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ADP3180*

6-BitProgrammable2-,3-,4-Phase
SynchronousBuckController

*PatentPending

FEATURES
Selectable2-,3-,or4-PhaseOperationatupto
 1MHzperPhase
14.5mVWorst-CaseDifferentialSensingErrorover

Temperature
Logic-LevelPWMOutputsforInterfaceto
 ExternalHighPowerDrivers
ActiveCurrentBalancingbetweenAllOutputPhases
Built-InPowerGood/CrowbarBlankingSupports
 On-the-FlyVIDCodeChanges
6-BitDigitallyProgrammable0.8375Vto1.6VOutput
ProgrammableShortCircuitProtectionwith
 ProgrammableLatch-OffDelay

APPLICATIONS
DesktopPCPowerSuppliesfor:
 NextGenerationIntel®Processors
VRMModules
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GENERALDESCRIPTION
TheADP3180isahighlyefficientmultiphasesynchronousbuck
switchingregulatorcontrolleroptimizedforconvertinga12V
mainsupplyintothecoresupplyvoltagerequiredbyhighper-
formanceIntelprocessors.Itusesaninternal6-bitDACtoread
avoltageidentification(VID)codedirectlyfromtheprocessor,
whichisusedtosettheoutputvoltagebetween0.8375Vand
1.6V,andusesamultimodePWMarchitecturetodrivethelogic
leveloutputsataprogrammableswitchingfrequencythatcanbe
optimizedforVRsizeandefficiency.Thephaserelationshipofthe
outputsignalscanbeprogrammedtoprovide2-,3-,or4-phase
operation,allowingfortheconstructionofuptofourcomple-
mentarybuckswitchingstages.

TheADP3180alsoincludesprogrammableno-loadoffsetand
slopefunctionstoadjusttheoutputvoltageasafunctionofthe
loadcurrentsothatitisalwaysoptimallypositionedforasystem
transient.TheADP3180alsoprovidesaccurateandreliableshort
circuitprotection,adjustablecurrentlimiting,andadelayed
PowerGoodoutputthataccommodateson-the-flyoutputvoltage
changesrequestedbytheCPU.

ADP3180isspecifiedoverthecommercialtemperaturerangeof
0°Cto85°Candisavailableina28-leadTSSOPpackage.
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(VCC=12V,FBRTN=GND,TA=0Cto85C,unlessotherwisenoted.)

Parameter Symbol Conditions Min Typ Max Unit

ERRORAMPLIFIER
OutputVoltageRange
Accuracy

LineRegulation
InputBiasCurrent
FBRTNCurrent
OutputCurrent
GainBandwidthProduct
SlewRate

VCOMP
VFB

DVFB
IFB
IFBRTN
IO(ERR)
GBW(ERR)

RelativetoNominalDACOutput,
ReferencedtoFBRTN,
CSSUM=CSCOMP(Figure3)
VCC=10Vto14V

FBForcedtoVOUT–3%
COMP=FB
CCOMP=10pF

0.5
–14.5

14
0.05
15.5
90
500
20
50

3.5
+14.5

17
120

V
mV

%
µA
µA
µA
MHz
V/µs

VIDINPUTS
InputLowVoltage
InputHighVoltage
InputCurrent,InputVoltageLow
InputCurrent,InputVoltageHigh
Pull-UpResistance
InternalPull-UpVoltage
VIDTransitionDelayTime2

NoCPUDetectionTurn-Off
DelayTime2

VIL(VID)
VIH(VID)
IIL(VID)
IIH(VID)
RVID

VID(X)=0V
VID(X)=1.25V

VIDCodeChangetoFBChange
VIDCodeChangeto11111to
PWMGoingLow

0.8

35
0.825
400
400

–20
15
60
1.00

0.4

–30
25
115

V
V
µA
µA
kW
V
ns
ns

OSCILLATOR
FrequencyRange2

FrequencyVariation

OutputVoltage
RAMPADJOutputVoltage
RAMPADJInputCurrentRange

fOSC
fPHASE

VRT
VRAMPADJ
IRAMPADJ

TA=25°C,RT=250kW,4-Phase
TA=25°C,RT=115kW,4-Phase
TA=25°C,RT=75kW,4-Phase
RT=100kWtoGND
RAMPADJ–FB

0.25
155

1.9
–50
0

200
400
600
2.0

4
245

2.1
+50
100

MHz
kHz
kHz
kHz
V
mV
µA

CURRENTSENSEAMPLIFIER
OffsetVoltage
InputBiasCurrent
GainBandwidthProduct
SlewRate
InputCommon-ModeRange
PositioningAccuracy
OutputVoltageRange
OutputCurrent

VOS(CSA)
IBIAS(CSA)
GBW(CSA)

DVFB

ICSCOMP

CSSUM–CSREF,SeeTestCircuit1

CCSCOMP=10pF
CSSUMandCSREF
SeeTestCircuit2
ICSCOMP=±100µA

–3
–50

0
–77
0.05

20
50

–80

500

+3
+50

3
–83
3.3

mV
nA
MHz
V/µs
V
mV
V
µA

CURRENTBALANCECIRCUIT
Common-ModeRange
InputResistance
InputCurrent
InputCurrentMatching

VSW(X)CM
RSW(X)
ISW(X)
DISW(X)

SW(X)=0V
SW(X)=0V
SW(X)=0V

–600
20
4
–5

30
7

+200
40
10
+5

mV
kW
µA
%

CURRENTLIMITCOMPARATOR
ILIMITOutputVoltage
NormalMode
InShutdown
OutputCurrent,NormalMode
MaximumOutputCurrent
CurrentLimitThresholdVoltage
CurrentLimitSettingRatio
DELAYNormalModeVoltage
DELAYOvercurrentThreshold
Latch-OffDelayTime

VILIMIT(NM)
VILIMIT(SD)
IILIMIT(NM)

VCL

VDELAY(NM)
VDELAY(OC)
tDELAY

EN>1.7V,RILIMIT=250kW
EN<0.8V,IILIMIT=–100µA
EN>1.7V,RILIMIT=250kW
EN>1.7V
VCSREF–VCSCOMP,RILIMIT=250kW
VCL/IILIMIT

RDELAY=250kW,CDELAY=4.7nF

2.9

60
105

2.9
1.7

3

12

125
10.4
3
1.8
600

3.1
400

145

3.1
1.9

V
mV
µA
µA
mV
mV/µA
V
V
µs

NOTES
1AlllimitsattemperatureextremesareguaranteedviacorrelationusingstandardStatisticalQualityControl(SQC).
2Guaranteedbydesign,nottestedinproduction.
Specificationssubjecttochangewithoutnotice.
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Parameter Symbol Conditions Min Typ Max Unit

SOFTSTART
OutputCurrent,Soft-StartMode
Soft-StartDelayTime

IDELAY(SS)
tDELAY(SS)

DuringStartup,DELAY<2.8V
RDELAY=250kW,CDELAY=4.7nF
VIDCode=011111

15 20
350

25 µA
µs

ENABLEINPUT
InputLowVoltage
InputHighVoltage
InputCurrent,InputVoltageLow
InputCurrent,InputVoltageHigh

VIL(EN)
VIH(EN)
IIL(EN)
IIH(EN)

EN=0V
EN=1.25V

0.8
–1

10

0.4

+1
25

V
V
µA
µA

POWERGOODCOMPARATOR
UndervoltageThreshold
OvervoltageThreshold
OutputLowVoltage
PowerGoodDelayTime
VIDCodeChanging
VIDCodeStatic
CrowbarTripPoint
CrowbarResetPoint
CrowbarDelayTime
VIDCodeChanging
VIDCodeStatic

VPWRGD(UV)
VPWRGD(OV)
VOL(PWRGD)

VCROWBAR

tCROWBAR

RelativetoNominalDACOutput
RelativetoNominalDACOutput
IPWRGD(SINK)=4mA

RelativetoNominalDACOutput
RelativetoFBRTN
OvervoltagetoPWMGoingLow

–200
+90

100

90
450

100

–250
+150
+225

250
200
150
550

250
400

–325
+200
+400

200
650

mV
mV
mV

µs
ns
mV
mV

µs
ns

PWMOUTPUTS
OutputVoltageLow
OutputVoltageHigh

VOL(PWM)
VOH(PWM)

IPWM(SINK)=400µA
IPWM(SOURCE)=400µA 4.0

160
5.0

500 mV
V

SUPPLY
DCSupplyCurrent
UVLOThresholdVoltage
UVLOHysteresis

VUVLO VCCRising 6.5
0.7

6
6.9
0.9

10
7.3
1.1

mA
V
V

Specificationssubjecttochangewithoutnotice.
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PINCONFIGURATION
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ABSOLUTEMAXIMUMRATINGS*
VCC................................. –0.3Vto+15V
FBRTN .............................. –0.3Vto+0.3V
VID0–VID5,EN,DELAY,ILIMIT,CSCOMP,RT,
PWM1–PWM4,COMP ................ –0.3Vto+5.5V

SW1–SW4 .............................. –5Vto+25V
AllOtherInputsandOutputs ......... –0.3VtoVCC+0.3V
OperatingAmbientTemperatureRange ........ 0°Cto85°C
OperatingJunctionTemperature ................... 125°C
StorageTemperatureRange .............. –65°Cto+150°C

JunctiontoAirThermalResistance(JA) ........... 100°C/W
LeadTemperature(Soldering,10sec)............... 300°C
VaporPhase(60sec) ........................... 215°C
Infrared(15sec) ............................... 220°C

*StressesabovethoselistedunderAbsoluteMaximumRatingsmaycausepermanent
damagetothedevice.Thisisastressratingonly;functionaloperationofthedevice
attheseoranyotherconditionsabovethoselistedintheoperationalsectionsof
thisspecificationisnotimplied.Exposuretoabsolutemaximumratingconditions
forextendedperiodsmayaffectdevicereliability.Absolutemaximumratingsapply
individuallyonly,notincombination.Unlessotherwisespecified,allothervoltages
arereferencedtoGND.

