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AD9851

CMOS180MHz
DDS/DACSynthesizer

FEATURES
180MHzClockRatewithSelectable6ReferenceClock
Multiplier

On-ChipHighPerformance10-BitDACandHighSpeed
ComparatorwithHysteresis

SFDR>43dB@70MHzAOUT
32-BitFrequencyTuningWord
SimplifiedControlInterface:ParallelorSerial
AsynchronousLoadingFormat

5-BitPhaseModulationandOffsetCapability
ComparatorJitter<80psp-p@20MHz
2.7Vto5.25VSingle-SupplyOperation
LowPower:555mW@180MHz
Power-DownFunction,4mW@2.7V
Ultrasmall28-LeadSSOPPackaging

APPLICATIONS
Frequency/Phase-AgileSineWaveSynthesis
ClockRecoveryandLockingCircuitryforDigital
Communications

DigitallyControlledADCEncodeGenerator
AgileLocalOscillatorApplicationsinCommunications
QuadratureOscillator
CW,AM,FM,FSK,MSKModeTransmitter
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GENERALDESCRIPTION
TheAD9851isahighlyintegrateddevicethatusesadvanced
DDStechnology,coupledwithaninternalhighspeed,high
performanceD/Aconverter,andcomparator,toformadigitally
programmablefrequencysynthesizerandclockgeneratorfunc-
tion.Whenreferencedtoanaccurateclocksource,theAD9851
generatesastablefrequencyandphase-programmabledigitized
analogoutputsinewave.Thissinewavecanbeuseddirectlyas
afrequencysource,orinternallyconvertedtoasquarewavefor
agile-clockgeneratorapplications.TheAD9851’sinnovative
highspeedDDScoreacceptsa32-bitfrequencytuningword,
whichresultsinanoutputtuningresolutionofapproximately
0.04Hzwitha180MHzsystemclock.TheAD9851contains
aunique6REFCLKMultipliercircuitthateliminatesthe
needforahighspeedreferenceoscillator.The6REFCLK
MultiplierhasminimalimpactonSFDRandphasenoisechar-
acteristics.TheAD9851providesfivebitsofprogrammable
phasemodulationresolutiontoenablephaseshiftingofits
outputinincrementsof11.25°.

TheAD9851containsaninternalhighspeedcomparatorthat
canbeconfiguredtoacceptthe(externally)filteredoutputofthe
DACtogeneratealowjitteroutputpulse.

Thefrequencytuning,control,andphasemodulationwordsare
asynchronouslyloadedintotheAD9851viaaparallelorserial
loadingformat.Theparallelloadformatconsistsoffiveiterative
loadsofan8-bitcontrolword(byte).Thefirst8-bitbytecontrols
outputphase,6REFCLKMultiplier,power-downenableand
loadingformat;theremainingbytescomprisethe32-bitfrequency
tuningword.Serialloadingisaccomplishedviaa40-bitserialdata
streamenteringthroughoneoftheparallelinputbuslines.The
AD9851usesadvancedCMOStechnologytoprovidethisbreak-
throughleveloffunctionalityonjust555mWofpowerdissipation
(5Vsupply),atthemaximumclockrateof180MHz.

TheAD9851isavailableinaspace-saving28-leadSSOP,
surface-mountpackagethatispin-for-pincompatiblewiththe
popularAD9850125MHzDDS.Itisspecifiedtooperateover
theextendedindustrialtemperaturerangeof–40°Cto+85°C
at>3.0Vsupplyvoltage.Below3.0V,thespecificationsapply
overthecommercialtemperaturerangeof0°Cto85°C.
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AD9851–SPECIFICATIONS (VS
1 =5V5%,RSET=3.9k,6REFCLKMultiplierDisabled,ExternalReference

Clock=180MHz,exceptasnoted.)

Test  AD9851BRS
ParameterTemp  Level Min Typ Max Unit

CLOCKINPUTCHARACTERISTICS
 FrequencyRange(6REFCLKMultiplierDisabled)
 5.0VSupply  Full  IV 1  180 MHz
 3.3VSupply  Full  IV 1  125 MHz
 2.7VSupply  0°Cto85°C  IV 1  100 MHz
 FrequencyRange(6REFCLKMultiplierEnabled)
 5.0VSupply  Full  IV 5  30 MHz
 3.3VSupply  Full  IV 5  20.83 MHz
 2.7VSupply  0°Cto85°C  IV 5  16.66 MHz
 DutyCycle Full  IV 45  60 %
 DutyCycle(6REFCLKMultiplierEnabled)  Full  IV 35  65 %
 InputResistance  25°C  V  1  M
 MinimumSwitchingThresholds2

 Logic1,5.0VSupply  25°C  IV 3.5    V
 Logic1,3.3VSupply  25°C  IV 2.3    V
 Logic0,5.0VSupply  25°C  IV   1.5 V
 Logic0,3.3VSupply  25°C  IV   1 V

DACOUTPUTCHARACTERISTICS
 Full-ScaleOutputCurrent 25°C  IV 5 10 20 mA
 GainError  25°C  I –10  +10 %FS
 OutputOffset 25°C  I   10 µA
 DifferentialNonlinearity  25°C  I   0.75 LSB
 IntegralNonlinearity 25°C  I   1 LSB
 ResidualPhaseNoise,5.2MHz,1kHzOffset
 PLLOn 25°C  V   –125  dBc/Hz
 PLLOff  25°C  V   –132  dBc/Hz
 OutputImpedance 25°C  V  120  k
VoltageComplianceRange 25°C  I –0.5  +1.5 V
WidebandSpurious-FreeDynamicRange
 1.1MHzAnalogOut(DCto72MHz)  25°C  IV 60 64  dBc
 20.1MHzAnalogOut(DCto72MHz)  25°C  IV 51 53  dBc
 40.1MHzAnalogOut(DCto72MHz)  25°C  IV 51 55  dBc
 50.1MHzAnalogOut(DCto72MHz)  25°C  IV 46 53  dBc
 70.1MHzAnalogOut(DCto72MHz)  25°C  IV 42 43  dBc
 NarrowbandSpurious-FreeDynamicRange
 1.1MHz(±50kHz) 25°C  V  85  dBc
 1.1MHz(±200kHz) 25°C  V  80  dBc
 40.1MHz(±50kHz) 25°C  V  85  dBc
 40.1MHz(±200kHz) 25°C  V  80  dBc
 70.1MHz(±50kHz) 25°C  V  85  dBc
 70.1MHz(±200kHz) 25°C  V  73  dBc

COMPARATORINPUTCHARACTERISTICS
 InputCapacitance 25°C  V  3  pF 
 InputResistance  25°C  IV  500  k 
 InputBiasCurrent 25°C  I  12  µA 
 InputVoltageRange  25°C  IV 0  5 V

COMPARATOROUTPUTCHARACTERISTICS
 Logic1Voltage5VSupply 25°C  VI 4.8    V 
 Logic1Voltage3.3VSupply 25°C  VI 3.1    V 
 Logic1Voltage2.7VSupply 25°C  VI 2.3    V 
 Logic0Voltage 25°C  VI   +0.4 V
 ContinuousOutputCurrent  25°C  IV   20 mA
 Hysteresis 25°C  IV 10    mV
 PropagationDelay 25°C  IV   7 ns
ToggleFrequency(1Vp-pInputSineWave)  25°C  IV   200 MHz
 Rise/FallTime,15pFOutputLoad  25°C  IV   7 ns
 OutputJitter(p-p)3  25°C  IV  80  ps(p-p)

CLOCKOUTPUTCHARACTERISTICS
 OutputJitter(ClockGeneratorConfiguration,
 40MHz1Vp-pInputSineWave)  25°C  V  250  ps(p-p)
 ClockOutputDutyCycle  Full  IV  50±10  %
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 Test AD9851BRS
Parameter Temp Level Min  Typ Max Unit

