 givon To RX ka1 to 9 givar 1o CX. Me avtd ta 3 pin propodue
va oxedidoovue (6mov to X onpaivet external) tov tolovimtn pog.

Y7o pin 11 ypetaleton akdpo pia avtiotaon (RS) yio va SovAéyet.

H tyn g pmopet va yivet:

Rs= 2RX péypt 10RX mov onuaiver 6t av n Rs givar 100K. tote n RX B mpémet yia
napaderypa vo Exetl Tipe omd S50k puéypt 10k. Xto koxhopo éxovpe Rs=100k, Rx=10Kk,
Cx=1nF

H cvyvotta wovton pe: F=1/T =1/ 2.2*Rx*Cx (2.1)

F=1/2.2*10*10"3*10"-9
F=45.454Hz.

Tpoémog Aertovpyiag: To ypaupa Q eivor apBunuévo amd 4-14 kot 10 Kabéva amd avtd £xet
SPOPETIKN onpacia yo T cvyxvotnTa Tov mopdyet To eEdptnua. [T cvykexkpéva, to Q4
onupaivel 6t N TeMkn pog cvyvotnta Bo dwopedet pe 2°4=16.

Ankadny, F=45.454/16=> F = 2.840Hz

LMC6482IST (U11,12 eto schematic)

Lo b
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e
|

Ewkova 4

16



Meprypagn: O evioyotig LMC6482 ypnowomoteiton g minpng avopbotmc (full-wave
rectifier). H Baocwm Aettovpyia Tov evioyut 6€ avtd 10 KOKA®UO TepAapupdavet Ta eENG:

Yvvovaouds tov Ddoewv: Abo evioyvutéc d10TdocovTal 6e GUVILAGUO pE 01050VG Yo va.
dwcearicovv ot kabe @don tov AC onuotog emeCepyaleton Eexyopiotd. H €Eodog tav
EVIOYLTOV lvan BTk, aveapTnTa amd TNV apyiKn AT TOL GNUOTOG ELGOJ0V.

A6pOwon Enqpoatog: Ot 810001 6T0 KUKA®UA EMTPETOVLY TV TTEPACT TG OETIKNG TAOoNG Kot
UTAOKAPOLV TUYOV apVNTIKY TAGCT, petatpémovag to apyikdo AC onua o€ o cuveyn Betucn
Tdon.

E&opdivvon Taong: [Haporo mov 1 €€000¢ amd Tic d10d0v¢ ivon TAAUOS, M TPOGHNKN TOL
YopnAomepatod eiltpov otnv ££080 EEOHOADVEL TV TAGT, LETATPETOVTOS TNV GE oL Ao Ko
otafepn DC taon.

Ewkova 5

link yia to kOKAwua: http://tinyurl.com/ysmbly9l

E@ocov 1 cuyvotta (Tadptdg) mov xpnotlomolovpe eivat otabepn onpaivetl 6Tt To eovVTAcTIKO
péPog TS avBpdmivng avtictoong dnuovpyet pia otabepn dwpopd eaong. Avtd onpaivet 6t
dgv emmpedletl 1o amotédespa. [a va kataAdfovpe kaddtepa T Aettovpyict TOL KUKADUOTOG
Oa mpémel va QTaEovpe €va mivoKo HE SPOPETIKEG OVTIIGTACELS Yo €1GO00VG Kol Vo
nopatnpnoovpe Tt cupfaivel 6Ty €080 TOL KUKADUOTOG.

Omnov: Vout2 = - Rf/Rin*Vpul2 (2.2)
H Rin eivox n avtictoon tov avOpdmov.

H Rf givar ) avtiotaon avadpacng tov evieyut.
H Vpul2 givan o tetpaymvikdc maApoc mov pog divet to CD4060.
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ITINAKAY 6¢ RTS

G(uS) R Vout?2 Vout
1 1000000 594u 0.1038m
2 500000 1,17m 0.3692m
3 333333,33333333 1,75m 0.737m
4 250000 2,3m 1,15m
5 200000 2,97m 1,65m
6 166666,6667 3,42m 2,03m
7 142857,1429 3,95m 2,45m
8 125000 4,48m 2,9m
9 111111,1111 5m 3,32m
10 100000 5,5m 3,74m
15 66666,66667 7,9m 5,7m

Onwc PAémovue, 1 ouvolikn €£000¢ (Vout) gival avtiotpo@mg avaAoyn omd v avtictacn Rin
dNAadn v avtiotoomn Tov avlpdmov. Oco mo pikpn givar 1 avtiotaon Rin , n tdon €£660v
HEYOADVEL Ko TopAAANAa péverl otabepn Yo va uropovue va ) petpricovpe. [Hoapakdatw Ha
d000vv ot wivakeg yia avtiotaon ota 200K kot 1M yio va dodue T1g drapopés. To kabe Prjno
etvar ota S0NS. v TpdT KLPOTOROPEY| Eivar T €16000G, 1| devTEPT £lvarn ££000G TOV TPADTOV
EVIOYLTN Ko 1 Tpitn eivon 1 £€£000¢ amd to PiATpO.

t = 450.036 ms
fime siep = 50 ns

Ewkova 6 Kupatouoppeg yia avtiotaon 200k

Max=3.3 V Max=593 994 pV Max=103.821 v i = 450.068 ms
esistor, 1 MO wire wire fime step = 50 ns

Ewkova 7 Kupatouopéeg yia avtiotaon 1M
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H mpocopoinon €ywve péom pog Swpedv S1adIKTLOKNAG TAATPOPLOS OV Oovopdaletol
falstad.com, n omoia gival Topopota pe to PSpice. Zopgova pe Ty TpocopoimoTn Kot o
amoteléopoto mov pog EPyale, katoAnyovpe 6to cvopmépacua 6Tl n Taon €£6dov gival
otabep|] Kot avdAoyn He TNV ay®YILOTNTA TOV KAOE avOpOTOL Kol CUVETNDS EVKOAITEPA
uetpnown. Hopokdto eaivetal to ypaonua (swova 8) g ayoyyommtog G (US) mov
Bpioketar otov X a&ova, o oyxéon pe tnv taon e£6dov Vout (mV) mov Bpicketan 6tov Y
a&ova.

I'paenpua G-Vout

# LUpdated Filtered Data
Linear Fit

35

30

25

2.0

Waut (m)

15

10

0.5

0.0

2 4 ) 8 10
Glus)

Ewova 8

211N cvvEela TPpooTEdnke

H 6i060g INS5819HW-7-F (D4). Eivar pua Schottky diodog, ) omoia givat yvoot yio ypriiyopn
avTidpaoT TNG Kot TN YOUNAT TACT] KATAGTAGNC. XPNOYOTOLEITOL GLYVA Y10 TPOGTAGIO ATd
AVTIGTPOPN TOMKOTNTOS Kol G 01000G TPOGTAGING G TOAAY NAEKTPOVIKE KUKADLLATO.

210V KUKA®LLO OV dNUIOVPYNGALLE, aVT 1) 610d0¢ ToMoBeTEITAN BTN YpOaLUY] E1GOS0V Yo VoL
TPOGTATEVCEL TOV EVIGYVLTY| OO AVTIGTPOPT TOMKOTNTOC. ALt £ivarl onUavTIKS Yo va
ATOTPATOVV {NIES GTOV EVICYLTY KOl VO SI0GOAMGTEL 1] COGTI AELTOVPYiN TOV
KUKADUOTOGOE TEPIMTMON 7OV 1| TPOPodoGia cuvoedel avdmoda.
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Ewkova 9

2.2 AvayKn HETATPOTNS UVUEAOYLKOD GI|ILOTOS GE YT PLOKOD

H petatpom amd avoroykd onjpa o€ ynowokd oe pio Luyoptd Mmopétpnong Exet ToALA
TAEOVEKTNHOTO TOL GYeTilovTan pe TV akpifeta, v evkoMa enelepyaciag Kot TV
amoOnKeVoT TOV JESOUEVAOV. AVAUESH GTOVG KOPLOVG AOYOVE TTOV YivETOL OVTN 1 LETAPaOT
glvo | TopoKaT:

Axpipera: Ta avaroyikd onuata eivor evdiota o€ BopHovg Kot TapepPoréc amd
nepParioviikovg Tapdyoviec. H ymoloxn petatponn enttpénet v nepotépw enelepyacio
Kot TN peiwon Tov mhavov eaALdTeV mov Tpokaiobvtal and to 86pvo.

Evkolia Eneepyaciag: Ta yneloxd onjpota givar vkoldtepa 6NV eneEepyacio Kot
avdéAivon. Mropovv va vofAnBovv ce alyopiBuovg enelepyaciog yo v e€oymyn
TANPOPOPLOV, OGS 1| LETPNGT TOL MITOVS GTO GO

AvvatétnTteg AmoOnkevong: To ynoakd dedopéva etvar EVKOAOGTEPO VA AToONKELTOVV Kot
va HeTad0Bovv. Avtd emTpénel TV EVoOUATOOT TG Cuyaplig e AAAEG CLOKEVEG Kot
GLGTNLLOTO, OTMOG VITOAOYIGTES, smartphone KAT.

Mpoypappanilopeves Aertovpyieg: H ynolokn texvoroyio emtpénetl tnv vAomoinon
TPOYPUUUOTILOUEV®V AELITOVPYL®OV Kol aAyopiBumy, dmwg ot puuicelg yio 614popovs TpdTOLS
pETPNONGS N M TPOGONKN VEDV YOPAKTNPIOTIKOV.

I'evikde, 1 ynoeokn petatponn tposeépet eveMéia, axpifeta kot dSvvatdtnteg eEEMENG TOL
dgv etvan EQIKTEG e avOAOYIKES TEYVOLOYIES.
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2.3 Metatpomi) avaioyikod GN|HOTOS GE YI|PLOKOD

MCP3551T-E/MS (U13 eto Schematic)

Tomog: Avaroyikds-Pnelaxoc Metatponéag (ADC)

Agrrovpyia: Metatpénetl Eva avoAoYIKO GO GE £VOL YNOLOKO, TOPEXOVTOG
YNOLOKN OVOTOPAGTAOT) TG TAGNS 10000V,

Xpion oto Kdkhopa: Xpnoylonoteitat yio tn HETPNON AVOAOYIK®OV CUATOV
KO TOL LETATPETEL GE YNPLOKN LOPPN TOV Umopel va enelepyaoctel o
HUIKPOEAEYKTNC.

Avalvon 21.9 bits: Me v avdivon 22 bits, 0 ADC umopei vo mopayet
nepinov 2722 = nepinov 4,000,000 d10.popeTIKEG SIOUKPITIKES TIUES Y10 TN
pérpnon.

Delta Sigma ADC: Ot Awgopikoi Ziyua-Aérto avorloyo-ynelokoi
Mertatponeic (Delta Sigma ADCs) amoteAobv pua Katnyopio VymAing
axkpipetag ADC mov ¥pno1Homo10vvToL EVPEMS G EPAPUOYES OTIOV ATOLTEITOL
VYNAN aVAALGN GE YOUNAES GLYVOTNTES, OTTMG 1 NYNTIKN GNHOVEN, 1| LETPNON
16Y00G Kol 01 WTPIKEG GVOKEVEG. Ol PETATPOTELS aVTOL AgtToLPYOHV e TNV
apyn TG VIEPIEYLOTOANYIG Kot TS dapdpemong BopvPov (noise shaping),
TPOKEEVOD VO, EMLTHHOVY LYNAITEPT aKPIPEIR OO TIC TOPASOCIUKES TEXVIKES
HETOTPOTNG. AVTO EMTLYYAVETOL LETATOTILOVTAG TNV EVEPYELNKT TUKVOTNTA
0L BopHPoL HoKPLd O TN YAUNAT] CLYVOTNTO EVOLOPEPOVTOC, EMTPETOVTAG
TNV YNPLOTOiNen Tov oNUATOC e peyaAvtept akpifeta. Or Atpopikol Zrypo-
Aélta ADCs gtvar dtaitepa amodotikoi ot peimon tov ewteptkon BopHov
KoL TOPEYOVY VYNAT SUVOULKY] E0POC, KAVOVTAC TOVS 100VIKOVS Y10l EPUPUOYES
OOV 1 TO1OTNTA TOV GTUOTOG Vo KPIGIUNG GNUAGTAG.

MCP1501T-30E/CHY (U14 6to Schematic)

Tomog: Avagopd Taong 3V (Voltage Reference)

Agrrovpyia: [Hopéyel o otabepr| avaeopd tdong ota 3V o va
xpnowomombei g onpeio avapopis Yo To AVOAOYIKE GTLOTO TTOV
petoatpénovror and tov ADC.

Xpnon oto Kdkiopa: Xpnoyonoteitar og anyn avagopdg yio tov ADC,
eEaoparifovtag otabepn Tdomn avagopds Yo TG LETPoEIS. AvTd PEATIDVEL
™V akpifelo TV HeTpPNoe®V Kot EEQAEIPEL TUYOV EMMTAOCELS OO
OWKVUAVOELS GTNV TPOPOOOGiaL.

Kot ta 0vo avtd eaptipata mailovv kaipto poOAo ot HETPNOT OVOAOYIK®OV CTUATOV KoL TN
dtopaion 6Tt ot petpnoelg etvar agomoreg kot akpiPeic. O ADC petoatpénet To avaroyucd
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ONUOTO GE YNOLOKN HOPOT, EVA 1) 0vopopa Taons eEacailel 6Tabepd onueio avapopds yio
avtég Tig petpnoetc. [l cvykekpyéva:

Eoto ya At (Avoroywn Taon) Balovpe v téon e£600v yia avtiotaon 200k
(Vout=At=1.65mV, Rin=200k)

Avoroywn Taon = (Pnewkn Twn / (2°22)) * Vref (2.3)
At/Vref=¥1/2"22
1.65*10"(-3) / 3 = W1/ 2722 => ¥1=0,00055*2"22=> ¥1=2.306,867

L

- b
1

I

Ewova 10

SDO/RDY (Serial Data Output/Ready): Xuvvdéetar oto 1016 tov ESP-WROOM-32.
Avt 1 ypopun propet va ypnoomomBet yio T HETAO00T TOV YNOLIK®V OO0 UEVOV
a6 1o ADC mpog tov ESP-WROOM-32. Eriong, pmopel va Aettovpynoet og EvoeEn
"¢topoc" (RDY) and tov ADC.

SCK (Serial Clock): Xvvééetar oto SCLK (1033) tov ESP-WROOM-32. Avti 0
YPOUUY YPNCLOTOIEITOL Y10 TOV GLYYPOVIGUO T®V poAoYldV petad tov ADC kot tov
ESP-WROOM-32 xatd TV HETAPOPE TV dEOOUEVDV.

CS (Chip Select): Zvvdéeton oto 1017 tov ESP-WROOM-32. Avth 1| ypapuun givot
vrevBuvn yuo Tov Eheyyo tov ADC, deiyvovtag dtav givar EveEpYOTOUEVO 1|
OTEVEPYOTOUUEVO.
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TLV1117

To TLV1117 givat éva Tpopodotikd otabepng Tdong mov ypnoyLomoteitat yio vo eEacpalioet
611 0 ESP-WROOM-32 Aapfdaver pia otabepn téon tpo@odociog. Te yevikég YPUUUES,
YPNOYLOTOLOVLLE TPOPOSOTIKA GTOOEPNC TAOMC Y10, Vo E0cpaAoovE OTL 1) Téon oL AapPdvet
10 ESP mapapével otabepn, aveEaptnta amd Tig mhovEg SIKVIAVGELG GTNV TAoT TG TNYNGS,
onm¢ pumopet va cupPaivel pe my taon tov USB.

