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Abstract

A device use for measuring electrical energy; namely the digital energy meter has
study and built. The circuit is based on the usc of ADE7755 energy metering chip and
PEIV5IRD2 microcontroller. The ADE7755 has two channel 16-bit delta-sigma ADC ( Analog
to Digital Circuit } . The voltage and current inputs are supply to the ADE7755 by using
voltage divider and shunt resistor respectively. The real powcer is infegrated with time
producing pulse output. The number of pulsc , fed to P89V51RD2 , depends on the electrical
energy drawn by a load. PBOVSIRD2 read of kWh are display on 20x1 line LCD and save
at the specified duration. Digital Encrgy Meter can send data to server with Ethernet Module.
Ethernet Module is function to change data from RS 232 to TCP Protocol. This data uses to

calculate in application.




=y =y
nAAnIINYsEMA

= = o e qy 1 o 1 = 1 or 1
Wiggrdwuiatviing hiowaiiganldded  winlildsuanusnvie  wazaiu
[l o ¥ or éy ' = o s w o g Y 1=
Pwilonanaw 9 yanadwiu  yanausnAdonandawnziiuyaaadiaginh vy
= dﬂy < 3/ M &Y w oo ' a2 = = g Y a ©
unutiiiaieaaldndo oaely  asdauud ewsandinumTygiinuiiliuunidenish
¥ 1 o ar Q‘ Q4 - -ﬂ' [:] o L] x
Inssamdiegiane voveunmuwdodng JaudiFes  Anovlddumziumazsiumaeluion
& PR o o_ o [
vovouguiouq naaun Mougnisiuazaostidslolunistieu
vy & s v &  dog¥y ¥ aw 4 da e o
ganwil  Aesveveuniznuyanadngnganilddw il Afo da1 msan du

g . o A Y] ) 4 o I o o v Ay & 3 o
ilufimiansnbwestimgr  FalddesgAiaimuiiuedanisunslilemamuazassaiumyu

4 [ 4 o [ o _ o ¥
TuFosnmsfinwieduaun uazdvldnosiidals lunnq dw

o a
WYY YTl

U

UNFNIT 137U 255l

111




M3y

Wil

UM ROONTETIVIO oot e oo e oo ees e ee e I

UNAATDNTEIOTINH ...ttt e et e e e et e e e e e e e e e e et e e 11

T S L T P M <o, I

2 V1 T U PP OO VOO RUTRT v

BVFTIEUPITITE oo ootttk bbb VIII

B DY 1312 N U T PO RR O PP PO PR UPPR 1X

u‘n‘?;l unih

L1 AT RUAE R0 TATINM vt 1

1.2 JA0UsERAAUDATATIIM 1ottt i

1.3 UOULUAUDINTTATHIATU © .ot eieeeerrs it e e e r e e e e eni e s e e e e e e aesareieaaeneee e 2

L DI I UITURNTT Lot e 2

1.5 U7 TR0 T10 T80 . oot 2
unii 2 wqyﬁsmzﬁé’nmsﬁsﬁm%’a

2 WRIIM T e e 3

2.2 ANUNUBUDARA Y WA AL S UHAIRDT oo 3

33 DT ANE I T T T oo et 5

231 SadoniiimesmaEu o onImieamwin I e 6

2.4 1TATADUTNIAIADT  PEIVSIRDZ -.ooooeveeveeeree e seereesesseseseseeesese s et ssss s sssssssssrensonss 9

2.4.1 amﬁuﬁﬁmamﬂﬁﬂﬁﬁﬁﬂgmm P8IVSIRD ..ovvvovrremreasseessseeeemetiaesienssasassssansnens 9

2.42 WinfnaazvealnInsaou NS AT . . o 9

2.5 WRILTAGNAUUY  LOD oo eeecesseesee e ems e eseee e eer oo ees s sss st 1

2.5.1 ‘qﬂf‘iﬁwm LOD  MOGUIE ooovvo oo 11

2.6 STUUTIHUUY TC UBZNITIFOURD oo eseess e eee e 14

2.6.1 AUANITA IR TIVOITA C oo 15

2.6.2 MANNTTUDITE TP oo eeeeee e eee oo sass oo eee e eem st ss s b e nens 15




A1 (AD)

Hin

263 ANVITURATHUUTIA LC oo 16
264 m‘sé’wﬁumu 7 UR {7 ~bit AdAresSsINg ) .ooiveveceiiins et reerer s s sneeesaens 17

2.7 10T MINITI DS1307 { Real — Time ClOek) cevvvrvoreerreveeeereoeeeeee s reseressensresesessessessseneene 18
271 NHIRUABZIIVOLIOR DSI307 oo seereens e 18
2.7.2 FUWAMNIT RAM MOTUTOF DSI307 oo 19
2.7.3 THUANTIRIITHUDY DSI307 oot esss oo ssssens e sneae 19
2.8 UANNITUOY Scrial EEPROM ......ovuieeecisiiemess s sesssssssessessesssss s sssssssssssens e s 20
2.8.1 AMANIR UAZANYMEUDY Serial EEPROM oooriiicierccneiniecrcsssesers s enssen 20
2.82 ANHUEAIAIURUNIIANIY 24016 cerovvierreeer s iessenress e eesseeceeees s 21
2.9 HANATINIMIUUDY ADE 7755  oioiiti it e e e e eeeiaaveaae e e e e e e e e e e s e e e 22
2.9.1 ¥annmamhawvesdmiammaanuIdd (ADE7755) . 22
2.9.2 WMTRUDUABZVINIEIU IC ADE 7755 ..o eeneeenns 23
2.10 Networking Concepts and Protocols ... e 24
2.10. 1 Physical NCIWOIKS .. ovuiiii ittt a e 24

PR LA [ A6 0 S by ] 1 o) - PRSP 25

I B B 1 Yo o2 £ OOl 25
2. 11.1Berkeley SOCKELS oo 26
2.11.2Working with Sockets in Net ... 27

2. 113 Working with SOCKCLS « ..o it e e e 27
2.12 Stream Sockets {Conncetion Oriented SOCKC) L oouiire e s 28
2121998753233 11n715 TH0M Stream Socket <o vt 30
203 Multithreading ..o e e 35
2.13.1USI0E THIEAd .. evieiieeie i ettt 35
2.13.2Using THIEAA POOIS . eveveeeeere e e e e et e e e e eeeee e e e e ee s e e 36
2014 MISOONMULTTHTOYR .oovrereeieneeeie oot eeaeteeteeeee st an s teteseesateeeeeeacern e mnaae s 36
2.14. 152 UUTIUUOYA (Database SYSICM) ..o.orvririeerreeeiieeneerteoeisireeoeieeeaeeaeis 36
2.14.2M50DNUUVI LY OYARIUB-015 THEAD ...ovrrinieie e 37
2.14.3 TATIA3 19009 B UOAATUDA (SQL) wvvvvivree ettt 37



a3ty (919)

I

2,14 ARNHUENT IFITUUDINTHY SQL o veveeee et et eee et 38
2.14.5msuindeya nsiSudsadoys nazmsaudoya oo 39
2.14.6MSSUNAUTOUA (SELECT) ..ottt 41

unii 3 msdnfivendse

3.0 IR TABTIUDITZUY oo 42
3.2 TAT98313 Digital ENergy Meter. ... .. eooeeeeeeeeeieees e e eaeseeeeeieeese s e eee e 42

3.3 2393 IANANIMUDY Digital ENCrgy MCLET. . o.vvrriiirsieeieeeeeeeeiieeeeeenniineeeeanens 43
3.4 299589 Controller UDI Digital Energy MeICr. e . vvieiieeeeeeiieeee oo e e 44
3.5 Flowchart #9u Digital Energy Metero. ..o 47

36
37
3.8

3.5.1 Flowchart 1Usunsumanfiimyinaugun159191uved Digital Energy Meter.... 47

3.5.2 Flowchart 1U5un3u8as LD Data unit() .. ...oovveeeeerreveneireeieeieeeeeenne 48
3.5.3 Flowchart TUTURTUEDU LD NIt} ...ooviioeireiee oo eeiciee e e e, 49
3.5.4 Flowchart TUSUATUODT 12¢ I0HL 0 covvteeiieiis e ee e 49
3.5.5 Flowchart TUSUASUEDY Fnt0 M0 ..ooiiiiiieeereeee e eeieeeeeenen e 49
3.5.6 Flowchart TUSUATIEDY init scriall) .......eiiieiiroeeeeeae et 50
3.5.7 Flowchart 1USUNTHEBIBIN EEPROM ....ooviiiiiiiineeeaiceeeiiens e ennae e 50
3.5.8 Flowchart 1U5UnIUUOBOIM EEPROM ....coiiiiiiiiiiiiiieneeniinriienaeeeaaainninns 51
Flowchart &1 APPHCALION ..ttt 52
ER — MOGED oot oo e oeae ettt 53
Redationship Model . oo 54

unil 4 MINADDIATHANIINADDI

4.1

AT Digital ENErgy MEIET. . oeveeiruveersrvreesianneeneesrnreeiaeneaes s emnee e sssanen 55
4.1.1 Digital Energy Meter ... ..o i 55
412 HanNeaosRnTalu 1 U RIMAATIMAND oo, 56
413 wanIneanadalu 1 0 Aivaa e uaun oo 58

Vil




15Uy (919)

N

8,2 TIU APPCALION .o veeee e e 59
42.1  WUIR1INENY0I6) APPLICAHION oot 59

422 VYAIRUBITIU DOl coeeiririee e 60

423 WUIRIUDY CONMIZ oooreeeee oo 63

wnit s underseliazagy

5.1 UMBTU Looeritecerimismss et 64
5.2 ST AT LA UIN TRTATU oot 64
5.3 T IQUATIAUATUUIMIINAIU oo smsasrs s 64
5.4 LU INTANTTWEIITRD covvoereeereeecs e ieesemeeeeeeeeees s sbsses st 65

NIAHUIN

UFTDIUNITY

VI




ﬂ'l'i‘]_liyﬂ'l'i'ﬁ
L

i
@1’151:1'1?1 2.1 The Thread Class Method ... i e e e ettt e eae e aaas 36
@11‘513“?1 2.2 The ThreadPool Static Method ..o o e i 3T
A15197 4.1 Han1snaansd Ivasatuaus laolsvaon ™ 100W ..o 56
A151M 4.2 Han1snaaon 1nanaduaun 1o d TN R S0 A o 57

4 4 C 2

A15190 4.3 HANTTNABDIN THAA LA UND ©ooveee oo e 58

Vil



GREIHTPEY

Hil
31T 2.1 s AT U PO oo 3
U7 2.2 M TN ZUa T YT INAATTARTIIF TN oo 5
U7 23 Mds Ifhnszuaa@uTn man®am Ml oo 5
317 2.4 JUARIEIUUTZNOUUBITARDIITTADY ... 6
310 25 uansdalsznoumien wasyaUonTamEea TR Lo 7
314 2.6 uansnsad TadadorasBmedsaufuglnseldua ... 8
U7 2.7 HARTIIHDIAHAYDIGUNTBIUT SV T°C oo 16
51071 2.8 laDLunsUIMIARIAAMER19) TUTA LC oo 18
710 2.9 uuwmﬂ’fﬂyaﬁmumaﬂmﬁm%”lumﬁé’nﬁmuu 70 18
319 2.10 laozunsuTnsaerd1emulun DSI307 e 19
U7 2.1 urudSImaesAumisang lunsdamsdmgudoyanm 20
307 2.12 giunuvesdoyadmsuAnaoiy DSI307 Tulnuanis@oudeya ..o, 21
517 2.13 guuvvesdoyadmivAaaedy DsI307 lulnuanisermdoya ..o 21
317 2.14 Tnsead19nelunazn s FAMAVBITN 24C16 ..o 22
307 2.15 nanedems THIABONR MUY oo 22
317 2.16 Functional Block Diagram Y89 ADET755 ..........o..ivrteieerireienreeimesssneninan 23
107 217 nidousod i udamn@umnn VI 1 ADE 7755 oo 23
U7 2.18 uaImsFouRo A S UAYANABUNN V2 ADE 7755 ..o 24
g‘ﬂ‘ﬁ 2.19 Test Circuit for Perfromance Curve ...t 24
SUR 2,20 OSI-TCPAIP Protocol STk ........ovvrverresseseeieeeseeeesssesessree e seeseseses e 26
g“lJTa"l 2.21 Descripter Table and Data structure for a socket ..o 27
Ui 2.22 Diagram FUABUMITAZIT ACUVE SOCKELS oo eververeeeeereesereereseeeee e 28
g'l.l‘ﬁ 2.23 Diagram ifumaums 519 PasSIve SOCKELS «o. .o vvereereeeeeeee st ee e 29
TUT 2.24 HUUFIADI TOP BUIET 1..ovocoivcoeeeos et 32
FUT 3.1 TS0 TAUTTYBITZUY oot 43
gﬂﬂ 3.2 1598319909 Digital Encrgy MCIEr. ...ooooiveeiiieeersieiieeieeieee e e eiraae e e enn 44
g‘ﬂ‘ﬁ 3.3 NVIAIUIANTINUYDY Digital Energy Meter...........ooooii i, 44




ot T
o150y (M)
vy
gﬂﬁ 3.4 29594 Controller Y93 Digital Enefgy Meter.....ooviiiiiiiiiee e 46
g‘ll‘ﬁ 3.5 WY Digital Energy Meter. ..o oo e e 47
g‘l.]“ﬁ 4.1 Digital ERErEY Meter. ..ottt 56
JUN 4.2 NP IINENVDIRD APPLCALON ......i.v.ieeeeesoeeecees oo 57
FUR 4.3 WIIRIRUBIA I DEIAI] . o.ooveees oottt 58
TUR 4.4 AIRVOITI PHNE ..ottt 59
U 4.5 HIIRIUDIE M Prnt DIAIOE ... 60
5U% 4.6 NIIA19Y09EIU Print Preview DIalog ......oocvereueieriiesiesirieiiniasieeeconnnees 60
JUR 4.7 MIAIIUBITIU CONME -ovorvvvererreenevrsemneresessressessentaesassansssenes s sssee oo 61
X



T
a =4

1.1 Anumauaznnvedlnsanu

[

@ cay o a Ao o [ - I '
Taguil TAndudsiidrdy  unumnaiaFouiinis T awisoldusnis1ddrad
kd clif [ u ﬁ ! Y =1 & Ao o =y r
aoanslawdaan Wi uawdsa IWddinszununsedefidrwyuinnaninenssssuma
1 = 2 Y 9 Qy - o & @ 4
oy Fldudmuadull Snedinstszndamsldwdaauldd Taonmisusznianasau
- o g 9 ' [ P 1 e 1 [ - 1
T fisdwiludoansiwamdsnunls ) uanisTarndaaiu Tddinslimwisonsiuns
wasu i 1deindseammdudalasase Sadesodoilsingnisniamenn Wenldouilsym
» ]
wasaw IfhmaniulfidhulSnanmuseiud ldnnlszamduda Taoli5 Tand s Ind
v 3 3/ oot 1 = w o o = o e o [ aa
Maniudeitana wu dlatadeoniiimes uaziniesiawdinu Iifwuudiaea

W [ ¥ 1 ] ]
Togiiudinns MinTesTandaa Idfhidauuildvdnnsmivni I vazuuuild

h.