CAUTION
ESD(electrostaticdischarge)sensitivedevice.Electrostaticchargesashighas4000Vreadilyaccumulate
on thehumanbodyand test equipmentandcandischargewithoutdetection.Although theADP3180
featuresproprietaryESDprotectioncircuitry,permanentdamagemayoccurondevicessubjectedtohigh
energyelectrostaticdischarges.Therefore,properESDprecautionsarerecommendedtoavoidperformance
degradationorlossoffunctionality.

ORDERINGGUIDE

 Temperature Package Quantity
Model Range Option perReel

ADP3180JRU-REEL 0°Cto85°C RU-28(TSSOP-28) 2,500
ADP3180JRU-REEL7 0°Cto85°C RU-28(TSSOP-28) 1,000
ADP3180JRUZ-REEL1 0°Cto85°C RU-28(TSSOP-28) 2,500
ADP3180JRUZ-REEL71 0°Cto85°C RU-28(TSSOP-28) 1,000
1Z=Pb-freepart.
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PINFUNCTIONDESCRIPTIONS

PinNo. Mnemonic Function

1–6 VID4–VID0,
VID5

VoltageIdentificationDACInputs.Thesesixpinsarepulleduptoaninternalreference,providingalogic1
ifleftopen.Wheninnormaloperationmode,theDACoutputprogramstheFBregulationvoltagefrom
0.8375Vto1.6V.LeavingVID4throughVID0openresultsintheADP3180goingintoa“NoCPU”mode,
shuttingoffitsPWMoutputs.

7 FBRTN FeedbackReturn.VIDDACanderroramplifierreferenceforremotesensingoftheoutputvoltage.

8 FB FeedbackInput.Erroramplifierinputforremotesensingoftheoutputvoltage.Anexternalresistorbetween
thispinandtheoutputvoltagesetstheno-loadoffsetpoint.

9 COMP ErrorAmplifierOutputandCompensationPoint

10 PWRGD PowerGoodOutput.Open-drainoutputthatpullstoGNDwhentheoutputvoltageisoutsideoftheproper
operatingrange.

11 EN PowerSupplyEnableInput.PullingthispintoGNDdisablesthePWMoutputs.

12 DELAY Soft-StartDelayandCurrentLimitLatch-OffDelaySettingInput.Anexternalresistorandcapacitorconnected
betweenthispinandGNDsetthesoft-startramp-uptimeandtheovercurrentlatch-offdelaytime.

13 RT FrequencySettingResistorInput.AnexternalresistorconnectedbetweenthispinandGNDsetsthe
oscillatorfrequencyofthedevice.

14 RAMPADJ PWMRampCurrentInput.Anexternalresistorfromtheconverterinputvoltagetothispinsetsthe
internalPWMramp.

15 ILIMIT CurrentLimitSetPoint/EnableOutput.AnexternalresistorfromthispintoGNDsetsthecurrentlimit
thresholdoftheconverter.ThispinisactivelypulledlowwhentheADP3180ENinputisloworwhenVCCis
belowitsUVLOthresholdtosignaltothedriverICthatthedriverhighsideandlowsideoutputsshouldgolow.

16 CSREF CurrentSenseReferenceVoltageInput.Thevoltageonthispinisusedasthereferenceforthecurrentsense
amplifierandthePowerGoodandCrowbarfunctions.Thispinshouldbeconnectedtothecommonpoint
oftheoutputinductors.

17 CSSUM CurrentSenseSummingNode.Externalresistorsfromeachswitchnodetothispinsumtheaverage
inductorcurrentstogethertomeasurethetotaloutputcurrent.

18 CSCOMP CurrentSenseCompensationPoint.AresistorandcapacitorfromthispintoCSSUMdeterminetheslope
oftheloadlineandthepositioningloopresponsetime.

19 GND Ground.Allinternalbiasingandthelogicoutputsignalsofthedevicearereferencedtothisground.

20–23 SW4–SW1 CurrentBalanceInputs.Inputsformeasuringthecurrentlevelineachphase.TheSWpinsofunused
phasesshouldbeleftopen.

24–27 PWM4–
PWM1

Logic-LevelPWMOutputs.EachoutputisconnectedtotheinputofanexternalMOSFETdriver,suchas
theADP3413orADP3418.ConnectingthePWM3and/orPWM4outputstoGNDwillcausethatphase
toturnoff,allowingtheADP3180tooperateasa2-,3-,or4-phasecontroller.

28 VCC SupplyVoltagefortheDevice.
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TestCircuit1.CurrentSenseAmplifierVOS
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TestCircuit3.Closed-LoopOutputVoltageAccuracy
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VID4 VID3 VID2 VID1 VID0 VID5 VOUT(NOM)

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1

1
0
0
0
0
0
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
1
1
1
1
1
1
0
0
0
0

1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
0
0
0
0
1
1
1
1

1
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
0
0
1
1
0
0
1
1
0
0

X
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0

NoCPU
0.8375V
0.850V
0.8625V
0.875V
0.8875V
0.900V
0.9125V
0.925V
0.9375V
0.950V
0.9625V
0.975V
0.9875V
1.000V
1.0125V
1.025V
1.0375V
1.050V
1.0625V
1.075V
1.0875V
1.100V
1.1125V
1.125V
1.1375V
1.150V
1.1625V
1.175V
1.1875V
1.200V
1.2125V

VID4 VID3 VID2 VID1 VID0 VID5 VOUT(NOM)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1

0
0
0
0
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
0
0
0

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1

1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0

1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

1.225V
1.2375V
1.250V
1.2625V
1.275V
1.2875V
1.300V
1.3125V
1.325V
1.3375V
1.350V
1.3625V
1.375V
1.3875V
1.400V
1.4125V
1.425V
1.4375V
1.450V
1.4625V
1.475V
1.4875V
1.500V
1.5125V
1.525V
1.5375V
1.550V
1.5625V
1.575V
1.5875V
1.600V

X=Don'tCare

TableI.OutputVoltagevs.VIDCode

THEORYOFOPERATION
TheADP3180combinesamultimode,fixedfrequencyPWM
controlwithmultiphaselogicoutputsforusein2-,3-,and
4-phasesynchronousbuckCPUcoresupplypowerconverters.
Theinternal6-bitVIDDACconformstoIntel’sVRD/VRM10
specifications.Multiphaseoperationisimportantforproduc-
ingthehighcurrentsandlowvoltagesdemandedbytoday’s
microprocessors.Handlingthehighcurrentsinasingle-phase
converterwouldplacehighthermaldemandsonthecomponents
inthesystem,suchastheinductorsandMOSFETs.

ThemultimodecontroloftheADP3180ensuresastable,high
performancetopologyfor:

∑ Balancingcurrentsandthermalsbetweenphases
∑ Highspeedresponseatthelowestpossibleswitchingfrequency
andoutputdecoupling

∑ Minimizingthermalswitchinglossesduetolowerfrequency
operation

∑ Tightloadlineregulationandaccuracy
∑ Highcurrentoutputfromhavingupto4-phaseoperation
∑ Reducedoutputrippleduetomultiphasecancellation
∑ PCboardlayoutnoiseimmunity

∑ Easeofuseanddesignduetoindependentcomponentselection
∑ Flexibilityinoperationfortailoringdesigntolowcostorhigh
performance

NumberofPhases
Thenumberofoperationalphasesandtheirphaserelationship
isdeterminedbytheinternalcircuitrythatmonitorsthePWM
outputs.Normally,theADP3180operatesasa4-phasePWM
controller.GroundingthePWM4pinprograms3-phaseopera-
tion,andgroundingthePWM3andPWM4pinsprograms
2-phaseoperation.

WhentheADP3180isenabled,thecontrolleroutputsavoltage
onPWM3andPWM4thatisapproximately550mV.Aninter-
nalcomparatorcheckseachpin’svoltageversusathresholdof
400mV.Ifthepinisgrounded,thenitwillbebelowthethresh-
oldandthephasewillbedisabled.Theoutputresistanceofthe
PWMpinisapproximately5kW duringthisdetectiontime.Any
externalpull-downresistanceconnectedtothePWMpinshould
notbelessthan25kWtoensureproperoperation.Thephase
detectionismadeduringthefirsttwoclockcyclesoftheinternal
oscillator.Afterthistime,ifthePWMoutputwasnotgrounded,
the5kWresistanceisremovedandwillswitchbetween0Vand
5V.IfthePWMoutputwasgrounded,itwillremainoff.

REV.A REV.A
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ThePWMoutputsbecomelogic-leveldevicesoncenormal
operationstarts.Thedetectionisnormalandisintendedfordriv-
ingexternalgatedrivers,suchastheADP3418.Sinceeachphase
ismonitoredindependently,operationapproaching100%duty
cycleispossible.Also,morethanoneoutputcanbeonatatime
foroverlappingphases.

