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ABSTRACT
The thesis presents a method of the electricity payment by prepaid. The method employs
a single-phase digital kilowatt-hour meter which measures a difference of the amplitude and angle
between voltage and current in order to determine a number of operating units. Then, a number
of operating units can be calculated to get the electricity price followed by the present electricity-
service rate. The FT changer machine will change the FT rate for right present electricity-service
rate. It will transfer the data by RS-485 port to a digital kilowatt-hour meter. Then, it can calculate

the electricity payment and deduct some money in the digital kilowatt-hour meter which the

money comes from a smartcard.
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- o o o
wIMNNgA nioaumnga nszuafvziinilugud
22.1.3 dyapugflavidasninaaiiduanugiih aingid 2.5 funaes i
nsznaaduine ity TnaniiduaomgIiih ugdit 26 sznaaaiiiudagldyaui
ol J
A lueesil

29507 I ()

v=V,sinwt 2.7)
i=aCV, coswt (2.8)

vInaunsh 2.7, 2.8 uasdyauluglii 2.6 nszuaziimili (lead) ussdunaziniusig

ey 90° (9=+90°) AN dyananseud selidanuus limileouduusadui
= o v A ] [ ﬂ o - ﬂ - 4 o o ﬂ

NANALINY WUAD WauTIANNIUGUE nszuaszlinuiunnIeaumInga Wouseduiiauilu
A d o s & - o - = a .

uINIINgA Mivavnnga nizuanelinuilugud Suniloudunsdesiiuanumiioni

Tih udvzuanarefuludnuusidyananssuaeziimius i
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i 2.5 293 Iihnszuaaduitd Tnaaiuaaug Indh

Ui 2.6 pnduvearees Ifhnszuaaduind Inaadlunaug I

2.2.1.4 &'ngpmgtﬂqﬁ?;nﬁﬂmniﬁan"r";ﬁ'Jummﬁ’l’mmmmz-ummm'ﬂmm (R-L)
vnglfl 27 dussesIfhnssuaaduiiswiiuvasfiduaudumm  wazvaaan
milonideaynsuegiaoiu luzuil 2.8 wuansliitudsgdyanafinatuluacesi
NITOYNTUY (R-L)

v=V, sinwt (2.9)

. v, . ( " a)LJ
| = ———————5In| @ —tan~ — (2.10)
VR? +(wL)’ R

A .

joL

3 2.7 2093 Iihnszuaaduid Tnaadunnudwmmnazvaatamiioni
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t

3N 2.8 dyanagiaduve s Ifhnszuaadund naadlunudumias

vaaam o

nnaumsi 2.9, 210 wazdyanaluglil 28 sl ldhnssaezammdusady uasd
AnwAad (6) iy —tan™ wL/R oannn 2esiihudnuuzvesmanudumuias
anumiioniInih %qummmﬁmﬂﬁﬁ’ﬂ:ﬁfhmnn?mi'am:i’fuaﬂﬁ’uﬁﬁﬂﬂfiawm
i wL fum R 14 181 oL << R yu 6 sadlndqud naashildnvaziiunnudimu
Ifunanhnumiieniiih wazdid oL >> R yu @ sxidhing 90° namsiriidnyas
Whunmumiionir i unanhaamdmnd i

2.2.15 t‘r’mfmmgtﬂmﬁﬁxﬁnmniuanﬁﬁ‘]ua'Jmﬁ’humuuazmmq‘lﬂ% (R-C) 90
Wit 29 dhieesIfhnszuaasuiiswliiuInasdiduanudium wazauy Inthdo
oynsueghuiu Tugiil 2.10 szuaaa Wi agUdygradinaiuliuasesi
29509YN3U (R-C)

v=V, sinot (2.11)

' Vm . ( ) 1 J
I = ———=—S5In| & + tan~ —— (2.12)
wCR

e
R* +| —
wL

VINAUNITH 2.11, 2.12 nazdgygnalugii 2.10 szniu'ldnszuasrammdnsadu uay
=t 3 " e - A ar '
finnuaama (@) iy tan™' 1/@CR disannn 2esdudnyazvesminnudiununas
J ' g . J o i o . 1,
anuy i Fauvesnnudmamaiiseiidnnaniedossziuegivmsasduveasi I/wC

M R 1§11 1/oC << R yu 6 szdhlndqud urashidoavazdunnudm-



@
1/jmC
]

1 2.9 2093 Ilihnszuaaduiil Inaadunadnmmazanuy Iidh

3N 210 dygpagaduveadass Iihnszuaaduiii Inamdunnudiumuuas

Ay I

Tiannnhnmumiieniiih uazdid 1/oC >> R yu @ wdnlnd 90° uaasii
anvaziiuanuy I unnndnaudumu i

anuduiuivesaumsusadu I uaznszua Il luases fhnszuaaduii
UszneudaondudmIiih, ammiloniiih uazaamyInih iefmualidyan
useduIiduilugllend  aumsnszua i lfesuanumsnit 2.1 wasdedmuald

dygnanszuaiiudugdland aunsusedu It 1dseuaas lunsieit 2.2

1 o o A o
M3 2.1 mmﬁuwuﬁmumnuua:nsztm'lrlﬂ‘uuaﬁtymmunnu'lﬂﬁnﬂuzﬂhu'

: 4 : 3
dlsznou nszue Trih e v=V,sinax | 1o v="V, cosar

) : W .V, . .
Resistance R Iy =—E I, =——sInat I = —Coswt

1 v, v,
Inductance L i, =—|\vdt i, =—"(-coswt i, =—"-sinwt
t LI ) aJL( ) 'L
; ; dv . ; :

Capacitance C Ic = C}; ic =aCV, cosar | i =@CV, (-sin wt)
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M99 2.2 anwdniuivoanssdunaznszua Ifulodyanansua Indudugy land

dnmlsznou nszua v o v=V,sinar |idie v= V, cosat
Resistance R vy = Ri vy = RI sin wt vy =RI, cosawt
— di -
Inductance L V, = L-Jt- V. =wLl, cosot |V, =oll,(-sinot)
Capacitance C ¥, l Ii dt V T (~cosat) f L sin wt
apacitance =— =_m (_ - m_
P cTC LT 0C c

2.2.2 maslvdhuazaianlszneumasinih

fdsIhiudeferdsaiatulurees Ifhdadunasndusedy  uaznszua s
fivsannngilii 2.1 desrousadu i v Wivaesasiliidamnszua i i 31 Tao
uum-umns:um:ﬁuadﬁuﬁnumzvmﬁwﬂsxnnmhaq Tuaaes émaf]mmusaﬁuuaz

H A 1 o o ﬂll o H
nszud I inar lanamiszdummds Inthdvas @) feaunisd 2.13

p=vi (2.13)

]
o

mdaWfhdmay (p) sxfiduiiuuannieay srduegfusanmiingen dimd i
Faway Sandhiuan waaddiishimdsn Ifhonumdsduiias el i nazh
mmdaiihdva:  Sauiuoy  nasaiduimdanifhones i sienduld
unasiuta

2221 mdihunie (Average Power: P) Funndnzdonimdmeniil (Active
power) 130 MAYINAT (True power) Tunsdifinees I uiusnnumiloni i wites
odhaiod oviousesin IWihiiithifadsuland daaumsit 2.5 dyapunszualuiees swey

Tugdaunisail

. T
j=j -= 2.14
i=i, sm((ot 2) (2.14)
ve'ldn

p=V,I, sin mtsin(cot—%):—%lem sin 2wt (2.15)

- ' = ! A Y =
uazlunsdingees i Wusnwy Infufivsedafion diesous i Inthiisiy

o o d o P as " o -l:
Handuland daaunmsi 2.5 Fygranszualuiaswzeglugdaunsdail
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O

D 2095l

M
A

30 2.11 2esmsidamimids I luaaes Indh

i=i, sin(mﬁ-%) (2.16)
92149

p=V,I, sinaxsin(ax+g-J=%lem sin 2wt (2.17)

VINAUMIN 2.15 uag 2.17 sz Idhmmas Indh seduiladduves sin20r vuie i
awdiduaeavivesdgams i i faiu susdovesids i avae ) Tuaums
4 U i ar L 4
# 2.15 waz 2.17 sediawidugudlusmidlsmunanaue

’ o

wensanlunsdiias I udumanud i i ifiosedraden 1991015 9AY

Inthitduitaiduland daeumsii 2.5 dygrunszualunns woglugdaumsasil

i=1,sinwt (2.18)
w2 1édh

p=VmImsinzax=%lem(1—c032ax) (2.19)

J " ﬂ' - u.' " oA 1
witu I haundovosmmds Idhdvazeelisuimy SHaly

= 1

doiuees Idhiiidaudszneusinag mda Iihdvazezeglugdaums
p=V,1, sinotsin(ot +0) o (220)

Taofiyu @ dnuiuuinniean

p= %V_],, [cos 6 - cos(2mt + 6)] (2.20)
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VNAUMIN 2.20 uﬁm“lﬁlﬁu'J'1fi1ﬁm’qNﬁﬁwmwanws"lﬂﬂwzﬂs::nauﬁ'm 2
v