TIMINGCHARACTERISTICS4

 tWH,tWL(W_CLKMinPulseWidthHigh/Low)WLWL  Full IV  3.5    ns
 tDS,tDH(DatatoW_CLKSetupandHoldTimes) Full IV  3.5    ns
 tFH,tFL(FQ_UDMinPulseWidthHigh/Low)FLFL  Full IV  7    ns
 tCD(REFCLKDelayAfterFQ_UD)5  Full IV  3.5    ns
 tFD(FQ_UDMinDelayAfterW_CLK)  Full IV  7    ns
 tCF(OutputLatencyfromFQ_UD)
 FrequencyChange  Full IV  18    SYSCLK
     Cycles
 PhaseChange Full IV  13    SYSCLK
     Cycles
 tRH(CLKINDelayAfterRESETRisingEdge)  Full IV  3.5    ns
 tRL(RESETFallingEdgeAfterCLKIN)RLRL  Full IV  3.5    ns
 tRR(RecoveryfromRESET)RRRR  Full IV  2    SYSCLK
     Cycles
 tRS(MinimumRESETWidth) Full IV  5    SYSCLK
     Cycles
 tOL(RESETOutputLatency)OLOL  Full IV  13    SYSCLK
     Cycles
Wake-UpTimefromPower-DownMode6  25°C V   5  µs

CMOSLOGICINPUTS       
 Logic1Voltage,5VSupply 25°C I  3.5    V  
 Logic1Voltage,3.3VSupply 25°C IV  2.4    V  
 Logic1Voltage,2.7VSupply 25°C IV  2.0    V  
 Logic0Voltage 25°C IV     0.8 V  
 Logic1Current  25°C I     12 µA  
 Logic0Current  25°C I     12 µA  
 Rise/FallTime 25°C IV     100 ns  
 InputCapacitance 25°C V   3  pF

POWERSUPPLY
VS6Current@:
 62.5MHzClock,2.7VSupply  25°C VI    30 35 mA
 100MHzClock,2.7VSupply  25°C VI    40 50 mA
 62.5MHzClock,3.3VSupply  25°C VI    35 45 mA
 125MHzClock,3.3VSupply  25°C VI    55 70 mA
 62.5MHzClock,5VSupply  25°C VI    50 65 mA
 125MHzClock,5VSupply  25°C VI    70 90 mA
 180MHzClock,5VSupply  25°C VI    110 130 mA
 PowerDissipation@:
 62.5MHzClock,5VSupply  25°C VI    250 325 mW
 62.5MHzClock,3.3VSupply  25°C VI    115 150 mW
 62.5MHzClock,2.7VSupply  25°C VI    85 95 mW
 100MHzClock,2.7VSupply  25°C VI    110 135 mW
 125MHzClock,5VSupply  25°C VI    365 450 mW
 125MHzClock,3.3VSupply  25°C VI    180 230 mW
 180MHzClock,5VSupply  25°C VI    555 650 mW
 PDISSPower-DownMode@:
 5VSupply 25°C VI    17 55 mW
 2.7VSupply 25°C VI    4 20 mW
NOTES
1+VScollectivelyreferstothepositivevoltagesappliedtoDVDD,PVCC,andAVDD.Voltagesappliedtothesepinsshouldbeofthesamepotential.
2Indicatestheminimumsignallevelsrequiredtoreliablyclockthedeviceattheindicatedsupplyvoltages.Thisspecifiesthep-psignallevelanddcoffsetneededwhenthe
clockingsignalisnotofCMOS/TTLorigin,i.e.,asinewavewith0Vdcoffset.
3Thecomparator’sjittercontributiontoanyinputsignal.Thisistheminimumjitterontheoutputsthatcanbeexpectedfromanidealinput.Considerablymoreoutput
jitterisseenwhennonidealinputsignalsarepresentedtothecomparatorinputs.Nonidealcharacteristicsincludethepresenceofextraneous,nonharmonicsignals(spur’s,
noise),slowerslewrate,andlowcomparatoroverdrive.
4TimingofinputsignalsFQ_UD,WCLK,RESETareasynchronoustothereferenceclock;however,thepresenceofareferenceclockisrequiredtoimplementthose
functions.Intheabsenceofareferenceclock,theAD9851automaticallyenterspower-downmoderenderingtheIC,includingthecomparator,inoperableuntilarefer-
enceclockisrestored.Veryhighspeedupdatesoffrequency/phasewordwillrequireFQ_UDandWCLKtobeexternallysynchronizedwiththeexternalreferenceclockto
ensurepropertiming.
5Notapplicablewhen6REFCLKMultiplierisengaged.
6AssumesnocapacitiveloadonDACBP(Pin17).
Specificationssubjecttochangewithoutnotice.
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CAUTION
ESD(electrostaticdischarge)sensitivedevice.Electrostaticchargesashighas4000Vreadilyaccumulateon
thehumanbodyandtestequipmentandcandischargewithoutdetection.AlthoughtheAD9851features
proprietaryESDprotectioncircuitry,permanentdamagemayoccurondevicessubjectedtohighenergy
electrostatic discharges.Therefore, proper ESD precautions are recommended to avoid performance
degradationorlossoffunctionality.

ApplicationNote:Usersarecautionednottoapplydigitalinputsignalspriortopower-upofthisdevice.
Doingsomayresultinalatch-upcondition.

ABSOLUTEMAXIMUMRATINGS*
MaximumJunctionTemperature ...................150°C
StorageTemperature ................... –65°Cto+150°C
VS ............................................ 6V
OperatingTemperature ................... –40°Cto+85°C
DigitalInputs ...................... –0.7Vto+VS+0.7V
LeadTemperature(10sec)Soldering ................300°C
DigitalOutputCurrent.......................... 30mA
SSOPJAThermalImpedance ................... 82°C/W
DACOutputCurrent ........................... 30mA
*Absolutemaximumratingsarelimitingvalues,tobeappliedindividually,andbeyond
whichtheserviceabilityofthecircuitmaybeimpaired.Functionaloperabilityunder
anyoftheseconditionsisnotnecessarilyimplied.Exposureofabsolutemaximum
ratingconditionsforextendedperiodsoftimemayaffectdevicereliability.

EXPLANATIONOFTESTLEVELS
TestLevel
I– 100%ProductionTested.
III – SampleTestedOnly.
IV – Parameterisguaranteedbydesignandcharacterization

testing.
V– Parameterisatypicalvalueonly.
VI – Devicesare100%productiontestedat25°Candguaran-

teedbydesignandcharacterizationtestingforindustrial
operatingtemperaturerange.

ORDERINGGUIDE

ModelTemperatureRange PackageDescription PackageOption

AD9851BRS–40°Cto+85°C ShrinkSmallOutline(SSOP) RS-28
AD9851BRSRL–40°Cto+85°C ShrinkSmallOutline(SSOP) RS-28
AD9851/CGPCB EvaluationBoardClockGenerator
AD9851/FSPCB EvaluationBoardFrequencySynthesizer
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PINFUNCTIONDESCRIPTIONS