MasterClockFrequency
TheclockfrequencyoftheADP3180issetwithanexternal
resistorconnectedfromtheRTpintoground.Thefrequencyfol-
lowsthegraphinTPC1.Todeterminethefrequencyperphase,
theclockisdividedbythenumberofphasesinuse.IfPWM4is
grounded,dividethemasterclockby3forthefrequencyofthe
remainingphases.IfPWM3andPWM4aregrounded,divideby2.
Ifallphasesareinuse,divideby4.

OutputVoltageDifferentialSensing
TheADP3180combinesdifferentialsensingwithahighaccuracy
VIDDACandreferenceandalowoffseterroramplifiertomain-
tainaworst-casespecificationof±14.5mVdifferentialsensing
errorwithaVIDinputof1.6000Voveritsfulloperatingoutput
voltageandtemperaturerange.Theoutputvoltageissensedbetween
theFBandFBRTNpins.FBshouldbeconnectedthrougha
resistortotheregulationpoint,usuallytheremotesensepinof
themicroprocessor.FBRTNshouldbeconnecteddirectlytothe
remotesensegroundpoint.TheinternalVIDDACandprecision
referencearereferencedtoFBRTN,whichhasaminimalcurrent
of90µAtoallowaccurateremotesensing.Theinternalerror
amplifiercomparestheoutputoftheDACtotheFBpintoregu-
latetheoutputvoltage.

OutputCurrentSensing
TheADP3180providesadedicatedcurrentsenseamplifier
(CSA)tomonitorthetotaloutputcurrentforpropervoltage
positioningversusloadcurrentandforcurrentlimitdetection.
Sensingtheloadcurrentattheoutputgivesthetotalaverage
currentbeingdeliveredtotheload,whichisaninherentlymore
accuratemethodthanpeakcurrentdetectionorsamplingthe
currentacrossasenseelementsuchasthelowsideMOSFET.
Thisamplifiercanbeconfiguredseveralways,dependingonthe
objectivesofthesystem:

∑ OutputinductorESRsensingwithoutthermistorforlowestcost
∑ OutputinductorESRsensingwiththermistorforimproved
accuracywithtrackingofinductortemperature

∑ Senseresistorsforhighestaccuracymeasurements
ThepositiveinputoftheCSAisconnectedtotheCSREFpin,
whichisconnectedtotheoutputvoltage.Theinputstothe
amplifieraresummedtogetherthroughresistorsfromthesensing
element(suchastheswitchnodesideoftheoutputinductors)
totheinvertinginput,CSSUM.Thefeedbackresistorbetween
CSCOMPandCSSUMsetsthegainoftheamplifier,andafilter
capacitorisplacedinparallelwiththisresistor.Thegainofthe
amplifierisprogrammablebyadjustingthefeedbackresistorto
settheloadlinerequiredbythemicroprocessor.Thecurrent
informationisthengivenasthedifferenceofCSREF–CSCOMP.
ThisdifferencesignalisusedinternallytooffsettheVIDDAC
forvoltagepositioningandasadifferentialinputforthecurrent
limitcomparator.

Toprovidethebestaccuracyforthesensingofcurrent,theCSA
hasbeendesignedtohavealowoffsetinputvoltage.Also,the
sensinggainisdeterminedbyexternalresistorssothatitcanbe
madeextremelyaccurate.

ActiveImpedanceControlMode
Forcontrollingthedynamicoutputvoltagedroopasafunction
ofoutputcurrent,asignalproportionaltothetotaloutputcur-
rentattheCSCOMPpincanbescaledtobeequaltothedroop
impedanceoftheregulatortimestheoutputcurrent.Thisdroop
voltageisthenusedtosettheinputcontrolvoltagetothesystem.
ThedroopvoltageissubtractedfromtheDACreferenceinput
voltagedirectlytotelltheerroramplifierwheretheoutputvolt-
ageshouldbe.Thisdiffersfrompreviousimplementationsand
allowsenhancedfeed-forwardresponse.

CurrentControlModeandThermalBalance
TheADP3180hasindividualinputsthatareusedformonitoring
thecurrentineachphase.Thisinformationiscombinedwithan
internalramptocreateacurrentbalancingfeedbacksystemthat
hasbeenoptimizedforinitialcurrentbalanceaccuracyand
dynamicthermalbalancingduringoperation.Thiscurrentbal-
anceinformationisindependentoftheaverageoutputcurrent
informationusedforpositioningdescribedpreviously.

Themagnitudeoftheinternalrampcanbesettooptimizethe
transientresponseofthesystem.Italsomonitorsthesupplyvolt-
ageforfeed-forwardcontrolforchangesinthesupply.A
resistorconnectedfromthepowerinputvoltagetothe
RAMPADJpindeterminestheslopeoftheinternalPWMramp.
Detailedinformationaboutprogrammingtherampisgivenin
theApplicationInformationsection.

Externalresistorscanbeplacedinserieswithindividualphases
tocreateanintentionalcurrentimbalanceifdesired,suchas
whenonephasemayhavebettercoolingandcansupporthigher
currents.ResistorsRSW1throughRSW4(seethetypicalapplication
circuitinFigure4)canbeusedforadjustingthermalbalance.It
isbesttohavetheabilitytoaddtheseresistorsduringtheinitial
design,somakesureplaceholdersareprovidedinthelayout.

Toincreasethecurrentinanygivenphase,makeRSWforthat
phaselarger(makeRSW=0forthehottestphaseanddonot
changeduringbalancing).IncreasingRSWtoonly500Wwill
makeasubstantialincreaseinphasecurrent.IncreaseeachRSW
valuebysmallamountstoachievebalance,startingwiththecool-
estphasefirst.

VoltageControlMode
Ahighgainbandwidthvoltagemodeerroramplifierisusedfor
thevoltagemodecontrolloop.Thecontrolinputvoltagetothe
positiveinputissetviatheVID6-bitlogiccodeaccordingtothe
voltageslistedinTableI.Thisvoltageisalsooffsetbythedroop
voltageforactivepositioningoftheoutputvoltageasafunction
ofcurrent,commonlyknownasactivevoltagepositioning.The
outputoftheamplifieristheCOMPpin,whichsetsthetermina-
tionvoltagefortheinternalPWMramps.

Thenegativeinput(FB)istiedtotheoutputsenselocationwith
aresistorRBandisusedforsensingandcontrollingtheoutput
voltageatthispoint.AcurrentsourcefromtheFBpinflowing
throughRBisusedforsettingtheno-loadoffsetvoltagefromthe
VIDvoltage.Theno-loadvoltagewillbenegativewithrespectto
theVIDDAC.Themainloopcompensationisincorporatedinto
thefeedbacknetworkbetweenFBandCOMP.

Soft-Start
Thepower-onrampuptimeoftheoutputvoltageissetwitha
capacitorandresistorinparallelfromtheDELAYpintoground.
TheRCtimeconstantalsodeterminesthecurrentlimitlatch-off
timeasexplainedinthefollowingsection.InUVLOorwhen
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ENisalogiclow,theDELAYpinisheldatground.Afterthe
UVLOthresholdisreachedandENisalogichigh,theDELAY
capacitorischargedupwithaninternal20µAcurrentsource.
TheoutputvoltagefollowstherampingvoltageontheDELAY
pin,limitingtheinrushcurrent.Thesoft-starttimedependson
thevaluesofVIDDACandCDLY,withasecondaryeffectfrom
RDLY.RefertotheApplicationInformationsectionfordetailed
informationonsettingCDLY.

WhenthePWRGDthresholdisreached,thesoft-startcycleis
stoppedandtheDELAYpinispulledupto3V.Thisensures
thattheoutputvoltageisattheVIDvoltagewhenthePWRGD
signalstothesystemthattheoutputvoltageisgood.IfENis
takenloworVCCdropsbelowUVLO,theDELAYcapacitoris
resettogroundtobereadyforanothersoft-startcycle.Figure1
showsatypicalstart-upsequencefortheADP3180.

Figure1.Start-UpWaveforms,CircuitofFigure5.
Channel1–PWRGD,Channel2–VOUT,
Channel3–HighSideMOSFETVGS,
Channel4–LowSideMOSFETVGS

CurrentLimit,ShortCircuit,andLatch-OffProtection
TheADP3180comparesaprogrammablecurrentlimitsetpoint
tothevoltagefromtheoutputofthecurrentsenseamplifier.The
levelofcurrentlimitissetwiththeresistorfromtheILIMITpin
toground.Duringnormaloperation,thevoltageonILIMITis
3V.Thecurrentthroughtheexternalresistorisinternallyscaled
togiveacurrentlimitthresholdof10.4mV/µA.Ifthediffer-
enceinvoltagebetweenCSREFandCSCOMPrisesabovethe
currentlimitthreshold,theinternalcurrentlimitamplifierwill
controltheinternalCOMPvoltagetomaintaintheaverageout-
putcurrentatthelimit.

Afterthelimitisreached,the3Vpull-upontheDELAYpinis
disconnected,andtheexternaldelaycapacitorisdischarged
throughtheexternalresistor.AcomparatormonitorstheDELAY
voltageandshutsoffthecontrollerwhenthevoltagedropsbelow
1.8V.Thecurrentlimitlatch-offdelaytimeisthereforesetbythe
RCtimeconstantdischargingfrom3Vto1.8V.TheApplication
InformationsectiondiscussestheselectionofCDLYandRDLY.