7 Controller 'lumsﬂ:man ( Digital Encrgy Meter) Tay Digital Encrgy Meter Wuda I

Qr

3 1 r
INAULINUA ﬁﬂ'ﬂﬂ'l'j1%51‘”f'l'li]’l‘iﬂé’lU’JUﬂQTNﬁzﬂlﬂ]lglrElU'NiﬂﬂiﬂU W3 IWIDNIL

e g

o t a Iy [ at o & o o ar U~ 4
Auanniamdsny deenuudrasdeya lldsguénars Felinmsiauunudalula daw

¥ ] '
maiiih ldmaddaiiaulvhesAnuulonimsiinuunzninnisvesdl Digital Encrgy Meter

A o 9 = a ol 1
w01 1) 1Fa1ues awaziinswause 11

@r o
1.2 Tagilszasnveslnssam

121 weisuindnmslumsssnuunlilFau Idhenns g 145
A e Y o ° = o Yo = o

1.2.2 WeBuuidnuurnshiauiniussuuuaziiniinszvilam
'é o -4 d‘ L d o a0

1.2.3 iWefndnymzainuvsaniosiandanu I wuudinon
A 4 ¥ o

1.2.4 WofAnuns 195z uulyIninou Insonos

A o ar = 3/
1.2.5 l"v'iﬂu'l‘r’iﬁﬂﬂ'l'i?'lﬂﬂ'iel'lllﬂil"li’)ﬁlﬂlmﬂ?ﬂi]i



1.3 YoYU IN IR UNNITH
13.1 Anwdnuazmsiinuveuniesiandenuiiihuuuasaen
1.3.2 Aavans 1szunluTasnouInsaany
1.3.3 99AUDYINDT Digital Energy Meter
1.3.4 Digital Encrgy Mcter ansaaadoyaliimeufiunos1ddwllslnnea TCpap

= o 5 o <
1.3.5 fnwuazdamigunsalmoinnldauese

o ] =
1.4 IHBNMTIAUHUNG
=5 3 a YA o ' '
14.1 fnwlnssadian lduagnihfinisdauvoauaazd1uues Encrgy Meter
1.4.2 #ANYINsRIEUILAE IAN191n381d7 1C Energy Meter
1.43 AnwnamianazdanigUnselda Controller
] s o R Qs
1.4.4 ﬁnmmimamxmmﬂmqﬂﬂﬁm Display LL@iz#11 Memory
= o : ‘s
1.45 INITRIBTBONLULUNINT INTIA31INIMUAYDIIIDT Digital Encrgy Meter
ECEY ¥ = o
1.4.6 naapdlsenona9vsiildeoauuy 1y uazdouTdsunsulumsaiuqunishianu
1.4.7 Anminshiaunaziamglnssidudaiudoya
1.4.8 Wuuldsuniulun1sioune Digital Encrgy Meter funsufiunes lannllsIanoa
TCP/IP

=Y .:l' [ én 4 f |1 1 |1
149 Jwnzduaila vezud lvawfdawarmieldensaldau ldedgndos

da ot
1.5 Uszlarunimanezlasy
15.1 Wilvszyunsdauvesdginsalusazdau

ar L4
1.5.2 $anszgndldauszuylulasnouInsames



L]

1
Unn 2

v

- v S
ngeHiASHANNIINUNY IV

2.1 wasnuidh

| 4
Qs o <4 o as ar o [
wasnu A niuszdunaguesshidad Idihdunatei I e enmdeau I

3 v a s w o o
ponu1 14 laoanns e nuduiusvesids Wi waznadadl

3UN 2.1 nsminrmdiusveside i waziom

¥
Wi WA Tua s am 1danaunis

w= E Pdt @)

Al = Fuedo) X @mmunvesns )
1218 w=VxIxT ; P=VxI (2.2)
mswnziy W =PxT (2.3)
Energy Meter (Kwh) = Power(P)x Time(T') (2.4)

o s d d
2.2 anunneveamsd I mazimnesunnnes

Tn99s Wdhnszuaaseidalifh p #1910 w0 mnui Inaa R wdiduiu

P=Vi=1R= (Fae) (2.5)

=|

Tauf vidluusssunnasenIvaauas 1 Wunszuaflvariulvan Turesddh
asenaasy MSTIMERIF I luIvian yaehussdunnasou Ivaawiifiy V)  uazaszuaiu

[ Y . o _ ar ' =4 T
TvaamIny (o ﬁ'ﬂummamLlwﬁumawmmam;ﬂu




- w o
ple) = v(1)i(t) (299) (2.6)
avuaussduanason Inaaduussiuthadugtlaimiawnnsdu

v=VF sineat (haﬁ‘f) 2.7n

m

=1

¥ 1 4 ]
S lnaafidanudmmniiiy R nszuaf Ivaruivas 1 vzvonldiu
Vrn : =/ : .ﬂ‘.
Tsma)t =1, sinat (tionls) (2.8)

L4
sy p azdou1dinhy

p=V I sin ot (Tni) (2.9)

mo M

4 dy 3 3 = 1 = @ o B 3 a a
aumsteuila@eugduaas 3lugdd 2 wudoidudisifaanuvesanlsedning

1 a = I & da o o = P
Aundoves p lunilaganainiuseudande MaslWilaemde p vlinuiu

-

V-
R

(3o161) (2.10)

ol

P=(QJ=V1:FR=

b d
Taol¥ v uay 1 usdszdninaves Vv uaz i awdwy aumsiizduuu@oidy
¥
o a1 10 [ o o = .
aunisnszuaasy P luaumsiifonidideIifnszuaady lvaatudBuondn (Reactive

' P=% [V 4 o 3/
clement) WY BUGALAUT L uay

i= Yo sin (m(—E =/ sin (u{—zj (Faé) (2.11)
wlL 2 2

»
Qe

o o [y = S4d o = =1 B Qr :1”
anudurutians1ilugiii 2.3 vaznstifl Mdandy P azlinuiludsi

P=Vicosg (2.12)

o

Tawedua NMuFURUTNN

(2.13)

cCOSs =
N raTs



Iy ——

31 22 Mashihaszueadulilnanriiannudumu

11zvinao 114
R= (2.14)

1 [ o 1 o o O a =1 ar
fnatwitiedy wzmuldd Taema ldudddundolunsdives Idvnszuaaduuans

v
L) oy =

Tauwagnuusfulsaninanion Inanfunszuadss@ninain Inaru Inanius cos voayy

]
o o & o

1 o ar & o P dw = ] 4/ ¥
sernadavosduiunszua Maundoiazisuwidumdsnls l)iuanudumivveslnans
nulf;!ydz:!.lcnl ) 1\ g a1 & a9 o & o e o
MEefivaSoni Ardalsedninag druimdsudazvazdiinumiy P =Vicose Fuilufiia
' J Y o @& o w ow o o =) c:’ - = 1 o w <1
g llinsegnang aufufiamaes i tonuausualvaa luiinsdunldedll Soend Madiien

= 1 21 ' o o o ! = 1 o o
Anlan VI Sund MasnlinguazsIvag cose 158N INUIBTANAIRDS

V\/ . lw.:n. .\/
| ;

31 2.3 madlwihinszuadululnaniiog

2.3 wsevIanaaaninvh
wiagangsa WA fe wiosdauuusiueon (VAN 1FdmsuIalsuInuog
o - q Ve p a0 o & A w Jig -
wasan W Adeuldfuisut lunansivua linamie wiesdauuui luaunsofiuon
diasvnd i Taease1d wuldawisouon1dvme dmad I wmsondaanu Ivdadlou
Y ar = r ] - &6 o F_Iy 3
I¥su33stauvials imsrznisuannunsesaveoavead1ddIddd dunissavesnvoa

= - o 5w " o ' o s P
S 181% R e mieiandsa Id maeunudaeiu wu Serenimens Wudu




6

o o o

o =1 ar o ]
2.3.1 'JﬂﬂEﬂ’J'illmﬂ'iLNﬁLﬂﬂ’JLLUU@WﬁUﬂTﬂWHU’Ju'lllﬂ'ﬁ'l

'
@ £ g 3

A a o = o o ' a
wiosdafiiinmdiomsmiioni Induduuuun 1$iuig 19 lusseaSaldds
[ a 9o cf n‘: = dy o o
nsznaady wavdineg ldnwumunmuesluthululssnugamunisy Gwesuuviies Tandanu
[ o w o =Y o ' Qs & o ar o s ar 4 o
T lunueiladadonistmes vwieAladansilus wanmMsHisTmieudusuInS e
[ LY d’ ) 3 d' o 1 a:; ar
fraaIdfhndraudsnsmitenitddy vazarudsznounmilousudomeiiunass uay
o "4 t - v o 4 ar e Qs ) =Y .:sy
Tanmenena drunuanaanufeluniosiamds Wi msodarimes sz ldadse uazdu
L] w O o & ¥ T (=4 1 ]
dninaeinmes iz 5w anninues gaveudes

' of 1 a a J o o - ]
uimanrusezi ldifanszuanarniiuluau egliivunnyuaasanawmui v

i d. A 1 1 1 = =
viuadeud llifluyuniayulauazariildosnursziiiumvesiSuia Idd viealSumves

o v 4 Vo & P Y a e
wiea1u Ifntoulddaesnilalunafifivus Taemssivvonduygavesdununyunioyn

[~ dy
VOIUVUY

! : o ¥ ! =3 ' o
dulsenoy wsesianuuiilsznoudinsimdnlvth 2 ga Ao wiman Wi M, uaz

' o = ' ' o o s Vo= 1 o :!w 3 o o
M, wiman M, 5N UranYuIl ﬂjﬂﬁﬁﬂﬂﬂﬂﬁlﬂﬂlhﬂlﬂﬁﬂhlﬂ'ﬁ'l‘lgﬂu‘i]gﬂflﬂ.l‘l-l'l‘Hﬂ‘lJuﬁiﬂu

.:' [} iy Y or ar ' of =
yoalvan nszualiihi Inadusaalagaiivzulsdu TaonssfuussruvedIvaa v mimandn

& A - ] ] o ar Qs = o Y oo ] =1 dyl as s [
YANLIAD M, 1SUANUUIHINOUAY vaadrafidildifauuivangataodudunylvaa

o dy

ﬂszua"l‘vlﬁ1ﬁ1ﬁaphmmam=qﬂf:ﬂzmhﬁuiﬂumaﬁumzuﬁwﬂwaﬂ ulman M, fagadia
s g, T wasimdn M, szadreduususivin g $uan Feusananlén
¢, vznlsiulaoassfuussiuyeslvan v uazfiyudrada 90° dmdsduussinveslvan yu
saasui ansefissl s g Tnemsysudunisweamnmeans ¢ fimawogiununans

v o g
UDABIHANVUIU M, a1

oy

{
suUPPLY
voLreoE ¥V to20 .
W,
) SR i, BRAKING MAGNET
) d day d r o )
. unmmiﬂ'amﬂanmmm . HHITHANHH N

- ' w ¢ de ¢
3U% 2.4 jduaaseulszneuvesininiiiines



~)

1 +
] = = 1 [}

9 ] of [} 1 as I 9 ' =1 12
EULTDH AN ¢l muclﬁm%smaeuﬂmmmmw']1Jumﬂumumwmsmmaﬂ M, Lad

7]

a0 ¥ 2 =

v tod a e 4 = ! ' ! =
UL ANINITHIUHUIPUITHIUUDDNATOUNHIUD Y D me‘ﬂULﬁJuLLﬁQ!LllLﬂgﬂﬁ'lu‘ﬂ
a Y = ] 1 J P t 1 o = :3’ 1

‘Wﬂ‘ﬁlﬂﬂl!ﬁQUGIU']UHJN‘UNM'W’W’IU D ﬁ?ulﬁ@ﬂuaﬂﬁ%’m!ﬁQ‘UG\ﬂ’J‘Uﬁ]ﬂJlﬂﬂ‘Uulléf‘iﬂﬂ“i]l;ﬁﬁﬂﬂ'nﬁ

£ e A 4 o u’z’ [ i o =t
WingasgUh s v uargui 6 Fdanatlunuanduassamuuadudiiuguina1svosniuuaz 195

a o ' g ¢ o w a ' o q’j c!wd A aas
NANAVDIDTHIVULHANATUAUNUD TUIVLULIAANUD I M, Ufs M, ﬂﬁunlWDWﬁ)zﬁﬂﬂ{]ﬂﬁﬂ’]

] o 1 o
FEHINDMUNIUUMANYDI M, uRz M,

4 X s 1 3 ] n’: [ =] 1 5 °
Lﬁﬂ‘llﬂll‘llﬂﬁﬂ’lu D lﬂﬁﬁ)u%ﬁ’luﬁﬂﬁ?’]ﬂﬁZﬁ')Nﬂn Nuaz S ﬂlﬂﬂllu!ﬂﬁﬂﬂu?ﬂﬂiﬁﬂﬂﬁ

a Py o & o 4 s qwe ) & r
Lﬂ@]ﬂ‘i3&11711'1qﬁaaulﬁuu’)u']‘uueluﬁnu ﬂigllﬁllﬂﬂ’lu')uuﬁ]gﬂ']cl'ﬂlﬂﬂlLSQ'ﬁuquu HILTITHN

L 4

T, ARl
2]\"
Ty ¢ (2.15)
¥
3 ' o ' = 1
¢ = iz Il MAnYo UM AN
N = ANUIS B9 UNYY
r = ANATUNILY09298I NI THadu Ty
1z lan T, N (2.16)

WIE NG uaz r vzl nsnane

< ! as o o oo 4 4 ¥ g 2
Mg 2.5 Sludlsznouvestladasenitimoiuvumitaanthiladunuuin

1 4 t oo = @ d oo £ A ¥
dagli 2.6 Whinsinsdedadenivseilaiadonilimoifielsau

STATOR

AITAROING MAGHET




gavsnlnmvosmndsanu Iiuuunszlsenoudogaveailoma ( Hemasaudndu
I o ' = o Sa d o a ' ar 4 o 4 { o a
iosilne ) 4 B 6 MlilduTiaanognnd  MWiduTwioui Wuundimififianaven’’

¥ & 4 N o 1 ¥ o 1 'oas 3/
anauuniindgvesesniowudunardrszuiivenn 1l 10 Foavidy anavunthiaves
4 o } = ' a o 1 4 o
wesdalngrziinunanhanamiilavoaflosdudn 10 w1 Ao oo udnnun1lld 10
- ar Podas - | jad = o oo

791 Mo lngagda liagnyuld 10 s0u Teumarvouiosdudnezilumandorfuduman

YDIFTULATOUYDAUAS DIIANA I

] W
Taeviounda1n ussiiatiouunsousvuvounsesitoTannuioznidudadiudy
¥
e WA w903 Iy 9

T,aVicosg 2.17)

o o o o a
DA MG IVDIUATDIIANAIN

T, =T, (2.18)
12147 T,a N (2.19)
N a Vicosg (2.20)
a faaldvh(w)
N30 o cospt (2.21)
3600 x 1000
Wetihew saiir ' :Ammﬂr
7
Load
Voltagts
31 2.6 uaasmadenlaiaderaifinessaniugunseidy q
N = Kospt (2.22)
3600 = 10060
.
_x 591
3600 x 1000

b = 4 Qr o P o o o
K = fasnaoaniosia (3mauson / nladinad lue)




¥
w o )

¥ 1
Y a f, a [ [ G
AU UIUIBURIMBAYOUNS o TRr s udadudundlu TN 1ve 1995 T

Tweoa 2esdmiunsdiuussainavesindosdines zaenagiil 2.6

2.4 lulnsnoulnsaaes PsoVSIRD?2

AuduifAManatinn laamuaail

24.1 guautaninaiandAyues PRIVSIRD2

o

o & [ o =
zﬂu‘luimaauimmammsﬂa MC(C'S-51 muﬁuwmmmmﬂmﬂumenﬂla‘n u

Q
»

=1 1 '3 = a o a ;
Wu'lulasaouInaaes 8 a ndhfuldnululnsaouInsamad MCS-51 fAugu
miwennus llsunsynwludr lulasnou Insamosdlunvuuvar  avsaz@oulnila
= A.! 3 [ a = = o
Sanilunsa vuaveanoanud lsunsugads 64 Alalua
oA doyausunioluiivuie 1 ilalud
ANURAYAINENIZIYA 40MHz

o - o A < o 9)‘3 =Y o
PINOSA 8 Ua 4 wose uuuhaaesfisma Huldnedunaunzioaneg
i7993d0m139YNsVLVY Full Duplex

4 o I'd Py o
Tnwedanimosauin 16 Ua 3 67

¥
T3 3amnsA¥dumtoyanso DPTR 2 60
as ' o s oa o ar o 9

AUI505095 VAR T UB IR DI TR 1A 8 1)szian

o w o & =3 o as Y]
Smumisdifinueinmsaouaupidunos S 14 4 s2d

¥ a o
242 wiAudazv1wed lulasaou Insames

9} t:i 1 o
wuuAazu1wed 1 lasaeu Injaans

v oC

GND

P0.0 —

P1.0O-

i
@ IWInes +5V
AoN5129
1% o 7 a ' ¥v_ 3 o v s =
po.7 |- 1amuflurmoiadunaidne drdsansdimualivmeia o nlaymis
g o o = 5 . w ] = o
Wluduna  aunsodm1dlaomafoudeya <10 lilfweaziavamesah
= v o = (= o oa o
Faansdanedi HldSannzacs (loa mduwaduRuaudgamuiols
=] o = [y
nuiluvrwosnsunald
- 1¥lumsassefuviueamsa lUARIUDINUWANUIINWUDN(AD-AT) 1AL

o o =] o ] 4 o o <$)
Yoyn (D0-D7) levazldnsdadmandidis Woadumahanlddluld

fe

=

Havdadouoams tuazvgoyaluniadaasiunionuiINwUON

P17 |- Wewduvmoindunamiwnadmioldoudaly mwizan pLs far17

annsodunszua’ldgs 16ma dovd




¥ e r T o
wumumwwaﬂuhmauimamm

P2.0-P2.7

P3.0-P3.7

RESET

ALE

T2 (PLO) wdunadmiviumusslnwes 2
yuowyadyanani®mlsunsuld

T2EX(PL.1) wduwadmiuaugumshaves nweirnnimes 2

ECI (P1.2) viduwadgygsnimainmeuendmiuluga PCA

CEXO0(PL.3) w1 8unato1dnan1ouony012393A3298y  uaznlSoudoy
dyaudmiy PCA luga o

CEX1(P1.4) Y1BUWAIDIAWANTEUBNYDIR3AIIS Y naznlFumfion
dyaudimiu PCA lugo |

CEX2(P15) U1 BUWAIDINYANIOUBNYDINDIAII93Y  uaznlTeuhisy
doyanudmsy PCA lugn 2

= I3 ar =
CEX3(PL6) YIBUWAIDIANANIBUBNYDINNIAIIINTY  uaznlTouney

=

€

[

gaudmiy PCA Tuga 3
CEX4(P1.7) 41DUNADIAWANIBUDNYDII9303233D  bazilSuwivy
daynudmiv PCA Tugn 4
- ”I‘j’famtﬂumwas’ﬂﬁuwmmﬁmﬁm%’u”l‘]’fmuﬁ'a“lﬂ
- defurueamialudgavesmissnnudinieuon(As-Als)
- Waondurmeinduyamdnadmivldaumly
- Wondumodaifiey dano’ld
RxD (P3.0) Mhifluundunadmivsudoyaninnsdeasuunoynsy
TxD (P3.1) IHiuadunadmivdWoyannmsdoarsuuuoynsy
INTO(P3.2) IdiiluanBunadudyamdumes fwneinaieuenges o

[V = o

o Y4 [
INT1(P3.3) lHifuanduneivdynndumeiiniannousnyos |

L)

o o

T0  (P3.4) Milundunadmiviudyyio lnwesninasuantos o

o

ar o

= o as 4 [

T1  (P3.5) MflunBunadmiuiudyy e dnwosninmeusnses |

_— ¥ o w PER ' ' o g

i (P3.6) liludyaaiunstlmyouaonuunnuiivoyanivusn

_ 3 o as g oY A 1 1 o 3

xo (P3.7) 1ddudyoalunsdladondeniiisanuiwoyanionon
¥ umsTanisvauved lulasaouInsamed  Tavlumsiloudygmunodn
«r poraveumiure 2 wuFulwia Tnofneesduiladyaruuinmfanaritam
1 - [ of =
aomiod logailulng