[Tw ovykekpéva, 1o TLVI117 mapéyet o otabepn téomn e£6d0v 3.3V akdun kot av
N téom 16660V amd 10 USB drakvpavOel. Avtod etvar onpoavtikd yoti ot
pikpoeheyktés, 6mwg 1o ESP-WROOM-32, Asttovpyovv kaAvtepa dtav Aappdvouvv
otafepn tdon.

A
)

Ewkova 11

2.4 ESP-WROOM-32 (U1 cto Schematic)

To ESP-WROOM-32 givot éva toAd dnpoirég kot ioyvpd acHpuato (Wi-Fi kot
Bluetooth) module mov Basileton 6to cuGTHHA EVempOTOUEVOY KuKA®pdTov ESP32,
nov avantoyOnke and v Espressif Systems.

Optopéva yapaxtmpiotikd tov ESP-WROOM-32 nepirappdvovv:

Enelepyaotig: Aummdpnvog enelepyaotng Tensilica LX6 pe cvuyvotnta Asttovpyiog
€m¢ 240 MHz.

Mwvipn RAM: ‘Eyet evoopatopévn pviun RAM 520 KB.

AcVppatn Emkowevia: Yrootpiler Wi-Fi 802.11 b/g/n kot Bluetooth Classic kot
Bluetooth Low Energy (BLE).

AweOnTpec: Awbétel evoopatopévoug asntpeg dmwg asntipog Oeprokpaciod,
aleOnmpog vypaciog Kot GAAOVC.

23



Avaloyikovg kot Yneroxovg Ei6060vg/EE0d0vg: TToAAEG avoloyikég Kot YNOLOKES
€160000¢ Kot €£000VG Yio GVVOESN e aONTPES, EEMTEPIKEG CLOKEVEG Kot (AL
TEPUPEPELOKA.

Evoopoaropévy Mvijun Flash: Evoopatdovet éva flash pvqung 4 MB yuo thv
ATOONKEVOT TPOYPOUUUATOV KOl SESOUEVMV.

Avtd ta yapaxtpotikd Kabiotohv 1o ESP-WROOM-32 1davikd yio epapproyég
acVpuartov Internet of Things (IoT), aucOntpwv, Kot GAAEG GLGKEVEG TOL OTATOVY
QCVPLOTY EMKOWVAOVIO Kol VYNAN amdd0oT o€ Eva pikpo péyedoc.

only mpute
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Ewova 12

210V K®dwka, ypnoponoteitar pa 006vn SH1106 pe dwocvvoeon 4-wire SPI kon

YPNOYOTO0VVTOL T TOPUKAT® OKPOOEKTES:

1.

OLED_CLK (Zvvoedepévo 6tov akpodiktn 33): Avtdc 0 akpodEKTNG TapEYEL TO
poAot SPI yuo tnv 006vn.

OLED_MOSI (Zvvoedepuévo 6tov akpodskTn 32): AVTOG 0 0KPOOEKTNG LETAPEPEL
ta dedopéva MOSI yio v 006vn.

OLED_CS (Zvvoedegnévo 6tov aKkpodEkT 26): Avtdc 0 akpodéktng eival o
emkeyopevog (chip select) yio v 006v.

OLED_DC (Zvvoedepévo 6tov akpodEkTn 25): Avtog o akpodéktng kabopilet av n
emkowvmvia SPI eivar yuo dedopéva 1 evioréc (DC = Data/Command).
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5. OLED_RST (Zvvoedoepévo otov akpoofktn 3): Avtdg o akpodEKTNg Ltopel va
xpNoomomoOel yio v enavapopd tng 00ovng.

2.4.2 SH1106

H 006vn SH1106 givar pua pkpn 006vn mov pmopet va ypnoytomonel yuo va eppavicet
Keipevo kot ypoewd. H dtucvvdeon g pe 1o ESP-WROOM-32 yivetotr péow SPI, o
OlEMAPN EMKOVOVING TOV EMITPETEL T UETOPOPE OEOUEVAOV LETAED SPOp®V GuoKEL®OY. O
KOOWKOG EKTEAEL 014POPEG AstTOVPYiES Yo TNV EVIUEP®OT TS 000VNC, GLUTEPIAAUPOVOUEVIG
™G epeaviong Papdv, T0cooTOV Altovg, kot dAAwv TAnpogopidv. H dtopdpewon g
006vNG (OTT®G 01 YPOUUES KOOTKO TOVL £YOVV VO KAVOLV LE TNV apYIKOTOiNGoT) YivVETOL LE TN
BAoOnm U8g2lib.

Ewova 13 1.3 inch OLED Display SH1106 SPI/I2C 128x64. Adapted from '1.3 inch OLED Display SH1106 SPI/12C
128x64' on Smart Prototyping, retrieved from https.//www.smart-prototyping.com/1 3-inch-OLED-Display-SH1106-
SPI-12C-128-64."
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2.4.3 Buttons:
buttonUpPin (Kovpmni Agrd):

Katdotaon STATE_NORMAL: Xg avt] TV KOTAGTAGN O LKPOEAEYKTNG EXEL
Kpatnuéva T dedopéva Tov TeElevTaiov ypnot (Y€vog, Byog, nAkia) Kot
TPEMEL VAL 0ALOYTOVV £V TPOKELTAL VAL AVEPEL VO VEO ATOLO [LE SLOPOPETIKAL
YOPOKTNPLOTIKAL.

Katdotaon STATE_GENDER: ITpocaptd 10 Yévog TOL p1oTn MG Yuvaika 1
avtpa kot petafaivel oty katdotaon STATE_HEIGHT.

Katdotaon STATE_HEIGHT: Av&dvet to vyog tov ypnot katd 0.05 pétpa
Kol epeavifel o véo Hyog otnv 006 v.

Katdotaon STATE_AGE: Av&avel tnv nAikio Tov ypnom katd 1 £tog kot
epeavilel  véa nlkia otnv 086 vn.

buttonDownPin (Kovpni Aprotepa):

Katdotaon STATE_NORMAL: AA\dCer Tov aptBpd ypnom (user id) mov
YPNOWOTOLEITOL Y10l TN POPTO®ST/AT0ONKELGN TANPOPOPLDY YPNOTN.

Kotdotaon STATE_GENDER: ITpocaptd to yévog Tov ¥pnotn wg dvipo Kot
petoPaivel oty katdotaon STATE_HEIGHT.

Kotdotaon STATE_HEIGHT: Metafaivel otnv kotdotaon STATE_AGE.

Kotdotaon STATE_AGE: Amofnkevet Tig TAnpopopiec Tov TpEYoVTog
xpPNo Kal emoTpépet oty Katdotaon STATE_NORMAL
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2.5 TeMkoé oyéoro Schematic:
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Koataokev mhokétog

3 Aoywopko Eagle CAD

To Eagle CAD egivat éva 1oyvpd Kot E0PEDS YPTGIULOTOOVIEVO AOYICUIKO Y10 TOV GYESIAGIO
NAEKTPOVIKOV KUKA®UATOV Kol TUTOUEVOV KUKAOPOTIK®OV TAaketav (PCB). Xapaktpiletot
a6 v eveM&ia Tov 6N INUIOVPYIN CLVOETOV KUKAOUATOV HECH HoG H1o0usONTIKNG
OLETMAPNG KO TPOGPEPEL EKTETOUUEVES OVVOTOTNTES, OTTMOS 1 TPOGONKN Kot 1 emelepyacio
CLGTATIKAOV Ao [ TAovoto PPAodnkn, 1 dnpovpyic VE®V GVGTATIKGOV Kol 1 EEaymYN TV
aropaitmtev apyeiov yio v tapayoyn PCB.

Evpeon ko mpoodkn ocvotatik®v: X10 Eagle, o1 csuvictdoeg (0nwg avtiotdoel,
TEAECTIKA, KAT.) TpootiBevtar amd Tig PiPAodkes cuvictwodv. [ va Tpootebel pia
avtiotoon 1 évag TEAEoTIKO:

e Y7o pevov 'Library' kot emAéyovpe 'Use' yia va evepyomomcovpie tig PifAtodnkeg mov
YPEWOLOOOTE.

e Emiéyovpe 10 gpyaireio 'Add' (copPoiro: +) and v epyoaretodnkm.

e  Wdayvouue v avtictaomn 1) Tov TEAEGTIKO 6T0 Tapadupo mov Ba ELPaVICTEL,
EMAEYOVLE KO KAVOVLLLE KAK GTOV YMPO EPYOGIOS Y10l VO TOV TOTODET|COVLE.

ANMovpYio. GVOTATIKOV TOV OV VAAAPYEL: AV YPELNCTEL VO ONUIOVPYTCOVLLE VA VEO TOIT 1)
OLOTATIKO OV deV LITAPYEL 6€ Kapio PPAoOTKN:

e IIpoywpaue oto ‘Library Editor' am6 to pevoo 'File' > 'New' > ‘Library'.

e Xpnowomnotovue 1o Package Editor' yia va oyedidicovpe ) guoikn didtaln tov
oLOTATIKOV (1010, SLOGTACELS).

e Xpnowomotovpe 1o 'Symbol Editor' yio va dnpiovpyncovpe 1o oynuatikd cOppforo
TOVL GLGTATIKOV.

e Xuvoéovue 10 cOUPOAO e To TakéTo ypnotpomoldvtog to 'Device Editor'.

Ewayoyn Biprodnkng: o va tpocBécovpe pa véa Biodnkn oto Eagle:

o Koatepdlovpe v Pipiobnkn mov yperdletor omd 10 d1dikTLOo 1) ONOVPYOVLLE L.

e Amofnkedovpe 10 apyeio Piprobnkng (.Ibr) otov pdakero 'Ibr' tng eykatdoTaong
Eagle.

e Evepyomoodpe v Piprodnkn pécm tov pevov 'Library' > 'Use'.

Gerber Files: Ta Gerber files givat ta TeMKd apyeio TOV ¥PNGYOTOLOVVTOL OTTO TOVG
kataokevaotég PCB yuo va mopdyouv Tig mAakéTed.
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o  Metd 0V TeEMKO oyedooud g TAakETog Goc, Tatdpe v emihoyr 'CAM Processor’
amo6 1o pevoy 'File'.

e  Emiéyovpe évav mpoxabopisuévo job file B mpocappolovpe tig puduicelg copevo
LLE TIC OTOTNOELS TOV KOTOUGKELOOTY).

o E&dyovpe ta Gerber files kot To 6GTEAVOLLE GTOV KOTAGKELOGTY| Y10, TOPOYMYN.

Ynpoavtikég XopPoviéc:

e Efoweiwon pe Shortcuts: H yprion cuvtopeboemv pumopel va emtoydvel v epyoacio
oto Eagle.

o  Taxtum AmoOnkevon: Amodnkedovpe TOKTIKE TNV pyacio Yo v, amo@OyYOLUE
OTAOAEIEG AOY® OTPOGOOKNTMV KAEIGILAT®V TNG EPOPUOYNC.

Anmovpyio Evég Néov Xvotatikoy

Otav ypetdletarl va onuovpyndei Eva véo GuGTATIKO TOV JEV LITAPYEL OTIC O10OETIES
BBAodnKec:

e Anuovpyio Tov ZupPoArov: EeKvape ONUIOVPYOVTOS TO CYNUATIKO GOUBOAO TOV
oVoTATIKOV. AVTd TEPIAaUPAVEL TIG NAEKTPIKEG CUVOEGELS (TOO1DL).

e Anuovpyia Tov Iaxétov: X cvvéyeln, oxedidlovpe To Takéto, ONAadN ™
QLGIKTN O1ITaEN TOL GLOTATIKOV. AVTO TEPIAAUPAVEL TIG O10GTACELS TOV
GLOTOTIKOV KO TV TOTOOETION TOV AKPOOEKTMV 1] TOV TOOIDV.

o Yvvdeon Zvpuporov pe Iokéro: Metd ™ dnovpyio Tov cLUPOAOL KoL TOV
TOKETOV, YPEILETOL VO TOL GVVOEGOVUE Ll ONUOVPYDVTOG VAL VEO GLGTATIKO
oto 'Device Editor'. Avtod onuaivel 0Tt aviietoyileton kdbe OO TOV GLUPOAOL
Le 10 avtiotoryo modt oto makéto. IMapakdrm giva To layout mov
YPNOOTOMONKOV GTNV TEMKT KOATOOKEVT TNG TAUKETOS:
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PCB Layout Top

Ewkova 15

PCB Layout Bottom

Ewova 16
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PCB Layout Top/Bottom

Ewkova 17

3.1 Apyeia Gerber

E&ayoyn Apyeimv Gerber ané to Eagle CAD:

O apyela Gerber eivor to TeMKO péco Yoo TV koataokevn mAakétag PCB. Méow tov
hoyiopkov Eagle CAD, 6tav oAokAnpmbOel 0 6yed106 1O TG TAAKETAG YPNOUOTOI0VUE TAVTO
10 gpyolreio Design Rule Check (DRC), kot ywpic va mopovotdlel opdiuata 1 avouoiies
umopovue vo eEdyovpe avtd ta apyeioa Gerber. Ta apysio avtd mepthapPavovy ddpopeg
TANPOPOPIES Y10 TOV GYedOGUO TG TAakETas. [lepiEéyovv mAnpopopieg GYeETIKA e Ta EMIMEdQL
TOV YOAKOV, TIS TPOMEG KOl TOLG Oy®YOLS, KOOMG Kol Yoo TNV KATOAANAN OdTosn Kot
tomofétnon tov eoptnudtov oty mAakéto. Metd v eayoyn avtdv tov opyeiov,
axolovfel n ddwkacio amoctoAng ToVg oe etaupiec katackevng PCB, ot omolec Oa ta
YPNOWOTOMGOVY Yo TNV mapaymyn g miakétas. O cwotdg oxedacpdg kot 1 ophn
dwdwaocio eEaymyng tov apyelov Gerber eivor xpioyotl, kabadg amotelovv v mnyn
TANPOPOPIOV Y. TNV Katookevy g mhokétag PCB yopilg mpofAipata M acvvéneies.
[Mopakdto avagépovtor Kot e€nyovvtar cuvonTikd ta apyeioc mov yperdloviar ol eTopeieg
KOTOGKELNG TAUKETDV.
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Top Copper (Endveo Xoikdg): To oymuatikd g KATavopuig Tov YOAKOD 6T0 Gve HEPOS TNG
TAOKETOG.

Ewkova 18

Bottom Copper (Katw Xaikdg): To oynuotikd g KOTAVOUNG TOL YOAKOD GTO KAT® HEPOC
NG TAOKETOC.

Ewkova 19

Profile:

Ewkova 20
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Soldermask Top (ITpootacio Koiinong Endve): Opilet Tic meployég 6mov 1 tpoctoscio omd
TNV KOAAN G TIPETEL VO EPOPLOCTEL GTNV TAAKETO.
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Ewova 21

Soldermask Bottom (Ilpooctacio KéAAnong Kdatw): Opilet Tic meployég 6mov 1 mpootocia
amd TNV KOAANGT TPETEL VO EPUPUOCTEL GTNV TAAKETA.

Ewkova 22

Solderpaste Top givar éva eninedo oto apyeio Gerber oV avaEEPETOL 6TO TOV TPETEL VL
€PaPUOGTEL N TAGTO KOAANGE®V GTO TAV® PEPOG TNG TAOKETOC.
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Ewova 23

Solderpaste Bottom givon éva entinedo ota apyeio Gerber Tov avagépetal 6To OV TPENEL VA,
EQUPUOCTEL 1] TAGTA KOAANGEWV GTO KATW UEPOS TNG TAUKETOC.

