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4HE CONSTRUCTION OF -AXCAP
DOUBLELAYERCAPACITORISSHOWNIN
&IGURE ��� 4WO IDENTICAL ELECTRO
LYTEMOISTENED CARBON ELECTRODES
FACE EACH OTHER ACROSS AN IONI
CALLYCONDUCTIVE�POROUSSEPARATOR�
%LECTROCONDUCTIVERUBBERENDCAPS
PROVIDETHESEALANDELECTRICALCON
TACT�4HEENTIREARRANGEMENTCOM
PRISESONEUNITCELL�&IGURE��ILLUS
TRATESTHEACTIONOFCHARGESSTORED
WITHINASINGLEUNITCELL�

4HEAQUEOUSELECTROLYTEUSEDIN
THE-AXCAP$,#BEGINSTOBREAK
DOWNATABOUT���VOLTS�THEBREAK
DOWNPOTENTIALOFWATER�THEREFORE�
CAPACITORSWITHUSEFULVOLTAGERATINGSARECONSTRUCT
EDOFASERIESCONNECTEDSTACKOFUNITCELLSINSERTED
INTOAMETALCAN�3IXUNITCELLSARESTACKEDTOBUILD
A-AXCAP$,#RATEDAT���VOLTS�4WELVEUNITCELLS
ARESTACKEDFORA$,#RATED IN����VOLTS�7HEN

CHARGEDTOTHERATEDVOLTAGE�EACHCELLHASAPOTEN
TIALCLOSETO���VOLTS�4HEDIFFERENCEBETWEENTHE
BREAKDOWNANDWORKINGVOLTAGESISASAFETYMARGIN�
4HEARRANGEMENTOFASIXCELLCAPACITORISSHOWNIN
&IGURE���

#ONSTRUCTION

&IGURE��� -AXCAP$,#
5NIT#ELL#ONSTRUCTION

&IGURE��� -AXCAP$OUBLE,AYER
#APACITOR!SSEMBLY

&IGURE��� -AXCAP$,#5NIT#ELL/PERATION
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-ETAL
#AN
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)NSERT -ETAL

3UBPLATES

)NSULATING2ING



4HE-AXCAP$,#CAPITALIZESONTHEELECTRICDOUBLE
LAYERPRINCIPLElRSTDESCRIBEDBY(ELMHOLTZ�
4HIS
MODELSHOWSANARRAYOFCHARGEDPARTICLESANDORI
ENTEDDIPOLESTHATFORMATTHEINTERFACEOFANYTWO
PHASES�SOLID�SOLID�SOLID�LIQUID�ETC�	4HEINTERFACE
EXHIBITSACAPACTIVEEFFECTSUCHTHATTHEAPPLICATION
OFANELECTRIClELDRESULTSINANACCUMULATIONOFELEC
TROSTATICCHARGESINADOUBLELAYER�

4HE-AXCAP$,#USESANELECTRODECONSISTINGOF
ACTIVATEDCARBONINTOWHICHANIONICALLYCONDUCTIVE
LIQUIDELECTROLYTEISABSORBED�!SSHOWNIN&IGURE
���THEELECTRICDOUBLELAYERISCREATEDATTHEINTER
FACEOFTHECARBONANDELECTROLYTE�

)NACLASSICALPLATECAPACITOR�THECAPACITANCE�AMOUNT
OFCHARGETHATCANBESTORED	ISAFUNCTIONOFPLATE
AREA�4HE-AXCAP$,#PLATEAREACORRESPONDSTO
THEAREAOFTHECAPACITIVEELECTRICDOUBLELAYER�4HE
EXTREMELYHIGHSURFACEAREAOFTHEACTIVATEDCARBON
ELECTRODE MATERIAL� UP TO ���� M��GRAM� MAKES
THEAREAOFTHEDOUBLELAYERVERYLARGE�4HISCAUSES
-AXCAP $,#S TO REACH A COMMENSURATELY HIGH
VOLUMETRICEFlCIENCY�


