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ABSTRACT
This paper presents the principle of electric prepaid by smart card kilo watt hour
meter. Via leased line system. The data to transfer via leased line between. Ft machine and smart
card kilo watt hour meter .Ft machine is stalled in telephone exchange and smart card kilo watt
hour meter is installed in home or customer. The data to transfer via network to consist of Ft
ratio,date, time unit of electric and value of smart card. How ever. The data on network will

indicate on smart card kilo watt hour meter and Ft ratio machine.
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urazyiainn1Fauluaaiun
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e Iz aunuanw

ia dlszneniuanluum | dnysoe ns 19
Hon
LEAD LEAD L Hedunaluvie
LEAD SHEATH TAPE LEAD - STEEL TAPE - LTJ Haaunsluin
ARMOUR JUTE
STALPETH ALUMINIUM - STEEL - AsP | malurie Hedu nalusn
POLYETHYLENE
DOUBLE SHEATH - POLUETHYLENE - PASP Hafu
STALPETH ALUMINUM-STEEL -
POLUETHYLENE
ALPETH ALUMINIUM - AP. uyemenuuldain
POLUETHYLENE ATWI
ALPETH FIGURE 8 ALUMINIUM - A.P. LYUD NN
POLUETHYLENE (8) aznuludn
ALPETH DOUBLE POLUETHYLENE — PAP Hadu
SHEATH ALUMINUM-
POLUETHYLENE
PVC. POLY VINYL CHLORIDE PVC 1¥melueinis
POLYETHYLENE SHEATH | POLYETHYLENE P. uvaemanuulFae
AWMU
DOUBLE SHEAT POLYETHYLENE — STEEL PTP Hadu
POLYETHYLENE WITH TAPE - POLYETHYLENE
LEAD SHEATH WIRE LEAD - SINGLE OR SUB aldin
ARMOUR DOUBLE WIRE ARMOUR
FOAM SKIN INSULATION | Iassardrasufiediu APuas | AP- Tuvialusis
ALPETH SHEATH FILL i COMPOUND FSF
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M99 2.2 HAANNATIIUANNON , IFUIFUINAIY , $IUIUGAI AP AP (8), AP FSF

ANHYUNIWIATTIU - WU,

' o
idUHIUINEN — .31,

UG nn
04 | 05 | 065 | 09 | 04 05 | 065 | 09
a0 INf
25-AP 1000 1000 1000 1000 1.7 13.5 15.5 21.8 nan.
50- AP 1000 1000 1000 500 142 16.8 19.6 2719 b
100 - AP 1000 1000 500 500 18.0 21.8 279 38.1 "
200- AP 500 500 500 500 23.6 30.5 35.6 53.3 i
300 - AP 500 500 350 250 279 35.6 45.7 63.5 "
400 - AP 500 500 250 250 33.0 40.6 50.8 711 %
600 - AP 500 350 200 - 40.6 48.3 584 - =
900 - AP 350 350 = = 48.3 48.4 - - "
25-AP(8) 1000 1000 1000 1000
50— AP (8) 1000 1000 1000 1000
100 - AP (8) 1000 1000 1000 500
200 - AP (8) 500 500 500 250
AP-ESF
25 1000 1000 1000 1000 12.0 13.7 15.9 20.5 PHEIP
50 1000 1000 1000 1000 14.7 17.1 20.4 27.6 S
100 1000 1000 1000 750 18.6 229 274 375 DODG
200 1000 750 750 350 249 302 374 51.3 E
300 1000 750 750 350 29.8 36.2 45.4 61.4 "
400 1000 350 350 350 333 40.7 51.0 70.2 .
600 500 350 350 350 39.7 49.5 61.1 83.9 "
900 350 350 350 - 48.3 59.1 73.4 - Ly
1200 350 350 350 = 54.8 67.4 83.4 - N
1500 350 350 = - 60.3 74.4 ¥ B "
1800 30 | 30 | - . 658 | 806 - - "
2100 250 350 = = 703 86.3 = = N
2400 250 c £ 74.5 & - = "
2700 250 : = 78.5 * - - N
3000 200 822 - - % .
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2) STAR SHAPE NETWORK seuvuuwenouuuil manzdmivlyluiun 7i
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v
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v
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6 @1 i 24 1R - 1ena
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7 &1 — 25 18y -y
7 p
8 HAL — 17 26 11919 - MAoa
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9 1A — 187 27 11aa - du
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10 1A — 113y 28 &y - 11009
1 LAY — 11004 29 179 - Y
Vv
12 wad — 1WA 30 129 - 1A
13 o3 - 112 31 129 - UM
v
14 W7 — 1Ny 32 179 — WA
15 WY 11094 33 173 - 7h
- :’ 1] -
16 e —1aa 34 179 - IMd0g
v
17 We - qu 35 179 - 1@
v
18 V17 — 118y 36 1429 - A1
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2. iiiaduma (PRIMARY CABLE) fvuaiuiay 2 @2 15y
o1 Wludhduadiadui | eonvinguay
02 tludmsuadiadui 2 senvnguay
9 - o ar a 9/ [
3. §AvAY ( CABINET ) svuaidiuiay 3@ 3uan 001 iudu 'l i
001 ¥10H3 CABINET #1 1
002 MWEAe CABINET ¥ 2
msfmuaiuesaneay TWsudunndaemadimyuae fe fmuadi ool Tu
Yanemaveuniiaidui o1 sauuilugh 002, 003 Svsmudwud e Wemsimua
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viuesdhudud o1 i3 sduaslumbadui 02 MusuRoaiuidui o1 vaaminyesy
3 s o o = a ™ = o =Y 4 o " = o
Fouthnfuesdannmbadu o1 luimesferduluabadudu 9 Miusw@eiu
4. iniiara1ema ( SECONDARY CABLE ) fviumiluas 2 #9 15y
o1 Wudduaiiadui 1 Neenningnenu
02 iudduiaiiaiduii 2 Heenvngnedu

5. @Wn1/a1ems ( DISTRIBUTION TERMINAL ) smuaiiuay 3 @7 15y

Y

ar o
001 Wutiuuesan 1

002 Whniviwesan 2
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1. aeufisgues
2. ¥ila, vUIA, ﬁmuﬁv‘fwmﬁﬁnﬂmuma HAYITUZNAAW DROP WIRE
3. swnwadaiueuiy imwazany Tnveunidia (Furigudnataliifiu 48.2 mm)
4. pwduiuiiaalfma
5. YUIAYDITWAZWIY LATNIIWUAIY

6. YUIAUDI LASHING WIRE N l9Wuiaia

65448
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o =2 A2 a " Y =1 3 n' = ar =
7. arsmilduabamdrdvnaang vanodunuwiu Tl luRerduaisonian

uagsmaogaotunidhuniianaiivsmodo,
8. amuiiazih RISER
9. A017192A3 GROUND
10. AouimgRedY Az IAYEIFREAY

11. wuanaaeldau (CONDUCT ROUTE)

12. anunilae, vnam sazaNugveumania

13, seozvinasernaaatazas v

14. A311915M109 TRANSSION 182 SIGNALLING ¥99n13e1y

ﬂ; -:; 3 o =
MINN 2.5 uﬂﬂwmﬂumwhwumma

ynadurigudnatuniiia ¥11A LASHING WIER 1 i ldszuzni
0"~ 1" 0.045 " 200 A3
1% 2 0.045 " 170 A3
2% 3 0.045 " 120 A3

dunadurigudnaramida 2 - 3 " 4714 LASHING WIRE 0.045 " 1%y LASHING

WIER 2 18u 119 LASHING WIRE 0.065 "1% LASHING WIRE 1 14y

ﬂl 1 A =
MINN2.6 llf’fﬂﬂ‘iSUSﬂNiSH'J'NLﬂmmlﬁtﬂ'lU'lﬂﬁ'l

YAV AU 1a Trad) 2UTU1(1UAT)
<1 1.20
11,22,33 1.80
69 2.10
115 2.60
230 4.10

ABAUTUMS IUNT NUHUAIINIE Y

1. MsAnYIMULTNUYYMY 1aziinseend 159905 uAI5ABINT VORI

2. MIMININAYUTIW (WIRE CENTRE)
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3. M35 (GROUP UP) iivefmuaviiavesdatona Taouondisieemily
353021781 PRESENT DEMAND, 51, 101
¥ Y1 ' YV & ¥

4. WANUABINMTVDITMABzARNUwMaioz Idvuiaues SECONDARY
CABLE

5. Mmsusdisneenilu BLOCK AREA (Usana 300-600 laynun) ez 1duna
499 PRIMARY lavaadisiln 5 luszuuglsd uagilin 10 luszuvewsnu

6. 3791UINIA18 SECONDARY 1oz PRIMARY uagfmuagaisvesginilaioni
uazfmuagammda  Iasldgaeniigae (COUNT) deg lnaganingume uazinms

b

fmuavaveuniatazimuminueiginlaiona gneau sauiumia

7. TuuSnaguaelszina 500 was asespuuuiluszuvemsiy

8. msivsamseenuuy Iniinstanguavesiionieme esesuns
wasuaamelueuiaa

= ] n’: o o - Vv

9. pONMIIWAZIBA ( DETAIL) Yeaemamenanuaiinmsesnuuy iweldily
suamalumsdsznansveslsang q Tumsiau

10. famsdmuavinaveuduatadni Taslidnhuunadnsudusinguaouds

2
Ta¥uamuanudesns (0.3,0.4,0.5,0.65,09)
° ' "a o 1

11 Amuamanudumuvesnsaie lifu 1500 Tovu uazagaudovesniamy
Tinasiiu 7 dB (M1 LOSS)

12. IMUATZEZNIAYDINITAY GROUND U32u1ni 200 — 250 1A LAT AIAY
¥ v g L4
A luaasiiu 10 Teviw

13. Amlszanamsausawaz Tagane q e 15 lumsdutiumsadrede

¥y 9 3 a wa 1
YoM uLazdends U UR lumsauNuIenIEy

1. ¥1ua3 GROUND 33uA U GROUND ¥94m3 In¥h

2. $1iimsas GROUND #in Tvihnasiln GROUND ROD ¥asuninien Tnfhnlszun
DU1YIDY 3 IUAT

