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LM117/LM317A/LM317
3-TerminalAdjustableRegulator

July2004

GeneralDescription
TheLM117seriesofadjustable 3-terminal  positivevoltage regulators  iscapableofsupplyinginexcessof1.5Aovera
1.2Vto37Voutput range.Theyareexceptionally easyto useandrequireonlytwoexternalresistorsto settheoutput voltage.Further,bothlineandloadregulationare betterthan standard fixedregulators. Also,theLM117  ispackaged in standardtransistorpackageswhichare easilymountedand handled.
Inadditiontohigherperformance thanfixedregulators,  the LM117seriesoffersfull overloadprotectionavailableonlyin IC’s.Includedon thechiparecurrentlimit,thermaloverload protection andsafeareaprotection.Alloverload  protection circuitryremainsfullyfunctional  eveniftheadjustment ter- minalisdisconnected.
Normally,no capacitorsareneededunlessthedeviceis situatedmorethan6 inchesfromtheinputfiltercapacitorsin whichcaseaninputbypass  isneeded.Anoptional output capacitorcanbeaddedto improvetransientresponse.The adjustment terminalcanbebypassed  toachieveveryhigh ripplerejectionratioswhicharedifficultto achievewithstan- dard3-terminalregulators.
Besidesreplacingfixedregulators,theLM117is usefulin a widevarietyof otherapplications.Sincetheregulatoris “floating” andseesonlytheinput-to-output differential volt-

age,suppliesofseveralhundredvoltscanberegulatedas longasthemaximum  inputtooutputdifferential isnotex- ceeded,i.e.,avoidshort-circuiting theoutput.
Also,it makesanespeciallysimpleadjustableswitching regulator,a programmableoutputregulator,orbyconnecting afixedresistorbetweentheadjustment  pinandoutput,the LM117canbeusedasaprecision  currentregulator. Sup- plieswithelectronicshutdowncanbeachievedbyclamping theadjustment terminaltogroundwhichprogramstheout- putto1.2Vwheremostloadsdrawlittlecurrent.
For applicationsrequiringgreateroutputcurrent,seeLM150 series(3A)andLM138series(5A)datasheets.For the negativecomplement, seeLM137seriesdatasheet.
Features
n Guaranteed  1%outputvoltagetolerance(LM317A) nGuaranteed  max.0.01%/Vlineregulation(LM317A) n Guaranteed  max.0.3%loadregulation(LM117)
n Guaranteed  1.5Aoutputcurrent
n Adjustableoutputdownto1.2V
n Currentlimitconstantwithtemperature
n P+ProductEnhancement tested
n 80dBripplerejection
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n Outputisshort-circuitprotected

TypicalApplications
1.2V–25VAdjustableRegulator

LM117SeriesPackages
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Fulloutputcurrentnotavailableathighinput-outputvoltages

00906301

SOT-223vs.D-Pak(TO-252)
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*Neededifdeviceismorethan6inchesfromfiltercapacitors.
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†Optional—improvestransientresponse.Outputcapacitorsintherange of1µFto1000µFofaluminumortantalumelectrolyticarecommonlyused toprovideimprovedoutputimpedanceandrejectionoftransients.

Packages
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ConnectionDiagrams
(TO-3)
MetalCanPackage

(TO-39)
MetalCanPackage
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SteelPackage

NSPackageNumberH03A

NSPackageNumberK02AorK02C
(TO-263)Surface-Mount Package
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(TO-220) PlasticPackage
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SideView
NSPackageNumberTS3B

NSPackageNumberT03B
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	ConnectionDiagrams (Continued)
4-LeadSOT-223                                                                                 TO-252(D-Pak)
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FrontView
NSPackageNumberMP04A
00906366
FrontView
NSPackageNumberTD03B
OrderingInformation

	Package
	Temperature Range
	PartNumber
	PackageMarking
	TransportMedia
	NSC Drawing