Becausethecontrollercontinuestocyclethephasesdur-
ingthelatch-offdelaytime,iftheshortisremovedbeforethe
1.8Vthresholdisreached,thecontrollerwillreturntonormal
operation.Therecoverycharacteristicdependsonthestateof

PWRGD.IftheoutputvoltageiswithinthePWRGDwindow,
thecontrollerresumesnormaloperation.However,ifashort
circuithascausedtheoutputvoltagetodropbelowthePWRGD
threshold,asoft-startcycleisinitiated.

Thelatch-offfunctioncanbereseteitherbyremovingandreap-
plyingVCCtotheADP3180orbypullingtheENpinlowfor
ashorttime.Todisabletheshortcircuitlatch-offfunction,the
externalresistortogroundshouldbeleftopen,andahighvalue
(>1MW)resistorshouldbeconnectedfromDELAYtoVCC.
ThispreventstheDELAYcapacitorfromdischarging,sothe
1.8Vthresholdisneverreached.Theresistorwillhaveanimpact
onthesoft-starttimebecausethecurrentthroughitwilladdto
theinternal20µAcurrentsource.

Figure2.OvercurrentLatch-OffWaveforms,
CircuitofFigure4.
Channel1–PWRGD,Channel2–VOUT,
Channel3–CSCOMPPinofADP3180,
Channel4–HighSideMOSFETVGS

Duringstartupwhentheoutputvoltageisbelow200mV,a
secondarycurrentlimitisactive.Thisisnecessarybecausethe
voltageswingofCSCOMPcannotgobelowground.Thissec-
ondarycurrentlimitcontrolstheinternalCOMPvoltagetothe
PWMcomparatorsto2V.Thiswilllimitthevoltagedropacross
thelowsideMOSFETsthroughthecurrentbalancecircuitry.

Thereisalsoaninherentperphasecurrentlimitthatwillprotect
individualphasesinthecasewhereoneormorephasesmaystop
functioningbecauseofafaultycomponent.Thislimitisbasedon
themaximumnormalmodeCOMPvoltage.

DynamicVID
TheADP3180incorporatestheabilitytodynamicallychangethe
VIDinputwhilethecontrollerisrunning.Thisallowstheoutput
voltagetochangewhilethesupplyisrunningandsupplyingcur-
renttotheload.ThisiscommonlyreferredtoasVIDon-the-fly
(OTF).AVIDOTFcanoccurundereitherlightloadorheavy
loadconditions.Theprocessorsignalsthecontrollerbychanging
theVIDinputsinmultiplestepsfromthestartcodetothefinish
code.Thischangecanbeeitherpositiveornegative.

WhenaVIDinputchangesstate,theADP3180detectsthe
changeandignorestheDACinputsforaminimumof400ns.
Thistimeistopreventafalsecodeduetologicskewwhilethe
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sixVIDinputsarechanging.Additionally,thefirstVIDchange
initiatesthePWRGDandCROWBARblankingfunctionsfora
minimumof250µstopreventafalsePWRGDorCROWBAR
event.EachVIDchangewillresettheinternaltimer.Figure3
showsVIDon-the-flyperformancewhentheoutputvoltageis
steppingupandtheoutputcurrentisswitchingbetweenmini-
mumandmaximumvalues,whichistheworst-casesituation.

Figure3.VIDOn-the-FlyWaveforms,CircuitofFigure5.
VIDChange=5mV,5µsperStep,50Steps,
IOUTChange=5Ato65A

PowerGoodMonitoring
ThePowerGoodcomparatormonitorstheoutputvoltageviathe
CSREFpin.ThePWRGDpinisanopen-drainoutputwhose
highlevel(whenconnectedtoapull-upresistor)indicatesthat
theoutputvoltageiswithinthenominallimitsspecifiedinthe
specificationstablebasedontheVIDvoltagesetting.PWRGD
willgolowiftheoutputvoltageisoutsideofthisspecifiedrange.
PWRGDisblankedduringaVIDOTFeventforaperiodof
250µstopreventfalsesignalsduringthetimetheoutputis
changing.

OutputCrowbar
Aspartoftheprotectionfortheloadandoutputcomponentsof
thesupply,thePWMoutputswillbedrivenlow(turningonthe
lowsideMOSFETs)whentheoutputvoltageexceedstheupper
PowerGoodthreshold.Thiscrowbaractionwillstoponcethe
outputvoltagehasfallenbelowthereleasethresholdofapproxi-
mately450mV.

TurningonthelowsideMOSFETspullsdowntheoutputasthe
reversecurrentbuildsupintheinductors.Iftheoutputovervolt-
ageisduetoashortofthehighsideMOSFET,thisactionwill
currentlimittheinputsupplyorblowitsfuse,protectingthe
microprocessorfromdestruction.

OutputEnableandUVLO
Theinputsupply(VCC)tothecontrollermustbehigherthan
theUVLOthresholdandtheENpinmustbehigherthanits
logicthresholdfortheADP3180tobeginswitching.IfUVLOis
lessthanthethresholdortheENpinisalogiclow,theADP3180
isdisabled.ThisholdsthePWMoutputsatground,shortsthe
DELAYcapacitortoground,andholdstheILIMITpinat
ground.

Intheapplicationcircuit,theILIMITpinshouldbeconnected
totheODpinsoftheADP3418drivers.BecauseILIMITis
grounded,thisdisablesthedriverssuchthatbothDRVHand
DRVLaregrounded.Thisfeatureisimportanttopreventdis-
chargingoftheoutputcapacitorswhenthecontrollerisshutoff.
Ifthedriveroutputswerenotdisabled,anegativevoltagecould
begeneratedontheoutputduetothehighcurrentdischargeof
theoutputcapacitorsthroughtheinductors.

APPLICATIONINFORMATION
ThedesignparametersforatypicalIntelVRD10compliant
CPUapplicationareasfollows:

∑ Inputvoltage(VIN)=12V
∑ VIDsettingvoltage(VVID)=1.500V
∑ Dutycycle(D)=0.125
∑ Nominaloutputvoltageatnoload(VONL)=1.480V
∑ Nominaloutputvoltageat65Aload(VOFL)=1.3955V
∑ Staticoutputvoltagedropbasedona1.3mWloadline(RO)
fromnoloadtofullload

∑ (VD)=VONL–VOFL=1.480V–1.3955V=84.5mV
∑ MaximumOutputCurrent(IO)=65A
∑ MaximumOutputCurrentStep(DIO)=60A
∑ NumberofPhases(n)=3
∑ Switchingfrequencyperphase(fSW)=267kHz
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SettingtheClockFrequency
TheADP3180usesafixed-frequencycontrolarchitecture.The
frequencyissetbyanexternaltimingresistor(RT).Theclock
frequencyandthenumberofphasesdeterminetheswitching
frequencyperphase,whichrelatesdirectlytoswitchinglosses
andthesizesoftheinductorsandinputandoutputcapacitors.
Withn=3forthreephases,aclockfrequencyof800kHzsets
theswitchingfrequencyofeachphase,fSW,to267kHz,which
representsapracticaltrade-offbetweentheswitchinglossesand
thesizesoftheoutputfiltercomponents.TPC1showsthatto
achievean800kHzoscillatorfrequency,thecorrectvalueforRT
is249kW.Alternatively,thevalueforRTcanbecalculatedusing

R
n f

T

SW

=
× ×( ) −

1

5 83
1

1 5
.

.



pF

MΩ
(1)

where5.83pFand1.5MWareinternalICcomponentvalues.
Forgoodinitialaccuracyandfrequencystability,itisrecom-
mendedtousea1%resistor.

Soft-StartandCurrentLimitLatch-OffDelayTimes
Becausethesoft-startandcurrentlimitlatch-offdelayfunctions
sharetheDELAYpin,thesetwoparametersmustbeconsidered
together.ThefirststepistosetCDLYforthesoft-startramp.This
rampisgeneratedwitha20µAinternalcurrentsource.Thevalue
ofRDLYwillhaveasecondorderimpactonthesoft-starttime
becauseitsinkspartofthecurrentsourcetoground.However,as
longasRDLYiskeptgreaterthan200kW,thiseffectisminor.The
valueforCDLYcanbeapproximatedusing 

C
V

R
t

VDLY
VID

DLY

SS

VID
= −

×





×20

2
µA (2)

wheretSSisthedesiredsoft-starttime.AssuminganRDLYof
390kWandadesiredasoft-starttimeof3ms,CDLYis36nF.
ThecloseststandardvalueforCDLYis39nF.OnceCDLYhasbeen
chosen,RDLYcanbecalculatedforthecurrentlimitlatch-off
timeusing

R
t

CDLY
DELAY

DLY
=

×1 96.
(3)

IftheresultforRDLYislessthan200kW,asmallersoft-starttime
shouldbeconsideredbyrecalculatingtheequationforCDLY,ora
longerlatch-offtimeshouldbeused.InnocaseshouldRDLYbe
lessthan200kW.Inthisexample,adelaytimeof8msgives
RDLY=402kW.Thecloseststandard5%valueis390kW.
InductorSelection
Thechoiceofinductancefortheinductordeterminestheripple
currentintheinductor.Lessinductanceleadstomoreripplecur-
rent,whichincreasestheoutputripplevoltageandconduction
lossesintheMOSFETs,butallowsusingsmallerinductorsand,
foraspecifiedpeak-to-peaktransientdeviation,lesstotaloutput
capacitance.Conversely,ahigherinductancemeanslowerripple
currentandreducedconductionlossesbutrequireslarger
inductorsandmoreoutputcapacitanceforthesamepeak-to-
peaktransientdeviation.Inanymultiphaseconverter,apractical
valueforthepeak-to-peakinductorripplecurrentislessthan
50%ofthemaximumdccurrentinthesameinductor.Equation4
showstherelationshipbetweentheinductance,oscillatorfre-
quency,andpeak-to-peakripplecurrentintheinductor.