4 i ' & ' - v e
Moy Ao mew cos(2at + 6) qmmmﬁvnzﬁmxﬂuquﬁ nazmew cosd Fuiusmnad gy
Aundveands I vas ez iidurimy

P=%VMIM cos@ =VIcos @ (2.21)

T V=V, /v2 wox 1=1 /N2 dusnlss@ninaveaoaes v ey |
AR ey cosd wiSndemdnlszneuidnih i mmamﬂnmas (power
factor: p.f.) mqu e sﬂuqu's"mmmﬂu uaznszue wlifegsznin +90° muu cosé
wazei P aziinuihuuimiene o61lsinw edunsvendnyuzueanees Ivih wimuah
d19s iihuiudnuuzvessnamumiionivIng (nductive load) 9230071 wannuIIET
urniaos nazinaes Iihuiludnuazveamnug i (Capacitive load) vziondh fada

mesunnime mmda I undod veiiniindy Tad (W)

2222 madlvivhdsing (Apparent power: S) vnanvazmsiianmas iy

Nesiildmlsznouang  #il8namdhedy wimualinaguyesnsz@ninaves

ussdufunszuaInih sxSunFedmda Indnlsing Smisaidhu Trad-neund (VA)
S=VI (2.22)

P - o o o
oV A9 usiauesioun

I Ao nszuaefiduea

2223 Mdslihuailow (Reactive power: Q) VINANHUALVDIADURUAUTVDA
2093 Ihawaumsii 2.5 weiiuldhimds Iidnlsng s e ddsInthitsro i fussui

ry
uaud (2) nazmmidaniesa ) 'n..r'i'lumm'Nﬁmmmm‘nmmwmumu'lﬂﬂwn (R)

ow

J ' J
ANUU il.,mnuﬂnﬁmﬂﬂﬂmmawnmm‘mmumuHﬁ‘ufmau (X) ﬁ!lﬂ‘b’f)‘)'lﬂ'l

o

mas I waiion (Q) fimiauiiulad-ueunlsSueniivl (VAR)

O =VIsinf (2.23)
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IcosO =VIcosd
V
I l ' Q=VIcosh
I S=V1 lagging

Inductive Load

I S=VI Q=VIsin0
leading
AN /6 /6
IcosO P=VlIcosH
Capacitive Load

3N 2.2 anwduiusvessmda i s, P uaz @

Wi 202 wemaliviuds anwdmiuivesmimdsiinlsng, Mmadndne uas
- o ; ¥ 4 : 4
mdsiiduaiion aunsofivzuanalioglugivosmumasmmuaind Fudond aumdoy

e

199 (Power triangle)

2.3 1n3esieamas iy

H [ o d' o - A i e o e
mshmvnaveahds Iihildou w1 iadimefidunieadlefildiamas I ves
1 & v daw da d L] o da 4
qunsalIniheng S luilwiuiiifadiineseguinnonatouuumatony Wy Sadines
ad - o da o - o & - ° [y - o 1 4'
wupdianInslawiie, Jadlwesuuumienihiii Filimsimdnmsvesdinesinariily
Uszgnaldwaunsofivsinnldminugiomslaunieiizoni Alatad-92 Tusilines
» »
i anv‘a’qc‘iﬂﬁﬁmsﬁ’wmﬁmaﬂ?aum'lmn:ﬁ'lums'l'ﬂu'[mnau'lmmns"lumsmuqu M
\ ' & ] ] od
Titimesannsofivzuanmadn lnmne  Faludwsde Wiaosueialnseatiouas
(Y ° - 1 d : ° o o " =
nanmainuvestimes lunuuaneg  meivzamsammswanniines1desudh louass
Usz@nsnmuiniiga
2.3.1 Faaiimesuuvdidninglauii (Electro Dynamic Wattmeter)
o - a - P
TnseadnvesindiimesuuudidnInslaninezdsznevdiovaain 2 va vaniusiy
P H i . = ro o . > & -
VARANTOUT (Moving Coil) BnvanilAevaaInegiufl (Fixed Coil) vAnIAY 2 9vi)

- » »
nszue i Inadwi liiansidssmveadud (s-6] Aanaasluzaldi 2.13



h

<
o+

t o -

Z Fixed Coil

Moving Coil

I
+ -

3N 213 Tassadavesindiimesuuudidn Inslawiin

"+

vt §

-0

30 2.14 msAedndiimesidiiuInan

13N 2.14 annsadouduauns 18
I =I,+1, (2.24)

& & < '
o 7, fie nszuasiui InarmInan

1, Ao nszuai Inaruvanszua nie vaadaegivd

- o ' " “ 4 4
Iz fo n‘:zuﬁﬂ'lnamu'umumu NI YAAAAADUN

nazua 1, szulsAumunszuasauvelvan daunszua 7, venldsunlasmunsadudi
" o : H o o« v' A
anasou Inan Aniu msidsauuveuduiawsiuasafunszuata 2 Weadwananthiing

Tminzauiansni i iamvesiids i 18R saunisft 2.25
maidisauuveniin a 1,7, (2.25)

Loe ¥ (2.26)
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ILay, (2.27)

o nmidloauuveady « 1,7, (2.28)
1.V =Volt x Amps = Watts (2.29)

msidauuveiy o P (2.30)

" »
TursesIihnszuanss ddsiida ldnRenanuvensedunaznssua fatunsaiia
d' H =) J o L] @ [ ] - L] o o :
Woauuinatusziiudadiulasasatumds I uadmsvaaes i nssuaaduiy
a \ o & W
N5IDARIBAVUFIVUEH T AR

T, =vi (2.31)

- ' o - Y o & o
o v= ﬂ'lll.‘Nﬂu‘lﬂﬂlm:ﬁﬂﬂﬂu"lﬂﬂUﬂﬂﬁ?ﬂlﬂﬂﬂu'ﬂ

i =mnsznadvasi Inaruvaalnegiun

i ¥ " ¥
Woanniadiineses amias I 1didusundo (Average power) sariu

usadadisanundo T, = fundovea vi (2.32)

i v=V,_ sinf (2.33)
i=1I_ sin(0-¢) (2.34)

darfu T, =VIcos¢ (2.35)

i o - ar ar L . - 4
wiitud ledadiined 145amasniiluaees hnszuaady  sussiinmde T,
»
wlsiulaonsadum Vcosg wiohasliih  Jadtimesuuudidninslawiinil aunse
¥
il 3a ldamas Idhlunes Ildhnszuanss uazaaes Ihnszuaady msizdwaain

d ¥
naresannsalFldnaes Ifhnszuanss uazaees Ithnszuaady uddesss a1yl
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nszuad InakuvamanszumAunmindao lumsindanasfiniestanszuadeswogine
weiudananmvenszuaimuaiiruvanszuaveindine

232 Yndsimesuuumiieniviiih nduction Wattmeter)

Tadtinosuuumiionir il 'ﬁmu'Iaumﬁumsmﬁmﬁmﬁmﬁnf’itﬁm‘fuﬁummmu
(iioYARIANIZUE (Current Coil) HALYARIAUTIRY (Voltage Coil) 13unszua uazyir lving
mamionhfuenmyudiadadug1s defanszua i InariwTnasiiinsa vaain
nazudezaaduusaniman ¢ Fun Fafu ¢ SwnlsAununszua (1) wazidedoany
nszuadae dinszuavesTnan () dmdausadu (v) foyu 0 @unsanivmin g fezdmds
Muoyu 0 douiu duvaaaussduzeoniuuiisudnuaud @) qunn sildan

& = é o J " L o o .’l dl
ﬁ'nmm'uawﬂmnuimuumﬁaumn mwﬂmmmnuﬁﬁzﬂaumunuus»mu AduuUnNIEIaN

L] o o V o y ] .:r 4
Tnarutamlsiuiy — waznszua ihdnnuissadaduusaniman ¢, Fun e
(1)
" »
nazue Inaruvaadaus siuyuit | dvzfmaadaogm 90 een dnfu ¢, Sedmamsodyusig

v o v & w o V o4 4
aunsIRuABYY 90 BaMNAD KAiU ¢, ﬁqstﬂswunu—L A lduanaluzili 2.16
.

o—
A VoltageCoil
[ P
r
AC g
Source (I)l 9
UMY i
— | 1
¥ 02 M ; e
1_’ l 4'—’
CurrentCoil

3 215 Tasaadavesindlimesuuumiionirindh

Vi | 1

-

2
V/ oL ¢

3 o H - J a - d. o
UM 2.16 dnvazvenguiiaiuluiadiime suuumiioni Inilh



dninnemyanaiy nazeeundimansey v
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»

