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Abstract

This project presents the desien and development of energy
measuring and display for 3 phase 220 V 10 A with 50 Hz frequency by using ICs’
MCP3906A , Arduino MEGA 2560 R3 and Arduinc Nano R3 for measuring voltage,
current and power. The operation of this meter composes of three parts; i.e. power
measurement, data acquisition, and the display in monitoring in both digits and
graph. This module can provide the electrical charge and can be used for estimating
the cost of electric charge so that the next month charge can be estimated and
compared to the past month so that the electric charge can be controlled.
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ANMuUBREIRUASSLWAN
maalni Ae wasewlnidldluna 1 Juri lumsiliAandsunie

msgadenasnuly Tuguuuusingeg wu wdanuanudeu wdsnuwaseing wisnuna Hu
umaslwiiimbeduindw) mddli 1 Yad vnedednnslindsonlnil 1 9alu
a1 1 3w

2.1 Masinirgvaz(instantaneous Power)
maslwihdvasansamlinnuaguveusiiuiivuinnaseslraniu
nsguativasiluanty esuglaaingui 2.1

i(t)

A
ey
Vi)

= )
3UM 2.1 29vslniinssuaesuy

s

< v W [ &
NFUN 2.1 egldauntsvensediu uavaumsvenseualiugisil
v(t)=V,, cos (wt10,) (2.1)

i(t)=I,cos(wt+0,) (2.2)

[

ANANNTS 2.1 Wy 2.2 ¥leaunisvesnidalnintavas sl

p(t)=v(t)i(t) (2.3)



p(t)=V,, |, cos (wt+6,) cos (wt+6.) (2.4)

WAZNHUFIWANNIAT LN Ul

1 1
cosB,cosb,= —cos(0,-6,)+—cos(0,+6,) (2.5)
2 2

lfaunisvaamdalnidivazidy

Vol
p(t)= ; [ cos (B,-8))+ cos (2wt+0,,+6,)] (2.6)
Taoil
e fD YUAENARYBILTITUINT V(E)
4 Ao vungeanvasnsyualnil it)
0, Ao yuinavaausssulni
0, An ylaaanszualnii

w Ao AMNDLT
2.2 Madlniade (Average Power)

' o A daw & - - : ;

AAagYaIFURaUNNanvauzIlUUT19A1 UM B FUARUTIBATY (Periodic
Waveform)anansamidainnisduiitnsaieidunannnunan uadamisuaansianeniuiian
PINFUNIT 2.6 Lo MaalnAadesiail

t0+T
1
Pae= = | p(tidt 2.7)
\J|
to
tg+T
1
Pave=" | Vinlm cos (@t+6,) cos (wt+6,) dt (2.8)
i
lo
Wl to+T
Vol
Pl [ | cos(B,-8)dt+ | cos2wt+0,+0) dt] (2.9)
2T
fo f
Tnofl
Pae Pl Midslifinade Subhodu Jnd
T Ao ATUNAYeIRAUd I
ty Ap Aallaeg

] 1%

maslwiedetuasyszneulumezdiudiuusniulafifudst  vinlala
AasilumsBuiitnsaduiaeaumengunduleyresidrinaisveszundulaysesdnasn
1 munaiiahiuguddseausnangdu



1
Paig= > Vnlncos(6,0) (2.10)

avg

lau#e,-6; unu yushamasevitussuiunszuanseyunaduRuauTve92993
a ; 5 v i 5 (] - o:J s g
AduavasUTznaumeivanausuuatuRsmaT i edse Jussi

1
Pi= Evm|m @1

avg

/.___;

ai o (7] L3 o (7 q{' w
3UN 2.2 nsmluansmuduiusvesiasininadelunsaifadiumi

@

v } 73 al = 1 = o @ A:-I L
warf19TUTENaUMILLransLanviNsegufen &l nds ez Dyl
1
RRE EVmImcos(QO )=0 (2.12)

ple)

Ui 2.3 nymiuansnrudiusvesihdsliiiadelunsdifunianiuezfuivlseg
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oo w < = = =l ' <l ) [ L
aungiindaldfedsvedlvaniveniinifivsedruderidnvinfugud
- a o ] a o I3 Ay e = o w '
\Weean Buiupudiweniivilluesduszneuisasildfinsagderdslwiiunsgldanunse
o o 0w v o a gt Y y = ]
FunTogeduidelnils uazilesanduiuaudiueniinozsifiundsnudiunilauasUdes
o =l ] = o 2, o o ol | e &
wasnudndunimasnmunianiliiasiniedewiiugud

2.3 Asednsnansonl RMS (Effective or RMS Values)

AUsEaNSHa (RMS) vaenseudlniivsoussnulwiidurivesnssualniia
wIsusadulwirivinldiAas ddlwinads i funssualnfwmTousegulnfinlueas
nsruanssdslnasudiumuiaiisailunavindu m sslwiiadediaannssuald
nudsoulisduniuie

2
Pavg: |eﬁ’R (2.13)
Tef g wnu szualdy
maslinafendeuliiufiumuiiia it) As

tU +T

il
p. = - [ ?(t)Rdlt (2.14)

Cf! = o L A 1 s o
INAUNTT 2.13 way 2.14 mmﬂ"lmm"l,w“ﬂ’maammuwim

e
%R = F.[zszr (2.15)
0

(2.16)

(2.17)

1 2/ v o a (4 1 d
Aldumlaainnisanfdsaes (Square)  veanszualin udvnaade

A P ) & a ' 0w a
(Mean) 37MUUWMIINNEDS (Square  Root)  A9UUTNTENTT SINVDINIGIEDLRAE
(Root Mean Square) #38f1 RMS

wazaunsavsuwseaulwidife

rms

r
e %J‘vz(t) dt (2.18)
0

ch a s < b2
Tunsdidygraunsauadudygaloysossiazls
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I I (2.19)
rms T [ 2.19
V2

a = Qs '3 8/
Tunsdindyarunsaualudyaralvyvossals

V
V.".'?JS = = 2 20
\/5 (2.20)

e

AT RMS fpanseualniuazusssulnihaiunsamsdelniadylasd

1
Pavs= > Vinl €05 (6,6) (2.21)

I Y, 2.22)

2.3.1 maslWiudedou (Complex power)

A0
%
vit)

SU# 2.4 2saslliinnseuaady

aslnidsdeuinannannussdygiaiareiusstulniiuas
wawesnszualwih awnsemarddslndudsdou (S) lian

b8 M. 11 (2.23)

rms s

de o \Humreuginadedounes |

s
Fodudsluiingousiidy
S=V, nshms €05 (8,-8)) +jV, . | ..sin(B,-6,) (2.24)
duaTwesidilnindedou  Suninddelniiess e Adslndagas

(RealorAverage  Power) uaziiendiuiunnmvasmdsluindsdou 11idelniaiou
(Reactive Power) Asuumdslviidsdeudaanunsarvualullamiu
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S=P1j0 (2.25)
Tned
P=Re(s)=V, .slims cOs (6,,-0.) (2.26)
Q=IM(5)=V, sl ims 5in (6,-6,) (2.27)

ehdsliihiBedouniomadlinusng () Suedu hariueud Vol
Ampere ; VA) ddlwihaSeiiviaedu $od (W) idsliiuailousimiedy Taaviwouiys2

e (Volt-Ampere Reactive ; VAR)
Im

‘r Vrms

0.6 lerms
Bv
Bi

— RE
=) ¢ 9]
JUN 2.5 wunmilaweiussiunaznsyudlin

ma?mmaﬁmammauwuﬁmamaﬁwﬁﬂﬂswng maaliiese way
masliiiafiowdumawes fsnmi 2.6 2and “@NAENrST (Power Triangle)”

P= Vlcos(e Qi)

[E—

B
(Bv-Bi) Q=Visin(Bv-0i)

Q= Visin(6v01) (6+81)

-
Lo

P =Vicos(6v-01i)

o < o w
JUN 2.6 wlawasanumdumass

NEIELvDIREI NG Isdoulvvasnnuduiiussywing S,Puaz Q
Wugsedidh @ Wuvinuansirlvandulvanuuudugndinl Lifusenauidedmdadn Q
uauuansilvandulvanuuuaurdine fiuszneuidnivwinuasidadeaouda
Q nJuﬁuaLLam'anamﬂu‘mamwmmmumu( R Jifysgneumduvinu 1
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2.3.2 usssulniuaznszualnfrvesszuulni 3 wia

luszuuliiheesssuudmieitonldfubussouini 3 wa &
Usznaudaunasdtgussdulniiviiuuderanady 120 sl Tugud 2.7 wans
wvidsdnglvivasszuy 3 auazusun waaesiandueued

a b (& Eb

+1 4 +

Ec=E~120°
Ea=EZ 0 ()

120°

Eb = E/ 240° 120° Ea

\

120°

a b* C

SUM 2.7 undednelyl 3 wlauasusun e ge$
mMsieuseunassrslil 3 wia aunsadeldld 2 33 A
2.3.2.1 nsfsuuIe (Y connection)
mseuuunadumni o’ b uar Cansesauiududh o Fudendingn
azifiu (neutral  point) MsAewuLidflansanfiudoninuy 3 wa 4 ae gl
AEWUSENIWUL 3 Wd 3 a
Faguil 2.8

Y. T
da
i a
! s A )
i K
Vp ’ Vp
Ea Ea
————————————————— + O Vi
Ec Eb Ee Eb
C
C b B b B
c v ¢ Jr

JUN 2.8 syuuumasiell 3 wlanuuang

nseoluuearlemuduRusvesnssu Wi uaznszualnin el
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Vi= Vv, (2.28)

=
B (2.29)

USIIUATELYI ao, bo, co L3BNULIIAULWE (phase voltage) A

WsawiunIaNTl AB, BC, AC  138nuswiuane (line voltage)  V,
nszudlvarudl oa, ob, oc Bunnszuaa (phase current) |

nszualvadiudy aA, bB, cC Bennssudane (line current) |,

2.3.2.2 nsABluULmani (Delta connection)
NTABLULLAaANTUNITHETR ca’ ab’ wa be’ nseeuuuiayludans

dliiu fagun 2.9

a WS C A
Eb \
: b B Ei —Ep
O
Ip =
Ec
G

JUN 2.9 svuuuviasdnelvl 3 ilaluuina

nsABlUUmanIay lnAuduRLSY s lWTtas nszualw i fedl
Vi= v, (2.30)

= V3,

(2.31)

WsaUATENTI  ab, bc, ac  BunusIuWE (phase voltage) V.

WsuAIBNdl AB, BC, AC  1Sunusduans (line voltage) V|
nszudlvaniuin ca, abbc  SennsTUANA (phase current) Iy

nszualvarudy aA, bB, cC 13unnszudany (line current) I
2.3.3 MadlWiivesszuy 3 s
MFIRNEImmMdsasindsuenin Wofiarsanszuy 3 walaenis
woniansanfasalidnazidunisdeuvuinevsawmadnozle
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QUGERMRIE P1p=V,lpcos@ (2.32)
Massuenandoma Q=V,l,sing (2.33)
had-uauuUssoma SVl (2.34)

A A o
daRarsaduszuulava 3 iaayls

Masadesia 3 wia P3g=3V,l,cosq (2.35)
MAsIuaARNWsD 3 LWa Qsp=3V, | sing (2.36)
Tad-ueuulsae 3 wa Ssp=3V, (2.37)
Lﬁacpz 8,-6.

