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AD9761

Dual10-BitTxDAC+®

with2InterpolationFilters

FEATURES
Complete10-Bit,40MSPSDualTransmitDAC
ExcellentGainandOffsetMatching
DifferentialNonlinearityError:0.5LSB
EffectiveNumberofBits:9.5
Signal-to-NoiseandDistortionRatio:59dB
Spurious-FreeDynamicRange:71dB
2InterpolationFilters
20MSPS/ChannelDataRate
SingleSupply:3Vto5.5V
LowPowerDissipation:93mW(3VSupply@
40MSPS)

On-ChipReference
28-LeadSSOP
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PRODUCTDESCRIPTION
TheAD9761isacompletedual-channel,highspeed,10-bit
CMOSDAC.TheAD9761hasbeendevelopedspecificallyfor
useinwidebandwidthcommunicationapplications(e.g.,spread
spectrum)wheredigitalIandQinformationisbeingprocessed
duringtransmitoperations.Itintegratestwo10-bit,40MSPS
DACs,dual2interpolationfilters,avoltagereference,anddigi-
talinputinterfacecircuitry.TheAD9761supportsa20MSPS
perchannelinputdataratethatistheninterpolatedby2upto
40MSPSbeforesimultaneouslyupdatingeachDAC.

TheinterleavedIandQinputdatastreamispresentedtothe
digitalinterfacecircuitry,whichconsistsofIandQlatchesas
wellassomeadditionalcontrollogic.Thedataisde-interleaved
backintoitsoriginalIandQdata.Anon-chipstatemachine
ensurestheproperpairingofIandQdata.Thedataoutputfrom
eachlatchisthenprocessedbya2digitalinterpolationfilter
thateasesthereconstructionfilterrequirements.Theinterpo-
latedoutputofeachfilterservesastheinputoftheirrespective
10-bitDAC.

TheDACsutilizeasegmentedcurrentsourcearchitecturecom-
binedwithaproprietaryswitchingtechniquetoreduceglitch
energyandtomaximizedynamicaccuracy.EachDACprovides
differentialcurrentoutput,thussupportingsingle-endedordif-
ferentialapplications.BothDACsaresimultaneouslyupdated
andprovideanominalfull-scalecurrentof10mA.Also,the
full-scalecurrentsbetweeneachDACarematchedtowithin
0.07dB(i.e.,0.75%),thuseliminatingtheneedforadditional
gaincalibrationcircuitry.

TheAD9761ismanufacturedonanadvancedlowcostCMOS
process.Itoperatesfromasinglesupplyof3Vto5.5Vand
consumes200mWofpower.TomaketheAD9761complete,it
alsooffersaninternal1.20Vtemperature-compensatedbandgap
reference.

PRODUCTHIGHLIGHTS

1. Dual10-Bit,40MSPSDACs
 Apairofhighperformance40MSPSDACsoptimizedforlow

distortionperformanceprovideforflexibletransmissionofI
andQinformation.

2. 2DigitalInterpolationFilters
 DualmatchingFIRinterpolationfilterswith62.5dBstop-

bandrejectionprecedeeachDACinput,thusreducingthe
DACs’reconstructionfilterrequirements.

3. LowPower
 CompleteCMOSdualDACfunctionoperatesonalow

200mWonasinglesupplyfrom3Vto5.5V.TheDAC
full-scalecurrentcanbereducedforlowerpoweropera-
tion,andasleepmodeisprovidedforpowerreduction
duringidleperiods.

4. On-ChipVoltageReference
TheAD9761includesa1.20Vtemperature-compensated

bandgapvoltagereference.

5. Single10-BitDigitalInputBus
TheAD9761featuresaflexibledigitalinterfacethatallows

eachDACtobeaddressedinavarietyofwaysincludingdif-
ferentupdaterates.

6. SmallPackage
TheAD9761offersthecompleteintegratedfunctionina

compact28-leadSSOPpackage.

7. ProductFamily
TheAD9761DualTransmitDAChasapairofDualReceive

ADCcompanionproducts,theAD9281(8bits)andAD9201
(10bits).
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DCSPECIFICATIONS (TMINtoTMax,AVDD=5V,DVDD=5V,IOUTFS=10mA,unlessotherwisenoted.)

Parameter Min Typ Max Unit

RESOLUTION 10   Bits

DCACCURACY1

 IntegralNonlinearityError(INL)
  TA=25°C  –1.75 ±0.5 +1.75 LSB
  TMINtoTMAX  –2.75 ±0.7 +2.75 LSB
 DifferentialNonlinearity(DNL)
  TA=25°C  –1 ±0.4 +1.25 LSB
  TMINtoTMAX  –1 ±0.5 +1.75 LSB
 Monotonicity(10-Bit) GuaranteedoverRatedSpecificationTemperatureRange

ANALOGOUTPUT
 OffsetError –0.05 ±0.025 +0.05 %ofFSR
 OffsetMatchingbetweenDACs –0.10 ±0.05 +0.10 %ofFSR
 GainError(withoutInternalReference) –5.5 ±1.0 +5.5 %ofFSR
 GainError(withInternalReference) –5.5 ±1.0 +5.5 %ofFSR
 GainMatchingbetweenDACs –1.0 ±0.25 +1.0 %ofFSR
 Full-ScaleOutputCurrent2  10  mA
 OutputComplianceRange –1.0  +1.25 V
 OutputResistance  100  k
 OutputCapacitance  5  pF

REFERENCEOUTPUT
 ReferenceVoltage 1.14 1.20 1.26 V
 ReferenceOutputCurrent3  100  nA

REFERENCEINPUT
 InputComplianceRange 0.1  1.25 V
 ReferenceInputResistance  1  M

TEMPERATURECOEFFICIENTS
 UnipolarOffsetDrift  0  ppm/°C
 GainDrift(withoutInternalReference)  ±50  ppm/°C
 GainDrift(withInternalReference)  ±140  ppm/°C
 GainMatchingDrift(betweenDACs)  ±25  ppm/°C
 ReferenceVoltageDrift  ±50  ppm/°C

POWERSUPPLY
 AVDD
  VoltageRange 3.0 5.0 5.5 V
  AnalogSupplyCurrent(IAVDD)  26 29 mA
 DVDD
  VoltageRange 2.7 5.0 5.5 V
  DigitalSupplyCurrentat5V(IDVDD)4  15 18 mA
  DigitalSupplyCurrentat3V(IDVDD)4  5  mA
 NominalPowerDissipation5

  AVDDandDVDDat3V  93  mW
  AVDDandDVDDat5V  200 250 mW
  PowerSupplyRejectionRatio(PSRR)–AVDD –0.25  +0.25 %ofFSR/V
  PowerSupplyRejectionRatio(PSRR)–DVDD –0.02  +0.02 %ofFSR/V

OPERATINGRANGE –40  +85 °C

NOTES
1MeasuredatIOUTAandQOUTA,drivingavirtualground.
2Nominalfull-scalecurrent,IOUTFS,is16theIREFcurrent.
3Useanexternalamplifiertodriveanyexternalload.
4MeasuredatfCLOCK=40MSPSandfOUT=1MHz.
5Measuredasunbufferedvoltageoutputinto50RLOADatIOUTA,IOUTB,QOUTA,andQOUTB;fCLOCK=40MSPSandfOUT=8MHz.

Specificationssubjecttochangewithoutnotice.
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DYNAMICSPECIFICATIONS
(TMINtoTMAX,AVDD=5V,DVDD=5V,IOUTFS=10mA,DifferentialTransformerCoupledOutput,
50DoublyTerminated,unlessotherwisenoted.)

DIGITALSPECIFICATIONS (TMINtoTMAX,AVDD=5V,DVDD=5V,IOUTFS=10mAunlessotherwisenoted.)