ATl
T = K,wp,m¢,msina (2.36)
vV .
a ol —sin(90° - 8) (2.37)
wl
a Vicos® (2.38)
a M IiiwesIvaa (2.39)

wirtuldh ussdadisauuziiudadiulavaseiumids Indwes Tnan uazifleldmiss
o (-] - - ar z o o di y ﬂ'
WudnhiRauselaniugy fafu 7, szudsduassiy 6 deduingaiianda
v ¥ ¥
0 a maaIdihweslnan (Power) minoanun yuiduddoavu lihivszinanioten
J 1 o o e d' a
Yusghumda Wi Inaalasy
ar o é ar ! °
233 Taavalusiine imlmAeauuueriomsmiieni Wi (nduction type single phase
watt-hour meter)
A o o da - o = s a ° a’ o Y °
wseviadaad milimesmadonuuordomsmiloniviiihil  srerdondnnisiany
- o o da 4 - o - J ' Y VA q’ ar a
mileunuinalimesuvumiloniivihildnainndeuwih udnTestiszamisotandaau
. - o I'l o - 4 o 1 s
IihlumissiTataddn Tue niednnugiiald Fezidnmlsznoviimiousuiiae vaan
[ [ P " [y - & o da 4 P o
NITUT UazvAMANTIAY daufiuananiuesn e TunTesiadimesiuumiioninih
= a’ 1 o @ = v d ] °
ldmbSumandng  ualuiaddr luadinofez 1nimdnminsazgaveailealumssia
[ o ] ° - J a - P LY
wimanmiznesi idanszua Inaninluswegiiifioniinyuaaeanar  unuiise e
A < & o da o
waow lhihopmitaglamieuiadiines
H 1 L ..' - 4 A
gt 217 szuaastedadsznouvestaasa lusiiimesuvuil - Fevzilsznoudae
witndn1dh 2 oa Aemimdnliih M, uaz M, wimdn M, SondunimEnyun (Shunt
magnet) vaaaih Iidawiman InfhyatiwdovuiiuussduvesTnan Taoh
" ¥
nszua i Inarvandagaiivzinlsiuasaiuussduves inan Tudmveuniminsnys
= ' ' v w i o a ' '
e M, o011 imansudy (Series magnet) yaadaivi lifausimén Infhyativzdo
" ¥
oynsuduTnan  ldnszuaiidhitnarveanagaiiszsnlsduassfunszuavoanan
. ; z : ,
wimdn M, srahaduusanindn ¢, fun wazmimdn M, wahaduusanivin 4

> WY i Wi . " o
Y dniudananldn 4,  ssulsdulaoasafunszuaveslvnan  uazfiadeatuiy

73137
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o
A

b M1

§_>

n
AC g 5
Source I ] 3
’,
M2

\) N
5 l

(n) (v)

311 2.17 (n) Taseardravesinddn Tualiwesuuumiionir Indh

] =] v
(V) BUIHANHUN

RETARDING MAGNET

3N 2.18 daudszneunmoluvesi Tadnds Tuaiiined

H s o o J A
nszuadin daw ¢ wzndsiulavasetunseduvesTnaa uasiiyuaraa 90 sarmn Favzdn
r o o " ﬂ’ 4‘ ar J @ o "
nanuusuveslnan  yuamaadicwnsafiszliuuasldTaonisUSudumisvesunau

{ Ve ' o
NBAAI C NAIWBGNUNUNANVBALIMANYUIU M,

1] 1 L A L) L] J o ] 1
duusanian ¢, dalngjszindourimusesinlydunudndaveanimin M, udd

9/ [ d o o & A4 A 9 - A o ﬂ ﬁ ' o
UUTUIAAN NN UIUHUIFIUNIUIUUDONAAOUNHIUNIUY D uazinhuiaduusaivan

’ « o - - d' J 1] o - o
dumhiifeaussdadouuuiv dusasivmin ¢ uaz ¢, semliifausesunih
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H L] J -] - J -aee L
miioniwulunu D uazszhlfifanszua i lnamvulusm D dw Ugisnsznin
) o’: o [y 3 o - = o J \
Wunswmannagasautunszua lvarunsaes i ldinausealia u3ousavuvunu
[ ] A Y = J ' o & 1o - &4 a :
D dauusaminvieusaianiugy inaduldnnimanoninigasgui 217 (v) Fdaa
9 ] o Vet & o [] d 9 @ e
Funaduassmuuuaduriigquananvesiu  uazIiinamvessnnimandmiuiy
o " -: d’ A A aan ° ] o
SnLiManyes M, uaz M, niiinmeiiszanlfisoseniesnnunimanyes M, uaz M,
A A 4 ¥ " ' .’: [ [ ° -
({DUBUVDI9 Y D INADUNAINTEITTENINY N Haz S veamanmiig sz ldifa
d. o J 3 d’ 3 Y a ) J é v
asena I lvarumilonihvulusu aszuaidmutiei liinans iy Fausaniig

E
T, 2Rl

(2.40)

A S d'
IUBIIN ¢ uag r wWUMMNITUD

T,aN (2.41)

=1 - 9 ] =1 [ o ]
$1]3) ¢ D ITULIWNHANVDILUHANHUN
- ]
N A9 ANUISIVDINUNYY

fio ANUUNIUYeIInIzua Ivaulusu

o - " 9 ' - P - as A o d’
mw'lﬁ'aﬁmumﬂauuumf’i'a'n uiwmuuamuHsauswmmqmsm‘muuum:tﬁu

s

v
agaunumaaves I luaees T niug

T,aVIcos@ (2.42)
dennuirveaniesianei
TB = Td (2.43)
1NN 237 uag 2.38
NaVIcos@ (2.44)
a Maa i (w) (2.45)
N3
VI cosO.t
— (2.46)
. 3600x1000
Y

3600x1000



Wt
3600 x1000

501 (2.18)

jes 3600 x1000N . (2.49)
KW

A & ' - & o '3 o v o
e K A9 AININYDIAITDIIG (mmumum'[a’mmm.)

v

c!' " o= o o - o A
i 2.19 299smsden Tadadd Tnadime fuuum iala

3 2.20 AlaYads Tuslime suuumiloniInsh
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234 ddmanladnaialusiiined

luihyiusuiinsnlaounnilaadsa ldimefivumilonih  wldiduoasea
Aladddalueiiined  Felimesuvviiseinauansalumshoudsdunnme Wy
annsofiszuasamanguumiee'ld Bidnaiuausagy V), nszud (1), AN ), Sad
W), Swamgianmsldan awh) dudu i lddlFumslSnanms 19w 18
eg1azadn i hlgnmssnnamanudesmmaiiilugianaidieg 1Redgndeanniy
i lddldannsodannuduiuluns ¥ ldaunnudeams  Tuudazdanarldeds
YRR P Y

Wi 221 uaeeliiudmdnmshouilesduveuniesdidanTatndsa luaiine s
Taoviall anshdggnamssdy uasdygunszua Wandalulnsnou Insiaediterms
ATUIUNINIAN DO sz 14 nuaaumenaana el

Ao ldnswmdngideansideduazain

LCD

Voltage Sensor

Current Sensor

L

Source USER
S— Y
N

d' o o a’ b 4 A aaw a o Lo - o
JUN 2.21 vanmshaudesduveuniesdsaan ladadea Tuadines

4 A aa W o o ; -
31N 2.22 nTesATRan Tatads Tuaiined
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Voltage (V)
DkW-Hr Fluke
243 240.3
234 231.3
220 219.5
209 209.1
200 200.7
187 189.1

MMBIYg DkW-Hr 1D Digital kiloWatt-Hour meter
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Current (A) Voltage (V)

v DkW-Hr Fluke DkW-Hr Fluke

0 0 0 226 226.7
200 0.84 0.82 226 226.7
400 1.71 1.71 226 226.7
600 2.6 2.59 225 226.3
800 346 3.48 226 227.1
1000 441 4.40 224 223.8
1200 5.22 5.20 223 223.5
1400 6.07 6.04 222 221.6
1600 6.95 6.93 221 221.2
1800 7.80 7.78 220 220.3
2000 8.53 8.50 219 220.0
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L Current Power factor
(mH) DkW-Hr | Fluke 43 B DkW-Hr | Fluke43 B
4.21 1.71 1.72 0.987 0.98
4.80 1.72 .72 0.976 0.97
5.12 1.72 1.72 0.968 0.96
9.01 1.72 1.72 0.915 0.91
9.33 1.71 1.70 0.909 0.90
9.92 1.71 1.71 0.900 0.90
14.13 1.71 1.71 0.847 0.85
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Unit
DkW-Hr | Month
kW-Hr DkW-Hr

March 631 615.1
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May 665 649.2
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2 April 713 697.4
May 697 681.1
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INA217

>

SBOS247B ~ JUNE 2002 - REVISED FEBRUARY 2005

Low-Noise, Low-Distortion
INSTRUMENTATION AMPLIFIER
Replacement for SSM2017

FEATURES

® LOW NOISE: 1.3nVAHZ at 1kHz

® LOW THD+N: 0.004% at 1kHz, G = 100

® WIDE BANDWIDTH: 800kHz at G = 100

® WIDE SUPPLY RANGE: #4.5V to 118V

@ HIGH CMR: > 100dB

@ GAIN SET WITH EXTERNAL RESISTOR

® DIP-8 AND SOL-16 WIDEBODY PACKAGES

APPLICATIONS

©® PROFESSIONAL MICROPHONE PREAMPS
® MOVING-COIL TRANSDUCER AMPLIFIERS
® DIFFERENTIAL RECEIVERS

©® BRIDGE TRANSDUCER AMPLIFIERS
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Please be aware that an Important notice

DESCRIPTION

The INA217 is a low-noise, low-distortion, monolithic instru-
mentation amplifier. Cument-feedback circuitry allows the
INA217 to achieve wide bandwidth and excellent dynamic
response over a wide range of gain. The INA217 is ideal for
low-level audio signals such as balanced low-impedance
microphones. Many industrial, instrumentation, and medical
applications also benefit from its low noise and wide band-
width.