Ewkova 24

SilkscreenTop (Enuavoeig Endvom): Tlepiéyovy ta ototyeio mov epeaviloviol Tove amd tov
YOAKO, OTIMG CUAVOT), AVAYPOUPES, KEILEVO.

Gavriilidis A

| |
o T e 11
. Bonamez © 52
RS Pl' - w 1 \ |
Ewkova 25
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Silkscreen Bottom (Enudvoeig Kdto): Tlepiéyovv ta ototyeio mov eppavifovotl mive amd
TOV YOAKO, OTIMG GLOVOT), VLY POPES, KEIEVO.

Ewkova 26

3.2 TomoB&étnon eCaptudtov otn TAoKETO

H tomoféton tov eapmudtov 6To KOKA®UA UTopEL va, EXNPEACEL TV arnddoon Kat T otabepdtntd
Tov. ZUVNO®G, N €MA0YN ToL oV Ba TomoBetBoHV T efapTipaTa eEopTATUL OO SLAPOPOVE
TOPAYOVTEC, KAl LEPIKOL ammd avTohg Teptlappdvouv:

1. Amo@uyn Oopvfov (Avoeiding Noise): Edv vdpyovv evaicOnta orjpata, 0mwg
avoAoywd onpato Tov petotpénovrol and tov ADC, sivon avaykaio va
tomoBetovvTon Ta eEapThata Tov Tapdyovy i emnpealovion omd 06pvfo pakpid ard
TOV HKPOEAEYKTN Kot Vo Bpickovtar kovid petald Toug yuo vo peiwbet n mboavotnta
EMOPAGE®V.

2. XraBepotnra Taong (Voltage Stability): H tonofétnon g avagopdg téong Vref
kovtd otov ADC eEacparilel 6TL M avopopd eivon otabepn KaTd T O18pKELN TNG
HETOPOPAC TOV GTULATOC.

3. Mnikog Kaimdiov (Cable Lengths): Maxpivd kaddoio propodv va givor evaicOnta
oe mapePPoAEg Ko ammAgles onpatos. H toroBétnon evaichntov kuklopdtov Kovid
peta&d Tovg peumvel Tov Kivovvo Bopufov.

4. TIpootacio ané Iopacita (Protection from Parasites): H torofétnon tov
eCopTNUATOV HoKpLd Ao TNYEG TAPACIT®V, OTMG IGYXVPA HoyvNTIKA Tedio 1
NAEKTPOLOYVNTIKES TOPEUPOALS, umopel va BonBncel oty Tpoctacio Tovg amd
eEmtepkég emdpdoelc.
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3.3 Vias

To "Vias" givol atoyyeio mov emttpénovy T GOVIEST LETAED SIUPOPETIKAOV GTPMUATOV HI0G TAOKETOS
KuKA@potog. H ypron toug mpoceépet:

2HVOEOT GTPOUATOV: XVVOEOVV TO EMIMEN LOG TAOKETOG KUKAMUATOC, ETITPETOVTAS TN
LETAPOPA CNUATOV KoL NAEKTPIKMOV GUVOEGEMVY Otd £VO, GTPAOUO GTO GAAO.

I'eiwon: Xpnoipomolovval yio I cVVOEST TOV GTPOUAT®V YeEIMOoNS HETAED TOVG,
OMUOVPYAOVTOG Lo GLVEYN YEIWON OVAUESH GE OO TOL ETTITEDAL.

ATOTPONN NAEKTPOUOYVITIKAV TOPERPOLOV: XPNGUYLOTOOVVTOL Y10, VO, LELDGOVYV
NAEKTPOUAYVNTIKES TTOPEUPOAES, KOODS HTOPOLV VO O10OPIGOVV TUNUATO TOV KUKADIOTOG
amd TVYOV TTNYEG NAEKTPOLLOYVITIKAOV TAPEUPOADV.

Ta vias amoteAoOv Pacikd 6Toelo 0TOV GYEIOGUO TAAKETAOV Kol Eivon (®TIKNG onuociog yio
TN GLUVOECIUOTITA KOl T AEITOVPYIO TV NAEKTPOVIKAOV KUKAOUATOV.

3.4 Eniloyog

Yvvoyilovtag, o VTO TO KEPAAN0 eEETAGAE TN O100TKAGTO KATAGKEVNG LLOG TAOKETAG
KUKADUOTOG e TN xpnon tov Aoyiopikov Eagle CAD. AvagepOnkape 6Tov 6Yedtoopo g
TAokéToc, TNV TomofEnon Tov eCaptnudtmy, Kot n xpnon TV Vias yio m cuvoeon
SLLPOPETIKMOV OTPOUATOV. O 6MOTOC GYEMNAGLAG TNG TAAKETOS Eivat KPIGILOG Yo TNV
amdO00N KoL TNV 0E0TGTION TOV NAEKTPOVIKOD KUKADLOTOS, Kot 1) xprion tov Eagle CAD
Umopel va, O1EVKOAVVEL QVTIV T O1UOIKAGTL.

Eidapue eniong m onuoacio twv cmot®v ton00etnocwmv eEaptnudToVy, TRV amo@uyr 6opvov,
™ JoPAALoT) oTafEpOTNTAG TAOTG Kot TNV Tpoctacio and tapdotta. OAa avtd ta ototyeio
ouupdArovy oty emitevén evog a&OTIGTOL KOl ATOTEAECLATIKOD NAEKTPOVIKOD KUKAMLOTOC.

Téhog, avapépape T onuacio Tov apyeiov Gerber ywo v Tapaymyr| g tAakétog PCB kot
N oNUOVTIKY ddkacio eEaymyng avtav Tov apyeimv ond to Eagle CAD. H cwot)
TPOETOLUAGIO KOl ATOGTOAN OLTAV TV apyeimv eivor Kpiotun yuo TV Topayyr| (o
Aerrovpykng mhaketag PCB.

Enopévac, n katackeun miakétog PCB amotehel onpovtikd KopUATL TOL S1001KAGTIKOD
OXEO0GLLOV £VOG NAEKTPOVIKOV KUKAMUATOG KOl OTTOLTEL TPOGOYT OTN AETTOUEPELD KO GTN
GUUUOPP®OT LLE TIG OTOLTNGELS TOV GYESOGLOD KOl TMV TPOILUYPOPADV.
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4 K®owkog Kot TEMKN KaTaoKeL] Luyaprag

4.1 TIPOTPAMMATIEMOX ESP

#include <DFRobot_HX711.h>

#include <SP1.h>
#include <U8g2lib.h>
#include <mcp3551t.h>
#include <EEPROM.h>

#define OLED_MOSI 32
#define OLED_CLK 33
#define OLED_DC 25
#define OLED_CS 26
#define OLED_RST 255

DFRobot HX711 * MyScale = NULL;
U8G2_SH1106_128X64 NONAME_F 4W_SW_SPI u8g2(U8G2_R0, OLED_CLK, OLED_MOSI,
OLED_CS, OLED_DC, OLED_RST);

const int buttonUpPin =19;  // the number of the pushbutton pin

const int buttonDownPin = 27;

int buttonUpState = 0; /[ variable for reading the pushbutton status
int buttonDownState = 0; /[ variable for reading the pushbutton status

float weight = 25;
float impedance = 20;
float fatPercent = 10;
float bmi = 20;

typedef struct {
int age;
float height;
bool is_boy;
} user_t;
Il Avti 1 dopn ypnopomotEital Yo va ooOnKeVGEL TAL YOPAKTNPIGTIKG TOV ¥PNOTH, OTMOG M
nAia, To Vyog kot to OAO (ayopt 1| Kopitot).

user_t user;

int user_id =0;
int max_user_id = 5;

typedef enum STATE {
STATE_START,
STATE_NORMAL,
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STATE_GENDER,
STATE_HEIGHT,
STATE_AGE

} STATE;
/I Avti | enum kaBopilel TIG SIAPOPES KOTOOTAGEIS TOV UTOPEL VaL £XEL TO TPOYPOLLLA, OTTMG
N Katdotaor ekkivnong, 1 Kovovikn Aettovpyia, 1 puouion @OAoL, Dyovg Kot NAKIoG.

mcp3551t_config_t mcp3551_config = {

3000000,

0,

17,33,16
b
I Ed® &xm dnuovpynoet pia dopny (Mep3551t_config_t) ywo tn pbOon tov MCP3551T.
Opilo Tayvra petapopds (3MHz), tov thmo evepyomoinong tov CS (0), kot Tovg
aKpOOEKTEC OV Ypnopomoovvral (17, 33, 16).

STATE state = STATE_START,;

void init_buttons()

{
pinMode(buttonUpPin, INPUT_PULLUP);

pinMode(buttonDownPin, INPUT_PULLUP);
}

void init_display()

{
// init oled display

u8g2.begin();
}

void init_weight_measurement()

{
MyScale = new DFRobot HX711(4, 14);

Il MyScale->setCalibration(1);
¥

int mcp3551_cs =17,

void init_impedance_measurement()

{
mcp3551t_init(&mcp3551_config);

}
Il Avti 1 cvvapTnon xpnowonoteital yio vo. apyikomomoet tov MCP3551T pe Bdon tig

pvuicelg mov &ym kabopicet

void init_battery()
{
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}

void init_user_data()
{
load_user_data(user_id);

}

void load_user_data(int user_id)

{
int address = sizeof(user_t)*user _id;
EEPROM.get(address, user);

if(user.age < 2) {
user.age = 20;
user.height = 1.50;
user.is_boy = 1;

¥

/Il age = load_from_flash(user_id);
I height = ..
/l'is_boy = ..

}

void save_user_data(int user_id)

{
int address = sizeof(user_t)*user_id;
EEPROM.put(address, user);
EEPROM.commit();
Il save _to flash("age"+user _id, age);
...

}

Il Avtéc 01 GUVAPTNOELS AGYOAOVVTOL LE TNV OPYIKOTTOINGT KOl TN GOPTMOT T®V SEG0UEVOV
oL ypnotn ond tnv EEPROM.

double weight_value = 0;
int adc_value = 0;

double weight_values[5];
int weight_values_tail = 0;
int weight_values_n = 0;

float get_weight_measurement()

{
int N = sizeof(weight_values)/sizeof(weight_values[0]);
weight_value = MyScale->getValue()/100.;
double X =0.008088*weight_value - 663.8;
if(weight_value > 165000)

X =0.008127*weight_value - 1349;

weight_values[weight_values_tail++] = X;
weight_values_n++;



if(weight_values_tail >= N) weight_values_tail = 0;

double sum = 0;
for(inti=0; i < N && i < weight_values_n; ++i)
sum += weight_values[i];

double w = sum/N;

if(w < 0.5 || w> 150)
w=0;

return w;

}

double impedance_adc_values[20];
int impedance_adc_values_tail = 0;
int impedance_adc_values_n = 0;

double impedance_var = 10000000;

float get_impedance()

{
int N = sizeof(impedance_adc_values)/sizeof(impedance_adc_values[0]);
adc_value = mcp3551t_read_voltage(&mcp3551_config);
impedance_adc_values[impedance_adc_values_tail++] = adc_value;
impedance_adc_values_n++;
if(impedance_adc_values_tail >= N) impedance_adc_values_tail = 0;

double sum = 0;
for(inti=0; i < N && i < impedance_adc_values_n; ++i)
sum += impedance_adc_values[i];

double imp = sum/N;
double var = 0;
for(inti=0; i < N && i < impedance_adc_values_n; ++i)
var += (impedance_adc_values][i] - imp)*(impedance_adc_values[i] - imp);
impedance_var = var/N;

/Nlookup voltage -> resistance
/lconvert resistance to impedance (1/R*k)
return imp;

1o-1
float get_fat_percent(float weight, float impedance, int age, float height, bool is_boy)
{

double bmi = weight/(height*height);

double bfpf = impedance*age*bmi;

double bfp = 2.813*bfpf/2000000000. - 0.1003;

if(bfp < 0) bfp = 0;

else if(bfp > 1) bfp =1,

Serial.printf("BFPF=%f bfp=%f\n", bfpf, bfp);
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return bfp;
}

void setup() {
Serial.begin(74880);
EEPROM.begin(256);

init_buttons();

init_display();

init_user_data();
init_weight_measurement();
init_impedance_measurement();
init_battery();

state = STATE_NORMAL;
¥

void check_battery()
{

¥

void update_measurements()
{
weight = get_weight_measurement();
impedance = get_impedance();
fatPercent = get_fat_percent(weight, impedance, user.age, user.height, user.is_boy);
bmi = weight/(user.height*user.height);

¥

void check_buttons()

{

int var = digitalRead(buttonUpPin);
if(var == 0 && buttonUpState == 1)
{
buttonUpState = 0;
switch(state)
{
case STATE_NORMAL.:
state = STATE_GENDER,;
break;
case STATE_GENDER:
user.is_boy = 0;
state = STATE_HEIGHT;
break;
case STATE _HEIGHT:
user.height += 0.05;

41



if(user.height > 2.20)
user.height = 1.50;
break;
case STATE_AGE:
user.age += 1,
if(user.age > 65)
user.age = 10;
break;
}
}
else if(var '= 0 && buttonUpState == 0)
{
buttonUpState = 1;
// do something when the button is released

}

var = digitalRead(buttonDownPin);
if(var == 0 && buttonDownState == 1)
{
buttonDownState = 0;
switch(state)
{
case STATE_NORMAL.:
user_id = (user_id + 1) % max_user_id;
load_user_data(user_id);
break;
case STATE_GENDER:
user.is_boy =1;
state = STATE_HEIGHT;
break;
case STATE_HEIGHT:
state = STATE_AGE;
break;
case STATE_AGE:
save_user_data(user_id);
state = STATE_NORMAL;
break;

¥

}
else if(var '= 0 && buttonDownState == 0)

{

buttonDownState = 1;
// do something when the button is released

}

}
void update_display()

{

u8g2.clearBuffer();
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u8g2.setFont(u8g2_font_profontll_tr);

/I u8g2.setFlipMode(1);

/I uB8g2.setFontDirection(2);

Il uB8g2.setFontMode(1);

/I u8g2.setDrawColor(1);
u8g2.setCursor(0, 0);
u8g2.setFontPosTop();
switch(state)

{

case STATE_NORMAL:
u8g2.setFont(u8g2_font 6x13_tf);
u8g2.setFont(u8g2_font_logisoso42 tf);
u8g2.print(weight, 0);
u8g2.setFont(u8g2_font_crox2ch_tf);
u8g2.print(’.");
u8g2.print((int)(weight*10) % 10);
u8g2.print("kg");

u8g2.setFont(u8g2_font_8x13_tf);
u8g2.setCursor(0, 54);
u8g2.print(‘'U";
u8g2.print(user_id);

udg2.print(' M;
u8g2.print(user.is_boy?M"'F);
u8g2.print(’ M;
u8g2.print(user.height);
udg2.print(' M;
u8g2.print(user.age);

if(impedance_var < 800000) {
u8g2.setCursor(72, 20);
u8g2.setFont(u8g2_font_8x13_tf);
udg2.print(bmi, 1);
u8g2.setCursor(72, 40);
u8g2.print(fatPercent*100, 1);
u8g2.print('%";

}

break;

case STATE_GENDER:

u8g2.setCursor(0, 0);

u8g2.setFont(u8g2_font_10x20_tf);

u8g2.print(** Set Gender™);

u8g2.setCursor(0, 30);

u8g2.setFont(u8g2_font_10x20 _tf);

u8g2.print(*"Male");

u8g2.setCursor(65, 30);

u8g2.setFont(u8g2_font_10x20 _tf);



u8g2.print("Female™);
break;
case STATE_HEIGHT:
u8g2.setCursor(0, 0);
u8g2.setFont(u8g2_font_courB24 _tf);
u8g2.print(""Height™);
u8g2.setCursor(0, 32);
u8g2.setFont(u8g2_font_courB24 _tf);
u8g2.print(user.height);
u8g2.print("'m");
break;
case STATE_AGE:
u8g2.setCursor(0, 0);
u8g2.setFont(u8g2_font_courB24 _tf);
u8g2.print("Age");
u8g2.setCursor(0, 32);
u8g2.setFont(u8g2_font_courB24 _tf);
u8g2.print(user.age);
u8g2.print("y");
break;

¥

u8g2.sendBuffer();
Serial.printf("weight=%f, impedance=%f fatPercent=%3.1f%% wvalue=%f adc_value=%d bmi=%f
var=%fN\n", weight, impedance, 100*fatPercent, weight_value, adc_value, bmi, impedance_var);

¥

void loop() {

check_buttons();
update_measurements();
update_display();
delay(100);

44



4.2 TehMkn kataokevn Cuyaprag

7 7 -Tkg
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S5 Xuvumepdopato Kol TPoTacels feitioong

YopmepaopaTo:

H Quyopid mapéyet Evav onpovtikd oldd evOsKTIKO TpOTO HETPNONG TOL Aovg 6To cmpa. H
HETPMOT TOL AlTOVG 6TO GMUA Eivan Eva cuVOETO eyyeipnua kot emPePaidveTan 4Tt ot
Cuyapiég mov Pacilovian oe ProniexTpikn avtiotaon givol TeplocOTEPO EVOEIEN Tapd
amdAvtn pétpnorn. Ot amokAIcELS 6Ta AmMOTEAEGLOTO UTOPEL VO OQEIAOVTOL GE TTOTKIAOVG
AdYoLG, amd TV vYpacic Tov dEPUATOS £mG TN Beprokpacio TOL GOUATOC.