Parameter Min Typ Max Unit

DYNAMICPERFORMANCE
MaximumOutputUpdateRate  40   MSPS
 OutputSettlingTime(tSTto0.025%)35   ns
 OutputPropagationDelay(tPD) 55   InputClockCycles
 GlitchImpulse 5   pV-s
 OutputRiseTime(10%to90%) 2.5   ns
 OutputFallTime(10%to90%) 2.5   ns

ACLINEARITYTONYQUIST
 Signal-to-NoiseandDistortion(SINAD)
 fOUT=1MHz;CLOCK=40MSPS 56 59   dB
 EffectiveNumberofBits(ENOBs) 9.09.5   Bits
TotalHarmonicDistortion(THD)
 fOUT=1MHz;CLOCK=40MSPS 
 TA=25°C–68 –58 dB
 TMINtoTMAX–67 –53 dB
 Spurious-FreeDynamicRange(SFDR)
 fOUT=1MHz;CLOCK=40MSPS;10MHzSpan 59 68   dB
 ChannelIsolation
 fOUT=8MHz;CLOCK=40MSPS;10MHzSpan90   dBc

Specificationssubjecttochangewithoutnotice.

Parameter Min Typ Max Unit

DIGITALINPUTS
 Logic1Voltage@DVDD=5V 3.5 5  V
 Logic1Voltage@DVDD=3V 2.4 3  V
 Logic0Voltage@DVDD=5V  0 1.3 V
 Logic0Voltage@DVDD=3V  0 0.9 V
 Logic1Current –10  +10 µA
 Logic0Current –10  +10 µA
 InputCapacitance  5  pF
 InputSetupTime(tS)  3  ns
 InputHoldTime(tH)  2  ns
 CLOCKHigh  5  ns
 CLOCKLow  5  ns
 InvalidCLOCK/WRITEWindow(tCINV)* 1  5 ns

*tCINVisaninvalidwindowof4nsdurationbeginning1nsaftertherisingedgeofWRITEinwhichtherisingedgeofCLOCKmustnotoccur.

Specificationssubjecttochangewithoutnotice.

IDATA QDATA
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DB9–DB0
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NOTE:WRITEANDCLOCKCANBE
TIEDTOGETHER.FORTYPICALEXAMPLES,
REFERTODIGITALINPUTSANDINTERLEAVED
INTERFACECONSIDERATIONSECTION.

Figure1.TimingDiagram
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DIGITALFILTERSPECIFICATIONS
(TMINtoTMAX,AVDD=2.7Vto5.5V,DVDD=2.7Vto5.5V,IOUTFS=10mA,unless
otherwisenoted.)

Parameter Min Typ Max Unit

MAXIMUMINPUTCLOCKRATE(fCLOCK) 40   MSPS

DIGITALFILTERCHARACTERISTICS
 PassBandwidth1:0.005dB  0.2010  fOUT/fCLOCK
 PassBandwidth:0.01dB  0.2025  fOUT/fCLOCK
 PassBandwidth:0.1dB  0.2105  fOUT/fCLOCK
 PassBandwidth:–3dB  0.239  fOUT/fCLOCK
 LinearPhase(FIRImplementation)
 Stop-BandRejection:0.3fCLOCKto0.7fCLOCK  –62.5  dB
 GroupDelay2  32  InputClockCycles
 ImpulseResponseDuration3

  –40dB  28  InputClockCycles
  –60dB  40  InputClockCycles

NOTES
1ExcludesSINx/xcharacteristicofDAC.
2Definedasthenumberofdataclockcyclesbetweenimpulseinputandpeakofoutputresponse.
355inputclockperiodsfrominputtoIDAC,56toQDAC.PropagationdelayisdelayfromdatainputtoDACupdate.

Specificationssubjecttochangewithoutnotice.
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Figure2b.FIRFilterImpulseResponse

TableI.IntegerFilterCoefficientsfor43-TapHalf-Band
FIRFilter

LowerCoefficient UpperCoefficient IntegerValue

H(1) H(43) 1
H(2) H(42) 0
H(3) H(41) –3
H(4) H(40) 0
H(5) H(39) 8
H(6) H(38) 0
H(7) H(37) –16
H(8) H(36) 0
H(9) H(35) 29
H(10) H(34) 0
H(11) H(33) –50
H(12) H(32) 0
H(13) H(31) 81
H(14) H(30) 0
H(15) H(29) –131
H(16) H(28) 0
H(17) H(27) 216
H(18) H(26) 0
H(19) H(25) –400
H(20) H(24) 0
H(21) H(23) 1264
H(22)  1998
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CAUTION
ESD(electrostaticdischarge)sensitivedevice.Electrostaticchargesashighas4000Vreadilyaccumulateon
thehumanbodyandtestequipmentandcandischargewithoutdetection.AlthoughtheAD9761features
proprietaryESDprotectioncircuitry,permanentdamagemayoccurondevicessubjectedtohighenergy
electrostatic discharges.Therefore, proper ESD precautions are recommended to avoid performance
degradationorlossoffunctionality.

ORDERINGGUIDE

 Package Package
Model Description Option

AD9761ARS 28-LeadShrinkSmallOutline(SSOP)RS-28
AD9761ARSRL 28-LeadShrinkSmallOutline(SSOP)RS-28
AD9761-EB EvaluationBoard

THERMALCHARACTERISTICS
ThermalResistance
28-LeadSSOP
qJA=109°C/W
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Figure3.BasicACCharacterizationTestSetup

ABSOLUTEMAXIMUMRATINGS*

 With
ParameterRespectto Min Max  Unit

AVDDACOM –0.3  +6.5 V
DVDDDCOM–0.3  +6.5 V
ACOMDCOM–0.3  +0.3 V
AVDDDVDD–6.5  +6.5 V
CLOCK,WRITE DCOM–0.3  DVDD+0.3  V
SELECT,SLEEP DCOM–0.3  DVDD+0.3  V
DigitalInputsDCOM–0.3  DVDD+0.3  V
IOUTA,IOUTBACOM –1.0  AVDD+0.3 V
QOUTA,QOUTBACOM –1.0  AVDD+0.3 V
COMP1,COMP2 ACOM –0.3  AVDD+0.3 V
COMP3ACOM –0.3  AVDD+0.3 V
REFIO,FSADJACOM –0.3  AVDD+0.3 V
REFLOACOM –0.3  +0.3 V
JunctionTemperature   150  °C
StorageTemperature –65  +150 °C
LeadTemperature(10sec)   300  °C

*StressesabovethoselistedunderAbsoluteMaximumRatingsmaycausepermanentdamagetothedevice.This
isastressratingonly;functionaloperationofthedeviceattheseoranyotherconditionsabovethoseindicatedin
theoperationalsectionsofthisspecificationisnotimplied.Exposuretoabsolutemaximumratingsforextended
periodsmayaffectdevicereliability.
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PINFUNCTIONDESCRIPTIONS

PinNo. Mnemonic Description

1 DB9 MostSignificantDataBit(MSB).

2–9 DB8–DB1 DataBits1–8.

10 DB0 LeastSignificantDataBit(LSB).

11 CLOCK ClockInput.BothDACs’outputsupdatedonpositiveedgeofclockanddigitalfiltersreadrespective
  inputregisters.

12 WRITE WriteInput.DACinputregisterslatchedonpositiveedgeofwrite.

13 SELECT SelectInput.SelecthighroutesinputdatatoIDAC;selectlowroutesdatatoQDAC.

14 DVDD DigitalSupplyVoltage(2.7Vto5.5V).

15 DCOM DigitalCommon.

16 COMP3 InternalBiasNodeforSwitchDriverCircuitry.DecoupletoACOMwith0.1µFcapacitor.

17 QOUTA QDACCurrentOutput.Full-scalecurrentwhenalldatabitsare1s.

18 QOUTB QDACComplementaryCurrentOutput.Full-scalecurrentwhenalldatabitsare0s.

19 REFLO ReferenceGroundwhenInternal1.2VReferenceUsed.ConnecttoAVDDtodisableinternalreference.

20 REFIO ReferenceInput/Output.Servesasreferenceinputwheninternalreferencedisabled.Servesas1.2V
  referenceoutputwheninternalreferenceactivated.Requires0.1µFcapacitortoACOMwheninternal
  referenceactivated.