Unique distortion cancellation circuitry reduces distortion to
extremely low levels, even in high gain. The INA217 provides
near-theoretical noise performance for 200Q source imped-
ance. The INA217 features differential input, low noise, and
low distortion that provides superior performance in profes-
sional microphone amplifier applications.

The INA217 _léelures wide supply voltage, excellent output
voltage swing, and high output current drive, making it an
optimal candidate for use in high-Jevel audio stages.

The INA217 is available in the same DIP-8 and SOL-16 wide
body packages and pinouts as the SSM2017. For a smaller
package, see the INA163 in SO-14 namrow. The INA217 is
specified over the temperature range of —40°C to +85°C.

—DVM - 4y
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Al trademarks are the property of their respective owners.
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ABSOLUTE MAXIMUM RATINGS™

Supply Voltage, V+ to V- : nsv
Signal input Terminals, Voltage® ............... (V=) = 0.6V 1o (V+) + 0.6V |
Cumrent® 10mA |

Output Short-Clrcult Continuous

Operating Temp BT 1 n=55°C 10 +125°C
Temp -55°C 1o +150°C |

Junction Temperature +160°C

Lead Temperature (soldering, 10s) +300°C

NOTES: (1) Swesses sbove these ralings may cause permanent damage.
Exposure 1o absohste maximum conditons for extended periods may degrade
device reliablity. (2) Input terminals are diode-clamped 1 the power-supply
rals. input signals that can swing more than 0.5V beyond the supply rails
should be current imited fo 10mA or less. (3) Shortcircull to ground, one
amplifier per package.

PACKAGE/ORDERING INFORMATION("

PACKAGE PACKAGE
PRODUCT | PACKAGE-LEAD | DESIGNATOR | MARKING
INAZYT soL-18 ow INAZI7
INAZYT DIP-8 P INA2IT

NOTES: (1) For the moet cument package and ordering information, see the
Package Option Addendum at the end of this document, or see the T website
o www.iLcom.
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ELECTROSTATIC
DISCHARGE SENSITIVITY
This integrated circuit can be damaged by ESD. Texas Instru-

< ments recommends that all integrated circuits be handled with

appropriate precautions, Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtie performance degradation
to complete device failure. Precision integrated circuits may be
more susceptible 1o damage because very small parametric
changes could cause the device not to meet its published

PIN CONFIGURATIONS
Top View
—— | O —
NC |1 16 | N
— =
RG, | 2 15 | RG,
— — O
w3 14| e :|
] ) N'E 8 | RG,
Vae | 4] 13| vo Vo[ 2 [7]ve
vore [ 8] 12| ne Vo [ 3 [¢] Vo
ne[e] 1| Vour v-[4 s | rer
v-| 7 |wo|rer o i _
3 e S el A ] é“ﬁ-)ﬁ_ﬂ#-yaﬁ@ewm\u-“,g.i:’«-;giwga.«rc'&-“ By onrer b DIPG
~ncle] & |Roi SR
= sq._1°. : 2 Fa

2 s INA217
X T www.tl.com SBOS247B



ELECTRICAL CHARACTERISTICS: Vs =115V
‘Boldface limits apply over the specified temperature range, Ta =—40°C to +85°C.

65

'r‘nzs'c.nl-mv,sﬂsv unless othorwise noted. .
4\ b e 4 S5 < oo BNy A INAZ1T
PARAMETER CONDITIONS . ©o MIN LT MAX UNITS
GAIN EQUATION G=1+10kRg
Range 1 o 10000 VN
Gain Emor, G= 1 10.1 1025 %
G=10 0.2 0.7 %
G =100 0.2 %
G = 1000 0.5 %
Gain Temp Drift Coefficient, G = 1 k-1 #o PpmWC
G>10 440 100 ppmvC
Nonlinearity, G = 1 20,0003 % of F§
G =100 10,0006 % of F§
INPUT STAGE NOISE
Voltage Noise Rsoumcs = 002
o= tkHz 1.3 aviVHZ
fo = 100Hz 1.5 nVIVHZ
o= 10Hz is aVIvHz
Current Noise
fo = kHz 0.8 pANHE
OUTPUT STAGE NOISE
Voitage Nolse, 1, = 1kHz %0 nvivFz
INPUT OFFSET VOLTAGE
Input Offset Vokage Vo = Voyr =0V 50 + 20006G 250 + 5000/G uv
vs Temperature Ta™ Tigy 10 Tyuy 1+ 20/G wre
va Power Supply Vs = 245V to 218V 1+ 506 3+ 20006 BV
INPUT VOLTAGE RANGE
Common-Mode Voitage Range Vgt =Vg-=OW Ve) =4 V#)=-3 v
Vit = V=0V V=) + 4 (V=)+3 v
Common-Mode Rejection, G = 1 Vo = 211V, Rgpe = 00 70 80 dB
G =100 100 116 dB
INPUT BIAS CURRENT
Initial Blas Current 2 12 WA
vs Temperature 10 nA°C
Initial Offset Current 0.1 1 WA
vs Temperature 05 nAS°C
INPUT IMPEDANCE
Differential eoll2 MQ |l pF
Common-Mode soll2 Ma ||pF
DYNAMIC RESPONSE - s, S ST E LR R (O SR r R q
mamlsuu.-aa G!i - 34 M
G =100 800 kHz
Siew Rate . 15 Viis
THD+Nolse, f = 1kHz G =100 0.004 %
Setling Time, 0.1% G =100, 10V Step 2 s
TS 0mM% G = 100, 10V Step as ™
Overload Recovery 50% Overdrive 1 us
Voltage Ry o GND vV+) -2 (V¢)-18 v
T V+2 (V-)+ 18 v
Load Capacitance Stability ; . A 1000 pF
Short-Circult Current Continuous-10-Common 160 mA
POWER SUPPLY
Rated Voitage +15 v
Voitage Range M5 118 V. -
Current, Quiescent . lp=0mA s 10 2312 mA
Speciication 40 +85 ']
Operating -40 125 c
Thermal Resistance
DiP-8 +85 CW
SOL-16 +80 CW
NOTE: (1) Gain y Is a function of
3 Texas
INA217 INSTRUMENTS 3
SBOS247B
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TYPICAL CHARACTERISTICS ; "5 S Lo i

AITA!-DZS'C\.VgIﬂW Ry = 2}, unjess otherwise noted. -
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TYPICAL CHARACTERISTICS (Cont)

AL Ty = +25°C, Vg = 215V, Ry, = 2k, unless oterwise noled.

y
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APPLICATIONS INFORMATION

Figure 1 shows the basic connections required for operation.

Power supplies should be bypassed with 0.1uF tantalum
capacitors near the device pins. The output Referencae (pin 5)

should be a low-impedance connection. Resistance of a fow

ohms in series with this connection will degrade the com-
mon-mode rejection of the INA217. :

GAIN-SET RESISTOR

Gain is set with an external resistor, Rg, as shown in Figure 1.
The two intemal Skq feedback resistors are laser-trimmed to
5kQ within approximately +0.2%. The gain equation for the
INA217 is:

10,000
Re

The temperature coefficient of the intermal 5kQ resistors is
approximately +25ppm/*C. Accuracy and TCR of the exter-
nal Rg will also contribute to gain error and temperature drift
These effects can be inferred from the gain equation. Make
a short, direct connection to the gain set resistor, Rg. Avoid
running output signals near these sensitive input nodes.

G=1+

NOISE PERFORMANCE
The INA217 provides very low noise with low-source imped-

ance. Its 1.3nVIWHz voltage noise delivers near-theoretical -

noise performance with a source impedance of 200Q. The
input stage design used to achieve this low noise results in

68

_ relatively high input bias current and input bias current noise.

As a result, the INA217 may not provide the best noise
performance with a source impedance greater than 10kQ.
For source impedance greater than 10k0, other instrumen-

INPUT CONSIDERATIONS

Very low source impedance (less than 10Q) can cause the
INA217 to oscillate. This depends on circuit layout, signal
source, and input cable characteristics. An input network
consisting of a small inductor and resistor, as shown in
Figure 2, can greatly reduce any tendency to oscillate. This
is especially useful if a variety of input sources are to be
connected to the INA217. Although not shown in other
figures, this network can be used as needed with all applica-
tions shown.