	MetalCan
(TO-3)
	−55˚C≤TJ≤+150˚C
	LM117KSTEEL
	LM117KSTEELP+
	50PerBag
	K02A

	
	0˚C≤TJ≤+125˚C
	LM317KSTEEL
	LM317KSTEELP+
	50PerBag
	

	
	−55˚C≤TJ≤+150˚C
	LM117K/883
	LM117K/883
	50PerBag
	K02C

	MetalCan
(TO-39)
	−55˚C≤TJ≤+150˚C
	LM117H
	LM117HP+
	500PerBox
	H03A

	
	−55˚C≤TJ≤+150˚C
	LM117H/883
	LM117H/883
	20PerTray
	

	
	−40˚C≤TJ≤+125˚C
	LM317AH
	LM317AHP+
	500PerBox
	

	
	0˚C≤TJ≤+125˚C
	LM317H
	LM317HP+
	500PerBox
	

	TO-220
3-Lead
	−40˚C≤TJ≤+125˚C
	LM317AT
	LM317ATP+
	45Units/Rail
	T03B

	
	0˚C≤TJ≤+125˚C
	LM317T
	LM317TP+
	45Units/Rail
	

	TO-263
3-Lead
	0˚C≤TJ≤+125˚C
	LM317S
	LM317SP+
	45Units/Rail
	TS3B

	
	
	LM317SX
	
	500UnitsTapeandReel
	

	LCC
	−55˚C≤TJ≤+150˚C
	LM117E/883
	LM117E/883
	50Units/Rail
	E20A

	SOT-223
4-Lead
	0˚C≤TJ≤+125˚C
	LM317EMP
	N01A
	1kUnitsTapeandReel
	MP04A

	
	
	LM317EMPX
	
	2kUnitsTapeandReel
	

	
	−40˚C≤TJ≤+125˚C
	LM317AEMP
	N07A
	1kUnitsTapeandReel
	

	
	
	LM317AEMPX
	
	2kUnitsTapeandReel
	

	D-Pack
3-Lead
	0˚C≤TJ≤+125˚C
	LM317MDT
	LM317MDT
	75Units/Rail
	TD03B

	
	
	LM317MDTX
	
	2.5kUnitsTapeandReel
	

	
	−40˚C≤TJ≤+125˚C
	LM317AMDT
	LM317AMDT
	75Units/Rail
	

	
	
	LM317AMDTX
	
	2.5kUnitsTapeandReel
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	AbsoluteMaximumRatings(Note 1)                   ESDTolerance(Note5)                                                3kV
If Military/Aerospace specified  devices  are required,
pleasecontacttheNationalSemiconductorSalesOffice/            OperatingTemperatureRange
Distributors foravailabilityandspecifications.
PowerDissipation                                       InternallyLimited               LM117                                                −55˚C≤TJ≤+150˚C Input-Output  VoltageDifferential                      +40V,−0.3V               LM317A                                              −40˚C≤TJ≤+125˚C StorageTemperature                                 −65˚Cto+150˚C               LM317                                                      0˚C≤TJ≤+125˚C LeadTemperature
MetalPackage(Soldering,10seconds)                300˚C                                                 Preconditioning
PlasticPackage(Soldering,4seconds)                260˚C               ThermalLimitBurn-In                              AllDevices100%
ElectricalCharacteristics(Note 3)
Specifications withstandardtypefaceareforTJ =25˚C,andthosewithboldfacetypeapplyoverfullOperatingTempera- tureRange.Unlessotherwisespecified,VIN−VOUT  =5V,andIOUT=10mA.

	Parameter
	Conditions
	LM117(Note2)
	Units

	
	
	Min
	Typ
	Max
	

	ReferenceVoltage
	
	
	
	
	V

	
	3V≤(VIN−VOUT)≤40V,
10mA≤IOUT≤IMAX,P≤PMAX
	1.20
	1.25
	1.30
	V

	LineRegulation
	3V≤(VIN−VOUT)≤40V(Note4)
	
	0.01
	0.02
	%/V

	
	
	
	0.02
	0.05
	%/V

	LoadRegulation
	10mA≤IOUT≤IMAX(Note4)
	
	0.1
	0.3
	%

	
	