Pin 
No.Mnemonic Function

4–1,D0–D7 8-BitDataInput.Thedataportforloadingthe32-bitfrequencyand8-bitphase/controlwords.D7=MSB;
28–25 D0=LSB.D7,Pin25,alsoservesastheinputpinfor40-bitserialdataword.
5PGND  6REFCLKMultiplierGroundConnection.
6PVCC 6REFCLKMultiplierPositiveSupplyVoltagePin.
7W_CLK WordLoadClock.Risingedgeloadstheparallelorserialfrequency/phase/controlwordsasynchronously
 intothe40-bitinputregister.
8FQ_UD  FrequencyUpdate.Arisingedgeasynchronouslytransfersthecontentsofthe40-bitinputregistertobe
 acteduponbytheDDScore.FQ_UDshouldbeissuedwhenthecontentsoftheinputregisterareknown
 tocontainonlyvalid,allowabledata.
9REFCLOCK  ReferenceClockInput.CMOS/TTL-levelpulsetrain,directorviathe6REFCLKMultiplier.Indirect
 mode,thisisalsotheSYSTEMCLOCK.Ifthe6REFCLKMultiplierisengaged,thentheoutputofthe
 multiplieristheSYSTEMCLOCK.TherisingedgeoftheSYSTEMCLOCKinitiatesoperations.
10,19AGND AnalogGround.Thegroundreturnfortheanalogcircuitry(DACandComparator).
11,18AVDD Positivesupplyvoltageforanalogcircuitry(DACandComparator,Pin18)andbandgapvoltagereference,
 Pin11.
12RSET  TheDAC’sexternalRSETconnection—nominallya3.92kresistortogroundfor10mAout.Thissets
 theDACfull-scaleoutputcurrentavailablefromIOUTandIOUTB.RSET=39.93/IOUT.
13VOUTN  VoltageOutputNegative.Thecomparator’scomplementaryCMOSlogicleveloutput.
14VOUTP  VoltageOutputPositive.Thecomparator’strueCMOSlogicleveloutput.
15VINN  VoltageInputNegative.Thecomparator’sinvertinginput.
16VINP  VoltageInputPositive.Thecomparator’snoninvertinginput.
17DACBP  DACBypassConnection.ThisistheDACvoltagereferencebypassconnectionnormallyNC(NO
 CONNECT)foroptimumSFDRperformance.
20IOUTB ThecomplementaryDACoutputwithsamecharacteristicsasIOUTexceptthatIOUTB=(full-scale
 output–IOUT).OutputloadshouldequalthatofIOUTforbestSFDRperformance.
21IOUT  ThetrueoutputofthebalancedDAC.Currentissourcingandrequirescurrent-to-voltage
 conversion,usuallyaresistorortransformerreferencedtoGND.IOUT=(full-scaleoutput–IOUTB).
22RESET  MasterResetpin;activehigh;clearsDDSaccumulatorandphaseoffsetregistertoachieve0Hzand0°
 outputphase.Setsprogrammingtoparallelmodeanddisengagesthe6REFCLKMultiplier.Resetdoes
 notclearthe40-bitinputregister.Onpower-up,assertingRESETshouldbethefirstprioritybeforepro-
 grammingcommences.
23DVDD Positivesupplyvoltagepinfordigitalcircuitry.
24DGND  DigitalGround.Thegroundreturnpinforthedigitalcircuitry.

PINCONFIGURATION
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AD9851–TypicalPerformanceCharacteristics
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TPC7. TypicalCMOScomparatorp-poutputjitterwith
theAD9851configuredasaclockgenerator,DDSfOUTtheAD9851configuredasaclockgenerator,DDSftheAD9851configuredasaclockgenerator,DDSf =OUTOUT

10.1MHz,VS10.1MHz,V10.1MHz,V =5V,systemclock=180MHz,70MHzLPF.SS

Graphdetailsthecenterportionofarisingedgewith
scopeindelayedtriggermode,200ps/div.Cursorsshow
208psp-pjitter.
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TPC8. TypicalCMOScomparatorp-poutputjitterwiththe
AD9851configuredasaclockgenerator,DDSfOUTAD9851configuredasaclockgenerator,DDSfAD9851configuredasaclockgenerator,DDSf =40.1MHz,OUTOUT

VSVV =5V,systemclock=180MHz,70MHzLPF.GraphdetailsSS

thecenterportionofarisingedgewithscopeindelayed
triggermode,200ps/div.Cursorsshow204psp-pjitter.
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TPC9. TypicalCMOScomparatorp-poutput
jitterwiththeAD9851configuredasaclock
generator,DDSfOUTgenerator,DDSfgenerator,DDSf =70.1MHz,VOUTOUT S=70.1MHz,V=70.1MHz,V =5V,systemSS

clock=180MHz,70MHzLPF.Graphdetails
thecenterportionofarisingedgewithscope
indelayedtriggermode,200ps/div.Cursors
show280psp-pjitter.
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numbersforvarioussystemclockrates.
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TPC17. EffectofDACmaximumoutputcurrenton
wideband(0to72MHz)SFDRatthreerepresenta-
tiveDACoutputfrequencies:1.1MHz,40.1MHz,
and70.1MHz.VSand70.1MHz.Vand70.1MHz.V =5V,180MHzsystemclock(6SS 
REFCLKmultiplierdisabled).Currentsaresetusing
appropriatevaluesofRSET.SETSET
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gletheAD9851comparatoroutput.Comparator
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agethreshold.Usethisdatainadditiontosin(x)/x
rolloffandanyfilterlossestodeterminewhether
adequatesignalisbeingpresentedtotheAD9851
comparator.
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IOUTandIOUTBareequallyloadedwith100.Two100k
resistorssampleeachoutputandaveragethetwovoltages.The
resultisfilteredwiththe470pFcapacitorandappliedtoone
comparatorinputasadcswitchingthreshold.ThefilteredDAC
sinewaveoutputisappliedtotheothercomparatorinput.The
comparatorwilltogglewithnearly50%dutycycleasthesine
wavealternatelytraversesthecenterpointthreshold.
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Figure6. HighQuality,AllDigitalRFFrequency
Modulation

Highquality,alldigitalRFfrequencymodulationgenerationwith
theADSP-2181DSPandtheAD9851DDSiswelldocumented
inAnalogDevices’applicationnoteAN-543.Itusesanimageof
theDDSoutputasillustratedinFigure8.
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Figure7. ApplicationShowingSynchronizationof
TwoAD9851DDSstoFormaQuadratureOscillator

AfteracommonRESETcommandisissued,separateW_CLKs
allowindependentprogrammingofeachAD985140-bitinputreg-
isterviathe8-bitdatabusorserialinputpin.AcommonFQ_UD
pulseisissuedafterprogrammingiscompletedtosimultaneously
engagebothoscillatorsattheirspecifiedfrequencyandphase.
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Figure8. DerivingaHighFrequencyOutputSignal
fromtheAD9851byUsinganAliasorImageSignal

ThedifferentialDACoutputconnectioninFigure9enables
reductionofcommon-modesignalsandallowshighlyreactive
filterstobedrivenwithoutafilterinputterminationresistor(see
abovesingle-endedexample,Figure8).A6dBpoweradvantage
isobtainedatthefilteroutputascomparedwiththesingle-ended
example,sincethefilterneednotbedoublyterminated.
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Figure9. DifferentialDACOutputConnectionfor
ReductionofCommon-ModeSignals

TheAD9851RSETinputisdrivenbyanexternalDAC(Figure10)SETSET

toprovideamplitudemodulationorfixed,digitalamplitudecontrol
oftheDACoutputcurrent.Fulldescriptionofthisapplicationis
foundasaTechnicalNoteintheAD9851datasheetunderRelated
Information.AnAnalogDevices'applicationnotefortheAD9850,
AN-423,describesanothermethodofamplitudecontrolusing
anenhancementmodeMOSFETthatisequallyapplicableto
theAD9851.

NOTE:Ifthe6REFCLKmultiplieroftheAD9851isengaged,
the125MHzclockingsourceshowninFigure10canbereduced
byafactorofsix.
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Figure10.TheAD9851RSETInputBeingDrivenbyanExternalDAC
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THEORYOFOPERATIONANDAPPLICATION
TheAD9851usesdirectdigitalsynthesis(DDS)technology,
intheformofanumericallycontrolledoscillator(NCO),to
generateafrequency/phase-agilesinewave.Thedigitalsine
waveisconvertedtoanalogformviaaninternal10-bithigh
speedD/Aconverter.Anon-boardhighspeedcomparator
isprovidedtotranslatetheanalogsinewaveintoalow-jitter
TTL/CMOS-compatibleoutputsquarewave.DDStechnol-
ogyisaninnovativecircuitarchitecturethatallowsfastand
precisemanipulationofitsoutputword,underfulldigitalcon-
trol.DDSalsoenablesveryhighresolutionintheincremental
selectionofoutputfrequency.TheAD9851allowsanoutput
frequencyresolutionofapproximately0.04Hzatan180MSPS
clockratewiththeoptionofdirectlyusingthereferenceclockor
byengagingthe6REFCLKmultiplier.TheAD9851’sout-
putwaveformisphase-continuousfromoneoutputfrequency
changetoanother.

Thebasicfunctionalblockdiagramandsignalflowofthe
AD9851configuredasaclockgeneratorisshowninFigure11.