3. dszezviveaa I 50 wasluunsnads waz 60-70 waslugimams
wvammoniia Insdnidesilnem 8 was mn%ws:n‘inna“lam‘lq"tfu

4. Fuwvwmeonidia nsfwimduiiingdouas i

5. Ywdmdinamamduiimiouaslviih

6. msuvaumoaiiaTnsdmifue i W 1dssduior dandesuen i

TAoa T I U IUNITDIATUVDAUL ( LYIUVUIVIAT )
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7. iniilnndouses wio auudimTsnAmeRsousinavalngmnins
hoonld W 10 was Weldszauanugauesmomiianniininia
Jofmua fio 5.70 wAs

8. ¥1u¥h CABLE RISER e fmnuuna Whiinesdms Insmi &
suiludeailnienlmi aasilniasih RISER  vinoman Inlihedades 3 wnas uazlviog
wu i i

9. gimfugai RISER adsvafuszinuediados 2 mas uadeslifu 10 mas

10. °luu?nmﬁsﬂumau.Uﬂﬂ'Jsﬁmuﬂﬁéfqﬁpimﬁnmnmquunadnﬁ'ﬂu 20 A3

11 Tunsdimanh asdedrmiannveumaniilszine 05-1 was waz W
anuniveIduiuivauy

12. linas ﬁwuﬂgﬂﬁ'ﬂtfimmﬁa‘lﬁ'agnmaﬁusﬂn?aﬂdnmmuu

13. “lumiﬁmuﬂﬁgﬂﬂmmuazﬁl”aﬁmw%mm:i a3t muagalieyluuuadeaiy

1A1VD9D1IN1THI DYARDITEHINBIANG
2.4 nanmInugIuvessns Ilhnszuaady

2.4.1 dyanagilmivewssiulvvhuazaszualviihluanzegia

dioannms 19 indhamuthuineds  szil Inaauuuaie lidwaduTvaauuy Ay
UMY (Resistance:R), vaadamiioni i (nductance:) uazTnaaiiduanuyliih
(Capacitor:C) Avagaauhitnziumsde Inaaviia@vd niereuvueynsuuazyum 33073
- ar ar a' = J i o d’ﬂ " d'l .:: o
fagnswdnuazvesdyauiifarunamsldivaasmoniidonou o lU14lums

snnumamas i 1dedsgndesse 1)

2411 Fyanagllniifaoninaandunnudnmu fnsannngli 28 1y
1993 Ithnszuaadus sy Tnaanidluanudunniiivistiudon
1995a1ud i i (R)

v=V, sinwt (2.1
V

[ =—"sin ¢ (2.2)
R

MInauMs 2.1 uaz 2.2 uazdaynnulugli 29 dyguvesnszumiazusduzing

3 [ o 1 o - " ar ar
maaiugud (0 =0) vineAuN Ay unszuazlanyuIFUIALINULIIRUITUD
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o a4 A o o s A @ ' o '

HUND mausmmﬂuﬁuu ﬂszummi‘luquu lllﬂlliiﬁulﬂuﬂ1ﬂ'lﬂ ﬂ‘i%uﬁﬂ‘ﬂ:lﬂuﬂ'ﬁj’lﬂ LA
y a 4 o " ) [ ' P '

Lﬁausaﬂmi‘lumau ﬂimlﬁﬂﬂztﬂuﬁﬂﬁutﬁﬂ’}ﬂu ‘D'lﬂl'ﬁ?]Nﬂﬂﬂﬂ'ﬂ'l'J MUITONITHUIN

v
fras v 1dsnaunisaal

P =VIcos@ (2.3)

. () : «

317 2.8 2995 fhnszuaaduiit Inaaduddnm

31 2.9 dyapugilniuvesises Iihnszuaaduid Tnaadudrdnmu

A v &
1119499710 cos@ =1 AIUU

P=VI 24
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2412  doanauglininfennivaaidluvaaamileni vngli 2.0 i
2093 Wihnszuaaduiwldn Tnaandudaimioniviviediudoy Tugdi 2.1 ssuaasld

g & @ o a ; qy
mudagUdyanunfayululesi

1 2.10 2993 Iihnszuaaduid naadluvanramiionh

Vv
Vm ~!—/—

~ - ~
~ e ~
\\j ] 7/ N -
\\ // \\\ s t
\_\-_ N ~i
i/

U 2.1 Fyapaginiuveaes thnszuaadund Inamiluvaaamileni

29931 A (Inductance <L)

v=V, sinwt (2.5)
V

i= i(— cos o) (2.6)
wlL

nnauMsn 2.5, 2.6 uazdgaulugln 2,11 nszuaszmund (lag) ussiumaziiniy
aanlainiy 90° (6 = -90°) muneanwd dyanunszua sxldnvas himiloutuusediu
P - o v A A as o ) =) A @ a0
fnauaray ude Weussmuilugud nszuasziinniluuinnieauuinga iWeuseduiia

=1 = o
fhunamnnge nieavunga nszuanezianiugud
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2413 Faanaglaniifaonlnaanidungiih vnglii 2.2 WuaeesTiih
aszuaaduinoldiuTnaaiiduanuy i Tugii 213 szuaasdimudegldygnun
a & &

Ay Tyl
29937217 1WA (Capacity)
v=V, sinwt 2.7

i =wCV coswt (2.8)

m

nnaunsh 2.7, 2.8 wazdaanalugi 2.12 nszuaezihim (ead) ussdunaziinam

o o

ey 90° (6 = +90° ) minoanui deygnanszua wiidnyus himiouiuus iy
= a o oA & Y o = ) A @ e
fnanavadu uite deussiuiugud nszumeziisuiluuinvioavannga iousduiin

A 4 a s & P @ P =
lﬂuﬂ?ﬂﬂ’]ﬂqﬂ Hiﬂﬂﬂiﬂﬂf}:ﬂ ﬂ?mlﬁﬂﬁzﬂﬂuﬂuﬂutl %Qlﬂﬂﬂuﬂﬂﬂ?m'JQiliﬂlﬁuﬂ'JTH

]
= ar

P ° ' " W o ° v @
L‘Hutj'mﬂﬂ‘ﬂ'l 45 le“ﬂﬂﬂ’l«’)uiu ANHUSNAUUIUNISUTISUIAUUTIAU

g g

1% ~1j C

g1 2.12 2993 fhnszuaaduiil Tnaaduany Inih

!

~

s

g1t 2.13 gaiuvenaes Iihnszudaduiii inaaidunamig rtih
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2.4.1.4 dyanugflaninfannlneaidunnudumutazvaaiamiioni (R-L)

gt 214 e ihaszuaaduiisie iy Inaaidunudmu - uazvaadn
o o ¥ 'Y o ~ Y d = o da 4 4
wmilgnhaseynsuagaioiu Tugili 2.15 szuaaslimudagldyanainayululeesi

NATOYNITY (R-L)

v=V_sinwt (2.9)
V
= ———-’"—sin[a)t —tan™ a)_LJ (2.10)
JR? +(wL) R

310 2.14 2095 Ildhaszuaadviii Tnaaduanudumunazsandamiioni

Ui 215 dygpagaauveaises ithnszuaaduiii Tnaadunnudimuuas

VARIAM NN

= o = o ' @ o P

VINTUMIN 2.9, 2.10 wazdyanalugli 2.15 wwminldhnssumezamundaus i uadl

armmae (0) Midy — tan™' wL/R iipann rasiludnpazvesmanudmunnz

P o =& 1 ‘!y S A - o: " e "o |

anumiioni lih - Fagmvesnnudamaiivziimunnviodesiziuegiumsasidiuves
' @ ] ' o v [

M oL fum R 15y m ol << R yu 6 widhlndgud uaashiidnuaziluanudmu

Tfannnanumienir i uazdim oL >> R yu 6 sedhlnd 90° uaasniidnvue

Wuanumtioni Ivdannnanudiumiu iy
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2.4.1.5 dyanugdlaiiiianniveandunnumumumazamgvih R-0) 10
it 2,16 Whinaes Ifhaszuaaduiisioliin Inaafidunnudumu uazanugInihde
"y s P Y o 2 ar “a a J dy
aynsueagalony Tugili 2.17 wuealimudsgddyaannasululeesi
299305 (R-C)

v=V, sinwt (2.11)

. Vm : -1 1
I=—————sm| wt+tan —— (2.12)
1Y R
R + [—]
wl.

nnauMsi 2.11, 2.12 uazdgenulugii 217 ssuldhnssudesaumdus iy uag

finnudmaa (8) Wiy tan™ 1/wCR iipannsn eesiludnumzvesmanuduniuiag
é ' : T 3 L i\ ar ' 1

Ay Inih Fagmuesnnumamaiissiisnnaviedeseziusgivmsandiuven 1/oC

fui R 1u g /wC << R yu 6 szihlndgud uaashildnvaziiunnudimu-

R

1j C

>
T

U 2.16 2093 Iihnszuaaduiiil Tnaadlunnudmmuazaang Indh

31 2.17 dygnagilaauveadses hnszuaaduiii Tnaaddunnudumuuas
anuy Il



26

i henumisnih Wi uazdim VoC>> R yu 0 szdhlnd 90° uanehi
dnvazifuanuy iunandwaudumu i

AanuduRusvasaumsusaiu I waznszue It luaees Ifhnszuaadui
UsznoudasnnmdmmuInih, arumilenivith uazaawydh desmualidyana
usadu iz lan!  aumsnszua it lRezuaaslumseit 27 uazidledmuald