	
	0.3
	1
	%

	ThermalRegulation
	20msPulse
	
	0.03
	0.07
	%/W

	AdjustmentPinCurrent
	
	
	50
	100
	µA

	AdjustmentPinCurrentChange
	10mA≤IOUT≤IMAX
3V≤(VIN−VOUT)≤40V
	
	0.2
	5
	µA

	Temperature Stability
	TMIN≤TJ≤TMAX
	
	1
	
	%

	MinimumLoadCurrent
	(VIN−VOUT)=40V
	
	3.5
	5
	mA

	CurrentLimit
	(VIN−VOUT)≤15V KPackage
HPackage
	1.5
0.5
	2.2
0.8
	3.4
1.8
	A A

	
	(VIN−VOUT)=40V KPackage
HPackage
	0.3
0.15
	0.4
0.2
	
	A A

	RMSOutputNoise,%ofVOUT
	10Hz≤f≤10kHz
	
	0.003
	
	%

	RippleRejectionRatio
	VOUT  =10V,f=120Hz,
CADJ  =0µF
	
	65
	
	dB

	
	VOUT  =10V,f=120Hz,
CADJ  =10µF
	66
	80
	
	dB

	Long-TermStability
	TJ =125˚C,1000hrs
	
	0.3
	1
	%

	ThermalResistance, Junction-to-Case
	KPackage
HPackage
EPackage
	
	2.3
12
	3
15
	˚C/W
˚C/W
˚C/W

	ThermalResistance,  Junction- to-Ambient(NoHeatSink)
	KPackage
HPackage
EPackage
	
	35
140
	
	˚C/W
˚C/W
˚C/W
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ElectricalCharacteristics(Note 3)
Specifications withstandardtypefaceareforTJ =25˚C,andthosewithboldfacetypeapplyoverfullOperatingTempera- tureRange.Unlessotherwisespecified,VIN−VOUT  =5V,andIOUT=10mA.
	Parameter
	Conditions
	LM317A
	LM317
	Units

	
	
	Min
	Typ
	Max
	Min
	Typ
	Max
	

	ReferenceVoltage
	
	1.238
	1.250
	1.262
	
	
	
	V

	
	3V≤(VIN−VOUT)≤40V,
10mA≤IOUT≤IMAX,P≤PMAX
	1.225
	1.250
	1.270
	1.20
	1.25
	1.30
	V

	LineRegulation
	3V≤(VIN−VOUT)≤40V(Note4)
	
	0.005
	0.01
	
	0.01
	0.04
	%/V

	
	
	
	0.01
	0.02
	
	0.02
	0.07
	%/V

	LoadRegulation
	10mA≤IOUT≤IMAX(Note4)
	
	0.1
	0.5
	
	0.1
	0.5
	%

	
	
	
	0.3
	1
	
	0.3
	1.5
	%

	ThermalRegulation
	20msPulse
	
	0.04
	0.07
	
	0.04
	0.07
	%/W

	AdjustmentPinCurrent
	
	
	50
	100
	
	50
	100
	µA

	AdjustmentPinCurrent
Change
	10mA≤IOUT≤IMAX
3V≤(VIN−VOUT)≤40V
	
	0.2
	5
	
	0.2
	5
	µA

	Temperature Stability
	TMIN≤TJ≤TMAX
	
	1
	
	
	1
	
	%

	MinimumLoadCurrent
	(VIN−VOUT)=40V
	
	3.5
	10
	
	3.5
	10
	mA

	CurrentLimit
	(VIN−VOUT) ≤15V K,T,S Packages HPackage
MPPackage
	1.5
0.5
1.5
	2.2
0.8
2.2
	3.4
1.8
3.4
	1.5
0.5
1.5
	2.2
0.8
2.2
	3.4
1.8
3.4
	A A A