[Ma v TAnpn kotavonon g cwotig oafimong kot vyeiag, N {uyopid Tpénet va
oVVOOEVETAL OO OATPOPIKEG TANPOPOPIEC, AGKNOT), KOl WTPIKY| ETIPAEYT, TPOCPEPOVTOG
€vaL YEVIKOTEPO TAOUGLO Y10 TNV VYElL.

IIpotacelc Bertioonc:

Evdeyopévag, ma avapdduon oty teyvoroyio g Luyopitds Ba umopovoe va mepthappavet
N XPNON MG LEYOADTEPNC OVTIOTACTG OTIV OVAOPOGT] TOV TPMTOL EVIGYVTN GTO KUKAMULA
NG OY®YLOTNTOS Y10 VoL £XOVUE peyaAvTeEPO VOUL2 mov onuaivel 6Tt 1o TeAKd onuo 600V
Ba NTav Mo EVIoYLUEVO Kot B LITOPOVCOLE VO TO LETPTICOVLE TTO EVKOAN 10Tl YEVIK®MG Elvart
70 OVGKOAO VO LETPNCOVUE HIKPE opata TG TAENG Tov UV pe v oo axpifeia Tov Oa
UETPOVGALLE CUATO TNG TAENS TV MV.

Emniéov, o evompdtmon achpuatng emtkovoviog 0o enttpénel otov xpnotn va
SroyepileTon To EGOUEVE TOV EVKOAN KO ATOTEAEGLLOTIKG, [LE TEPIGCOTEPESC EMAOYEC Y10
amoOnKevoT Kot oVAALGO.

Téhoc, 1 evoopdtwon eravagoptilopevns urotapiog Oa mapeiye avtovopuio Kot gveMéia o
xpron g Cuyapids. H mposOnkm avtdv tov yapaktnpiotik®dv Oa ékave ) {uyopld mo
a10moT, MO AEITOVPYIKT KOL TLO EVEAKTY Y10 TOVG YPN|OTES.
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DATASHEET

HX711
O HE S FHE avia
Semiconductor HX711
24-Bit Analog-to-Digital Converter (ADC) for Weigh Scales
DESCRIPTION FEATURES

Based on Avia Semiconductor’s patented
technology, HX711 is a precision 24-bit analog-
to-digital converter (ADC) designed for weigh
scales and indusirial control applications 1o
interface directly with a bridge sensor.

The input multiplexer selects either Channel A
or B differential input to the low-noise
programmable gain amplifier (PGA). Channel A
can be programmed with a gain of 128 or 64,
corresponding to a full-scale differential input
voltage of £20mV or =40mV respectively, when
a 5V supply is connected to AVDD analog power
supply pin. Channel B has a fixed gain of 32. On-
chip power supply regulator eliminates the need
for an external supply regulator to provide analog
power for the ADC and the sensor. Clock input 1s
flexible. It can be from an external clock source, a
crystal, or the on-chip oscillator that does not
require any external component. On-chip power-
on-reset  circuitry  simplifies  digital nterface
initialization.

There is no programming needed for the
internal registers. All controls to the HX711 are
through the pins.

Vavon

Two selectable differential input channels

On-chip active low noise PGA with selectable gain
of 32, 64 and 128

On-chip power supply regulator for load-cell and
ADC analog power supply

Omn-chip oscillator requiring no external
component with optional external crystal

On-chip power-on-reset

Simple digital control and serial interface:
pin-driven controls, no programming needed
Selectable 10SPS or 80SPS output data rate
Simultaneous 50 and 60Hz supply rejection

Current consumption including on-chip analog
power supply regulator:

normal operation < 1.5mA, power down < luA
Operation supply voltage range: 2.6 ~ 5.5V
Operation temperature range: 40 - +85C
16 pin SOP-16 package

APPLICATIONS

Weigh Scales
Industrial Process Control
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Fig. 1 Typical weigh scale application block diagram
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# R avia

Semiconductor

HX711

Pin Description

Regulator Power

Regulator Control Output

Analog Power

Regulator Control Input

Analog Ground

Reference Bypass

Ch. A MNegative Input

Ch. A Positive Input

VSUP C 1 * 16 [ DVDD  Digital Power
BASE [ 2 15 = RATE Output Data Rate Control Input
AVDD [ 3 14 [ XI Crystal I'0r and External Clock Input
VFB [ 4 13 [ X0 Crystal I'D
AGND O s 12 (3 DOUT  Serial Data Cutput
VBG [ 6 11 [ PD_SCK Power Down and Serial Clock Input
INNA ] 7 10 [ INPB Ch. B Positive Input
INPA [ & 9 [ INNB Ch. B Megative Input

SOP-16L Package

Pin # | Name Function Deseription
1 VSUP |Power Regulator supply: 2.7 ~ 5.5V
2 BASE |Analog Output [Regulator control output {NC when not used )
3 AVDD |Power Analog supply: 2.6 ~ 5.5V
ks VFB  |Analog Input [Regulator control input {connect to AGND when not used )
5 AGND |Ground Analog Ground
[ VBG  |Analog Output [Reference bypass output
7 INA-  |Analog Input  |Channel A negative input
8 INA+  |Analog Input  [Channel A positive input
9 INB-  |Analog Input  |Channel B negative input
10 INB+ |Analog Input  |Channel B positive input
11 |PD SCK |Digital Input  |Power down control (high active) and serial clock input
12 DOUT  |Digital Output |Senal data output
13 X0  |Digital 'O Crystal 'O (NC when not used )
14 X1 |Digital Input  |Crystal IO or external clock input, (0: use on-chip oscillator
15 RATE |Digital Input  [Output data rate control, 0: 10Hz; 1: 80Hz
16 DVDD |Power Digital supply: 2.6 ~ 5.5V

Table 1 Pin Description
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HF L FHE avia

Semiconductor HX711
KEY ELECTRICAL CHARACTERISTICS
Parameter Notes MIN TYP MAX |UNIT
Full scale differential
input range V{inp)-V{inn) TO5(AVDLVGAIN) A%
JCommon mode input AGND+1.2 AVDD-13] WV
[nternal Oscillator, RATE =0 10 Hz
[nternal Oscillator, RATE =
DVDD 80
(Output data rate ICrystal or external clock,
RATE =10 fo/ 1,105,920
ICrystal or external clock,
RATE = DVDD /138,240
[Output data coding 2"s complement 00000 TFFFFF | HEX
[Output settling time """ RATE=0 400 ms
RATE = DVDD S0
[nput offset drift (Gain = 128 02 mV
[Gain = b4 0.4
sain = 128, _ ,
Input noise (Gain = 128, RATE=10 50 nV{rms
(Gain= 128, RATE=DVDD a0
o jain =12 4 e
Temperature drift [nput offset (Gain=128) th mV/C
[Gain (Gain= 1281 +5 ppm/ C
[nput common mode
rejection (Gain= 128 RATE=10 100 dB
Power supply rejection |[Gain= 128, RATE=10 100 dB
Reference bypass
VpG) 1.25 v
[Crystal or external clock
frequency 1 11.0592 20 MHz
Power supply voltage DVDD 2.6 3.3 v
ANDD, VSUP 2.6 5.5
Analog supply current
(including regulator) Normal 1400 pA
Power down 0.3
. Normal 100 TN
Digital supply current
Power down 0.2

(1) Settling time refers to the time from power up, reset, input channel change and gain change
to valid stable output data.

Table 2 Kev Electrical Characteristics

To m\peg texvikd euALadio Bpicketorl otn devHBvvon:

https://cdn.sparkfun.com/datasheets/Sensors/ForceFlex/hx711 english.pdf
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TPS6040x

g TEXAS TPS60400, TPS60401, TPS60402, TPSE0403
INSTRUMENTS SLVSIZAC - JULT 2001 ~ REVISED OCTOBER 2020
TPS6040x Unregulated 60-mA Charge Pump Voltage Inverter
1 Features 3 Description

+ Inverts Input Supply Voltage

+  Up to 60-mA Qutput Current

= Only Three Small 1-pF Ceramic Capacitors
Needed

+ Input Violtage Range From 16 Vto 55V

* PowerSave-Mode for Improved Efficiency at Low-
Qutput Currents (TPS60400)

+ Device Quiescent Current Typical 65 pA

+ Integrated Active Schottky-Diode for Start-up Into
Load

+ Small 5-Pin 50T-23 Package

+ Evaluation Module Available TPSG60400EVM-178

2 Applications

+ LCD Bias

= (GaAs Bias for RF Power Amps

+ Sensor Supply in Portable Instruments
= Bipolar Amplifier Supply

+ Medical Instruments

+ Battery-Operated Equipment

L= T 1uF
N
Coir.  Crure

TPES0400
2 1

Output
16 vtnI:.‘s“g t:,T W - 'U”TT%I' Il.:f:';mn:“
14F 1‘ J_ ‘_|'luF

Typical Appucamn

The TPS6040x family of devices generates an
unregulated negative output voltage from an input
voltage ranging from 1.6 V to 5.5 V. The devices are
typically supplied by a preregulated supply rail of 5V
or 3.3 V. Due fto its wide input voltage range, two or
three NICd, NiMH, or alkaline battery cells, as well as
one Li-lon cell can also power them.

Only three external 1-pF capacitors are required to
build a complete DC-DC charge pump inverter.
Assembled in a 5-pin 50T-23 package, the complete
converter can be built on a 50-mm? board area.
Additional board area and component count reduction
is achieved by replacing the Schottky diode that is
typically needed for start-up into load by integrated
circuitry.

The TPS6040x can deliver a maximum output current
of 60 mA with a typical conversion efficiency of
greater than 90% over a wide output current range.
Three device options with 20-kHz, 50-kHz, and 250-
kHz fixed-frequency operation are available.
TPS60400 comes with a variable switching frequency
to reduce operating current in applications with a wide
load range and enables the design with low-value
capacitors.

Device Information
PART NUMBER PACKAGE ™ BODY SIZE (NOM)
TPS&040x 50T-23 (5) 2.90 mm x 1.60 mm

(1)  For all available packapes, see the orderable addendum at
the end of the datashest.

L]

a

1 - I -S.'Jula; —

N lg=ama

;"‘ 1 &\:I:—hu:.\
Plo -4 T T R_
= T, =ISC e e o
-5 1
o 1 F: 3 4 5

Wy - gl Vishage - V
Output Voltage vs Input Voltage

An IMPORTANT NOTICE atthe end of this data sheet addresses avallabllity, wamanty, changes, uss in safaty-cribical applications,
intellectual property matters and other important disclaimers. FRODUCTION DATA.
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TPSE0400, TPSE0401, TPSE0402, TPSE0403 INSTRUMENTS
SUVSIC - JULY 2001 - REVISED OCTORER 2020 weww t.com
7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)'")
MM MAX umNIT
oltage  |IM to GND 0.3 55 v
209 louT e eND 55 03 "
Cryy. to GND 0.3 Vg -0.3 v
Crry. to GHD FEL W+ 0.3 v
‘Continuous power dissipation See Section 8.2.1.2.5
‘Continuous outpul cument a0 mA
Maximum junction temperatune, T, 150 "

{1} Stresses beyond those ksted under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Cyperating
Conmaifions s not implied. Exposure to absolute-maximum-rated condtions for extended penods may affect device reliability.

7.2 Handling Ratings

MIN MAX UNIT

Tey Siorage temperature range -55C 150°C C

Human body model (HBM), per ANSIESDAEDEC J5-004, all -1000 1000
Viezmy  |Electrostatic discharge pins’ v

Charged device modal ECDM], per JEDEC specification =500 500

JESD22-CA0M, all pinsl*!
{1} JEDEC document JEF155 states that S00-V HBM allows safe manufacturing with a standand ESD control process.
(2} JEDEC document JEF15T states that 250-V COM alows safe menuiaciuring with a standard ESD condrol process.
7.3 Recommended Operating Conditions

MIN  NOM  MAX| UNIT
Input voltage range, 18 525 W
Cutput current range at OUT, I &0 mA
Input capacior, ) o Cﬂﬂ pF
Flying capacitor, Gy, 1 pF
‘Cutput capacitor, Ty 1 00| pF
‘Operating |unction temperature, T, -40 125 g
7.4 Thermal Information
TPS6040%
THERMAL METRIC(! DBY UNIT
5 PINS

Ras Junciion-to-amblent thermal resistance 2212
Rascieg Junction-to-case (top) thermal resistanca 819
Ress Junction-to-board thermal resistance 9.8 —
T Juneciion-to-top charactenzation parameter 33
e Junchion-to-board characierizabion parameter 380
Rasciba Juncion-to-case (botiom) thermal resistance nfa

{1}  For more information about traditional and new thesmal metrics, see the IC Packege Thermal Metrics application report, SPRAS53.