TheDDScircuitryisbasicallyadigitalfrequencydividerfunction
whoseincrementalresolutionisdeterminedbythefrequencyof
thesystemclock,andN(numberofbitsinthetuningword).The
phaseaccumulatorisavariable-moduluscounterthatincrements
thenumberstorediniteachtimeitreceivesaclockpulse.When
thecounterreachesfull-scaleitwrapsaround,makingthephase
accumulator’soutputphase-continuous.Thefrequencytuning
wordsetsthemodulusofthecounter,whicheffectivelydetermines
thesizeoftheincrement(Phase)thatwillbeaddedtothevalue
inthephaseaccumulatoronthenextclockpulse.Thelarger
theaddedincrement,thefastertheaccumulatorwrapsaround,
whichresultsinahigheroutputfrequency.

TheAD9851usesaninnovativeandproprietaryanglerotation
algorithmthatmathematicallyconvertsthe14-bittruncated

valueofthe32-bitphaseaccumulatortothe10-bitquantized
amplitudethatispassedtotheDAC.Thisuniquealgorithmusesa
much-reducedROMlook-uptableandDSPtoperformthisfunc-
tion.Thiscontributestothesmallsizeandlowpowerdissipationof
theAD9851.

Therelationshipbetweentheoutputfrequency,systemclock,and
tuningwordoftheAD9851isdeterminedbytheexpression:

fOUTff =(OUTOUT =(=( PhaseSystemClock)/232

where

Phase=decimalvalueof32-bitfrequencytuningword.

SystemClock=directinputreferenceclock(inMHz)or6the
inputclock(inMHz)ifthe6REFCLKmultiplierisengaged.

fOUTff =frequencyoftheoutputsignalinMHz.OUTOUT

ThedigitalsinewaveoutputoftheDDScoredrivestheinternal
highspeed10-bitD/Aconverterthatwillconstructthesinewave
inanalogform.ThisDAChasbeenoptimizedfordynamicper-
formanceandlowglitchenergy,whichresultsinthelowspurious
andjitterperformanceoftheAD9851.TheDACcanbeoperated
ineitherthesingle-ended(Figures2and8)ordifferentialoutput
configuration(Figures9and10).DACoutputcurrentandRSET
valuesaredeterminedusingthefollowingexpressions:

IOUTII =39.93/OUTOUT RSET

RSET=39.93/SETSET IOUTII

SincetheoutputoftheAD9851isasampledsignal,itsoutput
spectrumfollowstheNyquistsamplingtheorem.Specifically,
itsoutputspectrumcontainsthefundamentalplusaliasedsig-
nals(images)thatoccuratintegermultiplesofthesystemclock
frequency±theselectedoutputfrequency.Agraphicalrepre-
sentationofthesampledspectrum,withaliasedimages,isshown
inFigure12.Normalusablebandwidthisconsideredtoextend
fromdcto1/2thesystemclock.
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IntheexampleshowninFigure12,thesystemclockis100MHz
andtheoutputfrequencyissetto20MHz.Ascanbeseen,the
aliasedimagesareveryprominentandofarelativelyhighenergy
levelasdeterminedbythesin(x)/xrolloffofthequantized
D/Aconverteroutput.Infact,dependingonthef/systemclock
relationship,thefirstaliasedimagecanequalthefundamental
amplitude(whenfOUTamplitude(whenfamplitude(whenf =1/2systemclock).Alow-passfilteris
generallyplacedbetweentheoutputoftheD/Aconverterandthe
inputofthecomparatortosuppressthejitter-producingeffects
ofnonharmonicallyrelatedaliasedimagesandotherspurious
signals.Considerationmustbegiventotherelationshipofthe
selectedoutputfrequency,thesystemclockfrequency,andalias
frequenciestoavoidunwantedoutputanomalies.

Imagesneednotbethoughtofasuselessby-productsofa
DAC.Infact,withbandpassfilteringaroundanimageand
someamountofpost-filteramplification,theimagecanbecome
theprimaryoutputsignal(seeFigure8).Sinceimagesarenot
harmonics,theyretaina1:1frequencyrelationshiptothefun-
damentaloutput.Thatis,ifthefundamentalisshifted1kHz,
thentheimageisalsoshifted1kHz.Thisrelationshipaccounts
forthefrequencystabilityofanimage,whichisidenticaltothat
ofthefundamental.Usersshouldrecognizethatthelowerimage
ofanimagepairsurroundinganintegermultipleofthesystem
clockwillmoveinadirectionoppositetothatofthefunda-
mental.Imagesofanimagepairlocatedaboveanintegermultiple
ofthesystemclockwillmoveinthesamedirectionasafundamen-
talmovement.

Thefrequencybandwhereimagesexistismuchricherinspu-
rioussignalsand,therefore,morehostileintermsofSFDR.
Usersofthistechniqueshouldempiricallydeterminewhatfre-
quenciesareusableiftheirSFDRrequirementsaredemanding.

Agoodrule-of-thumbforapplyingtheAD9851asaclockgen-
eratoristolimitthefundamentaloutputfrequencyto40%of
referenceclockfrequencytoavoidgeneratingaliasedsignalsthat
aretooclosetotheoutputbandofinterest(generallydc—
highestselectedoutputfrequency)tobefiltered.Thispractice
willeasethecomplexityandcostoftheexternalfilterrequire-
mentfortheclockgeneratorapplication.

ThereferenceclockinputoftheAD9851hasaminimumlimi-
tationof1MHzwithout6REFCLKmultiplierengagedand
5MHzwithmultiplierengaged.Thedevicehasinternalcircuitry
thatsenseswhentheclockratehasdroppedbelowtheminimum
andautomaticallyplacesitselfinthepower-downmode.Inthis
mode,theon-chipcomparatorisalsodisabled.Thisisimportant
informationforthosewhomaywishtousetheon-chipcompara-
torforpurposesotherthansquaringtheDDSsinewaveoutput.
Whentheclockfrequencyreturnsabovetheminimumthreshold,
thedeviceresumesnormaloperationafter5µs(typically).This
shutdownmodepreventsexcessivecurrentleakageinthedynamic
registersofthedevice.

TheimpactofreferenceclockphasenoiseinDDSsystemsis
actuallyreduced,sincetheDDSoutputistheresultofadivision
oftheinputfrequency.Theamountofapparentphasenoise
reduction,expressedindB,isfoundusing20logfOUTreduction,expressedindB,isfoundusing20logfreduction,expressedindB,isfoundusing20logf /fCLK/f/f ,
wherefOUTwherefwheref isthefundamentalDDSoutputfrequencyandfCLKisthefundamentalDDSoutputfrequencyandfisthefundamentalDDSoutputfrequencyandf isCLKCLK

thesystemclockfrequency.Fromthisstandpoint,usingthehigh-
estsystemclockinputfrequencymakesgoodsenseinreducingthe
effectsofreferenceclockphasenoisecontributiontotheoutput

signals’overallphasenoise.Asanexample,anoscillatorwith
–100dBcphasenoiseoperatingat180MHzwouldappearasa
–125dBcontributiontoDDSoverallphasenoisefora10MHz
output.Engagingthe6REFCLKmultiplierhasgenerallybeen
foundtoincreaseoveralloutputphasenoise.Thisincreaseisdue
totheinherent6(15.5dB)phasegaintransferfunctionofthe
6REFCLKmultiplier,aswellasnoisegeneratedinternallyby
theclockmultipliercircuit.Byusingalowphasenoisereference
clockinputtotheAD9851,userscanbeassuredofbetterthan
–100dBc/Hzphasenoiseperformanceforoutputfrequencies
upto50MHzatoffsetsfrom1kHzto100kHz.

ProgrammingtheAD9851
TheAD9851containsa40-bitregisterthatstoresthe32-bit
frequencycontrolword,the5-bitphasemodulationword,
6REFCLKmultiplier,enable,andthepower-downfunc-
tion.Thisregistercanbeloadedinparallelorserialmode.A
logichighengagesfunctions;forexample,topower-downthe
IC(sleepmode),alogichighmustbeprogrammedinthatbit
location.ThoseuserswhoarefamiliarwiththeAD9850DDS
willfindonlyaslightchangeinprogrammingtheAD9851,
specifically,data[0]ofW0(parallelload)andW32(serialload)
nowcontainsa6REFCLKmultiplierenablebitthatneeds
tobesethightoenableorlowtodisabletheinternalreference
clockmultiplier.