	
	(VIN−VOUT) =40V K,T,S Packages HPackage
MPPackage
	0.15
0.075
0.15
	0.4
0.2
0.4
	
	0.15
0.075
0.15
	0.4
0.2
0.4
	
	A A A

	RMSOutputNoise,%ofVOUT
	10Hz≤f≤10kHz
	
	0.003
	
	
	0.003
	
	%

	RippleRejectionRatio
	VOUT  =10V,f=120Hz,
CADJ  =0µF
	
	65
	
	
	65
	
	dB

	
	VOUT  =10V,f=120Hz,
CADJ  =10µF
	66
	80
	
	66
	80
	
	dB

	Long-TermStability
	TJ =125˚C,1000hrs
	
	0.3
	1
	
	0.3
	1
	%

	ThermalResistance, Junction-to-Case
	KPackage MDTPackage HPackage
TPackage
MPPackage
	
	12
4
23.5
	15
5
	
	2.3
5
12
4
23.5
	3
15
	˚C/W
˚C/W
˚C/W
˚C/W
˚C/W

	ThermalResistance,
Junction-to-Ambient(NoHeat
Sink)
	KPackage
MDTPackage(Note 6) HPackage
TPackage
SPackage(Note6)
	
	35
140
50
50
	
	
	35
92
140
50
50
	
	˚C/W
˚C/W
˚C/W
˚C/W
˚C/W


Note1:  AbsoluteMaximumRatingsindicatelimitsbeyondwhichdamagetothedevicemayoccur.OperatingRatingsindicateconditionsforwhichthedeviceis intendedto be functional,butdo notguaranteespecificperformancelimits.Forguaranteedspecificationsandtestconditions,seetheElectricalCharacteristics.The guaranteedspecificationsapplyonlyforthetestconditionslisted.
Note2: RefertoRETS117HdrawingfortheLM117H,ortheRETS117KfortheLM117Kmilitaryspecifications.
Note3: Althoughpowerdissipationisinternallylimited,thesespecificationsareapplicableformaximumpowerdissipationsof2WfortheTO-39andSOT-223and
20WfortheTO-3,TO-220,andTO-263.IMAXis1.5A fortheTO-3,TO-220,andTO-263packages,0.5A fortheTO-39packageand1AfortheSOT-223Package. Alllimits(i.e.,thenumbersintheMin.andMax.columns)areguaranteedtoNational’sAOQL(AverageOutgoingQualityLevel).
Note4:  Regulationismeasuredataconstantjunctiontemperature,usingpulsetestingwithalowdutycycle.Changesinoutputvoltageduetoheatingeffectsare coveredunderthespecificationsforthermalregulation.
Note5: Humanbodymodel,100pFdischargedthrougha1.5kΩresistor.
Note6:  IftheTO-263orTO-252packagesareused,thethermalresistancecanbereducedbyincreasingthePCboardcopperareathermallyconnectedtothe package.Using0.5squareinchesofcopperarea.θJAis50˚C/W;with1squareinchofcopperarea,θJAis37˚C/W;andwith1.6ormoresquareinchesofcopper area,θJA  is32˚C/W.IftheSOT-223packageisused,thethermalresistancecanbereducedbyincreasingthePCboardcopperarea(seeapplicationshintsfor heatsinking).

[image: image61.png]MAX POWER DISSIPATION (W)

-40

T0-263 PACKAGE
PCB MOUNT
1 SQ. IN. COPPER

-25 25 75
AMBIENT TEMPERATURE (°C)