4 Submit Document Fesdback

Copyright & 3020 Texas Instruments Incorporated

Product Folder Links: TRPS50400 TRS60401 TRS60402 TRS60403
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7.5 Electrical Characteristics

Gy = Giny = Cp (according to Table 1), T¢ = -40°C to 85°C, V| = 5 V over recommended operating free-air
temperature range (unless otherwise noted)

FPARAMETER TEST CONDITIONS MM TYP MAX| UNIT
At T = -40°C 1o 85°C_ Ry = 5 k0 18 525
Vi Supply vofiage range ATz 0°C, = 5 KO 16 v
o Mazximum cutput current at Vg (-] mA
W Output voltage S W
TPS&0400 Coyy = 1 WF, Cg = 22 yF 35
v ot TPS&0401 — Cpyy = Co = 10 WF 20 v
voltage nipple = m
oF puft voltag Trseoaz | ° Cpyy = G = 3.3 pF 20 Fe
TPS80403 Cpyy = Co=1pF 15
TPS60400 125 270
TPS&0401 65 190
AtV =5V uA
TRS&0402 120 270
I Cuiescent curment (no-load input TRSE0403 425 o0
@ curment) TPSE0400 210
TRS&0401 135
ATSE0C, V=5V A
TPS&0402 210
TPS80403 640
TPS80400 | VOO version 30 50-250 350
. nternial swiching fr TPS&0401 13 20 i iz
riterma in LI
e 1 frequenzy TPSE0402 30 50 70
TPS60403 150 250 300
TPS&0400 |Cy= Cipyy= Co=1pF 12 15
TRS&MMO |y = Cpyy = Cp = 10 pF 12 15
Impedance at 25°C, V= 5V 1= Cmy = Co a [+]
TPSE0M02 |Ci=Cmyy=Co=33pF 12 15
TPEE0M03 |Gy = Cppy = Co=1F 12 15
7.6 Typical Characteristics
Table 7-1. Table of Graphs
FIGURE
n Efficiency va Oulpat current 81 3.3V 5V Figure 7-1,
TPS60400, TRSE0401, TPSE0402, TRSE0403 Figure 7-2
" Input casTent wa Oufpaut current Figure 7-3,
TPS60400, TRSE0401, TPSE0402, TRSE0403 Figure 7-4
Ig Suppdy current v Input voltage Figure 7-5,
TPS60400, TRSE0401, TPSE0402, TRSE0403 Figure 7-6
Cutput resistance va Input voltage at -40°C. 0°C. 25°C, B5'C Figure 7-7,
TPSE0400, C; = Cygy = Cg = 1 pF Figure 7-8,
TPSE0401, Gy = Gy = Gy = 10 pF Figure 7-9,
TPSE0402 , Cy = Cpyy = Cp = 3.3 pF Figure 7-10
TPSE0403, € = Gy = Co = 1 pF
Vo Output voltage va Output current a1 25°C. Vin=18 V. 25V, 33V 5V Figure 7-11,
TPSE0400, C; = Cypy = G = 1 pF Figure 7-12,
TPSE0401, Gy = Cygy = G = 10 pF Figure 7-13,
TPS60402 , C) = Cyy = Co= 3.3 pF Figure 7-14

Copyright © 2020 Texas instruments incomporated

Product Folder Links: TRS60400 TPS60401 TRPSE0402 TPS60403
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CD4060
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INSTRUMENTS

Diata shest acguired from Harris Semicanducion
SCHSM4AC - Revised Ociober 2000

CMOS 14-Stage Ripple-

CD4060B Types

Carry Binary Counter/Divider

and Osclllator

High-Voltage Types (20-Volt Rating)

®CDMDE0E consists of an oscillator
seclion and 14 ripple-carry binary counter
stages. The oscillator configuration allows
design of either RC or crystal oscillator
circuits. A RESET input is provided which
reseis the counter to the all-0's staie and
dizables the oscillator. A high level on the
RESET line accomplishes the reset function.
Al counter stages are masier-slave Mip-Nops.
The state of the counter is advanced one step
iin binary order on the negative transition of g
{and ggh All inputs and outputs are fully
buffered. Schmitt trigger action on the
input-pulse  line  permits  unlimited
input-pulss rise and fall times.
The CDA0E0B-series types are supplied in
16-bead hermetie dualindine eeramic pachages
(Fah  suffix), 16-ead  dushindine  plastic
packages (E suffix), 16dead small-cutline
packages (M, M35, MT, and NSR suffixes), and
16-bead thin shrink small-outline packages PW
arvd PYWR suffixes).

Features:

12 MHz clock rate at 15

Common reset

Fully static operation

Bufiered inputs and outpuis

Schimitt trigger input-pulse line

100°% tested for qubsscant current at 20 W

Standardized, symmatrical cutput

characteristics

5-V, 18-V, and 15-V paramatric ratings
of JEDEC T

Meats all

Standard Mo. 138, “Sundard Specifics-
tions for description of *B"" Seriss CMOS
Devices™

Oscillatar Features:
® A sctive componants on chip
# RC or arystsl oscillstor configuration

= AC oscillator frequency of 590 kHE
min. 8t 16 W

FRE-FFIN |

T :

Y

W DOMINATES (RESETS ALL STAGES|

. ﬁuﬂr!l mﬂf s |£~r“" IIII'.!TI

OF 4 [ARD $0 )

EI! ql:.

Yoo * ey ARE_PROTECTED
L1 cﬂ%m:mu
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WECu-dpdfam
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Fig. 1 — Logic dugram.

MAXIM U RATIMGE; Abscide-Minbmint Vakes:
00 SUPPLY-VOLTAGE RANGE, (Voo
Voitages refsrenced o Vg Temin) ...
INPUT YOLTAQE RANGE. ALL INPUTS
DG NPUT CURRENT, ANY OME INPUT .
POWER DISSEPATION POR PACKAQE i.Fnk
For T m -889G bo +100°C .
Far Ty, = +1000C la +1289C, .

DEVICE DISSIPATION PER QUTPUT TRANSISTOR
mnu-mmwﬂnEmnsmwm

ETORAGE TEMPERATURE RANGE (Tggd. . o...
LEAD TEMPERATURE (DURING SOLDERINGE

e arate Linsariy

Al distance 1718 £ 1732 nch (1,59 & 0.70mm| brom casefor 108 Max ..o ..., +2080C

3-158

as
LRy
. .
et [
b
# 2]
gy 0
oo "
#y B
%o (@
whEn-rRaTIR
FUNCTIONAL DHAGRAM

Applications
= Control countens
= Timers

® Fraguancy dividers
o Time-dalay circuits

b -BRETE

Fig. 2 — Detail of cypical Mp-Mop stge.

L L]
A TO-SOURCL WRTAEE Mgl = .
Fig. I = Typécal nehamasl oulpu! fow fzink]
cuvTenE charscianistics.

®
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STATIC ELECTRICAL CHARACTERISTICS

CD4060B Types

. X e Ly S : bt
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (0C) r : S
TERISTIC : T : e LI
— ;
Vo | Vin VDD . ] 5 il i
) vl | (v)| 56 | —80 | +BS [+125 |Min. | Typ |Max. Sl
" - 05| 5| 8| 5| 10| |- | oo4| & ST
Devics - oo 1e| 1wl 10| 3ol 3oaf - 004 | 10) ] EEHE ‘EE #
f"":'“ " - |ogs| 15| 20| 20| eoo| eoo| =t | ooaf 2 " HHES
OB |- {o20[ 20 100 100 | 3000] 3000| — | oos] 100 . U s E—
Output Low od 05 65| 0.64) 061 042 036| 051 1} - Fig. 4 —mmuwnmmwma
(SinkCurrert®,| 0.5 0,10 10 16| 1.6 1) 08 13 28| -
Ioy Min. 15 [oas[ 5] 42 a| 28] 24| 34] e8| -
_ o _ _ A T SEREE TR (vpg—Y
Output High 46 05| & |-064|-061 | -042]-036 |08 i maA o mLTLE )
{Sourcel 2.5 05| 5| -2| 18| -13)-w18] 18 -3z - e 1
Qurrest®. (85 Joto[w |18 18] —i] 0] —va] —26] - 1 it a4
oH 135 [oas| s | -az2] —a| -28] 24| 34| 68| - i i e
lOutput Voitage] = 05| & gos - - | ojoes i HE HE !
Low-Lavel, - 0,10 | 10 0.08 - o|oos f = g
VouMex T Tas 18 005 - ofoos| | [EiEHIEE i
. o
Output - Joes|s 498 a8 8| - = E' j HHHEL ™y
:m“ - loie] 10 0.95 995 10| - E i e fiH 5
Vign Min. - Joas| s 14.95 1488 18] — . Fiinid
oottow 0548 - |5 5 = —Ts i~ rmon
Voluage 18 - 10 3 = - 3 O TO-SOUNEE VOLTRSE 3
Vi Masx. 1.6,13.6] - 15 & - - 4y — i - M: o
. 0545 — | 5 s is| -| - A i guan s HARIARIES i
Input High 'E‘H“ UM s Tl g :
Vaoltage, 1.9 - |10 7 T -1 - HE
VinMin. FEhaE] - |8 1 nf - - S S g
Input Current g T L o = 2
1)y Max. - 018 18 |40 | #01 | #1 | 41 = [#1075 | £001] Al I R e g
® D not sppiicsbie to termbnal & ar 0. 3 T L i
RECOMMENDED OPERATING CONDITIONS T iRt i i
For maximum refiability. op L shouild be seiected so that i : R i 8
alwiys the Follawing ranges Fig. & ~ Minimur p-ctnl output high (souecel
CHARACTERISTIC Vop Lmits | yirg s
MIN. | MAX,
Supply-Volusge Range (For Ta = Full Package P L i
Temperature Range} - 3 L v i =Ea SRR R IR 2 lma" Eh 3 H:'
5 | 100 = ¥ EEii :
Input-Pulse Width, tyy (f = 100 kHz) 10 an | - n 3 SRS
15 30 - H T i
] 5 ! i %ﬂ!ﬂ sttt
Input-Pulss Rise Tome and Fall Time, 1. gy 10 Unlimited s
15 F] il Eipma
5 - 35 5= i
Input-Pulse Frequency, fag (External pulse source) 10 - 8 MHz a HAHTE
15 - 12 i
5 120 - ¢ AT [ARACITANOD :._PJF -
Reset Pulse Width, 1y 10 ﬁ - nE Fig 7 — Typice! propagetion deisy time (O, 0 0,10
15 - s & funciion of losd capecitence.
3-158

HIGH YOLTAGE ICs
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DYNAMIC ELECTRICAL CHARACTERISTICS ot T4 = 26°C, Input 1, tg = 20
A ComsH ok Ay %500 k2

TEST Lim
CHARACTERISTIC CONDITIONS e UNI
I"(g? N I TYPR. rux
Input-Puise Operstion
Propagstion Delay 5 - 370 740
Time, ¢t to Q4 Our, 10 - 150 300
PHL. PLH 16 - 100 200
Propagation Delay 5 - 100 40 CAPCITAREE S0, im p? -
Time, Qq to Qpey 0 o 50 100 u v sren- v
: Fig & ~ Typical propagation deley time (9 1o
PHL. PLM 15 - 4 L Ovipwti s e wuwa—":ﬁ-:‘a
Transivon Time 4 s 100 | 200
TTHL. TTLM 10 = 0 Jwo ) ™
15 - 0 | & .
i
Min_ Input-Pulse 5 - 50 100 3
Viidth, tyy 1530088 10 - 20 | 40 3
s - [ 8 % ¥
Input-Pulse Rise & Fall 5 3
Time, t,g. Yo 10 Un %
5
Max_ Input Pulse 5 35 7 -
("“""""E’k.! 10 8 16 - MHz L A -
source) 15 12 24 - Fig. 9 = Typlowl tranmtion time as a function
Input Capacitance, Cy Any Input - 5 7.6 oF oftosd
Reset Operation
Propagation Delay 5 - 180 360
Time, wH( 10 - 80 180
15 - | % [100]
Mnimum Reset 5 €0 _1 120
Pulse Width, ty 10 ~ 30 | 80
15 20 40
- ' o w 3 o
T TREGUENCTY Wiy S
Fig 10 ~ Typical dynemic power dissipation s »
function of input freguency .
he
rak .
L . =
- » = {‘ -t
[ Nl . * b Cama "SrtCps v
i . & ~~. ST
. " on “ g TURENT L Y
=™ < RylS I8y TO 0N,
. » TeRE Mgy W-—
“’ PER- NN L o,

Fig 11 ~ Dymamie power dissipation test eivewt.

Fig. 12 — Typicel RC eireuit,

3-160
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LMC6482x

Lyy.....

LMC6482

Datasheet

16 V CMOS dual rail-to-rail input and output, operational amplifiers

MiniSO8 so8

Maturity status link

Features

+  Low input offset voltage: 2 mV max.

+  Rail-to-rail input and output

+ Excellent CMRR:98dB @ 16 V

+  Low current consumption: 900 pA max.

+  Gain bandwidth product: 2.7 MHz

+  Low supply voltage: 2.7 - 16 V

*  Unity gain stable

*  Low input bias current: 50 pA max.

+  High ESD tolerance: 4 kV HBM

« Extended temp. range: -40 °C to +125 °C

Applications

« Data acquisition systems

«  Battery-powered instrumentation

+  Instrumentation amplifier

«  Active filtering

«  DAC buffer

«  High-impedance sensor interface

+  Current sensing (high and low side)

Description

The LIMCE482 offer rail-to-rail input and output functionality allowing this product to
be used on full range input and output without limitation.

This rail to rail capability combined with excellent accuracy makes this device ideal
for systems such as data acquisition, that require wide input signal range.

This is particularly useful for a low-voltage supply such as 2.7 V that the LMC6482 is
able to operate with.

Thus, the LMC6482 has the great advantage of offering a large span of supply
voltages, ranging from 2.7 V to 16 V. It can be used in multiple applications with a
unique reference.

Low input bias current performance makes the LIMCE482 perfect when used for
signal conditioning in sensor interface applications. In addition, low- side and high-
side current measurements can be easily made thanks to rail-to-rail functionality.
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LMCE482

Absolute maximum ratings and operating conditions

J

2 Absolute maximum ratings and operating conditions

Table 1. Absolute maximum ratings

Symbaol Parameter Value Unit

Vee Supply voltage 11 18 \
Via Differential input voltage @ Vee my
Vin Input voltage Wee.) - 0.2 10 (Vee.) + 0.2 W
lin Input current 2 10 ma
Tag Storage temperature 650 150 *C
MiniS0O8 180
Rmja Thermal resistance junction to ambient 4% “Chw
S0-8 125
T; Maximum junction temperature 150 "C
HEM: Human body model 5 4000
ESD MM: machine model 7! 100 v
CDM: charged device model 1500
Latch-up immunity 200 mA

1. Al voltage values, except the differential voltage are with respect to the network ground ferminal.

2. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal. See for the precautions
te follow when using LMCE482 with a high differential input voltage.

3. Input current must be limited by a resistor in seres with the inpuls.

4. R are typical values.

5. Shon-circuils can cause excessive heating and destructive dissipation.

6. According to JEDEC standard JESD22-A114F.

7. According to JEDEC standard JESD22-A115A.

8. According to ANSIVESD STM5.3.1.

Table 2. Operating conditions

Symbaol Parameter Value

Voo Supply voltage 27016

v
Viem Common mode input voltage range (VMee-) - 0.1 to (Veps) + 04
Taper Operating free air temperature range 40 to +125 “C

To mAnqpec texviKd eLALASO PBpiokeTan ot d1evHOLVoN:
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INS5819HW-7-F

imcomePomATED

® Load-free Green

1.0A SURFACE MOUNT SCHOTTKY BARRIER RECTIFIER

Product Summary (@ 1= +25°c) Features and Benefits
Verm (V) To(A) Vr (mv) TrRwax) (HA) *  High Surge Capability
10 250 50 *  Low Power Loss, High Efficiency
*  High Current Capability and Low Forward Voltage Drop
*  Guard Ring Die Construction for Transient Protection
*  Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
Descrip“on and App"catlons * Halogen and Antimony Free. “Green” Device (Note 3)
The device is a single rectifier offering low VF and excelient high +  Forautomotive applications requiring specific change
temperature stability. This device is ideal for use in general control (i.e. parts qualified to AEC-Q100/101/200, PPAP

rectification applications:
*  For Usein Low Voltage, High Frequency Inverters

i,

p and if: d in IATF 16949 certified facilities),
please contact us or your local Diodes representative.