500
1000
2000

NOTE: (1) NC = No Connection.

GAIN Rg
7 Vour M) @
10000 1 0
G=1+ % 2 6 | 10000
rer 5 1w | 2%0
10 | 20 | 111
s 20 | 28 | s
i 0 | 204
= 100 | 40 101
200 | 4 )
54
60
66

FIGURE 1. Basic Circuit Connections.

www.tl.com
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OFFSET VOLTAGE TRIM

A variable voltage applied to pin 5, as shown in Figure 3, can
be used to adjust the output offset voltage. A voltage applied
to pin 5 is summed with the output signal An op amp
connected as a buffer is used to provide a low impedance at

pin 5 to assure good common-mode Tejection.

69

MICROPHONE AMPLIFIER

Figure 4 shows a typical circuit for a professional microphone
input amplifier. R, and R, provide a current path for conven-
tional 48V phantom power source for a remotely located
microphone. An optional switch allows phantom power to be
disabled. C, and C; block the phantom power voltage from
the INA217 input circuitry. Non-polarized capacitors should

I

be used for Cy and C, if phantom power is to be disabled. For
additional input protection against ESD and hot-plugging.
four IN4148 diodes may be connected from the input to
supply lines.

Ry and Rs provide a path for input bias current of the INA217.
Input offset current (typically 100nA) creates a DC differential
input voltage that will produce an output offset voltage. This
isgmmﬂyﬂndoninmﬂsoumaoloutputoﬁselwuage in
this application. With a maximum gain of 1000 (60dB), the
ou!pﬁoﬂsotvolhgocanbosavemlvolts,ﬂismaybo
entirely acceptable if the output is AC-coupled into the
subsequent stage. An alternate technique is shown in Figure 4.
An inexpensive FET-input op amp in a feedback loop drives
the DC output voltage to OV. A2 is not in the audio signal path
and does not affect signal quality.

Gain is set with a variable resistor, R,, in series with R
Rg determines the maximum gain. The total resistance,
Rs + Ry, determines the lowest gain. A special reverse-log

FIGURE 3. Offset Voltage Adjustment Circuit.

taper potentiometer for R; can be used to create a linear
change (in dB) with rotation,

NOTES: (1) Usa non-polar capacitors if phantom power is 1 be
mum&mmmmn,umm
(4) Opti 4148 p damage due 1o ESD and hot-phugging.

Ry 4TuF
L] &
Ry Ry
6.8k0 6.8k
c,m
ATuF
#Hl
L
60V
b+
Al
L
v

FIGURE 4. Phantom-Powered Microphone Preamplifier.
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PACKAGE OPTION ADDENDUM
TEXAS
INSTRUMENTS

www.i.com 28-Mar-2005
PACKAGING INFORMATION

Orderable Device smus‘-‘i Package Package Pins Package EcoPlan a Lead/Ball Finish MSL Peak Temp m
Type Drawing Qty
INAZ17AIDWR ACTIVE SOIC DwW 16 1000 TBD CU NIPDAU  Level-3-220C-168 HR
INA217AIDWT ACTIVE SOIC DwW 16 250 TBD CU NIPDAU  Level-3-220C-168 HR
INA217AIP ACTIVE PDIP P 8 50 TBD Cal Tl Level-NA-NA-NA

) The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
mmv:nmmmmmmmmdmmqmalmmpomuhofroq.
Nmm»wdlammMbhmnwmmwsmn.mnmmmwmuﬂngmhpmm
anew design.

mm:bmmmmmmurmhwms«mmummbowm
OBSOLETE: Ti has discontinued the production of the device.

"’EcoPlan-mmanmdeoo-mndlydassMath-Fm(RoHS)uern(RoHs&mswat)-pl-mdmdc
hitpu/iwww. il com/productcontent for the latest avallability Information and additional product content detalls.

TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Fru(RoHS):ﬂ'slema‘Loaﬂ-Fm‘ot"Pb—Fru‘mmmmmwoduchm“maummmcum RoHS requirements
muamm.mnmmormmﬂmmmmo.mbynmhrumgmmmuwm-dumdmmm
at high temperatures, TI Pb-Free products are suitable for use In specified lead-free .
Gum(RoHSJnoswar):Tldaﬂnu'Gteen'lomoanPb-Fl_u(RoHSconpaibh).-ndmo!'anim(B')mdAMmony{Sb)basodlm
retardants (Br or Sb do nol exceed 0.1% by weight in homogeneous material)

®) MSL, Peak Temp. - The Moisture Sensitivity Level accor to the JEDEC Industry standard dlassifications, and peak solder
temperature. e

lmporlmthionmtionandDlsclalmor:'l'hcinlonnaﬂonpmmonmb;)agommﬂ‘sknoﬂodgoandbdbfasdmodaumkh
pro-ddtd.ﬂbasuluwmdgoandbelefmiﬂotm.ﬂmpwmdhympm.andmaketmuprmmmmlynbun

dmmmemmuqubmmmmmmmmnhutammcmum-hw.
rouomblvshpsbprwid-mpfmmmmmmunmqmmmmmmw«mnmwon
hmmmmummemunmnawmmmnum.mmmmmm«m
Information may not be avallable for release.

mmwomchmw:lwlnyuhmomofmmm-hnmmmmmﬂmﬂwrﬂt)umhmdoanurusoldbyﬂ
to Customer on an annual basls.
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MECHANICAL DATA

MPDIOO1A — JANUARY 1995 — REVISED JUNE 1699

i) PLASTIC DUAL-IN-LINE

P (R-PDIP-T8)

0400(10.60)
1'_ 0.355(9,02)

8 5
W e Wt Wad

0.260 (6,60)

0.240 (6,10)
-]

[P RJ

1"' L— 0.070 (1,78) MAX

0.325 (8,26)
0.020 (0, 51} MIN 0.300 (7,62) >

ﬁ 0.015 (0,38)
{ l 0.200 (5,08) MAX Gage Plane
0.125(3,18) MIN _T‘ 0.010 (0,25) NOM
L L—J—m L— 0.430 (10,92) —J
MAX

0.021 (0,53
Y109 [SToowam @)

d 4040082/D 05/98
DL R IR L S i i e e
NOTES: A Allneardlmumhmmﬁm) : tE

B. This drawing Is subject to change without notice.
C. Falls within JEDEC MS-001

L Lz
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MECHANICAL DATA

DW - (R-PDSO-G16) PLASTIC SMALL—-OUTLINE PACKAGE

0.413 (10,50) .
0.398 (10,10)

HHHHHHH

)= &

N 0.419 (10,63)

\&Eja‘ 0.393 (8,97)
0.299 (?.60;
x 0.291 (7.40,
\\ 1
LR
/ ‘
Pl -l 1«(@ J |~°2’:’2 P
[0.010 (0,25)@)]

- — \ ‘
1|mjmjuiuinju(s]is SO |8
._ 0.104 (2,65) Mox , gmi %?g

S S ey

meg

Gm,p,,,.;{_

LT

T [ [5]0.004 (0,10

: - e ¥ Seating Plane
o0 G}  0-5 \/
S 0080 (1, ‘
0.016 1‘0.40; _
: 4040000-2/F 06,/2004
g dimensions are in inches (mlli'ndn)- ' B : :

is drowing is subject to chonge without notice.

Body dimensions do not include mold flosh or prolrusion not to exceed 0.006 (0,15).
Falls within JEDEC MS-013 wariclion AA.

NOTES:
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,

enhancements, improvements, and other changes to its products and services at any time and to discontinue
~ any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is curment and complete. All products are sold subject to TT's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent TI
deems necessary to support this warranty. Except where mandated by govemment requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any T patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which Tl products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and decepthm business practice. Tl is not responsible or liable for any such statements.

Following are URLS where you can obtain infonn‘aﬁdh on other Texas Instruments products and application
sohm“ \-;.-,._.‘:__.)_79:;‘-1—, ‘3«”,,5-;,'.\-.; s A Ay ""“""““M‘?‘* 3""5’?‘-""‘";"‘i‘?,"‘.?“‘-"*'"*':'?'-‘"‘ s AT A A

Products Mo S e S : Appii_c_élions 53
~ Amplifirs ~ amplifierficom . -~ Audio. .« . www.licom/audio
- ‘Data Converters ~ dataconvertericom ~ Automotive = www.ti.com/automotive
DSP. . . dsplicom . . . Broadband ' .  wwwiticombroadband
 Interface .+ interface.icom . www.ti.com/digitalcontrol
Logic - ~ logic.ti.com - www.ti.com/military
.. Power Mgmt F o www.ti.com/opticalnetwork
- Microcontrollers . - www.ti.com/security
' B www.ti.com/telephony
www.ti.com/ivideo
www.ti.comiwireless

Mailing Address: = Texas Instruments W or
< Post Office Box 655303 Dallas, Texas 75265

R ST RN copyﬁght@m.;Temaslmhumnls Incorporated



& " 6-PIN DIP RANDOM-PHASE
CBAIRCHILD - 0pToISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® . -0 o e o i (250/400 VOLT PEAK)

%
MOC3010M MOC3011M MOC3012M = MOC3020M MOC3021M MOC3022M MOC3023M

DESCRIPTION

The MOC301XM and MOC302XM series are optically
isolated tnac driver devices. These devices contain a
AlGaAs infrared emitting diode and a light activated sill-
con bilateral switch, which functions ke a triac. They
are designed for interfacing between electronic controls
and power triacs to control resistive and inductive loads
for 1157240 VAC operations.