2.3.4 AaUsznauniae (Power factor)

fialsznaumas fe drsidusEnItemdsiniigse (Pwatt) fusidslnii

A o w P a0 dad A aw ;. oa e o @ ot

Usinguisemdsinviaiion (S;VA) Jseiingn Aefidasdwdvitu  avflandunds welu
mamnuastldanunsasiild Teedusenaumdalanldvuntasludneaenise iniing
mMsznalniile 3 dnuaze

mMazlnihussiananuiumy asfiasusznaurdady 1 @y w3e9vh
g wiienstn waenluuuld dusiu drilansylwidssiavilidudwsunnflysuiui

9
1Y

wfewfulpmmuszneuiduilasmnariussneuidadandilng 1

aselwiiusziavanumieni exfiddusenoumdeliifunds 1y
wdedldlwihill funmamtuvaines Whisu anszlnihussanifasiliendusenoumdsd
udsRensvuazdmaws iy Sudunfessulsidhussnauidslaemsthnnsyind
Ussianlidndausznaumdaimiy andediluisesivfiesssuy wu mssegasaiiu
Usguinlulwgaaunulvih

msglissamiufiudsyy ssiidysznoumdslifunids anselnd
Ussiniasviliidndauszneurdanin fe nssuaevthmiiusedy  Sesuinisylvdn
Ysziaminuiuupendiussnaufifivesyuuiiiiddaussneusidedinds iweliansn
UsznaurdadialngLfeemils

lpgAsusenaurgs (power factor) adiauniseail

RealPower P
PF= = = cos (6,-6) (2.38)
ApparentPower V__ I

rMms-'rms

lawyw 6,-0 =@ilusminavesduiiuaudvedivan JuSondt yudusznoy
e (Power Factor Angle) #3p3ju PF
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- lnandua A unIuR) Wgseeafeldnsin =0 wazPF=1

- tlvamduSuendiv (L,C) Wisseg1aien uanain @=+90uay PF=0

- dlwaaidu RC asdiyy PR ogszninagu -90 83 0 laenszualnihae
drviussiulninauansitivandl PF s

- flvaedu RL auflyy PF agsewitegy 0 83 90 laenssualniavdnds
wsulniFauaneinlnand PF d1uda

2.3.5 waieaulnin
naswlnin Ae Ysunamaslwinlaldly wiegadelulunisdedne
dslwi fmbeduiladaddalue (kwh) gnldlunistindnsenini Tnefiaunsesi

Energy (kWh) = P (kW) x t(Hours) (2.40)

2.4 fimaslnioeaies

fmeslnindanier Ae Aweslwihfiiarwamsoganinfimesiniiuuy
yhlvansadnauimnamisliiliviasedne wu useiulait nssualiin ddalwda é
Usenouidslai wazstFunumiaelniildly snviadiannsodnifudoyamdlai uay
Ansodoansiugldnuinszuudeanslddne

2.4.1 anvanisiauimesiniidansey
d o a e ver o & o

1. wedlunaunudivesiwiiwuvatunyguildiunaly adiaiuansalu

nsianazuanramUsinams il die gl ile iy
4 o/ ar v =f 92 1 L)

2. ieWaiuianuauisalunisiauasduiindeyanialui wu wssduluia
w5l nszualndn Adeludn ddsenaumaalwin waguSunamaglwialely 15u
PEAMUTIETDIFEIMSUNISITEN LT

A -7 dl 1 1 U
3. WenmuIAIINEINIsalunIsARasuardwudagantslniiuuvasanig
] b2 - 1 A
seinagndnuasgldluin dhuseuvudeans

4. wailuwuanislunisiilugnisdanisiniedrsivssdndamlussuu

Fuemaaiiisnserlusunan

2.4.2 drulsznauvesiinesininoanses

1. yansadudygnussiulinvoltage  Sensor) Suthiinsaadudyyim
wswuliieth luUsznanalumheUsziaranas

2. gamsadudyaanszudlidih (Current Sensor) fmthitnsadudyayin
nszualwiifieiluuszananalumizeUssnananana

3. wihgUszanananans (Central processing unit) fntiflaruAuntsvinau

2
s

a v a 1 | ) ¢ @ v
Wunvesdlinesinidaaies Wy mefnnedoansivaunsal Wudu
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4. qﬂnifﬁﬁaaﬁl%’ma (Wireless communication devices) fivtiniiu
fnansnshindefioansiunouinmeslutligtuilegunuevansuuudall
- ugys (Bluetooth) gunsalfeansuuuassiiims vuiadn s1a1gn 14
nudre warlindanu Taefoansaduingsrordustosnamsfindeusyanal 10 wns
- Fs@Budsuse  (nfrared) gUnsaldeansuvuaesfiavnsvuinidn 14
WU srpmansAndedeasuszana 1 wns Tnevhadiddaung
- Zighee gunsaifomslimesiauuumaiivauazaosiianng Snsinis
fudedoyasm anunsaaialasstnensiaduliane
- szvuieietieliane gunsaldearsuvuassfiani Tneunnsgu IEEE
802.11 awsaiindessuu Ethernet i ugunsalvenediyayiniAccess Point)
- Module Wi-Fi 8y Module Wi-Fi fiflsuinidn ansnsnfia Wi-Fi iy
Arduino vhlvidsdeyauuulSangla
- msAeasuuansliin (Power Line Communication) n1sdaanssiiu
aelih \Jeuderuouaumes Andahe S8nsmssudsdoyage
5. umdednglninszuanss (OC Supply) Swihdidngliidsddiiuimesind
gan3eElunIsvingy
6. wihasuanswa dnthilunisuansteyanieg mufimiaguszinanananads

8 B Coa NATATIAFU
nazuaniaA
MCP
3906A
29ATATIAAL
waaAnaA
C\ 2937AFIA3Y LCD Display
Y a5
nszuaaB 1) B e
MCP Arduino
3906A
WATATIATY md LA PR G
usaiunaB huWebsite
C 29TATIAT
+ nazwanaC
MCP
3906A
WATATIAIL j
wrAUNaC
LOAD

d 1 = @ =3
JUN 2.10 dulsznevvesiimesiinihdaadoy
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2.4.3 Wandumsvinuvasdimesinindaases
1. dansaduiindusediuldin nszualndi ievnluduan uazdsesana
Joyamaliin (leuanswailvouannanuuiFeal fail
- ussuluih
nszualniin
- maslwin
- Gunmiglwihildly
- fusenaumdsiuih
2. annsatuiinteyamaliililumbeanudn
3. aunsofasedemsuildliindiussuudoas weazaansefldlwily
nsisengdeyangAnssunislindsslnivesnueamiaivled lnsfinsuanmadoys
Faid
- dwnsaudnsaAUSinuteyanndlnilaludnuagnsa
- annsoudnssaAUinateyanelnihluguuuunisns

2.5 nM3aansgrudaya
31udeya (database)  Muneds nquvesdoyafigniivsrusiull laed

o fef

Awduusdeiunasiu ieanainug deuvesdeyauasiiviayamanilidgudnans
deftavindeyaumardinldauin

N153nN1551udayaA(Database Management) Ao miu‘%mi;ma'a'ﬂ'auaﬁm
Rususalifgudnans enovausstomsldnussnsivss v muazannisshdounes
foya Tuisaneudaudwoseyafifintuntolussinsde

nsdamsgdeyadesends Tsunsuivihwmihilunisimusdnuuzdeya
fazfulilugudeya dwrsanuazaanlunstuiindayaadugrudeyn fmungilasu
oygnliligiudayald nfeuduimuadieilildlauuule wu lddudeyaldedruden

=

viselviuAladoyalarie wonantudidnneauazaanlunisdumdoya msuilodiulse

Toya Sagliuiniswww.thingspeak.comluniaunsaiiudeyanien uazuannaluslves
N3y real-time

2.5.1 Thingspeak
Ihingspeak uusnns Platform as a Services ﬁlﬁ’u“imitﬁuﬁaa&auuu

Real-time uay uansfoyasanuiluguuuunsm uaz 1519 (Excel) W Internet@dlaidng
wogillafiazannsadongoyaiiivlildiuedodne intemet  awnsnisdaya (Put
Data) Widhamanavuiuledld Fsanunsn update real-time 1¢f way awnsotufindoyals
Wn9 15 ¥l 1ae Thingspeak dziln1sdetoya 2 wuu fie

1. HTTP Request

2. REST API
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3AUsENOUNANTB Thingspeak fia Channel IngChannel asiiudoyad
\51aelUds Thingspeak Fauday Channel 9zUsznaulusie 8 Fieldldlunmsiiudeyasia
AeandugesusegunIaiiigg

2.6 1Uled
wix A gliuinisaduuasdanisuuunesuivled lnsanunseadianie

Waniuludiiu Wix HTMLS Editor Sl Application veawix Tnglifosasiusunsulag
amnsnadsagiauiulediiuniawwwix.com FaasdesatasAccount foy  Wix &
Template vesiulasinnung wieazadnsann Blank Page fanunsavild uanaind wix s
sosfumaluladlmiaogiadu HTML,Flash,Javascript A2 M150U89 Wix

1. Wuidhelunsadradvles IHnudiie lifesasusunsulag

2. sosfumaluladfivannwats HTML Flash uag Application fiviannviany

3. awsausuudaduledlanuanuainesylda



UNA 3
n1seanwuUilmasiniiaanses

3.1 KUIAUAA IUNISEBNIUU9ITNITINILYaslinas i daases

a3 lAiINsAnwILLIALARlUNTEENLUUI9RSNNSYINUTaITine S
Adneasinunasdeyaiisgsuuuuillisuanudounasiinnuindodegefenisldases
diannsedndvinisulasdymnseuausarulifiuazaimusenauidslnin Tneudas
dyaausuzaonuarmdsulwihlasuvandudygruddneadudynuiaddaolud
lulpsreulnsiassifievnisussnanaasdeiliuansdanoatiuarasludasuled

It) LCD

W)

TWIIAUMIAT plt)
UAYIIAY Pave Way
uwlasdtyayiau Pulse

Pulse

lulnsaaulvsiaasvinnng
Uszanana Pavg
INN158WAT Pulse

Uszanana

Website

TP R

d = o = 1
JU# 3.1 stuvuasiineslwidaniosnama

3.2 nMseanuuumladnasldau

MM AN uABIiinIsaTIRsANsEnIAInsLalwin fuan
wsssulrftuiomenidslnih wazfinisnsesesiussnaulniinssuanssuaznsesendaiaiing
penansvuuieldmerdsinihaseiintusienta Sainnsesniuuisasnsesiasasnses
AudLLAE1993NRIANLTGRIY UdusauTiseesTuarauAlliensueindiAnty
dlosmnusssuitliiduusssuannisiviidiondn drunszuaevauudlidensueindntes
uaznszuaiings Shift Phase  wewnszudiuuseiu titesranslindenisyinihadesegy

AUAN

Gragh P
1st order fiter

To Workspaced

Vokage Sowrce To Workspace

Frst-Order
Fiter1

Current Souce
4._}

To Workspace1

Giaph|

Eﬂﬁ 3.2 Uﬁanlmasl,l.n‘iuﬁﬁ?flaaﬂu MATLAB SIMULINK sioLwa
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dlensassudnanunseualitin it) uazussiuladih vt Sudnannundssig
mmaammmammmmnamwfuﬂafmmﬁﬂm(MuEtlp ier) Immmmwwaanmﬂaammm
LouY aamnLﬂumaﬂwﬁmama(p(f)) ﬂﬂﬂuuﬁluNWU’J\?ﬁ]‘iLowpass Filter Lamwwlmmm
maamumaa(Povg) mLUuaLyiquLLauUaanmawu@ﬂmauma) nauwﬂqm
lulasmerlnsaiaesifieyszanana

A19199 3.1 NSIMLERIANRINNTS Simulation

W9 AFLLLE

s — - 7

g %, ] : f
|
\
1
|

mr -S-—_

T W P W ST VS W e~ 5 I SIS SN WS ~ S S— -
0m7 00M OB 000 001 DOIZ OOW Q0 00w OR 0 0D OOM OOB OOM 001 0012 QO 006 DB 0

malwimasruasgn sl wasiau LPF

"
\ b PoNy W (~ FF |
(T EEL ]

G S T " -Vl - Y SO W,
0 oms oot [ (T T3 nm oms o

PNNANITIAaDIUNAUTWdeNFlad  MCP3906A  IWWS1EiWann13vineu
TndAssatunanasalaainlusunsy MATLAB

3.3 MIANYILAZNAABUNTTYINIUYBLlaT MCP3906A

MCP3906A L Hugunsalle@iivimiiifarmdsnudaniseanuuuiiiuluan
wmsguiived EC 62053 Inglodillianutioimmiivmnzanfunisdnnamidny
\desiainalaverageactive real powerper phase) Tuvauglsinudigs(higher-frequency:
HFOUT) fwnganlifunisinaniidanuainguil 3.3eudiudndl 2 Channel dwsutlou
SunnAedyniunszua(Channel 0) wardayn ausafy (Channel 1) o Wiynildindaiig
Mufle HFOUT @dimanududsiunseiuen mdwuadenowa (average active real
powerper phase)
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EA
oD 1IE:1 124F autd
: VEF::LI[I
3 22 HF gut Qutput Sighal
NC _4 20-GMO 1%
Input Signal CHO+5 l20NEG
CHQ- & [18NC
CH1- 7 18] 3
CH1+8 o- 2]
KMCLE 8 1B GH
10 1 5 .}
REF\N_ICIUT? M'(:Ba S A
Fz? EZI
i
GHD GHO
=] | = | <
JUN 3.3 n15sa995v04led MCP 3906Anauiava
s o
UaNNIININIU

mavnuvesledfe sxlidosdygudmniviudygrandizdesdyy e
RRGTTRTI) LLa"‘UB\‘iﬁnyg’Wml Imaﬂauniymemwmamzymo wazUauusIuITINIg
maaammml Fyaraiidunassdesdygadl aviunssuiunisdneg wdleuty ﬂa
Guusndnyanazthuesliendfiausausudidasvensld lumsnaasssuaili 1 e
amzywmmuaaﬂu,auﬂummnﬂLLUaaamm'mm'mLLamaaﬂiwﬂmmﬂuammmmmaamu
usstugedslunisudaseyd 2.4 v mﬂuua}vmmwsﬂiaam iGN BTN
NILUANTIVONAINFYYIUATNDA LmeammmmaaamﬂmnunawLﬂuammmmmmnuu
Fuanaillsdiiunsnsssmiuiidriiu ilensesrduszasnesnly 1u‘uumauaﬂmamums
wasdyaaanussiuliiuauidaiuenimiisdemsiedluldousiely funeu
NSRS LansAssY