Equation5canbeusedtodeterminetheminimuminductance
basedonagivenoutputripplevoltage:

I
V D

f LR
VID

SW
=

× −( )
×
1

(4)

L
V R n D

f V
VID O

SW RIPPLE
≥

× × − ×( )( )
×
1

(5)

SolvingEquation5fora10mVp-poutputripplevoltageyields:

L ≥
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×
=
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267
456
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Iftheripplevoltageendsuplessthanthatdesignedfor,the
inductorcanbemadesmalleruntiltheripplevalueismet.This
willallowoptimaltransientresponseandminimumoutput
decoupling.

Thesmallestpossibleinductorshouldbeusedtominimizethe
numberofoutputcapacitors.Choosinga600nHinductoris
agoodchoiceforastartingpointandgivesacalculatedripple
currentof8.2A.Theinductorshouldnotsaturateatthepeak
currentof25.8Aandshouldbeabletohandlethesumofthe
powerdissipationcausedbytheaveragecurrentof22.7Ainthe
windingandcoreloss.

AnotherimportantfactorintheinductordesignistheDCR,
whichisusedformeasuringthephasecurrents.AlargeDCRwill
causeexcessivepowerlosses,whiletoosmallavaluewillleadto
increasedmeasurementerror.AgoodguideistohavetheDCR
beabout1to11⁄2timesthedroopresistance(RO).Forthisex-
ample,aninductorwithaDCRof1.6mWisbeingused .
DesigninganInductor
OncetheinductanceandDCRareknown,thenextstepisto
eitherdesignaninductororfindastandardinductorthatcomes
ascloseaspossibletomeetingtheoveralldesigngoals.Itisalso
importanttohavetheinductanceandDCRtolerancespecified
tocontroltheaccuracyofthesystem.15%inductanceand8%
DCR(atroomtemperature)arereasonabletolerancesthatmost
manufacturerscanmeet.

Thefirstdecisionindesigningtheinductoristochoosethecore
material.Thereareseveralpossibilitiesforprovidinglowcore
lossathighfrequencies.Twoexamplesarethepowdercores(e.g.,
Kool-Mµ®fromMagnetics,Inc.orMicrometals)andthegapped
softferritecores(e.g.,3F3or3F4fromPhilips).Lowfrequency
powderedironcoresshouldbeavoidedduetotheirhighcore
loss,especiallywhentheinductorvalueisrelativelylowandthe
ripplecurrentishigh.

Thebestchoiceforacoregeometryisaclosed-looptype,such
asapotcore,PQ,U,andEcore,ortoroid.Agoodcompromise
betweenpriceandperformanceisacorewithatoroidalshape.

Therearemanyusefulreferencesforquicklydesigningapower
inductor,suchas:

MagneticsDesignReferences

∑ MagneticDesignerSoftware
Intusoft(www.intusoft.com)

∑ DesigningMagneticComponentsforHigh-FrequencyDC-DC
Converters,byWilliamT.McLyman,KgMagnetics,Inc.
ISBN1883107008
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SelectingaStandardInductor
Thecompanieslistedbelowcanprovidedesignconsultationand
deliverpowerinductorsoptimizedforhighpowerapplications
uponrequest.

PowerInductorManufacturers

∑ Coilcraft
(847)639-6400
www.coilcraft.com

∑ Coiltronics
(561)752-5000
www.coiltronics.com

∑ SumidaElectricCompany
(510)668-0660
www.sumida.com

∑ VishayIntertechnology
(402)563-6866
www.vishay.com

OutputDroopResistance
Thedesignrequiresthattheregulatoroutputvoltagemeasured
attheCPUpinsdropswhentheoutputcurrentincreases.The
specifiedvoltagedropcorrespondstoadcoutputresistance(RO).

Theoutputcurrentismeasuredbysummingtogetherthevoltage
acrosseachinductorandpassingthesignalthroughalow-pass
filter.ThissummerfilteristheCSamplifierconfiguredwith
resistorsRPH(X)(summers),andRCSandCCS(filter).Theoutput
resistanceoftheregulatorissetbythefollowingequations,where
RListheDCRoftheoutputinductors:

R
R

R
RO

CS

PH X
L= ×

( )
(6)

C
L

R RCS
L CS

=
× (7)

OnehastheflexibilityofchoosingeitherRCSorRPH(X).Itisbest
toselectRCSequalto100kW,andthensolveforRPH(X)byrear-
rangingEquation6.
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Next,useEquation6tosolveforCCS:
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ItisbesttohaveaduallocationforCCSinthelayoutsostandard
valuescanbeusedinparalleltogetasclosetothevaluedesired.
Forthisexample,choosingCCStobea1.5nFand2.2nFin
parallelisagoodchoice.Forbestaccuracy,CCSshouldbea5%
or10%NPOcapacitor.Thecloseststandard1%valueforRPH(X)
is124kW.

InductorDCRTemperatureCorrection
Withtheinductor’sDCRbeingusedasthesenseelementand
copperwirebeingthesourceoftheDCR,oneneedstocom-
pensatefortemperaturechangesoftheinductor’swinding.
Fortunately,copperhasawellknowntemperaturecoefficient
(TC)of0.39%/°C.

IfRCSisdesignedtohaveanoppositeandequalpercentage
changeinresistancetothatofthewire,itwillcancelthetempera-
turevariationoftheinductor’sDCR.Duetothenonlinearnature
ofNTCthermistors,resistorsRCS1andRCS2areneeded(see
Figure5)tolinearizetheNTCandproducethedesiredtempera-
turetracking.

CSSUM

18
CSCOMP

PLACE AS CLOSE AS POSSIBLE
TO NEAREST INDUCTOR
OR LOW SIDE MOSFET

17

CSREF
16

ADP3180

CCS
1.8nF

RCS1

RTH

 RCS2

KEEP THIS PATH
AS SHORT AS POSSIBLE
AND WELL AWAY FROM

SWITCH NODE LINES

TO
SWITCH
NODES

TO
VOUT

SENSE

RPH1 RPH3RPH2

Figure5.TemperatureCompensationCircuitValues

Thefollowingprocedureandexpressionswillyieldvaluestouse
forRCS1,RCS2,andRTH(thethermistorvalueat25°C)foragiven
RCSvalue.

 1. SelectanNTCbasedontypeandvalue.Sinceavalueis
notyetset,startwithathermistorwithavalueclosetoRCS.
TheNTCshouldalsohaveaninitialtoleranceofbetter
than5%.

 2. BasedonthetypeofNTC,finditsrelativeresistancevalue
attwotemperatures.Thetemperaturesthatworkwell
are50°Cand90°C.Theseresistancevaluesarecalled
A(RTH(50°C)/RTH(25°C))andB(RTH(90°C)/RTH(25°C)).Notethat
theNTC’srelativevalueisalways1at25°C.

 3. FindtherelativevalueofRCSrequiredforeachofthese
temperatures.Thisisbasedonthepercentagechange
needed,whichisinitially0.39%/°C.Calltheser1(1/(1+TC
(T1–25)))andr2(1/(1+TC(T2–25))),whereTC=
0.0039,T1=50°CandT2=90°C.

 4.ComputetherelativevaluesforRCS1,RCS2,andRTHusing

R
A B r r A B r B A r

A B r B A r A B

R
A

R
A

r R

R

R R

CS

CS

CS CS

TH

CS CS

2
1 2 2 1

1 2

1

2 1 2

2 1

1 1

1 1

1

1
1

1
1

1
1

=
−( ) × × − × −( ) × + × −( ) ×

× −( ) × − × −( ) × − −( )
=

−( )

−
−

−

=

−
−

(8)
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5. CalculateRTH=RTHRCS,thenselecttheclosestvalueof
thermistoravailable.Alsocomputeascalingfactorkbased
ontheratiooftheactualthermistorvalueusedrelativetothe
computedone.

k
R

R
TH ACTUAL

TH CALCULATED

= ( )
( )

(9)

6. Finally,calculatevaluesforRCS1andRCS2using
Equation10.

R R k r

R R k k r

CS CS CS

CS CS CS

1 1

2 21

= × ×

= × −( ) + ×( )( ) (10)

Forthisexample,RCShasbeenchosentobe100kW,sostart
withathermistorvalueof100kW.Lookingthroughavailable
0603sizethermistors,findaVishayNTHS0603N01N1003JRNTC
thermistorwithA=0.3602andB=0.09174.Fromthesecom-
puteRCS1=0.3796,RCS2=0.7195andRTH=1.0751.Solving
forRTHyields107.51kW,sochoose100kW,makingk=0.9302.
Finally,findRCS1andRCS2tobe35.3kWand73.9kW.Choos-
ingtheclosest1%resistorvaluesyieldsachoiceof35.7kW
and73.2kW.
OutputOffset
Intel’sspecificationrequiresthatatnoloadthenominaloutput
voltageoftheregulatorbeoffsettoalowervaluethanthenomi-
nalvoltagecorrespondingtotheVIDcode.Theoffsetissetbya
constantcurrentsourceflowingoutoftheFBpin(IFB)andflow-
ingthroughRB.ThevalueofRBcanbefoundusingEquation11.