Fwanunszua lfuiuglland aumsusedu i ldvzuaadluaised 2.8

m31af 2.7 narasnnuduius vowssuuaznszua fhudlodyanausadu I uiiugal land

dulsznoy aszua Ivlvh e v=V, sinet | o v=V, cosar
Resi R e =~ =V sin wt ;=L wt
esistance Iy =— lp =— 1, =—CO0S
. * R * R
v Rz AP
Inductance L I =—-Iv dt I =—(—cosa)t) [, =——smaot
L wL wL
: dv ; . .
Capacitance C =C T i =CV, cosan | i. =aCV, (— sin a)t)

m51afi 2.8 uaasnnuduiusveaus ssunaznszua Ifhdedygnunszuatrifuiugy i

dmlsznoy nszualWih o v="V, sinot |1ii® v="V, cosar
Resistance R Ve = Ri v, = RI, sinowt vy = RI, coswt
y, L3 i
Inductance L L =h V,=wLl, cosat |V, =all, (— sin a)t)

1 o 1
Capacit C V.=— i dt V, =—"-(-cosaxt V.=—-sinat
apacitance c=C 3 a)C( ) [

2.4.2 masiwvhuazamndszneumaalvvh

o A A g & ' @

fad iy daniezdeunavulurees WihdFudumamnnaussdy  uaznszualidh
- d‘ 4 L] o o o E=Y Al J
fnsanangid 2.8 desionsaduliih v Wiasseildidamnseua’liih i au Tao

J ] 1 1 A o
‘umﬂwani:umzwagnuaﬂymwmmuﬂs:ﬂaumm Tuaees PIANDUUVDULTIAULAS

4 4 e L . ;
nszua i Ainanlanamtaniuamma i (p) deaunisn 2.13

p=Vvi (2.13)

o e 'II-' - 3 " L) { = o ar
ddaIihdvae @) wiiduduninniean szvuegivrnamnnanian t’hmm'lvl%

srvmy danduuan uaasliiiuimwdaau ihanurasduiiaselitulees Wi uazd
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araalvhdvae  dandluay  wassldiudmdsnundhonees il swnduld

HUAINUUA

oW a = o = ' o w - .
2.42.1 maslnvlunae (Average Power: P) 4911903 92FonNMa AN (Active
power) 138 Maa A3 (True power) Tunsdifages IMdhidusnnumiioni Infhuiios
ptraden Wenousadu ihaduiadsuland daunsh 2.5 dygrunszualules wey

Tugiaumsdail
i=i, sin(cot —E] (2.14)
2
wlad

=V [ sin@tsin a)t‘—E =—lV I sin2wt (2.15)
p m-m 2 2 m-m

uazlunsdinees i Wudnnuy ihidissed e diesionssduTrihindu

o o ¢ ~t a " @ dv
Handu land deaunish 2.5 dyanunszualuesezedlugdaumsdail

h 4

{3
-

P Load

ra
7

517 2.18 2sesmsiiamimas I luaees i
i=i, sin(a)t # %J (2.16)

p=V,I sina)tsin(a)t +ir2—J = —;—mem sin 2ot (2.17)

m= m

VNN 2.15 uag 2.17 sziin 1@ hmmda nih sxfluilsiduves sin 20 viude i
anudiihuaewhvesdaaausadnih dnfu sundovesmda Iihdvae @) luauns
i 2.15 uag 2.17 szdawiiuruslugamilsmunauaue

doRvsanlunsdiiies idumanudnmu lWihdivsetador et iousedy

¥ " [ td
T ndudandu land daaunish 2.5 dyanunszualuiees sweglugdaumsaat
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i=1,sinwt (2.18)

. 2 1
p=V.,1, sm'ax=—2-VmI,,,(l-c032a)t) (2.19)
' J ﬂ‘ ' 0 W Ql‘ - " oo l
wiriu ldhnumdsvessimas Iihaavazsslinumiiy SVl

% . ' '
Aaiuaaes fhiifidulszneudeg admdeIihavaszegluglaums
p=V,I, sinwt sin(wt + 6) (2.20)

Taoiiyu @ faniuuinnieay
p= %lem [cos 6 — cos(2at + 0)] (2.20)

snaunsn 220  waaslistunammas Ithdvazveaees Idhezdseneudae 2
J 1 H ' o aé 1 - e’.:
mou Ao mey cos(2ar +6) FesmAveziisuilugud uazmen cosd Fuilumnei Ay

aunavvesmas Inihdrvazeziaumny
1
P=5Vm1m cos@ = VIcos@ (2.21)

Tavii ¥ =V, /N2  woz I=1,/42 dusnszd@niwaveamaes v uaz 1
o o =) A 0 v w o _ @ A o o
MRy e cos@ wFensonmdinlszneuiialih uie mnesurnnes (power
é ] o - 1 ' ar ﬂ’l
factor: p.f.) ¥y 0 Lﬂuqmsmnmaﬂu HATNIEIUE WUMBYITNIN £90° AU cosd
' a ' o A [ ° '
waz P vzlisnduvanaue atelsfia meidumsvendnyazusaises I azdmuath
LY ' = ° =] v a o
daes A niudnvazvosmanumilonir i (Inductive load) 3iFondn tanfuWINDS
L
umwes nazdnees Ifhiludnumzvesdnamy i (Capacitive load) 92i3oni1 Gada

3 d 1 o w 4 Yy ~ 1 w o
MmesunNnes mmm'lﬂ‘l’rhmﬁuﬁ TJS?J‘H'H'JU!{IU A (Watt)

2422  mddlwvhysing (Apparent power: S) Mndnwazmsiiamimas il

=

esinidmlizneudeg  Aldnaandedu  sedmualdnaguuesailszdninaves

.
I~ '

usaduiunszua IWih xS ondohimias iwisng Smibudlu Taad-uewnls (va)
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S=WI (2.22)

& - @ 7 o
Wwe VvV Ao Ll'iﬁﬂuﬂTﬂﬂl.lmﬁ(Vrms)

- o o
I A9  NIzuan1510moda(Irms)

2423 maslfhuailon (Reactive power: Q) NANVULUBIADUNUAUTUD
2993 Wihawaunistt 25 ity ldhimddiiinlsng s fe maslWihiiswlddus
Bufiuaus (2) uazmmag Invhese (p) sz Iihiiaadudsna g m ihess
®) Fafu srdmualiig i iRatufimanudnmm ihadlon x) Sunvehd

sas dwaiiou Q) tmisudiulad-ueuns-3ueniin (VAR)

Q=VIsin@ (2.23)
Icos P=VlIcos
A%
Q=VIcos
I S=VI lagging
1
Inductive Load
I
1 S=VI Q=VlIsin
leading
v
Icos P=VIcos
Capacitive Load

1 2.19 anwdiusvesmimaswih s, Puaz Q

silit 2.19 waselfiiuds anuduiusvesmididalwinlsng, Mdsdlnihess uas

é

o_ w d‘ U g; J <1 ' ci
srde Ifuaiiow awnsonszuaaslieglugilvesmumaouyunin’ld Fauioni aamaoy

[

1109 (Power triangle)
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2.5 insealeamaslvih

- o { o da 4 4 iq Yo o w
msivzmuavesmas linldou swldadiimesihunsesiion ¥ iadias Inihwes
" P v daw oo o " w da o
gunsal iheeg Faluilepiunaiinaiimeseguinnonasnuuvaiouuy 1wy Inaiinos
a d = w da o Pt o & a a [ = o " d’
upvdanInglawdia, Jadimesuvumioni i Flinmsimanmsvesimesmarii
Usegnaldaummnsonizinnldminnugianslfaunieisondt Aladed-42Tudiined
9 r: s Yt o = o A () WV o o
18 Bnviada laimswanniinesisoom hitweitlums 14Ty Tnsnow Insimes lumsarugu ¥
= c:i 1 é 1 1 Y =
Iimesannsanszuaananieg ldnne Faludude liiisgesuedlnssadauaz
wanMsTIOuvesimes lunuumag  enivzainsammsnannines lded1udhlaazi

Uszaninmauniga

2.5.1 Jannesuuudianinglaundin (Electro Dynamic Wattmeter)
9 w da o ad =Y WV P
TnssadrevesTadimosuuudianTns lawndnaszilsznoudiovaata 2 va vaniluilu
? i a & . ] -
YARIAAABUN (Moving Coil) BnuawilafievanInegiuf (Fixed Coi) ¥ARIAM 2 92l

° a a ] P - 4
nszua I Tnadwih ldifemsidiosuuveain® dwaalugiin 2.20

- O

ci 't @ Joa ¢ Y a
51N 2.21 ﬂ'l'iﬂﬂ‘lﬂﬁmlﬂﬂiw'lﬂ'lﬂﬂﬂﬂ

“u

3
@

1ngalii 221 ansedouiuaums 1adail

I, =1 +1, (2.24)



31

d’l =) ci ]
e I, fie nszuasui lnarimInan

= a ' =) ' =
II o ﬂi:llﬁﬂ'lﬁﬁﬂ’luilﬂﬂ‘ixllﬁ N30 YAAIADYNUN

1, o nazuad Inarduvans iy n3o vandamnaoui

nszud 1, vwewlsiumunszuasanvesInaa daunssud 1, wilasunasmunssdui
b ' » .
annionTnas fofu madvauuveadudunlsfunssiunszuans 2 dieadamnanihilald

muzauiansnit U Sasveasnda I 1ddseaunsi 2.25

msifioauuvoady wlsiu 1,7, (2.25)

I, = I, (2.26)

I, wilsdu Vg (2.27)

sl msdsauwvesdunlsiuiy 1,V (2.28)
IV =Volt x Amps = Watts (2.29)
msifvauuveadunlsiuny P (2.30)