G0 G1 HPF 0SC1 0sc2
L 9 If [f HF oyt
CHO+ [J——p+ 16-bit Fouto
Multi-level HPF1 F2 FIONED Four NEG
CHO- [(J—— AT ADC
REFIN/ [—AMN———— =
ouT ) b-LPF1 » E-to-F
2.4V K X 74 - conversion
Refarence
L
CH1+ [J——p+ 16-bit r m
Mulli-level — HPF1 POR
CH1- [J—p- AT ADC i MCLR

;J‘U‘ﬁ 3.4 Function Block Diagram v83la® MCP 3906A

mn‘sﬂﬁ 3.4n15M9799500¢10% MCP3906A A wsuldnnassindrfieanuni
Inaindy o auwww.ﬁﬂwmmmm‘smmumafgsg’nm(Functlon Generator)ﬂaammmﬂ
o] Tnsaeldyaunanud 50 Hz wnnumaawmammmua“tummmqLWaﬂu 19970
mmmmmmmmmammmmmnu (waaammmo dmdunszua uay Yosdygral dmsu
W39AL) wasTaLevinm HFout'waaﬂmmﬂuw“mmmmu gns HFout‘ﬂ'ﬂqéNLﬁawﬂaauwa
n1¥nauvesled
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8.06xV xV, xGxHF

HF (Hz)=
V:RZEF

V. e ussiufinanndesdyno 0
Vv, e ussfuiinandesdunyin 1
G P9 PGA gain an¥asdayeyrau 0
HF. Ao AAsfiaudidonld
Vegr A9 USIAUD1NDY

ANT197 3.2 MCP3906A GAIN SELECTIONS

G1 1 GO CHO - Gain Maximum CHO Voltage
0 0 i +470 mV

0 i} 32 +15 mV

1 0 8 +60 mV

1 1 16 +30 mV

A15199 3.3 MCP3905A/06A OUTPUT FREQUENCY SETTINGS

| HFe(Hz) | HFan(H2), Fe(Hz2)
F2 |F1 |FO |HFe  |HF(H2) | MCLK=  |W/  Full|Fe(HD = | MCLK=
3.58=MHz | scale - 3.58MHz
AC inputs

0 |o |o [eaxF [mcik2® | 10925 {2371 McLk/2”™ | 1.71

0 |0 |1 [32xF |McLK2”® |109.25 | 2371 McLk/2” | 3.61

0 |1 |o |wxF  |MmcLk2® | 10925 | 23.71 McLk/2” | 6.83

0 |1 |1 |2048% |mcLkz2’ | 27968.75 |6070.12 McLK/2'® | 13.66

Fe

1 [0 |0 |128xF |McLk/2' 21975 | 11.85 MCLK/2™ | 1.72

1 |0 |1 |eaxF |MCLk2' |21975 | 11.85 MCLK/2” | 3.1

1 |1 |0 |32xF | Mck2 |21975 | 11.85 McLk/2"” | 6.83

1 |1 |1 |16xF | Mck2 | 21975 | 1185 MCLK/2" | 13.66

MnaNnsh 3.1 uazdeyalumsnei 3.2 uagmsni 3.3 M

VO, V1 agu191nng
VnaBIAY PGA gain Tidanldfie G=1 f HFC Mifenldfo 27968.75 uazeA1 VREF = 2.4




24

AN51971 3.4 AruaNTAled MCP3906A usiazy1

PIN Pin No. | Symbol Function

1 DVpp Digital Power Supply Pin

2 HPF High-Pass Filters Control Logic Pin

3 AVpp Analog Power Supply Pin

4 NC No Connect

5 CHO+ Non-Inverting Analog Input Pin for Channel 0 (Current
Channel)

6 CHo- Inverting Analog Input Pin for Channel 0 (Current
Channel)

7 CH1- Inverting Analog Input Pin for Channel 1 (Voltage
Channel)

8 CH1+ Non-Inverting Analog Input Pin for Channel 1 (Voltage
Channel)

9 MCLP Master Clear Logic Input Pin

10 REFIN/OUT Voltage Reference Input/Output Pin

11 Acnp Analog Ground Pin, Return Path for internal analog
circuitry

12 F2 Frequency Control for HF g7 Logic Input Pin

13 Fl Frequency Control for FOUTO/1 Logic Input Pin

14 FO Frequency Control for FOUTO/1 Logic Input Pin

15 Gl Gain Control Logic Input Pin

16 GO Gain Control Logic Input Pin

17 0sC1 Oscillator Crystal Connection Pin or Clock Input Pin

18 ®SC2 Oscillator Crystal Connection Pin or Clock Output Pin

19 NC No Connect

20 NEG Negative Power Logic Qutput Pin

21 Denp Digital Ground Pin, Return Path for Internal Digital
Circuitry

22 HF ot High-Frequency Logic Output Pin (Intended for
Calibration)

23 Fout 1 Differential Mechanical Counter Logic Output Pin

24 Fiico Differential Mechanical Counter Logic Output Pin
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3.4 29958y NLIEINSU MCP3906A

Tunsdedyyrmvndng MCP3906A  avdasiiasasesasudygimiiie
mwi‘l’uLLaxamwaué‘mumu']miﬁag”ﬁusxﬁuﬁﬁmﬂ%’ﬁ’ula% MCP3906 A lag299505295U
dynasduntat 2 d i 2s9sasaatuuseiu ey 299snTedunseua

3.4.1 7991 TRIVLTIAUABUNWEF 195U MCP 3906A

dmiurasilddmiunsaduussulnihvedinoduuin 220V 10A aaina
zdonlduiloudacusesiu 220/6 V @i lnsilianneunssu Inedatuidiiuniueso
Teviu way 10Alaloviuanuyn wdidygraussduiinseudafdiumu 680 Tosiu Feved
AUszaN380mY Wudanassiuandiled MCP 3906A wietlasiuldliled McP3906 A
domeiflosnuiisudyaiansiuridiasonuussiuld 660 mv waziiesainidy
fimosvilnanua FsdeatinisdeAlusaMCP3906AT uILam DR UINmIE Tl s
axLWaﬁqgﬂﬁ'S.Ef

A 8 R
220/6
é Mmcp
68002 35064
10k
Phase A
22076
% Mcp
g—‘ 68000 2 3906A
L‘I 10k
Phase B
220/6 d
McP
660 39064
10kQ2
Phase C
LOAD

SUT 3.5 2e93msradulsdudmsu MCP3906A




2015,05/15 01:41:53 | 1or ~ Normal
I 200kS/s SnMsAiv
|

P-P(C2) 18.7560V Max(C2) 9.37500V
Hin(C2) -9.37500V Rms(C2) 6.54423V
Freq(C2) 49.95005Hz =

|
|
|
I
[
|
|
[
{
|
|
|
|
|
|
|
|
|
[
[
|
|
\
|
\
\
|
|

5UN 3.7 dyanmssdunourundondad 220/6 1 e

Normal
100kS/s  10ms/div
R

£4P(02)" 1.77083V0 Freq(CZ) 50.67511Hz
Max(C2) 895.833mV
Min(C2) -875.600mV
Rms(C2) 614.397mV

JUN 3.8 Tyl TUNAINININTINTITUNTEUA 1 1Wd




27

3.4.2 2993939 UNTEUAAUWAFIMIU MCP3906A
dwuinsiilddusunmaduuseiulnihvesdinesoun 220V 10A @i
agihonldutowtasnsyia CT(Current Transformer) Turn Ratio 1:100099uua e 1l
sefudrdumg 50 Toviuanuyn wénhdyyruussiuiinsouddumudainaridudouny
vosdyynnszuanidiled MCP3906A faguil 3.6 Tasillensuadluanu CT Haugundidl
Alaiifiy 10 A dnfunszuatiofiegiasiidnlaiiu 10/1000 = 001 A wazussiufianasaud
Fumuardianldifiu 0.01x50 mv Walesiulaliled McP3906 A dewedesanufisy
Fyaanssuaridhannsonunssduld 500 mv wartinsesiieenuuulithediy usesauiu
wazilosnnifuiineseinanuina FedesfinasdealudaMCP3906ATuINA UL
Awanidaliihusiazauasinasiiosnuuul iy sndesiufuldfgud 3.7

A B c N
5002 MCP3906A
500 MCP3906A
5000 MCP3906A

LOAD

31J17‘1 3.9 1995M5799UNTEUAF1USU MCP3906A




Hax(C2)
Min(C2)
Avg(CZ)

291.667nV
145.833nV
-145.833nV
-11.0989nV

Rns (C2)
Freq(c2)

1104 Normal
200kS/s

Edge CH1 £
Auto
0.00 V

84.9375nV0 [@Position
48.54369Hz

28
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50Q %

LOAD

McCpP
220/ 6 3906A
63800
10kQ)
Phase A
50Q %
MCP
220/6 3906A
o]
10k()
Phase B
5002 %
MCP
220/6 3906A
680Q) é
10kQ)
Phase C

gﬂﬁ 3.12 2995d9suUlInnse w9598 1S U MCP3906A

29



30

R
T
T !

O
O

5UT 3.13 2995 MCP3906A 1 Ld

3.5 299sdygavtdmsululasreulvsaieas
lunsasdaradnglulasraulnsaassazfosdihasassdudygyraie
asradunaraaneudnynliegluseduitunldiululasreulnsaiaesiiusidesain
danulniteudwesmudygalviinszuaaduialisdygrnvinuazauunnesniisu
mouraenlulasaoulnsamesiudyyralwiibduuinviitu Seiesdinisyinsiiedeuli
= as Y & o 1 ey | @
Wudgygadwihnszuaaduilsvanvimiudeasudadu 2 du laun

3.5.1 1995Usvan mussaulnvauadwmsululasnoulnsaians

Weosonilufnes 220 V 10 A anuwla deiudyaauseiulnihfinsaiale
O 2 A w o & 9 o & & v o Vo 9]
WRivadygraiiduuin wardyanaiiduay fsieshnmsudadidygiausaiuln
anamifudygruniualnuinmini lnensldsessoanseuauvuduaauluniswasy

o o

ussiufinsIvinldidudygaussiuiiduuin Wweliaansmhdyaadiginves

3 i 1o Y oo =] s al‘ @ L 1
lulaspeulnsaiaes Tnenlivliiinaaudes lasuseiu 220V 1n5193nldnoun1wI995
SeanszuangnanussiiumendeuUas 220/181ad 3 /1 MEe£18V UaTHAIIINNIUINAS
SEINTEUALAILTIAURLTUARIUIN uarld995UUMsfuTISendn Voltage Divider Tagldda
Aun 2Rlaleviuuagsiriuniuy 10Alalevin 3 9 wvilndygnmieend 2 Alaleviuet
Tue20 &4 5v Aazanunsadendyauildtiindlulasanoulnsiaos

ot
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Arduino mega
2560 r3

B &
220/18
Phase A
220/18
|
NAT
- r
uins
]
Phase B
220/18
I/
N_TF
a4
Phase C

JUN 3.14 snriadudyaaussudvivlilaseoulnsaaes
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2015,05,15 00:13:58 | === jiok  Normal
| 200kS/s  SmsAliv

Mainz10k

P-P(C2) 54.16670  Freq(C2) 50.62501Hz
Max(C2) 26.6662V
Hin(CZ) -27.5000V
Rms(CZ) 18.6317V

5UM 3.15 19sasedudyaaussivdmiululaspaulvsaiaes

2015-05,15 00:15:07 |=————————— 1ok NOrmal
4 o PR 200kS/s _Sns/lv

¢ Mainz 10k

P-P(C2) 4.33333V Freq(Cz) 99.900106Hz
Max(C2) 4.25000V

Min(C2) -83.3333mV

Rms(C2) 2.93137V

JU# 3.16 dysyinuussriunassvanmdoyaa 1 i
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T :
E‘UVI 3.17 1WA TgansELALUUIALATY

3.5.2 2993053 Unszudlvianannadwmsululasaaulnsanes

Wesnlufives 220V 10 A analunisemafunsialwiinitody
lulpseeulvsaiaes nanqulsidenldlugainuSunmnszua (Current Sensor Module) 7ldf
lodlumszga ACSTI2 3 #a@aldmannas HallEffect Tunisianszua wasld
lulasaeulnsaiaeserumussfuieninnuuvazunden Tnsildranisinogi £30 A lns
ACST12 THusaduliins VCC Tt 4.5-5,5
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Arduino
MEGA 2560

R3

ACs 712

ACS 712

ACS712

LOAD

3.18 WAINTINTUA YR IBINTEUA

=
sUN

U

1 i) -

Gk TGN N

10 1o &

-

sUfi 3.19 Current Sensor Module

Y
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A B C N
ACS712
220/18 kO
g g Bridge
10kQ
Phase A -
ACS712
220/18
2kQ
3 g Bridge
10kQ
Phase B
ACS712
220/18
2kQ)
% Bridge
10kQ
Phase C CX;
LOAD

d o s v =
5UN 3.20 2asdmsuldianseliass

Arduino mega
2560 r3
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YNAWISTU-deAn wazuansnavudumesiin