= o ] o = =

Address Latch Enable : 990unq un¥ulmia ooalsiow annsaameiia

ar ar Jd’ = e
Fyanuwadi 14 Taemsivadla 0 ¥ed5TMnns AUXR




11

17 d' t " Ld
winhusazviveslulasaou Iniamos

PRI Program Storc  Enable : 1#lumidsdganouiodotvodndotumuisniiui
Tsunsunmsuen Tunmsom - Weudoya luvineanusidaunszuiuns 1Sp
E4 /Vpp External Access enable/Programming voltage input : 1FdW5UHoNN1AAAD

' a = ar o
wihoanuir ldsunsuainmeuen vienwluallulnsnoulnames

ceman - bl o [ o [ o

0" 1Aonld lulasaeu InTames Annenuttlea w1 Tlsunsuasuon

" = | o ] [ [ o
«1 1 Bonld lulnsaou Insamesansonurleanuinely

- g o o - o .
XTALI VIDUWATVTYYIUITNNNTVWODTFAUADT (VT XTAL2) LATINNILUDN

L4 @ as a o
XTAL2 yuomnasudyanunesvveeaiaweinwlululnsnoalniones

2.5 umuAAINaLYY LCD
Can e 1w o 3 = & 9 . =]
gilnssiflRanodululnsneuInsames ludmuaainalinnnuie ¥9UpAv0s LCD A
N o = = =3 3/ ' a | o 3/ o’a’ ot o 3 v
Ao asouaasiadnysannwazidea ldunniy wasiuldd wienaildifenldould
X @ o et 1 Y ¥ 3 o5 ] =
wauinl  lag LCD uuuimdnusifismiouazdnudoudianmtiu lugaduiagy) awlud
LSI Fwins HD44780 Viwidiniugu wioaninluga LCD fand1alifw HD44780 7wt
o = < e = o - =
fudeyafidesmsniniulnsnouInsamesnazezduiindyanuildnougy  Lcp  doyad

Tylasneu InnansdelUfu HD44780 azfuluruwanuiuudn HD44780
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INSTRUCTION RS | Ry DATA BIT EXECUTE
7 6 i 5 4 k) 2 1 0 TIME (nS)
CLEAR DISPLAY 0 0 0 0 ! 0 0 0 0 0 1 1640
CURSOR AT HOME o 0 0 0 z 0 0 0 0 1 * 1640
ENTRY MODE SET 0 0 0 0 ; v 0 0 1 Imi s 40
DISPLAY ON/OFF 0 0] 0 F !. 0 0 1 B C B 40
DISPLAY SHIFT 0 0] 0 07 +10 1 S/C | R/L * * 40
FUNCTION SET 0 0 0 0 l DL N F * * 40
SET CGRAM ADDR. 0 v 0 1 CGRAM ADDRESS 40
SET DDRAM ADDR. 0 0 1 DDRAM ADDRESS 40
BUSY ,ADDR READ 0 1 BF ADDRESS 0
CGRAM,DDRAM WR 1 0 WRITE DATA 40
CGRAM.DDRAM RD 1 1 - READ DATA 40
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2.5.1.6 Mmdat muadenTuN13M ( FUNCTION SET)
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2.5.1.7 MAURDNUOAMIHUDY CGRAM ( SET CGRAM ADDRESS )

RS R/W | DB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

0 0 0 l CGRAM ADDRESS

' »
o o a

¥ a w [-] a ]
Mdsil ldd iUt vuaduris Address Y99 Character Generator ¥59 CGRAM lae
3 o ' dy 3 -~ 1 ar cé o 4 1
wanstmuaminnasslunmsdouriosudoyadiy CGRAM Fafimuah (DBO — DBS) du

=4
DB6 #vaiilu 1~ uay DB7 douilu “0” (01XX XXX B) Hfde (404 7FH)

2.5.1.8 MAUDONLDAATHUDI DDRAM (SET DDRAM ADDRESS)

RS RN DB7 | DB6 DB5 DB4 | DB3 | DB2 DBI1 DBO

0 0 I DDRAM ADDRESS

o o 1 o o Y
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winnvoaeazuneluin ADE 7755

DGND APN31IAAWTU Digital Circuitry n0lusi) ADE 7755
AGND ABNI1IAAINSU Analog Circuitry NluA7 ADE 7755
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Sockets Rgnaiavniiuzlifaglszasdlumslfauegifios 2 dnymeldun N1
. [ ' 1 r ¥
sesunsoudauazmsisouan ldunsoslanenia 1as Sockets NI05UNTEHOUADIY

921t Sockets 1%y Server Application (30171 Passive Socket lTuwmezn Sockets #i

{ 1 [ 4 24 =t 1 .
woeudouas lfunsoataen1a®ald1u Client Application 156097 Active Socket
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2.11.2Working with Sockets in .Nct

° e Y W s
Ty Net msmnuiinuidoaty Sockets 32Apai5un1d System.Net.Sockets 154 Namespace

' »
¥ o ]

NU359 Classes 13 9 NATUARUMIHINURD Sockets Classes NNV U Sockets HANe Jidadl

* MulticastOption * NetworkStrcam
« TepClicnt * TepListener

« UdpClicnt » SocketException
* Socket

o . 4 ! o d ° o X . )
A0 Class Socket 923 function WUF 1WA 9 Adududimsunisad1a Application ¥ 11997 Sockets

GRVIERT) Properties ﬁﬁ1ﬁiyﬁ1ﬁ§ﬂ System.Net.Sockcis.Socket laun

o AddressFamily o Available

o Blocking o Connected

o LocalEndPoint o ProtocolType
o RemotcEndPoint o SocketType

»

1az Mecthod ‘ﬁﬁ']ﬁiy“llﬂﬂ System.Net.Sockets.Socket it

o Accepi() o Bind(}

o Close() o Conncet()

o GetSocketOption() o I0Control()

o Listen()} o Receive()

o Poll() o Scleet()

o Send() o SetSocketOption()

o Shutdown()

2.11.3Working with Sockets
2.11.3.1 Active Sockcts

¥ Ed
qar =1

Active Sockets 130 Socket 1931111 Client Application U unoUAITT319R3T

I Connect to Remote Host l

v

| Send/Receive Data I

Close Sochet

3'1]?1 2.22 Diagram YHABUNIIAS 19 Active Sockets




2.11.3.2 Passive Sockets

. = & 9 . . v a 3 [ dy
Passive Sackets N30 Sockets 431911 Server Application WUTVUADUNITH3 1931

Open a Socket

v

Name the Socket {Bind)

v

Listen for incoming connection

v

Accept Client connection

v

Send/Receive Data

v

Close Socket

31]1:"1 2.23 Diagram VUABUNIITIS Passive Sockets

2.12 Stream Sockets (Connection Oriented Socket)

Stream Socket 11U Socket #14 Protocol TCP Tunisfiomstoyn Taednuaizmsshamey
wenooniiu 2 Hdo Server uag Client TUAOUMIEA Socket Tu Application voena 2 Hafuesd
anumnaety Tsunsy 21 Suladsunsuieda Socket Tuflaves Scrver Application waz
Tsunsy 2.2 Huegravns Talsunsudm syl iounoriiu Socket 11 Client Application
Talsunsu 2.1

using System;

using System.Net;

using Systern.Net.Sockets;

using System. Text;

class TepSrvr

{ public static void Main()

{ int reev;

bytc[] data = new byte[1024]; +————— | ,

IPEndPoint ipcp = new 1PEndPoint(IPAddress. Any, 9050);

Socket newsock = new Socket{( AddressFamily InterNetwork,

Socket Type.Stream, ProtocolType. Tep):
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newsock. Bind(ipep);
newsock.Listen(10);

Console. WriteLinc("Waiting for a client...");

Socket ¢lient = newsock. Accept();
string welcome — "Welcome to my test server”;
data = Encoding. ASCIT. GetByles(welcome);
client.Send(data, data.length,SocketFlags.None);
IPEndPoint newclient = (IPEndPoint)client. RemoteEndPoint;
1o

Console. WriteLine("Connceted with {0} at port {1}",

ncwcelicnt. Address, newclient.Port);

A

for int1=0;1<5;i++)

{

recv = clicnt.Receive(data);

Console.WriteLine(Encoding. ASCI.GetString(data, 0, recv)):
'
Console.WriteLine("Disconnecting from {0}". newclient. Address):

clicnt.Close();

newsock.Close();

—_

t
3

Tasunsn 2.2
using System;
using System.Net;
using Sysicm.Net.Sockets;
using System.Text;
class TepClient

{ public static void Main()

{

bytef] data = new byte[1024], *———— |
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string stringData;

IPEndPoint ipep = new IPEndPoint{IPAddress.Parse("127.0.0.1"), 9050):

Socket server = new Socket{ AddressFamily. InterNetwork,
SocketType.Stream, ProtocolType. Tep);

try

{
server.Connect(ipep);

+ calch (SocketException c)

{
Console. WriteLinc("Unable to connect to server.");
Console. WriteLinc(e. ToString());
return;

'

int reev — server.Receive(data);

stringData = Encoding. ASCIL.GetString(data, 0, recv);

Console. WriteLinc(stringData);

B

Console. WriteLine(”Disconnecting from server...");

server.Shutdown(SocketShutdown.Both);

server.Close();

——

—_

2.12.19002552 7911un15 19979 Stream Socket
5
. LY - ar r 'y J
“lumﬁcl‘?fam Stream Socket %350 Connection Oriented Socket WU m’J’Oﬂ’J‘i'jz'NE)g 21)s52n15 ‘lmlﬂ

2.12.1.1 A 1uns §an1s Buffer

o s a s : -1 ] ' <3
A5 Buffer TUN15H19UNY Stream Socket WHITUDUTY 2 @3u auuiadlu

+

é A Qd é L] L] L]
Buffer 1995200 Fuilu Buffer fvziuevoyadadaiiulassvieivosolsunsnld

4 [ o as ] { u‘: o =4 = P
f1d1 Receive() tWop1100n 11) 11153 Buffer Tudud 2 Tuezitlu Buffer ¥unina10n15A

ar = s J 4 el q' !
wndou Tsunsuadrednsiuunie1ds oafudoya¥ioruan TCP Buffer
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Server Client
Darta | Send() . Recerve()
‘ |
Data 2 Send()
.

[3 ~a
Datal Data 2 Data 1+ Data 2

TCP Buffer TCP Buffer

— __-/

51 2.24 nwud1aes TCP Buffer

gmsululans Server TCP Buffer 11135095015 re-transmit Tuns @7 Packet Rael1ida
qamw Toynlu Buffer vxgnavesmlioth Client apundunnldsudeymiuda dou
Havns Client 11135 udoynRdean 1sensiieenly1Fam Taefds Receive) Tumisey
Yoyav1n TCP Buffer u ﬂ?ummmi’mgacdﬁaEim“lmwiazﬂgwwfuag:ﬁu 2 Y19§v 1dun
- YUIAVDA data buffer Fa1eII parameter 1WRLAIT Receive()
- y11AveR L) 589191515 data busfer Faledily parameter THAURIES Receive()
a6 Ifsunsy 2.1 dwvealisunsuluufion A ¥s9 server
while(truc)
{
data = ncw byte[1024];
recv = client.Receive(data);
if (recv == 0)
break:
Consolc. WritcLinc( Encoding. ASCIL.GetString(data, 0, reev));
client.Send(data, recv, SocketFlags.None);
}
aoe1a Tsunsu 2.2 davesTusunsuluufon B #s client iy
while(true)
{
input = Console.ReadLine();
if (input == "exit")

break;




(=2
[2¥]

server.Send(Encoding. ASCIL GetBytes(input)),
data = new byte[1024];
recv = scrver.Reccive{data);
stringData = Encoding. ASCII.GetString(data, 0, rcev);
Console. WriteLine(stringData),
.
F
W f o , = g W w
WaanNsyne 1UsunsuEe Clicnt NADINISIZIY UAINAENWT 2.1
@ & o doa .
HATWE 2./ MAAWENHA Client
Welcome to my test server
Test
Test
ABCdef
ABCdecf
extt

Disconnecting from server

g o Y [ o 1 ] = o 94
fiimsiivua data buffer MHvualng dinsdanms lua nanfolumsiuerdeyain
Y, - Yoo 1 a & = 3 = I
Toamru bildiuen ludusls reev F39zuonilFnavesdoyanauin TCP Buffer 11
o ol yd ] -
THlsznou wadwin ldnomdaswlashlanhdensla
o o Ao F] g4 = n‘: w  fan yd
dmiunsdindvua data buffer IRHva@EniuThukadwif ladezsonunly

s A o ] ] a a ]
DnanHazHIdI00 uTud It muald data buffer HuuImBNae9n 1024 Tud wdemua

I

20 Tud TuTsunsuda client’ ( Tlsunsy 2) Taomalasunlasidaluaiun L

=]

o = of = (=] =
afifinfio  Data buffer Nvuradninuldaulidfivawonezussgdeyalu Tep

=

»
¥ oo w

Buffer 14 ¢191{U Receive() 39311903000n0910 TCP Buffer M1N9zam13nu339ad1lu data

Y a ) p=} [] o P I=) d'c = 8
buffer udn3a N Wgunsaiieany1d 13y TCP Buffer A11AN tpsan1550n 19314

189 Receive() Tuseudalil

v
= ! ) T

2.12.1.2 Ygymaumsianmsdoyaidwiuisnitunsovne
1 ¥
= o o

nisAemssznhansediniu dsnomnavulanenisguvionionuaiives
3 = 3 ar ¥ ) o : o ur e 1
Yoyandsninaunie lugalaomia udi TCP Protocol Muazslsziuluisosvoansma

doyadnnz hififowosdeyagamiwszninensiuds  wSemnfansgynisveadoya
J P : =] 1 i ' : qy 1 '
Ju Joynyangarieiunazgnaalyii ( retransmit ) uanatlwddoyass lugarous TCP

r
=

¥ . ¥
Protocol 1itiiiodudoyadng TCP Buffer ndiusziiimatesdidudoyn udsudoya
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sunshudthdoi wionsdideyatvnadniezidayaiuntuemess Tuately
TCPBuffer Tav lifimsdunioanmuoieszyfvouwaveseyaunnzea
Ar0619 [1fsunsu 2.3 Tsunsnluudon A

for{inti=0;1i<5;1++)

{

rcev = client.Reccive(data);

Console. WritcLinc{Encoding. ASCILGetString(data, 0, recv));

y

wane1e fsunsy 2.4 Tlsunsyluudon B
server.Send(Encoding. ASCI1.GetBytes("message 1M));
server.Send(Encoding. ASCILGetBytes("message 2"));
server.Send(Encoding. ASCIL.GetBytes("message 3"));
server.Send(Encoding. ASCIIL GetBytes("message 4"));

server.Scnd(Encoding. ASCII.GetBytes("message 57));

nnllsunsy 2.1 waz 2.2 Avns@nuien A uaz B AawdmvosTlsunsuen
Froe19Tu5unsy 2.3 toz 2.4 Tsunsy 2.1 $misiu Server Tawazidla port 9050 e
sefuteyadauTusunsy 2.2 swmihiidiu client voalsunsn 2.1 TauTalsunsu 2.1 vz
spsudoyanlilsunsu 2.2 Favua 5 ade upzTsunsy 2.2 deaunin conncet
Tusunsn 2.1 Idudrdezdedoyalinin Tsunsy 2.1 1A 5 messages 182 disconnect
nadwi 2.2 waonashauves llsunsylndla Client ifedinda uion B

Welcome to my test server

Disconnecting from scrver...
radws 2.3 wannntsviamee Tsunsuluils Server AimanSuilo@uudon A

Waiting for a client. ..