¥ v
993 Wfhnszuansa fdsidalénAonaguvesussfuuaznIzIa ANTUITILA
4 4 - J o 1 o o o 1 o o ar 3
Doavuiidatuzsludadiulaoasetumas i uadmiuaces dhnszuaadniv

td
o =

a - o & '
usatadouuuFIvuerilansiinag

inst

=vi (2.31)
a 4 o &

T,,,, = UWSAUABAVUFIVUSHUL

& 1 [ ;a a Y o A ri

o v = ﬂ'lll.iﬂﬂ'u‘lf‘)ilﬂl:ﬂﬂﬂu‘lﬂﬂlj‘llﬂﬂﬁﬂlﬂﬁﬂuﬂ

i = mnszuagivai Inaruvaadnegiui
4 w da L4 @ 1 o o { ' : ar :
HiesnniaaiimeTazTammas i 1diduaunde (Average power) A0y

usstiafonuumie 7, = ANRNoed vi (2.32)
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M v=V,, sind (2.33)
i=1I_ sin(0-¢) (2.34)
AU T, =VIcos¢ (2.35)

wiiuh diesadiimes1Fiamasinihluases Ithnssuaady dwseamio 7, o
ulsiuTasaseadum W cosg niamaslvilh SadtimosuuusdnTnslawdind annse
e ldamde Iihlunees Idhaszuamse wazaees fhnszuaady  mswiwann
Fearpsamnsa 19 1dnanans ihnszuamse wazaaes ihnssua oy uddeessSalild
nszuad Inaruvamaanssuaiunhiidadae Tumsiasinasiindesianszuaresmegiie

ol ud AR IUBINTELAN IMUATHIUYANSZUAYD I IAAINDS

o d d 4 o
2.5.2 Sandimosuuuniie i 1Wv (Induction Wattmeter)

w oo o q' o dv o ar - o ' 1= Aq J s
Yaatmesuvumilonilwihi daulaveromsmileninmmannfaduduaunyu
1$ioUARIANTZUE (Current Coil) LAZYARIANTIAY (Voltage Coil) TATunszua uazmlfifa

= o o 4 a q’: =1 dy 9 d'l - ] A o ar
mamisnhdununyuddasuduy? denanszua i lnadInaaihmsia vaaoa
] =1 ag Y] a‘: @ e = =1 ar
nszumzaduduususivan ¢ duin aniu ¢, JwlsAununszud (1) uaslimlaifeany

nIUAAIe HNTzuavedInan (Current: 1) AMAUISIAY (Voltage: V) Aduyy € 1duusa

a 9

[ o [~ 9/ 9 ] s i o Yo o
LHuan ¢'| NITATHAINIOYY 0 fMMuruny 'ﬁ'J‘N‘Uﬂﬁ'Jﬂll?l\iﬂ'lnlﬂ:’,ﬂﬂﬂllﬁ'l_l‘lﬂllﬂuﬂﬂlkﬂu“ﬂ

o ar " Y A r ¥
(Inductance :L) gaw1n Mldanudumuvesvanlausduiliaioninn Favandnusiauiisy

' o o o n’; = ] = o o V o q’
ADVUTUNVLLIIAU ﬂ\‘lNUﬂizllﬁ‘ﬂul“r‘laﬂ1uiNLl,‘lJ'iNUﬂ1J —L- uaxns:uﬁ'lﬂ%inmuuﬂzﬁ%"n
[0

Ll é‘ 4 L s d' ar
Wunsaniman ¢, duan denszua nariuvaniaussiuyui ldegdmasdaoyy 90 eem

o ; ar ' o ar ar ﬂ,f g o V
duiu ¢, Sedmdanseliyuianlaiuusiudloyu 90 03mdl ANy ¢, ﬁmﬂmunn—L
@

ar

ait I duanslugildi 2.23
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A"
A VoltageCoil
-
=
AC ¢—" r
Source ¢] g
VMUY L 2
- | ]
v 2 .
@ 1+ | P o S |
CurrentCoil

31 2.22 Tassadrsvesdadiimesuuumiionilwih

VA I o 61

-
2
V/ oL
31N 2.23 dnvazve sty ludadtimesuuumiioni Inh

= { { = J = o o fd d’ =
ussliadlsavuniaduuunuegiiiionvesiadimesuuuil - annsodowiiuaums1d

Aatl
T = K,o¢,m¢,msin (2.36)
)
T = wl——sin(90°-0) (.37
wl
T = Vicos@ (2.38)
T = madlndhveslvaa (2.39)

=1 ' - H s [ o o o 4 =
sziiu 1801 usstiadosuusziludadu Tavassduimas Indwes Tnaa uazidle19a5a
@ o = o ar : o @ v o 4 a
;i'lumm‘lﬁmmmuamuqu Aniu 7, szulsiuasany @ iediuimgaiiaudr
@ o o o " ad cl’c: u’:
6 wilsiudumdslihvesTnan (Power) muoanuh yudindiouuulihivezain

£ 1o oo o < "
nievesvuegiuimas InihnInaaldsy
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v das a d = ar o ° = =
253 mavlusiimesilmAsnuuedemsmedni v (Induction type single phase
watt-hour meter)
A v o da = o “ o = o dy ar o o
wsee¥adnad naliinesmadvuverdomsmileni bl szerdondnmisiam
= e o da o a o Pe 9 1 1 9 v A civ ar ar
milounuiaaiwesuuumileni ihnldnanunneunt udnsestiszansaiandau
" = s o o = 4 H 1 L
I lumitenTadaddalue niedmougiiald deeslidaszneuimilouduife vania
o ¥ - [ ar - d’ o da o 41; o
NIZIA UAZYARIALSIAY dIunuananiueen llfie TunTesinaiimesuuumtionirivih
v a o r: 1 o do = o ¥ =] ' °
widmlSwazns  ualudaas Tusliwes vz lduimanmizuazgaveaeslumsiam
] o 1 ° Y a J a o = P 9
wimanminsezi inanszua lvasudulunweglitiosnnyueasanar  ununezlvanu
A & =1 w oda o
waou liiluypmilaglamileuiadiines
. ' o do a o cr &
Tugn 224 szuassdadiulsznevvesinasa lualimesuuull - Favzilszneudae
wimanInldh 2 ga Aowimdn i M, uaz M, wiman M, Gondusimanyuiu (Shunt
e Y a ] o ::‘ ] ar a d.
magnet) yaaah liinauiman IfhagativzaovuuiuussduvesTnan Taoh
= ' o @ o ar i 1 d a
nszue Iihi lnaruaalagatiszulsAuassiuussduvesinaa Tudmveanimandnya
& A =t 3 ' 4 o o . o Y = 1 = a2 3
wilafio M, 36091 WIMANSUAY (Series magnet) yaaIAMM IHAAUIMan IWihgaiivzde
» b
aynsuiulvan  shldnszuadihinaduvaalagaiivzulsiuassiunssudvesTvan
' ' 4 - | - )
wiman M, wahaduusaniman ¢, Iumn wazwiman M, ssadaduusasiman ¢,

J ar n’l’ " ] ar ar = = o ar
Y dniudenan’ldn ¢,  sulsiulasassiunszuavesivan  waziimm@oaiuiy

O
P M1
p
L]
A T, o
Source L ] g
2
M2
AVARY
o I
() (V)

4 ar o = 4 4 o
31 2.24 (M) uamanmInssadnvesiadds Tusdimesuuumiioni i

] =1 ]
(V) LAAINWUHIHANH U
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STATOR

RETARDING MAGNET

RETARDING MAGNET

1 2.25 daulsznounvluvesi Tataad Tusfimes
U ar ar ar 1 A
nszuadan @ ¢, vzuilsduTasasaiuussduvesivan uazliyuaaa 90 aem Fazdh
4 ]
ndstuussuvealvan  yumaaiiaunsofezdiuuas1dTasmsdsudumiavesumou
NOILAI C NAUBGALAUNAIIVBABIMAN YUY M,
1 I [] 4 ' ' 4 [ ' =] '
Wunsauniman ¢, damlngzimdouduresieldwnududhiveuniman M, uall
[l g A o & 4 - o v - & a 9 " =1
unsanimdndndnunilsgaisnudesimaeuisuen D wasdhuduususiman
dwmi difaussdadonuuiu  duusasiman ¢, uaz ¢, i liifauseaulvih
4 L] ‘5’ o ) 4’ Oy ’
miionhulunu D uazezi iifanszua Itih Inaduluem D dw Ufisnsznie
ol & o o & o a = o J {
Wunsanimanisaesiununszua Inauisaes sxildifausaia nseusstivyunu
1 ] =) a a a:g 9 1 o &£ v P & a 3
D duusamidmssusstianuny wavu ldnnuimanosniiegasglin 2.23 () Adad
[ = o " g v W
dunuadusssmunuaduriguinaisvesniu  uaz Idinamevesdnnaimanduduiy
o ' o dd A A aaa " e v d
SnNRiIMANYeY M, tiag M, iinmefszanlfisnseniednumimanves M, uaz M,
] " " ¥
11BUBVYDINY D INADUNHINYDIINTENIN N uaz S veaimanniiag sxhIvifia

ot o J 3 cf o Y = ' J & '
ﬂﬁ:u.ﬁ"lﬂ"lﬂa’mmumuwuiumu ﬂixlm’nlﬂi]"Iu']uuilzﬂ'lﬁl'ﬂkﬂﬂlﬁQ‘H‘LI'N‘\.I'LI FALTINUN

9
@ o

T, AR

T, = (2.40)

HIIN ¢ uay r WUMAINAND
T,=N (2.41)
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& & 9 ' o [} o 1
ilo g Ao duLsSAIMANYDURIMANYUN
N fiB A2WIEIVDINUNYY

R A8 anudumuveseinszudlnaiuluau

v Ay Y a " 9 " = a -~ o - as d’ ﬂ
ﬂm"lﬂaﬁmumﬂauﬂmuﬁ"m u‘sa‘umuuamuﬂmuiwu‘ummimammnun:x H

af

v
adufuidsves T lues Idniug

T, =VIcos@ (2.42)
Lﬁﬂmmfs‘wmm?aﬁﬂmﬁ
T, =T, (2.43)
mnfmmsﬁ 2.37 ag 2.38
N =VIcos@ (2.44)
T, = da i (Watt: W) (2.45)
N30
- VIcosO.t (2.46)
i} 3600x 1000
AU
" VIcosO.t (2.47)
3600x 1000
AN . 501 (2.48)
3600 %1000
" 3600x1000N il (2.49)
KW

A A 1 P A o o a o o
W K A9 ANINYOUATOIINA (ﬁ1u’]uiﬂ‘lj/ﬂ1ﬁ1ﬁﬁ‘lﬂl.)