*  Free Wheeling https:/iwww.diodes.com/quality/product-definitions/
«  Polarity Protection Application « AnA ive-Comp Part is A Under Separate
Datasheet (1INS819HWQ)

Mechanical Data

e Case: SOD123

*  Plastic Material: Molded Plastic. UL Flammability Classification
Rating 94V-0

*  Moisture Sensitivity: Level 1 per J-STD-020

*  Polarity: Cathode Band

* Leads: Matte Tin Finish Annealed over Alloy 42 Leadframe
(Lead Free Plating) Solderable per MIL-STD-202, Method 208@3)

*  Weight: 0.01 grams (Approximate)

1 O—|—0 2
CATHODE ANODE

Device Schematic Top View

Ordering Information (note 4)

I Part Number | Case | Packaging I
[ 1NS819HW-7-F | S0D123 | 3000/Tape & Reel 1l
Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.
2. See hitps:/iwww.diodes. q d-free/ for more about Dicdes Incorporated’s definitions of Halogen- and Antimony-free, *Green® and
Lead-free.

3. Halogen and Antimony free "Green” products are defined as those which contain <800ppm bromine, <800ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
4. For packaging details, go to our website at https://www.diodes. gn/supp /s .
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Maximum Rallngs {(i@Ta = +25°C, unless otherwise specified.)

Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

Characteristic Symbol Value Unit
Peak Repetitive Reverse Voltage VRRM
(Working Peak Reverse Voltage @ == 1.0mA VR 40 v
DC Blocking Voltage VR
Average Rectified Output Current la 1.0 A
Repetitive Peak Forward Current I 15
to< 1ms, 5= 0.5 FRM :
Non-Repetitive Peak Forward Surge Cumrent 8.3ms I 25 A
Single Half Sine-Wave Superimposed on Rated Load Fam
Thermal Characteristics
Characteristic Symbel Value Unit
Power Dissipation (Mote 5) Po 450 mw
Typical Thermal Resistance Junction to Ambient (Note 5) Raaa 222 CW
(Operating and Storage Temperature Range Ts, Tata 65 to +125 G
Electrical Characteristics (@rs = +25°C, unless othenwise specified.)
Characteristic Symbaol Min Typ Max Unit Tast Condition
Reverse Breakdown Voltage (Mote 8) VierjR 40 — — W Ir = 1.0maA
— — 0.320 IF=0.1A
Forward Voltage VE — — 0.450 W Ip =1.04
— — 0.750 IF = 3.0A
_ _ 10 mA  |VR =40V, Ta= +25°C
— — 10 mA  |Vr=40V, Ta = +100°C
— 10 50 A Ve =4V, Ta=+25°C
Reverse Leakage Current (Mote &) I o 1 2 mA Ve =4V T = +100°C
— 15 75 HA - lyg = BV, Ta = +25°C
— 15 3 MA |y = 6V, Ta = +100°C
Total Capacitance Cr — 50 60 pF  |Vr=4V, f=1.0MHz

Motes: 5. Device mounted on FR-4 PC Board, 2°x2%, 2 oz copper, single sided, cathode pad dimensions 0.75%x1.0%, anode pad dimensions 0.25"x1.0°.
6. Short duration pulse test used to minimize self-heating effect.

To mAnpec texviKd PLALASO PBpiokeTon otn devbuvon:

https://gr.mouser.com/datasheet/2/115/DIOD S A0011683586 1-2543674.pdf
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MCP3551T-E/MS

MICFI@DCHIP MCP3550/1 l3

Low-Power, Single-Channel 22-Bit Delta-Sigma ADCs

Features: Description:

« 22-Bit ADC in Small 8-pin MSOP Package with The Micrachip Technology Inc. MCP3550/1/3 devices
Automatic Internal Offset and Gain Calibration are 27V to 5.5V low-power, 22-bit Delta-Sigma

- Low-Output Moise of 2.5 pV g with Effective Analog-to-Digital Converters (ADCs). The devices offer
Resolution of 21.9 Bits (MCP3550/1) output noise as low as 2.5 uVgyg, with a total

+ 3V Typical Offset Error unadjusted error of 10 ppm. The family exhibits 6 ppm

Integral Non-Linearity (INL) error, 3 pV offset error and
less than 2 ppm full scale error. The MCP3550/1/3

2 ppm Typical Full Scale Error

* 6 ppm Maximum INL Error devices provide high accuracy and low noise

* Total Unadjusted Error Less Than 10 ppm performance  for  applications  where  sensor

+ Mo Digital Filter Settling Time, Single-Command measurements (such as pressure, temperature and

Conversions through 3-wire SPI Interface humidity) are pedformed. With the internal oscillator

+ Ultra-Low Conversion Current (MCP3550/1): and hlghm oversampling Ste-fmmi;ﬁaL external
components are  requin or  high-accuracs

- 100 pA Typical (Vpg = 2.7V) applr‘;ﬁons_ 4 9 ¥

- 120 pA Typical (Vpp = 5.0V)
Differential Input with Vgg to Vpp Common Mode:
Range

2.7V to 5.5V Single-Supply Operation
Extended Temperature Range:

This product line has fully differential analog inputs,
making it compatible with a wide variety of sensor,
industrial control or process control applications.

The MCP3550/1/3 devices operate from -40°C to
+125°C and are available in the space-saving 8-pin

.

- -40°C to #125°C MSOP and SOIC packages.
Applications: Package Types
: ‘S’E'GHTSM'ES y MCP3550/1/3
- irect emperature Measurement
MSOP, SOIC
+ G-digit DVMs ’
« Instrumentation Vrer [1] ~ BV
+ Data Acquisition Vit (2] HE=
- Strain Gauge Measurement __
Vi [2] |6 ] SDO/RDY
Block Diagram Vs [4] [5]sCk
VeerO Vs Vop

3rd-Chrder
DS ADC

Modulator
wi Intemal
Calibration

Serial Interface

Internal
Oscillator




MCP3550/1/3

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

7.0V
0.3V to Vg + 0.3V
Difference Input Voltage ...
Qutput Short Circuit Current
Current at input Pins

Vioo-
All inputs and outputs w.rt Veg -

weveeeee |VDD - Vs8]
Continuous

Current at Output and Supply Pins .
Storage TEMDEFAIUNE ....c.o..evveveeereneaeceeeenen 09 G 10 +150°C
Ambient temp. with power applied 55°C to +125°C
ESD protection on all pins (HBM, M)
Maximum Junction Temperature (T )..

DC CHARACTERISTICS

+ Motice: Stresses above those listed under “Absolute
Maximum Ratings® may cause permanent damage 10 the
device. This is a stress rating only and functional operation of
the device at those or any other conditions above those indi-
cated in the operation listings of this specification Is not
implied. Exposure to maximum rating conditions for extended
periods may affect device reliability.

Electrical Specifications: Unless otherwise indicated, all parameters apply at -40°C = Ty, = +85°C, Vpp = 27V or 5.0V
Viger = 2.5V Wi+ = Viy- = Vo = Viree/2. All ppm units use 2*Vger as full scale range. Unless otherwise noted, specification

applies to entire MCP3550/1/3 family.

Parameters | Sym. | Min. | Typ. | Max. | Units Conditions

Moise Performance (MCP3550/1)
Mo Missing Codes NMC 22 —_ _ bits At DC (Note 5)
Output Nolse EN — 25 — UVREMS
Effactive Resolution ER — 214 — bits RMS | Vger =5V
Moise Performance (MCP3553)
Mo Missing Codes NMC 20 — — bits At DC (Note 5)
Output Noize By — 6 — WWans
Effective Resolution ER —_ 206 —_ bits RMS | Vger = 5V
Conversion Times
MCP3550-50 leany -2.0% B0 +2.0% ms
MCP3550-60 teany -20% | 66.67 | +20% ms
MCP3551 ooy -2.0% 731 +2.0% ms
MCP3553 teany -2.0% | 16.67 | +2.0% ms
Accuracy
Integral Non-Linearity INL _ 12 1 ppm Ta = +25°C only (Note 2)
Offzet Error Viog -12 23 +12 uv T, =+25°C

- +4 - pv T, = +85°C

— +#H — v Ty = +125°C
Positive Full-Scale Eror Vigp -10 +2 +10 ppm T, = +25°C only
Megative Full-Scale Error Vesn -10 +2 +10 ppm T, = +25°C only
Offset Drift — 0.040 — ppm/“C
Positive/Negative Full-Scale Error — 0.028 — ppm°C
Drift

Mote 1: This parameter is established by characterization and not 100% tested.
2: IML is the difference between the endpoint’s line and the measured code at the center of the quantization band.
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MCP3550/1/3

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all parameters apply at -40°C = T, = +85°C, VWpp = 2.7V or 5.0\
VRer = 2.8V W+ = V- = Vo = Vigee/2. All ppm units use 2"V as full scale range. Unless otherwise noted, specification
applies to entire MCP3550/1/3 family.

Parameters | Sym. | Min. | Typ. | Max. | Units Conditions
Rejection Performance’ ')
Common Mode DC Rejection — -135 — dB Ve range from 0 to Vg
Power Supply DC Rejection —_ -115 _ 4B
Common Mode 50/60 Hz Rejection CMRR _ -135 —_ dB Ve vanes from OV io Vpg
Power Supply 50060 Hz Rejection PSRR — -85 — dB MCP3551 only, Vpp varies from
4.5V to 5.5V
Power Supply 50/60 Hz Rejection PSRR - =120 - dB MCP3550-50 or MCP3550-60 anly

at 50 or 60 Hz respectively, Vpp
varies from 4.5V 1o 5.5V

Mormal Mode 50 and 60 Hz NMRR — -B5 — dB MCP3551 only,
Rejection 0= Vey < Voo

Vrer = Vin= (Vi +Vin-) < +Vigr
Normal Mode 50 or 60 Hz NMRR — -120 — dB MCP3550-50 or MCP3550-60 only
Rejection at 50 or 60 Hz respectively,

0= Ve < Voo
Vrer < Vin= (Vin + Vin-) < +Vrer

Analog Inputs

Differential Input Range Vie = Vi | “Vrer — Ve W

Absolute/Common Mode Voltages Vgg-0.3 — | Vpp+0.3 \i

Analog Input Sampling Capacitor — 10 — pF Note 5

Differential Input Impedance — 2.4 — MO

Shutdown Maode Leakage Current — 1 — nA Vint = V- = Viop! Cs= Voo
(Note 3)

Refarance Input

Voltage Range 0.1 — Voo W

Reference Input Sampling — 15 — pF Note 5

Capacitor

Reference Input Impedance —_ 24 _ MO Note 4

Shutdown Made Reference - 1 - nA Vit = V- = Vgg: CS = Vg

Leakage Current

Power Requirements

Power Supply Voltage Range Voo 27 —_ 55 W

MCP3550-50, MCP3551 Supply oo — 120 170 [TE Vpp =5V

Current — 100 — wA  [Vop=27V

MCP3550-60, MCP3553 Supply oo — 140 185 uh Vg = 5V

Current — 120 — wA  |Vpg=27V

Supply Current, Sleep Mode IppsL —_ 10 uA

Supply Current, Shutdown Moda lops — — 1 A CS = SCK = Voo

Serial Interface

Voltage Input High (CS, SCK) Vi 0.7Voo | — — v

‘Voltage Input Low tﬁ, SCK) Vi - - 04 A"

Voltage Output High (SDO/RDY) Viau Vog-05 | — — W Vi = 1 mA, Vg = 5.0V

Note 1: This parameter is established by characterization and not 100% tested.
To m\peg texvikd euALado Bpicketor otn devHBovvon:
https://gr.mouser.com/datasheet/2/268/20001950F-3136940.pdf
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MCP1501T-30E/CHY

N

MICROCHIP

MCP1501

High-Precision Buffered Voltage Reference

Features

Maximum Temperature Coefficient: 50 ppm/*C
from -40°C to +125°C

Initial Accuracy: 0.1%

Operating Temperature Range: -40°C to +125°C
Low Typical Operating Current: 140 pA

Line Regulation: 50 ppm/V Maximum

Load Regulation: 40 ppm/mA Maximum
10 Voltage Variants Available:

1.024V

1.250V

1.800V

2.048V

2.500V

3.000V

3.300V

4.096V

4.500V (6-Lead SOT-23 package only)
- 5.000V (6-Lead SOT-23 package only)

Output Noise: 30 yWRMS, 0.1 Hz to 10 kHz
(1.024V)

AEC-Q100 Qualified (Automative Applications)
- Package qualified: 6-Lead SOT-23

Applications

+ Precision Data Acquisition Systems

*+ High-Resolution Data Converters

+ Medical Equipment Applications

* Industrial Controls

* Battery-Powered Devices

+ Electric Vehicle Battery Management Systems

Related Parts

+ MCP1502: High-Precision Buffered Voltage
Reference

General Description

The MCP1501 is a buffered voltage reference capable
of sinking and sourcing 20 mA of current. The voltage
reference is a low-drift band gap based reference. The
band gap uses chopper-based amplifiers, effectively
reducing the drift to zero.
The MCP1501 is available in the following packages:
*+ G-Lead SOT-23

- This package is AEC-Q100 automotive

qualified

+ 8-Lead SOIC
+ 8-Lead 2 mm x 2 mm WDFN

Package Types

MCP1501
B-Lead SOT-23

out [1]° [6]Veo
GND [5] GND
oo [E] N

MCP1501
8-Lead SOIC

VeaMin [T] [8] FEEDBACK
GND [Z] [T]out
SHON [3] [6] GND

GND [T] [5] GND

MCP1501
2x2 WDFN*

& | FEEDBACK

i

ouT
GND
GND

*Includes Exposed Thermal Pad (EP). See Table 1-1
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MCP1501

1.0 PIN FUNCTION TABLE

The pin functions are described in Table 1-1.

TABLE 1-1: PIN FUNCTION TABLE

S0T-23 soIc 2 x 2 WDFN Symbol Function
1 7 7 ouT Vger Output
- 8 8 FEEDBACK Vger Feedback

2,35 2,456 2,456 GND System Ground
4 3 3 SHDN Shutdown Pin Active Low
6 1 1 Voo Power Supply Input
— — 9 EP Exposed Thermal Pad

1.1 Buffered Ve Output (OUT)

This is the Buffered Reference Qutput. On the WDFN
and SOIC package, this should be connected to the
FEEDBACK pin at the device. The output driver and
the Feedback are tristated when in shutdown.

1.2  Buffered Vg Feedback
(FEEDBACK)

This is the buffer amplifier feedback pin. On the WDFN
and SOIC package, this should be connected to the
OUT pin at the device. This connection is internal on
the SOT-23 package. Mote that if there is routing
impedance or IR-drop between the OUT and
FEEDBACK pins, it is the FEEDBACK pin which accu-
rately holds the output voltage. This can be used in an
application to remove |R-drop effects on output voltage
caused by the Printed Circuit Board (PCB) or
interconnect resistance with a high-current load.

1.3 System Ground (GND)

This is the power supply return and should be
connected to system ground.

1.4 Shutdown Pin (SHDN)

This is a digital input that will place the device in
Shutdown. The device should be allowed to power up
before using this feature. This pin is active low. When
this pin is low there will be no output.

Note:  Before using the Shutdown pin, the device
should first be powered up. Once the
device is fully powered up, the Shutdown
pin can be used.

1.5 Power Supply Input (Vpp)

This power pin also serves as the input voltage for the
voltage reference. Refer to the Electrical Tables to
determine minimum voltage, based on the device. Itis
recommended to connect a 0.1uF capacitor very close
to the Vpg pin.