4.1 unin

fumaslvihdansesilddaainedunn gnesnuuuliinisdoudesuszuy
noufainoslaosulugn  WiFESPB266 Aidlousie  Internet  (Wi-F) dadedoyanin
lulpsmoulnsiaesludessuu Cloud 10T Server luididonldglwuinas
www.thingspeak.comﬁmﬁﬁﬁlﬁuﬂ"lW"l'a"]ﬁmai'smqmqlm!ﬂ']LLamLamwaaanm'lugﬂn‘mw
WUU Real time uaziinisistayanisnfitneseneg maluiienserver Tduansuauunti
Fuladluitdidengliuinsaiiauasdnnsuuunesuiuled www.wixcom@afinesdandes
fliredonssruamifiines wsrgludaunisuansnavuiuledgnitausluguuud
@re0 wavdeaenisidifmisfitnedaneg nalwia waslinsitudeyadisedasld
Arduino Data Logger Shield

FaluvvilozBunstiauaiisatunssu-deirilldnlulasaevlnsaiaes
wazmsthdeyaniutunlufunasuaninalilussun Cloud 10T Server sailuganisthdni
uluanamavuiuled wasnmseenuuuniinvivled Tnsseazideniined

e ———

Computer

Arduino ! ' Database | ' 1 Website
Wi-Fi, [ Thingspeak ] Wix ]

Data Logger Shield

U 4.1 nwsumsdedayainlulaspeulnsaassludaivled

4.2 d9UY8IN1TAIVANLETUSTUIANE

lun1seenuuuiasmunuiiinessanses nengulafinnsidenlduedn
lulnsroulnsaiaesdniagusu Arduino MEGA 2560 13 uaz Arduino Nano 13 Savnwuadidl
madenltfe Snslémuiiie wavazaindensindedearsaae Serial Port uazdidtese
madouldaludmvelusunsy sufaiinisldvuedieniundeglulnsaeulvsaiaading 2
ﬁ@mauﬁ’ﬁﬁ'@ﬁ
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4.2.1 Arduino MEGA 2560 r3

5Ufl 4.2 ua¥a Arduino MEGA 2560 r3

AENUAYEY Arduino MEGA 2560 r3

1
2.

© @ N o W

14 AT mega2560 1Ju MCU vvuiiaanudl 16 MHz 210 Crystal Oscillator

256 KByte Flash(@auld 8KByte dm3U Bootloader) / 8 KByte SRAM uagd KByte
EEPROM

5993UNIRAILNIUSUNTUAIBAIMC++ V83Arduino

1% USB Interface wiounistesfunszuaiudmsuinsedoarsuazdnlnanddean
poufmeilivedn

54 Pin Digital 1/0 TaefiLa Pin aunsalusunsumtddupwm 16

16 Pin Analog Input (ADC U010 Tn16 ¥o9)

4 UART (Hardware Serial Port) hUUTTL Logic

UasAUUIAPCB Size 5.3cm x 10.2cm
5095UMsTTUAULaI BB uENLUU NI NS LERTIVUNIALSIAUG-20V LeAslY
7-12 Vanunsaldunasaisainnesauss lalunsalldnseualaiius00 mA Tnedlieas
Benuvasiedalufflasasdanmsldlndewnuse TnesalutRdledinsdounasdie

PINNBUBN AU
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4.2.2 Arduino Nano r3

e

-@'
N

3‘1]“71" 4.3 Uas5a Arduino Nano r3

ANANTURYDY Arduino MEGA 2560 r3

1.
2

LN Do EOW

THATMEGA 328 1HUMCU ¥isufianud 16 MHz 99nCrystal Oscillator

32 KByte Flash(aauld 2KByte d113u Bootloader) / 2 KByte SRAM wagl KByte
EEPROM

5995UN IR USUATUABATC++ VBSArdUinoG

14 Small mini-8 USB dwiufinsedeaisuasdnlvanmadsanaauiimeslruesn

14 Pin Digital 1/O Tagifl6 Pin anansalusunsaminimdupwi 16

8 Pin Analog Input (ADC 911910 {n8 %84)

UBIANYUIAPCB Size 1.8 cm x 4.3 cm
5995UN5ITURULKE TN UNKUU NN L LARSIVUIALTIRUG-20V WISl
712 %

aunsaldunasineannnesause  lalunsalldnseualaiinusoo mA laeilaeasiden
uras o ludlAlaeasannisidliaesa1nuse  Taedalutidiilninissounasansann
Aeusnlivaie
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4.3 nmseanuuulusunsuyas Arduino
Tusunsudildlunismuauuszananavedlulasneulvsaiaes fo Tsunsy
Arduino Fauzeridmsuvudn (Open Source) Taeffldhluannsaiud waziannnis
Jeulusunsy dmiumsmurulilasroulnsamestiie uavfinisldnuediainirmne @
nseenuuuIziiseenfugasdiuieiu  dauusnfe druvssnisiuiuidslanifisy

AINN9IN MCP 3906A 14 3 1 Fuludgygruanuiiuuuiad Wethumsiuifinea

s =

2 L7 & 1 L L7 A o 1 7 24
udveinlulasraulnsaleesazeruadygyraunuiuazduaiandyyiaasudiun
o 7 1 A =] 1 al o 1 al nl; 1 d'u
dmsudiunges Ao drunAula wsanuliiuaznseualiiln  F1A195UeEU191A2995
ATIVTULTIAULALATELAVDING 3 W@ WA INSUANIEDIAWTIILAY  AezuAflaTly
ATUAMNIATAIUTENOUNSY UazAma U1 Induilluaninaniussusads (LCD)

windsteyaludsmeuianesdely Inefiduneunisoanuuusill

'
=

1. msfumidslwihedandiReal PowenFuludygruninud (Pulse)ain
MCP3906A3 & Tdileridu Interruptuag Timerlumstiuswaudyminanud (Pulseflunils
undinazluridsluiass

2. mssuAussiuliihvndn fnainasesesiedunssdudsiuiasdenssua
wuuiinpdy TumsBeulusunsy sgnsaadumeargean AaussAulnasan (v, ) wiavi

MsAwILmIASITUUTEAVERA (V) Tnsnisindiussdulfigsanlumssaey2 ana

Vmax

auns L 2=
v2

3. msdumduwanszualnihiinanlugadugeinsadulnegiudnssuad
Inariu Tvdyrnesnundussunden 14 IC ACST12-30A Tneldwdnns Hall Effect eniilé
autfludUsedniuaRoot Mean Square)

4. Annudwegmeliih udnhluuanssar1uoweads (LCD) wazdsloyaly
Aoumeslagun1aluga Wi-FiLLamﬁu%’m&aﬁﬁa&ﬁ Arduino Data Logger Shield

5. nsfnaliiniuie nnhdmaliimihodualataddalusdod
Bend whe (Unit) gy Alwihsdenie Sddassnddeilimunenlnihdemigl3f 3
UIMFNUIL
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4.4 mydatayaanlulasneulnsaiaes

fiwoslnihsanserillidnadriungnesnuuuliinisidoude fussuunauinwes
Tneriluga Wi-FESP8266 fidiousio Internet (Wi-Fi)  Fsdsdioyaanlulasaoulniansly
faszuu Cloud 10T Serverdiariudeyauazuanadunsdsioyauuulsansrininternet Wif
Wuluga Wi-Fi vunadn Tiwdseutdes uassesfumsidnuldvansgiuuy 1wy Client
Access Point wag Client+AP

E

3UT 4.4 Module Wi-fi WSP8266

ms\dertesywing ESP8266 iU Arduino Mega 2560 3
- VCC ¢ig +3.3 V up9uainArduino Mega 2560 r3

- GND s® Ground 984Up3A Arduino Mega 2560 r3

- UTXD #i@ PIN1O(TX) @83u83m Arduino Mega 2560 r3
- URXD ¢ PIN11(RX) 983U039 Arduino Mega 2560 r3
- CH_PD #® +3.3 V 983U83@ Arduino Mega 2560 r3

msiierasewing ESP8266 fU Arduino Nano r3
- VCC @@ +3.3 V 989U85AArduino UNO r3

- GND #® Ground ¥83uasnArduino UNO r3

- UTXD #ia PIN6(TX) w83uasinArduino UNO r3
- URXD @ PIN7(RX) wasuainArduino UNO r3

- CH_PD #i@ +3.3 V 983U83A Arduino UNO r3
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gﬂﬁ 4.5 n3ne ESP8266

4.5 Arduino Data Logger Shield

fnesliihdeaiosilldinasatunngnaenuuulil  madeuseriuszuy
ABUILADINIULATEYE Internet %‘Laﬁﬂmﬁuﬁmﬁaﬁﬁmlﬁ'ﬁ Arduino Data Logger Shield
laewdeuiiu Arduino MEGA2560 r3udiasyinlviansatuiindeyaas SD-Card 1¢ anwiaury
195U @nsatuiindeya wieuudiniaanadlusneArduine Data LoggerShield i
asnsagnngmmEymntummhouldiusgned fuiduoulioanigunsoli

gﬂﬁl 4.6 Arduino Data Logger Shield




az

IneflnauaudRsail
- SD card ¥aufiuseuu FAT16 Wse FAT32 §12995 Level Shifter Circuit 3.3V 1ita

Uoeiu SD card @ame
- % Real Time Clock (RTC) taanaziiulaudiin Arduino agluiillides il Battery

Backupausavinaulamdud
-l Libraries waz Code fmae1a &y SD wag RTC avaanlunis gy

8

ad oo ) o oo | w ]
- ANUNFRTUNITUANIIYDUADNUINAT K39 Sensor

4.6 NM1328NWUVTEUU Cloud IOT Server

midstayaluduivledvaiimessaaios nenquidenld Module WI-FIESP 8266
Invdstoyaanlulasreulnsaiaesluds Cloud 10T  Servemmsnguldidenlddlduinns
www.thingspeak.com &1ThingSpeak e lviusmMsIanissudeyavinlulasreulnsaiaes
uazfiudoyaitldun thuuansmalustuuunsm dwdumesiun Felidnsazegilaioy
aunsadengieyaiivliliiuaiotedumedidnldlunsfvdmnimesag nadi
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msTandaaTdihaiia 3 ansadu 220 V aszua 10 A anud
50HzTagl¥ lodies MCP3906A , Arduino MEGA 2560 R3
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Midnry: Gnes, hdalvih

Abstract

This paper presents the design and development
of energy measuring and display for 3 phase 220 V 10 A
with 50 Hz frequency by using ICs® MCP3906A .
Arduino MEGA 2560 R3 and Arduino Nano R3 for
measuring voltage, current and power. The operation of
this meter composes of three parts; ie. power
measurement, data acquisition, and the display in
monitoring in both digits and graph. This module can
provide the electrical charge and can be used for
estimating the cost of electric charge so that the next
month charge can be estimated and compared to the past
month so that the electric charge can be controlled.
Keywords: Meter, Real power
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MCP3905A/05L/06A

Energy Metering ICs with Active Real Power Pulse Output

Features

+ Supplies active (real) power measurement for
single-phase, residential energy metering

*+ Supports IEC 62053 International Energy
Metering Specification and legacy IEC
1036/61036/687 Specifications

» Two multi-bit, DAC, second-order, 16-bit, Delta-
Sigma Analog-to-Digital Converters (ADCs)

* Reduced pulse width of calibration output
frequency and mechanical counter drive for low
power meter designs (MCP3905L) '

Increased output frequency constant options for
meter design (MCP3905L)

+ 0.1% typical measurement error over 500:1
dynamic range (MCP3905A / MCP3905L)

0.1% typical measurement error over 1000:1
dynamic range (MCP3906A)

* Programmable Gain Amplifier (PGA) for small sig-
nal inputs supports low value shunt current sen-
sor:

- 16:1 PGA - MCP3905A / MCP3905L

- 32:1 PGA - MCP3906A

Ultra-low drift on-chip reference: 15 ppm/°C (typ.)

+ Direct drive for electromagnetic mechanical
counter and two-phase stepper motors

* Low Ipp of 4 mA (typ.)
« Tamper output pin for negative power indication
Industrial Temperature Range: -40°C to +85°C

+ Supplies instantaneous real power on HF ot for
meter calibration

Functional Block Diagram

Description

The MCP3905A/05L/06A devices are energy-metering
ICs designed to support the |IEC 62053 international
metering standard specification. They supply a
frequency output proportional to the average active real
power, as well as a higher-frequency output
proportional to the instantaneous power for meter
calibration. The MCP3905L offers reduced pulse width
of calibration output frequency and mechanical counter
drive for lower power meter designs. They include two
16-bit, Delta-Sigma ADCs for a wide range of Iz and
Imax currents and/or small shunt (<200 pOhms) meter
designs. It includes an ultra-low drift voltage reference
with <15 ppm/°C through a specially designed band
gap temperature curve for the minimum gradient across
the industrial temperature range. A fixed-function DSP
block is on-chip for active real-power calculation. A no-
load threshold block prevents any current creep
measurements. A Power-On Reset (POR) block
restricts meter performance during low-voltage
situations. These accurate energy metering ICs with
high field reliability are available in the industry standard
pinout.