2.5.4 Adneanlainnylusiiines
“lu"i]mgﬁul.?uﬁmsnJﬁuumnﬁTa’J’ﬁﬁ"i}'ﬂnaﬁmaﬂtuumﬂuam inldiduunudinea
a v do = o 4 a o -: = o a J '
Sasaddrluaiimed  dlwesuuyiilanummnsalumshaumuyunmng - ¥
asefszuaamsuunieeld hidweidluamsadu (Volt), nszud (Current: 1), ANUD
w o o o ™ =
(Frequency 1), 39 (Watt), §1umgiiams 1 (Kich) ihudu mIiglFnunaudinums

¥ luidreq 1dedazain 13111]ijm:if'huqmmmmé’{mmsmdﬂﬁ11w1hmam'nq'l¢’f



37

" .5 o 9/ 9 ar o k4 '
atugadeanniu Mg lFaunsadaniwindulums1d i idnuanudesms Tuus
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LCD

Voltage Sensor

| Current Sensor

L

Source USER
2

N

ﬂ' ar o d:‘ g/ A aa = > da =Y I'd
51 2.28 ninmsihanuiieaduveuniodsneai ladnada luaiines

4 4 aa a o o = o
51 2.29 1nFeaATnoan lataAda Tusiiines
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aw @ y ' ' = = d o
12 viimiliFoude Inemet  smglduSnsdumesiia we Isp uns

daimidoyavziiunn 2 ma mnzfums online doya  uuvdeiiiouilu

° a Py
581 ANUSINN

2 U5MIANUITWVUYARDNAIWYA M3D Point to Multipoint

2.1 Mmsieudeuuy Fan — Out iWumsiende  dninawlng Auanld

1NN 1 ure muiideans 18 u § ATM (Foas 2 ma)

2.2 MI¥PUADLUY Broadcast

Wumsemsuuumudr Tasaoiiniungy

nans srdsdeyauvunsznween lldmuide q wiow q du ww ms
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Voltage (V)
Kw-Hr Fluke
243 240.3
234 2313
220 219.5
209 209.1
200 200.7
187 189.1

Haayig Kw-Hr 19 Kilo Watt-Hour meter
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Current (A) Voltage (V)

v Kw-Hr Fluke Kw-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 3.46 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 2212
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) Kw-Hr Fluke 43 B Kw-Hr Fluke 43 B
4.21 1.71 1.72 0.987 0.98
4.80 1.72 1.72 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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Abstract

This paper presents the Remote Data
Smart Card Digital Kilo Watt - Hour Meter On
Leased Line Network. Between Master and
Slave .For increasing value of smart card
Changing Time and Ft rate Transmit -
Receive data Via RS-485 and RS - 232 port.
It was applied by leased line network at
speed 9.6 Kb/s for monitoring electric meter
smart card which compare and calculates the
electric payment the money in a smart card,
and cut off.
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INA217
&
-~

SBOS247B - JUNE 2002 - REVISED FEBRUARY 2005

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

FEATURES

® LOW NOISE: 1.3nV~Hz at 1kHz

©® LOW THD+N: 0.004% at 1kHz, G = 100

©® WIDE BANDWIDTH: 800kHz at G = 100

® WIDE SUPPLY RANGE: 4.5V to +18V

@ 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

Vot

RG,

RG,

Vin*

A Please be aware that an important notice concerni

All trademarks are the property of their respective owners,

DESCRIPTION

The INA217 is a low-noise, low-distortion, monalithic instru-
mentation amplifier. Current-feedback circuilry 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
axtremely low levels, even in high gain. The INA217 provides
near-theoretical noise performance for 20082 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 features wide supply voltage, excellent output
voltage swing, and high output current drive, making it an
optimal candidate for use in high-level 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 narrow. The INA217 is
specified over the lemperature range of —40°C to +85°C.

ng availability, standard wamranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

mmmumn-uw-dpoud-m

Copyright © 2002-2005, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS®™

Supply VORDQE, V4 10 Ve ..ot eees s eeoee e st oo a8V
Signal Input Terminals. Voltoge!® .. (V=) = 0.5V 10 (V) + 0.5V
wee. CONMINUOUS
.=55°C 1o +125°C
-55°C 10 +150°C

...... +150°C

Lead Temperature isoldering, 10s)....

NOTES: (1) Stresses above these ratings may cause pemanent domage.
Exposurs 10 absolute maximum condiions for sxtended periods may degrade
device reliability. (2) Input terminals are diode.clamped 1o the power-supply
rails. Input signals that can swing more than 0.5V beyond the supply rails
should be current limited 0 10mA or less. (3) Short<ircult 1o ground. one
amplifier per package

PACKAGE/ORDERING INFORMATION"

PACKAGE PACKAGE
PRODUCT PACKAGE-LEAD DESIGNATOR MARKING
INAAT SOL-18 Dw INAZYT
INAZ17 DIP8 P INAZ217

NOTES: (1) For the most cument package and ordering information, see the
Package Option Addendum ot the end of this document. or s2e the Ti website

al www. ti.com,
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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 subtle performance degradation
to complete device failure. Precision integrated circuits may be
more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

PIN CONFIGURATIONS
Top View
o}
NC |1 16 |NC
RG, | 2 15 | RG,

V| 2 le

NC |8 M| Vi v-| 4 3 REF
V-E 10 | REF DIP-8
NC| 8 2 |NC
SOL-16
NC = No Internal Connection
2 INSTRUMENTS

wwiy ti.com SBOS2478



ELECTRICAL CHARACTERISTICS: Vg = +15V

Boldface limits apply over the specified temperature range. Ta = —40°C to +85°C.
Ta= #25°C. Ry = 2K(L Vg = 115V, unless otherwise noted,

99

INA217
PARAMETER CONDITIONS MIN TYP MAX UNITS
GAIN EQUATION G =1+ 10KR,
Range 1 to 10000 v
Gain Error. G = 1 0.1 1025 %
G=10 0.2 0.7 %
G =100 0.2 %
G = 1000 0.5 %
Gain Temp Dritt Coefficient, G = 1 43 +10 ppm/ C
G>10 +40 +100 ppm/ C
Nonlinearity, G = 1 20.0003 % of FS
G =100 20.0006 % of FS
INPUT STAGE NOISE
Voltage Noise Rocumpce = 0f1
fo = TkHz 1.3 nViHz
fn = 100Hz 15 Vi Hz
fn = 10Hz as nVivHZ
Current Noise g
I, = TkHz 0.8 pAHZ
OUTPUT STAGE NOISE
Voltage Noise, f, = 1kHz 90 vz
INPUT OFFSET VOLTAGE
Input Offset Voltage Vs = Vour = OV 50 + 2000:G 250 + 5000'G my
vs Temperature Ta= T 10 Tyax 1+ 200G uvre
vs Power Supply Vs = £4.5V to £18V 1+ 50/G 3 + 200G pVIV
INPUT VOLTAGE RANGE
Common-Mode Voltage Range V* = Var- =0V Ve -4 V+) -3 v
Vag* = Ve = OV V-)+ 4 V-)+3 v
Common-Mode Rejection, G = 1 Vou =111V, R = 00 70 80 d8
G =100 100 116 d8
INPUT BIAS CURRENT
Initial Bias Current 2 12 HA
vs Temperature 10 nASC
Initial Offset Current 0.1 1 HA
ve Temperature 0.5 nAIC
INPUT IMPEDANCE
Differential éoll 2 Ma |l pF
Common-Mode 60ll2 Ma llpF
DYNAMIC RESPONSE
Bandwidth, Small Signal, -3dB, G = 1 34 MHz
G =100 800 kHz
Slew Rate 15 Vius
THD+Noise, f = 1kHz G =100 0.004 %
Setlling Time, 0.1% G =100, 10V Step 2 us
0.01% G =100, 10V Step 35 us
Overload Recovery 50% Overdrive 1 us
OUTPUT
Voltage R to GND V+) -2 (V#)-18 v
V=)+2 V=) + 18 v
Load Capacitance Stability 1000 pF
Short-Circuit Curent Continuous-to-Common 160 mA
POWER SUPPLY
Rated Voltage *15 v
Voltage Ronge 45 8 v
Current, Quiescent lp = OmA 10 2 mA
TEMPERATURE RANGE
Specifcation -40 +85 °C
Operating —40 +125 c
Thermal Resistance
DIP-8 oy +85 TW
SOL-16 +90 T
NOTE: (1) Gain y Is a function of IR,;.
: EXAS
INA217 INSTRUMENTS 3
SBOS247B www.ti.com
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TYPICAL CHARACTERISTICS

At Ta= +25°C, Vg = £15V, R, = 2Ki2 unless otherwise noted

GAIN vs FREQUENCY THD+N vs FREQUENCY
70 01 T
80 i I I I E G = 100C
G =1000 ||| 1~}|
R il
40 ~ 001
o G=100 = ¥ & T
2 30 Lt ; G =100
5 o [ N :
o GI= I‘IO \\ AN =
0.001
10 i === G=10
Q < i s
G=1 NI . 1 T <
-10 - B, G= Vo=7vims| |
-20 l I [N 0.0001 Ll i Sl
10k 100k ™ 10M 20 100 1k 10k 20k
Frequency (Hz) Frequency (Hz)
NOISE VOLTAGE (RTI) vs FREQUENCY CURRENT NOISE SPECTRAL DENSITY
1k 100
T}
\\ LI’
£ I =1 i
z 100 ==z =
z i g i
= E )
- -~ & ]
@
o T G=10 i
3 10
o= 100 G = 50016 = 1000 g
= 1l I 3
= 1 % 1 m’
" .- 0.1
10 100 1k 10k 1 10 100 1k 10k
Frequency (Hz) Frequency (Hz)
POWER-SUPPLY REJECTION
CMR vs FREQUENCY vs FREQUENCY
140 140
I A
G= 1000 G = 100, 1000
120 i g "® T H]
) T g G=1 N
= |G = 100 = = =
« 100 - 100 =
M -J -
-3 ! G=1 N
o G=10 N ] L N
80 |— = Syt 80
3 L] i ST NN
_E 60 |-G=1 ~ E 60 N M
K H N s B
@ N
E 40 = 40 .
# L3
1] 1]
10 100 1k 10k 100Kk ™ 1 10 100 1k 10k 100k 1M
Frequency (Hz) Frequency (Hz)
? Te
{’ XAS
4 INSTRUMENTS INA217
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TYPICAL CHARACTERISTICS (Cont.)