FEATURES

* Excellent Iy stability—IR emitting diode has low degradation
* High Isolation vokage—minimum 5300 Vac RMS

* Underwriters Laboratory (UL) recognized—File 2E90700

* Peak biocking voltage
-250V-MOC301XM SCHEMATIC
-400V-MOC302XM 1
* VDE recognized (File #94766)
-Ordering option V (e.g. MOC3023VM) el r oerrons
APPLICATIONS mg% -
* European applications for * Solid state relay
* Triac driver * Lamp ballasts ~B oo
240 VAC (MOC302X only)  * Solencidivalve controls
* Industrial controls * Static AC power switch p
* Traffic lights * Incandescent lamp dimmers
* Vending machines * Motor control
ABSOLUTE MAXIMUM RATINGS (T, A = 25°C unless otherwise noted)
Parameters Symbol Device Value Units
mTALDiVICE Tare Al 40 to +150 "
Operating Temperature -Toer Al 40 to +85 ‘c
Lead Solder Temperature WA TaoL Al 260 for 10 sec *C
MTlengn e ] L R, SENETTOR ERS Y " 40 1o +100 *C
mmmmmmmium T : All 7500 Vac(pk)
Total Device Power Dissipation @ 25°C ; o a 330 mw
* - Derale above 25°C d Bsink A 44 mwWrc
BlTl'ER- z
|~ Reverse Voltage Vg Al 3 v
MPMM!S'CM TP, . 100 mwW
" Derate above 25°C Po 4 1.33 mWIrC
DETECTOR S x 7 4 MOC3010M/1 250
Off-State Output Terminal Voitage Lorige MOCI020M/1 W23 400 Y
Peak Repetitve Surge Cunent (PW = 1 ms, 120 pos) hrase - Al 1 v
Toﬁmmmozs'cm P pi 300 mwW

L= Dersie sbove 25°C P 4 s

: s.mwmvmimmm&ujnghmommmuum1-auz-am.wm-l,
S and 6 are common. e

m_ 103101 ' . 10F8 www fairchildsemi.com
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gy 6-PIN DIP RANDOM-PHASE
BEAIRCHILD  0pT0ISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

e o
MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

| ELECTRICAL CHARACTERISTICS (T, = 25°C Uniess othenwise speciied) |

INDIVIDUAL COMPONENT CHARACTERISTICS
Parameters Test Conditions Symbol Device Min Typ Max | Units
EMITTER
Input Forward Voitage I =10 mA Ve Al 115 15
Reverse Leakage Cumrent Va=3V,Ty=25C In All 0.01 100 Y
DETECTOR
Peak Boccng CunentE ther Roted Vomy. le = 0 (note 1] Iopy, Al 10 100 nA
Pesk OnSate Vo2 Ethat Dreco by = 100 ma pech, by = 0 Vi Al 18 3 Vv
Crtical Reve of Fise of -5 \etage] I = O (figure 5. note2) dviat AN 10 Vips
TRANSFER CHARACTERISTICS (T, = 25°C Unless otherwise specified.)
DC Characteristics Test Conditions Symbol Device Min Typ Max Units
MOC3ZoM 0
WOCI01oM
VoL 1S
LED Trigger Current Votage = 3V (note 3) - MOC3011M W mA
MOC3022W
MOCI012M
MOC3023M ¥
Helang Current, Either Direction| ™ Al 100 A

Note

1. Test voitage must be appiied within dvidt rating.

2. This is static dvidt. See Figure 5 for test circuit. Commutating dvidt is a function of the load-driving thyristor(s) only.

* - 3. Al devices are guaranteed 10 trigger at an |, value less than or equal 1o max lpr. Therefore, recommended operating |, fies between
max b (30 mA for MOC3020M, 15 mA for MOC3010M and MOC3021M, 10 mA for MOC3011M and MOC3022M, 5 mA for
MOC3012M and MOC3023M) and absoiute max Iy (50 mA).

www_fairchildsemi com 20F8 10/3101 DS300255
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Fig. 3 Trigger Current va. Amblent Tempersture

R TR 6-PIN DIP RANDOM-PHASE
 EAIRCHILD OPTOISOLATORSJ'RIAC DRIVER OUTPUT
. SEMICONDUCTOR® : (250/400 VOLT PEAK)
MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M
Fig. 1 LED Forward Voliage va. Formand Curment Fig. 2 On-State Charactaniatics
- P
) - !
E . < ath E s //
g WU E .
g . 9% ol lla
I =i 1 R AN
' —‘#,.-WZ - /
1 LHHT AL T

Fig. 4 LED Current Raquirsd to Trigger va. LED Puiss Wiath

u -
o |
= ] I
8 o L
i & \\ i ey
[ = X =
\ .
¥ », \__ g- \
¥ —~
L =
T —
£ [~ i Ly 1
g = = u
2 ar L] - n » L]
NOPALIED 107, = BT
a l 1 LED TREGIER WIDTH - Pibiy s}
- - . » - - o o A
ABENT TEVSBRATURE - T, ('T)
Fig. & Leakage Current, inay ve. Tempersture
000
e — Ee——
°
I T 11 r= [ | | I 1 I —21
: I —————
! y - o0 = -
H g
s =
!. _ ; 1  trner 1
= . -
: - ———
o }  acrrmm | 1 T 1 1
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Ta AMENT TEMPERATURE (°C)
DS300255  10/3101 I0F8 www . fairchildsemi.com
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B ] 6-PIN DIP RANDOM-PHASE
w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® : Wit (2_501400 VOLT PEAK)

MOC3010M MOC3011IM MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

1. The mercury wetted relay provides a high speed repeated
puise to the D.U.T.

2. 100x scope probes are used, to allow high speeds and

atov amocimg L | voltages.
mhncm“‘:) ' 1 1 3. The worst-case condition for stabic dv/dt is established by
A | In=1tm tiggering the D.U.T. with a normal LED input current, then
dew b0 removing the curent. The variable Ryp gy allows the dvidt to
L= T be gradually increased until the D.U.T. continues ta trigger in
Lol ||um.m D response to the applied voltage pulse, even after the LED
|| wereD AL curent has been removed. The dv/dt is then decreased until
4 o ]
|| = DUT| "~ paces the D.U.T. stops triggering. Ta, is measured at this point and
r_r recorded.
._L o
Virax = 400V (MOC02X)
APFLED VOLTAGE -
g’ k 250 V (MOC201X)
/ 158 V MOC301X)
s s T
Al o ———
T
Figure 5. Static dvwdt Test Circut
NOTE: This optoisolator should not be used to drive a load directly.
Itis intended to be a trigger device only. —

Figure 7. Inductive Load with Sensitive Gate Triac flgy £ 15 mA)

‘worw_fairohildsemi_com 40F8 1073101 DS300255



SRS 6-PIN DIP RANDOM-PHASE
FAIRCHILD oprousoucrons TRIAC DRIVER OUTPUT
R AR T

SEMICONDUCTOR® - ;-4 dafilatios & -5t (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

>
¢ 2
v R, t 8 180 124
O——AM—0— ]
= 120V
— 2 HMOC3010M 5 i 80 Hz
MOC1NM —O 02w =C1
- MOC301T2M
3 4
O—i -2
—

Figure 8. Inductive Load with Sensitive Gate Triac (I < 15 mA)

s . iy R AR S NG M 3 ST I e e s st s
mnmuwmdunhmmmmmnhmumm

mummmomfwnuamuummu4mmnmmnos
WMnhmhmmmmathmm

DS300255 103101 S5OFs8 www fairchildsemi.com
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e il = e S © ' 6-PIN DIP RANDOM-PHASE

FEAIRCHILD _OPTOISOLATORS TRIAC DRIVER OUTPUT
i ps e e g e ek Bk
SEMICONDUCTOR® ... e ki ,,k . ... (250/400 VOLT PEAK)

MOC3010M - MOC3011M MOC3012M MOC3020M' MOC3021M MOC3022M MOC3023M

Package Dimensions (Through Hole) Package Dimensions (Surface Mount)
-5 A11]] 4

BAA P
T+ E7) |
M.._ oy nﬁ_" _"u . 2330 @11
==l | e “”“’\
%'“%E
:::.:"JL e JL

Recommended Pad Layout for
Surface Mount Leadform

g H il

T —OMfh=:=
R e

: 0.425(10.79)

0.100 (2.54)

0.2057.75)
‘l I- 0.030 2.78)

4 DRI

All dimensions are in inches (millimeters)

warw fairchildsemi.com GOF8 103101 DS00255
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N T IO AR T, £ 6-PIN DIP RANDOM-PHASE
FAIRCHILD OPTOISOLATORS TRIAC DRIVER OUTPUT
R T R

SEMICONDUCTOR® ‘ (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

ORDERING INFORMATION

Option Order Entry Identifier Description

S S Surface Mount Lead Bend

SR2 SR2 Surface Mount; Tape and reel

T T 0.4' Lead Spacing

v Vv VDE 0884

™ v VDE 0884, 0.4” Lead Spacing

SV sv VDE 0884, Surface Mount

SR2V SR2V VDE 0884, Surface Mount, Tage & Ree!