[image: image62.png]01
1N4002

Vin ~ Vourt
ADJ

VIN Vout

C1

D2
1N4002



TypicalPerformanceCharacteristics OutputCapacitor =0µFunlessotherwise noted
LoadRegulation                                                                                   CurrentLimit
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00906337                                                                                                                                                                                   00906338
Adjustment Current                                                                             DropoutVoltage
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Temperature Stability                                                                 MinimumOperatingCurrent
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TypicalPerformanceCharacteristicsOutputCapacitor =0µFunlessotherwise noted (Continued)
RippleRejection                                                                                RippleRejection
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RippleRejection                                                                              OutputImpedance
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00906345                                                                                                                                                                                   00906346
LineTransientResponse                                                               LoadTransientResponse
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ApplicationHints
Inoperation,theLM117developsa nominal1.25Vreference voltage,VREF, betweentheoutputandadjustmentterminal. Thereferencevoltageisimpressedacrossprogramresistor R1and,sincethevoltageisconstant,aconstantcurrentI1 then flows through the  output set  resistor R2, giving an outputvoltageof
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00906305
FIGURE1.
Sincethe 100µA currentfromthe adjustmentterminalrepre- sentsanerrorterm,theLM117wasdesigned tominimize IADJandmakeitveryconstantwithlineandloadchanges. Todothis,allquiescentoperatingcurrentis returnedtothe outputestablishing aminimum  loadcurrentrequirement. If thereisinsufficientloadontheoutput,theoutputwillrise.
EXTERNALCAPACITORS
Aninputbypasscapacitorisrecommended.A0.1µFdiscor
1µFsolidtantalum  ontheinputissuitableinputbypassing foralmostallapplications. Thedeviceismoresensitive to theabsenceofinputbypassing  whenadjustment oroutput capacitors  areusedbuttheabovevalueswilleliminatethe possibilityofproblems.
Theadjustmentterminalcanbebypassedto groundonthe LM117to improveripplerejection.Thisbypasscapacitor preventsripplefrombeingamplifiedas theoutputvoltageis increased.Witha10µFbypasscapacitor80dBripplerejec- tionis obtainableatanyoutputlevel.Increasesover10µFdo notappreciably improve  theripplerejection atfrequencies above  120Hz. Ifthebypass capacitor isused,itissome- timesnecessaryto includeprotectiondiodesto preventthe capacitorfromdischargingthroughinternallow currentpaths anddamagingthedevice.
Ingeneral,thebesttypeofcapacitorstouseissolidtanta- lum.Solidtantalumcapacitorshavelow impedanceevenat highfrequencies.  Dependinguponcapacitorconstruction, it takesabout25µFin aluminumelectrolyticto equal1µFsolid tantalum athighfrequencies. Ceramic  capacitors arealso goodathighfrequencies;butsometypeshavea large decreasein capacitanceat frequenciesaround0.5MHz.For thisreason, 0.01µF discmayseem toworkbetter thana
0.1µFdiscasabypass.
AlthoughtheLM117isstablewithnooutputcapacitors,like anyfeedbackcircuit,certainvaluesofexternalcapacitance

cancause excessive ringing. This occurs with  values be- tween500pFand5000pF.A 1µFsolidtantalum(or25µF aluminumelectrolytic)on theoutputswampsthiseffectand insuresstability.Anyincreaseof theloadcapacitancelarger than10µFwill merelyimprovethe loopstabilityandoutput impedance.
LOADREGULATION
TheLM117is capableofprovidingextremelygoodload regulationbuta fewprecautionsareneededtoobtainmaxi- mumperformance. Thecurrent  setresistor connected be- tweentheadjustmentterminalandtheoutputterminal(usu- ally240Ω)shouldbetieddirectlyto theoutput(case)of the regulator rather than near the  load. This eliminates line dropsfromappearingeffectivelyin serieswiththereference anddegradingregulation.Forexample,a15Vregulatorwith
0.05Ωresistancebetweenthe regulatorandloadwill havea loadregulationduetolineresistanceof0.05ΩxIL.Iftheset resistorisconnected neartheloadtheeffective  lineresis- tancewillbe0.05Ω(1+R2/R1)orinthiscase,11.5times
worse.
Figure2showstheeffectofresistancebetweentheregula- torand240Ωsetresistor.
[image: image15.png]