Package Type
24-PinSSOP  PVoo 41 ™ 2¢[Fouro
HPFO2 230 Fours
AVpp O 3 22 HF oyt
NC O 4 210 Denp
CHO+ O 5 20O NEG

CHO- 6 19O NC
CH1- 7 180 0sc2
CH1+ O 8 17 OSC1

MCLR [ g 160 GO

REFIN/OUT ]10 180 G1

Agnp 011 14[0F0

F2 |:112 13[3F1

GO0 G1 HPF

CHo+ [}——» ton. wle-bi

ulti-level HPF1
CHO- [F——» AT ADC
REFIN' [(F—AAA———
ouT

2.4V
Reference

CH1+ [F—— 16-bit 4

Multi-level —— HPF1
AZ ADC

CHI- [}——»

0SC1 0ScC2
E T HFuu1
Fouro
FTZ F1 FO Fou‘n[f NEG
X LPF1 E-to-F
conversion

sk
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1.0 ELECTRICAL T Notice: Stresses above those listed under "Maximum
Ratings" may cause permanent damage to the device. This is
CHARACTERISTICS a stress rating only and functional operation of the device at
those or any other conditions above those indicated in the
Absolute Maximum Ratings t operation listings of this specification is not implied. Exposure
to maximum rating conditions for extended periods may affect
VDD reeertsreintesttiee st ia et e e sb et e b e eae e bene e reens e reeeeerreentenenens 7.0V - device reliability.
Digital inputs and outputs w.r.t. Agnp -0.6V to Vpp +0.6V

Analog iNput W.rt. AGND v e -6V to +6V
VREer input w.r.t. AGND ---- -0.6V to Vpp +0.6V
Storage temperature ..................... .-65°C to +150°C

Ambient temp. with power applied ................ -65°C to +125°C
Soldering temperature of leads (10 seconds) ............. +300°C
ESD on the analog inputs (HBM,MM).................5.0 kV, 500V
ESD on all other pins (HBM,MM) ...........c.cocv.... 5.0 kV, 500V

ELECTRICAL CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp = DVpp = 4.5V — 5.5V,
Internal Vgep, HPF turned on (AC mode), Agnp, Danp = 0V, MCLK = 3.58 MHz; T, = -40°C to +85°C.
‘Parameter ' y Syrh l Min | Typ. J Max | Units | : Comment

Overall Measurement Accuracy

Energy Measurement Error E | — (211 — % Fouyt | Channel 0 swings 1:500 range,
MCP3905A, MCP3905L only
(Note 1, Note 4)

£ 0.1 s % Fout | Channel 0 swings 1:1000 range,

MCP3906A only (Note 1, Note 4)

No-Load Threshold/ NLT — | 0.0015 — % Foyr | Disabled when F2, F1, FO =10, 1, 1

Minimum Load Max (Note 5, Note 6)

Phase Delay Between — — 1/MCLK s HPF =0and 1, <1 MCLK

Channels (Note 4, Note 6, Note 7)

AC Power Supply Rejection | ACPSRR | — 0.01 —_ % Fout |F2, F1, FO=0, 1, 1 (Note 3)

(output frequency variation)

DC Power Supply Rejection | DCPSRR | — 0.01 235 % Fout |HPF =1, Gain = 1 (Note 3)

(output frequency

variation)

System Gain Error e 4 3 10 % Fout |(Note 2, Note 5)

ADC/PGA Specifications

Offset Error Vos — 2 5 mV | Referred to Input

Gain Error Match = 0.5 — % Foyt |(Note 5)

Internal Voltage Reference

Voltage — 24 — \"

Tolerance —_ &2 —_ %

Tempco — 18 —_ ppm/°C

Note 1: Measurement error = (Energy Measured By Device - True Energy)/True Energy * 100%. Accuracy is
measured with signal (660 mV) on Channel 1. Foyro, FouTts pulse outputs. Valid from 45 Hz to 65 Hz.
See typical performance curves for higher frequencies and increased dynamic range.

2: Does not include internal Vggg. Gain = 1, CHO = 470 mVDC, CH1 = 660 mVDC, difference between
measured output frequency and expected transfer function.

3:  Percent of HF gyt output frequency variation; Includes external Vggr = 2.5V, CH1 = 100 mVRMS @
50 Hz, CH2 = 100 mVRMS @ 50 Hz, AVpp = 5V + 1V, @ 100 Hz. DC PSRR: 5V 4500 mV

Error applies down to 60 degree lead (PF = 0.5 capacitive) and 60 degree lag (PF = 0.5 inductive).
Refer to Section 4.0 “Device Overview” for complete description.

Specified by characterization, not production tested.

1 MCLK period at 3.58 MHz is equivalent to less than <0.005 degrees at 50 or 60 Hz.

el

DS22011A-page 2 © 2006 Microchip Technology Inc.
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ELECTRICAL CHARACTERISTICS (CONTINUED)

9

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp = DVpp = 4.5V - 5.5V,
Internal Vggp, HPF turned on (AC mode), Agnp. Danp = 0V, MCLK = 3,58 MHz; T, = -40°C to +85°C.

Parameter

| Sym |Min[ Typ. ’ Max l Units ’

Comment

Reference Input

Input Range 22 — 26 Vv

Input Impedance 3.2 — — kQ

Input Capacitance — —_ 10 pF

Analog Inputs

Maximum Signal Level — — £1 vV CHO+,CHO-,CH1+,CH1- to Agnp
Differential Input Voltage — — +470/G mV G = PGA Gain on Channel 0
Range Channel 0

Differential Input Voltage — —_ +660 mV

Range Channel 1

Input Impedance 390 <= 77 k2 | Proportional to 1/MCLK frequency
Bandwidth — 14 — kHz | Proportional to MCLK frequency,
(Notch Frequency) MCLK/256

Oscillator Input

Frequency Range MCLK | 1 | —_ 4 MHz

Power Specifications

Operating Voltage 4.5 — 55 \% AVpp DVpp

Ipp,a Iopa — 2.7 3.0 mA | AVpp pin only

Ibb.p Ippp — 2 2.0 mA  |DVpp pin only

Note 1: Measurement error = (Energy Measured By Device - True Energy)/True Energy * 100%. Accuracy is

measured with signal (660 mV) on Channel 1. Foytg, Foyry pulse outputs. Valid from 45 Hz to 65 Hz.
See typical performance curves for higher frequencies and increased dynamic range.

2:  Does not include internal Vggg. Gain = 1, CHO = 470 mVDC, CH1 = 660 mVDG, difference between

measured output frequency and expected transfer function.

3:  Percent of HF g1 output frequency variation; Includes external Vggg = 2.5V, CH1 = 100 mVRMS @
50 Hz, CH2 = 100 mVRMS @ 50 Hz, AVpp = 5V + 1Vpp @ 100 Hz. DC PSRR: 5V £500 mV

oo b

TEMPERATURE CHARACTERISTICS

Error applies down to 60 degree lead (PF = 0.5 capacitive) and 60 degree lag (PF = 0.5 inductive).
Refer to Section 4.0 “Device Overview” for complete description.
Specified by characterization, not production tested.
1 MCLK period at 3.58 MHz is equivalent to less than <0.005 degrees at 50 or 60 Hz.

Electrical Specifications: Unless otherwise indicated, Vpp = 4.5V — 5.5V, Agnp, Dgnp = OV.

Parameters | Sym | Min I Typ | Max ! Units Conditions
Tﬁemperature Ranges
Specified Temperature Range Ta -40 — +85 °C
Operating Temperature Range Ta -40 — +125 °C (Note)
Storage Temperature Range Ta -65 — +150 C

Note:

The MCP3905A/05L/06A operate over this extended temperature range, but with reduced performance. In
any case, the Junction Temperature (T,) must not exceed the Absolute Maximum specification of +150°C.

© 2006 Microchip Technalogy Inc.
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MCP3905A/05L/06A

TIMING CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all parameters apply at AVpp = DVpp = 4.5V — 5.5V,
Agnp: Denp = 0V, MCLK = 3.58 MHz; T, = -40°C to +85°C.

Parameter ' Sym I Min [ Typ I Max | Units | Comment
Frequency Output
Fouto and Foyry Pulse Width tew — 275 o ms | 984376 MCLK periods
(Logic Low) for MCP3905A, MCP3306A (Note 1)
devices
HF o7 Pulse Width for MCP3905A, thw — 90 — ms | 322160 MCLK periods
MCP3906A devices (Note 2)
Fouto and Foyry Pulse Width tew — 130 = ms | 465344 MCLK periods
(Logic Low) for MCP3905L device (Note 1)
HF oyt Pulse Width for MCP3905L thw —_ 65 = ms | 232672 MCLK periods
device (Note 2)
FouTa @and Foyrq Pulse Period tep Refer to Equation 4-1
HF gyt Pulse Period -~ tye | Referto Equation 4-2 5
FOUTU to FOUT1 Fallmg-Edge Time tpsz b 0.5 tFP —
FOUTD to FOUT1 Min Separation tes N | 4/MCLK e
FOUTO and FOUT‘I Output High VoItage VOH 4.5 5! < \" IOH =10 mA, DVDD =50V
Fouro and Fout1 Output Low Voltage VoL — - 0.5 V. [lgL=10mA, DVpp = 5.0V
HF oyt Output High Voltage Vou 4.0 == 5 vV lon =5 mA, DVpp = 5.0V
HFOUT Output Low Voltage VOL ~ - 045 V 'OL =5mA, DVDD =50V
High-Level Input Voltage Viy 24 A s 1 DVpp = 5.0V
(All Digital Input Pins)
Low Level Input Voltage ViL /B oY 0.85 \" DVpp =5.0V
(All Digital Input Pins)
Input Leakage Current o 'y £3 HA  |ViN=0,V|y=DVpp
Pin Capacitance —_ — 10 pF Note 3

Note 1: If output pulse period (tpp) falls below 984376*2 MCLK periods for MCP3905A/6A and 465344*2 MCLK

periods for MCP3905L, then tryy = 1/2 tep.

2: If output pulse period (typ) falls below 322160*2 MCLK periods for MCP3905A/6A and 232672*2 MCLK
periods for MCP3805L, then tyyy = 1/2 typ When F2, F1,F0 = 011, tyyy is fixed to 18 ps (64 MCLK

periods).

3: Specified by characterization, not production tested.

DS22011A-page 4

©® 2006 Microchip Technology Inc.




81

MCP3905A/05L/06A

trp N
trw
Fouto — 4
: N1 trs |
Sl ——————]
tes2 |
Fouri o |

NEG | / = \

FIGURE 1-1: . Output Timings for Pulse Qutputs and Negative Power Pin.

© 2006 Microchip Technology Inc. DS22011A-page 5



82

MCP3905A/05L/06A

2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise specified, DVpp, AVpp = 5V; Agyp, Denp = 0V; Vrer = Internal, HPF = 1 (AC mode),
MCLK = 3.58 MHz.
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FIGURE 2-1: Measurement Error, . FIGURE 2-4: Measurement Error,
Gain =8 PF = 1. Gain =8, PF = 0.5.
0.5 3 . . 1 0.5 1 [
0 11 B AL I
£ o i 5 03 oG
g = [T J+25c E o2 T
o 0.2 > AT R B AP
Z 04 IRTICd | g ot =y
o el 0 =l A o L
P g B o1 11 i
‘:‘l‘ 01 d S / T Lt 1
2 02 / 2 02 = =
bl g 4 L= P
= 03 £ 03 = = a
0.4 F - 0.4 i | [
0.5 m } i -0.5 ;
0.0000 0.0001 0.0010 0.0100 0.1000 0.0000 0.0001 0.0010 0.0100 0.1000
CH1 Vp-p Amplitude (V) CH1 Vp-p Amplitude (V)
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Note: Unless otherwise specified, DVpp, AVpp = 5V; Agnp, Danp = OV; Vger = Internal, HPF = 1 (AG mode),

MCLK = 3.58 MHz.
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FIGURE 2-7: Measurement Error,

Gain =1, PF = 1.
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FIGURE 2-10: Measurement Error,
Gain =2, PF=+0.5.

© 2006 Microchip Technology Inc.