1.6 Exposed Thermal Pad (EP)

Not  internally connected, but grounding s
recommended. This can be soldered to the ground on
the PCB.
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MCP1501

2.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings!f)

D es oo st ettt oo e et oot e So e s £ SE £t oSS £t £o 4 £ S £e et £t £e £ £ et b et et et e e 5.5V
Maximum current inta Vpp pin
Clamp current, |k (Vppy < 0 or Vpyy = Vpg)--

Maximum output current sunk by QUTPUT pin
Maximum cutput current sourced by OUTPUT pin.
(HBM:CDM:MM)

Note: 1 Notice: Stresses above those listed under “Absolute Maximum Ratings™ may cause permanent damage
to the device. This is a stress rating only and functional operation of the device at those or any other con-
ditions above those indicated in the operation listings of this specification is not implied. Exposure above
maximum rating conditions for extended periods may affect device reliability.

TABLE 2-1: DC CHARACTERISTICS

Electrical Characteristics: Unless otherwise specified, Vppgun) = Vpp = 5.5V at —40°C = Ty = +125°C.

Characteristic Sym. Min. Typ. Max. Units Conditions

Supply Violtage Voo 1.65 —_ 55 v MCP1501-10
Voo 1.65 - 55 W MCP1501-12
Voo 20 - 55 W MCP1501-18
Voo 225 —_ 55 v MCP1501-20
Voo 270 - 55 W MCP1501-25
Voo 32 - 55 W MCP1501-30
Voo a5 — 55 3% MCP1501-33
Voo 4.3 —_ 55 v MCP1501-40
Voo 47 - 55 W MCP1501-45
Voo 5.2 - 55 3 MCP1501-50

Power on Veor — 1.45 — v

Reset Release

Voltage

(Note 1)

Power on — — 0.8 —_ v

Reset Rearm

Valtage

(Note 2)

Note 1: On a rising Vpp, the voltage at which with device internal reset will get released.
2: On dropping Vpp, the voltage at which the internal reset circuit will reset. On the dropping Vpp, itis
recommended to bring the Vpp below this voltage to get a proper reset.
3: Before using the SHDN pin, the device should first be powered up. Once the device is fully powered up, the
Shutdown pin can be used.
4: pVPP is six times the value of the pVRMS.
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MCP1501

TABLE 211: DC CHARACTERISTICS

Electrical Characteristics: Unless otherwise specified, Vppgun) = Vpp = 5.5V at —40°C = Ty < +125°C.
Characteristic Sym. Min. Typ. Max. Units Conditions
Output Violtage | MCP1501-10 Vout 1.0230 | 1.0240 1.0250 vV Temperature at +25°C
MCP1501-12 1.2488 | 1.2500 1.2513 v
MCP1501-18 1.7982 | 1.800 1.8018 v
MCP1501-20 20460 | 2.0480 | 2.0500 v
MCP1501-25 24975 2500 2.5025 v
MCP1501-30 29970 | 3.000 3.0030 v
MCP1501-33 320867 | 3.300 3.3033 v
MCP1501-40 40919 | 4.0060 | 4.1001 v
MCP1501-45 44955 | 4.500 4.5045 v
MCP1501-50 4995 5.000 5.0050 v
Temperature | MCP1501-XX Tc — 10 50 ppmi°C
Coefficient
Line MCP1501-X | AVgurfaViy — 5 50 ppm/\/
Regulation  [MCP1501-50 — 5 —
Load Aoyt ! — 10 ppm— |40 ppm~— | ppm/mA | -5 mA <l gapn
Regulation Algut sink sink
Load ANayr/ — | 15 ppm~ | 70 ppm~ | ppm/mA |l gap< +5 mA
Regulation Algut source source
Dropout Voo —_— —_— 200 m\V -5 mA <l gap < +5 mA
Voltage
Power Supply PSRR 94 dB All device options,
Rejection Vi = 5.5V,
Ratio 60 Hz at 100 mVe_p
Shutdown Vi 1.35 v Vi = 5.5V
(Note 3) Vig 3 80 W] Refer to Section 1.4
“Shutdown Pin (SHDN)"
OutputVioltage AVouT HysT 300 pv Refer to Section 2.1.9
Hysteresis “Qutput Voltage
Hysteresis” for additional
details on testing conditions.
Output Noise | MCP1501-10 ey — 18 — HVFF |0.1 Hzto 10 Hz, Ty = +25°C
(Note 4) — 30 —_ UWRMS | 0.1 Hzto 10 kHz, T, = +#25°C
=, —_ 57 —_ VPP |0.1 Hzto 10 Hz, Ty = +25°C
MCP1501-40 —_ a7 —_ WWRMS | 0.1 Hzto 10 kHz, Ty = +25°C
Maximum I oap —_— 220 -_ mA Ty =+25°C
Load Current All device options.
Supply Ipo — 140 550 uA Mo Load
Current —_ —_ 350 No Load, Ty = +25°C
Shutdown lsHoN 205 nA Ty =+25°C
Current All device options.

Note 1: On a rising Vpp, the voltage at which with device internal reset will get released.

2: On dropping Vpp, the voltage at which the internal reset circuit will reset. On the dropping Vpp. itis
recommended to bring the Vpp below this voltage to get a proper reset.

To mpeg texvikd euALadio Bpicketor otn devHBovvon:
https://gr.mouser.com/datasheet/2/268/MCP1501 Data_Sheet DS20005474F-2932251.pdf
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TLV1117

Ordering & Technical Design & H Support &
documentation developmeant training
3 TExas TLVHT
INSTRUMENTS SLVESH1M =~ DECEMBER 2004 -~ REVISED JANUARY 2023
TLV1117 Adjustable and Fixed Low-Dropout Voltage Regulator
1 Features 3 Description

+ Output voltage options: 1.5-V, 1.8-V, 2.5-V, 3.3-V, The TLV1117 is a positive low-dropout voltage

5-V, and adjustable
+  Qutput current: 800 mA

regulator designed to provide up to 800 mA of output
current. The device is available in 1.5-V, 1.8-\, 2.5-

« Specified dropout voltage at multiple current levels V, 3.3V, 5V, and adjustable-output voltage options.

* Line regulation maximum: 0.2%
* Load regulation maximurm: 0.4%

All Internal circultry |s designed to operate down
to 1-V input-to-output differential. Dropout voltage

+  For drop-in replacements in fixed output 30T-223 iz specified at a maximum of 1.3 V at 800 ma,
package configuration and improved functionality, decreasing at lower load currents.

see the TLV7TE1
2 Applications

+ Electronic points of zale
+ Medical, health, and fitness applications

+ Printers

+ Appliances and white goods
+ TV set-top boxes

Package Information
PART NUMBER PACKAGE " BODY SIZE (NOM)
DCY (S0T-223, 4)|6.50 mm « 350 mm
DRJ (WSON, B) | 4.00 rmm = .00 mm
KWL (TO-252, 3) |6.60 mm = 6.10 mm

LT KCS (T0-220,3) |10.16 mm « 870 mm
KCT (TD-220, 3) | 10.16 mm = 8.50 mm
KTT (DDFAK
TO-263, 3) 10.16 mm = 8.41 mm

(1) For all available packapes. see the orderable addendum &t
the end of the data sheet.

<

TLV1117-ADJ

OuUTPUT

ADWGND

i

Simplified Schematic

An IMPORTANT NOTICE at the end of this data sheet addresses avallability, wamanty, changes, use in safety-critical applications.
Intedactual progerty matters and other important disclaimers. PRODUCTION DATA.
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INSTRUMENTS TLV111T
warw.il.com SIVESEIM = DECEMBER 204 = REVISED JANUARY HI25

5 Pin Configuration and Functions

KTT (T0-263) PACKAGE KVU (TO-252) PACKAGE
(TOP VIEW) (TOP VIEW)
Ell—1 2= eut 5 - —— 3= inPUT
o | a
|:—' | 20 OUTPUT 5 I 211 OuTPUT
i §
Sl ... 1[0/ ADNGHND C == 1 aouscnD
DCY (S0T-223) PACKAGE DR.J (QF M) PACKAGE KCT, KCS (TO-220) PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
3 NPUT —— E == INFPUT
ApJdicHD | a | Ne 2 —=—= OQUTPUT
g. :—-’l | ‘J_L E O 1|=—— ADJGND
E z[1 cuTRUT VN RSy I ] Vo
3 Vi F5 | T Vour
17 ApyiaND v 2 | ___V G vour
{1) Vg pins (2, 3. 4) must be connected together.
{2) Vg pina (5, B, 7) must be connected together.
Table 5-1. Pin Functions
PIN
TYPE DESCRIPTION
NAME KTT | KVU ([DCY | DRJ | KCT
ADJGHND 1 1 1 1 1 VO | Output volitage ad|usiment pin. Connect 1o & resistor divider.
INPUT 3 3 3 (2,54 3 | Woltage Input
OUTPUT 2 | 2 | 2 |[66.7| 2 | O |voitage output
NC - -1 - B — —  |Mo connect
€ Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)!'!
MIN MAX| UMNIT
™ ‘Continuous input voltage 16 W
Ty Orperating virtual-junction temperatne 150 “c
Toy Storage temperature -5 150 “C

(1} Stresses beyond those ksted under Absolute Maximum Ratings may cause pemmanent damage to the device. These are stress rabings
only, and functional operation of the device at theae or any other conditions beyond those indicatad under Recommended Operating
Conditions is not implied. Exposwne to absolute-raxirmum-rated condtions for extendad penods may affect device reliability.

6.2 ESD Ratings
VALUE| UNIT
Human body modal (HEM), per ANSI/ESDAJEDEC J5-001, all pins'™! 2500
Wigsm)  |Electroststic discharge gu;g:glmm madel (COM), per JEDEC specification JESD22-C101, +1500 v

{1} JEDEC document JEP155 states that S00-W HBM allows =afe manufacturing with & standard ESD contral process.
(2) JEDEC document JEF15T states that 250-v CDM allows safe manufaciuning with a standard ESD control process.

Copyright £ 2023 Texas instrumenis Incorporated Submif Document Feedback

Product Folder Linka: TLVW 1117
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6.3 Recommended Operating Conditions

MIN! MAX | UMIT

TLWVI11T a7 15
TLW1117-15 28 15
TLW1117-18 32 15

Vi nput voltage TLW1117-25 3.9 13 Y
TLW1117-33 4.7 13
TLW1117-50 6.4 15

o Cwtput current o8 A
TS o 125 .

T, Oiperating wirtual-junciion termperature T T = 1

(1) The input-to-output differential scross the regulator should provide for some margin againet regulater operation at the maximum
dropout {for a particular current value). Thiz margin is needed 1o sccount for tolerances in B0th the Input voltsge (lower Nmit) and the
oulput voltage (upper limit). The absolute minimum Wy, for a desired maximum output cument can be calculated by the following:
Vipaming = Voutimas) * Y DOjmax at meed cuman)

6.4 Thermal Information

TLV11T
THERMAL METRIG() 12/ 31 S UNITS
KTE KTP DRJ Dy KVU HKCS, KCT KTT
(3 PINS) | (3 PINS) | (8 PINS) | (4 PINS) | (3 PINS) | (3 PINS) | (3 PINS)
Junction-to-amblent thermal .
Rasa roalatance 386 492 383 1043 50.9 301 275 G
Junction-to-case (top) thermal .
Raucioe) | raciarance M7 606 365 53.7 57.9 44 6 432 G
Rag Jumnection-to-board thermal resistance 3.2 31 &0.5 57 3.8 12 173 o
T dunction-to-op charactenzation 59 87 0.2 EX] & 5 28 S
parameter
e Junction-to-board charactenzation 34 5 12 5s 27 12 a3 o
parameter
Junction-to-case (bottom) themmal B
Rajciboy reclatance 3 3 4.7 nia 0.4 0.4 0.3 CAN
Thermal resistance betwesan the die
Rap |unction and the bottom of the 27 14 1.78 nia nia 3 184 o
exposed pad.
{1}  For more information about tradtional and new thenmal metrics, see the Semiconductor and I Packege Thermal Metncs application
niote.

{2) For thermal esumates of this device based on FCE copper area, see the Tl FCB Thermal Calculator.
{3)  The junction-to-amblent thermal reslstance wndar natural convection s obtained in & simulation on a JEDEC-standard, high-K board,
as apecified in JESDS1-7, in an environment described in JESDS1-2a.

To mAnpeg texviKd puALAd PpiokeTan otn devbuvon:

https://www.ti.com/lit/ds/symlink/tlv1117.pdf?HQS=dis-mous-null-mousermode-dsf-pf-null-
wwe&ts=1699955466457 &ref url=https%253A%252F%252Fwww.ti.com%252Fgeneral%?2
52Fdocs%252Fsuppproductinfo.tsp%253Fdistld%253D26%2526g0toUrl%253Dhttps%253A
%252F%252Fwww.ti.com%252F1it%252Fgpn%252Ftlv1117
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ESP-WROOM-32

1. Overview

ESP32-WROOM-32 (ESP-WROOM-32) is a powerful, generic Wi-Fi+BT+BLE MCU module that targets a wide
variety of applications, ranging from low-power sensor networks to the most demanding tasks, such as voice
aencoding, music streaming and MP3 decoding.

At the core of this module is the ESP32-DOWD6 chip®. The chip embedded is designed to be scalable and
adaptive. There are two CPU cores that can be individually controlled, and the clock frequency is adjustable
from B0 MHz to 240 MHz. The user may also power off the CPU and make use of the low-power co-processor to
constanthy monitor the peripherals for changes or crossing of thresholds. ESP32 integrates a rich set of peripherals,
ranging from capacitive touch sensors, Hall sensors, SD card interface, Ethernet, high-speaed SPI, UART, 125 and
2C.

Mote:
* For dataits on the part numiber of tha ESP32 sanes, plaasa rafer to the document ESP32 Datashesat.

The integration of Bluetooth, Bluetooth LE and Wi-Fi ensures that a wide range of applications can be targetad,
and that the module is future proof: using Wi-Fi allows a large physical range and direct connection to the internet
through a Wi-Fi router, while using Bluetooth allows the user to conveniently connect to the phone or broadcast
low energy beacons for its detection. The sleep current of the ESP32 chip is less than 5 A, making it suitable
for battery powered and wearable electronics applications. ESP32 supports a data rate of up to 150 Mbps,
and 20.5 dBm output power at the antenna to ensura the widest physical ranga. As such the chip does offar
industry-leading specifications and the best performance for electronic integration, range, power consumption,
and connectivity.

The cperating system chosen for ESP32 is freeRTOS with LwiP; TLS 1.2 with hardware acceleration is built in as
well. Secure (encrypted) over the air (OTA) upgrade is also supported, so that developers can continually upgrade
their products even after their releasa.

Tabla 1 provides the specifications of ESP32-WROOM-32 (ESP-WROOM-32).

Table 1: ESP32-WROOM-32 (ESP-WROOM-32) Specifications

Categories Items Specifications
RF certification FCC/ACE/NC/ TELEC/WCC/SRRC/NCC
Cartification Wi-Fi certification Wi-Fi Alliance
Bluetooth certification BOB
Green cartification RoHS/REACH
802.11 b/g/n (B02.11n up to 150 Mbps)
Wi-Fi Protocols A-MPDU and A-MESDU aggregation and 0.4 ps guard
intenval support
Frequency range 2.4 GHz ~ 2.5 GHz
Protocols Bluetooth v4.2 BR/EDR and BLE specification
MNZIF receier with -97 dBm sensitivity
Bluatooth Radio Class-1, class-2 and class-3 transmitter
AFH
Audio CWVSD and SBC
Espressif Systems 1 ESP-WROOM-32 Datashest V2.4
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OVERWVIEW

Categories | eams Specifications
SD card, UART, SPI, SDID, 12C, LED PWM, Motor
Module interface PWM, 125, IR
GPIO, capacitive touch sansor, ADC, DAC
On-chip sensor Hall sensor, temperature sensor
On-board clock 40 MHz crystal
Operating voltage/Power supply | 2.7 ~ 3.6V
Hardwara Operating curmant Average: 80 mA
Minimum cument deliverad by
power supply 500 mA
Operating temperature range -40°C ~ +B5°C
Ambient temperature range Normal tempearature
Fackage size 18+0.2 mm x 25.5+0.2 mm x 3.1£0.15 mm
Wi-Fi mode Station/SoftAP/SoftAPs Station/P2P
Wi-Fi Security WPAMPAZ WPAZ-Enterprise/WPS
Encryption AFS/RSAECC/SHA
) UART Download / OTA {download and write firmwarne
Firmware upgrada )
Software via natwork or host)
Software development Supp?ns Cloud Server Development / SDK for cus-
tom firmware developmeant

Matwork protocols

IPvd, IPvE, S5L. TCRUDRHTTR/FTRMOATT

User configuration

AT instruction set, cloud servar, Android 105 app
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2. Pin Definitions

2.1 Pin Layout
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Figure 1: ESP32-WROOM-32 (ESP-WROOM-32) Pin layout

2.2 Pin Description

ESP32-WROOM-32 (ESP-WROOM-32) has 38 pins. See pin definitions in Table 2.