R
V V

I

R

B
VID ONL

FB

B

=
−

=
−

=
1 5

15
1 33

.
.





V 1.480V

A
k

µ
Ω

(11)

Thecloseststandard1%resistorvalueis1.33kW.
COUTSelection
Therequiredoutputdecouplingfortheregulatoristypically
recommendedbyIntelforvariousprocessorsandplatforms.One
canalsousesomesimpledesignguidelinestodeterminewhat
isrequired.Theseguidelinesarebasedonhavingbothbulkand
ceramiccapacitorsinthesystem.

Thefirstthingistoselectthetotalamountofceramiccapaci-
tance.Thisisbasedonthenumberandtypeofcapacitortobe
used.Thebestlocationforceramicsisinsidethesocket,with12
to18ofsize1206beingthephysicallimit.Otherscanbeplaced
alongtheouteredgeofthesocketaswell.

Combinedceramicvaluesof200µF–300µFarerecommended,
usuallymadeupofmultiple10µFor22µFcapacitors.Selectthe
numberofceramicsandfindthetotalceramiccapacitance(CZ).

Next,thereisanupperlimitimposedonthetotalamountofbulk
capacitance(CX)whenoneconsiderstheVIDon-the-flyvoltage
steppingoftheoutput(voltagestepVVintimetVwitherrorof
VERR)andalowerlimitbasedonmeetingthecriticalcapacitance
forloadreleaseforagivenmaximumloadstepDIO.
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(13)

Tomeettheconditionsoftheseexpressionsandtransient
response,theESRofthebulkcapacitorbank(RX)shouldbeless
thantwotimesthedroopresistance,RO.IftheCX(MIN)islarger
thanCX(MAX),thesystemwillnotmeettheVIDon-the-flyspeci-
ficationandmayrequiretheuseofasmallerinductorormore
phases(andmayhavetoincreasetheswitchingfrequencytokeep
theoutputripplethesame).

Forthisexample,2310µF1206MLCcapacitors(CZ=230µF)
wereused.TheVIDon-the-flystepchangeis250mVin150µs
withasettingerrorof2.5mV.Solvingforthebulkcapacitance
yields
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×
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.where K
Usingeight820µFA1-PolyswithatypicalESRof8mW,each
yieldsCX=6.56mFwithanRX=1.0mW.
OnelastcheckshouldbemadetoensurethattheESLofthe
bulkcapacitors(LX)islowenoughtolimittheinitialhighfre-
quencytransientspike.Thisistestedusing

L C R

L
X Z O

X

≤ ×

≤ × =

2

2230 1 3 389 µF m pH( . )Ω
(14)

Inthisexample,LXis375pHfortheeightA1-Polyscapacitors,
whichsatisfiesthislimitation.IftheLXofthechosenbulkcapaci-
torbankistoolarge,thenumberofcapacitorsmustbeincreased.

Oneshouldnoteforthismultimodecontroltechnique,all
ceramicdesignscanbeusedaslongastheconditionsof
Equations11,12,and13aresatisfied.

PowerMOSFETs
Forthisexample,theN-channelpowerMOSFETshavebeen
selectedforonehighsideswitchandtwolowsideswitchesper
phase.ThemainselectionparametersforthepowerMOSFETs
areVGS(TH),QG,CISS,CRSS,andRDS(ON).Theminimumgatedrive
voltage(thesupplyvoltagetotheADP3418)dictateswhether
standardthresholdorlogic-levelthresholdMOSFETsmustbe
used.WithVGATE~10V,logic-levelthresholdMOSFETs(VGS(TH)
<2.5V)arerecommended.

ThemaximumoutputcurrentIOdeterminestheRDS(ON)
requirementforthelowside(synchronous)MOSFETs.With
theADP3180,currentsarebalancedbetweenphases,thusthe
currentineachlowsideMOSFETistheoutputcurrentdivided
bythetotalnumberofMOSFETs(nSF).Withconductionlosses
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beingdominant,thefollowingexpressionshowsthetotalpower
beingdissipatedineachsynchronousMOSFETintermsof
theripplecurrentperphase(IR)andaveragetotaloutputcur-
rent(IO):

P D
I
n

n I
n

RSF
O

SF

R

SF
DS SF= −( ) × 





+ ×
×
















× ( )1

1
12

2 2

(15)

Knowingthemaximumoutputcurrentbeingdesigned
forandthemaximumallowedpowerdissipation,onecan
findtherequiredRDS(ON)fortheMOSFET.ForD-PAK
MOSFETsuptoanambienttemperatureof50ºC,asafe
limitforPSFis1W–1.5Wat120ºCjunctiontemperature.
Thus,forthisexample(65Amaximum),RDS(SF)(perMOSFET)
<8.7mW.ThisRDS(SF)isalsoatajunctiontemperatureof
about120ºC,somakesuretoaccountforthiswhenmaking
thisselection.Forthisexample,weselectedweretwolowerside
MOSFETsat7mWeachatroomtemperature,whichgives8.4mW
athightemperature.

AnotherimportantfactorforthesynchronousMOSFETisthe
inputcapacitanceandfeedbackcapacitance.Theratioofthe
feedbacktoinputneedstobesmall(lessthan10%isrecom-
mended)topreventaccidentalturn-onofthesynchronous
MOSFETswhentheswitchnodegoeshigh.

Also,thetimetoswitchthesynchronousMOSFETsoffshould
notexceedthenonoverlapdeadtimeoftheMOSFETdriver
(40nstypicalfortheADP3418).Theoutputimpedanceof
thedriverisabout2WandthetypicalMOSFETinputgate
resistancesareabout1W–2W,soatotalgatecapacitanceof
lessthan6000pFshouldbeadheredto.Sincetherearetwo
MOSFETsinparallel,limittheinputcapacitanceforeach
synchronousMOSFETto3000pF.

Thehighside(main)MOSFEThastobeabletohandletwo
mainpowerdissipationcomponents:conductionandswitching
losses.Theswitchinglossisrelatedtotheamountoftimeittakes
forthemainMOSFETtoturnonandoffandtothecurrentand
voltagethatarebeingswitched.Basingtheswitchingspeedon
theriseandfalltimeofthegatedriverimpedanceandMOSFET
inputcapacitance,thefollowingexpressionprovidesanapproxi-
matevaluefortheswitchinglosspermainMOSFET,wherenMF
isthetotalnumberofmainMOSFETs:

P f
V I

n
R

n
n

CS MF SW
CC O

MF
G

MF
ISS( ) = × ×

×
× × ×2 (16)

Here,RGisthetotalgateresistance(2WfortheADP3418and
about1WfortypicalhighspeedswitchingMOSFETs,making
RG=3W)andCISSistheinputcapacitanceofthemainMOSFET.
ItisinterestingtonotethataddingmoremainMOSFETs(nMF)
doesnotreallyhelptheswitchinglossperMOSFETsincethe
additionalgatecapacitanceslowsdownswitching.Thebestthing
toreduceswitchinglossistouselowergatecapacitancedevices.

TheconductionlossofthemainMOSFETisgivenbythe
following,whereRDS(MF)istheONresistanceoftheMOSFET:

P D
I

n
n I
n

RC MF
O

MF

R

MF
DS MF( ) ( )= ×







+ ×
×
















×

2 2
1
12



(17)

Typically,formainMOSFETs,onewantsthehighestspeed(low
CISS)device,buttheseusuallyhavehigherONresistance.One
mustselectadevicethatmeetsthetotalpowerdissipation(about

1.5WforasingleD-PAK)whencombiningtheswitchingand
conductionlosses.

Forthisexample,selectedisanInfineonIPD12N03Lasthe
mainMOSFET(threetotal;nMF=3),withaCISS=1460pF
(max)andRDS(MF)=14mW(maxatTJ=120ºC)andanInfineon
IPD06N03LasthesynchronousMOSFET(sixtotal;nSF=6),
withCISS=2370pF(max)andRDS(SF)=8.4mW(maxatTJ=
120ºC).ThesynchronousMOSFETCISSislessthan3000pF,
satisfyingthatrequirement.Solvingforthepowerdissipationper
MOSFETatIO=65AandIR=8.2Ayields863mWforeach
synchronousMOSFETand1.44WforeachmainMOSFET.
ThesenumbersworkwellconsideringthereisusuallymorePCB
areaavailableforeachmainMOSFETversuseachsynchronous
MOSFET.

Onelastthingtolookatisthepowerdissipationinthedriver
foreachphase.ThisisbestdescribedintermsoftheQGforthe
MOSFETsandisgivenbythefollowing,whereQGMFisthetotal
gatechargeforeachmainMOSFETandQGSFisthetotalgate
chargeforeachsynchronousMOSFET:

P
f

n
n Q n Q I VDRV

SW
MF GMF SF GSF CC CC=

×
× × + ×( ) +







 ×2


(18)

Alsoshownisthestandbydissipationfactor(ICCtimestheVCC)
forthedriver.FortheADP3418,themaximumdissipation
shouldbelessthan400mW.Forthisexample,withICC=7mA,
QGMF=22.8nC,andQGSF=34.3nC,260mWisfoundineach
driver,whichisbelowthe400mWdissipationlimit.Seethe
ADP3418datasheetformoredetails.