21 FSADJ Full-ScaleCurrentOutputAdjust.ResistancetoACOMsetsfull-scaleoutputcurrent.

22 COMP2 Bandwidth/NoiseReductionNode.Add0.1µFtoAVDDforoptimumperformance.

23 AVDD AnalogSupplyVoltage(3Vto5.5V).

24 ACOM AnalogCommon.

25 IOUTB IDACComplementaryCurrentOutput.Full-scalecurrentwhenalldatabitsare0s.

26 IOUTA IDACCurrentOutput.Full-scalecurrentwhenalldatabitsare1s.

27 COMP1 InternalBiasNodeforSwitchDriverCircuitry.DecoupletoAGNDwith0.1µFcapacitor.

28 RESET/SLEEP Power-DownControlInputifAssertedforFourClockCyclesorLonger.Resetcontrolinputif
  assertedforlessthanfourclockcycles.Activehigh.ConnecttoDCOMifnotused.RefertoRESET/
  SLEEPModeOperationsection.

PINCONFIGURATION
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DEFINITIONSOFSPECIFICATIONS
LinearityError
(AlsoCalledIntegralNonlinearityorINL)
Linearityerrorisdefinedasthemaximumdeviationofthe
actualanalogoutputfromtheidealoutput,determinedbya
straightlinedrawnfromzerotofullscale.

DifferentialNonlinearity(DNL)
DNListhemeasureofthevariationinanalogvalue,normalized
tofullscale,associatedwitha1LSBchangeindigitalinputcode.

Monotonicity
AD/Aconverterismonotoniciftheoutputeitherincreasesor
remainsconstantasthedigitalinputincreases.

OffsetError
Thedeviationoftheoutputcurrentfromtheidealofzerois
calledoffseterror.ForIOUTA,0mAoutputisexpectedwhen
theinputsareall0s.ForIOUTB,0mAoutputisexpectedwhen
allinputsaresetto1s.

GainError
Thedifferencebetweentheactualandidealoutputspan.The
actualspanisdeterminedbytheoutputwhenallinputsaresetto
1sminustheoutputwhenallinputsaresetto0s.

OutputComplianceRange
Therangeofallowablevoltageattheoutputofacurrent-output
DAC.Operationbeyondthemaximumcompliancelimitsmay
causeeitheroutputstagesaturationorbreakdown,resultingin
nonlinearperformance.

TemperatureDrift
Temperaturedriftisspecifiedasthemaximumchangefromthe
ambient(25°C)valuetothevalueateitherTMINorTMAX.For
offsetandgaindrift,thedriftisreportedinppmoffull-scale
range(FSR)per°C.Forreferencedrift,thedriftisreportedin
ppmper°C.

PowerSupplyRejection
Themaximumchangeinthefull-scaleoutputasthesupplies
arevariedfromnominaltominimumandmaximumspecified
voltages.

SettlingTime
Thetimerequiredfortheoutputtoreachandremainwithina
specifiederrorbandaboutitsfinalvalue,measuredfromthestart
oftheoutputtransition.

GlitchImpulse
AsymmetricalswitchingtimesinaDACgiverisetoundesired
outputtransientsthatarequantifiedbyaglitchimpulse.Itis
specifiedasthenetareaoftheglitchinpV-s.

ChannelIsolation
ChannelIsolationisameasureofthelevelofcrosstalkbetween
channels.Itismeasuredbyproducingafull-scale8MHzsignal
outputforonechannelandmeasuringtheleakageintotheother
channel.

Spurious-FreeDynamicRange
Thedifference,indB,betweenthermsamplitudeoftheoutput
signalandthepeakspurioussignaloverthespecifiedbandwidth.

TotalHarmonicDistortion
THDistheratioofthesumofthermsvalueofthefirstsix
harmoniccomponentstothermsvalueofthemeasuredoutput
signal.Itisexpressedasapercentageorindecibels(dB).

Signal-to-NoiseandDistortion(S/N+D,SINAD)Ratio
S/N+Distheratioofthermsvalueofthemeasuredoutput
signaltothermssumofallotherspectralcomponentsbelowthe
Nyquistfrequency,includingharmonicsbutexcludingdc.The
valueforS/N+Disexpressedindecibels.

EffectiveNumberofBits(ENOB)
Forasinewave,SINADcanbeexpressedintermsofthenumber
ofbits.Usingthefollowingformula,

N=(SINAD–1.76)/6.02

itispossibletogetameasureofperformanceexpressedasN,the
effectivenumberofbits.

Thus,effectivenumberofbitsforadeviceforsinewaveinputs
atagiveninputfrequencycanbecalculateddirectlyfromits
measuredSINAD.

PassBand
Frequencybandinwhichanyinputappliedtherein
passesunattenuatedtotheDACoutput.

Stop-BandRejection
Theamountofattenuationofafrequencyoutsidethepassband
appliedtotheDAC,relativetoafull-scalesignalappliedatthe
DACinputwithinthepassband.

GroupDelay
Numberofinputclocksbetweenanimpulseappliedat
thedeviceinputandpeakDACoutputcurrent.

ImpulseResponse
Responseofthedevicetoanimpulseappliedtotheinput.
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AD9761—TypicalPerformanceCharacteristics AD9761
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TypicalACCharacterizationCurves@5VSupplies
(AVDD=5V,DVDD=5V,50DoublyTerminatedLoad,TA=25C,fCLOCK=40MSPS,unlessotherwisenoted,worstofIorQoutput
performanceshown.)
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SpectrumSpectralPlot(DCtofDATA)

REV.C REV.C



–8–

AD9761—TypicalPerformanceCharacteristics AD9761

–9–

TypicalACCharacterizationCurves@3VSupplies
(AVDD=3V,DVDD=3V,50DoublyTerminatedLoad,TA=25C,fCLOCK=10MSPS,unlessotherwisenoted,worstofIorQoutput
performanceshown.)
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FUNCTIONALDESCRIPTION
Figure4showsasimplifiedblockdiagramoftheAD9761.The
AD9761isacompletedual-channel,highspeed,10-bitCMOS
DACcapableofoperatinguptoa40MHzclockrate.Ithas
beenoptimizedforthetransmitsectionofwidebandcommunica-
tionsystemsemployingIandQmodulationschemes.Excellent
matchingcharacteristicsbetweenchannelsreducetheneedfor
anyexternalcalibrationcircuitry.Dualmatching2interpola-
tionfiltersincludedintheIandQdatapathsimplifyanypost
band-limitingfilterrequirements.TheAD9761interfaceswitha
single10-bitdigitalinputbusthatsupportsinterleavedIandQ
inputdata.

ACOM

REFLO

I
DAC

FSADJ

IOUTA

IOUTB

WRITEINPUT

SELECTINPUT

DCOM DVDD CLOCK

AD9761

2
LATCH

I

REFIO
REFERENCE

COMP1
COMP2
COMP3

BIAS
GENERATOR

QOUTA

QOUTB
2

LATCH
Q

MUX
CONTROL

AVDD

DACDATA
INPUTS

(10BITS)

SLEEP

Q
DAC

Figure4.DualDACFunctionalBlockDiagram

ReferringtoFigure4,theAD9761consistsofananalogsec-
tionandadigitalsection.Theanalogsectionincludesmatched
IandQ10-bitDACs,a1.20Vbandgapvoltagereference,and
areferencecontrolamplifier.Thedigitalsectionincludestwo2
interpolationfilters,segmentdecodinglogic,andsomeadditional
digitalinputinterfacecircuitry.Theanaloganddigitalsectionsof
theAD9761haveseparatepowersupplyinputs(i.e.,AVDDand
DVDD)thatcanoperateindependently.Thedigitalsupplycan
operateovera2.7Vto5.5Vrange,allowingittoaccommodate
TTLaswellas3.3Vand5VCMOSlogicfamilies.Theanalog
supplymustberestrictedfrom3.0Vto5.5Vtomaintainopti-
mumperformance.