Table 2: Pin Definitions

Name Mo, Type Function

GMD 1 P Ground

a3 2 P Power supply.

EN 3 | Chip-enable signal. Active high.

SENSOR_VP | 4 | GPIC36, SENSCOR_VP, ADC_H, ADC1_CHO, RTCG_GPICO

SENSOR_WN | & | GPIC39, SENSOR_WVNM, ADC1_CH3, ADC_H, RTC_GPIO3

1034 ] | GPIC34, ADC1_CHE, RTC_GPIO4

1035 7 I GPIO35, ADG1_CHF, RTC_GPIDS

o s . GPIO32, XTAL_32K_P (32.768 kHz crystal oscillator input), ADGC1_CH4,
TOUCHY, RTC_GPIOg

o 5 . GPIO33, XTAL_32K_N (32 768 kHz crystal oscillator output), ADGC1_CHS5,
TOUCHS, RTC_GPIO8

1025 10 [fe] GPIC25, DAG_1, ADC2_CHB, RTC_GPIOE, EMAC_RXDO

1026 11 [He] GPIC26, DAC_2, ADC2_CH9, RTC_GPIOT, EMAC_RXD1

1027 12 110 GPIC27, ADC2_CH7, TOUCHT, RTC_GPIO17, EMAC_RX_DV

Espressif Systems 3 ESP-WHOOM-32 Datasheet V2.4
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2. AN DEFINITROMS

Mame Mo, Typa Function
1014 13 VO GFID14, ADC2_CHS, TOUCHS, RTC_GPIOM6, MTMS, HSPICLE,
HS2_CLK. SD_CLK, EMAC_TXD2
1012 14 YO GPID12, ADC2_CHS, TOUCHS, RTC_GPIO15, MTDI, HSPIQ,
HZ2_DATAZ SD_DATAZ, EMAC TXD3
GMD 15 P Ground
GPID13, ADCZ2_CH4, TOUCH4, RTC_GPIO14, MTCK, HSPID,
o e Vo HS2_DATAS, 5D_DATAS, EMAC_RX_ER
SHD/SD2* 17 e} GPIC8, SD_DATAZ, SFIHD, HS1_DATA2, LNRXD
SWP/SD3” 18 e} GPID10, SD_DATAZ, SPIWP, HS1_DATAS, LNTHD
SCS/ACMD 19 e} GPID11, SD_CMD, SPICS0, HS1_CMD, LMRTS
SCHACLKT 20 1o GPIDE, SD_CLK, SPICLK, H31_CLK, LNCTS
SDO/sD0” 21 1o GRIOT, SD_DATAD, SFIQ, HS1_DATAQ, UZRTS
sSosD” 22 1o GPIOE, SD_DATA1, SFID, HS1_DATAT, U2CTS
GPID15, ADC2_CH3, TOUCH3, MTDO, HSPICED, RTC_GPIO13,
a1s = Ve HS2_CMD, S0_CMD, EMAC_RXD3
GPIDZ2, ADC2_CHZ2, TOUCH2, RTC_GPIO12, HSPIWP HS2_DATAD,
102 24 O SD_DATAD
GPIDD,  ADCZ_CH1, TOUCH1, RTC_GPIO11, CLK_OUT1,
100 2 Vo EMAC_TX_CLK
GPID4, ADC2_CHO, TOUCHO, RTC_GPIC10, HSPIHD, HS2_DATA1,
o4 26 Vo S0_DATAT, EMAC TX_ER
1016 27 1o GPID16, HS1_DATAS, UZRXD, EMAC_CLK_OUT
017 2B 1o GPID17, HS1_DATAS, U2TXD, EMAC_CLK_OUT_180
105 29 e} GPIDS, VEPICS0, HS1_DATAS, EMAC_RX_CLK
1018 30 e} GPID18, VEPICLK, HS1_DATAT
1019 K3 e} GPID19, VEPIQ, UOCTS, EMAC_TXDO
MC az2
1021 33 O GPIDZ21, VEPIHD, EMAC_TX_ENM
RXDO 34 0 GPID3, UORXD, CLK_OUT2
T«DO 35 e} GPID1, UOTXD, CLK_COUTS, EMAC_RXD2
022 36 e} GPIDZ22, VSPIWFE, LORTS, EMAC_TXD1
1023 a7 e} GPIDZ3, VSPID, H31_STROBE
GMND 38 P Ground
MNote:

* Ping SCK/ACLK, SDOVSD0, SDKVSD1, SHOVED2, SWP/SDE and SCS/CMD, namely, GPIOE to GPIO11 are cornected to
the integrated 5P flash mtagrated on ESP32-WROOM-32 [ESP-WROOM-32) and are not récommandead for other uses.

To mpeg texvikd euALadio Bpicketor otn devBuvvon:

https://www.mouser.com/datasheet/2/891/esp-wroom-32 datasheet en-1223836.pdf
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SH1106

% SINO WEALTH

SH1106

132 X 64 Dot Matrix OLED/PLED

Segment/Common Driver with Controller

Features
B Support maximum 132 X 64 dot matrix panel
B Embedded 132 X 64 bits SRAM
B Operating voltage:
= Logic voltage supply: Voot = 1,65V - 3.5V
- DC-DC voltage supply: Vopz = 3.0V - 4.2V

= OLED Operating voltage supply:
External Vep supply = 6.4V = 14.0V
Internal \WVer ganarator = 6.4V = 9,0V
B Maximum segment output currant: 200pA
B Maximum common sink current; 27ma

W 3-bit G800-saries paralel interface, 8-bit B080-series
parallel interface, 3-wire & 4-wire serial peripheral

interface, 400KHz fast I°C bus interface

m Programmable frame frequency and multiplexing ratio

General Description

B Row re=mapping and column re=mapping (ADC)
B Wertical scrolling
B On-chip oscillator
B Programmable Intemal charge pump circuit output
M 256-step contrast control on monochrome passive OLED
panel
B Low power consumption
= Sleep mode: <5pA
- VDD1=0V, VDD2=31.0V —4.2V: <5pA
= WDD1,2=0V, VPP=6.4V —14.0V: <5pA
B \Wide range of operating temperatures: =40 to +85°C
B Ayvailable in COG form, thickness: 300um

SH1106 is a single=chip CMOS OLEDVPLED driver with contraller for organicipalymer light emitting diode dot=matrix graphic
display system. SH1106 consists of 132 segments, 64 commons that can support a8 maximum display resolution of 132 X 64, It

is designed for Common Cathode type OLED panel.

SH1106 embeds with contrast control, display RAM oscilator and efficient DC-DC converter, which reduces the number of
extamal components and power consumption, SH1106 is suitable for a wide range of compact portable applications, such as

sub=display of mobile phone, cakulator and MP3 player, etc,
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SH1106
Pad Description
Power Supply
Symbaol Vo Description
oo Supply | Power supply input: 1.65 = 3.5V
3.0— 4.2V power supply pad for Power supply for charge pump circuit,
VD2 Supply N ) . )
This pin should be disconnected when VPP is supplied externally
Vss Supply | Ground,
This is a segment voltage reference pad.
WsL Supply )
This pad should be connected to Vss externally,
This is a common voltage reference pad.
Wer Supply
This pad should be connected to Vss externally.

OLED Driver Supplies

Symbol Vo Description
IREF o This is a segment current reference pad. A resistor should be connected between this pad and|
Wss. Set the current at 12.5uA.
Veoun o This is a pad for the voltage output high kevel for comman signals.
A capacitor should be connectad between this pad and Vss.
VBREF NC This is an imernal voltage reference pad for booster circuit.
Keap floating.
OLED panel power supply, Generated by internal charge pump,
vee F Connact to capacitor, It could ba supplied axtarnally.
C1N, p Connect to charge pump capacitor,
C1P These pins are not used and should be disconnected when Vpp is supplied externally.
C2P, Connect to charge pump capacitor.
C2N P These pins are not used and should be disconnected when Vpp is supplied externally.

To mAnpec texviKd eLALASO PBpiokeTan 6T d1evHBLvoN:

https://cdn.velleman.eu/downloads/29/infosheets/sh1106 datasheet.pdf
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BILL OF MATERIALS (BOM)

Part  Value Device Package Description

€l 1uF CAP0BOS C080s

€2 1uF CAP080S C080s

3 luF CAPOBOS C0803

4 100nF CAPOGO3 C0603

(5  100nf CAPOB03 Coen3

C6  47uF CAP_EL100UF VE-101M1CTR-0605 Electrolytical Capacitor
7 100nf CAPOB03 Coe03

8 2af CAPOB03 Coe03

o 2af CAPOB03 Coen3

Ci0  10uf CAPOGO3 Coo03

C11 100uF CAP_EL100UF VE-101M1CTR-0605 Electrolytical Capacitor
C12  100nf CAPOB03 Coe03

C13 10uF CAP0803 C0805

Cl4 1uF CAP0B05 C080s

C15 100nF CAPOB03 Coen3

Cie 100nF CAPOB03 Co603

C17 1InF CAPOG03 C0603

C18 100nF CAPOB03 Coe03

C19 1uF CAP0B03 C080s

C20 1uF CAP0803 C0805

C21 100nF CAPOB03 Coe03

€22 100nF CAPOB03 Coen3

€23 100nF CAP0OG03 Cop03

C24  1uF CAPOB03 Coe03

C25 1uF CAPOB03 Coen3

C26 1uF CAPOB03 Coe03

C27 1uF CAP0BOS C080s

C28 100nF CAPOB03 Coen3

C29 100nF CAPOB03 Coe03

€30 10uF CAP0BOS C0803

C31 10nF CAPOB03 Coen3

C32  10nF CAPOB03 Coe03

€33 1uF CAP0803 C0805

C35 1uF CAP0B05 C080s

D1 BAV99,215 BAVD9,215 SOT5P230X110-30 BAV9Q serizs High-speed switching diodas
D2 DIoc DIOC5236X110N

D3 BAVG9,215 BAV29,215 SOT5P230X110-30 BAV99 series High-speed switching diodas
D4 1W5BI9HW-7F 1M5819HW-7-F S0D3715X145N 1NSB19HW Series 40 V 1 A Surface Mount Schottky Barrier Rectifier
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Part  Value Device Package Description

IND1 10uH INDC INDC3227X85N

L1 MPZ16085331ATADOHAM BEADC1608X7ON MPZ1608 type

LEM LEDCHIP-LEDOBOS CHIP-LEDOBOS LED

LED2 LEDCHIP-LEDOBOS CHIP-LEDOBOS LED

Pl P1X2 PiX2 HDRVZWE4P254_1X2_508X254X8388

P2 P23 P2X3 HDRVEWE4P254_2X3_762X508X8388

P3  P1X4 PiX4 HDRV4WE4P254_1X4_1016X254X8388

P4 P1X3 PIX3 HDRV3WE4P254_1X3_762X254X8388

P5  PIX2 PIX2 HDRVZWE4P254_1X2_508X254X8388

Pe P12 P1X2 HDRV2WE4P254_1X2_508X254X8388

P7 P12 P1X2 HDRVZWE4P254_1X2_508X254X8388

P8 P12 P1X2 HDRV2WE4P254_1X2_508X254X8388

Pe  P1X2 P1X2 HDRVZWE4P254_1X2_508X254X8388

P10 P1X2 P1X2 HDRVZWE4P254_1X2_508X254X8388

P11 P1X4 P1X4 HDRV4WE4P254_1X4_1016X254X8388

R Lik R-U50603 ROB03 Resistor (LS symbol)
R2 1k R-U50603 ROGO3 Resistor (LS symbol)
R3 10 R-U50603 ROG03 Resistor (LS symbol)
R4 10K R-U50603 ROG03 Resistor (LS symbol)
RS 5.6k R-U50603 ROG03 Resistor (LS symbol)
R6 56k R-U50603 ROG03 Resistor (LS symbol)
R7 5.6k R-U50603 ROG03 Resistor (US syrmbol)
R8 10k R-U50603 ROG03 Resistor (LS syrmbol)
Re  15.9 R-U50603 ROB03 Resistor (US symbol)
RI0 10K R-U50603 ROB03 Resistor (US symbol)
R11 5.0k R-U50603 ROB03 Resistor (US symbol)
R12 2 R-US0603 ROG03 Resistor (US symbol)
R13 10k R-U50603 ROB03 Resistor (LS symbol)
R14 10k R-U50603 ROB03 Resistor (LS symbol)
R15 1M R-U50603 ROB03 Resistor (LS symbol)
R16 5.6k R-U50603 ROG03 Resistor (LS symbol)
R17 180 R-U50603 ROG03 Resistor (LS symbol)
R19 100k R-U50603 ROG03 Resistor (LS symbol)
R20 1ok R-U50603 ROG03 Resistor (LS symbol)
R23 10k R-U50603 ROG03 Resistor (LS symbol)
R25 10k R-U50603 ROB03 Resistor (LS syrmbol)
R27 10k R-US0603 ROB03 Resistor (US symbol)
R28 10k R-U50603 ROB03 Resistor (US symbol)
R29 10k R-U50603 ROB03 Resistor (US symbol)

51 SWITCH-MOMENTARY-2PTS645VK302LFS SWITCH-MOMENTARY-2PTS645VK392LFS PTSE45VK392LFS
52 SWITCH-MOMENTARY-2PTS645VK392LFS SWITCH-MOMENTARY-2PTS643VK392LFS PTS645VK392LFS

Us1  TP3400 TP5400 SOP8-CEN_PAD Brand Name: HUOXINDA

U1 ESP-WROOM-32 ESP-WROOM-32 ESP-WROOM-32 ESP32-WROOM

Uz TLViL17 TLV1117 S0T230P700X180-4 Voltage Regulator LM1117, TLV1117

U3 CD4060BMIS CD4060BM36 SOIC127P600X175-16M CMOS 14-5tage Ripple-Carry Binary Counter/Divider and Oscilator
10 TPSE0401DBVR TPSA04010BVR S0T95P280X140-5N Switching Voltage Regulators 60mA Charge Pump Voltage Inverter
U1l LMCR48215T LMCR48215T SOPASP490X110-8N 16 V CMOS dual rai-to-rail input and output, operational amplifiers
U12  LMCB48215T LMCR48215T SOPBSP490X110-8N 16 V CMOS dual rai-to-rail input and output, operational amplifiers
13 MCP3551T-E/MS MCP3551T-E/M5 SOP63P490X110-8N MCP3550/1/3

14  MCP1501T-30E/CHY MCP1501T-30E/CHY SOT95P280X140-6N Precision Buffered Voltage Reference
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