RampResistorSelection
Therampresistor(RR)isusedforsettingthesizeoftheinternal
PWMramp.Thevalueofthisresistorischosentoprovidethe
bestcombinationofthermalbalance,stability,andtransient
response.Thefollowingexpressionisusedfordeterminingthe
optimumvalue:

R
A L

A R C

R

R
R

D DS R
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=
×

× × ×

=
×

× × ×
=
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k

Ω
Ω

pF

(19)

whereARistheinternalrampamplifiergain,ADisthecurrent
balancingamplifiergain,RDSisthetotallowsideMOSFETON
resistance,andCRistheinternalrampcapacitorvalue.Theclos-
eststandard1%resistorvalueis383kW.
Theinternalrampvoltagemagnitudecanbecalculatedusing

V
A D V

R C f

V

R
R VID

R R SW

R

=
× −( ) ×
× ×

=
× −( ) ×

× ×
=

1

0 2 1 0 125 1 5

383 5 267
0 51

. . .
.


  


V

k pF kHz
V

Ω

(20)

Thesizeoftheinternalrampcanbemadelargerorsmaller.If
itismadelarger,stabilityandtransientresponsewillimprove,
butthermalbalancewilldegrade.Likewise,iftherampismade
smaller,thermalbalancewillimproveatthesacrificeoftransient
responseandstability.Thefactorofthreeinthedenominatorof
Equation19setsarampsizethatgivesanoptimalbalancefor
goodstability,transientresponse,andthermalbalance.
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COMPPinRamp
ThereisarampsignalontheCOMPpinduetothedroopvolt-
ageandoutputvoltageramps.Thisrampamplitudeaddstothe
internalramptoproducethefollowingoverallrampsignalatthe
PWMinput.

V
V

n D
n f C R

RT
R

SW X O

=

−
× − ×( )

× × ×








1

2 1 (21)

Forthisexample,theoverallrampsignalisfoundtobe0.63V.

CurrentLimitSetPoint
Toselectthecurrentlimitsetpoint,findtheresistorvaluefor
RLIM.ThecurrentlimitthresholdfortheADP3180issetwitha
3Vsource(VLIM)acrossRLIMwithagainof10.4mV/µA(ALIM).
RLIMcanbefoundusingthefollowing:

R
A V
I RLIM
LIM LIM

LIM O
=

×
× (22)

ForvaluesofRLIMgreaterthan500kW,thecurrentlimitmaybe
lowerthanexpected,sosomeadjustmentofRLIMmaybeneeded.
Here,ILIMistheaveragecurrentlimitfortheoutputofthesup-
ply.Forthisexample,choosing120AforILIM,RLIMisfoundtobe
200kW,forwhich200kW ischosenasthenearest1%value.
Theperphasecurrentlimitdescribedearlierhasitslimitdeter-
minedbythefollowing:

I
V V V

A R
I

PHLIM
COMP MAX R BIAS

D DS MAX

R≅
− −

×
−( )

( ) 2
(23)

FortheADP3180,themaximumCOMPvoltage(VCOMP(MAX))is
3.3V,theCOMPpinbiasvoltage(VBIAS)is1.2V,andthecur-
rentbalancingamplifiergain(AD)is5.UsingVRof0.63Vand
RDS(MAX)of4.2mW(lowsideONresistanceat150°C),aper
phaselimitof66Aisfound.

ThislimitcanbeadjustedbychangingtherampvoltageVR.But
makesurenottosettheperphaselimitlowerthantheaverage
perphasecurrent(ILIM/n).

Thereisalsoaperphaseinitialdutycyclelimitdeterminedby:

D D
V V

VMAX
COMP MAX BIAS

RT
= ×

−( ) (24)

Forthisexample,themaximumdutycycleisfoundtobe0.42.

FeedbackLoopCompensationDesign
OptimizedcompensationoftheADP3180allowsthebestpos-
sibleresponseoftheregulator’soutputtoaloadchange.The
basisfordeterminingtheoptimumcompensationistomakethe
regulatorandoutputdecouplingappearasanoutputimped-
ancethatisentirelyresistiveoverthewidestpossiblefrequency
range,includingdc,andequaltothedroopresistance(RO).With
theresistiveoutputimpedance,theoutputvoltagewilldroopin
proportionwiththeloadcurrentatanyloadcurrentslewrate;
thisensurestheoptimalpositioningandallowstheminimization
oftheoutputdecoupling.

WiththemultimodefeedbackstructureoftheADP3180,one
needstosetthefeedbackcompensationtomaketheconverter’s
outputimpedanceworkinginparallelwiththeoutputdecoupling
meetthisgoal.Thereareseveralpolesandzeroscreatedbythe
outputinductoranddecouplingcapacitors(outputfilter)that
needtobecompensatedfor.

Atype-threecompensatoronthevoltagefeedbackisadequatefor
propercompensationoftheoutputfilter.Theexpressionsgiven
inEquations25–29areintendedtoyieldanoptimalstarting
pointforthedesign;someadjustmentsmaybenecessaryto
accountforPCBandcomponentparasiticeffects(SeetheTuning
ProcedurefortheADP3180section).

Thefirststepistocomputethetimeconstantsforallofthepoles
andzerosinthesystem:
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where,fortheADP3180,R'isthePCBresistancefromthe
bulkcapacitorstotheceramicsandwhereRDSisthetotallow
sideMOSFETONresistanceperphase.Forthisexample,AD
is5,VRTequals0.63V,R'isapproximately0.6mW(assuming
a4-layermotherboard),andLXis375pHfortheeightAl-Poly
capacitors.

Thecompensationvaluescanthenbesolvedusingthefollowing:
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Choosingthecloseststandardvaluesforthesecomponentsyields
CA=390pF,RA=16.9kW,CB=1.5nF,andCFB=33pF.

Figure6showsthetypicaltransientresponseusingthecompen-
sationvalues.

Figure6.TypicalTransientResponseforDesignExample

CINSelectionandInputCurrentdi/dtReduction
Incontinuousinductor-currentmode,thesourcecurrentofthe
highsideMOSFETisapproximatelyasquarewavewithaduty
ratioequaltonVOUT/VINandanamplitudeofone-nthofthe
maximumoutputcurrent.Topreventlargevoltagetransients,
alowESRinputcapacitorsizedforthemaximumrmscurrent
mustbeused.Themaximumrmscapacitorcurrentisgivenby

I D I
N D

I

CRMS O

CRMS

= × ×
×

−

= × ×
×

− =

1
1

0 125 65
1

3 0 125
1 10 5.

.
. A A

(34)

Notethatthecapacitormanufacturer’sripplecurrentratingsare
oftenbasedononly2,000hoursoflife.Thismakesitadvisable
tofurtherderatethecapacitorortochooseacapacitorratedat
ahighertemperaturethanrequired.Severalcapacitorsmaybe
placedinparalleltomeetsizeorheightrequirementsinthe
design.Inthisexample,theinputcapacitorbankisformedby
three2200µF,16VNichiconcapacitorswitharipplecurrent
ratingof3.5Aeach.

Toreducetheinput-currentdi/dttobelowtherecommended

maximumof0.1A/µs,anadditionalsmallinductor(L>1µH@
15A)shouldbeinsertedbetweentheconverterandthesupply
bus.Thatinductoralsoactsasafilterbetweentheconverterand
theprimarypowersource.

R R
V V

V VCS NEW CS OLD
NL FLCOLD

NL FLHOT
2 2( ) ( )= ×
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−( ) (35)
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Figure7.EfficiencyoftheCircuitofFigure4
vs.OutputCurrent

TUNINGPROCEDUREFORTHEADP3180

 1. Buildcircuitbasedoncompensationvaluescomputedfrom
designspreadsheet.

 2.Hookupdcloadtocircuit,turnonandverifyoperation.
Alsocheckforjitteratno-loadandfull-load.

DCLoadlineSetting

 3.Measureoutputvoltageatno-load(VNL).Verifyitiswithin
tolerance.

 4.Measureoutputvoltageatfull-loadcold(VFLCOLD).Let
boardsetfor~10minutesatfull-loadandmeasureoutput
(VFLHOT).Ifthereisachangeofmorethanacoupleofmil-
livolts,adjustRCS1andRCS2usingEquations35and37.

 5. RepeatStep4untilcoldandhotvoltagemeasurements
remainthesame.

 6.Measureoutputvoltagefromno-loadtofull-loadusing5A
steps.Computetheloadlineslopeforeachchangeandthen
averagetogetoverallloadlineslope(ROMEAS).

 7. IfROMEASisofffromRObymorethan0.05mW,usethefol-
lowingtoadjusttheRPHvalues:

R R
R

RPH NEW PH OLD
OMEAS

O
( ) ( )= × (36)

 8. RepeatSteps6and7tocheckloadlineandrepeatadjust-
mentsifnecessary.

 9.Oncecompletewithdcloadlineadjustment,donotchange
RPH,RCS1,RCS2,orRTHforrestofprocedure.

R
R R

R R R R R R R

CS NEW
CS OLD TH C

CS OLD TH C CS OLD CS NEW CS OLD TH C TH C

2
1 25

1 25 2 2 1 25 25

1

1( )
( ) °( )

( ) °( ) ( ) ( ) ( ) °( ) °( )

=
+

× + −( ) × −( ) −
(37)

REV.A REV.A



ADP3180

–18–

ADP3180

–19–

10.Measureoutputrippleatno-loadandfull-loadwithscope
andmakesureitiswithinspec.

