
INTRODUCTION

THE SA2002D PIN PROGRAMMABLE MONOCHIP
METER

This application note describes the functionality of the
SA2002D metering integrated circuit using the PM2002DP
evaluationmodule.

TheSA2002enablesthemetermanufacturertobuildameter
that measures the energy consumption, and records it t o a
mechanical counter.Energyflowdirectionaswellasenergy
metering activity is indicated by means of LEDs. This
applicationnotewillfocusonthepracticaluseoftheSA2002D,
more detailed information specific to the SA2002D can be
foundintheapplicabledatasheet.
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Setting

6A/220V

10A/220V

20A/220V
30A/220V

40A/220V

60A/220V
80A/220V

PinStatus

R 0 = 0 , R 1 = 0 , R 2 = 1

R 0 = 0 , R 1 = 0 , R 2 = 0

R 0 = 1 , R 1 = 0 , R 2 = 0
R 0 = 1 , R 1 = 0 , R 2 = 1

R 0 = 0 , R 1 = 1 , R 2 = 0

R 0 = 0 , R 1 = 1 , R 2 = 1
R 0 = 1 , R 1 = 1 , R 2 = 0

Calibrated

LEDimp/kWh
6400

6400

3200
3200

1600

1600
800

CONNECTORSONMODULE
The PM2002DPmoduleconnectsdirectlytoliveandneutral
onSCK1.Themoduleisreferencedtoliveandshouldbekept
inmindwhenconnectingtestequipmenttothemodule.The
currentismeasuredbytheshuntonthetopofthePCB.Theleft
terminaloftheshuntisconnectedtolive.Theliveoutwillbe
connectedtotherightterminaloftheshunt.

Table1:Asummaryofthepinsettingspossiblewiththe
SA2002D.Pinstatus0indicatesconnectiontoVSSand1

indicatesconnectiontoVDD.

Name

SCK1

JP2

JP3

FunctionDescription

Mainsconnectorformodulepowerandvoltage
sense

Optionalcurrenttransformerconnector.

(Underneathshuntresistor)
OptionalSteppermotorconnector.(Removejumper

J6todisconnectimpulsecounter)

Table2:Connectordescriptions

LiveIn

Neutral

LiveOut

Figure1:Connectionandjumpersettingsfor80A/220Vbi-directionalmetermodule
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MODULESETUP
ThePM2002DPmoduleissetupforusewiththeSA2002Dintegratedcircuit.Resistorvaluesusedonthemodulearecalculatedfor
ratedconditionsof80A/220V.
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Vdd
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P16
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P13
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P11
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Vdd
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J15

Vdd

Vss
J14

Vdd
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J13

Vdd

Vss
J12

Vdd

Vss
J11

Vdd

Vss
J1

J2

1
2

JP3 Vss

J6 6 5 4 3 2 1 . 1

SA2002D

Figure 2:Jumperschematic,digitalIO’s

Name FunctionDescription

J1 J1isusedtoselecttheenergydirection(DIRIpin).Thethreeoptionsavailableare:
P18connectedtoVdd-Negativeenergymeasurement
P18connectedtoVss-Positiveenergymeasurement
P18connectedtoJ2(P17)-Bi-directionalenergymeasurement

P18shouldnotbeleftfloatingandmustbeconnectedtooneoftheoptionsdescribedabove.

J2 J2isonlyused toselectbi-directionalenergymeasurementwhenconnectedtoP18

J3andJ4 ThesearetestpointsplacednexttothedigitalpinsoftheSA2002D

J5 Notfitted Thisisthecurrentsenseinputground.Ifacurrenttransformerisusedforcurrentsensingthetwo
pinsofJ5 mustbeconnected.

J6 ConnectstheimpulsetoVSS. IfasteppermotorisconnectedtoJP3thenJ6shouldbeleftopen.

J7 Analoggroundtestpoint(seefigure1)

J8 Positivesupply testpoint(Vdd)(seefigure1)

J9 Negativesupply testpoint(Vss)(seefigure1)

J11,J12
andJ13

UsedtoselecttheR2,R1andR0 pins oftheSA2002Dforthevariousratedconditions.Refertotable1forthe
possiblesettings

J14 Usedtoselectfastcalibrationmode.ConnectingP7toVddselectsfastcalibrationmode.Fornormaloperation
P7mustbeconnectedtoVss

J15 Usedtoselectbetweennormalandconfigure/testmodes.FornormaloperationconnectP9toVss.