00906306
FIGURE2.RegulatorwithLineResistance  inOutput
Lead
WiththeTO-3package,it iseasytominimizetheresistance fromthecasetothesetresistor,byusingtwoseparateleads tothecase.However,withtheTO-39package,careshould betakento minimizethewirelengthof theoutputlead.The groundof R2canbereturnednearthegroundof theloadto provideremotegroundsensingandimproveloadregulation.
PROTECTION DIODES
WhenexternalcapacitorsareusedwithanyICregulatorit is sometimes necessary toaddprotection diodes toprevent thecapacitors fromdischarging through  lowcurrentpoints intotheregulator.  Most10µFcapacitors havelowenough internal  series  resistance  to   deliver  20A spikes  when shorted.Althoughthesurgeisshort,thereisenoughenergy todamagepartsoftheIC.
Whenanoutputcapacitor isconnected toaregulator and theinputisshorted,theoutputcapacitorwilldischargeinto theoutputoftheregulator.Thedischarge currentdepends on the value of  the capacitor, the output voltage of  the regulator,andtherateofdecreaseofVIN.IntheLM117,this discharge path isthrough alarge junction that  isable to sustain15A surgewithnoproblem.Thisisnottrueofother typesof positiveregulators.Foroutputcapacitorsof 25µFor less,thereisnoneedtousediodes.
Thebypass  capacitor ontheadjustment terminal candis- charge through a low current junction. Discharge occurs

[image: image73.png]ST Ry s—

SO0T-223



when either theinput  oroutput isshorted. Internal tothe LM117 isa50Ω resistor which limits the  peak discharge current.Noprotectionisneededforoutputvoltagesof25V orlessand10µFcapacitance. Figure 3shows anLM117 withprotectiondiodesincludedfor usewithoutputsgreater than25Vandhighvaluesofoutputcapacitance.
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00906355
FIGURE4.θ(J−A)vsCopper(1ounce)Areaforthe
TO-263Package
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D1protectsagainstC1
D2protectsagainstC2

00906307

Asshownin thefigure,increasingthecopperareabeyond1 squareinchproducesverylittleimprovement. Itshouldalso beobservedthattheminimumvalueof θ(J−A)fortheTO-263 packagemountedtoaPCBis32˚C/W.
Asadesign aid,Figure  5shows  themaximum allowable powerdissipationcomparedtoambienttemperature  forthe TO-263 device  (assuming θ(J−A) is35˚C/W andthemaxi- mumjunctiontemperature is125˚C).

FIGURE3.RegulatorwithProtectionDiodes
Whenavalueforθ(H−A)isfoundusingtheequationshown, aheatsinkmustbeselectedthathasavaluethatislessthan orequaltothisnumber.
θ(H−A)isspecifiednumericallybytheheatsinkmanufacturer in thecatalog,orshownin acurvethatplotstemperaturerise vspowerdissipationfortheheatsink.
HEATSINKING  TO-263,SOT-223ANDTO-252PACKAGE PARTS
The TO-263(“S”),SOT-223(“MP”)and TO-252(”DT”)pack- agesuseacopperplaneonthePCBandthePCBitselfas aheatsink.Tooptimizetheheatsinkingabilityoftheplane andPCB,solderthetabofthepackagetotheplane.
Figure4 showsfortheTO-263themeasuredvaluesofθ(J−A) fordifferent copper areasizesusingatypical  PCBwith1 ouncecopperandno soldermaskoverthecopperareaused forheatsinking.


00906356
FIGURE5.MaximumPowerDissipation vsTAMB for theTO-263Package


Figure6 andFigure7 showtheinformationfortheSOT-223 package.Figure7 assumesa θ(J−A)of74˚C/Wfor1 ounce copper and 51˚C/W for  2ounce copper and amaximum junctiontemperature of125˚C.

ApplicationHints (Continued)
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00906357
FIGURE6.θ(J−A)vsCopper(2ounce)Areaforthe
SOT-223Package
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00906358
FIGURE7.MaximumPowerDissipation vsTAMBfor theSOT-223Package
The LM317regulatorshaveinternalthermalshutdownto protectthedevicefromover-heating.Underall possible operatingconditions,thejunctiontemperatureof theLM317 mustbewithintherangeof0˚Cto125˚C.Aheatsinkmaybe requireddependingon themaximumpowerdissipationand maximumambienttemperature oftheapplication.Todeter-