ACLoadlineSetting

11. Removedcloadfromcircuitandhookupdynamicload.

12.Hookupscopetooutputvoltageandsettodccoupling
withtimescaleat100µs/div.

13. Setdynamicloadforatransientstepofabout40Aat1kHz
with50%dutycycle.

14.Measureoutputwaveform(mayhavetousedcoffseton
scopetoseewaveform).Trytouseverticalscaleof
100mV/divorfiner.

15. YouwillseeawaveformthatlookssomethinglikeFigure8.
UsethehorizontalcursorstomeasureVACDRPandVDCDRP
asshown.DONOTMEASURETHEUNDERSHOOT
OROVERSHOOTTHATHAPPENSIMMEDIATELY
AFTERTHESTEP.

VACDRP

VDCDRP

Figure8.ACLoadlineWaveform

16. IftheVACDRPandVDCDRParedifferentbymorethana
coupleofmillivolts,useEquation38toadjustCCS.Youmay
needtoparalleldifferentvaluestogettherightonesince
therearelimitedstandardcapacitorvaluesavailable(itisa
goodideatohavelocationsfortwocapacitorsinthelayout
forthis).

C C
V
VCS NEW CS OLD

ACDRP

DCDRP
( ) ( )= × (38)

17. RepeatSteps11to13andrepeatadjustmentsifnecessary.
Oncecomplete,donotchangeCCSfortherestofthe
procedure.

18. Setdynamicloadsteptomaximumstepsize(donotusea
stepsizelargerthanneeded)andverifythattheoutputwave-
formissquare(whichmeansVACDRPandVDCDRPareequal).

 NOTE:MAKESURELOADSTEPSLEWRATEAND
TURN-ONARESETFORASLEWRATEOF
~150–250A/µs(forexample,aloadstepof50Ashouldtake
200ns–300ns)WITHNOOVERSHOOT.Somedynamic
loadswillhaveanexcessiveturn-onovershootifaminimum
currentisnotsetproperly(thisisanissueifusingaVTTtool).

InitialTransientSetting

19.Withdynamicloadstillsetatmaximumstepsize,expand
scopetimescaletosee2µs/divto5µs/div.Youwillseeawave-

formthatmayhavetwoovershootsandoneminorundershoot
(seeFigure9).Here,VDROOPisthefinaldesiredvalue.
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Figure9.TransientSettingWaveform

20. Ifbothovershootsarelargerthandesired,trymakingthe
followingadjustmentsinthisorder.(NOTE:Iftheseadjust-
mentsdonotchangetheresponse,youarelimitedbythe
outputdecoupling.)Checktheoutputresponseeachtime
youmakeachangeaswellastheswitchingnodes(tomake
sureitisstillstable).

  a.  Makerampresistorlargerby25%(RRAMP).

  b.  ForVTRAN1,increaseCBorincreaseswitchingfrequency.

  c.  ForVTRAN2,increaseRAanddecreaseCAby25%.

21. Forloadrelease(seeFigure10),ifVTRANRELislargerthan
VTRAN1(seeFigure9),youdonothaveenoughoutput
capacitance.Youwilleitherneedmorecapacitanceorto
maketheinductorvaluessmaller(ifyouchangeinductors,
youneedtostartthedesignoverusingthespreadsheetand
thistuningprocedure).

������

��������

Figure10.TransientSettingWaveform

SincetheADP3180turnsoffallofthephases(switchesinductors
toground),thereisnoripplevoltagepresentduringloadrelease.
Thus,youdonothavetoaddheadroomforripple,allowingyour
loadreleaseVTRANRELtobelargerthanVTRAN1bythatamount
andstillbemeetingspec.

IfVTRAN1andVTRANRELarelessthanthedesiredfinaldroop,this
impliesthatcapacitorscanberemoved.Whenremovingcapaci-
tors,makesuretochecktheoutputripplevoltageaswelltomake
sureitisstillwithinspec.
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LAYOUTANDCOMPONENTPLACEMENT
Thefollowingguidelinesarerecommendedforoptimalperfor-
manceofaswitchingregulatorinaPCsystem.Keylayoutissues
areillustratedinFigure11.

12V CONNECTOR INPUT POWER PLANE

THERMISTOR

OUTPUT
POWER
PLANE

CPU
SOCKET

KEEP-OUT
AREA

KEEP-OUT
AREA

SWITCH NODE
PLANES

KEEP-OUT
AREA

KEEP-OUT
AREA

Figure11.LayoutRecommendations

GeneralRecommendations

∑ Forgoodresults,atleasta4-layerPCBisrecommended.
Thisshouldallowtheneededversatilityforcontrolcircuitry
interconnectionswithoptimalplacement,powerplanesfor
ground,input,andoutputpower,andwideinterconnection
tracesintherestofthepowerdeliverycurrentpaths.Keep
inmindthateachsquareunitof1ouncecoppertracehasa
resistanceof~0.53mWatroomtemperature.

∑ WheneverhighcurrentsmustberoutedbetweenPCBlayers,
viasshouldbeusedliberallytocreateseveralparallelcurrent
pathssothattheresistanceandinductanceintroducedby
thesecurrentpathsisminimizedandtheviacurrentratingis
notexceeded.

∑ Ifcriticalsignallines(includingtheoutputvoltagesenselines
oftheADP3180)mustcrossthroughpowercircuitry,itis
bestifasignalgroundplanecanbeinterposedbetweenthose
signallinesandthetracesofthepowercircuitry.Thisserves
asashieldtominimizenoiseinjectionintothesignalsatthe
expenseofmakingsignalgroundabitnoisier.

∑ Ananaloggroundplaneshouldbeusedaroundandunder
theADP3180asareferenceforthecomponentsassociated
withthecontroller.Thisplaneshouldbetiedtothenearest
outputdecouplingcapacitorgroundandshouldnotbetied
toanyotherpowercircuitrytopreventpowercurrentsfrom
flowinginit.

∑ ThecomponentsaroundtheADP3180shouldbelocated
closetothecontrollerwithshorttraces.Themostimportant
tracestokeepshortandawayfromothertracesaretheFB
andCSSUMpins.RefertoFigure11formoredetailson
layoutfortheCSSUMnode.

∑ Theoutputcapacitorsshouldbeconnectedascloselyaspos-
sibletotheload(orconnector)thatreceivesthepower(e.g.,
amicroprocessorcore).Iftheloadisdistributed,thecapaci-
torsshouldalsobedistributedandgenerallyinproportionto
wheretheloadtendstobemoredynamic.

∑ Avoidcrossinganysignallinesovertheswitchingpowerpath
loop,describedinthePowerCircuitrysection.

PowerCircuitry

∑ TheswitchingpowerpathshouldberoutedonthePCBto
encompasstheshortestpossiblelengthinordertominimize
radiatedswitchingnoiseenergy(i.e.,EMI)andconduc-
tionlossesintheboard.Failuretotakeproperprecautions
oftenresultsinEMIproblemsfortheentirePCsystemas
wellasnoise-relatedoperationalproblemsinthepowercon-
vertercontrolcircuitry.Theswitchingpowerpathistheloop
formedbythecurrentpaththroughtheinputcapacitorsand
thepowerMOSFETsincludingallinterconnectingPCB
tracesandplanes.Theuseofshortandwideinterconnec-
tiontracesisespeciallycriticalinthispathfortworeasons:
itminimizestheinductanceintheswitchingloop,whichcan
causehighenergyringing,anditaccommodatesthehighcur-
rentdemandwithminimalvoltageloss.

∑ Wheneverapowerdissipatingcomponent(e.g.,apower
MOSFET)issolderedtoaPCB,theliberaluseofvias,both
directlyonthemountingpadandimmediatelysurrounding
it,isrecommended.Twoimportantreasonsforthisareimproved
currentratingthroughtheviasandimprovedthermalperfor-
mancefromviasextendedtotheoppositesideofthePCB
whereaplanecanmorereadilytransfertheheattotheair.
Makeamirrorimageofanypadbeingusedtoheatsinkthe
MOSFETsontheoppositesideofthePCBtoachievethe
bestthermaldissipationtotheairaroundtheboard.Tofur-
therimprovethermalperformance,thelargestpossiblepad
areashouldbeused.

∑ Theoutputpowerpathshouldalsoberoutedtoencompassa
shortdistance.Theoutputpowerpathisformedbythecur-
rentpaththroughtheinductor,theoutputcapacitors,and
theload.

∑ ForbestEMIcontainment,asolidpowergroundplane
shouldbeusedasoneoftheinnerlayersextendingfully
underallthepowercomponents.

SignalCircuitry

∑ TheoutputvoltageissensedandregulatedbetweentheFB
pinandtheFBRTNpin,whichconnectstothesignalground
attheload.Toavoiddifferentialmodenoisepickupinthe
sensedsignal,theloopareashouldbesmall.ThustheFBand
FBRTNtracesshouldberoutedadjacenttoeachotheratop
thepowergroundplanebacktothecontroller.

∑ Thefeedbacktracesfromtheswitchnodesshouldbecon-
nectedascloseaspossibletotheinductor.TheCSREFsignal
shouldbeconnectedtotheoutputvoltageatthenearest
inductortothecontroller.
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ADP3180
OUTLINEDIMENSIONS

28-LeadThinShrinkSmallOutlinePackage[TSSOP]
(RU-28)
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