Note:settingdata[1]highinprogrammingwordW0(parallel
mode)orwordW33highinserialmodeisnotallowed(see
TablesIandIII).Thisbitcontrolsafactorytestmodethatwill
causeabnormaloperationintheAD9851ifsethigh.Iferro-
neouslyentered(asevidencedbyPin2changingfromaninput
pintoanoutputsignal),anexitisprovidedbyassertingRESET.
Unintentionalentrytothefactorytestmodecanoccurifan
FQ_UDpulseissentafterinitialpower-upandRESETofthe
AD9851.SinceRESETdoesnotclearthe40-bitinputregister,
thiswilltransfertherandompower-upvaluesoftheinputregister
totheDDScore.Therandomvaluesmayinvokethefactorytest
modeorpower-downmode.NeverissueanFQ_UDcommandif
the40-bitinputregistercontentsareunknown.

Inthedefaultparallelloadmode,the40-bitinputregisterisloaded
usingan8-bitbus.W_CLKisusedtoloadtheregisterinfive
iterationsofeightbytes.TherisingedgeofFQ_UDtransfersthe
contentsoftheregisterintothedevicetobeacteduponandresets
thewordaddresspointertoW0.SubsequentW_CLKrisingedges
load8-bitdata,startingatW0andthenmovethewordpointer
tothenextword.AfterW0throughW4areloaded,additional
W_CLKedgesareignoreduntileitheraRESETisassertedoran
FQ_UDrisingedgeresetstheaddresspointertoW0inprepara-
tionforthenext8-bitload.SeeFigure13.

Inserialloadmode,fortysubsequentrisingedgesofW_CLKwill
shiftandloadthe1-bitdataonPin25(D7)throughthe40-bit
registerinshift-registerfashion.AnyfurtherW_CLKrisingedges
aftertheregisterisfullwillshiftdataoutcausingdatathatisleftin
theregistertobeout-of-sequenceandcorrupted.Theserialmode
mustbeenteredfromthedefaultparallelmode(seeFigure17).
DataisloadedbeginningwithW0andendingwithW39.One
noteofcaution:the8-bitparallelword(W0)—xxxxx011—thatparallelparallel
invokestheserialmodeshouldbeoverwrittenwithavalid40-bit
serialwordimmediatelyafterenteringtheserialmodetoprevent
unintendedengagingofthe6REFCLKmultiplierorentryinto
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thefactorytestmode.Exitfromserialmodetoparallelmodeis
onlypossibleusingtheRESETcommand.

Thefunctionassignmentsofthedataandcontrolwordsareshown
inTablesIandIII;thedetailedtimingsequenceforupdatingthe
outputfrequencyand/orphase,resettingthedevice,engagingthe
6REFCLKmultiplier,andpoweringup/down,areshownin
thetimingdiagramsofFigures13through20.Asaprogramming
exampleforthefollowingDDScharacteristics:

1. Phasesetto11.25°
2. 6REFCLKmultiplierengaged
3. Powered-upmodeselected

4. Output=10MHz(for180MHzsystemclock)

Inparallelmode,userwouldprogramthe40-bitcontrolword
(composedoffive8-bitloads)asfollows:

W0=00001001
W1=00001110
W2=00111000
W3=11100011
W4=10001110

Ifinserialmode,loadthe40bitsstartingfromtheLSBlocation
ofW4intheabovearray,loadingfromrighttoleft,andending
withtheMSBofW0.

TableI. 8-BitParallel-LoadData/ControlWordFunctionalAssignment

Word Data[7] Data[6]  Data[5] Data[4] Data[3] Data[2] Data[1] Data[0]

W0 Phase–b4(MSB) Phase–b3 Phase–b2  Phase–b1 Phase–b0(LSB) Power-Down Logic0* 6REFCLK
      MultiplierEnable
W1 Freq–b31(MSB) Freq–b30Freq–b29  Freq–b28 Freq–b27 Freq–b26 Freq–b25 Freq–b24
W2 Freq–b23 Freq–b22Freq–b21  Freq–b20 Freq–b19 Freq–b18 Freq–b17 Freq–b16
W3 Freq–b15 Freq–b14Freq–b13  Freq–b12 Freq–b11 Freq–b10 Freq–b9 Freq–b8
W4 Freq–b7 Freq–b6Freq–b5  Freq–b4 Freq–b3 Freq–b2 Freq–b1 Freq–b0(LSB)
*ThisbitisalwaysLogic0unlessinvokingtheserialmode(seeFigure17).Afterserialmodeisentered,thisdatabitmustbesetbacktoLogic0forproperoperation.

W0* W1 W2 W3 W4

tCD

tDH
tDS tWL

tWH

tFD
ttttttFHFHFHFHFHtttttFLFLFLFLFL

*OUTPUTUPDATECANOCCURAFTERANYWORDLOAD
ANDISASYNCHRONOUSWITHREFERENCECLOCK

tttttCFCFCFCFCFCF

VALIDDATA

SYSCLK

DATA

W CLK

FQ UD

AOUT

Figure13. ParallelLoadFrequency/PhaseUpdateTimingSequence
Note:ToupdateW0itisnotnecessarytoloadW1throughW4.SimplyloadW0andassertFQ_UD.ToupdateW1,reloadW0thenW1—usersdonothaverandomaccessto
programmingwords.

TableII.TimingSpecifications

Symbol Definition Min

tDS DataSetupTime 3.5ns
tDH DataHoldTime 3.5ns
tWH W_CLKHigh 3.5ns
tWL W_CLKLow 3.5ns
tCD REFCLKDelayafterFQ_UD 3.5ns*
tFH FQ_UDHigh 7.0ns
tFL FQ_UDLow 7.0ns
tFD FQ_UDDelayafterW_CLK 7.0ns
tCF OutputLatencyfromFQ_UD

FrequencyChange 18SYSCLKCycles
PhaseChange 13SYSCLKCycles

*Specificationdoesnotapplywhenthe6REFCLKmultiplierisengaged.
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ResultsofReset,Figure14
– Phaseaccumulatorzeroedsuchthattheoutput=0Hz(dc)
– Phaseoffsetregistersetto0suchthatDACIOUT=full-scale
outputandIOUTB=zeromAoutput
– InternalprogrammingaddresspointerresettoW0
– Power-downbitresetto0(power-downdisabled)
– 40-bitdatainputregisterisNOTcleared
– 6referenceclockmultiplierisdisabled
– Parallelprogrammingmodeselectedbydefault

XXXXX10X

FQ UD

W CLK

SYSCLK

DAC
STROBE

DATA(W0)

INTERNALCLOCKS
DISABLED

Figure15. ParallelLoadPower-DownSequence/
InternalOperation

XXXXX00X

FQ UD

W CLK

DATA(W0)

INTERNALCLOCKS
ENABLED

SYSCLK

Figure16. ParallelLoadPower-UpSequence(to
RecoverfromPower-Down)/InternalOperation

Entrytotheserialmode,seeFigure17,isviatheparallelmode,
whichisselectedbydefaultafteraRESETisasserted.Oneneeds
onlytoprogramthefirsteightbits(wordW0)withthesequence
xxxxx011asshowninFigure17tochangefromparalleltoserial
mode.TheW0programmingwordmaybesentoverthe8-bit
databusorhardwiredasshowninFigure18.Afterserialmode
isachieved,theusermustfollowtheprogrammingsequenceof
Figure19.

XXXXX011

FQ UD

W CLK

DATA(W0)

ENABLE
SERIALMODE

Figure17. SerialLoadEnableSequence

Note:Afterserialmodeisinvoked,itisbesttoimmediatelywrite
avalid40-bitserialword(seeFigure19),evenifitisallzeros,
followedbyaFQ_UDrisingedgetoflushtheresidualdataleftin
theDDScore.Avalid40-bitserialwordisanywordwhereW33
isLogic0.