EachDACconsistsofalargePMOScurrentsourcearraycapable
ofprovidingupto10mAoffull-scalecurrent,IOUTFS.Eacharrayis
dividedinto15equalcurrentsthatmakeupthefourmostsignifi-
cantbits(MSBs).Thenextfourbitsormiddlebitsconsistof15
equalcurrentsourceswhosevaluesare1/16ofanMSBcurrent
source.TheremainingLSBsarebinaryweightedfractionsof
themiddlebits’currentsources.Allofthesecurrentsourcesare
switchedtooneoftwooutputnodes(i.e.,IOUTAorIOUTB)
viaPMOSdifferentialcurrentswitches.

Thefull-scaleoutputcurrent,IOUTFS,ofeachDACisregulated
fromthesamevoltagereferenceandcontrolamplifier,thus
ensuringexcellentgainmatchinganddriftcharacteristics
betweenDACs.IOUTFScanbesetfrom1mAto10mAviaan
externalresistor,RSET.Theexternalresistorincombination
withboththereferencecontrolamplifierandvoltagereference,
VREFIO,setsthereferencecurrent,IREF,whichismirroredover
tothesegmentedcurrentsourceswiththeproperscalingfactor.
IOUTFSisexactly16timesthevalueofIREF.

TheIandQDACsaresimultaneouslyupdatedontherising
edgeofCLOCKwithdigitaldatafromtheirrespective2
digitalinterpolationfilters.The2interpolationfiltersessen-
tiallymultiplytheinputdatarateofeachDACbyafactorof
2,relativetoitsoriginalinputdatarate,whilesimultaneously
reducingthemagnitudeofthefirstimageassociatedwiththe
DAC’soriginalinputdatarate.SincetheAD9761supportsa
single10-bitdigitalbuswithinterleavedIandQinputdata,the
originalIandQinputdataratebeforeinterpolationisone-half
theCLOCKrate.Afterinterpolation,thedatarateintoeachI
andQDACbecomesequaltotheCLOCKrate.

ThebenefitsofaninterpolationfilterareillustratedinFigure5,
whichshowsanexampleofthefrequencyandtimedomainrep-
resentationofadiscretetimesinewavesignalbeforeandafter
itisappliedtoadigitalinterpolationfilter.Imagesofthesine
wavesignalappeararoundmultiplesoftheDAC’sinputdata
rateaspredictedbythesamplingtheory.Theseundesirable
imageswillalsoappearattheoutputofareconstructionDAC,
althoughmodifiedbytheDAC’ssin(x)/(x)response.Inmany
band-limitedapplications,theseimagesmustbesuppressedby
ananalogfilterfollowingtheDAC.Thecomplexityofthisana-
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2

fCLOCK

fCLOCKfCLOCK
2

fCLOCK

DACs
SIN(X)

X

TIMEDOMAIN

FREQUENCYDOMAIN

2INTERPOLATIONFILTERINPUTDATALATCH DAC

fCLOCK

fCLOCK
2

fCLOCK
2

fCLOCK
2

2

Figure5.TimeandFrequencyDomainExampleofDigitalInterpolationFilter
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logfilteristypicallydeterminedbytheproximityofthedesired
fundamentaltothefirstimageandtherequiredamountofimage
suppression.

ReferringtoFigure5,the“new”firstimageassociatedwiththe
DAC’shigherdatarateafterinterpolationis“pushed”outfur-
therrelativetotheinputsignal.The“old”firstimageassociated
withthelowerDACdataratebeforeinterpolationissuppressed
bythedigitalfilter.Asaresult,thetransitionbandfortheanalog
reconstructionfilterisincreased,thusreducingthecomplexity
oftheanalogfilter.

ThedigitalinterpolationfiltersforIandQpathsareidenti-
cal43-taphalf-bandsymmetricFIRfilters.Eachfilterreceives
de-interleavedIorQdatafromthedigitalinputinterface.The
inputCLOCKsignalisinternallydividedby2togeneratethe
filterclock.Thefiltersareimplementedwithtwoparallelpaths
runningatthefilterclockrate.Theoutputfromeachpathis
selectedonoppositephasesofthefilterclock,thusproducing
interpolatedfilteredoutputdataattheinputclockrate.The
frequencyresponseandimpulseresponseofthesefiltersare
showninFigures2aand2b.TableIliststheidealizedfilter
coefficientsthatcorrespondtothefilter’simpulseresponse.

ThedigitalsectionoftheAD9761alsoincludesaninputinterface
sectiondesignedtosupportinterleavedIandQinputdatafrom
asingle10-bitbus.Thissectionde-interleavestheIandQinput
datawhileensuringitsproperpairingforthe2interpolation
filters.ARESET/SLEEPinputservesadualfunctionbyproviding
aresetfunctionforthissectionaswellasprovidingpower-down
functionality.RefertotheDigitalInputsandInterleavedInterface
ConsiderationsandRESET/SLEEPModeOperationsectionsfor
amoredetaileddiscussion.

DACTRANSFERFUNCTION
EachIandQDACprovidescomplementarycurrentoutput
pins:IOUT(A/B)andQOUT(A/B),respectively.Notethat
QOUTAandQOUTBoperateidenticallytoIOUTAand
IOUTB.IOUTAwillprovideanearfull-scalecurrentoutput,
IOUTFS,whenallbitsarehigh(i.e.,DACCODE=1023),while
IOUTB,thecomplementaryoutput,providesnocurrent.The
currentoutputsofIOUTAandIOUTBareafunctionofboth
theinputcodeandIOUTFSandcanbeexpressedas

I DACCODE/ IOUTA OUTFS= ( ) ×1024  (1)

I – DACCODE IOUTB OUTFS= ( ) ×1023 1024/  (2)

where:

DACCODE=0to1023(i.e.,decimalrepresentation).

Aspreviouslymentioned,IOUTFSisafunctionofthereference
current,IREF,whichisnominallysetbyareference,VREFIO,and
externalresistor,RSET.Itcanbeexpressedas

I IOUTFS REF= ×16  (3)

where:

I V RREF REFIO SET= /  (4)

Thetwocurrentoutputswilltypicallydrivearesistiveload
directlyorviaatransformer.Ifdccouplingisrequired,IOUTA
andIOUTBshouldbedirectlyconnectedtomatchingresistive
loads,RLOAD,whicharetiedtoanalogcommon,ACOM.Note
thatRLOADrepresentstheequivalentloadresistanceseenby

IOUTAorIOUTB.Thesingle-endedvoltageoutputappearing
atIOUTAandIOUTBpinsissimply

V I RIOUTA OUTA LOAD= ×  (5)

V I RIOUTB OUTB LOAD= ×  (6)

Notethatthefull-scalevalueofVIOUTAandVIOUTBshouldnot
exceedthespecifiedoutputcompliancerangetomaintainspeci-
fieddistortionandlinearityperformance.

Thedifferentialvoltage,VIDIFF,appearingacrossIOUTAand
IOUTBis

V I I RIDIFF IOUTA IOUTB LOAD= ( ) ×–  (7)

SubstitutingthevaluesofIIOUTA,IIOUTB,andIREF,VIDIFFcanbe
expressedas

V DACCODE –
R R V

IDIFF

LOAD SET REFIO

= ( ) ){ } ×
( ) ×

2 1023 1024
16

/
/  (8)

Theselasttwoequationshighlightsomeoftheadvantagesof
operatingtheAD9761differentially.First,differentialopera-
tionwillhelpcancelcommon-modeerrorsourcesassociated
withIIOUTAandIIOUTB,suchasnoiseanddistortion.Second,
thedifferentialcode-dependentcurrentandsubsequentvolt-
age,VIDIFF,istwicethevalueofthesingle-endedvoltageoutput
(i.e.,VIOUTAorVIOUTB),thusprovidingtwicethesignalpowerto
theload.