mineifaheatsink isneeded,  thepowerdissipated bythe regulator,PD,mustbecalculated:
IIN=IL+IG
PD =(VIN−VOUT)IL+VINIG
Figure8showsthevoltageandcurrentswhicharepresentin thecircuit.
[image: image20.png]
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FIGURE8.PowerDissipation Diagram
Thenextparameter  whichmustbecalculated  isthemaxi- mumallowabletemperature rise,TR(max):
TR(max)=TJ(max)−TA(max)
whereTJ(max) isthemaximumallowablejunctiontempera- ture (125˚C), andTA(max)isthe  maximum ambient tem- peraturewhichwillbeencountered intheapplication.
Usingthecalculated  valuesforTR(max)andPD,themaxi- mumallowablevalueforthejunction-to-ambient thermal resistance(θJA)canbecalculated:
θJA=TR(max)/PD
If the maximum allowable value for θJA is found to be
≥92˚C/W (Typical Rated Value) for TO-252 package, no
heatsink isneeded sincethepackage alone  willdissipate enoughheattosatisfytheserequirements.  Ifthecalculated valueforθJAfallsbelowtheselimits,aheatsinkisrequired. As a design aid, Table 1 shows the value of the θJA  of
TO-252fordifferentheatsinkarea.Thecopperpatternsthat
weusedtomeasuretheseθJAsareshownattheendofthe Application NotesSection. Figure  9reflects thesametest resultsaswhatareintheTable1
Figure10showsthemaximumallowablepowerdissipation vs.ambient temperature fortheTO-252 device. Figure  11 showsthemaximumallowablepowerdissipationvs. copper area  (in2)fortheTO-252 device. Please seeAN1028 for power  enhancement techniques tobeusedwithSOT-223 andTO-252packages.


TABLE1.θJADifferentHeatsinkArea
	Layout
	CopperArea
	ThermalResistance

	
	TopSide(in2)*
	BottomSide(in2)
	(θJA˚C/W)TO-252

	1
	0.0123
	0
	103

	2
	0.066
	0
	87

	3
	0.3
	0
	60

	4
	0.53
	0
	54

	5
	0.76
	0
	52

	6
	1
	0
	47

	7
	0
	0.2
	84

	8
	0
	0.4
	70

	9
	0
	0.6
	63



TABLE1.θJADifferentHeatsinkArea (Continued)
	Layout
	CopperArea
	ThermalResistance

	10
	0
	0.8
	57

	11
	0
	1
	57

	12
	0.066
	0.066
	89

	13
	0.175
	0.175
	72

	14
	0.284
	0.284
	61

	15
	0.392
	0.392
	55

	16
	0.5
	0.5
	53


Note:*Tabofdeviceattachedtotopsideofcopper.
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00906361
FIGURE9.θJAvs2ozCopperAreaforTO-252
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00906363
FIGURE10.MaximumAllowablePowerDissipation vs.AmbientTemperature forTO-252

ApplicationHints (Continued)
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00906362
FIGURE11.MaximumAllowablePowerDissipation vs.2ozCopperAreaforTO-252
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00906364
FIGURE12.TopViewoftheThermalTestPatterninActualScale
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FIGURE13.BottomViewoftheThermalTestPatterninActualScale

SchematicDiagram
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TypicalApplications
5VLogicRegulatorwithElectronicShutdown*


AdjustableRegulatorwithImprovedRippleRejection

*Min.output)1.2V
SlowTurn-On15VRegulator


00906303


†Solidtantalum
*DischargesC1ifoutputisshortedtoground
HighStability10VRegulator

00906310
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TypicalApplications (Continued)
HighCurrentAdjustableRegulator
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‡Optional—improvesripplerejection
†Solidtantalum
*Minimumloadcurrent=30mA
0to30VRegulator
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Fulloutputcurrentnotavailableathighinput-outputvoltages

00906312
PowerFollower
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TypicalApplications (Continued)
5AConstantVoltage/Constant CurrentRegulator
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†Solidtantalum
*Lightsinconstantcurrentmode
1ACurrentRegulator