28

27

26

25

1

2

3

4

AD9851

D3

D2

D1

D0

D4

D5

D6

D7

10k+V
SUPPLY

Figure18. Hardwiredxxxxx011Configurationfor
SerialLoadEnableWordW0inFigure17

SYSCLK

RESET

AOUT

tRH tRL

COS(0)

SYMBOL DEFINITION MINSPEC

tRH CLKDELAYAFTERRESETRISINGEDGE 3.5ns*
tRL RESETFALLINGEDGEAFTERCLK 3.5ns*
tRRRECOVERYFROMRESET2SYSCLKCYCLES
tRS MINIMUMRESETWIDTH 5SYSCLKCYCLES
tOL RESETOUTPUTLATENCY 13SYSCLKCYCLES

*SPECIFICATIONSDONOTAPPLYWHENTHEREFCLOCKMULTIPLIERISENGAGED

tRR

NOTE:THETIMINGDIAGRAMABOVESHOWSTHEMINIMALAMOUNTOFRESETTIME
NEEDEDBEFOREWRITINGTOTHEDEVICE.HOWEVER,THEMASTERRESETDOESNOT
HAVETOBESYNCHRONOUSTOTHESYSCLKIFTHEMINIMALTIMEISNOTREQUIRED.

tRS
tOL

Figure14.MasterResetTimingSequence

Note:Thetimingdiagramaboveshowstheminimalamountofresettimeneededbeforewritingtothedevice.However,themasterresetdoesnothavetobesynchronousto
theSYSCLKiftheminimaltimeisnotrequired.
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FQ UD

W2DATA

4040WW CLKCYCLESCLKCYCLES

W CLK

W1 W3 W39W0

Figure19. SerialLoadFrequency/PhaseUpdateSequence

TableIII.40-BitSerialLoadWordFunctionalAssignment

W0 Freq–b0(LSB)
W1 Freq–b1
W2 Freq–b2
W3 Freq–b3
W4 Freq–b4
W5 Freq–b5
W6 Freq–b6
W7 Freq–b7
W8 Freq–b8
W9 Freq–b9
W10 Freq–b10
W11 Freq–b11
W12 Freq–b12
W13 Freq–b13
W14 Freq–b14
W15 Freq–b15
W16 Freq–b16
W17 Freq–b17
W18 Freq–b18
W19 Freq–b19
W20 Freq–b20
W21 Freq–b21
W22 Freq–b22
W23 Freq–b23
W24 Freq–b24
W25 Freq–b25
W26 Freq–b26
W27 Freq–b27
W28 Freq–b28
W29 Freq–b29
W30 Freq–b30
W31 Freq–b31(MSB)
W32 6REFCLKMultiplierEnable
W33 Logic0*
W34 Power-Down
W35 Phase–b0(LSB)
W36 Phase–b1
W37 Phase–b2
W38 Phase–b3
W39 Phase–b4(MSB)

*ThisbitisalwaysLogic0.

Figure20showsanormal40-bitserialwordloadsequencewith
W33alwayssettoLogic0andW34settoLogic1orLogic0
tocontrolthepower-downfunction.Thelogicstatesofthe
remaining38bitsareunimportantandaremarkedwithanX,
indicating“don’tcare”status.Topowerdown,setW34=1.To
powerupfromapowereddownstate,changeW34toLogic0.
Wake-upfrompower-downmoderequiresapproximately5µs.

Note:The40-bitinputregisteroftheAD9851isfullyprogram-
mablewhileinthepower-downmode.

FQ UD

W34=1
OR0DATA(7)–

40W_CLKRISINGEDGES

W CLK

W33=0 W35=X W39=XW38=XW0=X

Figure20. SerialLoadPower-Down\Power-UpSequence

IOUT IOUTB

VDD

VINP/
VINN

VDD

a. DACOutput c. ComparatorInput

DIGITAL
OUT

VDD

DIGITAL
IN

VDD

b. ComparatorOutput d. DigitalInput

Figure21. I/OEquivalentCircuits
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PCBLAYOUTINFORMATION
TheAD9851/CGPCBandAD9851/FSPCBevaluationboards
(Figures22through25andTPCs1and2)representtypical
implementationsoftheAD9851andexemplifytheuseofhigh
frequency/highresolutiondesignandlayoutpractices.Theprint-
edcircuitboardthatcontainstheAD9851shouldbeamultilayer
boardthatallowsdedicatedpowerandgroundplanes.Thepower
andgroundplanesshould(asmuchaspossible)befreeofetched
tracesthatcausediscontinuitiesintheplanes.Itisrecommended
thatthetoplayeroftheboardalsocontainaninterspatialground
planethatmakesgroundavailablewithoutviasforthesurface-
mountdevices.Ifseparateanaloganddigitalsystemground
planesexist,theyshouldbeconnectedtogetherattheAD9851
evaluationboardforoptimumperformance.

Avoidrunningdigitallinesunderthedeviceasthesewillcouple
unnecessarynoiseontothedie.Thepowersupplylinestothe
AD9851shoulduseaslargeatraceaspossibletoprovidealow-
impedancepathandreducetheeffectsofswitchingcurrentson
thepowersupplyline.Fastswitchingsignalslikeclocksshould
usemicrostrip,controlledimpedancetechniqueswherepos-
sible.Avoidcrossoverofdigitalandanalogsignalpaths.Traces
onoppositesidesoftheboardshouldrunatrightanglestoeach
other.Thiswillreducecrosstalkbetweenthelines.

Goodpowersupplydecouplingisalsoanimportantconsid-
eration.Theanalog(AVDD)anddigital(DVDD)supplies
totheAD9851areindependentandseparatelypinnedoutto
minimizecouplingbetweenanaloganddigitalsectionsofthe
device.Allanaloganddigitalsupplypinsshouldbedecoupled
toAGNDandDGND,respectively,withhighqualityceramic
chipcapacitors.Toachievebestperformancefromthedecou-
plingcapacitors,theyshouldbeplacedascloseaspossibleto
thedevice.Insystemswhereacommonsupplyisusedtodrive
boththeAVDDandDVDDsuppliesoftheAD9851,itisrec-
ommendedthatthesystem’sAVDDsupplybeused.

AnalogDevicesapplicationsengineeringsupportisavailableto
answeradditionalquestionsongroundingandPCBlayout.Call
1-800-ANALOGD.

EVALUATIONBOARDS
TwoversionsoftheAD9851evaluationboardareavailable.The
evaluationboardsfacilitateeasyimplementationofthedevicefor
bench-topanalysisandserveasareferenceforPCBlayout.

TheAD9851/FSPCBisintendedforapplicationswherethe
devicewillprimarilybeusedasafrequencysynthesizer.This
versionisoptimizedforconnectionoftheAD9851internalD/A
converteroutputtoa50spectrumanalyzerinput.Theinternal
comparatoroftheAD9851ismadeavailableforuseviawirehole
access.Thecomparatorinputsareexternallypulledtoopposing
voltagestopreventcomparatorchatterduetofloatinginputs.The
DDSDACoutputisunfilteredandnoreferenceoscillatorispro-
vided.Thisisdoneinrecognitionofthefactthatmanyusersmay
findanoscillatortobealiabilityratherthananasset.SeeFigure22
foranelectricalschematic.

TheAD9851/CGPCBisintendedforapplicationsusingthe
deviceasaCMOSoutputclockgenerator.Itconnectsthe
AD9851DACoutputtotheinternalcomparatorinputviaa
single-ended,70MHzlowpass,7thorder,ellipticfilter.To
minimizeoutputjitterofthecomparator,specialattentionhas

beengiventothelow-passfilterdesign.Primaryconsiderations
wereinputandoutputimpedances(200)andaverysteeproll-
offcharacteristictoattenuateunwanted,nearbyaliassignals.The
highimpedanceofthefilterallowstheDACtodevelop1Vp-p
(with10mA)acrossthetwo200resistorsattheinputand
outputofthefilter.Thisvoltageisentirelysufficienttoopti-
mallydrivetheAD9851comparator.Thisfilterwasdesigned
withtheassumptionthattheAD9851DDSisatfullclock
speed(180MHz).Ifthisisnotthecase,filterspecifications
mayneedtochangetoachieveproperattenuationofanticipated
aliassignals.BNCconnectorsallowconvenientobservation
ofthecomparatorCMOSoutputandinput,aswellasthatof
theDAC.Noreferenceoscillatorisprovidedforreasonsstated
above.ThismodelallowseasyevaluationoftheAD9851as
afrequencyandphase-agileCMOSoutputclocksource(see
Figure24forelectricalschematic).