DS22011A-page 7



84

MCP3905A/05L/06A

Note: Unless otherwise specified, DVpp, AVpp = 5V; Agnp, Danp = 0V; Vger = Internal, HPF = 1 (AC mode),
MCLK = 3.58 MHz.
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Note: Unless otherwise specified, DVipp, AVpp = 5V; Agnp, Danp = 0V; Vrer = Internal, HPF = 1 (AC mode),
MCLK = 3.58 MHz.
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FIGURE 2-18: Measurement Error
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
Pin No. Symbol . Function
1 DVpp Digital Power Supply Pin
2 HPF High-Pass Filters Control Logic Pin
3 AVpp Analog Power Supply Pin
4 NC No Connect
5 CHO+ Non-Inverting Analog Input Pin for Channel 0 (Current Channel)
6 CHO- Inverting Analog Input Pin for Channel O (Current Channel)
7 CH1- Inverting Analog Input Pin for Channel 1 (Voltage Channel)
8 CH1+ Non-Inverting Analog Input Pin for Channel 1 (Voltage Channel)
9 MCLR Master Clear Logic Input Pin
10 REFIN/OQUT | Voltage Reference Input/Output Pin .
1 AgND Analog Ground Pin, Return Path for internal analog circuitry
12 F2 Frequency Control for HF g7 Logic Input Pin
13 F1 Frequency Control for Foro4 Logic Input Pin
14 FO Frequency Control for Foto/4 Logic Input Pin
15 G1 Gain Control Logic Input Pin
16 GO Gain Control Logic Input Pin
17 0SC1 Oscillator Crystal Connection Pin or Clock Input Pin
18 0sc2 Oscillator Crystal Connection Pin or Clock Output Pin
19 NC No Connect
20 NEG Negative Power Logic Output Pin
21 Denp Digital Ground Pin, Return Path for Internal Digital Circuitry
22 HFouT High-Frequency Logic Output Pin (Intended for Calibration)
23 FouT1 Differential Mechanical Counter Logic Output Pin
24 Fouto Differential Mechanical Counter Logic Output Pin

3.1 Digital Vpp (DVpp)

DVpp is the power supply pin for the digital circuitry
within the MCP3905A/05L/06A devices.

Ihis pin requires appropriate bypass capacitors and
should be maintained to 5V +10% for specified
operation. Refer to Section5.0 “Applications
Information”.

3.2 High-Pass Filter Input Logic Pin
(HPF)

HPF controls the state of the high-pass filter in both
input channels. A logic ‘1’ enables both filters,
removing any DC offset coming from the system or the
device. A logic '0’ disables both filters allowing DC
voltages to be measured.

3.3  Analog Vpp (AVpp)

AVpp is the power supply pin for the analog circuitry
within the MCP3905A/05L/06A devices.

This pin requires appropriale bypass capacilors and
should be maintained to 5V +10% for specified
operation. Refer to Section5.0 “Applications
Information”.

3.4  Current Channel (CHO-, CHO+)

CHO- and CHO+ are the fully differential analog voltage
input channels for the current measurement, containing
a PGA for small-signal input, such as shunt current
sensing. The linear and specified region of this channel
is dependant on the PGA gain. This corresponds to a
maximum differential voltage of 470 mV/GAIN and
maximum absolute voltage, with respect to Agyp, of
+1V. Up to 6V can be applied to these pins without the
risk of permanent damage.

Refer to Section 1.0 “Electrical Characteristics”.

DS22011A-page 10
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3.5 Voltage Channel (CH1-,CH1+)

CH1- and CH1+ are the fully differential analog voltage
input channels for the voltage measurement. The linear
and specified region of these channels have a
maximum differential voltage of #660mV and a
maximum absolute voltage of +1V, with respect to
Acnp. Up to 6V can be applied to these pins without
the risk of permanent damage.

Refer to Section 1.0 “Electrical Characteristics”.

3.6 Master Clear (MCLR)

MCLR controls the reset for both delta-sigma ADCs, all
digital registers, the SINC filters for each channel and
all accumulators post multiplier. A logic ‘0’ resets all
registers and holds both ADCs in a Reset condition.
The charge stored in both ADCs is flushed and their
output is maintained to 0x0000h. The only block
consuming power on the digital power supply during
Reset is the oscillator circuit.

3.7  Reference (REFIN/OUT)

REFIN/OUT is the output for the internal 2.4V
reference. This reference has a typical temperature
coefficient of 15 ppm/°C and a tolerance of £2%. In
addition, an external reference can also be used by
applying voltage to this pin within the specified range.
This pin requires appropriate bypass capacitors to
Agnp, even when using the internal reference only.
Refer to Section 5.0 “Applications Information”.

3.8  Analog Ground (Agnp)

Agnp is the ground connection to internal analog
circuitry (ADCs, PGA, band gap reference, POR). To
ensure accuracy and noise cancellation, this pin must
be connected to the same ground as Dgyp, preferably
with a star connection. If an analog ground plane is
available, it is recommended that this device be tied to
this plane of the PCB. This plane should also reference
all other analog circuitry in the system.

3.9 Frequency Control Logic Pins
(F2, F1, FO)

F2, F1 and FO select the high-frequency output and
low-frequency output pin ranges by changing the
value of the constants Fp and Hgg used in the device
transfer function. Fg and Hpc are the frequency
constants that define the period of the output pulses
for the device.

3.10 Gain Control Logic Pins (G1, G0)

G1 and GO select the PGA gain on Channel 0 from
three different values: 1, 8 and 16.

3.11  Oscillator (OSC1, OSC2)

OSC1 and OSC2 provide the master clock for the
device. A resonant crystal or clock source with a similar
sinusoidal waveform must be placed across these pins
to ensure proper operation. The typical clock frequency
specified is 3.579545 MHz. However, the clock
frequency can be with the range of 1 MHz to 4 MHz
without disturbing measurement error. Appropriate
load capacitance should be connected to these pins for
proper operation.

A full-swing, single-ended clock source may be
connected to OSC1 with proper resistors in series to
ensure no ringing of the clock source due to fast
transient edges.

3.12 Negative Power Output Logic Pin
(NEG)

NEG detects the phase difference between the two
channels and will go to a logic ‘1’ state when the phase
difference is greater than 90° (i.e., when the measured
real power is negative). The output state is synchro-
nous with the rising-edge of HF ot and maintains the
logic ‘1" until the real power becomes positive again
and HF gy shows a pulse. i

3.13 Ground Connection (Dgnp)

Denp is the ground connection to internal digital
circuitry (SINC filters, multiplier, HPF, LPF, digital-to-
frequency converter and oscillator). To ensure
accuracy and noise cancellation, Dgyp must be
connected to the same ground as Agyp, preferably
with a star connection. If a digital ground plane is
available, it is recommended that this device be tied to
this plane of the Printed Circuit Board (PCB). This
plane should also reference all other digital circuitry in
the system.

3.14 High-Frequency Output (HF ;1)

HF gyt is the high-frequency output of the device and
supplies the instantaneous real-power information. The
output is a periodic pulse output, with its period
proportional to the measured real power, and to the
HF ¢ constant defined by FO, F1 and F2 pin logic states.
| his output Is the preferred output for calibration due to
faster output frequencies, giving smaller calibration
times. Since this output gives instantaneous real
power, the 2w ripple on the output should be noted.
However, the average period will show minimal drift.

3.15 Frequency Output (Foyto, FouT1)

Fouto and Fgoyrq are the frequency outputs of the
device that supply the average real-power information.
The outputs are periodic pulse outputs, with its period
proportional to the measured real power, and to the F,
constant, defined by FO and F1 pin logic states. These
pins include high-output drive capability for direct use
of electromechanical counters and 2-phase stepper
motors. Since this output supplies average real power,
any 2o ripple on the output pulse period is minimal.

© 2006 Microchip Technology Inc.
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4.0 DEVICE OVERVIEW

The MCP3905A/05L/06A devices are energy metering
ICs that supply a frequency output proportional to
active (real) power, and higher frequency output pro-
portional to the instantaneous power for meter calibra-
tion. Both channels use 16-bit, second-order, delta-
sigma ADCs that oversample the input at a frequency
equal to MCLK/4, allowing for wide dynamic range
input signals. A Programmable Gain Amplifier (PGA)
increases the usable range on the current input chan-
nel (Channel 0). The calculation of the active power,
and the filtering associated with this calculation is per-
formed in the digital domain, ensuring better stability
and drift performance. Figure 4-1 represents the simpli-
fied block diagram of the MCP3905A/05L/06A, detail-
ing its main signal processing blocks.

Two digital high-pass filters cancel the system offset on
both channels such that the real-power calculation
does not include any circuit or system offset. ‘After
being high-pass filtered, the voltage and current signals

The instantaneous power signal contains the real-
power information; it is the DC component of the
instantaneous power. The averaging technigue can be
used with both sinusoidal and non-sinusoidal wave-
forms, as well as for all power factors. The
instantaneous power is thus low-pass filtered in order
to produce the instantaneous real-power signal.

A digital-to-frequency converter accumulates the
instantaneous active real power information to produce
output pulses with a frequency proportional to the
average real power. The low-frequency pulses present
at the Foytg and Foy7q outputs are designed to drive
electromechanical counters and two-phase stepper
motors displaying the real-power energy consumed.
Each pulse corresponds to a fixed quantity of real
energy, selected by the F2, F1 and FO logic settings.
The HF gyt output has a higher frequency setting and
less integration period such that it can represent the
instantaneous real-power signal. Due to the shorter
accumulation time, it enables the user to proceed to
faster calibration under steady load conditions (see

are multiplied to give the instantaneous power signal. Section4.7 “Foyroq and HFgyr  Output
This signal does not contain the DC offset components, Frequencies”),
such that the averaging technique can be efficiently :
used to give the desired active-power output.
: MCP390X
CHO+ . » T
cHo- —ad | P <, W £ LL..
PGA ADC HPF .
i > ouTo
ANALOG | DIGITAL X 5 m —> "'m‘“h_ﬂJ »  Four
LPF . gy
DTF
CH1+ RN

- .
CHte Ll >f\’<

3
N

Frequency } T
Content : : T : i A
0 : 3 : ) i 0 A
......................................................... Tsrasssssansansned® Tissssssssasnssnss’
Input Signal with ADC OQutput Code
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FIGURE 4-1: Simplified MCP3905A/05L/06A Block Diagram with Frequency Contents.
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4.1 Analog Inputs

The MCP3905A/05L/06A analog inputs can be
connected directly to the current and voltage
transducers (such as shunts or current transformers).
Each input pin is protected by specialized ESD struc-
tures that are certified to pass 5 kV HBM and 500V MM
contact charge. These structures also allow up to +6V
continuous voltage to be present at their inputs without
the risk of permanent damage.

Both channels have fully differential voltage inputs for
better noise performance. The absolute voltage at each
pin relative to Agyp should be maintained in the 1V
range during operation in order to ensure the measure-
ment error performance. The common-mode signals
should be adapted to respect both the previous
conditions and the differential input voltage range. For
best performance, the common-mode signals should
be referenced to Agnp-

The current channel comprises a PGA on the front-end
to allow for smaller signals to be measured without
additional signal conditioning. The maximum differen-
tial voltage specified on Channel 0 is equal to
470 mV/Gain (see Table 4-1). The maximum peak
voltage specified on Channel 1 is equal to +660 mV.

TABLE 4-1: MCP3905A/MCP3905L GAIN
SELECTIONS
Y Maximum
G1 GO CHO Gain CHO Voltage
0 0 1 +470 mV
0 1 2 1235 mV
1 0 8 160 mV
1 1 16 +30 mV
TABLE 4-2: MCP3906A GAIN
SELECTIONS
p Maximum
G1 Go CHO Gain CHO Voltage
0 0 1 470 mV
0 il 32 +15 mV
1 0 8 160 mV
1 1 16 +30 mV

4.2 16-Bit Delta-Sigma A/D Converters

The ADCs used in the MCP3806A/06L/06A for both
current and voltage channel measurements are delta-
sigma ADCs. They comprise a second-order, delta-
sigma modulator using a multi-bit DAC and a third-
order SINC filter. The delta-sigma architecture is very
appropriate for the applications targeted by the
MCP3905A/05L/06A because itis a waveform-oriented
converter architecture that can offer both high linearity
and low distortion performance throughout a wide input
dynamic range. It also creates minimal requirements
for the anti-aliasing filter design. The multi-bit architec-

ture used in the ADC minimizes quantization noise at
the output of the converters without disturbing the
linearity.

Both ADCs have a 16-bit resolution, allowing wide input
dynamic range sensing. The oversampling ratio of both
converters is 64. Both converters are continuously
converting during normal operation. When the MCLR
pin is low, both converters will be in Reset and output
code 0x0000h. If the voltage at the inputs of the ADC is
larger than the specified range, the linearity is no longer
specified. However, the converters will continue to
produce output codes until their saturation point is
reached. The DC saturation point is around 700 mV for
Channel 0 and 1V for Channel 1, using internal voltage
reference.

The clocking signals for the ADCs are equally
distributed between the two channels in order to
minimize phase delays to less than 1 MCLK period
(see Section 3.2 “High-Pass Filter Input Logic Pin
(HPF)”). The SINC filters main notch is positioned at
MCLK/256 (14 kHz with MCLK = 3.58 MHz), allowing
the user to be able to measure wide harmonic content
on either channel. The magnitude response of the
SINC filter is shown in Figure 4-2. ’

4 A [

g \\

E‘ -40 \ / \

f FoY / j

A\ \ N,

> [ \ /]

£ -100 '

o

= .20 ‘ | |
0 5 10 15 20 25 30

Frequency (kHz)
FIGURE 4-2: SINC Filter Magnitude

Response (MCLK = 3.58 MHz).