Connected with 161.246.xx.xx at port XxXxx

mcssage |

message 2

message 3

message 4

message 5

Disconnccting from 161.246.xx.xx
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i1 1dsunsul execute VwRSTDIBUARSPUWDU WSBloANIZURITEULIAS DY
~ 1 - J ai o - & [ { o

waeuly) @y 3 waffic load 110V WaAWER 1dPo0lReu 'l Fawadwinswuenals

of 9 g/ dwd wr ] o e - a z ray o 1

Mudeduilifluaioiandlusoan 1 TCP Protocol Y hitinsdleafuaeiununaunas
9 o n’: - P ¥

YAUDYA (Unprotceted Message Boundary) Ao lumsifion lilsunsumafomsdoyadie

¥
TCP Protocol 33d098nnuu Tsunsuidamisaseasilymildae

¥ '
dmivIsnsudilaymdanainiu Taenaliliou1diuey 3 35 laun

- psifavuavowdazyadoyavzdainuuiamiiiu

1 as

o 4 o = & s a1 ] =t
L‘ﬂu’.l'ﬁﬂ']ﬁllﬂﬂmﬂ'mﬁ’lﬂﬂqﬂ IWTREHOYUTIAVDIVDYAN IS YANULIANINY

o 1 1Y 3/

Tilsunsuazniuldiudian  doyawnsuudimsedalasnisnsieaouuuinuosgadoya

a

e

2 4 '

3 o hy o oar
Wuiues wenviniludfygatoyaninnn 1 ganidawdon 9 Aundsmmanausnyadoyn
as @ e o o q‘: = o
ponnduld  Taenmistiudwaulualuteyaniudamiunsuduvamas gueoga
« 14
Yoynlna ey ldldauveslilsunsudadl

byte[] data = new byte[1024];

int sent = socket.Send(data);

o e [ 8/ 4 r o : r
wiifan lddavesdayaviin 1024 ludezgndalilisdmonvianua ua
Tumal§iiavoyaoisgada i lindeudulunsn@or  dwlloasnnnaunary  wwia
- 3 ; 2. Y
w93 TCP Buffer wnzl3mmunsdoyalaesm  Fedwwonninmisslunniu dniui
a'y [ [ y'u): = =2 g =
Tomafideyana limuisodeen i Tinmualuaa@er  Janesliniaslisaouns
o 1@ ' ey 1 2o e
wamed Isunsuivimsdedeyasonlivuaudmie il asdvaouldlasmaléain
o o t d. as U qy 1 Y o ) I 1
Send() return WndUS s A% retum Aenanilazuendilddhinsddoynoon lilimla
¥ o Y = o ¥ Y =y 1 dq w A4 ul e
driudoyandsvominduioonndeyandesmsds  AlAw loop WodahilGes 9
aunNzddoyaoonnua
v @ oa v g
- asdannadeyaluniontuduyadoyaiiv
Yt ¥ "o Y &
mnltdtvwadoyamiiiunn  packet szamnsoudilyriluEowns  message
' g 19 o Y = 1 5 = = =] 9 1Y 3
boundaries 14 uavedefio  Sdoyanezdaiuiiviiaturanniizdoanistoyaniy
1 3 ] r ¥
pondudiu q 1 q H1EAWIADS bandwidth vodszuudeas WeuddywiiTalan

= 9}  wmm 4=; 9/ [} 9 :i:l 1 7 8 1 v 9 & o
asaaduiinsfe Wawsadegadoyaninnamaiuld  uamsezdayadoyndail
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2.13 Multithreading
2.13.1Using Thread

[

N ¥
158379 Thread n3nm 1 lawms 1dfmdanadl

Thread newThread = new Thread(new ThreadStari( ... ... )

¥
o

1 » ¥ )
Tau class ThreadStart WuAztu@?® Midad o 11500319992 H1919DU Thread THuW

J o e ] ql ] o g
0319 UAMTY method 719 9 HA1weylu Thread Class tuvzuaaa 1iluaisa 2

15197 2.1 The Thread Class Mcthod

Method Description
Abort() Terminates the thread
Equals() Determines whether two Thread objects are the same
GetHashCode() Gets a unique representation for the thread
GetType() Gets the type for the thread
Join() Blocks the calling thrcad until the thread terminate
Resume() Rcsum_cs ;ill'cad that has been suspended
Interrupt() Intcrrupts;xrcad that is in the Wait thread statc
Start() Causes the OS to change the thread state to Running
Suspend() Suspends the execution of the thread
ToString() Get a string representation of the thread




2.13.2Using Thread Pools

1
- o ar
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Method A& 1R5yUD9 Class ThreadPool vzuerasiilumizia 2.2

15190 2.2 The ThreadPool Static Mcthod

Method Description
BindHandle() Binds an OS handle to Thread pool
GetAvailable Threads() Gets the number of worker threads available for use in the
thread pool
GetMaxThreads() Gets the maximum number of worker threads available in

the thread pool

QucucUserWorkItemn()

Quecucs a user delegate to the thread pool

RegisterWaitForSingleObject()

Register a delegate waiting for a WaitHandle Object

UnsafeQueueUserWorkItem()

Qucues an unsafe user delegate to the thread pool

Unsafe RegisterWaitForSingleObject()

Register an unsafe delegate waiting for a WaitHandle

Object

¥ )
as 1o o . - -
m‘s'l%am Thread Pool uu“lmuﬂu@“fmﬁ%’w instance U993 Class ThreadPool Lﬁaamn

ThreadPool Class ﬁ’m‘ﬂu Static Class

¥
AII30N1TUAY ThreadPool 191#4H

ThreadPool. QueueUser Workltem(new WaitCallback(.......)):

4 o I R P
FaazFaunaiudoladmvesldsunsundoanisd 11u Pool Tas method QueueUserWorkltem 92

a W o @
LFUAUMINUNUN

2.14 M3ROAMULGIUTOYA

2.14.1581V§ V03 (Database System)

f = o . s = i
yudoynfelduilutodwdindu (Application) ¥3e Idsunsudmiedatmihnlums

4 W ) Y o - & o 3 9 £y o 3
INULDYDIANT 9 ﬂ?ﬂ?'ﬁﬂ'lﬁuagal}uﬁﬂﬂlﬂ3113?71&“011‘7&!1‘53']1‘!ﬁ']ll']‘im,ﬂ'U‘UE]ﬂ;I‘ﬂ AUDINHIVDYD

o_ ¥ 3/ L}y 1 o 9 s
vaziiWoys I lddiwnhmunudeyalugduunIWd

o o e 1 =] 1 o 9 3/
Tupnudluaseind “syuugiudoya” Tnnuvuouana1eanuiIn “giutoya” lae

4 4 v qr o $ o & as
szuugudoysszisenonlUdie 4 duwando §udoyn (Database) , woIHUITTAMITTUY

gudeya OBMS), TsunsulFaugiudoya (Application Programs) uaz 19911 (USER)
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2.14.201590MUU UMY 0YBRwD-013 luiaa
< 4 o) I3 o ar = 4 c o
5 - ¥ lwmadhuwuuinesdeyon 1diuanuiiounalums1diiundededmsuau
3 =t o ar a
ponuUugUToYa 1aed - 013 lumaswiauslassadsvesgudoyaluszdumuafaoonunluyil
= ¥ o Y o W d an o o e
vouwun Rl lnssadsnsaenisianudnlas  ilimuniws wesaeunanamuauazmun

G

o o ' Y-
MWANUANNUETZUNABURA I ST LU DY

n’: 9 ¥ = a’ 9/ u‘: ] [ gd

TUABUNITOONUUUFMIDYAAILD - 913 Ian Usznoualoduaouas q Aeiine
- ASANEIALIDUALAE A NYME T 1IN TUYDITS VU
- s muaeuianasiluszuugudeys
- MEMMUAn U FURL T EM N ADUNA
- AIMTUARNANHUZVOUBUNG
- AIAMuUARIMANYRILARZIOUNA

ot o=

- mahdwdruei#ilFus-ond luea

2.14.3 1059251990901 BUDAA MDA (SQL)

AY1 SQL (aursaotmeonduald 2 nuu Ao “edfinna : SQL” 30 “HAIM" (Sequel))
' =1 - = oas Y
011970 Structured Query Language (Hunymndugiutoys feawnsondtanas Ufiamsiu

9t o aw o o oo 3 ar ar X g )

grudoyanvuduiulasnwe  wazilunnilidnvazadrotunmidingy soL Tdgmimn
o ¥ o o Y 13 a o e o = = a 9 = ] =1
wann laedraeagerurinussuudanmspudeymFduiuianduiitoy  Taogudnunazston
™ @ 3 Ya o ' 2 e q ¥ Vo w =
Wannszvuiansgudeyavesnuldidavazdunniziuin mldpluvunsléaid sou @

» ¥
sUnuuRuananafuTiths deiuluil ne. 1986 119811 American National Standards Institute

¥ )

(ANSD) $a188munnasguwes sQL u ovnalsfa hsunsugwdeyahueluiosmarn 14

P=% @ a o e 3o -] '3 =)
wee sOL pon'llvufudeimuaves ANst Tasdiuamamiaou Afnduilulsylomidlien

2.14.3.1 521N ¥0 1§ ¥D90 1M1 SQL
Wszinnvesirdaluniu SOL wieen iy 3 Usznn Ao
- mwdmiunsiivdoyn (Data Definition Language: DDL)
S MR R i FA TR {l’ﬂﬂ’l‘i‘i’fﬂyﬁ (Data Manipulation Language: DML)
- NYIAURN (Data Control Language: DCL)
2.14.3.2 wilnvosdoynildlun sQu
Tumun SQL Msussptoyanslunedniais q vowms1nezaeaiinuasinuos
3

' o =3 d’ - Ve ’ o ad
4oy (data type) Musnznodnd viinvesdoyailszuanswiiavesnitiieglunemud Amn

' & daa o a a &
ﬂﬂuﬂaanuwmﬁumxé’fmaﬂu‘uuﬂmmnu
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o J o ar 3

= L] o T ar é 1
FiiavestoyavourarnoaulsrTuiudnsmzvosoyauaaznoam Faiald
» »
Fiiadoyawugulunel SQL fail
# §M17980 (character) JAM1 SQL 9214
- famiaFeunun 1w In R fixed-longth characier) 9319 char (n) W30
character (n) wlinvaadoyalsznniaziiunnusivesdoyalawiniigald 255
AIDNYS
- amilsdonuunnue lunsh (variable-length character) 9219 varchar
¥ = o LT | A bl r a W
(n) unudszinnvoadeyaniludmidelanlinuevostoya lunsh Joya
ﬂy o ~ @ @
Usztmilazinuanuenivesdoyalduiniaald 4000 fadnus
# 91UIUDY (numeric)
- Swnnavniiganeiion (decimal) Tunwn SQL 9814 dec (m, n) ¥3o
. 3 Sdg e o e a
decimal (m, n} Lﬂuﬂs:m‘nwgamﬂu VTUIULAVNUIANALYY
o A e P 3 . A o
- i lullganadeuluntet SQL 9l int 59 integer WAy
o o =) ' o o a 9
SwauTInvSeavvia v Wuduay 10 wan wazlua sQL vl
- 3 1 o ) =3 dw =3 f
smallint DAIRIA — 32,768 3 + 32,767 dupuwauszinniisziimseoadle
1pBAI UL integer
-3 L) q ¥ o - 1
- puduaua’s Tuniw SQL 91914 number (n) unudnnaviilidfiga
NANGULAZ TN ANATo
3 ar A
# doyaludnymzdun

o - . o = 9 o
- Juhuazal (Date/Time) Favzunawguunlabonly

2,14 A8NHMLAT 1H MUY I SQL

1 & as s o owood ar o
w1 SQL whuduilsznevwilaves DBMS tinwuly DBMS FaguRUTHatoauazilu

= a ar ' ' =t 1o LY A
Affon1duilegtiu n1wn sQL dwsemsiSoul mslFaulunie soL uiai 2 dnuae Ao mwn

SQL M 1daou1d (interactive SQL) uazn1u1 SQL nHa1uT1lsunsy (embedded SQL)

2.144.1mm sQL Hildmenld el finausugudoyalasase dumsld

a < = 5 < o 4 v ¥
a1 SQL danuuusenw leeGongdoyaldlavassluvasiiham eldld

o = o ar ] | ] o o -
waanimivU1F1d oy dewnsGengdoyalunoduy  SALENAME  uaz

1 ¥
SALECOM 3101319 SALESTAB 2z 19 1d9v09n111 SQL sl

SELECT SALENAME, SALECOM
FROM SALESTAB;
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w1

2.14.4.2 mw1 SQL AilaluTilsunsu ilunmmn sQL filszneudufidenis q vea

4' 11 34 d. [} 9/ 4 L ] ot
a1 SQL #ld AluTdsunsvdrnmnnudnloudonmndn dnuazvoadida SQL
LANAINATEIDNY Tundfdn SQL Tilisdafiife) fun1sAIuRN (control statement)
Pl & ' , - - . o Q WY o o =
MITOUNMIOU 1B if .then. ..clsc for...do ¥3ID loop 130 while M1l iA TuMTITOL
a1 daau msldniw sQL HaluTilsunsudusziilvdnmwn soL fianuaise uazh
Usz@nsnwuINtIvY

¥

2.14.5n51Mfindeya AUl sloyn unzmsaudoya

Qs a =] a o o
Tuszuugwdoya mstuindeya msUiilzdoyaunzmsaudeyaliodudsdnn Tu
) qs as . & o =
211 SOL inmndmiumsiansdoya (Data manipulation Language : DML) Failumwiiila’y
@ -y @ Y v o ar 4w o Y o
mstuindeyn msdsulysdeyauazmsavdoya  Midalunndmsumsiansveyaszilu
o dr et o 9 ) a w4
mdanwwlunisianisdoyaniolulassadramsaniasiu
s 4 eig 3 as 3 P &y "
frdailylumsySmlsedeyavesnyy SQL Ao msudeyn (NSERT) misiliulis
o) o o [y 4
foya (UPDATE) unz msaudoyn (DELETE) Wumidslumminisdanisdeya dielaseadhs
a 3/ o J = ¥ kY o ° o £ P as - o
wanvess e ldgndmuatuissuioonas  Aezimstunndeyaasluamsianannioiniins
o o Y v o & o s A . = ' o
USuilza wisaudoyalumends ddeis 3 8 deduiunislunin soL o luusanadng
poMMIINIee uanavesfdeaziinadodoyn dlFamisagravesmsigddalumaiudoyn

malfulgsuagmsaudoyn TavldsdaimsiSendudoya (SELECT)

2.14.5.1 Mdanstindoya (INSERT)

-3 =

& = o o ' &y
fidemamudoyaluaisieez 196 1ds INSERT sefleg 2 guuufa msivudeya

Y = =y e VoW ¥ o @ ¥ 3
wﬂﬂ‘namm Y4 B ﬂ'lﬁLWN'Uﬂgﬂiﬂﬂﬂ‘liﬂﬂﬂfjﬂﬂlﬂy)ﬂﬂ?ﬂﬂ’lﬁﬁﬂu‘ﬁ’I‘UEliq.!ﬁ

r
-

- Adansindeyafinzunilagseydoyaiier INSERT W1l lavass

o @ of o dy
sUnvuvesidutiuaail

INSERT INTO <Table namc> [(column 1, column 2,...)]

VALUE {<valucl, value2 ,...>);

1 v ¥
o o o

g = L = =
INSERT INTO Hlufndandesiinnassidesmamindoya
Table_ name Fon131eNaz oy
column 1, column 2.... ABAINITIRBIM 3 HUGOYA

1 ] [ o =
value! value2, A190YAVDILAAZNBTNINABINTS WY
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- Sdamsmndeya lasmsAsngudeyadsiidsdumdoyn awnso
3o nla o 1 t J ] &
Tddrda INSERT Tunisiiiamioniaininaisientandl 1 la 13 udnas il

111911 Vo1 n’: 9/ =1 =t
A oo laaninunnnisaeuniudoya juuuuiludsil

INSERT INTO <Table_namc>[{column |, column 2....}}

SELECT statement;

1 ] 3
o o

INSERT INTO ilufdsfidosiinnnisidesmsimudoya

] 1

= 1

Table_name %0A15 1991 9ZiANTOYD

]
s

- dJ| I . = = ]
SELECT statement ({UA183 SELECTAADIN3 Y0yndna13 1914

2.14.5.2Md)5u1l33unadoya (UPDATE)

~

naannhtloudoyadi lidu B lumsauds nsdfidesmsismlsudiy

a . Qs o Qs
doyamunsomlddinwn  SQL  nsdsudgaunadeyadlumsyiulimie

9 b a ¢ & o a a 9 =1 1 s o’ — o
ud luanodud 3ludidaliulysdoyamadiinnm 1 asduiluunInnuoIni

d‘{ } as d. 3/ w @ 1
Rou lvroandoinunszly 1IMAad191 WHERE

5
=1

stuuvvesddaliulyunidoyaiing
UPDATE <table name> SET <column 1>{, column 2,...] = <cxpression
|sunguery>

[WHERE<condition>];

0w AWy . gy @ 3
UPDATE iilusdafinoaiinnaisiasanmsiiuilysdoya
Table_ name ¥o15137A0IN1311511)5 9
- di as ot W Qs
SET <column > “le)ﬂmeJ‘uTlﬂﬂQﬂ'l'iﬂ'i‘m.l‘;&
. ¥ oy as
expression AfoyandoIn1sliulga

WHERE<condition> 138U lyTumsilsuilge

2.14.5.3 MaAnsaudoyanund (DELETE)

o 5/ & o @ cig W 3 < o
fdalumsauunitioya Hludrdanlrlumsauneoyannuaini

2

Wou lvaopndoanufszy1inds WHERE Mdsnsaudeyaiigaununihldail

DELETE FROM <Table name>

[WHERE<condition=>];




41

& s @ oA = o o
DELETE FROM tlumidsidoaiinnassndeanisandoyn

Table_name foA13130¢ 03N 13004 03YA

WHERE<condition> 130u Tvlunisaudoya

2.14.6M33unAUTOYA (SELECT)
~_ o ¥ ¥ & = PR Y ]
nmsdarigudoyaldoglugduvumsiady mavinnisAdoyaldoonuunuuneanniy
oy . . ar q,: Py -1 o
150U ( Normalization ) @aiudeyadiiswaziBeavesdoyamnatvzgauiu i lunaisgaisis
' o ' g : [V
HENEDNIAIIMIN  Msuwneemiluatsidoyatosqivensinananuangon  udarislums
» 1 ]
szvdanion nazdaunuilse Aniamanagudoya
= o v o &
- nalSundudeyaniavaienisnavesntur SQL umstmusnnudusivg

' i 9] = sl po ¥ v ow o da v o @
TS IMIATRININAY TﬂUﬁ‘lﬂﬂ'ﬁﬂlﬂ’lﬂ]ﬂyﬁiu@‘lﬁ‘lQﬂﬂ'ﬁ'Nﬂllﬂclﬁlﬂﬂ'uwuﬁﬂu AU

o

P [ - ] 2 3 o M a W - . o o
mwinieunodeyafiuanaranu i@ lavnsledias WHERE Mds WHERE dudidalu

'
as ar

msftmuaeu llumsiSongdoyaldgiudids SELECT saz FROM

SELECT * FROM TABLEL, TABLES2

4 o . <4 P - —m as
- mIBengdeayanuuFounu (subqueics) WluMsadids SELECT Fouriu

L)

»
[y L4 ]

= ) ) & o & & o 3
ﬂ.l'i_l!ﬁUﬂﬂ‘UﬂﬂJ"a“UUWBUﬂuuu‘n“WU ﬂﬂiJﬁgﬁQﬂLWUaﬂﬂ-ﬁzclUﬂ'lﬁfﬁfJﬂJﬂTﬁ‘Nﬂﬂﬂﬂclmclu

' oo a o & g v o @ = @ &
HUUA MM UM IMLIN ﬂ’]ﬂﬂﬂﬂﬂuﬁ1n15ﬂﬁg1ﬁﬁﬁQﬂWﬁﬂ WHERE uEﬂLLUUWQu

SELECT [*] <column 1, column 2,...>
FROM <table name>

[WHERE<column list = <Sclect Statcment>]