At Ta = +25°C, Vg = 215V, Ry = 2ki2, unless otherwise noted.

OQUTPUT VOLTAGE SWING vs OUTPUT CURRENT

101

SETTLING TIME vs GAIN

v 10 T
l 20V Step /
_ vep-2 + A
By '--...___\ 8 v )
7 v = 5 v
3 i \ ¥ 0.01%
2 V-6 i -g /
g S /
g mervs ? Al
> [ - 4 '/
2 v ee 3 I
2 / ’ 11 /
Vo a2 =dp L 0%
V= 0 I
0 10 0 30 40 50 10 100 1000
Output Cumrent {mA) Gain
SMALL-SIGNAL TRANSIENT RESPONSE SMALL-SIGNAL TRANSIENT RESPONSE
G=1) (G = 100)
2 r 2
. " i .
!
25us/div 10psidiv
LARGE-SIGNAL TRANSIENT RESPONSE LARGE-SIGNAL TRANSIENT RESPONSE
G=1) (G =100)
’ S o i 9 ’p' \
r 4 ] ¢ 'ﬁ
H 3 \ ,'; \
/ - - ! !
= ] Z [
b] ! N s ik 3 %) X
@ i £ ! & ! \
.l' ; 4 ,’ ‘i
S i J - 1
2.5usidiv 2.5us/div
Texas
INA217 INSTRUMENTS 5
SBOS247B www.tl.com



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 Reference ipin 5)
should be a low-impedance connection. Resistance of a few
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 5k( feedback resistors are laser-timmed to
5ke2 within approximately +0.2%. The gain equation for the
INA217 is:

10,000
Rg

The temperature coefficient of the internal 5k 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 1.3nV/VHz voltage noise delivers near-theorefical
noise performance with a source impedance of 200¢. The
input stage design used to achieve this low noise results in
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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 10kt).
For source impedance greater than 10ke2. other instrumen-
tation amplifiers may provide improved noise performance.

INPUT CONSIDERATIONS

Very low source impedance (less than 10£2) 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.

am
ke P
120H
12uH
g i 3

wo—2
1
. GAIN Re
R T Your v | g
10000 1 0 :
G=1s 2 8 10000
Ry
. 5 14 | 280
8 REF 10 20 111
51
oy 51 20 2% 526
N 3 - 50 M 204
= 100 | 40 101
tlonF pes : »
Ve '-{Ij_ 1000 | 60 | 10
) e 2000 | 66 5

NOTE: (1) NC = No Connecion.

FIGURE 1. Basic Circuit Connections.

TExAas
INSTRUMENTS

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 1o adjust the output offset voltage. A voltage applied
o 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 rejection.
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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. C4 and C; block the phantom power voltage from
the INA217 input circuitry. Non-polarized capacitors should
be used for C4 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.

R4 and R 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
is generally the dominant source of output offset voltage in
this application. With a maximum gain of 1000 (60dB), the
output offset voltage can be several volts. This may be
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 Rg.
Rg determines the maximum gain. The total resistance,
Rg + Ry. determines the lowest gain. A special reverse-log
taper potentiometer for R; can be used to create a linear
change (in dB) with rotation.

N
SNSRI

NOTES: (1)Uummcapacuasifmnmmubbe
turned off. (2) Ry sets maxmum gain. (3) R, sets minimum gain.
(4) Optional IN4148 prevents damage due 1 Esomhd-niwru

FIGURE 4. Phantorn-Powered Microphone Preamplifier.

INA217

SBOS247B
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s PACKAGE OPTION ADDENDUM
INSTRUMENTS

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

Orderable Device status ") Package Package Pins Package Eco Plan @ Lead/Ball Finish MSL Peak Temp =
Type Drawing Qty
INAZ217AIDWR ACTIVE SOIC Dw 16 1000 TBD CU NIPDAU  Level-3-220C-168 HR
INAZATAIDWT ACTIVE SOIC D 16 250 TBD CU NIPDAU  Level-3-220C-168 HR
INAZ1TAIP ACTIVE PDIP | 3 8 50 TBD Call Ti Level-NA-NA-NA

) The marketing status values are defined as follows

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period Is in effect,

NRND: Not recommended for new designs, Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but Is notin production. Samples may or may not be avallable.

OBSOLETE: TI has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
httpwww. . comvproductcontent for the latest availability information and additional product content details.

TBD: The Pb-Free'Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms “Lead-Free~ or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, Including the requirement that lead not exceed 0.1% by weight in homogeneous materlals. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in spedified lead-free processes.

Green (RoHS & no Sb/Br): Tl defines "Green” to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

) MSL. Peak Temp, -- The Molsture Sensitivity Level rating according to the JEDEC Industry standard classifications, and peak solder
temperature.

Important Information and Disclalmer:The information provided on this page represents TI's knowledge and bellef as of the date that it Is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as lo the
accuracy of such Information. Efforts are underway to better integrate Information from third parties. Tl has taken and continues to lake
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
Incoming materlals and chemicals. Tl and T1 suppliers consider certaln information to be proprietary. and thus CAS numbers and other limited
information may not be available for release

In no event shall TI's liability arising out of such information exceed the total purchase price of the T part(s) at Issue In this document sold by TI
o Customer on an annual basis.

Addendum-Page 1
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MECHANICAL DATA

MPDIOO1A — JANUARY 1995 - REVISED JUNE 1999

P (R-PDIP-T8)

PLASTIC DUAL-IN-LINE

0.400 (10,60)

0.355(9,02)
8 5
[ S Wean Waan W

0.260 (6.60)

0.240 (6.10)

| N Y

1 | L 4
—» 0.070 (1,78) MAX

0.020 (0,51) MIN

0. 200(5 08) MAX

Seating Plane

? 0.125(3,18) MIN

0.325 (8,26)
0.300 (7,62)
I 0.015 (0,38)

- _[ Gage Plane

il ¥
il
1] ‘1
! __plie— 0.010(0,25) NOM
il
U l!

L-o4:m(1092)-|

MAX

0.021 !0 53)

0.015(0,38)

[ [o.010(0.25 M)

4040082/D 05/98

NOTES: A. All linear dimensions are In inches {millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

For the latest package information, go to hitp-i/www.ti.comysc/docs/package/pkg_info.htm

‘b TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MECHANICAL DATA

DW (R-PDSO-G16)

PLASTIC SMALL—OUTLINE PACKAGE

€.4'G {10,63)

.23 7357

EEEEE)

s

A s

Pin 14 0.050 (1,27)

ingex Arec

_t

| m]winjujnjnini

L0104 (2,65) Mox

0.020 {0,51)
0.012 (0.31)

[$[c.010 (0.35)@
0.012 (0,30

2.013 (0,33)

;ﬁc'a";?:-‘.fc?)l /
~n o 4 =ik
Gouge “lane

o

LC.0IC {D.25)

,F'JJ

a
Seas

/

0004 (0.10)

1]
[ e

|
?

[000¢ (&.10)]

-~ Seating Plane

o-8

0.050 (1,27)
0.018 {0.40)

4020000-2/F 06/2004

NOIES: Al lineor dimensions are in inches {Imiimeters)

Cow

“olis within JEDEC MS-013 wariclion AA

This drowing is subject 10 change witnout =otice,
Jody dimensions do not include mcld flask or crotrusion not to exceed 0.006 (0,15).

3 Texas

www.tl.com



107

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) 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 current and complete. All products are sold subject to Tl'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 T
deems necessary to support this warranty. Except where mandated by government 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 safequards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl 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 Tl

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 Ti for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DspP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontrollerticom  Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/ivideo
Wireless www.ti.com/wireless

Mailing Address:  Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright € 2005, Texas Instruments Incorporated



e 6-PIN DIP RANDOM-PHASE
w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR® (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

ELECTRICAL CHARACTERISTICS (7, = 25'C Uniess omerwise specified)

INDIVIDUAL COMPONENT CHARACTERISTICS

Parameters Test Conditions Symbol Device Min Typ Max Units
EMITTER

Input Forward ‘Voltage ir =10 mA Vp Al 1.15 15 \d

Reverse Leakage Current Va=3V, Ty =25C In All 001 100 PA
DETECTOR

“eax Eloccng Cunent Ether Direction| Rated Ypay, l= = 0 (note 1 I p All 10 100 na

Seak Cn-Siate Votage Ethes Drecior] i,y = 100 mA peak, le = 0 e All 1.8 3 v

Sl Rate of Risz of OF-Siate Vetagel |+ = D (figure 5, note2) dvidt All 10 Vius

TRANSFER CHARACTERISTICS 7, = 25'C Unless omerwise specified.)