REFERENCEOPERATION
TheAD9761containsaninternal1.20Vbandgapreferencethat
canbeeasilydisabledandoverriddenbyanexternalreference.
REFIOservesaseitheraninputoroutputdependingonwhether
theinternaloranexternalreferenceisselected.IfREFLOistied
toACOMasshowninFigure6,theinternalreferenceisactivated
andREFIOprovidesa1.20Voutput.Inthiscase,theinternalref-
erencemustbefilteredexternallywithaceramicchipcapacitorof
0.1µForgreaterfromREFIOtoREFLO.Also,REFIOshouldbe
bufferedwithanexternalamplifierhavingalowinputbiascurrent
(i.e.,<1µA)ifanyadditionalloadingisrequired.

50pF

CURRENT
SOURCE
ARRAY

+1.2VREF

REFIO

FSADJ

REFLO COMP2 AVDD

0.1F

RSET
2k

0.1F

OPTIONALEXTERNAL
REFBUFFERFOR

ADDITIONALLOADS

COMPENSATION
CAPACITOR
REQUIRED

AD9761

Figure6.InternalReferenceConfiguration

Theinternalreferencecanalsobedisabledbyconnecting
REFLOtoAVDD.Inthiscase,anexternalreferencemaythen
beappliedtoREFIOasshowninFigure7.Theexternalreference
mayprovideeitherafixedreferencevoltagetoenhanceaccura-
cyanddriftperformanceoravaryingreferencevoltageforgain
control.Notethatthe0.1µFcompensationcapacitorisnot
requiredsincetheinternalreferenceisdisabledandthehigh
inputimpedance(i.e.,1M)ofREFIOminimizesanyloading
oftheexternalreference.
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Figure7.ExternalReferenceConfiguration

REFERENCECONTROLAMPLIFIER
TheAD9761alsocontainsaninternalcontrolamplifierthatis
usedtosimultaneouslyregulatebothDACs’full-scaleoutput
current,IOUTFS.SincetheIandQIOUTFSarederivedfrom
thesamevoltagereferenceandcontrolcircuitry,excellent
gainmatchingisensured.Thecontrolamplifierisconfigured
asaV-IconverterasshowninFigure7suchthatitscurrent
output,IREF,isdeterminedbytheratiooftheVREFIOandan
externalresistor,RSET,asstatedinEquation4.IREFiscopied
overtothesegmentedcurrentsourceswiththeproperscaling
factortosetIOUTFSasstatedinEquation3.

Thecontrolamplifierallowsawide(10:1)adjustmentspan
ofIOUTFSovera1mAto10mArangebysettingIREFbetween
62.5µAand625µA.ThewideadjustmentspanofIOUTFS
providesseveralapplicationbenefits.Thefirstbenefitrelates
directlytothepowerdissipationoftheAD9761’sanalog
supply,AVDD,whichisproportionaltoIOUTFS(refertothe
PowerDissipationsection).Thesecondbenefitrelatestothe
20dBadjustmentspan,whichmaybeusefulforsystemgain
controlpurposes.

OptimumnoiseanddynamicperformancefortheAD9761is
obtainedwitha0.1µFexternalcapacitorinstalledbetween
COMP2andAVDD.Thebandwidthofthereferencecontrol
amplifierislimitedtoapproximately5kHzwitha0.1µF
capacitorinstalled.Sincethe–3dBbandwidthcorresponds
tothedominantpoleandthereforeitsdominanttimecon-
stant,thesettlingtimeofthecontrolamplifiertoastepped
referenceinputresponsecanbeeasilydetermined.Notethat
theoutputofthecontrolamplifier,COMP2,isinternally
compensatedviaa50pFcapacitor,thusensuringitsstabil-
ityifnoexternalcapacitorisadded.

Dependingontherequirementsoftheapplication,IREF
canbeadjustedbyvaryingeitherRSET,or,intheexternal
referencemode,byvaryingtheREFIOvoltage.IREFcanbe
variedforafixedRSETbydisablingtheinternalreferenceand
varyingthevoltageofREFIOoveritscompliancerangeof
1.25Vto0.10V.REFIOcanbedrivenbyasingle-supply
amplifierorDAC,thusallowingIREFtobevariedforafixed
RSET.SincetheinputimpedanceofREFIOisapproximately
1M,asimple,lowcostR-2RladderDACconfiguredin
thevoltagemodetopologymaybeusedtocontrolthegain.
ThiscircuitisshowninFigure8usingtheAD7524andan
external1.2Vreference,theAD1580.

ANALOGOUTPUTS
Aspreviouslystated,boththeIandQDACsproducetwo
complementarycurrentoutputsthatmaybeconfiguredfor
single-endedordifferentialoperation.IIOUTAandIIOUTBcanbe
convertedintocomplementarysingle-endedvoltageoutputs,
VIOUTAandVIOUTB,viaaloadresistor,RLOAD,asdescribedin
theDACTransferFunctionsectionbyEquations5through
8.Thedifferentialvoltage,VIDIFF,existingbetweenVIOUTA
andVIOUTB,canalsobeconvertedtoasingle-endedvoltage
viaatransformerordifferentialamplifierconfiguration.

Figure9showsanequivalentcircuitoftheAD9761’sI(orQ)
DACoutput.ItconsistsofaparallelarrayofPMOScurrent
sourcesinwhicheachcurrentsourceisswitchedtoeither
IOUTAorIOUTBviaadifferentialPMOSswitch.Asaresult,
theequivalentoutputimpedanceofIOUTAandIOUTB
remainsquitehigh(i.e.,>100kand5pF).

AD9761
AVDD

RLOADRLOAD

IOUTA IOUTB

Figure9.EquivalentCircuitoftheAD9761DACOutput

IOUTAandIOUTBhaveanegativeandpositivevoltage
compliancerangethatmustbeadheredtoachieveoptimum
performance.Thenegativeoutputcompliancerangeof–1Vis
setbythebreakdownlimitsoftheCMOSprocess.Operation
beyondthismaximumlimitmayresultinabreakdownofthe
outputstage.

50pF

CURRENT
SOURCE
ARRAY

+1.2VREF

REFIO

FSADJ

REFLO COMP2 AVDD

AVDD

AD1580

1.2V

OPTIONAL
BANDLIMITING

CAPACITOR

IREF=
VREF/RSET

AVDD

RSET

0.1VTO1.2V

RFB VDD
OUT1

OUT2
AGND

VREF

AD7524

DB7–DB0

+

–

AD9761

Figure8.Single-SupplyGainControlCircuit
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Thepositiveoutputcompliancerangeisslightlydependenton
thefull-scaleoutputcurrent,IOUTFS.Itdegradesslightlyfrom
itsnominal1.25VforanIOUTFS=10mAto1.00Vforan
IOUTFS=2mA.ApplicationsrequiringtheAD9761’soutput
(i.e.,VOUTAand/orVOUTB)toextendtoitsoutputcompliance
rangeshouldsizeRLOADaccordingly.Operationbeyondthis
compliancerangewilladverselyaffecttheAD9761’slinearity
performanceandsubsequentlydegradeitsdistortionperfor-
mance.Notethattheoptimumdistortionperformanceof
theAD9761isobtainedbyrestrictingitsoutput(s)asseenat
IOUT(A/B)andQOUT(A/B)towithin±0.5V.