» ]
=) o

SELECT fdshidneliynaihdoaniaGundudoyan
column 1, column 2,... ﬂﬂﬁlﬂiﬁﬁﬂﬁﬂ'}‘ifﬁhﬂg{u

FROM misimuadndiSungdoya 1avinaiasladiag

a

] ey = ¥ oW
table mamc WOA1T1NADINITTLNHUYDYA

WHERE<condition> dauvoafidesfiuenden lviiez lalunsdumidoya
¥ e

Scleet Statement @IUVOIMTINB unduTouamudon Ty

C1]

~

msherosiasosilslumsseydouly #

-~

Teisundoyaiziinfinugoy
Y Au w o Yo 1A @ v oa A e vy
A luganan ldezilumndumnlddvamogniuniemmoritiy - iWosendudoyo

( SELECT) @1u#09mM3
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3.5 Flowchart aIu Digital Energy Meter

3.5.1 Flowchart llsunsumanfivmdfinauguasiiaiuune Digital Energy Meter

unsigned char data_unitl5);

unsigned char date[6];
unsigned char time[6];
bit hook=0;
sbit power=P145;
bit light=0;
unsigned char value;

:

LCD_Init)):
init_serial{};
i2c_init{);
int0_ini():

load_data_unit{data_unit);
load_date_time{date lime);
LCD_Data_unit{data_unit);

:

e Gt time from DS1307

send data to Ethernet

Y pgm—p module

if{power==18&light==0)

light=1;

No

write data to EEPOM
light=0;

else i{powar—08&light==1)

No
run_countunit{data_unit);
ey
LCD_Data_unit{data_unit);
send gata to Ethermel
No madule

hook=0:




3.5.2 Flowchart 11sunsufios LCD Data_unit()

unsigned char *data_unit

if{data_unit{d k'8

fdata_unitf3}<07)

Hdata_unitf2]<'g)

iffdata_unit{1}<9'

i#data_unit(0}<9)

No

Yes—— dala_unt]d)++;

dgta_unit[3++;
data_uni[d="0";

data_ unit[2]++;

Yos—i$p data_unit[3J="0";

data unitl4}=0";

data_unit[1}1++;
data_unit2}='0%
data_unit[3F'0"
data_uvnit[41="3";

data unit[Q}+;
data_ unt[1j="0";

Yos=— gate unif2}=0";

date_unit{3}=0";
data_unit{4]=7";

data_unitid}='0"
data_unit[ 10"

’ data_unit[21=0
data_unit{3}=0";
data_unit[4}=0";




3.5.3 Flowchart 11304035808 LCD init()

start

LCD_Sent_Byte(0,0x3B), # Two line size char 5x7 dot
LCD_Sent_Byte{0,0x0E); # Display & cursor
LCD_Sent_Byte{0,0x01), # Claar LCD
LCD_Sent_Byte(0,0x06), # move cursor 1o right
LCD_Sent Byte(0,0<0C). # LCD On, & cursor  off

ratum

}

3.5.4 Flowchart 1150A3UE0U i2¢_init ()

starl

t

#defing HIGH 1
#define LOW O
SCL = LOW;
SDA = LOW,
SCL = HIGH:
SDA = HIGH;

H

3.5.5 Flowchart 115un3u808 int0_init()

slarl

10 = 1;
EX0 =1,
EA =1,

+
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3.5.6 Flowchart 1dsunsugen init_serial()

SCON = 0x50; # Setup serial porl conirod register Mods 1
## B-bit uan var baud rate REN: enable recaiver
PCON &= 0x7F ./ Clear SMOD bit in powar ctrl reg This bit doubles the baud rate
TMOD [= 0520; / Set M1 for 8-bit aviorgkoed bmer
THt = OxFA:  // Set autoreload value far timer1 9800 baud with 11.0592 MHz xtal

TR1=1; # Stan timer 1
=1 # Set Ti to ndicate mady to xmit

return

3.5.7 Flowchart T\5un3ugasaiy EEPROM

unsigned char addr_data[3] = {0x30,0x30,0x35};

unsigned int i = 0;

No—] b= 0

Yes

¥

datreli] = at24c16_read(addr_data);
1 s0d_addr(addr_data):

i++;

(e )

Yes

v

datrefi] - at24c16_read(addr_data):
add_addriaddr data);

1++;




3.5.8 Flowchart 1150030808914 EEPROM

unsigned char addr_data3] = {0x20,0x30.0x30};
unsigned nt « = 0;

Nc return

Yes

J

data_unitli] = at2d4¢16_readladdr_data};
=——1add_addr{addr_data);

[++;
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3.6

Flowchart 89U Application

config _IP

!

mn

!

connecling

satch(Exception) connect failed

No

h 4

CONNACL Succass

recérve dala

drop data ‘—Ya

No

A 4

nsart data

\dwnp}/
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3.7 ER —Model
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3.8 Relationship Model
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Ao v o .
412  wansveaoandalu 1 Yu Alvasadudue

A13190 4.1 HanmInaaosh Ivanminaue Iavldvaen'd 100 w

’f;’ﬂijﬁ Digital Encrgy Mcter | Entergy Meter Digital

(kwh) (kWh)
2 0.20 0.20
4 0.40 0.40
6 0.60 o 0.60
8 0.80 - 0.80
10 1.00 a 1.00
12 1.21 1.20
14 1.41 1.40
16 1.61 1.60
18 1.91 1.80
20 2.11 _ 2.10
22 2.31 2.30
24 2.52 2.50

a lfhwaanaoalWuuia 100 Sas

e Wialy = ($uauiadvounsos1d Wi X Saut Ty ldnu )

1,000 306

100x1 - 0.l

1000

vaoadn 100 Jad 1 421wl WY 0.1 kW

AMITUARWD IR

|2.5-2.52] = 0.008

2.5

= o o
ANMUHANDIARAITIY 0.8%
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t:; : ; w o o
MM 4.2 wansnaaen Inaaaiiuays Iae 14 nsviasl 50 Sae

#3109 | Digital Encrgy Meter Entergy Meter Digital

(kWh) (kWh)
2 0.10 0.10
4 0.20 0.20
0 0.30 0.30
8 040 040
10 0.50 0.50
12 0.60 0.60
14 (.70 0.70
16 0.80 0.80
18 (.90 0.90
20 1.10 1.00
22 121 1.10
24 1.31 1.20

a lithvesnaea Wuwna 100 Tad

Summe e = Gwnsaaveunsedldlith x ot luedlgam)

1,000 Yad

50x1 = 005

1000

waonl 100588 1 S lual il 005 kw

AMANURANER

|1.2-1.31| = 0.008

1.2

= Y [~
ANUHANAINAALIY 0.8%
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4.1.3  wansvneaIndalu 1 Ju Nlvaaluadiuaue

13190 4.3 Wan1naaoan Tvas luativaue

ﬂ?’ﬂﬂja WO | Energy Digital Meter Encrgy Analog Mecter

(kWh) (kWh) (kWh)
1 0.10 0.10 0.10
2 0.20 0.20 0.20
3 0.30 0.30 0.30
4 0.40 0.407 0.40
5 0.45 Z)Z; 0.45
6 0.50 0.50 0.50
7 0.55 0.55 0.55
8 0.60 0.60 0.60
9 0.65 0.65 0.65
10 0.70 0.70 0.70
11 1.70 1.71 1.70
12 2.70 2.72 2.70
13 3.70 3.73 3.70
14 4.70 4.73 4.70
15 5.20 5.24 5.20
16 570 5.74 5.70
17 6.20 M.(‘S-.HZ-; 6.20
18 6.70 6.75 6.70
19 6.72 6.78 6.72
20 6.74 6.80 6.74
21 6.76 6.82_ 6.76
22 6.78 684 6.78
23 6.80 6.86 6.80
24 6.82 6.88 6.82

MAMUAANA
= 0.009 anuReawawAaily 0.9%

16.82 - 6.88 |
6.82
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4.2 @I Application

4.2.1

HNA1INANYDIAT Application

Faomd 01

Statug> Inachive
Ready
Roam3201

0000.0°

\ e

Status> |nactive
Ready
Foomz01
honoo

Status>  Inactive

Heady

Roomd02

CCo0.0

Status> inaclive
Ready

Room332

GC00.0

Status> Inachve
Ready
Roomzd2

0000.0

Status>  Inactive
Ready

Room403

oo

Status> Inactive
Ready
Reoom303

(oo |
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ANALOG
DEVICES

Energy Metering IC
with Pulse Output

ADET7730*

FEATURES

High Accuracy, Surpasses 50 Hz/60 Hz IEC 687/1036

Less than 0.1% Error over a Dynamic Range of
500 to 1

The ADE7755 Supplies Average Real Power on the
Frequency Outputs F1 and F2

The High-Frequency Output CF Is Intended for
Calibration and Supplies Instantaneous Real Power

Pin Compatible with AD7755 with Synchronous CF and
F1/F2 Qutputs

The Logic Qutput REVP Can Be Used to Indicate a
Potential Miswiring or Negative Power

Direct Drive for Electromechanical Counters and
Two Phase Stepper Motors (F1 and F2)

A PGA in the Current Channel Allows the Use of Small
Values of Shunt and Burden Resistance

Proprietary ADCs and DSP Provide High Accuracy over
Large Variations in Environmental Conditions and
Time

On-Chip Power Supply Monitoring

On-Chip Creep Protection (No Load Threshold)

On-Chip Reference 2.5 V = 8% (30 ppm/°C Typical}
with External Overdrive Capability

Singie 5 V Supply, Low Power (15 mW Typical)

Low Cost CMOS Process

GENERAL DESCRIPTION

The ADE7755 is pin compatible with the AD7755. The only
difference berween the ADE7755 and the AD7755 is that the
ADE7755 fearures a synchronous CF and F1/F2 outputs under
all load conditions.

The ADE7755 is a high accuracy ¢lectrical energy measurement
IC. The part specifications surpass the accuracy requirements as
quoted in the JEC1036 standard. See Analog Devices' Apphi-
cation Note AN-539 for a description of an IEC1036 watt-hour
meter reference design based on the AD7733.

The only analog circuitry used in the ADE7755 is in the ADCs
and reference circuit. All other signal processing (e.g., multiphi-
cation and filtering) is carried out in the digital domain. This
approach provides superior seabilicy and accuracy over extremes
in environmental conditions and over time.

The ADE7755 supplies average real power information on the
low-frequency ourputs Fl and F2. These logic outpurs may be
used to directly drive an electromechanical counter or interface
to an MCU. The CF logic output gives instantaneous real power
information. This output is intended to be used for calibration
purposes or for interfacing to an MCT.

The ADE7755 inctudes a powet supply monitoring circuit on the
AVpp supply pin. The ADE7755 will remain in a reset condition
until the supply voltage on AVpp reaches 4 V., If the supply falls
below 4 V, the ADE7755 will also be reset and no pulses will be
wsued on F1, F2, and CF.

Internal phase matching circuitry ensures that the voltage and
current channels are phase matched whether the HPF in Chan-
nel tis on or off. Aninternal na-load threshold ensures that the
ADE7755 does not exhibit any creep when there is no load.

The ADE7755 is available in a 24-lead SSOP package.

FUNCTIONAL BLOCK DIAGRAM

G0 G1 AVpp  AGND ac/ec DVpp  DGND
O—@ O—O—E—
ADE7755%
5 POWER OR
UPPLY MOMIT PHASE SIGNAL
CORRETTION PROCESSING
vip (5) n, ...110101.... - BLOCK
C ——-—-—-—i 4 &
V1N GA

AEF oy CEKIN CLKOUT SCF S0 S1 REVP CF F1

*ULS. Patenis 5,745,323, 5,700,017, 5,802,069, and 5,872,409
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reliabie. However, no responsibility is assumed by Analog Devices for its
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ADE7755-SPECIFICATIONS

(AVpg = DVpp = 5V = 5%, AGND = DGND = 0 V, On-Chip Reference,
CLKIN = 3.58 MHz, Ty to Ty = ~40°C to +85°C.)

Parameter

Specifications Unit Test Conditions/Comments
ACCURACY!?
Mc.asurcmunt Error! on Channel 1 Channel 2 with Fuli-Scale Signal (+6060 mV), 25°C
C‘in}n =1 0.1 % Reading 1vp | Over a Dynamic Range 500 10 1
(iafll =2 0.1 “a Reading tvp | Over a Dynamic Range 500 to 1
L_-am =8 0.1 “» Reading typ | Ower a Dynamic Range 500 1o 1
Gain = 16 0.1 % Reading tvp | Over a Dynamic Range 500 to 1
Phase Error! Between Channels Linc Frequency = 45 Hz to 65 Hz
V1 Phase Lead 37°
{PF = 0.8 Capacitive) +0.1 Degrees(®) max| AC/DC =0and ACDC=1
V1 Phase Lag 60°
(I'F = 0.5 Inductive} 0.1 Degrees(®y max | ACDC = 0and ACDC =1
AC Power Supply Rejection! ACDC=1,80=S1=1,G0=Gl =0
OQuiput Frequency Variation (CF) 0.2 % Reading 1yp | V1 = 100 mV ning, V2 = 100 mV nns, @@ 50 Hz
Ripple en AV of 200 mV rms (@ 100 Hx
DC Power Supply Rujection! ACDC=1,80=81=1,G0=Gt =0
Ourput Irequency Variation (CF) +0.3 %t Reading tvp | VI = 100 mV rms, V2 = 100 mV rms,
AVyp = DVpp =5V 2 250 mV
ANALOG INPUTS Sce Analog Inputs section
Maximum Signal Luevels +1 V max VIP, VIN, V2N, and V2 1o AGND
Input Impedance (DC) 390 k&2 min CLIKIN = 3.98 MH=
Bandwidih (-3 dB) 14 kHz typ CLKIN/256, CLKIN = 3.58 MHzx
ADC Oflset Error? +25 mV max Gain = 1, See Terminology and Performance Graphs
Gain Error! +7 % Ideal typ External 2.5 V Reference, Gain = 1
V1 =470 mV dc, V2 = 660 mV dc
Gain Error Match’ +0.2 % Ideal tvp Extemal 2.5 V Reference
REFERENCE INPUT
REFx onpy Input Voltage Range 2.7 V max 2.5V + 8%
23 V min 15V-8%
Input Impedance 32 k€2 min
Input Capacitance 10 plf max
ON-CHIP REFERENCE Nominal 2.5V
Reference Error +200 mV max
Temperature Coelficient +30 ppm™*C wp
CLKIN Note All Specifications for CLKIN of 3.58 MHz
Enput Clock Frequency 4 MHz max
1 MHz min
LOGIC INPUTS®
§CT%, 80, §1, ACDC,
RESET, G, and G}
Input High Voltage, Vg 2.4 V min DV =5V 1 5%
Input Low Voltage, Vg, 0.8 V max DVpyp =9V + 3%
Input Current, I +3 HA max Typicaliy 10 nA, Viy = 0V 10 DV,
Input Capacitance, Cpy in pF max
LOGIC OUTPUTS!
F1 and F2
Qurpur High Voltage, Voy Isqurce = 10 mA
4.5 V min DVpn=5V
Curput Low Velage, Vo, Ispe = 10 mA
0.5 V max Dvm) =5V
CF and REVIP
Output High Voltage, Vay Isource = 5 mA
4 V min DVpp =3V
Ourput Low Voltage, Vo, Isig = I mA
0.5 V max DV =5V

-2-
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ADET7755

Parameter Specifications Unit Test Conditions/Comments
POWER SUPPLY For Specified Performance
AVpp 4.75 V min IV-5%
5.25 V max SV + 3%
DVIJD 4.75 V min 5V -5%
5.25 V max 5V + 3%
Alpp 3 mA max Typically 2 mA
DiIpn 2.3 mA max Typically 1.5 mA
NOTES

'See Terminology section for explanation of specifications.

“See Piots in Tvpical Perlormanee Graphs.,

*Sample tested during initial release and after apy redesign or process change that may aifeet this parameter,
Specificatinns subjeet w change withourt notice.

2 (AVpp = DV = 5V = 5%, AGND = DGND = 0 ¥, On-Chip Reference, CLKIN = 3.58 MHz, Ty t0

TIMING CHARACTERISTICS" 2 1= —40°C 10 +5°c)

Parameter Specilications Unit Test Conditions/Comments

i’ 275 ms T1 and IF2 Pulscwidth (Logic Low) )

5 See Table III sec Qutpur Pulse Pertod. See Transfer Function section.
t 1721, sec Time between Fl Falling Edge and F2 Falling Edge
! a0 ms CF Pulsewidth {Logic High)

I Sce Table IV see CT Pulse Period. See Transfer Function section.

te CLKIN' sec Miniowum Time between Fl and T2 Pulse

NOTES

'Samiple 1ested during mitial release and after aov redesign or process change that mav aftect this parameter
*See Figure 1.