QT Camer Tape Specifications {“D” Tapmg Orientation)

12001

j— 452020

/o_aum mam:lhT:- l- /- ‘;_l:sw,.

© 0 000 00od o|ldo

— 15210
[+]
\I

1012020 \-m.: $010
User Direcoon of Feed

NOTE
All dimensions are in inches (millimeters)

DS300255  10/31/01 TOF8 www. fairchildsemi_com
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6-PIN DIP RANDOM-PHASE
w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR* : (250/400 VOLT PEAK)

m‘
MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE
TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT
ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT
DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE
RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life support
systems which, (a) are intended for surgical device or system whose failure to perform can be
implant into the body,or (b) support or sustain life, reasonably expected to cause the failure of the life
and (c) whose failure to perform when property support device or system, or to affect its safety or
used in accordgance with instructions for use provided eflectiveness.

in labeling, can be reasonably expected to result in a
significant injury of the user.

www_fairchildsemi.com 80F8 1073101 DS300255
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HE DALL AS DS1307

SEMICONDUCTOR 64 x 8 Serial Real-Time Clock
FEATURES PIN ASSIGNMENT

Real-time clock (RTC) counts seconds,
nunutes, hours, date of the month, month, day
of the week, and year with leap-year
compensanion vahid up to 2100

* 56-byte, battery-backed, nonvolanle (NV)
RAM for data storage

*  Two-wire serial interface

* Programmable squarewave output signal

*  Automatic power-fail detect and switch

[ Vee
7 [ID SQW/OUT

P D sCL
circuitry 0 SDA
= Consumes less than 500nA in battery backup DS1307 8-Pin SOIC (150-
mode with oscillator running e
* Optional industrial temperature range:
:O;Ea:; +?5;C e PIN DESCRIPTION
" Ay ¢ mn 8-pin or _ Vee - Pnmary Power Supply
*  Underwriters Laboratory (UL) recognized X1, X2 - 32.768kHz Crystal Connection
Vaar - +3V Battery Input
GND - Ground
ORDERING INFORMATION SDA - Serial Data
DS1307 8-Pin DIP (300-nul) SCL - Senal Clock
DS1307Z 8-Pin SOIC (150-mil) SQW/OUT - Square Wave/Output Driver
DS1307N 8-Pin DIP (Industrial) & ' i e
DS1307ZN 8-Pin SOIC (Industrial)
DESCRIPTION

The DS1307 Serial Real-Time Clock is a low-power, full binary-coded decimal (BCD) clock/calendar
plus 56 bytes of NV SRAM. Address and data are transferred senally via a 2-wire, bi-directional bus.
The clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of
the month date is automatically adjusted for months with fewer than 31 days, including corrections for
leap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The
DS1307 has a built-in power sense circuit that detects power failures and automatically switches to the
battery supply.

1eof12 100101
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DS1307

TYPICAL OPERATING CIRCUIT |

et Ve
Vee - ']'
T 3
Yoo 1
< CHE I
2 ==
RPU _|APU IRY B | Sha
o s 2
7| sowaur _—l—
v I
KD -
_i_ a
OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Ve falls below 1.25 x Vaar the
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this ime to prevent erroneous data from being written to the device from an out of
tolerance system. When Ve falls below Vaar the device switches into a low-current battery backup
mode. Upon power-up, the device switches from battery to Ve when Ve is greater than Vgar + 0.2V
and recogmzes inputs when Vg 1s greater than 1.25 x Vaar. The block diagram in Figure 1 shows the
main elements of the senial RTC. b e A e A R e ; Bt

DS1307 BLOCK DIAGRAM Figure 1

foo ) -
0 . mexn
o
-
Wa? o R —

20f12
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SIGNAL DESCRIPTIONS : :

Ve, GND —- DC power 1s provided to the device on these pins. Vec is the +5V input. When 5V is
applied within normal limits, the device is fully accessible and data can be written and read. When a 3V
battery 1s connected to the device and Vecis below 1.25 x Vaar, reads and writes are inhibited. However,
the timekeeping function continues unaffected by the lower input voltage. As Ve falls below Vaar the
RAM and nmekeeper are switched over to the external power supply (nonumal 3.0V DC) at Vaar.

DS1307

Vaar — Battery input for any standard 3V lithium cell or other energy source. Battery voltage must be
held between 2.0V and 3.5V for proper operation. The nominal write protect tnip pomnt voltage at which
access to the RTC and user RAM is demied is set by the intemal circwtry as 1.25 x Vaar nominal. A
lithium battery with 48maAhr or greater will back up the DS1307 for more than 10 years in the absence of

power at 25°C. UL recognized to ensure against reverse charging current when used in conjunction with a
lithium battery.

See “Conditions of Acceptabiliry’” at hrtp//www.maxi

SCL (Serial Clock Input) - SCL 15 used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) — SDA is the inputioutput pin for the 2-wire serial interface. The SDA
pin 15 open drain which requires an extemal pullup resistor.

SQW/OUT (Square Wave/Output Driver) — When enabled, the SQWE bit set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT pin is open
drain and requires an extemal pull-up resistor. SQW/OUT will operate with either Vec or Vbat applied.

X1, X2 - Connections for a standard 32.768kHz quartz crystal. The intemal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

meemfomaﬁmmuysmlsclmﬁmmduyﬂalhmwmi&nﬁmplasecmhmﬁaﬁm
Note 58, “Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 can also be driven by an
external 32.768kHz oscillator. In thus configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin is floated.

RECOMMENDED LAYOUT FOR CRYSTAL

3of12
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- DS1307

CLOCK ACCURACY '

The accuracy of the clock 1s dependent upon the accuracy of the crystal and the accuracy of the match
between the capacitive load of the oscillator circuit and the capacitive load for which the crystal was
tnmmed. Additional error will be added by crystal frequency dnift caused by temperature shifts. Extemal
circuit noise coupled into the oscillator circwt may result in the clock running fast. See Application Note
58, “Crystal Considerations with Dallas Real-Time Clocks™ for detailed mformation.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional mformation.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 i1s shown in Figure 2. The RTC registers
are located m address locations 00h to 07h. The RAM registers are located in address locations 08h to
3Fh. Dunng a multi-byte access, when the address pomnter reaches 3Fh, the end of RAM space, it wraps
around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

0cH

o7H
08H
3FH

CLOCK AND CALENDAR

The time and calendar information is obtained by reading the appropriate register bytes. The RTC
registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the appropriate
register bytes. The contents of the time and calendar registers are in the BCD format. Bit 7 of register 0
15 the clock halt (CH) bit. When this bit is set to a 1, the oscillator is disabled. When cleared to a 0, the
oscillator is enabled.

Please note that the initial power-on state of all registers is not defined. Therefore, it is important
to enable the oscillator (CH bit = 0) during initial configuration.

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is
read from these secondary registers, while the clock may continue to run. This eliminates the need to re-
- read the registers in case of an update of the main registers during a read.

40f12



DS1307

- DS1307 TIMEKEEPER REGISTERS Figure 3

fem |} | 1 | | [ew]
oo | CH 10 BECONDS SECONDS o009
° 10 MNUTES MMUTES o0-59
° “a-%?- wHA HOURS &3
P L] © L] ° I Day -7
01-2m20
0 ¢ +0 DATE OATE pioia -]
0 ° .Jﬁ‘;'.“‘ MONTH o0n-12
1 YEAR YEAR oo-98
oo | o | ¢ Joom| o [ o [oer | o

CONTROL REGISTER
The DS1307 control register is used to control the operation of the SQW/OUT pin.

BIT 7 BIT 6 BIT S
ouT 0 0

BIT 4 BIT 3 BIT2
SQWE 0 0

BIT 1
RS1

BIT 0
RS0

OUT (Output control): This bit controls the output level of the

SQW/OUT pin when the square wave
output is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and is 0 if
OoUT=0.

SQWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The

of the square wave output depends upon the value of the RSO and RS1 bits. With the square
- Wave output set to 1Hz, the clock registers update on the falling edge of the square wave.