DIGITALINPUTSANDINTERLEAVEDINTERFACE
CONSIDERATIONS
TheAD9761digitalinterfaceconsistsof10datainputpins,
aclockinputpin,andthreecontrolpins.Itisdesignedto
supportaclockrateupto40MSPS.The10-bitparallel
datainputsfollowstandardpositivebinarycoding,where
DB9isthemostsignificantbit(MSB)andDB0isthe
leastsignificantbit(LSB).IOUTA(orQOUTA)produces
afull-scaleoutputcurrentwhenalldatabitsareatLogic1.
IOUTB(orQOUTB)producesacomplementaryoutput,
withthefull-scalecurrentsplitbetweenthetwooutputsasa
functionoftheinputcode.
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RESET/SLEEP

WRITE

QDATA

CLOCK
2

IDATA
I

INPUT
REGISTER

I
FILTER

REGISTER

Q
INPUT

REGISTER

Q
INPUT

REGISTER

Figure10.BlockDiagramofDigitalInterface

TheAD9761interfaceswithasingle10-bitdigitalinput
busthatsupportsinterleavedIandQinputdata.Figure10
showsasimplifiedblockdiagramofthedigitalinterface
circuitryconsistingoftwobanksofedgetriggeredregisters,
twomultiplexers,andastatemachine.InterleavedIandQ
inputdataispresentedattheDATAinputbus,whereitis
thenlatchedintotheselectedIorQinputregisteronthe
risingedgeoftheWRITEinput.Theoutputoftheseinput
registersistransferredinpairstotheirrespectiveinterpola-
torfilters’registeraftereachQwriteontherisingedgeof
theCLOCKinput(refertoTimingDiagraminFigure1).
AstatemachineensurestheproperpairingofIandQinput
datatotheinterpolationfilter’sinputs.

TheSELECTsignalatthetimeoftherisingedgeofthe
WRITEsignaldetermineswhichinputregisterlatches
theinputdata.IfSELECTishigharoundtherising
edgeofWRITE,thedataislatchedintotheIregisterof

theAD9761.IfSELECTislowaroundtherisingedge
ofWRITE,thedataislatchedintotheQregisterofthe
AD9761.IfSELECTiskeptinonestatewhiledatais
repeatedlywritingtotheAD9761,thedatawillbewritten
intotheselectedfilterregisterathalftheinputdatarate
sincethedataisalwaysassumedtobeinterleaved.

Thestatemachinecontrolsthegenerationofthedivided
clockandthuspairingofIandQdatainputs.Afterthe
AD9761isreset,thestatemachinekeepstrackofthepaired
IandQdata.ThestatetransitiondiagramisshowninFig-
ure11,inwhichallstatesaredefined.Atransitioninstate
occursupontherisingedgeofCLOCKandisafunction
ofthecurrentstateaswellasstatusofSELECT,WRITE,
andSLEEP.Thestatemachineisresetonthefirstrising
CLOCKedgewhileRESETremainshigh.UponRESET
returninglow,astatetransitionwilloccuronthefirstrising
edgeofCLOCK.ThemostrecentIandQdatasamples
aretransferredtothecorrectinterpolationfilteronlyupon
enteringstateFILTERDATA.

NotethatitispossibletoensureproperpairingofIandQdata
inputswithoutissuingRESEThigh.Thismaybeaccomplished
bywritingtwoormoresuccessiveQdatainputsfollowedby
aclock.Inthiscase,thestatemachinewilladvancetoeither
theRESETorFILTERDATAstate.Thestatemachine
willadvancetotheONE-IstateuponwritingIdatafollowed
byaclock.

ONE,I
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FILTER
DATA

IorQorN

N

I=WRITEANDSELECTFOLLOWEDBYACLOCK
Q=WRITEANDSELECTFOLLOWEDBYACLOCK
N=CLOCKONLY,NOWRITE

I

I

Q

QorN

Figure11.StateTransitionDiagramofAD9761
DigitalInterface

Anexamplehelpsillustratethedigitaltimingandcontrol
requirementstoensureproperpairingofIandQdata.In
thisexample,theAD9761isassumedtointerfacewithahost
processoronadedicateddatabusandthestatemachine
isresetbyassertingaLogicLevel1totheRESET/SLEEP
inputforadurationofoneclockcycle.Inthetimingdiagram
showninFigure12,WRITEandCLOCKaretiedtogether
whileSELECTisupdatedatthesameinstanceasDATA.
SinceSELECTishighuponRESETreturninglow,Idatais
latchedintotheIinputregisteronthefirstrisingWRITE.
OnthenextrisingWRITEedge,theQdataislatchedinto
itsinputregisterandtheoutputsofbothinputregistersare
latchedintotheirrespectiveIandQfilterregisters.The
sequenceofeventsisrepeatedonthenextrisingWRITEedge
withthenewIdatabeinglatchedintotheIinputregister.

ThedigitalinputsareCMOScompatiblewithlogicthresholds,
VTHRESHOLD,settoapproximatelyhalfthedigitalpositive
supply(DVDD)orVTHRESHOLD=DVDD/2(±20%).

TheinternaldigitalcircuitryoftheAD9761iscapableof
operatingoveradigitalsupplyrangeof2.7Vto5.5V.Asa
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result,thedigitalinputscanalsoaccommodateTTLlevels
whenDVDDissettoaccommodatethemaximumhigh
levelvoltage,VOH(MAX),oftheTTLdrivers.ADVDDof3V
to3.3Vwilltypicallyensurepropercompatibilityofmost
TTLlogicfamilies.Figure13showstheequivalentdigital
inputcircuitforthedata,sleep,andclockinputs.

RESET

DATA

SELECT

CLOCK/WRITE

I0 Q0 I1 Q1

Figure12.TimingDiagram

DVDD

DIGITAL
INPUT

Figure13.EquivalentDigitalInput

SincetheAD9761iscapableofbeingupdatedupto40MSPS,
thequalityoftheclockanddatainputsignalsareimportant
inachievingtheoptimumperformance.Thedriversofthe
digitaldatainterfacecircuitryshouldbespecifiedtomeet
theminimumsetupandholdtimesoftheAD9761aswell
asitsrequiredmin/maxinputlogiclevelthresholds.The
externalclockdrivercircuitryshouldprovidetheAD9761
withalowjitterclockinputmeetingthemin/maxlogic
levelswhileprovidingfastedges.Fastclockedgeswillhelp
minimizeanyjitterthatcanmanifestitselfasphasenoise
onareconstructedwaveform.

Digitalsignalpathsshouldbekeptshort,andrunlengths
matchedtoavoidpropagationdelaymismatch.Theinser-
tionofalowvalueresistornetwork(i.e.,20to100)
betweentheAD9761digitalinputsanddriveroutputs
maybehelpfulinreducinganyovershootingandringingat
thedigitalinputs,whichcontributestodatafeedthrough.
OperatingtheAD9761withreducedlogicswingsanda
correspondingdigitalsupply(DVDD)willalsoreducedata
feedthrough.

RESET/SLEEPMODEOPERATION
TheRESET/SLEEPinputcanbeusedeithertopowerdown
theAD9761orresetitsinternaldigitalinterfacelogic.Ifthe
RESET/SLEEPinputisassertedforgreaterthanoneclock
cyclebutunderfourclockcyclesbyapplyingaLogic1,the
internalstatemachinewillbereset.IftheRESET/SLEEPinput
isassertedforfourclockcyclesorlonger,thepower-downfunc-
tionoftheAD9761willbeinitiated.Thepower-downfunction
turnsofftheoutputcurrentandreducesthesupplycurrentto
lessthan9mAoverthespecifiedsupplyrangeof3Vto5.5V
andtemperaturerange.

Thepower-upandpower-downcharacteristicsoftheAD9761
aredependentuponthevalueofthecompensation
capacitorconnectedtoCOMP1andCOMP3.Witha
nominalvalueof0.1µF,theAD9761takeslessthan5µsto
powerdownandapproximately3.25mstopowerbackup.

POWERDISSIPATION
ThepowerdissipationoftheAD9761isdependentonseveral
factors,including

1.AVDDandDVDD,thepowersupplyvoltages.

2.IOUTFS,thefull-scalecurrentoutput.

3.fCLOCK,theupdaterate.

4.Thereconstructeddigitalinputwaveform.