4.3  Ultra-Low Drift Vrer

[he MCP3905A/05L/06A devices contain an internal
voltage reference source specially designed to mini-
mize drift over temperature. This internal Vrgr supplies
reference voltage to both current and voltage channels
ADCs. The typical value of this voltage reference is
2.4V £100 mV. The internal reference has a very low
typical temperature coefficient of +15 ppm/°C, allowing
the output frequencies to have minimal variation with
respect to temperature since they are proportional to
(1VReg)™

The output pin for the voltage reference is REFIN/OUT,
Appropriate bypass capacitors must be connected to
the REFIN/OUT pin for proper operation (see
Section 5.0 “Applications Information”). The

© 20086 Microchip Technology Inc.
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voltage reference source impedance is typically 4 kQ,
which enables this voltage reference to be overdriven
by an external voltage reference source.

If an external voltage reference source is connected to
the REFIN/OQUT pin, the external voltage will be used
as the reference for both current.and voltage channel
ADCs. The voltage across the source resistor will then
be the difference between the internal and external
voltage. The allowed input range for the external
voltage source goes from 2.2V to 2.6V for accurate
measurement error. A Vger value outside of this range
will cause additional heating and power consumption
due to the source resistor, which might affect measure-
ment error.

4.4  Power-On Reset (POR)

The MCP3905A/05L/06A devices contain an internal
POR circuit that monitors analog supply voltage AVpp
during operation. This circuit ensures correct device
startup at system power-up and system power-down
events. The POR circuit has built-in hysteresis and a
timer to give a high degree of immunity to potential
ripple and noise on the power supplies, allowing proper
settling of the power supply during power-up. A 0.1 pF
decoupling capacitor should be mounted as close as
possible to the AVpp pin, providing additional transient
immunity (see Section 5.0 “Applications
Information”).

The threshold voltage is typically set at 4V, with a
tolerance of about £5%. If the supply voltage falls below
this threshold, the MCP3905A/05L/06A devices will be
held in a Reset condition (equivalent to applying logic
‘0" on the MCLR pin). The typical hysteresis value is
approximately 200 mV in order to prevent glitches on
the power supply.

Once a power-up event has occurred, an internal timer
prevents the part from outputting any pulse for approx-
imately 1s (with MCLK = 3.58 MHz), thereby prevent-
ing potential metastability due to intermittent resets
caused by an unsettled regulated power supply.
Figure 4-3 illustrates the different conditions for a
power-up and a power-down event in the typical condi-
tions.

v

NO
DEVICE | Reser |pulse|  PROPER
MODE , OUT , OPERATION

FIGURE 4-3: Power-on Reset Operation.

4.5 High-Pass Filters and Multiplier

The active real-power value is extracted from the DC
instantaneous power. Therefore, any DC offset
component present on Channel 0 and Channel 1
affects the DC component of the instantaneous power
and will cause the real-power calculation to be
erroneous. In order to remove DC offset components
from the instantaneous power signal, a high-pass filter
has been introduced on each channel. Since the high-
pass filtering introduces phase delay, identical high-
pass filters are implemented on both channels. The
filters are clocked by the same digital signal, ensuring
a phase difference between the two channels of less
than one MCLK period. Under typical conditions
(MCLK = 3.58 MHz), this phase difference is less than
0.005°, with a line frequency of 50 Hz. The cut-off
frequency of the filter (4.45 Hz) has been chosen to
induce minimal gain error at typical line frequencies,
allowing sufficient settling time for the desired applica-
tions. The two high-pass filters can be disabled by
applying logic ‘0’ to the HPF pin.
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FIGURE 4-4: HPF Magnitude Response
(MCLK = 3.58 MHz).
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The multiplier output gives the product of the two high-
pass filtered channels, corresponding to instantaneous
real power. Multiplying two sine wave signals by the
same o frequency gives a DC component and a 2
component. The instantaneous power signal contains
the real power of its DC component, while also contain-
ing 20 components coming from the line frequency
multiplication. These 20 components come for the line
frequency (and its harmonics) and must be removed in
order to extract the real-power information. This is
accomplished using the low-pass filter and DTF
converter.

4.6 Low-Pass Filter and DTF
Converter

The MCP3905A/05L/06A low-pass filter is a first-order
IIR filter that extracts the active real-power information
(DC component) from the instantaneous power signal.
The magnitude response of this filter is detailed in
Figure 4-5. Due to the fact that the instantaneous power
signal has harmonic content (coming from the 2o
components of the inputs), and since the filter is not
ideal, there will be some ripple at the cutput of the low-
pass filter at the harmonics of the line frequency.

The cut-off frequency of the filter (8.9 Hz) has been
chosen to have sufficient rejection for commonly-used
line frequencies (50 Hz and 60 Hz). With a standard
input clock (MCLK = 3.58 MHz) and a 50 Hz line
frequency, the rejection of the 2o component (100 Hz)
will be more than 20 dB. This equates to a 2o
component containing 10 times less power than the
main DC component (i.e., the average active real
power).

Necrmal Mode Rejection (dB)
R
o

Frequency (Hz)

FIGURE 4-5:
(MCLK = 3.58 MHz).

The output of the low-pass filter is accumulated in the
digital-to-frequency converter. This accumulation is
compared to a different digital threshold for Fgyto/
and HF o1, representing a quantity of real energy mea-
sured by the part. Every time the digital threshold on
Foutonr or HFgyr is crossed, the part will output a
pulse (See Section 4.7 “Fgytg/q and HFgyt Output
Frequencies”).

LPF Magnitude Response

The equivalent quantity of real energy required to
output a pulse is much larger for the Fgy7q/q outputs
than the HF g1 This is such that the integration period
for the Fgytg outputs is much larger. This larger
integration period acts as another low-pass filter so that
the output ripple due to the 2 components is minimal.
However, these components are not totally removed,
since realized low-pass filters are never ideal. This will
create a small jitter in the output frequency. Averaging
the output pulses with a counter or a MCU in the
application will then remove the small sinusoidal
content of the output frequency and filter out the
remaining 2o ripple.

HF gy is intended to be used for calibration purposes
due to its instantaneous power content. The shorter
integration period of HFgyt demands that the 2o
component be given more attention. Since a sinusoidal
signal average is zero, averaging the HF g1 signal in
steady-state conditions will give the proper real energy
value. :

4.7 FOUTOH and HFou-i- Output
Frequencies

The thresholds for the accumulated energy are
different for Fgyroy and HFgyt (ie., they have
different transfer functions). The Fgypgq allowed
output frequencies are quite low in order to allow
superior integration time (see Section 4.6 “Low-Pass
Filter and DTF Converter”). The Fgyrg output
frequency can be calculated with the following
equation:

EQUATION 4-1: Foutr FREQUENCY
OUTPUT EQUATION
8.06 x V% VixGxFa
Fouyr(fz) = 2
(Frier)
Where:

Vp is the RMS differential voltage on Channel 0
V4 is the RMS differential voltage on Channel 1

G is the PGA gain on Channel 0 (current channel)
Fc is the frequency constant selected

Viker io tho voltage reference

For a given DC input V, the DC and RMS values are
equivalent. For a given AC input signal with peak-to-
peak amplitude of V, the equivalent RMS value is
V/sqrt(2), assuming purely sinusoidal signals. Note
that since the real power is the product of two RMS
inputs, the output frequencies of AC signals are half of
the DC inputs ones, again assuming purely sinusoidal
AC signals. The constant F depends on the Foyg
and Foyrq digital settings. Table 4-3 shows FgoyTo/4
output frequencies for the different logic settings.

© 2006 Microchip Technology Inc.
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The high-frequency output HFgytr has lower
integration times and, thus, higher frequencies. The
output frequency value can be calculated with the
following equation:

MINIMAL OUTPUT FREQUENCY FOR
NO-LOAD THRESHOLD

The MCP3805A/05L/06A devices also include, on
each output frequency, a no-load threshold circuit that
will eliminate any creep effects in the meter. The

EQUATION 4-2: ~ HFgyr FREQUENCY outputs will not show any pulse if the output frequency
OUTPUT EQUATION falls below the no-load threshold. The minimum output

8.06x Vyx V| xGx HF, frequency on Foyro/q and HF gy is equal to 0.0015%

HE gy (Hlz) = = : of the maximum output frequency (respectively Fg and
(Vrer) HF¢) for each of the F2, F1 and FO selections (see

Where: Table 4-3 and Table 4-4); except when F2, F1,

Vy is the RMS differential voltage on channel 0
V4 is the RMS differential voltage on channel 1

G is the PGA gain on channel 0 (current channel)
HF¢ is the frequency constant selected

VRer is the voltage reference

FO=011. In this last configuration, the no-load
threshold feature is disabled. The selection of F¢ will
determine the start-up current load. In order to respect
the |EC standards requirements, the meter will have to
be designed to allow start-up currents compatible with

The constant HF depends on the Fouto and FoyTy
. digital settings with the Table 4-4.

The detailed timings of the output pulses are described
in the Timing Characteristics table (see Section 1.0
“Electrical Characteristics” and Figure 1-1).

the standards by choosing the FC value matching
these requirements. For additional applications
information on no-load threshold, startup current.and
other meter design points, refer to AN994, "JEC
Compliant Active Energy Meter Design Using The
MCP3905/6", (DS00994).

TABLE 4-3: MCP3905L OUTPUT FREQUENCY SETTINGS
HF¢ (Hz), | HFoyr(Hz), w/ Fc (Hz),
F2 | F1 | Fo HF¢ HF¢ (Hz) MCLK= full scale AC Fe (Hz) MCLK=
3.58 MHz inputs 3.58 MHz
0 0 0 B4XFg | MCLK/2'S 109.25 23.71 MCLK/22! 1.71
0 0 1 32XFe | MCLK/2'S 109.25 23.71 MCLK/220 3.41
0 1 0 16XFe | MCLK/215 109.25 23.71 MCLK/219 6.83
0 1 1 | 2048XFc | MCLK/27 27968.75 6070.12 MCLK/218 13.66
1 0 0 8XFg MCLK/216 54.62 11.85 MCLK/219 6.83
i 0 1 | B4XFe | MCLK/2'8 54.62 11.85 MCLK/222 0.85
il 1 0 | 32XFe | MCLK/2™® 5462 11.85 MCLK/22! 1.71
1 1 | 16XFc | MCLK/2'® 54,62 11.85 MCLK/220 3.41
TABLE 4-4: MCP3905A/06A OUTPUT FREQUENCY SETTINGS
HF¢ (Hz), HF gyt (Hz), w/ Fe (Hz),
F2 | F1 | FO HF¢ HF¢ (Hz) MCLK= full scale AC Fc (Hz) MCLK=
3.58 MHz inputs 3.58 MHz
0 0 0 64XFe | MCLK/2'S 109.25 23.71 MCLK/221 1.71
0 0 1 32XFe | MCLK/218 109.25 23.71 MCLK/270 3.41
0 1 0 16XFg | MCLK/21® 109.25 23.71 MCLK/21® 6.83
0 1 1 | 2048XF¢ | MCLK/27 27968.75 6070.12 MCLK/218 13.66
! 0 0 | 128XFe | MCLK/2™ 219.51 47.42 MCLK/22! 1.71
1 0 1 84XFe | MCLK/2™ 219.51 47.42 MCLK/220 3.41
1 it 0 32XFe | MCLK/2' 219.51 47.42 MCLK/21® 6.83
1 1 1 16XFg | MCLK/2' 219.51 47.42 MCLK/218 13.66
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5.0 APPLICATIONS INFORMATION

5.1 Meter Design using the
MCP3905A/05L/06A

For all applications information, refer to AN994, "[EC

Compliant Active Energy Meter Design Using The

MCP3905/6" (DS00994). This application note

includes all required energy meter design information,

including the following:

* Meter rating and current sense choices

+ Shunt design

« PGA selection

+ F2, F1, FO selection

* Meter calibration

Anti-aliasing filter design

+ Compensation for parasitic shunt inductance

« EMC design '

« Power supply design

* No-Load threshold

+ Start-up current

+ Accuracy Testing Results from MCP3905-based -
meter

« EMC Testing Results from MCP3905-based meter

© 2006 Microchip Technology Inc.
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6.0 PACKAGING INFORMATION

6.1 Package Marking Information
24-Lead SSOP

N00000000nT

XXXXXXXKXXKX
1. 9,0.9.0.0.9.0.9.0.¢.4

O ﬁ\YYVWVNNN
IR

Examples:

Q0nnnnnnnnng

MCP3905A
IISSE
R 0637256

O

IR

Legend: XX..X Customer-specific information
X Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

NNN  Alphanumeric traceability code

*

WwWw Week code (week of January 1 is week ‘01')

Pb-free JEDEC designator for Matte Tin (Sn)
This package is Pb-free. The Pb-free JEDEC designator )
can be found on the outer packaging for this package.