R.S\(Rate_,Select): These bits control the frequency of the square wave output when the square wave
wtpmhasbeenenablcd. Table 1 lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1
; RS1

RS0 SQW OUTPUT FREQUENCY
0 0 1Hz
0 1 4.096kHz
1 0 8.192kHz
1 1 32.768kHz
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‘2-WIRE SERIAL DATA BUS e
« The DS1307 supports a bi-directional, 2—wu'e bus :nd da!a transmission protocol. A device that sends
data onto the bus 1s defined as a transmitter and a device receiving data as a receiver. The device that
controls the message s called a master. The devices that are controlled by the master are referred to as
slaves. The bus must be controlled by a master device that generates the senial clock (SCL), controls the
bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the 2-
wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

s DS1 307

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4
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Figures 5, 6, and 7 detail how data 1s transferred on the 2-wire bus.

* Data transfer may be initiated only when the bus 1s not busy.
* Dunng data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in
the data line while the clock line is high will be mterpreted as control signals.

Accordingly, the following bus conditions have been defined:™
Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: Achangemthestamofﬂwdatahne, from HIGH to LOW, while the clock is HIGH,
defines a START condition. :

Stopdatatransfer:Achangcintheslaﬁcofd)edmlinc.ﬁ'omIDWto}HGfLwhﬂedmdockﬁmis
HIGH. defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
1s stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
during the LOW period of the clock signal. Thuexsoneclockpulsepe(bnofdau

Each(htamﬁuisiniﬁatednithaSTARTmmﬁﬁonmdtunﬁmtedwitha STOP condition. The
mnd:uof(hmbmamfmedbememSTARdeSTOPcmdiﬁomismthnﬁMmdhdﬂumimd
by the master device. The information is transferred byte-wise and each receiver acknowledges with a

nmth bit. Within the 2-wire bus specifications a regular mode (100kHz clock rate) and a fast mode
(400kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.
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i DS1307
Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
reception of each byte. The master device must generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA line dunng the acknowledge clock pulse in such a
way that the SDA line is stable LOW duning the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold rimes must be taken into account. A master must signal an end of data to the slave

by not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
the slave must leave the data line HIGH to enable the master to generate the STOP condition,

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

=\ o000

: ACKNOWLEDGEMENT l " '
s \ ’r"'\h\ ol J7\ [e) Jo ;I"l& &lﬁ\_}?\
N B

[ mont ovTES ARE ~

Depending upon the state of the R/ W bit, two types of data transfer are possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master 1s the slave address. Next follows a number of data bytes. The slave retums an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmutted by the master. The slave then retums an acknowledge bit. This is followed by the slave
transnutting a number of data bytes. The master retums an acknowledge bit after all received bytes
other than the last byte. At the end of the last recerved byte, a “not acknowledge™ is retumed.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since arepeated START

condition 1s also the beginning of the next serial transfer, the bus will not be released. Data 1s transferred
with the most sigmficant bit (MSB) first.
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)

The DS1307 may operate in the following two modes: "~

1. Slave receiver mode (DS1307 write mode): Senal data and clock are received through SDA and
SCL. After each byte 1s received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a senal transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains
the 7 bit DS1307 address, which 1s 1101000, followed by the *direction bit (R/ W ) which, for a wnite,
1sa 0. After receiving and decoding the address byte the device outputs an aclmowledge on the SDA
line. After the DS1307 acknowledges the slave address + wnte bit, the master transmits a register
address to the DS1307 Thus will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

s DS1307

;ﬂ-om% ~Word Adgrese N> <flatminy <Dt fme T <Lt s X
{5 ] mo1000 | o | A |30000000¢ | A | x000000¢ | A | 30000000 | A | 0000000 [A TP |

B = ETART ff
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AW - READWRTE OR DIRECTION BIT. ADDAESS = DOW

2. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Senal data is transmitted on SDA by the DS1307 while the senial clock s input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the
- *direction bit-(R/W ) which; fora md;wa*lﬁmﬂmrwumgrand decoding the address byte the:
device inputs an acknowledge on the SDA line.” The DS1307 then begins to transmit data starting-
with the register address pointed to by the register pointer. . If the register pomter is not written to-
befm&exmhahmof:readmodetbeﬁrstad&uédﬂurwd:sthelastonestoredmth:mglster

pointer. TheDSHO’Imnstmcewea‘hotackmwlodge toendaltad.

DATA READ - SLAVE TRANSMITI'ER ‘MQDE F_igur_e Ty
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DS1307

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground

Storage Temperature
Soldenng Temperature

0.5V to +7.0V
-55°C to +125°C

260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for

Surface Mount Devices

* Thus is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not imphed. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

Range Temperature Yee
Commercial 0°C 10 +70°C 4.5V 10 5.5V Ve
Industrial -40°C to +85°C 4.5V 10 5.5V Ve
RECOMMENDED DC OPERATING CONDITIONS
(Over the operating range*)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Supply Voltage Ve 4.5 50 5.5 \
_I&m'c 1 e 22 Vee+03 Vv
Logic 0 Vo 0.5 +0.8 Vv
Vaar Battery Voltage Vaar 2.0 35 Vv
*Unless otherwise specified.
DC ELECTRICAL CHARACTERISTICS .
(Over the operating range*)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Tuput Leakage (SCT) Tos T ey 1 T
VO Leakage (SDA & Iio 1 HA
SQW/OUT)
| Logic 0 Output (Tor = SmA) VoL 04 v
Active Supply Current Icca 1.5 mA 7
Standby Current Iecs ik 200 pA 1
Battery Carmrent (OSC ON); Ian 300 500 nA 2
SQW/OUT OFF P
Battery Current (OSC ON); A 480 800 nA
SQW/OUT ON (32kHz) ) Wi
Power-Fail Vo]tgsc Vep 1216 xVaar | 1.25x Vaar | 1283 Vaar Vv 8
*Unless otherwise specified. TR
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DS1307

~ AC ELECTRICAL CHARACTERISTICS

- (Over the operating range*)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
SCL Clock Frequency fser 0 100 kHz
Bus Free Time Between a STOP and tace 47 us
START Condition
Hold Time (Repeated) START Condition | tpsta | 4.0 us 3
LOW Perniod of SCL Clock tLow 1.7 s
HIGH Period of SCL Clock tice 4.0 us
Set-up Time for a Repeated START tsusTa 4.7 s
Condition
Data Hold Time tHDDAT 0 us 4.5
Data Set-up Time tsupaT 250 ns
Rise Time of Both SDA and SCL Signals iR 1000 ns
Fall Time of Both SDA and SCL Signals tg 300 ns
Set-up Time for STOP Condition tsusTO 4.7 ns
Capacitive Load for each Bus Line Cs 400 pF 6
Cio 10 pF
/O Capacitance (Ta = 25°C)
Crystal Specified Load Capacitance 12.5 pF
(Ta=25°C)
*Unless otherwise specified.
NOTES:

1. Iccs specified with Viee = 5.0V and SDA, SCL =5.0V.

2. V=0V, Vaar=3V.

3. After this period, the first clock pulse is generated.

4. A device must, internally provide,a hold time of at least 300ns for the SDA signal (referred to the
Vnnmy of the SCL signal) m order to bridge the undefined region of the falling edge of SCL.

5. The maximum tzppar has only to be met if the device does not stretch the LOW period (tiow) of the

SCL signal

6. - Cg—Tohlcapacitanceofoneb\shncmpF
7. Icca—SCL clocking at max frequency = IOOkHz.

8. Vppmcasm‘edath 3.0V.
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- TIMING DIAGRAM Figure 8

Es DS1307

DS1307 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN DIP MECHANICAL DIMENSIONS

2 fa S ]33 _P-L'.G l_-ﬁ
'f DDM | MIN | Max
s L AIN. | 0360 | o400
ant | oo14 | 1016
S _I_ B r.\l c::l.:: 0.260
Aan . 650
b —4 CIv | 0120 | 0.0

Dt 3.05 356
DIN. | 0300 0325
= ADM 162 828

L'.c EIN. | 0015 0.040
) 3 | ana | o3t | 1o
t FIN. | 0120 0.140

el bes : oo | s | 556
G IN. | 0090 0110
ADg 229 79

i HIN. | 0320 0370

I’_ 41 Ang 8.13 9.40
JIN. | 0008 0012

ADM 020 030

4 KIN. | 0015 0.021

ADa 038 0.53
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DS1307

DS1307Z 64 X 8 SERIAL REAL-TIME CLOCK
8-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

¢ it fid e st TN

M P oo (150 \MIL)

A E pnd | aov [ aax
' AIN | 0188 | 0106

AN 478 498
8 H BIN. | 0150 | 0158
0 _I_ ang | o3a1 | so
CIN. | 00%6 | 0062
et ang | 1 157
! EIN. | 000+ | 0010
ang | oo | o025
e A —d FIN | 0053 | 0060
5 \ ang | 135 | 175

G IN. 0050 BSC

=SS | ang 127B5C
' HIN. | 0230 | 029
t ang | sed | s
TIN. | 0007 | ooit
§ ang | ois | 03
L. [ KIN. | 0012 | 0020
ang | o030 | o051
» .1 L LIN. | 0016 | 0050
¢ g | o4l 127

phi o 3
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