Thepowerdissipationisdirectlyproportionaltotheanalog
supplycurrent,IAVDD,andthedigitalsupplycurrent,IDVDD.
IAVDDisdirectlyproportionaltoIOUTFS,asshowninFig-
ure14,andisinsensitivetofCLOCK.
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Figure14.IAVDDvs.IOUTFS

Conversely,IDVDDisdependentonboththedigitalinput
waveform,fCLOCK,anddigitalsupply,DVDD.Figures15
and16showIDVDDasafunctionofafull-scalesinewave
outputratio’s(fOUT/fCLOCK)forvariousupdaterateswith
DVDD=5VandDVDD=3V,respectively.
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Figure15.IDVDDvs.Ratio@DVDD=5V
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Figure16.IDVDDvs.Ratio@DVDD=3V

APPLYINGTHEAD9761
OutputConfigurations
Thefollowingsectionsillustratesometypicaloutputconfigu-
rationsfortheAD9761.Unlessotherwisenoted,itisassumed
thatIOUTFSissettoanominal10mA.Forapplicationsrequir-
ingtheoptimumdynamicperformance,adifferentialoutput
configurationissuggested.Adifferentialoutputconfiguration
mayconsistofeitheranRFtransformeroradifferentialopamp
configuration.Thetransformerconfigurationprovidesthe
optimumhighfrequencyperformanceandisrecommended
foranyapplicationallowingforaccoupling.Thedifferential
opampconfigurationissuitableforapplicationsrequiringdc
coupling,abipolaroutput,signalgain,and/orlevelshifting.

Asingle-endedoutputissuitableforapplicationsrequiring
aunipolarvoltageoutput.Apositiveunipolaroutputvoltage
willresultifIOUTAand/orIOUTBisconnectedtoan
appropriatelysizedloadresistor,RLOAD,referredtoACOM.
Thisconfigurationmaybemoresuitableforasingle-supply
systemrequiringadc-coupled,groundreferredoutputvolt-
age.Alternatively,anamplifiercouldbeconfiguredasanI-V
converter,thusconvertingIOUTAorIOUTBintoanegative
unipolarvoltage.Thisconfigurationprovidesthebestdc
linearitysinceIOUTAorIOUTBismaintainedatavirtual
ground.

DifferentialCouplingUsingaTransformer
AnRFtransformercanbeusedtoperformadifferential-
to-single-endedsignalconversionasshowninFigure17.A
differentiallycoupledtransformeroutputprovidestheoptimum
distortionperformanceforoutputsignalswhosespectral
contentlieswithinthetransformer’spassband.AnRF
transformersuchastheMini-CircuitsT1-1Tprovides
excellentrejectionofcommon-modedistortion(i.e.,even-order
harmonics)andnoiseoverawidefrequencyrange.Italso
provideselectricalisolationandtheabilitytodelivertwice
thepowertotheload.Transformerswithdifferentimpedance
ratiosmayalsobeusedforimpedancematchingpurposes.
Notethatthetransformerprovidesaccouplingonly.

OPTIONAL
RDIFF

RLOAD

MINI-CIRCUITS
T1-1T

IOUTA

IOUTB

AD9761

Figure17.DifferentialOutputUsingaTransformer

Thecentertapontheprimarysideofthetransformermust
beconnectedtoACOMtoprovidethenecessarydccurrent
pathforbothIOUTAandIOUTB.Thecomplementaryvoltages
appearingatIOUTAandIOUTB(i.e.,VOUTAandVOUTB)
swingsymmetricallyaroundACOMandshouldbemaintained
withthespecifiedoutputcompliancerangeoftheAD9761.
Adifferentialresistor,RDIFF,maybeinsertedinapplications
inwhichtheoutputofthetransformerisconnectedtothe
load,RLOAD,viaapassivereconstructionfilterorcable
requiringdoubletermination.RDIFFisdeterminedbythe
transformer’simpedanceratioandprovidestheproper
sourcetermination,whichresultsinalowVSWR.Note
thatapproximatelyhalfthesignalpowerwillbedissipated
acrossRDIFF.

DifferentialCouplingUsinganOpAmp
Anopampcanalsobeusedtoperformadifferential
tosingle-endedconversionasshowninFigure18.The
AD9761isconfiguredwithtwoequalloadresistors,RLOAD,
of50.ThedifferentialvoltagedevelopedacrossIOUTA
andIOUTBisconvertedtoasingle-endedsignalviathe
differentialopampconfiguration.Anoptionalcapacitor
canbeinstalledacrossIOUTAandIOUTBformingareal
poleinalow-passfilter.Theadditionofthiscapacitoralso
enhancestheopamp’sdistortionperformancebyprevent-
ingtheDAC’shighslewingoutputfromoverloadingtheop
amp’sinput.

COPT
200

500

IOUTA

IOUTB

AD9761

RLOAD
50

200

AD8042

500

RLOAD
50

Figure18.DCDifferentialCouplingUsinganOpAmp

Thecommon-moderejectionofthisconfigurationistypically
determinedbytheresistormatching.Inthiscircuit,the
differentialopampcircuitusingtheAD8042isconfigured
toprovidesomeadditionalsignalgain.Theopampmust
operatefromadualsupplysinceitsoutputisapproximately
±1.0V.Ahighspeedamplifiercapableofpreservingthe
differentialperformanceoftheAD9761whilemeetingother
systemlevelobjectives(i.e.,cost,power)shouldbeselected.
Theopamp’sdifferentialgain,gainsettingresistorvalues,
andfull-scaleoutputswingcapabilitiesshouldallbeconsid-
eredwhenoptimizingthiscircuit.
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ThedifferentialcircuitshowninFigure19providestheneces-
sarylevel-shiftingrequiredinasingle-supplysystem.Inthis
case,AVDD,whichisthepositiveanalogsupplyforboththe
AD9761andtheopamp,isalsousedtolevel-shiftthediffer-
entialoutputoftheAD9761tomidsupply(i.e.,AVDD/2).

COPT
200

1k

IOUTA

IOUTB

AD9761

RLOAD
50

200

AD8042

500

RLOAD
50

1k
AVDD

Figure19.Single-SupplyDCDifferentialCoupled
Circuit

Single-EndedUnbufferedVoltageOutput
Figure20showstheAD9761configuredtoprovideauni-
polaroutputrangeofapproximately0Vto0.5Vsincethe
nominalfull-scalecurrent,IOUTFS,of10mAflowsthroughan
RLOADof50.Inthecaseofadoublyterminatedlow-pass
filter,RLOADrepresentstheequivalentloadresistanceseenby
IOUTAorIOUTB.Theunusedoutput(IOUTAorIOUTB)
canbeconnectedtoACOMdirectlyorviaamatchingRLOAD.
DifferentvaluesofIOUTFSandRLOADcanbeselectedaslong
asthepositivecompliancerangeisadheredto.

50

IOUTA

IOUTB

AD9761

50

IOUTFS=10mA
VOUT=
0VTO0.5V

Figure20.0Vto0.5VUnbufferedVoltageOutput

Differential,DC-CoupledOutputConfigurationwith
LevelShifting
SomeapplicationsmayrequiretheAD9761differentialoutputs
tointerfacetoasingle-supplyquadratureupconverter.
Althoughmostofthesedevicesprovidedifferentialinputs,
itscommon-modevoltagerangedoesnottypicallyextend
toground.Asaresult,theground-referencedoutputsignals
showninFigure20mustbelevelshiftedtowithinthe
specifiedcommon-moderangeofthesingle-supplyquadrature
upconverter.Figure21showstheadditionofaresistorpull-up
networkthatprovidesthelevelshiftingfunction.Theuse
ofmatchedresistornetworkswillmaintainmaximumgain
matchingandminimumoffsetperformancebetweenthe
IandQchannels.Note,theresistorpull-upnetworkwill
introduceapproximately6dBofsignalattenuation.