*The pulsewidths of 1, F2, and CF are not fixed for higher output frequencics. See Frequency Outputs section.
"The CF pulse is always 18 s in the high-frequency mode. See Frequency Outpuss section and Table IV.
Specifications subject 1o change without notice,

ABSOLUTE MAXIMUM RATINGS* Junction Temperature . ........................ 150°C
(T4 = 25°C unless athenwise noted.) 24-Lead SSOP, Power Dissipation .. ............ 450 mW
AVgp o AGND ... 03V +TV 61 Thermal Impedance .. .................. 112°CW
DVppeo DGND ..o 03V +7V Lead Temperature, Soidering
DVppeo AVpp o e 03V +0.3V Vapor Phase (60 sec) ...... ... ... ... ...... 215*C
Analog Input Voltage 1o AGND Infrared {13 sec) ... ... ... i i 2200 C
VIP, VIN, V2P and V2N . ..o OVio+oV *Seresses above those listed wnder Absoluie Maximam Ratings may cause perma-
Reference Input ‘-"Oltﬂgi' w AGND .. -0 3V WAV, + 0.3V nent damage to the device, "This is o stress raring only: funcional operation of the
Digital Input Voltuge to DGND ... -03Vw DV + 0.3V dewice at these or ane otber cenditions above thase listed in the operaticnal
Digital Output Volzagc to DGND .. -0.3 Vo DVpp + 0.3 v seetions of this specification is not imphied. Expoesure to absoiate maximum rating

. ¢onditions for extended periods may affect device reliability,
Operating Temperature Range

Industrial ................ ... .. ..., ~40°C 1o +85°C
Srorage Temperature Range .. .......... -65°C 1o +130°C
ORDERING GUIDE

Madel PPackage Description IPackage Options
ADE7755ARS Shrink Small Outline Package RS-24
ADE7755ARSRL Shrink Small Outline Package in Reel RSRIL.-24
ADE7755AN-REF | ADE7753 Reference Design PCB (See AN-359)
EVAL-ADEY795EB { ADE7755 Evaluation Board

CAUTION
ESD (electrostatic discbarge) sensitive device. Electrostatic charges as bigh as 4000 V readily
WARNING! @

accumulate on the human body and test equipment and can discharge without detection. Although
the ADE77535 features proprietary ESD protection circuitry, permanent damage may ocgur on “
devices subjected 1o high-energy clectrostatic discharges. Therefore, proper ESD precautions are

. . . . ESD SENSITIVE DEVICE
recommuended 1o avoid performance degradation or loss of {unctionality.

REV. 0 _3-
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Figure 1. Timing Diagram for Frequency Outputs

PIN CONFIGURATION
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ADE7755

PIN FUNCTION DESCRIPTIONS

Pin No.

Mncemonic

Description

1,18
5,6

=)
o

12

i3, 14

15, 16

18

20

DV,

ACDC

AVpp

NC
VIP, VIN

V2N, Va1

AGND

SCF

51, S0

G1, Go

CLKIN

CLKOUT

REVD

Dugital Power Supply. This pin provides the supply volrage for the digital circuitry in the ADEY755,
The supply voltage should be maintained at 5 V + 3% for specified operation. This pin should be
decoupled with a 10 uF capacitor in parallel with a ceramic 100 nF capacitor.

High-Pass Filter Select. This logic input is used to eaable the HPF in Channel | {Current Channel),
A logic one on this pin enabies the HPF. The associated phase response of this filter has been inter-
nally compensated over a frequency range of 45 Hz to 1 kHz. The HPF filter should be enabled in
power metering applications.

Analog Power Supply. This pin provides the supply voltage for the analog circuitry in the ADE7755.
The supply should be maintained at 5 V 1 5% for specified operation. Every effort should be made to
mininize power supply ripple and noise ar this pin by the use of proper decoupling. This pin should
be decoupled toa AGND with a 10 uF capacitor in parallel with a ceramic 100 nF capacitor.

No Connect

Analog Inputs for Channel | (Current Channel). These inpurs are fully differential voliage inputs with
a maximum differential signal level of £170 mV for specified operation. Channel 1 also has a PGA,
and the gain selecrions are cutined 1n Table I. The maximum signal level at these pins is £ V with
respect to AGND, Both inputs have internal ESD protection circuitry, An overvoltage of £6 ¥V can be
sustained on these inputs without risk of permanent damage.

Negative and Pesitive Inputs for Channel 2 (Voltage Channel). These inputs provide a fully differential
input pair. The maximum differential input voltage is 660 mV for specified operation. The maxi-
mum signal level ar these pins is +1 V with respect to AGND. Both inpurs have internal ESD
protection circuitry, and an overvoltage of +6 V can also be sustained on these inputs without risk of
permanent damage.

Reset Pia for the ADE7755. A logic low on this pin will hiold the ADCs and digital circuitry in a reset
condition. Bringing this pin logic low will clear the ADE7755 internal registers.

This pin provides access to the on-chip voltage reference. The on-chip reference has a nominal value
of 2.5 V £ 8% and a typical temperature coefficient of 30 ppm °C. An external reference source may
also be connected at this pin. In cither case, this pin should be decoupled to AGND with a ¢ uF
ceramic capacitor and 100 nFF ceramic capacitor.

This provides the ground reference for the analog circuitry in the ADE7755, ie.,, ADCs and reference.
This pin should be tied to the analog ground plane of the PCB. The analog ground plane is the ground
reference for all analog circuitry, e.g., antialiasing filters and current and voltage transducers. For good
noise suppression, the analog ground plane should only connect to the digital ground plane at one
point. A star ground configuration will help 10 keep noisy digital currents away from the analog circuits.
Seleet Calibration Frequency. This logic input is used ro select the frequency on the calibration outpur
CF. Table T¥ shows ltow the calibration frequencies are selected.

These logic inputs are used to select one of four possible frequencies for the digital-to-frequency
conversion. This offers the designer greazer flexibility when designing the energy meter. See Selecting
a Frequency for an Energy Meter Application section.

These logic inputs are used te select one of four possible gains for Channel 1, 1., V1. The possible
gains are 1, 2, 9, and 16. See¢ Analog Input section.

An external clock can be provided ar this logic input. Alternatively, a parallel resonant AT crystal can
be connected across CLKIN and CLKOQUT to provide a clock source for the ADE7755. The clock
frequency for specified operation is 3.579345 MHz. Crystal load capacirance of between 22 pF and
33 pF (ceramic) should be used wath the gate oscillator circuit.

A crystal can be connected across this pin and CLKIN as described above to provide a clock source
for the ADE7755. The CLKOUT Pin can drive one CMOS load when an external clock is supplied at
CLKIN or by the gate oscillator circuirt.

This legic outpus will go logic high when negative power is detected, i.e., when the phase angle berween
the voltage and current signals is greater than 90 This oucpur is not latched and will be reset when
positive power is once again detected. The output will go high or fow at the same time as a pulse is
issued on CF.

REV. 0




ADET755

Pin No. | Mnemonic Descriprion

21 DGND Thl‘; provides the ground reference for the digital circuitey in the ADE7753, i.c., multiplier, flters, and
dfg}tal-m-frequency converter. This pin should be tied to the digital ground piane of the PCB. The
dfg}ta] ground plane is the ground reference for all digital circuitry, e.g., counters {mechanical and
digital), MCUs, and indicator LEDs. Tor good noise suppression, the analog ground plane should
only be connected to the digital ground plane at one point oniy, €.g., a star ground.

22 CF (;alibrzttion Frequency Logic Outpur. The CF fogic outpur gives instantancous real power informa-
tion. This output is intended to be used for calibration purposes. Also sce SCF Pin description.

23, 24 F2. Ff Low Frequency Logic Outputs. F1 and F2 supply aseruge real posrer information. The logic outputs
can be used 1o directly drive electromechanical counters and owo phase stepper motors. See Transfer
Function section.

TERMINOLOGY ADC OFFSET ERROR

MEASUREMENT ERROR
The error associated with the energy measurement made by the
ADE7755 is defined by the following formula:

Energy Registered by the ADEZ7755 - True Energe

B 3 *x 100%
True Lnergy

“ercentage Error =

PHASE ERROR BETWEEN CHANNELS

The HPT (High-Pass Filter) in Channel 1 has a phase lead
response. To offser this phase response and equalize the phase
response between channels, a phase correction network is also
placed in Channel 1. The phase correcion network matches the
phase to within £0.1° over a range of 45 Hz to 65 Hz and £0.2°
over a range 40 Hz to 1 kHz. See Figures 4 and 3.

POWER SUPPLY REJECTION

This quantifies the ADE7755 measurement efror as a percent-
age of the reading when the power supplies are varied.

For the ac PSR measurement, a reading at nominal supplies

(3 V) is taken. A 2000 mV rms‘ 100 Hz signal is then introduced
onto the supplies and a second reading obtained under the same
input signal levels. Any error introduced is expressed as a
percentage of the reading (see Measurement Error definition).

For the dc PSR measurement, a reading at nominal supplies
(5 V) is taken. The supplies are then varied +5% and a second
reading is obtained with the same input signal levels. Any error
introduced is again expressed as a percenzage of the reading.

This refers to the dc offser associated with the analog inpurts to
the ADCs. Tt means that with the analog inputs connecred to
AGND. the ADCs stiff see a small de signal (offser). The offser
decreases with increasing gain in Channel V1. This specificazion
15 measured at a gain of 1. At a gain of 16, the dc offset is typi-
cally less than | mV. However, when the HPF is switched on,
the offset is removed from the current channel and the power
caleulation is not affected by this offset.

GAIN ERROR

The gain error of the ADE7755 is defined as the difference between
the measured output frequency (minus the offset) and the ideal
output frequency. It is measured with a gain of 1 in Channel V1.
The difference is expressed as a percentage of the ideal frequency.
The ideal frequency is obrained from the ADE7755 transfer
funcrien (see Transfer Function section).

GAIN ERROR MATCH

The gain error match is defined as the gain error (minus the ofi-
set) obtained when switching berween a gain of | and a gmn of 2,
4, or 16. Tt s expressed as a percentage 0f the ourpur frequency
obtained under a gain of 1. This gives the gain error observed
when the gain selection is changed from 1 to 2, 8, ar 16.

- REV. 0




Typical Performance Characteristics—ADE7755

“* ERROR

% ERROR

% ERROR

REV. ©

05 T 05
0.4 -40C LY 0.4 ”|
U+ 2| ) -40°C !
0.3 p- 03 —t 1|
\/ | NIH
0.2 021 pE=1
o GAIN = 16
: 0.1 - ON-
A zec = ON-CHIP REFERENCE TTro—
0.0 5 - g oo F TS
maun & iy ] [TH
-0.1 = =01
\.. ~s5c [l | l\ Iy N
-02 FEHT -0.2 +A5°C 117 Y
-0.3 -03
PF=1
—0.4 — GAIN=1 _04
ON-CHIP REFERENCE
Lt 11
-0.5 -05
0.01 0.1 1 10 100 a0 0.1 1 10 100
Amps Amps
TPC 1. Error as a8 % of Reading (Gain = 1) TPC 4. Error as a % of Reading {Gain = 16}
05 TTT os PF = 0.5
04 —40°C GA[_N =1
) AR N OMN-CHIP REFERENCE
/] I 0.4
0.3 -40°C PF =05
4 ]
oo LAl /
| | l \l
0.1 «
LLHH +25C [+] Qi +25°C PF =1
0.0 7 S 3 curor N Hd o E 0.0 =t '“'”"—l Ay
N
Wi Y Sl iy i
~0.1 — N +25°C PF=05 [ Tomh A
02 N ) u\
—n2 +B5'C ""'-.._Jﬁ | VALY
ML~ i N +B5°C PF = 05 et
=031 T A4 04
PF=1 -
=04 —T GAIN=2
ON-CHIP REFERENCE
D5 AT L1l 06
0.01 e1 1 10 100 0.01 0.4 1 10 100
Amps Amps
TPC 2. Error as a % of Reading (Gain = 2) TPC 5. Error as a % of Reading (Gain = 1)
0.6 ]
I pr=08
05 ! Prrivid ON-CHIP REFERENCE
T | 0.4
0.4 \ ~40°C PF=0.5
T
0.3 I M
S i L ‘
0.2|— GAIN=8 .
ON-CHIP HREFERENCE =] ~ +25°C PF a1
0.1 & oo S e
. o .| |
T +25°C w H gy
00 =1 N i 4 A # 25°C PF=05 | | ||
. - + =L,
: [N | el e
=01
N / mii
-0.2 ~ | o4 +85'C PF=05 l
03 f l I |
-0.4 -0.6
0.01 o1 1 10 10¢ 001 0.1 1 10 100
Ampa Amps
TPC 3. Error as a % of Reading (Gain = 8) TPC 8, Error as a % of Reading (Gain = 2)
_7-




ADET7755

0.8 —rrTT— e
PF=05
06 | GAIN =B
. T - ON-CHIP A H
ocEre ON-CHIP REFERENCE
0.4
N
N L 4]
e 02 il
g +25°C PF =1
Z 00 + =1 A
Li ML ML~ \
® | A "TTH Jl
0.2 +25°C PF=05 P,
A1 -..\L |
-0.4 At = m=s !
+B5'C PF =05 —
06
={.8
0.01 01 1 10 100
Amps
TPC 7. Error as a % of Reading (Gain = 8}
M 11
0.2 —40°C PF =05
|4 NUH | Sy
0.0 e f
) M \_.711\ | h
M +25°C PFI= 1
% -02 1 LR 24
£ / +25°C PF=05
w N I
& =04 +
1 LTI A T
b +B5'C PF =05 N
-0.6 7 ” »
-08|-PF=z05
GAIN = 15
ON-CHIP REFERENCE
eqobe L ELII 1)
0.01 0.1 1 10 100
Amps
TPC B. Error as a % of Reading (Gain = 16}
O =TT ¥ T T 1T
PF=1
0.3 —GAIN=2
EXTEANA&L REFERENCE
0.2
-a0:C | |
0.1 //“--.._._- b1
E +25°C
- Y. ) . a /
¥ Jo “:-: b1 - \\.'
b ~HTI 1
-0.1 t@l
! +85°C [ N
~0.2
=0.3
-0.4
0.01 0.1 1 10 100
Amps.

TPC 8. Error as a % of Reading over Temperature
with an External Reference {Gain = 2}

0.4

T
PF=1
0.3

0.2

TTTTT T

|- GAIN =16
EXTERNAL REFERENCE

-4

0°C

01

0.0

% ERROR

-0.4

0.01

01 1
Amps

0 100

TPC 10. Error as a % of Reading over Temperature
with an External Reference {Gain = 16)

0.8

0.6

04

0.2

00

*2 ERROR

[

50 55

60
FREQUENCY

65
—Hz

10 Ts

TPC 11. Error as a % of Reading over Frequency

10Kk

1
1tnF == 10nf
Y

M

TPC 12. Test Circuit for Performance Curves

REV. 0




ADET755

14

12

106

DISTRIBUTION CHARACTERISTICS

NUMBER POINTS: 101

MINIMLM: —9.78874 ——l;
MAXIMUM: 7,2939 ]
MEAN: —1.73203 f%

GAIN = 1
TEMPERATURE = 25°C

$TD. DEV: 3.51157

15

18IIIIIiIIIII 'G‘AI'NZ
N =
1% E—W{Hgl TI | | TEMPERATURE =25°C |
NUMBER POINTS: 101
18 MINIMUM: -5.61779
MAXIMUM: 6,40821
MEAN: —0.01746
12 | STD. DEV: 2.35129
10 v
8 i
&
4 .
2 A
o AL
-15 —g 9 15
TPC 14. Channel 1 Offset Distribution (Gain = 2)
iy ]
" 5.26V
03 A Saa
NS
0.2
Y
o1
g o 5v N
E M "-.._/
ui 04 r4 1]]]
i
-0.2
4.75Y -~
-0.3 N hﬁl/ ] 1L 4
04 \
05 M
-0.6
0.0 oa 1 10 100
Ampa
TPC 15, PSR with Internal Reference (Gain = 16)
REV. 0

25

15

-15

DISTRIBUTION CHARACTERISTICS

NUMBEHR POINTS: 101
MINIMUM: -2.48959

MAXIMUM: 5.81126
MEAN: —1.26847
STD. DEV: 1.57404

il |GaIN=8
;| | TEMPERATURE = 25°C

-4 -3

15

TPC 16. Channel 1 Offset Distribution (Gain = 8}

kL]

0.5
0.4
0.3
0.2
[HR]
0
-0.1

*% ERROR

-0.2
-0.3
0.4
=05

0.6

o.M

DISTRIBUTION CHARACTERISTICS

NUMBER POINTS: 101
MINIMUM: -1.96823

MAXIMUM: 571177
MEAN: ~1,4827%
STD, DEV: 1.47802

GAIN =16
TEMPERATURE =25°C

4.75V

01

F
Amps

100

TPC 18. PSR with External Reference {Gain = 16}




ADE7735

THEORY OF OPERATION

The rwo ADCs digitize the voltage signals from the current and
volrage transducers. These ADCs are 16-bit second order
sigma-delta with an oversampling rate of 900 kHz. This analog
inpur structure greatly simplifies ransducer interfacing by
providing a wide dynamic range for direct connection to the
transducer and also by simiplifving the antialiasing filter design.
A programmable gain stage in the current channel further facili-
tates easy iransducer interfacing. A high-pass filter in the current
channel removes any dc component from the current signal.
This eliminates any inaccuracies in the real power calculation
due to offsets in the voltage or current signals (see HPF and
Offset Effects scction).

The real power calculation is derived from the instantancous
power signal. The instantancous power signal is gencrated by a
direct multiplication of the current and vaoltage signals. In order
to extract the real power component (i.e., the de component),
the instantaneous power signal i3 low-pass filtered. Figure 2
illustrates the instantaneous real power signal and shows how the
real power information can be extracted by low-pass filtering the
instantanecus power signal. This scheme correctly calculates real
power for nonsinuseidai eurrcat and voltage wavelorms at all
power factors, All signal processing is carnied out in the digital
domain for superior stability over temperature and ome.

DIGITAL-TO-
FREQUENCY

DIGITAL-TO-
FREQUENCY

CH2 O ADC I

INSTANTANEQUS REAL
POWER SIGNAL

INSTANTANEOUS
POWER SIGNAL ~ p{1)

vxl pit) = ) xv(t}
WHERE:
vl V(1) = V xcoa(wth ¥xl -
—_ - —1— i{t) =1 xcos{wt) 2
2 ¥ xi

ptt) = L7 {1ecos (2utp)

TIME

Figure 2. Signal Processing Block Diagram

The low-lrequency ourput of the ADE7755 1s gencrated by
accumulating this real power information. This low frequency
inherently means a long accumulation time between output
pulses. The outpur frequency is therefore proportional ro the
average read power. This average real power informartion can, in
turn, be accumulared (e.g., by a counter) to generate real energy
information. Because of its high output frequency and shorter
integration time, the CF outpur is proporzional to the instanta-
neous real power. This is useful for system calibration purposes
that would take place under steady load conditions.