J16 Usedtoselectbetween220Vand110Vmainssystems(Seefigure3).Leaveopenfor220Vmains.

Table3:Jumpersettingsforvariousdeviceoptions
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ANALOG SECTION
The analog (metering) interface described in thissectionis
designed formeasuring220V/80Awithprecisionbetter than
Class1.

The most important external components for the SA2002D
integratedcircuitarethecurrentsenseresistors,thevoltage
sense resistors and the bias setting resistor.The resistors
usedinthemeteringsectionshouldbeofthesametypeso
temperatureeffectsareminimized.

ThevoltageinputoftheSA2002D(IVP)isdrivenwithacurrent
of14µAatnominalmainsvoltage.Thisvoltageinputsaturates
atapproximately17µA. Atanominalvoltagecurrentof14µA
allowsfor20%overdriving.Themainsvoltageisdividedwitha
voltagedividerto14Vthatisfedtothevoltageinputpinsviaa
1M resistor

Thevoltagedivideris(Figure3)calculatedforavoltagedropof
14V.TreatC7asashortcircuitandignoreJ16.Equationsfor
thevoltagedividerinfigure3are:

RA=R1+R2+R3+R15+R10
RB=R12||(R11+P1/2)

Combiningthetwoequationsgives:
(RA+RB)/220V=RB/14V

Values forresistorsR10=47 , R11 = 2 2 k ,P1=10k and
R12=1M chosen.

Substitutingthevaluesresultin:
RB=26.29k
RA=RBx(220V/14V-1)
RA=386.84k

VoltageInputIVP

Ω

VoltageDivider

Ω Ω Ω
Ω

Ω

Ω

are

Figure3:Mainsvoltagedivider

R1 R2 R3R10

R11

R12
NEUTRAL

C7R15

J16

P1

LIVEIN

StandardresistorvaluesofR1,R2,R3andR15arechosento
be47k ,150k ,47k and150k .TheresistorRAisdivided
so that the voltage drop across one resistor is within the
specified limits of the resistor type that is used, usually
200VDC.Theresistorvalueratiosarechosensothatshorting
J16themodulecouldbeusedona110VACmainssystem.

The resistorsR6,R7definethecurrentlevelintothecurrent
senseinputsofthedevice.Thevoltagedropacrosstheshunt
shouldbeatleast20mVatratedconditions.Ashuntresistor
with a valueof50mV@80Awaschosenforthe application
moduleforitseaseofuse.Theresistorvaluesarecalculated
for an input current of 16µA on the current inputs at rated
conditions.Fora80Ametertheresistorvaluesarecalculated
asfollows:

R6=R7=(I /16µA)xR /2
=80A/16µAx625u /2
=1.5625k

I Linecurrent

Astandardvalueof1.6k ischosen.

Ω Ω Ω Ω

Ω
Ω

Ω

CURRENTSENSORINPUTRESISTORSFIGURE4(USING
ASHUNTRESISTOR)

L SH

L =

Figure4:Current input configuration

R6

R7

R14

LIVEIN

LIVEOUT

L
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CTTERMINATIONRESISTOR

CURRENTSENSORINPUTRESISTORSFIGURE5(USING
ACURRENTTRANSFORMER)

Provisionismadefortheuseofacurrenttransformeronthe
module. The existing shunt needs to be removed and the
current sense resistors will have to be recalculated for the
specificcurrenttransformer.ThevoltagedropacrosstheCT
terminationresistoratratedcurrentshouldbeatleast20mV.
TheCT'susedshouldhavealowphaseshi f tandarat ioof
1:2500.The CT is terminated with a 2.7 resistor giving a
voltagedropof864mVacrosstheterminationresistoratrated
conditions

TheresistorsR6,R7definethecurrentlevelintothecurrent
senseinputsthedevice.Theresistorvaluesare selectedforan
inputcurrentof16µAonthecurrentinputsatratedconditions.
For an 80A-ratedmetertheresistorvaluesarecalculatedas
follows:

R6=R7=(I /16µA)xR /2
=80A/16µAx2.7 /2
=2.7k

I Linecurrent
RSH=CTTerminationresistor
2500=CTratio

Ω

L SH

L=

Ω
Ω

Figure5:Currentinputconfiguration

LIVEIN

LIVEOUT

R16

IIN

IIP

J5L

CT1 R6

R7

PhaseCompensation(Whenusingacurrenttransformer)

ReferenceVoltageVREF

GroundGND

Phase shift caused by the current transformer may be
correctedbyinsertingacapacitorinthevoltagedividercircuit.
SeeFigure6,CapacitorC7.Tocompensateforaphaseshiftof
0.18degreesthecapacitorvalueiscalculatedasfollows:

C=1 / (2x xMainsfrequencyxR5xtan(Phaseshiftangle))
C=1 / (2x x50x1Mxtan(0.18degrees))
C=1.013µF

TheVREFpinoftheSA2002Disconnectedtoaresistorthat
determinestheonchipbiascurrent.