50**

IOUTA

IOUTB

AD9761

50**

500*500*

500*500*

AVDD

VIN+

VIN–

QUADRATURE
UPCONVERTER

*OHMTEKTOMC-1603-5000D
**OHMTEKTOMC-1603-1000D

Figure21.Differential,DC-CoupledOutput
ConfigurationwithLevel-Shifting

POWERANDGROUNDINGCONSIDERATIONS
Insystemsseekingtosimultaneouslyachievehighspeedand
highperformance,theimplementationandconstructionof
theprintedcircuitboarddesignisoftenasimportantasthe
circuitdesign.ProperRFtechniquesmustbeusedindevice
selection,placementandrouting,andsupplybypassingand
grounding.TheevaluationboardfortheAD9761,which
usesa4-layerPCboard,servesasagoodexampleforthe
previouslymentionedconsiderations.Theevaluationboard
providesanillustrationoftherecommendedprintedcircuit
boardground,power,andsignalplanelayout.

Propergroundinganddecouplingshouldbeaprimaryobjec-
tiveinanyhighspeed,highresolutionsystem.TheAD9761
featuresseparateanaloganddigitalsupplyandgroundpins
tooptimizethemanagementofanaloganddigitalground
currentsinasystem.Ingeneral,AVDD,theanalogsupply,
shouldbedecoupledtoACOM,theanalogcommon,as
closetothechipasphysicallypossible.Similarly,DVDD,
thedigitalsupplyshouldbedecoupledasclosetoDCOMas
physicallyaspossible.

Forthoseapplicationsrequiringasingle5Vor3.3Vsupply
forboththeanaloganddigitalsupply,acleananalogsupply
maybegeneratedusingthecircuitshowninFigure22.
ThecircuitconsistsofadifferentialLCfilterwithseparate
powersupplyandreturnlines.Lowernoisecanbeattained
usinglowESRtypeelectrolyticandtantalumcapacitors.

0.1F
CER.

10F–22F
TANT.

100F
ELECT.

AVDD

ACOM

+ +

– –
FERRITE
BEADS

5VOR3VPOWER
SUPPLY

TTL/CMOS
LOGIC

CIRCUITS

Figure22.DifferentialLCFilterforSingle5Vor3V
Applications
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Maintaininglownoiseonpowersuppliesandgroundiscritical
toobtainingoptimumresultsfromtheAD9761.Ifproperly
implemented,groundplanescanperformahostoffunctions
onhighspeedcircuitboardssuchasbypassing,shielding,
currenttransport.Inmixedsignaldesign,theanalogand
digitalportionsoftheboardshouldbedistinctfromeach
other,withtheanaloggroundplaneconfinedtotheareas
coveringtheanalogsignaltracesandthedigitalgroundplane
confinedtoareascoveringthedigitalinterconnects.

AllanaloggroundpinsoftheDAC,reference,andother
analogcomponentsshouldbetieddirectlytotheanalog
groundplane.Thetwogroundplanesshouldbeconnected
byapath1/8to1/4inchwideunderneath,orwithin1/2inch
oftheDACtomaintainoptimumperformance.Careshould
betakentoensurethatthegroundplaneisuninterrupted
overcrucialsignalpaths.Onthedigitalside,thisincludesthe
digitalinputlinesrunningtotheDACaswellasanyclock
signals.Ontheanalogside,thisincludestheDACoutput
signal,referencesignal,andthesupplyfeeders.

Theuseofwiderunsorplanesintheroutingofpowerlines
isalsorecommended.Thisservesthedualroleofproviding
alowseriesimpedancepowersupplytothepart,aswellas
providingsomefreecapacitivedecouplingtotheappropri-
ategroundplane.Itisessentialthatcarebetakeninthe
layoutofsignalandpowergroundinterconnectstoavoid
inducingextraneousvoltagedropsinthesignalground
paths.Itisrecommendedthatallconnectionsbeshort,direct,
andasphysicallyclosetothepackageaspossibleinorder
tominimizethesharingofconductionpathsbetweendiffer-
entcurrents.Whenrunsexceedaninchinlength,stripline
techniqueswithaproperterminationresistorshouldbe
considered.Thenecessityandvalueofthisresistorwillbe
dependentuponthelogicfamilyused.

Foramoredetaileddiscussionoftheimplementationand
constructionofhighspeed,mixedsignalprintedcircuit
boards,refertoAnalogDevices’ApplicationNotesAN-280
andAN-333.

APPLICATIONS
UsingtheAD9761forQAMModulation
QAMisoneofthemostwidelyuseddigitalmodulation
schemesindigitalcommunicationsystems.Thismodulation
techniquecanbefoundinbothFDMaswellasspread
spectrum(i.e.,CDMA)basedsystems.AQAMsignalisa
carrierfrequencythatismodulatedbothinamplitude(i.e.,
AMmodulation)andinphase(i.e.,PMmodulation).Itcan
begeneratedbyindependentlymodulatingtwocarriersof
identicalfrequencybutwitha90°phasedifference.Thisresults
inanin-phase(I)carriercomponentandaquadrature(Q)
carriercomponentata90°phaseshiftwithrespecttothe
Icomponent.TheIandQcomponentsarethensummedto
provideaQAMsignalatthespecifiedcarrierfrequency.

AcommonandtraditionalimplementationofaQAM
modulatorisshowninFigure23.Themodulationisperformed
intheanalogdomaininwhichtwoDACsareusedtogen-
eratethebasebandIandQcomponents,respectively.Each
componentisthentypicallyappliedtoaNyquistfilter
beforebeingappliedtoaquadraturemixer.Thematching
Nyquistfiltershapesandlimitseachcomponent’sspectral
envelopewhileminimizingintersymbolinterference.The
DACistypicallyupdatedattheQAMsymbolrateorpossibly
amultipleofitifaninterpolatingfilterprecedestheDAC.
Theuseofaninterpolatingfiltertypicallyeasestheimple-
mentationandcomplexityoftheanalogfilter,whichcanbe
asignificantcontributortomismatchesingainandphase
betweenthetwobasebandchannels.Aquadraturemixer
modulatestheIandQcomponentswithin-phaseand
quadraturephasecarrierfrequencyandthensumsthetwo
outputstoprovidetheQAMsignal.
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Figure23.TypicalAnalogQAMArchitecture

EVALUATIONBOARD
TheAD9761-EBisanevaluationboardfortheAD9761
dual10-bit,40MSPSDAC.Carefulattentiontolayout
andcircuitdesignalongwithprototypingareaallowsthe
usertoeasilyandeffectivelyevaluatetheAD9761.This
boardallowstheusertheflexibilitytooperateeachofthe
AD9761DACsinasingle-endedordifferentialoutput
configuration.EachoftheDACs’single-endedoutputsare
terminatedina50resistor.Evaluationusingatransformer
coupledoutputcanbeaccomplishedsimplybyinstalling
aMini-Circuitstransformer(i.e.,ModelT2-1T)intothe
availablesocket.

Thedigitalinputsaredesignedtobedrivendirectlyfrom
variouswordgeneratorswiththeon-boardoptiontoadd
aresistornetworkforproperloadtermination.Separate
50terminatedSMAconnectorsarealsoprovidedforthe
CLOCK,WRITE,andSELECTinputs.Provisionsarealso
madetooperatetheAD9761witheithertheinternaloran
externalreferenceaswellastoexercisethepower-down
feature.
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Figure24a.EvaluationBoardSchematic
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Figure24b.EvaluationBoardSchematic
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Figure25.SilkscreenLayer—Top

Figure26.ComponentSidePCBLayout(Layer1)
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Figure27.GroundPlanePCBLayout(Layer2)

Figure28.PowerPlanePCBLayout(Layer3)
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Figure29.SolderSidePCBLayout(Layer4)

Figure30.SilkscreenLayer—Bottom

REV.C REV.C



AD9761

–22–

AD9761

–23–

OUTLINEDIMENSIONS

28-LeadShrinkSmallOutlinePackage[SSOP]
(RS-28)

Dimensionsshowninmillimeters
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