HighGainAmplifier
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1.2V–20VRegulatorwithMinimumProgramCurrent
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*Minimumloadcurrent)4mA
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TypicalApplications (Continued)
LowCost3ASwitchingRegulator
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†Solidtantalum
*Core—ArnoldA-254168-260turns
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4ASwitchingRegulatorwithOverloadProtection
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†Solidtantalum
*Core—ArnoldA-254168-260turns
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PrecisionCurrentLimiter
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TypicalApplications (Continued)
TrackingPreregulator


00906322

CurrentLimitedVoltageRegulator
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(ComparedtoLM117’shighercurrentlimit)
—At50mAoutputonly3⁄4 voltofdropoccursinR3andR4
AdjustingMultipleOn-CardRegulators  withSingleControl*
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*Alloutputswithin±100mV
†Minimumload—10mA
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TypicalApplications (Continued)
ACVoltageRegulator
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12VBatteryCharger


00906326
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UseofRSallowslowchargingrateswithfullychargedbattery.
50mAConstantCurrentBatteryCharger
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TypicalApplications (Continued)
Adjustable4ARegulator


00906328

CurrentLimited6VCharger

DigitallySelectedOutputs
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*Setspeakcurrent(0.6Afor1Ω)

00906329


00906302

**The1000µFisrecommendedtofilteroutinputtransients

*SetsmaximumVOUT
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TO-3MetalCanPackage(K) Mil-AeroProduct
NSPackageNumberK02C

PhysicalDimensions inches(millimeters) unlessotherwise noted (Continued)
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(TO-39)MetalCanPackage
NSPackageNumberH03A
[image: image42.png]240-0.260 0.550-0.550
[6.10-6.60] [8.38-8.89]

0.100-0.120 g 0:149-0.153
[2.54-3.05] [3.78-3.89]
s - ©0.090-0.110
0400 -0.005 > - ] 9-19979.219
[10.16 105 f l | [4.83-5.33]

0.048-0.055
[1.22-1.40]
TYP

0.130-0.160

TYP
[3.30-4.06]

PIN #1 ID

0.027-0.037
[0.69-0.94]
TYP

/\ /\ ( 0.525-0.555 ) 0.015 o70s [0.38 10733 ]
[13.34-14.10] \ |
0.175-0.185

[4.45-4.70]
0°-§° \/
+0.010 [ +0.25

0.105 _g.015 12.67 _g34

1.005-1.035
[25.53-26.29]

0.048-0.052
[1.22-1.32] SEATING PLANE
TAPERED
SIDES 1° T03B (REV L)




3-LeadTO-220
NSPackageNumberT03B

PhysicalDimensions inches(millimeters) unlessotherwise noted (Continued)
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3-LeadTO-263
NSPackageNumberTS3B

PhysicalDimensions inches(millimeters) unlessotherwise noted (Continued)
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CeramicLeadlessChipCarrier
NSPackageNumberE20A
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4-LeadSOT-223
NSPackageNumberMP04A

PhysicalDimensions inches(millimeters) unlessotherwise noted (Continued)
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3-LeadD-Pack
NSPackageNumberTD03B
LIFESUPPORTPOLICY
NATIONAL’SPRODUCTSARENOTAUTHORIZEDFORUSEASCRITICALCOMPONENTS INLIFESUPPORT DEVICESORSYSTEMSWITHOUTTHEEXPRESSWRITTENAPPROVALOFTHEPRESIDENT ANDGENERAL COUNSELOFNATIONALSEMICONDUCTORCORPORATION.Asusedherein:

1.Life support devices  or systems  are devices  or systems which,(a)areintended forsurgicalimplant into the body,  or (b) supportor sustainlife, and whosefailuretoperform whenproperly usedin accordance withinstructions foruseprovidedinthe labeling,canbereasonably expectedtoresultina significantinjurytotheuser.
BANNEDSUBSTANCECOMPLIANCE


2.A critical component  is any component  of a life support deviceorsystem whosefailuretoperform canbereasonably expectedtocausethefailureof thelifesupport deviceorsystem, ortoaffectits safetyoreffectiveness.
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