TheGNDpinof theSA2002Distothel ivephase,whichis
halfway between VDD and VSS. Note that supply bypass
capacitorsC1andC2arepositionedascloseaspossibletothe
supply pinsofthedevice,andconnected to a solid ground
plane.

π
π
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Symbol Description Detail
SA2002D
Diode,Silicon,1N4007

Resistor,47k,1/4W,1%,metal
Resistor,150k,1/4W,1%,metal
Resistor,100R,1/4W,1%,metal
Resistor,1.6k,1/4W,1%,metal
Resistor,2.4k,1/4W,1%,metal
Resistor,47R,2W,5%,wirewound

Resistor,22k,1/4W,1%,metal
Resistor,1M,1/4W,1%,metal
Resistor,24k,1/4W,1%,metal
Shuntresistor,80A/50mV
Resistor,1/4W,1%,metal

Capacitor,220nF
Capacitor,220µF,16V,electrolytic
Capacitor,470nF,275VAC
Capacitor,820nF
Capacitor
Capacitor,2200uF,16V,electrolytic
3mmLightemittingdiode

Impulsecounter,Kuebler,K07.80
Molex3pinconnector,200milpinspacing

Molex2pinconnector,100milpinspacing
Jumpers

U1
D1,D2

R1,R3

PDIP20

R2,R15
R4,R5
R6,R7
R8,R9
R10
R11
R12
R13
R14
R16
P1
C1,C2
C3,C4

C5
C6
C7
C8
LED1,LED2
CNT1

SCK1
JP3
J1,J2,J3,J4,J5,J6,J7,J8,

J9,J11,J12,J13,J14,J15,
J16

http://www.sames.co.za

COMPONENTLISTS
ThefollowingcomponentlistcoversallcomponentsfittedonthePM2002DPmoduleasshipped

Diode,Zener,2.4VD3,D4

Trimpot,10k,Multiturn

Note1

Note1

Note2

Note1:

Note2:

IncaseacurrenttransformerisusedontheboardR16istheterminationresistor.ResistorsR6andR7valuesmayneedtobe
changedtomatchtheCTused.
Capacitorvaluesmaybeselectedtocompensateforphaseerrorscausedbycurrenttransformers.

Table4: Components forPM2002DPmodulesetupfor220V/80A
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Figure6:SchematicdiagramofthecompletePM2002DPmodule
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Figure7:ToplayerlayoutofthePM2002Dmodule
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PCB LAYOUT

Figure8:BottomlayerlayoutofthePM2002Dmodule

http://www.sames.co.za


PM2002DP

8/10http://www.sames.co.za

Figure9:SilkscreenofthePM2002Dmodule
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NOTE:

http://www.sames.co.za


10/10http://www.sames.co.za

PM9607APPM2002DP

DISCLAIMER:
Theinformationcontainedinthisdocument is confidential and proprietarytoSouthAfricanMicro-ElectronicSystems(Pty)Ltd
("SAMES")andmaynotbecopiedordisclosedtoathirdparty,inwholeorinpart,withouttheexpresswrittenconsentofSAMES.
Theinformationcontainedhereiniscurrentasofthedateofpublication; however,deliveryofthisdocumentshallnotunderany
circumstancescreateanyimplicationthat the information containedhereiniscorrectasofanytimesubsequenttosuch date.
SAMESdoesnotundertaketoinformanyrecipientofthisdocumentofanychangesintheinformationcontainedherein,andSAMES
expressly reserves the right to make changes in such information, without notification, even if such changes would render
informationcontainedhereininaccurateorincomplete. SAMESmakesnorepresentationorwarrantythatanycircuit designedby
referencetotheinformationcontainedherein,willfunctionwithouterrorsandasintendedbythedesigner.

Anysalesortechnicalquestionsmaybepostedtooure-mailaddressbelow:

For thelatestupdatesondatasheets,pleasevisitourwebsite:

(012)333-6021
+2712333-6021
(012)333-8071
+2712333-8071

energy@sames.co.za

http://www.sames.co.za.
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