JitterReductionNote
TheAD9851/CGPCBhasawidebandDDSfundamentaloutput,
dcto70MHz,andtheon-chipcomparatorhasevenmoreband-
width.Tooptimizelowjitterperformanceusersshouldconsider
bandpassfilteringoftheDACoutputifonlyanarrowbandwidth
isrequired.Thiswillreducejittercausedbyspurious,nonhar-
monicsignalsaboveandbelowthedesiredsignal.Lowering
theappliedVDDhelpsinreducingcomparatorswitchingnoise
byreducingV/Tofthecomparatoroutputs.Foroptimum
jitterperformance,usersshouldavoidtheverybusydigitalenvi-
ronmentoftheon-chipcomparatorandoptforanexternal,high
speedcomparator.

BothversionsoftheAD9851evaluationboardsaredesigned
tointerfacetotheparallelprinterportofaPC.Theoperating
software(C++)runsunderMicrosoft®Windows®(Windows
3.1andWindows95);WindowsNT®notsupportedandpro-
videsauser-friendlyandintuitiveformatforcontrollingthe
functionalityandobservingtheperformanceofthedevice.
The3.5-indiskprovidedwiththeevaluationboardcontains
anexecutablefilethatdisplaystheAD9851function-selection
screen.Theevaluationboardmaybeoperatedwith3.0Vor
5Vsupplies.Evaluationboardsareconfiguredatthefactory
foranexternalclockinput.Iftheoptionalon-boardcrystal
clocksourceisinstalled,resistorR2(50)mustberemoved.

EVALUATIONBOARDINSTRUCTIONS
RequiredHardware/Software
PersonalcomputeroperatinginWindows3.1 or95environment
(doesnotsupportWindowsNT)

Printerport,3.5-infloppydrive,mouse,andCentronicscom-
patibleprintercable,3Vto5Vvoltagesupply

Crystalclockoscillatororhighfrequencysignalgenerator(sine
waveoutput)withdcoffsetcapability

AD9851EvaluationBoardSoftwarediskandAD9851/FSPCBor
AD9851/CGPCBEvaluationBoard

Setup
CopythecontentsoftheAD9851diskontothehostPCshard
drive.(Therearetwofiles,WIN9851.EXEversion1.xand
Bwcc.dll.)Connecttheprintercablefromthecomputertothe
evaluationboard.Useagoodqualitycableassomecablesdonot
connecteverywirethattheprinterportsupports.
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ApplypowertoAD9851evaluationboard.TheAD9851ispow-
eredseparatelyfromtheotheractivecomponentsontheboard
viaconnectormarkedDUT+V.Theconnectormarked5Vis
usedtopowertheCMOSlatches,optionalcrystaloscillatorand
pull-upresistors.Both5VandDUT+Vmaybetiedtogetherfor
easeofoperationwithoutadverseaffects.TheAD9851maybe
poweredwith2.7Vto5.25V.

Connectanexternal50ZclocksourceorremoveR2and
installasuitablecrystalclockoscillatorwithCMOSoutputlevels
atY1.Asinewavesignalgeneratormaybeusedasaclocksource
atfrequencies>50MHzbydcoffsettingtheoutputsignalto
1/2thesupplyvoltagetotheAD9851.Thismethodrequiresa
minimumof2Vp-psignalanddisablingofthe6REFCLK
Multiplierfunction.

LocatethefilecalledWIN9851.EXEandexecutethatprogram.
Thecomputermonitorshouldshowacontrolpanelthatallows
operationoftheAD9851evaluationboardbyuseofamouse.

Operation
OnthecontrolpanellocatetheboxlabeledCOMPUTERI/O.
Clickthecorrectparallelprinterportforthehostcomputer
andthenclicktheTESTbox.Amessagewillappearindicating
whethertheselectionofoutputportiscorrect.Chooseother
portsasnecessarytoachieveacorrectportsetting.

ClicktheMASTERRESETbutton.Thiswillresetthepartto
0Hz,0°phase,parallelprogrammingmode.Theoutputfromthe
DACIOUTshouldbeadcvoltageequaltothefull-scaleoutput
oftheAD9851(1VfortheAD9851/CGPCBand0.5Vforthe
AD9851/FSPCB),whiletheDACIOUTBshouldbe0Vforboth
evaluationboards.RESETshouldalwaysbethefirstcommandtothe
AD9851followingpower-up.

LocatetheCLOCKSECTIONandplacethecursorinthe
FREQUENCYbox.Entertheclockfrequency(inMHz)that
willbeappliedtothereferenceclockinputoftheAD9851.
ClickthePLLboxintheCONTROLFUNCTIONmenuifthe
6referenceclockmultiplieristobeengaged—acheckmark
willappearwhenengaged.Whenthereferenceclockmultiplier
isengaged,softwarewillmultiplythevalueenteredinthefre-
quencyboxby6;otherwise,thevalueenteredisthevalueused.
ClicktheLOADbuttonorpresstheenterkey.

MovethecursortotheOUTPUTFREQUENCYboxandtype
inthedesiredfrequency(inMHz).ClicktheLOADbuttonor
presstheenterkey.TheBUSMONITORsectionofthecontrol
panelwillshowthe32-bitfrequencywordand8-bitphase/
controlword.Uponcompletionofthisstep,theAD9851output
shouldbeactiveattheprogrammedfrequency/phase.

Changingtheoutputphaseisaccomplishedbyclickingthedown
arrowintheOUTPUTPHASEDELAYboxtomakeaselection
andthenclickingtheLOADbutton.Note:clickingtheloadbut-
tonsoftheclockfrequencybox,theoutputfrequencybox,orthe
phaseboxwillautomaticallyinitiateareloadingofallthreeboxes
andissuanceofaFQ_UD(frequencyupdate)pulse.Tobypass
thisautomaticreloadingandfrequencyupdatesequence,referto
thenotebelow.

Otheroperationalmodes(FrequencySweeping,Sleep,Serial
Input)areavailable.Frequencysweepingallowstheuserto
enterastartandstopfrequencyandtospecifythefrequency
stepsize.Sweepingbeginsatthestartfrequency,proceedsto
thestopfrequencyinalinearmanner,reversesdirection,and
sweepsbacktothestartfrequencyrepeatedly.

Note:ForthosewhomaybeoperatingmultipleAD9851eval-
uationboardsfromonecomputer,aMANUALFREQUENCY
UPDATEoptionexists.Byeliminatingtheautomaticissuance
ofanFQ_UD,theusercanloadthe40-bitinputregistersof
multipleAD9851swithouttransferringthatdatatotheinter-
nalaccumulators.Whenallinputregistersareloaded,asingle
FREQUENCYUPDATEpulsecanbeissuedtoallAD9851s.
AblockdiagramofthistechniqueisshownintheAD9851data
sheetasaquadratureoscillatorapplication.Thissinglepulse
synchronizesalltheunitssothattheirparticularphasesand
frequenciestakeeffectsimultaneously.Propersynchronization
requiresthateachAD9851beclockedbythesamereference
clocksourceandthateachoscillatorbeinanidenticalstatewhile
beingprogrammed.RESETcommandensuresidenticalstates.
Whenmanualfrequencyupdateisselected,anewboxlabeled
FREQUENCYUPDATEwillappearjustabovethefrequency
sweepingmenu.ClickingtheboxinitiatesasingleFQ_UDpulse.

Note:RESETcanbeusedtosynchronizemultipleoscillators.
Ifseveraloscillatorshavealreadybeenprogrammedatvarious
phasesorfrequencies,issuanceofaRESETpulsewillsettheir
outputsto0Hzand0phase.ByissuingacommonFQ_UD,the
previouslyprogrammedinformationinthe40-bitinputregisters
willtransferonceagaintotheDDScoreandtakeeffectin18
clockcycles.ThisisduetothefactthatRESETdoesnotaffect
thecontentsofthe40-bitinputregisterinanyway.