Power Factor Considerations

The method used ro extract the real powet infornwation from the
instantaneous power signal (i.e., by low-pass filtering) is still
ralid even when the voltage and current signals are not in phase.
Figure 3 displays the unity power factor condition and a DPF
(Displacement Pawer Factar) = 0.5, 1.e., current signal lagging
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the voliage by 60°. If we assume the voltage and current wave-
forms are sinusoidal, the real power component of the instanta-
neows power signal (i.¢., the dec term) is given by:

(V;I X CO8 (60‘)

This 15 the eorrect real power calculation,

INSTANTANEOQUS
POWER SIGNAL

INSTANTANEOUS
REAL POWER SIGNAL

AL I 25 e g =L = -
2 7
[
oy oy / \ by
cupRENT 7\ // N\ //
VOLTAGE
3 \w, 4 \\__,/
INSTANTANEOUS  INSTANTANEOUS
1 POWER SIGNAL  REAL POWER SIGNAL

% % con(807)

ov

PN

VOLTAGE CURRENT

£0°

Figure 3. DC Component of Instantaneous Power Signal
Conveys Real Power Information PF < 1

Nonsinusoidal Voltage and Carrent

The real power calculation method also helds true for nonsinu-
soadal current and voltage waveforms. All voltage and current
waveforms in practical applications wiil have some harmonic
content. Using the Fourier Transform, instantaneous volrage
and current waveforms can be expressed in terms of their
harmonic content.

oo
Wt} = Vo +12 x 3, Vh x sin(hwr + oth) )
h=0
where:
o) it the instanraneous voltage
V., is the uverage value
12 is the rms value of volrage harmonic /2

and
alt  is the phase angle of the voltage harmanic

o~

i6) = In + v2 x 3 Ih x sinhwt + Bh) 2
h=20

where:

{(x) is the instantaneous current

In  is the dc component

Ih  is the rms vakue of currear harmonic Ji

and

Bl is the phase angle of the current harmonic
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Using Equatians 1 and 2, the real power P can be expressed in
terms of its fundamentat real power () and harmonic real
power {Pp).

P=R+Py
where:
B =1 xfcosé¢
3
=0, - )
and:
P, = th x Iheosdh
LES] {‘l}

A =ah - Bk

As can be seen from Equation 4 above, a harmonic real power
component is generated for every harmeonic, provided that har-
monic is present in both the voltage and current waveforms.
The power factor calculation has previously been shown to be
accurawe in the case of a pure sinusoid; therefore the harmonic
real power must also correctly account for the power factor
since ir is made up of a series of pure ginusoids.

Nate that the input bandwidth of the analog inputs is 14 kHz
with a master clock frequency of 3.5795 MHz.

ANALOG INPUTS

Channel V1 (Current Channcl)

The voltage output from the current transducer is connecred to
the ADET755 here. Channel V1 is a fully differential voltage
input, V1P is the positive input with respect 10 VIN.

The maximum peak differential signal on Channel 1 should be
less than £470 mV (330 mV rms for a pure sinusoidal signal) for
specifted operation. Note that Channel | has a programmable
gain amplifier (PGA) with user selectable gain of 1, 2, 8, or 16
(see Table 1). These gains facilitate casy ransducer interfacing.

Vi

+H470mV 1

viP
O
DIFFERENTIAL INPUT 5y
+4TOmV MAX PEAK 1 v
O

COMMON-MODE
ooy ax (o) Vem
¥
AGND

Vewn

-4T0mV 1
L

Figure 4. Maximum Signal Levels, Channel 1, Gain =1

The diagram in Figure 4 iflustrates the magimum signaj levels
on VIP and VIN. The maximum differcntial voltage is £470 mV
divided by the gain selection, The differential voltage signal on
the inputs must be referenced to a2 commeon mode, e.4., AGND.
The maximum commeoen-maode signal is £ 100 mV as shown in
Figure 4.
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Table I. Gain Selection for Channel 1

Maximum
G1 GO Gain Differential Signal
0 0 1 +470 mV
0 1 2 +235mV
i 0 8 +60 mV
1 1 16 T30 mV

Channcl V2 (Voltage Channcl)

The output of the line volmage transducer is connected (o the
ADET753 a1 this analog input. Channel V2 is a fully differential
voltage input. The maximum peak differensial signal on
Channel 2 is +660 mV. Figure 5 illusrrates the maximum

signal levels that can be connected to the ADE7755 Channel 2.

DIFFERENTIAL INPUT
z6580mY MAX PEAK

Ve
COMMON-MODE
=100mV MAX

o Vem

v
-660mV AGND

Figure 5. Maximum Signal Levels, Channe! 2

Channel 2 must be driven from a common-mode voltage, i.e.,
the differental voltage signal on the input must be referenced to
a commeon mode {usually AGND). The analog inputs of the
ADE7755 can be driven with common-mode voltages of up 1o
100 mV with respect to AGND. However, best results are
achieved using a common mode cqual o AGND.

Typical Connectien Diagrams

Figure 6 shows a typical connection diagram for Channel V1. A
CT (current mansformer) is the current rransducer selected for this
example, Notice the comman-mode voltage for Channel 1 is
AGND and is derived by center tapping the burden resistor i
AGND. This provides the complementarv analog input signals
for V1P and VIN. The CT turns ratio and burden resistor Rb
are selected to give a peak differential volrage of £470 mV/Gain
at magimum load.

| V1P
L

VIN
%T’é’i’.ﬁ e
l

Py r AGND R1

PHASE NEUTRAL

Figure 6. Typical Cannection for Channel 1
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Figure 7 shows two typical connections for Channel V2. The first
option uses a P'T (potential transformer) to provide complete
isatation from the power line, In the second option, the
provides a voltage signal that is propertional to die line voltage.
Adjusting the ratio of Ra, Rb, and VR is also a convenient way of
carrying out a gain calibration on the meter.

cT Rt vapP
- - l
ct
“ $ xe60mv 5 V2N
Af
%AGND %cr
PHASE NEUTRAL
Ra* ci
I’_%
¥ 1
Ab*
*=660mV vap
VA* S
= v At VN
- ct
PHASE NELITRAL Aa>>Rb + VR 6

*RAb+ VR =R

Figure 7. Typical Connections for Channel 2

POWER SUPPLY MONITOR

The ADE7755 contiains an on-chip power supply monitor. The
Analog Supply (AVpy) is continuously menitored by the ADE7755.
If the supply is less than 4 V £ 3%, the ADE7755 will be reset.
This is usetul ta ensure correct device startup at power-up and
power-down. The power supply monitor has built in hysteresis
and filtering. This gives a high degree of immunity to false trig-
gening due to noisy supplies.

In Figure 8, the trigper level is nominally set at 4 V. The toler-
ance on this trigger level is about £5%. The power supply and
decoupling for the part should be such that the ripple at AVpp
does not exceed 5 V £ 3% as specified for normal operation.

AVpp

5V
e

ov

TIME

INTERNAL
RESET

RESET ACTIVE

RESET

Figure 8. On-Chip Power Supply Monitor
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HPF and Oflset Effects

Figure 9 shaws the effect of offsets an the real power calculation.
An offset on Channel ¥ and Channel 2 will contribute a dc
component after multiplication. Since the dc component is
¢xtracted by the LPF, it will accumulate as reai power, If not
properly filtered, dc offsets will introduce error to the energy
accumulation. This problem is easily avoided by enabling the
HPF {i.e., Pin AC/DC is sct logic high) in Channel i. By
removing the offset from at least one channel, no error compo-
nent can be generated ar de by the multiplication. Error terms
at cos{ux) are removed by the LPF and the digital-to-frequency
conversion (see Bigital-to-Frequency Conversion section).

{Vcos [mr)+ V(,s} e {Icas(mf) + Ios} =

Vi

+ Vas X e + Vs X fcos (mr) + a5 % If'cos(cm)

Vx
+

! X cos(Zm:)

DC COMPONENT (INCLUDING ERRQR TERM)
15 EXTRACTED BY THE LPF FOR REAL
POWER CALCULATION

Ve

Vos % los &
¥xI|

F]
4

log % V

Vag %1
0 w 200
FREQUENCY —RAD/S

Y

Figure 9. Effect of Channel Offset on the Real Power
Calculation

The HPF in Channel 1 has an associated phase response that is
compensated for on-chip. The phase compensation is activated
when the HPF is enabled and is disabled when the HPF is not
activated. Figures 10 and 11 show the phase errer between chan-
nels with the compensation network activated, The ADETTS5 is
phase compensated up to 1 kI 2 as shown. This will ensure correct

active harmonic power calculation even at low power factors,
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Figure 10. Phase Error between Channels {0 Hz to T kHz)
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Figure 17, Phase Error between Channels (40 Hz to 70 Hz)

DIGITAL-TO-FREQUENCY CONVERSION

As previously described, the digital output of the low-pass filter
after multiplication contains the real power information. How-
ever, since this LPF is not an ideal “brick wall” filter implemen-
tation, the output signal also conrains attenuated components
at the jine frequency and its harmonics, i.e., cos(hwt) where
h=1, 2,3, and so an.

The magnitude response of the filter is given by:
1

| H(D= 1+{//8.9 Hz)

(3}
For a line frequency of 50 Hz this weuld give an attenuation of
the 2w (1048 Hz) component of approximately ~22 dBs. The
dominating harmenic will be at twice the line frequency, i.e.,
cos (2 wt), and this is due ro the instantaneous power signal.

REV. 0

Figure 12 shows the instantaneous real power signal at the
output of the CPF, which still contains a significant amount of
instantaneous power information, i.e., cos (2 wt). This signal iz
then passed to the digitat-ro-frequency converzer where it is
mregrated (accumulated) over time to produce an ourput {requency.
This accumulation of the signal will suppress or average out any
non-dc components in the instantaneous real power signal. The
average value of a sinusoidal signal is zero. Hence, the frequency
generated by the ADE7753 is proporiional to the average real
power. Figure 12 shows the digital-to-frequency conversion for
steady load conditions, i.e., constant voltage and current.

F1
54
DIGITAL-TO- e
FREQUENCY '5"
Ft S
v F2
w
MULTIPLIER THME
L
DIGITAL-TO-
FREQUENCY FouT
1 54
CF =z
[T g o NP N
i LPF TO EXTRACT 3
REAL POWER P
vl ({DC TERM) [
TIME

cos{2uwt)
ATTENUATED BY LPF

T

[ o 2w .
FREQUENCY - RAD/S

INSTANTANEOUS REAL POWER SIGNAL
(FREQUENCY DOMAIN)

Figure 12. Real Power-to-Frequency Conversion

As can be seen in the diagram, the frequency outpur CF is seen
to vary over time, even under steady load conditions. This
{requency variation is primarily due to the cos (2 wt) component
in the instantaneous real power signal. The output frequency on
CF can be up to 2048 times higher than the frequency on F1
and F2. This higher output frequency is generated by accumu-
lating the instanraneous real power signal over a much shorter
time while converting it to a frequency, This shorter accumula-
tion period means less averaging of the cos (2 wr) component.
As a consequence, some of this instantaneous power signat passes
through the digital-to-frequency conversien. This will nat be a
problem in the application. When CF is used for calibration
purposes, the frequency should be averaged by the frequency
counter. This wiil remove any ripple. If CF is mcasuring energy,
e.g., in a tnicroprocessor-based application, the CF output
should also be averaged to calculare power. Because the outpurs
Fl and T2 aoperate at 2 much lower frequency, more averaging
of the instantaneous real pawer signal is carried out. The result
is a greatly attenuated sinusoidal contenr and a virtually ripple-
free frequency gutput.
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Interfacing the ADE7755 to a Microcontroller for Encrgy
Measurement

The easiest way to interface the ADE7755 to a microcontroller
Is to use the CF high-frequency output with the outpui frequency
scaling set to 2048 x F1, F2. This is done by setting SCF = 0
and S0 = S1 = 1 (see Table IV). With full-scale ac signals on the
analog inputs, the output frequency on CF wili be approximately
5.3 kHz. Figure 13 illustrates one scheme that could be used 10
digitize the owtpur frequency and carry out the necessary
averaging mentioned in the previous section.

CF
FREQUENCY
RIPPLE
AVERAGE \ —L
FREQUENCY [~/ = N oA~ oA - x10%
TIME "
MEL
ADE7755
“ ”n COUNTER
CF I
HEVP* UP/BTWR

TIMER

*REVP MUST BE USED IF THE METER IS BIDIRECTIONAL QR
DIRECTION OF ENERGY FLOW IS NEEDED

Figure 13. Interfacing the ADE7755 ta an MCU

As shawn, the frequency ouiput CF is connected to an MCU
counter or port, This will count the number of pulses in a given
integration time that is dezermined by an MCU internal timer.
The average power proportional to the average frequency is
given by:

Cownter
Awerage Frequency = Average Real Power = ———a

Tirner

The energy consumed during an integration period is given by:

Cotter

Energy = Average Power % Time = x Ttme = Counter

Time

Fer the purpase of calibration, this integration time can be 10 to
20 seconds to accumulate enough pulses to ensure correct aver-
aging of the frequency. In normal operarion, the integration time
can be reduced to one or two seconds depending, for example,
on the required undate rate of a display. With shorrer integra-
tion times on the MCU, the amount of energy in each updare
may still have some smali amount of ripple, even under steady
load condinons. However, over a winute or more, the measured
energy will have no ripple.
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Power Measurement Considerations

Calculating and displaying power information will always have
some associated ripple that will depend on the integration period
used in the MCU to determine average power and also the load.
For example, at light loads, the output frequency may be 10 Hz.
With an integration period of two seconds, only abour 20 pulses
will be counted. The possibility of missing one pulse always exises,
since the ADE7733 output frequency is running asynchronousiy
ta the MCU timer. This would result in a one-in-twenty {or
5*5) error in the power measurement.

TRANSFER FUNCTION

Frequency Qutputs F1 and F2

The ADE7755 calculates the product of two veliage signals (on
Channel ! and Channel 2) and then low-pass filters this product
to extract real power information. This real power information
is then converted to a frequency. The frequency information is
output on Ft and F2 in the form of active low puises. The pulse
rate at these outputs is relatively low, e.g., 0.34 Hz maximum
for ac signals with SO = ST = 0 (see Table ITI). This means that
the frequency ar these outputs is generated from real power
information accuniufated over a relarively long period of time.
The result is an output frequency that is propertional to the
average real power. The averaging of the real power signal is
implictt to the digital-to-frequency conversion. The output
frequency ar pulse rate is relaved to the input voltage signals by
the following equation.

_ B0 xV1IxV2xGainx F)_4

2
Vieer

Freq

where:

Frey = Qutput frequency on F! and F2 (Hz)

1 = Differential rms voltage signal on Channel | (Volts)
12 = Dnfferential rms voltage signal on Channel 2 (Volts)

Gain = 1, 2, 8, or 16, depending on the PGA gain selection
made using logic inputs GO and Gl

Fyip = The reference vohage {2.3 V £ 8%) (Volts)

Fy 1 = Qne of four possible frequencies selected by using the
logic inputs S0 and S1-—-see Table II

Table II. F,_, Frequency Selection

s S0 Fiy (Hz) XTAL/CLKIN*®
0 0 1.7 3.579 MHz 2
0 1 3.4 3.570 MHz2%°
1 0 6.8 3.579 MHz2™
1 1 13.6 3.570 MHz2
:‘-\T)'I‘E

‘b ss a anary fracdon of the master clock and therefore will vary it the spoci-
fed CLKIN frequency is altered
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Example 1

Thus if full-scale ditferential dc voltages of +470 mV and -660 mV
are applied 10 V1 and V2 respectively (470 mV is the maximum
differential voliage that can be connected t¢ Channel 1, and
060 mV is the maximum diflerential voltage that can be connected
to Channel 2), the expected output frequency is calculated as
follows:

Gain=1,G0 =Gl =0

Fiy=1.7Hz 50=51=0

Vi = +470mV de = 0.47 V (rms of dc = dc)
V2=-660 mVdc = 0,66V (rms of de = |dc )
Vapr = 2.9 V {(nominal reference value)

NOTE: If the on—chip reference is used, actual outpur frequencies
may vary from device to device due to reference tolerance of £8%.

8.06 x 0.47 x 0.66 x 1 x 1.7
2.5

=0.68

Freg =

Example 2

In this example, with ac voltages of £470 mV peak applied to
V1 and £660 mV peak applied to V2, the expected output
frequency is caiculated as follows:

Gain=1,G0=G1=0
Fi =1.7Hz, S0 =81=0
V1 = rms of 470 mV peak ac = 0.472 volts
V2 = nins of 668 mV peak ac = 1.66/v2 volts
Vier = 2.9 V {nominal reference value)
NOTE: If the on-chip reference is used, actual ourpur frequencies
may vary from device to device due to reference rolerance of +8%.
8.06 x 0.47 x0.66 x1x1.7
V2 x 12 %25
As can be seen from these two example calculations, the maxi-
mum outpur frequency for ac inputs is always half of that for dc

input signals. Table 11} shows a complerte listing of ali maximum
output frequencies.

=0.34

Freg =

Table III. Maximum Output Frequency on F1 and F2

Max Frequency Max I'requency
S1 50 for DC Inputs {(Hz) for AC Inputs (Hz)
0 0 .68 0.34
0 1 1.36 0.68
1 0 2.72 1.36
1 1 5.44 2.72

Frequency Quepur CF

The pulse output CF (Calibration Frequency) is intended for
use during calibration. The ourput pulse rate on CF can be up
to 2048 times the pulse rate on Fl and F2. The lower the F
frequency selected, the higher the CF scaling (except for the
high-frequency mode SCF = 0, 81 = §0 = 1}. Table IV shows
how the two frequencies are related, depending on the states of
the legic inputs 80, §1, and SCF. Because of its relatively high
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puise rate, the frequency at this logic output is proportional to
the instantaneous real power. As is the case with F1 and F2, the
frequency is derived from the output of the low-pass filter after
multiplication. However, because the output frequency is high,
this real power information is accumulated over a much shorter
ume. Hence, less averaging is carried out in the digital-to-
frequency conversion. With much less averaging of the real
power signal, the CF output is much more responsive to power
fluctuations (see Figure 2, signal processing block diagram).