DC Characteristics Test Conditions Symbol Device Min Typ Max Units

MOC3CZ0M kN
MCC010M
MOC2021M
LED Trgger Cumrent vioitage = 3V (note 2) let MOC3011M mA
MOCZ2M
MOCIC12M
MOC3C23M

Helding Carrent, Either Direction I Al 100 A

Note

1. Test voltage must be applied within dv/dt rating.
2TMbllnﬂcdvldl.SeeFlgteSiwmumCannwtnmgdwd:nuﬁlﬂmdn‘nIood-ckwhgﬂwrlsma)omy

3. All devices are guaranteed to trigger at an |- vaiue less than or equal 1o max lgy. Therefore, g Ig lies bety

max lyr (30 mA for MOC3020M, 15 mA for MCC3010M and MOC3021M, 10 mA for MOC3011M and MOC3022M.S mA for
MOC3012M and MOC3023M) and absoiute max l. (S0 mA)

www.fairchildsemi.com 20F8 10:31/01 D5300255
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RS | 6-PIN DIP RANDOM-PHASE
FAIRCHILD OPTOISOLATORS TRIAC DRIVER OUTPUT

T TR R
SEMICONDUCTOR" (250/400 VOLT PEAK)
MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M
Fig. 1 LED Forward Vollage vs, Forward Current Fig. 2 On-$late Charactermtics
o //
f /
i o« A
- 5
: ()| F4
d ¥
¢ L b 1 U P -
g 1 I./...‘/I/ // t el I/
b —-._‘//” * // ; " /
"__.- SRGE /
| = .4"/ /F
' - e i ) C»H:A‘l u::u::-:, * ’ '
e *LED FORWARD SJR9EN" ~a
Fig. 3 Trigger Current vs. &mblent Tempersture Fig. 4 LED Current Required to Trigger va LED Puise Wiatn
) . [T1T
" Q \H‘II‘W!‘DI
LN : =t
i Ly
: . \\ z N
T~
- - :
E - ST T
- “.l'mm Irr_ LED TRIGGER WIDTH - PA 8-

AMBENT TEWFERA™RE - T, 12
Fig. ¢ Laakage CUment. inay ¥s Temperaturs

1000
Fig. 5 oviat v, Tomouratur ===

= G I I T I | —71
T mnﬂ
sarace | | N
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_ [ | I T I —71
i -
4 ) ¥
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i o 7
g = e
= [~ ']
- — a
o f et i T i
~ _§ I = e |
]
1
» o 0 - N - w o
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6-PIN DIP RANDOM-PHASE

w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR" (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

1 The mercury wetied reiay provides a high speed repeated
puise to the D.U.T.
2 100x scope probes are used, to aliow high speeds and

ADVIMOSKTY e iy N voliages
Rkt o T | A 1 3 The worst-case condtion for stavc dvidt is established by
o } S | SN triggenng the D.U.T with a normal LED input current. then
P | . remeoving the current. The variable Ryzq; allows the avidt to
PLsE | S e gradually increased unti’ the ©_U.T. continues 10 trigger in
N7 MERCLAY response to the applied voltage pulse, even after the LED
WETTED e current has been removed. The dvidt is then decreased unal
DuT. PRCAE the D.U.T. stops tnggering. Tx- is measured at this point and
recorded.
[ J
e -— o
-
5 e Virar =300V [MOC202X]
APFLED VOLTAGE \ =250 v [MOC201X)
WA —— 47252V MOTA02X \
188 W JMOC01X, \
o ot » £S48 L 2 pccannn
tac 18
Al e

- Wlwcs’nm
Figure 5. Static dvidt Test Cirouit

NOTE: This optoisolator should not be used to drive a load directy.
It is intended to be a trigger device cnly.

R

R, 1
Vg O~ 3 20V
S 0z

_J J,
s
Oo—
—0

Figure 6. Resisuve Load

Ve O—-

Figure 7. Inductive Load with Sensitive Gate Triac (lgy < 15 mA)

www.fairchildsemi.com 40F8 10/31/01 D$300255
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B 6-PIN DIP RANDOM-PHASE
w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR" (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

Vie O——AN—O—1
1

] 2 | uocsotaw
MOC21IM
‘M MOC30° 2
3
O

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

320 470

8
i -3
R T =
= & MOC302 1M - 005 uF ==
_.D:'_O—' MOC3022M o A%uFo
L
o— O

O GROUND

In this circuit the “hot” side of the ine is switched and the load connected to the cold or ground side.
The 39 ohm resistor and D D1 uF cagacitor are for snubbwng of the triac, and the 470 ohm ressstor and 0.05

uF capacitor are for snubbing the coupler. These components may of may not be necessary depending
upon the particular and load used.

Figure 9. Typical Application Circuit

DS300255 1073101 50F8 www.fairchildsemi.com
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T M - 5
FAIRCHILD
fciai s e

SEMICONDUCTOR?

6-PIN DIP RANDOM-PHASE

OPTOISOLATORS TRIAC DRIVER OUTPUT

(250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

Package Dimensions (Through Hole)

F-1.1: 10
o1

235C €37
3248183

e

i-l\;é-q-rﬂ Lol
e 2314 & 36
LT
I
s
S1ELY)

Package Dimensions (Surface Mount)
2260 885

£ asgnc;
N

s

23sajssy C2iRen

33031813 ‘
SR |
ERra — 223N
e 201236 i
ek Az |
€038 Ch; BE13 0 38
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A AR 5 3 6-PIN DIP RANDOM-PHASE
w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR” (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

ORDERING INFORMATION
Option Order Entry Identifier Description
S 5 Surface Mount Lead Bend
SR2 S5R2 Surface Mount. Tape and reel
T T 0.4 Lead Spacing
v ¥ DE 0884
™ ™ VDE 0884, 0.4” Lead Spacing
SV SV VDE 0884, Surface Mount
SR2V SR2V VDE 0884, Surface Mount, Tape & Reei
QT Carrier Tape Specifications (“D” Taping Orientation)

12040

452020
r 204005 = Q15MN
030 MAX 4001 /- 1752010
1r e
4 o o

o 0o o 0000 &

T e
I 7 d 11 I I 11.5:l1.0
no=or|d. EUd Bld Bl & 240£03
' " r F

\
0.1 MAX 101£020 \-el.nn.h-u

Jser Crrection of Fetd ——

S5 L

NOTE
2]l gimensions are in inches (millkmeters)
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ST T 6-PIN DIP RANDOM-PHASE
w OPTOISOLATORS TRIAC DRIVER OUTPUT
SEMICONDUCTOR* (250/400 VOLT PEAK)

MOC3010M MOC3011M MOC3012M MOC3020M MOC3021M MOC3022M MOC3023M

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE THE RIGHT TO MAKE CHANGES ‘MTHOUT FURTHER NOTICE
TO ANY PRODUCTS HEREIN TO IMPROYE 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 of 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) supporn or sustain life, reasonably expected to cause the failure of the life
and (¢) whose failure to perform when properly support device or system, or to affect its safety or
used in accordance with instructions for use provided effectiveness.

in labeling, can be reasonably expected 1o resultin a
significant injury of the user.

waw_fairchildsemi.com 80F 8 1073101 D$I00255
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» DALLAS DRf0¢

» SEMICONDUCTOR 64 x 8 Serial Real-Time Clock
Y R T R S
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
compensaton valid up ro 2100

»  56-byte. battery-backed. nonvolaule (NV)
RAM for data storage

= Two-wire senal mrerface

»  Programmable squarewave output signal

= Automatic power-fail detect and switch

[ Vee
T I SQWIOUT

: D scL
crrewmtry M sDA
»  Consumes less than 500nA in barery backup DS1307 §-Pin SOIC (150-mul)

mode with oscillator runmng
=  Optional industnal temperature range:

~0°C 1o +85°C PIN DESCRIPTION
= Available m 8-pmn DIP or SOIC Ve - Primary Power Supply
= Underwriters Laboratory (UL) recogmzed X1. X2 - 32 768kHz Crystal Connection
'BAT - =3V Battery Input
GND - Ground
ORDERING INFORMATION SDA - Serial Data
DS1307 8-Pin DIP (300-mmul) SCT: - Senal Clock
DS1307Z° 8-Pin SOIC (150-ml) SQW/OUT - Square Wave/Output Driver
DS1307N 8-Pin DIP (Industrial)
DS1307ZN 8-Pin SOIC (Industnial)
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 vear. The clock operates in either the 24-hour or 12-hour format with AM/PM ndicator. The
DS1307 has a built-in power sense circuit that detects power failures and automancally switches to the
batterv supply.

1of12 100101
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DS1307

TYPICAL OPERATING CIRCUIT
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OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtamed by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially unul a STOP condition is executed. When Vec falls below 1.25 x Vaarthe
device termmates 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 mto a low-current battery backup
mode. Upon power-up, the device switches from battery to Ve when Vi 1s greater than Vpar + 0.2V
and recogmizes inputs when Ve 15 greater than 1.25 X Vaar. The block diagram in Figure 1 shows the
main elements of the sertal RTC.

DS1307 BLOCK DIAGRAM Figure 1
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DS1307

SIGNAL DESCRIPTIONS

Ve, GND - DC power is provided to the device on these pins. Vec 1s the +5V nput. When 5V 15
applied within normal limuts. the device 15 fully accessible and data can be wnitten and read. When a 3V
battery 1s connected to the device and Ve 1s below 1.25 x Vaar. reads and wnites are inhibited. However.
the rimekeeping function connnues unaffected by the lower mput voltage. As Ve falls below Va7 the
RAM and nmekeeper are switched over to the external power supply (nommnal 3.0V DC) at Vaar.

Vgar — Bartery mput for any standard 3V lithrum cell or other energy source. Bartery voltage must be
held between 2.0V and 3.5V for proper operation. The nominal wnite protect tnp pomt voltage at which
access to the RTC and user RAM is demued 15 set by the mtemal circmtry as 1.25 X Vgar nonunal. A
lithrum bartery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence of
power at 25°C. UL recognized to ensure agamst reverse charging current when used in conjunction with a
Lithium battery.

See "Conditions of Acceptabiliry™ ar hup. wwiwv maxun-1c QA nirl him.

SCL (Serial Clock Input) — SCL 15 used to synchromze data movement on the senal interface.

SDA (Serial Data Input/Output) — SDA is the input‘output pin for the 2-wire senal interface. The SDA
pin 15 open drain which requires an external 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 1s open
drain and requires an extemal pull-up resistor. SQW.OUT will operate with either Ve or Vbat apphed.

X1, X2 — Connections for a standard 32.768kHz quartz crystal. The intemal oscillator circuitry 1s
designed for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

For more information on crystal selection and erystal layout considerations. please consult Apphication
Note 58, “Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 can also be dniven by an
external 32.768kHz oscillator. In this configuration. the X1 pin 1s connected to the external oscillator
signal and the X2 pin 1s floated.