characters for customer-specific information.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available

DS22011A-page 18
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24-Lead Plastic Shrink Small Outline (SS) (SSOP)

Note:  For the most current package drawings, please
see the Microchip Packaging Specification located
at http://www.microchip.com/packaging

| =

B —

H
TUOOOUOO00T

L
Units INCHES MILLIMETERS*
b ____Dimension Limits MIN NOM MAX MIN NOM MAX
Numl;er of Pins n 24 24
Pitch P .026 0.65
Overall Height A .068 073 .078 1.73 1.86 1.99
Molded Package Thickness A2 _.086 .068 .070 1.68 1.73 178
Standoff A1 .002 .005 .008 0.05 0.13 0.21
OverallWidth h NE ~_.301 . .307 3311 7.65 7.80 7.90
Molded Package Width E1 .205 .209 2212 5.20 5.30 5.38
Overall Length D 318 .323 .328 8.07 8.20 8.33
Foot Length E .025 .030 .037 0.63 0.75 0.95
Lead Thickness c .004 .006 - 0.09 0.15 -
Foot Angle b 0° 4° _ 8° 0° e 8
Lead Width B .010 - .015 0.25 - 0.38
* Controlling Parameter
Notes:

Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" (0.254mm) per side.
JEDEC Equivalent: MO-150
Drawing No. C04-301
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APPENDIX A: REVISION HISTORY

Revision A (September 2006)

+ Original Release of this Document.
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9

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO., =X %(5 Examples:
! T a) MCP3905A-I/SS:
Device Temperature  Package
Range b) MCP3905AT-I/SS:
Device: MCP3905A: Energy Metering IC
MCP3905AT: Energy Metering IC (Tape and Reel)
MCP3905L: Energy Metering IC
MCP3905LT: Energy Metering IC (Tape and Reel) a) MCP3905L-1/SS:
MCP3906A: Energy Metering IC
MCP3906AT. Energy Metering IC (Tape and Reel) b) MCP3905LT-ISS:
Temperature Range: | = -40°C to +85°C
Package: SS = Plastic Shrink Small Outline (209 mil Body), a) MCP3906A-I/SS:
24-lead 5
b):  MCP3906AT-I/SS:

Industrial Temperature,
241D SSOP.

Tape and Reel,
Industrial Temperature,
241D SSOP.

Industrial Temperature,
241D SSOP.

Tape and Reel,
Industrial Temperature,
241D SSOP.

Industrial Temperature,
241D SSOP.

Tape and Reel,
Industrial Temperature,
24LD SSOP.

©® 2006 Microchip Technology Inc.
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Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device

applications and the like is provided only for your convenience-

and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer's risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
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, Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.
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Technical Specification kg

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduing-mega2560-schematic. gd

: Summar

Microcontroller ‘ ATmega2560

Operating Voltage v

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader
SRAM ; 8 KB . :
EEPROM 4 KB

Clock Speed 16 MHz

the board

\digital pins]|

Power
Led

analog pins|
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The Arduino Mega2560 can be powered via the USB connection or with an external power supply. The power source is
selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a battery
can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may
supply less than five volts and the board may be unstable. If using more than 12V, the voltage regulator may overheat
and damage the board. The recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it
features the Atmega8U2 programmed as a USB-to-serial converter.

The power pins are as follows:

® VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts
from the USB connection or other regulated power source). You can supply voltage through this pin, or, if
supplying voltage via the power jack, access it through this pin,

® 5V. The regulated power supply used to power the microcontroller and other components on the board. This
can come either from VIN via an on-board regulator, or be supplied by USB or another regulated 5V supply.

e 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e  GND. Ground pins.
The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for the bootloader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library).

i Input and Output

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an
internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) and
14 (TX). Used to receive (RX) and transmit (TX) TTL serial data. Pins 0 and 1 are also connected to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

« External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20 (interrupt 3), and 21
(interrupt 2). These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a
change in value. See the attachinterrupt() function for details.

e PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI communication, which, although
provided by the underlying hardware, is not currently included in the Arduino language. The SPI pins are also
broken out on the ICSP header, which is physically compatible with the Duemilanove and Diecimila.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when
the pin is LOW, it's off.

e [C: 20 (SDA) and 21 (SCL). Support I°C (TWI) communication using the Wire library (documentation on the
Wiring website). Note that these pins are not in the same location as the I2C pins on the Duemilanove.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By default
they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and
analogReference() function.

There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs, Used with analogReference().
e Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which
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Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega2560 provides four hardware UARTSs for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a .inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmega8U2 chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation on the Wiring website for details. To use the SPI
communication, please see the ATmega2560 datasheet.

The Arduino Mega2560 can be progra‘mme'd with the Arduino ’soﬁWare (download). For detAaiIs, see the
reference and tutorials.

The Atmega2560 on the Arduino Mega comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.
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Automatic [Software) Reset|

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega2560 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer running Mac OS X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-second
or so, the bootloader is running on the Mega2560. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data. ‘ : : ‘

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics and Shield Compatibilit

The maximum length and width of the Mega PCB are 4 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

The Mega Is deslgned to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (serial port) is located on the same pins (0 and
1), as are external interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I°C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).




How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http://arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to “burn” your R e P L
first program on the arduino board. To Flo Edt Sketch Tocks Help
select “blink led”, the physical translation & (o) B F[E B &
of the well known programming “hello ; :
world”, select

Fi|e>SketcthOk> 44 The s=tupi) methed tuns once, when the $kerch soarge
Arduino-0017>Examples> veis seran(l (|
Digital>Blink oA Rratin, \Nour) 10 L) (L 1 0]

Once you have your skecth you'll s od
see something very close to the :
screenshot on the right. s Lo

slWndire (ledPin, HIGH):
1000} ;

€ cite (ledPin, LOW);
delay (1000) 2

L4 ar

In Tools>Board select MEGA

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

| Bene compling. =S

Press Compile button [ L
{to check for errors) Upload Blinking Led!
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Dimensioned Drawing
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Terms & Conditions

1.  Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products, Testing and other quality control techniques are used to the extent the producer deems

necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
preducer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period,

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPQOSE

1.4 Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services, Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth

above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5 The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment, Customer acknowledges and agrees that any such use of Arduino™ ‘products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.8 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its
products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2 Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined.” The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica's
forest’s.
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Arduino Nano

€

The Arduino Nano is a small, complete, and breadboard-friendly board based on the
ATmega328 (Arduino Nano 3.0) or ATmega168 (Arduino Nano 2.x). It has more or less
the same functionality of the Arduino Duemilanove, but in a different package. It lacks only
a DC power jack, and works with a Mini-B USB cable instead of a standard one. The Nano
was designed and is being produced by Gravitech.

‘Technical o

‘Specifications Page 7
I e—— —
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Technical Specification

Arduino Nano 3.0 (ATmega328): schematic, Eagle files.

Arduino Nano 2.3 (ATmega168): manual (pdf), Eagle files. Note: since the free version of
Eagle does not handle more than 2 layers, and this version of the Nano is 4 layers, it is
published here unrouted, so users can open and use it in the free version of Eagle.

Microcontroller Atmel ATmega168 or ATmega328

Operating Voltage (logic

level) 8y

E?ggotn\:r?':gangd‘ied) =2y

Input Voltage (limits) 6-20 V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 8 :

DC Current per I/O Pin 40 mA

Flash Memory : ggoiflga(gx;mega‘lﬁs) or ?2 KB (ATmega328) of wﬁich 2 KB used by
SRAM 1 KB (ATmega168) or 2 KB (ATmega328)
EEPROM 512 bytes (ATmega168) or 1 KB (ATmega328)
Clock Speed 16 MHz

Dimensions 0.73"x1.70"

: the board

analog pins|
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The Arduino Nano can be powered via the Mini-B USB connection, 6-20V unregulated external power supply
(pin 30), or 3V regulated external power supply (pin 27). The power source is automatically selected to the
highest voltage source.

The FTDI FT232RL chip on the Nano is only powered if the board is being powered over USB. As a result,
when running on external (non-USB) power, the 3.3V output (which is supplied by the FTDI chip) is not
available and the RX and TX LEDs will flicker if digital pins 0 or 1 are high.

The ATmega168 has 16 KB of flash memory for storing code (of which 2 KB is used for the bootloader); the
ATmega328 has 32 KB, (also with 2 KB used for the bootloader). The ATmega168 has 1 KB of SRAM and
512 bytes of EEPROM (which can be read and written with the EEPROM library); the ATmega328 has 2 KB
of SRAM and 1 KB of EEPROM.

input and Output

Each of the 14 digital pins on the Nano can be used as an input or output, using pinMode(), digitalWrite(),
and digitalRead(} functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA
and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

 Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are
connected to the corresponding pins of the FTDI USB-to-TTL Serial chip.

» External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt(} function for details.

e PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.

The Nano has 8 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using the analogReference() function. Additionally, some pins have specialized functionality:

o I’*C:4(SDA)and 5 (SCL). Support I°C (TWI) communication using the Wire library (documentation
on the Wiring website).

There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmega168 ports.
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~ Communication

The Arduino Nano has a number of facilities for communicating with a computer, another Arduino, or other
microcontrollers. The ATmega168 and ATmega328 provide UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An FTDI FT232RL on the board channels this serial
communication over USB and the FTD| drivers (included with the Arduino software) provide a virtual com
port to software on the computer. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is
being transmitted via the FTDI chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Nano's digital pins.

The ATmega168 and ATmega328 also support 12C (TWI) and SPI communication. The Arduino software
includes a Wire library to simplify use of the 12C bus; see the documentation for details. To use the SP|
communication, please see the ATmega168 or ATmega328 datasheet.

Programming

The Arduino Nano can be programmed with the Arduino software (download). Select "Arduino Diécimila,
Duemilanove, or Nano w/ ATmega168" or "Arduino Duemilanove or Nano w/ ATmega328" from the Tools >
Board menu (according to the microcontroller on your board). For details, see the reference and tutorials.

The ATmega168 or ATmega328 on the Arduino Nano comes preburned with a bootloader that allows you to
upload new code to it without the use of an external hardware programmer. It communicates using the
original STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Nano is designed in
a way that allows it to be reset by software running on a connected computer. One of the hardware flow
control lines (DTR) of the FT232RL is connected to the reset line of the ATmega168 or ATmega328 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This sctup has other implications. When the Nano is connected Lo eilhier a compuler running Mac 0S8 X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
so, the bootloader is running on the Nano. While it is programmed to ignore malformed data (i.e. anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http://arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you'll need to install the FTDI Drivers to let
your PC talk to the board. First Plug the Arduino to your PC via USB cable.

; Blink led

" Now you're actually ready to “burn” your [
first program on the arduino board. To | Fle Edt sketch Tools Help
select “blink led”, the physical translation ®@E BE EE] &

. of the well known programming “hello
world”, select '

apt ledPin = | 13: A7 LED connected vo digical pan 13
Fi|e>sketchbook> /¢ The setup() mechod xuns once, when the gketch stares
Arduino-0017>Examples> weid seow () (
Digital>Blink rtceQestin, vz s

Once you have your skecth you'll
see something very close to the
screenshot on the right.

alWeine (ledPin, HIGH): /7 sen tha LED on
s {1000) ; ’7

aliite (LedPin, LOW)
> (1000)

In Tools>Board select Arduino ‘
NANO and with the AtMEGA you're Al
using (probably 328)

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

| Done compiling|

Press Compile button T
(to check for errors) TX RX Flashing
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Dimensioned Drawing
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Terms & Conditions

1.  Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of
the sale. The producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including
improper installation or testing, or for any products that have been altered or modified in any way by a Customer. Moreover, The
producer shall not be liable for any defects that result from Customer's design, specifications or instructions for such products. Testing
and other quality control techniques are used to the extent the producer deems necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The
producer's liability shall be limited to products that are determined by the producer not to conform to such warranty. If the producer
elects to replace such products, the producer shall have a reasonable time to replacements. Replaced products shall be warranted for a
new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER
DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED Ta,
ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4 Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the
functionality of the products as used in such systems. The producer may provide technical, applications or design advice, quality
characterization, reliability data or other services. Customer acknowledges and agrees that providing these services shall not expand or
otherwise alter the producer's warranties, as set forth above, and no additional obligations or liabilities shall arise from the producer
providing such services.

1.5 The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably
be expected to cause severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and
systems, equipment or systems for the operation of nuclear facilities and weapons systems. Arduino™ products are neither designed
nor intended for use in military or aerospace applications or environments and for automotive applications or environment. Customer
acknowledges and agrees that any such use of Arduino™ products which is solely at the Customer's risk, and that Customer is solely
responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related
requirements concerning its products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-
related information or support that may be provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party
losses, damages, liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the
representation and warranties made under this terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental,
consequential or exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the
producer has been advised of the possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on
the absence or characteristics of any features or instructions marked "reserved” or "undefined.” The producer reserves these for future
definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them The product
information on the Web Site or Materials is subject to change without notice. Do not finalize a design with this information.
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