Table IV, Maximum Output Frequency on CF

SCF | 81| S0 |F (Hz) CF Max for AC Signals (Hz)
1 0 0 1.7 128 x F1, [F2 = 43.52

ol [l 0 1.7 64 x FI, F2=21.76

i 0 1 3.4 64 x [}, F2 = 43.52

n 0 I 3.4 312xFl,F2=21.78

1 1 0 6.8 312 xT1,F2=43.52

It} 1 0 6.8 16 xFE, F2=21.76

1 1 1 13.6 16 x Fi, F2 = 43.52

0 1 1 13.6 2048 x F1,F2 =5.57TkHz

SELECTING A FREQUENCY FOR AN ENERGY METER
APPLICATION

As shown in Table II, the user can select one of four frequencies.
This frequency sclection determines the maximum frequency on
F1 and F2. These outputs are intended to be used to drive the
energy regiseer {elecrromechanical or other). Since anly four
different output frequencies can be selected, the available fre-
quency sclection has been optimized for a meter constant of
100 imp/kKWhr with a maximum current of between 10 A and
120 A. Table V shows the output frequency for several maxi-
mum currents (Iy4%) with a line voltage of 220 V. In all cases
the meter constant is 100 imp/kKNhr.

Table V. F1 and F2 Frequency at 100 imp/kWhr

i_\{,a\x F1 and F2 (HZ)
125A {.076
25 A 0.153
40 A 0.244
00 A 0.367
S0A 0.489
120A 0,733

The F,.4 frequencies aow complete coverage of this range of
output frequencies on F1 and F2. When designing an energy
meter, the nominal design voltage on Channel 2 {voltage) should
be set to half scale to allow for calibration of the meter constant.
The current channel should also be no more than half scale
when the meter sees maximum load. This will allow over current
signals and signals with high crest facrors to be accommodated.
Table VI shows the ourput frequency on F1 and F2 when both
analog inputs are half scale. The frequencies listed in Table
V1 align very well with those listed in Table V for maximum load.
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Table VI. Fi and F2 Frequency with Half-Scale AC Inputs

Frequency on F1 and F2
CHI and CH2 Half-Scale AC Inputs

wn
w
=]
=
L

0 0 i7 0.083 Hz
0 1 3.4 0.17 Hz
[ 0 6.8 0.34 Hz
1 1 13.a 0.68 Hz

When selecting a suitable Fy ; frequency for a meter design, the
frequency ourput at Ly, {maximum foad) with 3 meter constant
of 100 imp/kWhr shoutd be compared with Column ¢ of Table
VI. The frequency that is closest in Table VI will determine the
best choice of frequency (F,,). For example, if a meter with a
maximum current of 25 A is being designed, the outpur frequency
on F] and FF2 with a meter constant of 100 imp/kWhr is 0,153 Hz
at 23 A and 220 V (from Table V). Looking at Table VI, the
closest frequency to 0.153 Hz in column four is .17 Hz.
Therefore, F; (3.4 Hz—see Table I1) is selected for this design.

Frequency Qutputs

Figure | shows a timing diagram for the vanous frequency outputs.

The outputs F1 and F2 are the low-frequency outputs that can
be used to directly drive a stepper motor or clectromechanical
impulse counter. The F1 and F2 ourputs provide two alternat-
ing low going pulses. The pulsewidth {t;} 1s ser at 273 ms and the
rime between the falling edges of F1 and F2 (1;) is approxi-
mately half the period of F1 (ry). If, however, the period of
F1 and F2 falls below 350 ms (1.81 Hz), the pulsewidth of F1
and F2 is set to half of their period. The maximum output fre-
quencies for F1 and F2 are shown in Table IT1.

The high-frequency CF ourput is intended to be used for com-
munications and calibration purposes. CF produces a 90 ms-wide
active high pulse (1) at a frequency proportional to active
power. The CF output frequencies are given in Table IV, As in
the case of F1 and F2, if the period of CF (t;) falls below 180 mis,
the CF pulsewidth is set 1o half the period. For exampie, if the CF
frequency is 20 Hz, the CF pulsewidth is 25 ms.

NOTE: When the Ligh-frequency mode is selected, (te., SCIF =0,
51 =80 = 1), the CF pulsewidth is fixed at 18 ps. Therefore, t; will
abways be 18 ps, regardless of the ourpur frequency on CF.

NO LOAD THRESHOLD

The ADE7755 also includes a ®no load threshold” and “start-
up current” feature that will eliminate any creep effects in the
meter. The ADE7755 is designed to issue a minimum output
frequency on all modes except when SCF=0and S1 =80=1.
The no-load detection threshold is disabled on this output mode
to accommodate specialized application of the ADE7735, Any
load generating 4 frequency lower than this minimum {reguency
will not cause a pulse to be issued on F1, F2, or CF. The mini-
mum output frequency is given as 0.0014% of the full-scale
output frequency for each of the Fy | frequency selections (see
Tuable I}, For example. an energy meter with a meter constant
of 100 imp/kWhr on Fl and F2 using T, (3.4 Hz}, the maximum
output trequency at F1 or F2 woulid be 0.0014% of 3.4 Hz or
4.76 x 10 3 Hz. This would be 3.05 x 10°* Hz at CF (64 x F1 Hz).
In this example, the no-load threshold is equivalent to 1.7 W of
load or a start-up current of 8 mA at 220 V. IEC1036 states thar
the meter must start up with a load current equal to or less than
0.4% Ib. For a 5A {Ib) meter, 0.4% Ib is equivalent to 20mA.
The start-up current of this design therefore satsfies the IEC
requirement. As illustrated from this exampie, the choice of Fl
F4 and the ratio of the stepper moror display will determine the
start-up current.

OUTLINE DIMENSIONS
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EATEWAY Ethernet-232

1. Introduction

Thank you very much for purchasing Ethernet-232. Please check that all the following
items are in the box. If anything is missing or damaged, contact your distributor or Design
Gateway Co.,Ltd.
Ethernet-232 Board

+5V Power Adapter

CD (contents : Configuration software, User's Manual)

User's Manuai

Ethernet-232 Is an industrial-grade Ethernet-serial device server for connecting one RS-
232 port from the equipment like POS, Kiosk, Printer, PLC and other devices directly to
Network. The Ethernet-232 adds networking capability to existing equipment by enabling
serial communication over longer distances and low addition cost. Ethernet-232 can be

configured over Web Browser without platform and distance limitation.

1.1. Summary Feature

1. RS - 232 Serial Interface
- Data Rate : 300 — 115200 bps
- Character : 7 or 8 bits
- Parity : Odd / Even / None
- Stop Bit: 1 or 2 bits
- Control Signal : DTR, DCD, CTS, RTS
- Flow Control : NONE
2. 10 BaseT Ethernet interface
- RJ45 Connector with LED indicator.
- Protocol : ARP, ICMP, TCP/IP, DHCP, HTTP, SNMP
3. Device configuration
- Web Browser.

- Windows Utility.

Ethernet 232 User's Manual -1- PDO503-6-00-01E
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4. SecurityDevice driver

Optional 128 bit AES Encryption

5. Device driver

Virtual COM Port of Windows OS

1.2. System Requirement

1. Windows 2000 or Windows XP

10 MB of available disk space for Windows 2000 / Windows XP
64 MB of available RAM for Windows 2000

LM

128 MB of available RAM for Windows XP
5. 10/100 Mbps LAN card

1.3, Warranty Policy

1. Product warranty is valid for 1 year from purchasing date.

2. Warranty is void if any modification has been made to this product and any incorrect
operation from this manual or warranty sticker is torn or damaged.

3. In order to claim for product exchange or technical support within warranty period,
official receipt is required for unregistered customer as an evidence of purchasing
whereas official receipt is unnecessary for registered customer (please fill up
registration card attached herewith the product and send back to Design Gateway

Co..Ltd).

Ethernet 232 User's Manual -2- PD0503-68-00-01E
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2. Ethernet-232 Detail

10 Base-T Ethernat g

Power

Default Jumper
DB-9 Connector

Figure 2-1 Ethernet-232

2.1. Ethernet-232 Description

A high-level block diagram of Ethernet-232 is shown in Figure 2-2 followed by a brief

description of connector module.

Jumper > »| LED Indicators
Network

10 Base-T Microcontrolier

Ethernet < » - » RS232 Module [

Module

Figure 2-2 Block Diagram of Ethernet-232

Ethernet 232 User's Manual -3- PD0O503-6-00-01E
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2.2. 10 Base-T Fthernet Module
Ethernet-232 provides 10 Base-T Ethernet Module to connect Ethernet-232 with network.

Both LAN cable and cross cable can be used with Ethernet-232.

2.3. RS232 Module
Ethernet-232 module provides RS232 module for connection from Ethernet-232 to PC or

user's board. The RS232 interface signal is R$232 standard.

2.4, Jumper

Default value or user setting value can be selected by using jumper. If jumper is close,
Ethernet-232 use default both [P address and MAC address. Otherwise, if jumper is open,

Ethernet-232 use user setting both IP address and Mac address.

2.5, LED Indicator

LED indicator indicates status of power.

3. Quick Start

1. Unplug LAN cable from user's PC.

2. Remove jumper from Ethernet-232.

3. Use cross cable to connect Ethernet-232 board to PC.

4, Set IP Address of user's PC to 192.168.11.xx (Ex. 192.168.11.20 ; except
192.168.11.242 is default IP Address of Ethernet-232)

5. Open Ethernet-232 Configuration Application and then click Connect button.

6. After configuration application establishes connection successfully, click Preference
button to change P Address for IP Address, Subnet Mask and Gateway user's
group and then click Save button. (IP Address must not to repeat with other user's
IP Address in group)

7. SetIP Address of user's PC to old previous IP Address.

Ethernet 232 User's Manual -4- PD0O503-6-00-01E
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8. Unplug cross cable from user's PC and plug in LAN cable to make connection
between user's PC and Ethernet-232.

9. Change IP Address in Ethernet-232 Configuration Application to new IP Address of
Ethernet-232 and then click Connect button. User can connect Ethernet-232 board

via Ethernet.

4. Configuration Application

Configuration application is software that shows how to use Ethernet-232. This

configuration application can help user to configure data to Ethernet-232.

Main CoNtro| g
& FleMoms | {
& Testdata S i Clesr
= Send data
Hecé}viubua' -
T Savetolie Sav?wa:‘; CAE themet2 32\Rsoows b1 mm

i
! _Isa i
i N4
i :

|

SEAIUS DO o raction estabished wih Ethemel 232 - 132 168.11 242

- Receive data

Figure 4-1 Application GU!

4.1. Main Control

Main control is for communication setting between PC and Ethernet-232 and it controls

data input / output from Ethernet-232 to user’'s board.

Ethernet 232 User's Manual -5- PD0O503-6-00-01E
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41,1 Communication setting : This section is for network setting and UART setting.

Figure 4-2 shows communication setting section.

RN T * o
el | o B

p [192 %68 . 11 242 [ | Discormect] Preference]
" =

Figure 4-2 Communication setting

1). “IP” is IP Address of Ethernet-232 board that user would like to connect.

2). “"Connect Button” is to start connection between PC and Ethernet-232. After
press this button, PC will try to connect to Ethernet-232 board with IP Address as
same as IP : box. if PC is successfully connected to Ethernet-232 board, status
bar should display “Connection established with Ethernet-232 : (IP Address)” as
shown in Figure 4-3. If [for some reasons, PC fails to connect to Ethernet-232
board, status bar should display “Connection failed” as shown in Figure 4-4.

e

{Connection established with Ethemet-232 : 192.168.11 242

i ————e.

Figure 4-3 Cennection from PC to Ethernet-232 completed

i

Connection failed

Figure 4-4 Connection from PC to Ethernet-232 failed

Ethernet 232 User's Manual -6 PD0O503-6-0C-01E
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3). "Disconnect Button” is to stop connection between PC and Ethernet-232. After

press this button, communication between PC and Ethernet-232 is disconnected.

4). “Preference Button” is for setting UART and network. This button will be active

after connection between PC and Ethernet-232 is established. After press this

button, configuration window will appear. In configuration window, user can set

UART properties and network properties as shown in Figure 4-5.

Baud rate: Can be set from 300 to 115200 bits per second

Data bits : Can be set 7 or 8 bits data only

Stop bits : Can be set 1 or 2 stop bits

Parity bit : Can be none, odd or even parity bit

Flow control : Can be None

IP : New IP address that user would like to set to Ethernet-232

Subnet mask : New subnet mask that user would like to set to Ethernet-232
Gateway : New gateway that user would like to set to Ethernet-232

MAC : New MAC address that user would like to set to Ethernet-232

Rl .. éﬁg
UART setiing - - Hetwork setting : :

, Baudrate 5_5",3”” = P N 24z
Data bits '

t

l {s v[ [

! Subnet mask | 295 . 255 . 295 , 0
l Gtop bits E1 f[ ‘

1 N -

| Paiiy bt Wﬂ Gateway ] 192 . 168 . 11 . 2
Flow Control !None -] MAC 1000354000025

__ Cancel_|

Figure 4-5 UART and Network properties
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- Default IP Address is 192.168.11.242

- Default Subnet Mask is 255.255.255 0

- Default Gateway is 192.168.11.2

- Default Mac Address is 0x00, 0x03, 0xB4, 0x00, 0x00, 0x25

4.2. Sending Data

. Send'bata-- R .g%.. h_oww R

: A o
B £ File Name 1

. AT Testdata i

Figure 4-7 Sending Data Section

This section is for sending binary data in the form of text file to UART port of Ethernet-
232. Figure 4-7 shows sending data section

User can send both text data and text file. For text data, user can insert text into text
box and press “Send button” when user wants to send. For text file, user can browse file
and press send button to send. The size of file is limited at 128 Kbytes because serial port
is 00 slow communication. “Clear button” is for deleting a message in text box. Sending
Data Section will become active when PC is connected to Ethernet-232. For adds a virtual
serial com port for communication, user can use The Hardware Virtual Serial Port (VSP).

(Detail in CD or www.design-gateway.com)

Ethernet 232 User's Manual -8- P0503-6-00-01E
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4.3. Receiving Data
This section displays text data from UART port. There is a limit of input buffer. User

must save and analyze input data before new incoming data. In this example application,
user can save the current input data to file and also can use “Clear button” to delete a
message from text display. Figure 4-8 shows receiving data section.

The text display has limited size of 64 Kbytes. if data in text display is full and there is
new incoming data then it will shift out the old data from text display (deleted) and append

a new data.

!

e Y L ien e ks

: .8:-\._i§=themet232kﬂzecei\i'e.tst - - . ”_Ele_er_--

~Frecalving Data -
ooaing D ‘
41 Save tofile

Figure 4-8 Receiving Data Section
4.4. Status Bar
Status bar will display these messages when application is executing.
- Cofinection Established : Connect to Ethernet-232 successful
- Connection Failed : Connect to Ethernet-232 fail
- Connection Abandoned : Application ioss connection
- Zero Length Message : Sending zero size message
- Unknown Socket Errors : Socket error can not keep connection
- Disconnected : Disconnection of Ethernet-232
- Sending Fail... : Sending message fail
- Open Send File Failed... : Can not open file

- Connecting... : Try to connect to Ethernet-232

Ethernet 232 User's Manual -9- PD0503-6-00-01F
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4.5. Configuration Application Utility

4.5.1

4).

4.5.3

How to change IP Address :

. Connect configuration application to Ethernet-232.

. After configuration application establishes connection successfully, press

“Preference” then new dialog window will appear.

- Change current IP address to new IP address then press “Save”,
- Disconnect Ethernet-232, press “Disconnect”.

. Remove Jumper and connect to Ethernet-232 again by using new IP address.

How to send text data from Ethernet-232:

. Open HyperTerminal then set and connect HyperTerminal to serial port.

- Connect configuration application to Ethernet-232 and wait until the connection

is successfully established.

. Type text data into text box and press "Send” then Ethernet-232 will send text

data from UART module.

Text data will display in HyperTerminal

How to receive text data :

. Connect configuration application to Ethernet-232 and wait until the connection

is successfully established.

. Open HyperTerminal and connect them to serial port,
- Type text data on HyperTerminal.
. Text data will be automatically displayed in text display.

. User can save text data to file by press “"save as” and browse to directory that

would like to save.

Ethernet 232 User's Manua! -10 - PD0503-6-00-C1E
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Network Setting

______ e e R
T (K fe Srartes ok pen N Y
¢ T30 2 = @ e P R v g . b o B g

FRO YR 160112421 o Be W

* oL -

ETHERNET-232

UART Setting

Figure 5-1 Web Configuration.

Web configuration is for setting UART and network. User can use web configuration

after connection between PC and Ethernet-232 is established. User can type IP Address of

Ethernet-232 in address bar of web browser. After web configuration appears, user can

set UART properties and network properties as shown in Figure 5-1.

Baud rate: Can be set from 300 to 115200 bits per second

Data bits : Can be set 7 or 8 bits data only

Stop bits : Can be set 1 or 2 stop bits

Parity bit : Can be none, odd or even parity bit

Flow control : Can be None

IP: New IP address that user would like to set to Ethernet-232

Subnet mask : New subnet mask that user would like to set to Ethernet-232
Gateway : New gateway that user would like to set to Ethernet-232

MAC : New MAC address that user would like to set to Ethernet-232

Ethernet 232 User's Manuar -1 - PDO503-6-00-01E
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—

- Default IP Address is 192.168.11.242

- Default Subnet Mask is 255.255.255 0
- Defauit Gateway is 192.168.11.2
- Default Mac Address is 0x00, 0x03, 0x64, 0x00, Ox00, 0x25

Ethernet 232 User's iManual -12 - PD0503-6-00-01E
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