RECOMMENDED LAYOUT FOR CRYSTAL

Ciwstal

Lcce{ﬁmundplmg ~H.
Layer 2

Guard Ring
(connect to gond) |
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DS1307

CLOCK ACCURACY

The accuracy of the clock 15 dependent upon the accuracy of the crystal and the accuracy of the match
benween the capacitive load of the oscillator circwr and the capacitive load for which the crystal was
mmmed. Addimonal error will be added by crystal frequency drift caused by temperature shifts. External
circust notse coupled into the oscillator cirewt 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 informanon.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM regusters of the DS1307 15 shown 1 Figure 2. The RTC registers
are located in address locations 00h to 07h. The RAM regsters are located m address locanions 08h to
3Fh. Dunng a multi-byte access, when the address pointer reaches 3Fh, the end of RAM space. 1t wraps
around to location 00h. the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

acH
SECONDS
bt S
WINJUTES

HOJRS
g |
SAY .
CATE '
MONTH
YEAR
o7H | CONTROL
D8H RAM
5
3FH 59x8

CLOCK AND CALENDAR

The ume and calendar information is obtained by reading the appropmiate regster bytes. The RTC
registers are illustrated in Figure 3. The ume 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 regaster 0
1s the clock halt (CH) bit. When this bit 15 set to a 1, the oscillator 1s 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 mn either 12-hour or 24-hour mode. Bit 6 of the hours register 1s 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 15
the AM'PM bit with logic high bemng PM. In the 24-hour mode. bit 5 15 the second 10 hour bt (20-
23 hours).

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

3of12



119

DS1307
DS1307 TIMEKEEPER REGISTERS Figure 3
wrr | ‘ | | | | | w1
W‘I CH 10 SFCONDSE SECONDS ; 0059
‘*—__ — L
1 L w TMNUTES WMINUTES 00-5%
d :‘;}:}-—'i‘-ﬁ‘ o] HOURS &=
KR K3 £ R B I
| I ippate ) DATE g:'g?
TRERFE? - o2
k] YF_AF i YEAR 00-99
ot -3ur§ & 4 ¥ 13!”! 'I" |ns‘[fm_
CONTROL REGISTER
The DS 1307 control regster is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
oUT 0 0 SQWE 0 0 RS1 RSO

OUT (Output control): This bit controls the output level of the SQW/OUT pmn when the square wave
output is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT = 1 and 15 0 if
OUT=0.

SQWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RS0 and RS1 bats. With the square
wave output set to 1Hz, the clock registers update on the falling edge of the square wave.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS buts.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RS0 SQW OUTIPUT FREQUENCY
0 0 1Hz
0 1 3.096kHz
1 0 8.192kHz
1 1 32.768kHz

Sofl2
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DS1307

2-WIRE SERIAL DATA BUS

The DS1307 supports a bi-directional. 2-wire bus and data transmussion protocol. A device that sends
data onto the bus is defined as a transmitter and a device recerving data as a recerver. The device that
controls the message 15 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 senal 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 configuranon using this 2-wire protocol is show in Figure 4.

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 remam stable whenever the clock line 1s HIGH. Changes in
the data line while the clock line is high will be wterpreted as control signals.

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

Start data transfer: A change in the state of the data line, from HIGH to LOW. while the clock 1s HIGH.
defines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH. while the clock line 15
HIGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
is 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. There 1s one clock pulse per bit of dara.

Each data transfer is initiated with a START condition and terminated with a STOP condition. The
number of data bytes transferred between START and STOP conditions 1s not linuted. and 15 determuned
by the master device. The information 15 transferred byte-wise and each receiver acknowledges with a
mnth bit.  Within the 2-wire bus spectfications a regular mode (100kHz clock rate) and a fast mode
(400kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.

6ofl12
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DS1307
Acknowledge: Each recerving device. when addressed. 1s obliged to generate an acknowledge after the
reception of each byte. The master device must generate an exura clock pulse which 15 associated with
tlus acknowledge bit.

A device that acknowledges must pull down the SDA line dunng the acknowledge clock pulse m such a
way that the SDA line 1s stable LOW dunng the HIGH period of the acknowledge related clock pulse. Of
course, setup and hold times 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 tlus 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

Depending upon the state of the R/ bit. two types of data wransfer are possible:

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

]

Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) 1s
transmutted by the master. The slave then returns an acknowledge bit. Ths is followed by the slave

transmitting a number of data bytes. The master retumns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte. a “not acknowledge™ is retumed.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
wansfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition is also the beginning of the next serial transfer. the bus will not be released. Data 15 transferred
with the most sigmificant bit (MSB) first.

Tofl2
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DS1307

The DS1307 mayv operate in the followmg rwo modes:

1

Slave receiver mode (DS1307 write mode): Senal data and clock are recerved through SDA and
SCL. Affer each byte 15 received an acknowledge bit 15 transmutted. START and STOP conditions
are recognized as the beginning and end of a senal transfer. Address recognition 1s performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte 1s
the first byte received after the start condition 15 generated by the master. The address byte contains
the 7 bit DS1307 address. which is 1101000, followed by the *direction bit (R W ) which, for a wnte,
152 0. After recerving and decoding the address byte the device outputs an acknowledge on the SDA
Lne. After the DS1307 acknowledges the slave address — write bit, the master transmuts a regaster
address to the DS1307 This will set the regster pointer on the DS1307. The master will then begin
transmutming each byte of data with the DS1307 acknowledging each byte recerved. The master will
generate a stop condition to ternunate the data write.

DATA WRITE — SLAVE RECEIVER MODE Figure 6

2

=
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1 I
S START .____ﬁ_‘__ff J
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P - ETOP 1K1 DYTLS « ACKNOWLE DGA
AW - READWRITE OR DIRECTION BIT. ADDAESS = DON

Slave transmitter mode (DS1307 read mode): The first byte 1s recerved and handled as m the slave
receiver mode. However, i this mode. the *direction bit will indicate that the transfer direchon 15
reversed. Serial data is transmitted on SDA by the DS1307 while the senal clock 15 input on SCL.
START and STOP conditions are recognized as the beginning and end of a senal transfer (See
Figure 7). The address byte is the first byte recerved after the start condition 15 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 read. is a 1. After receiving and decodmng the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmuit data starting
with the register address pointed to by the register pointer. If the register pointer 1s not written to
before the initiation of a read mode the first address that is read is the last one stored n the reguster
pomnter. The DS1307 must receive a “not acknowledge™ to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

2
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DS1307
ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relauve to Ground 0.5V 1o +7.0V
Storage Temperature -55°C 10 —125°C
Soldenng Temperature 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 operaton of the device at these or any other conditions above
those indicated mn the operation sections of thus specification 1s not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

Range Temperature Ve
Commercial 0°C to +70°C 4.5V to 5.5V Vee:
Industrial -40°C 10 +85°C 4.5V 10 5.5V Ve

RECOMMENDED DC OPERATING CONDITIONS
(Over the operating range”)

PARAMETER SYMBOL MIN YP MAX UNIIS | NOTES
Supplv Voll:agg ‘cc 4.5 5.0 55 Vv

Logic 1 Vi 22 Vee+ 03 v

Lozmc 0 Vo -0.5 +0.8 Vv

Vg7 Battery Voltage VBat 2.0 3.5 Vv
*Unless otherwise specified.

DC ELECTRICAL CHARACTERISTICS

(Over the 0 ratir% range”)

PARAMETER SYABOL MIN TYP MAX UNITS | NOTES

Input Leakage (SCL) I 1 pA

'O Leakage (SDA & ko 1 A

SQW/OLT)

Logic 0 Output (Ior = SmA) ‘oL 0.4 Vv

Acnve Supply Current Icca 1.5 mA 7

Standby Current Iecs 200 pA 1

Battery Current (OSC ON): Isam 300 500 na 2

SQW/OUT OFF

Battery Current (OSC ON): |  Jpam 180 800 nA

SQW/OUT ON (32kHz)

Power-Fail Voltage Vps 1.216% Vaar | 1.25% Vaar | 1.284xVaur \' 8
*Unless otherwise specified.
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DS1307

AC ELECTRICAL CHARACTERISTICS

(Over the operating range”)
PARAMETER SYMBOL | MIN | TYP MAX | UNITS | NOTES
SCL Clock Frequency feer 0 100 kHz
Bus Free Time Between a STOP and taur 47 1S
START Condinon
Hold Time (Repeated) START Condition i 5TA 4.0 LS 3
LOW Pertod of SCL Clock Lo 4.7 ps
HIGH Period of SCL Clock THIGH 4.0 us
Set-up Time for a cheatcd START fsusTA 4.7 Bs
Condition
Data Hold Time tHD DAT 0 1 4.5
Data Set-up Time 5w DAT 250 ns
Rise Time of Both SDA and SCL Signals tp 1000 ns
Fall Tume of Both SDA and SCL Signals I 300 ns
Set-up Time for STOP Condition tsusTO 47 us
Capacitive Load for each Bus Line Cs 400 pF 6
Cio 10 pF
L'O Capacitance (Ta = 25°C)
Crystal Specified Load Capacitance 125 pF
(Ta=25°C)
*Unless otherwise specified.
NOTES:
1. Iccs speaified with Ve = 5.0V and SDA. SCL = 5.0V,
& ‘.‘cc =0V, Vg,u' =3V.
3. After thus peniod, the first clock pulse 15 generated.
4 A device must internally provide a hold nme of at least 300ns for the SDA signal (referred to the

'savms of the SCL signal) i order to bridge the undefined region of the falling edge of SCL.

5. The maximum tuppar has only to be met if the device does not stretch the LOW peniod (tiow) of the
SCL signal.

6. Cg- Total capacitance of one bus line in pF.

7. Icca— SCL clocking at max frequency = 100kHz.

8. Vprmeasured at Vear = 3.0V,

i0of12
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