TheAD9851/FSPCBprovidesaccessintoandoutoftheon-chip
comparatorviatestpointpairs(eachpairhasanactiveinputand
agroundconnection).ThetwoactiveinputsarelabeledTP1
andTP2.Theunmarkedholenexttoeachlabeledtestpointisa
groundconnection.ThetwoactiveoutputsarelabeledTP5and
TP6.Adjacenttothosetestpointsareunmarkedgroundconnec-
tions.Topreventunwantedcomparatorchatterwhennotinuse,
thetwoinputsarepulledeithertogroundor+Vvia1kresistors.

TheAD9851/CGPCBprovidesBNCinputsandoutputsasso-
ciatedwiththeon-chipcomparatorandanonboard,7thorder,
200input/outputZ,elliptic70MHzlow-passfilter.Jumper-
ing(solderingawire)E1toE2,E3toE4,andE5toE6connects
theonboardfilterandthemidpointswitchingvoltagetothe
comparator.Usersmayelecttoinserttheirownfilterandcom-
paratorthresholdvoltagebyremovingthejumpersandinserting
afilterbetweenJ7andJ6andprovidingacomparatorthreshold
voltageatE1.

UseoftheXTALoscillatorsocketontheevaluationboardtosup-
plytheclocktotheAD9851requirestheremovalR2(a50chip
resistor)unlesstheoscillatorcandrivea50load.Thecrystal
oscillatorshouldbeeitherTTLorCMOS(preferably)compatible.
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

9
8
7
6
5
4
3
2

12
13
14
15
16
17
18
19

11 1

STROBE

D0
D1
D2
D3
D4
D5
D6
D7

U2
74HCT574

J1
C36CPRX

RRSET
8D
7D
6D
5D
4D
3D
2D
1D

8Q
7Q
6Q
5Q
4Q
3Q
2Q
1Q

CK OE

FFQUD

WWCLK
CHECK

STROBE

9
8
7
6
5
4
3
2

12
13
14
15
16
17
18
19

8D
7D
6D
5D
4D
3D
2D
1D

8Q
7Q
6Q
5Q
4Q
3Q
2Q
1Q

CK OE
11 1

STROBE

RESET
WCLK
FQUD
CHECK

U3
74HCT574

RRESET
WWCLK
FFQUD
RRESET

VCC

Y1 OUT

GND
7

8

14

5V

XTAL
OSC

(OPTIONAL)

R2
50

J5

CLKIN

REMOVEWHEN
USINGY1

C2
0.1F

C3
0.1F

C4
0.1F

C5
0.1F

C8
0.1F

C9
0.1F

C10
0.1F

+V 5V

C6
10F

C7
10F

+V 5V

H1
#6

H2
#6

H3
#6

H4
#6R3

2.2k

STROBE

5V

WWCLK FFQUD RRESET

R8
2.2k

R9
2.2k

R10
2.2k

J2
+V

J3
+5V

J4
GND

BANANA
JACKS

28

27

26

25

24

23

22

21

20

19

18

17

16

15

1

2

3

4

5

6

7

8

9

10

11

12

13

14 VOUTP

VOUTN

RSET

AVDD

AGND

REFCLOCK

FQ UD

D3

D2

D1

D0

W CLK

PVCC

PGND

VINN

VINP

DACBP

AVDD

AGND

IOUTB

IOUT

D4

D5

D6

D7

RESET

DVDD

DGND

U1
AD9851

+V

GND

CLKIN

FQUD

D3

D2

D1

D0

WCLK

+V

GND

+V

GND

D4

D5

D6

D7

RESET

+V

GND

R5
25

R4
50

GND

GND

TP1

TP3

TP2

TP4

R5
1k

+V

R7
1k

GND

COMPARATOR
INPUTS

J6
DACOUT
TO50

R1
3.9k

GND

GND

TP5

TP6

TP7

TP8

10mA
RESET

MOUNTINGHOLES

AD9851/FSPCB
FREQUENCY
SYNTHESIZER

EVALUATIONBOARD

NC

NC=NOCONNECT

Figure22.FSPCBElectricalSchematic
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23a.FSPCBTopLayer

23b.FSPCBPowerPlane

23c.FSPCBGroundPlane

23d.FSPCBBottomLayer

Figure23.FSPCBEvaluationBoard4-LayerPCBLayoutPatterns

AD9851/FSPCBEvaluationBoardPartsList—GSO0516(A)

MiscellaneousHardware  Ref.Des.

1 Amp552742-1,36-PinPlastic,RightAngle,
 PCMount,Female  J1
1 BananaJack–ColorNotImportant J2
1 YellowBananaJack  J3
1 BlackBananaJack  J4
2 BNCCoax.Connector,PCMount J5,J6
1 AD9851/FSPCBEvaluationBoard
 GSO0516(A) None
4 AMP5-330808-6,Open-EndedPinSocketNone
2 #2-56HexNut(toFastenJ1)None
2 #2-563/8BinderHeadMachineScrew
 (toFastenJ1) None
4 #4-40HexNut(toFastenStandoffstoBoard)None
4 #41-InMetalStand-Off None

MiscellaneousHardware  Ref.Des.

DecouplingCapacitors
7 Size1206ChipCapacitor,0.1µF C2–C5,
C8–C10
2 TantalumCapacitors,10µFC6,C7
Resistors
1 25ChipResistor,Size1206 R5
2 50ChipResistor,Size1206 R2,R4
1 3.9kChipResistor,Size1206R1
4 2kor2.2kChipResistor,Size1206R3,R8,
R9,R10
2 1kChipResistor,Size1206R6,R7
IntegratedCircuits
1 AD9851DirectDigitalSynthesizer,Surface-mount U1
2 74HCT574ANHCMOSOctalFlip-Flop,
Through-HoleMount U2,U3
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RRSET
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WWCLK
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VCC
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GND
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XTAL
OSC
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R2
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J5

CLKIN

REMOVEWHEN
USINGY1

H1
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H2
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H3
#6

H4
#6

MOUNTINGHOLES

R3
2.2k

STROBE

5V

WWCLKFFQUDRRESET
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R9
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5V
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7THORDER200Z
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Figure25.FSPCBEvaluationBoard4-LayerPCBLayoutPatterns
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CGPCBEvaluationBoardPartsList—GSO0515(B)

MiscellaneousHardware  Ref.Des.

1 Amp552742-1,36-PinPlastic,RightAngle,
 PCMount,Female  J1
1 BananaJack—ColorNotImportant J2
1 YellowBananaJack  J3
1 BlackBananaJack J4
5 BNCCoax.Connector,PCMount  J5,J6,J7,
 J8,J9
1 AD9851/CGPCBEvaluationBoard
 GSO0515(B) None
4 AMP5-330808-6,Open-EndedPinSocketNone
2 #2-56HexNut(toFastenJ1)None
2 #2-563/8BinderHeadMachineScrew
 (toFastenJ1) None
4 #4-40HexNut(toFastenStand-OffstoBoard) None
4 #41-InMetalStand-Off#41-InMetalStand-Off#41-InMetalStand-Off None

DecouplingCapacitors
1 Size1206ChipCapacitor,470pFC1
7 Size1206ChipCapacitor,0.1µF C2–C5,
C8–C10
2 TantalumCapacitors,10µFC6,C7

Resistors
1 3.9kChipResistor,Size1206 R1
1 50ChipResistor,Size1206 R2
4 2kor2.2kChipResistor,Size1206 R3,R9,
R10,R11
2 100kChipResistor,Size1206 R4,R5
2 200ChipResistor,Size1206 R6,R7
1 100ChipResistor,Size1206 R8
1 DummyResistor(forOptionalInstallation) R12

FilterCapacitors(70MHz7-PoleEllipticFilter)
3 22pFChipCapacitor,Size1206C11,C15,
C17
1 1pFChipCapacitor,Size1206C12
1 33pFChipCapacitor,Size1206C13
1 5.6pFChipCapacitor,Size1206C14
1 4.7pFChipCapacitor,Size1206C16

Inductors(70MHz7-PoleEllipticFilter)

1 470nHChipInductor,CoilCraft1008CS L1
2 390nHChipInductor,CoilCraft1008CS L2,L3

IntegratedCircuits
1 AD9851DirectDigitalSynthesizer,
 Surface-mount U1
2 74HCT574ANHCMOSOctalFlip-Flop,
Through-HoleMount U2,U3
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