(�,�VON(ELMHOLTZ�7IED�!NN�����������	

7ITH.O0OTENTIAL
$IFFERENCE!PPLIED

7ITH0OTENTIAL
$IFFERENCE!PPLIED

&IGURE���%LECTRIC$OUBLE,AYER0RINCIPLE

$OUBLE,AYERn&ORMEDWITH4WO0HASESIN#ONTACT
#APACITANCEn!RISESWHEN0OTENTIALIS!PPLIED

%LECTRIC$OUBLE,AYER

/PERATING0RINCIPAL

-AXCAP®DOUBLELAYERCAPACITORSAREANEWELECTRIC
ENERGYSTORAGEDEVICEWITHEXTREMELYHIGHVOLUMET
RICEFlCIENCY�OVERlVEFARADS�IN�	�VIRTUALLYUNLIM
ITEDSERVICELIFE�FASTCHARGE�DISCHARGECAPABILITYAND
VERYLOWLEAKAGECURRENT�

0IONEEREDBY3OHIO�#ARBORUNDUM�THE-AXCAP
$,#0RODUCT,INEWASPURCHASEDBY#ESIWID IN
�����7ECHANGEDOURNAMETO+ANTHAL'LOBARIN
�����

!-AXCAP$,#THESIZEOFATHIMBLEWILLSUP
PORTMICROAMPDATARETENTIONCURRENTSOF#-/3
2!-S FORUP TO SEVERALWEEKS�-ICROPROCESSORS�
SMALLMOTORSANDACTIVATORSHAVINGCURRENTREQUIRE
MENTSFROMONETOSEVERALHUNDREDMILLIAMPSCANBE
SUPPORTEDFROMSEVERALSECONDSTOMINUTES�

#ONVENTIONAL ENERGY STORAGE DEVICES SUCH AS
BATTERIESANDALUMINUMELECTROLYTICCAPACITORSOF
TENMUSTBEREPLACEDDURINGTHELIFEOFAPRODUCT�

-AXCAP$,#SNEVERNEEDREPLACINGBECAUSE�UNLIKE
BATTERIES� THEYDONOTUNDERGO LIFELIMITING� IRRE
VERSIBLE�CHEMICALREACTIONS�AND�UNLIKEALUMINUM
ELECTROLYTICCAPACITORS�THEYDONOTEXPERIENCEDRY
UPPROBLEMS�

4HEHIGHCAPACITANCEOF-AXCAP$,#SRESULTS
FROMANELECTRICDOUBLE LAYER FORMEDATTHE INTER
FACE OF HIGH SURFACE AREA ACTIVATED CARBON AND A
STABLEELECTROLYTE�5NITCELLSAREFORMEDBYSEPARAT
INGTWOCARBON�ELECTROLYTEWAFERSWITHANIONICALLY
CONDUCTIVEPOROUSSEPARATORANDSANDWICHINGTHEM
BETWEENTWOELECTRICALLYCONDUCTIVE�IONICALLYIM
PERMEABLEMEMBRANES�4HEUNITCELLSARESTACKED
INSERIESTOACHIEVETHEDESIREDCAPACITORVOLTAGE�

#!54)/.�$UETOTHEIRRELATIVELYHIGHINTERNAL
RESISTANCE�-AXCAP$,#SSHOULDNOTBESUBJECTED
TOLARGERIPPLECURRENTS�

(IGH%NERGY$ENSITY
#APACITORSFOR-EMORY
"ACKUPAND$ATA
4RANSMISSION0OWER

.EW3URFACE-OUNT
0RODUCT3ERIES

/NE&ARADINA
����vX����v0ACKAGE

5PTO���&ARADSINA
���6OLT0ACKAGE

5PTO���&ARADSINAN
����6OLT0ACKAGE

-AXCAP§$OUBLE,AYER#APACITORS
0RODUCT/VERVIEW

0HOTOSHOWSTHE���FARADCAPACITORFROMEACHOFTHENINE-AXCAP$,#3ERIES�



!PPLICATIONS
4YPICAL-AXCAP$,#"ACKUP0OWER!PPLICATIONS

4YPEOF,OAD !PPLIANCEOR%QUIPMENT

#-/3�2!-3
ANDMICROPROCESSORS�
4IMERSFOR)NTEGRATED#ICUITS

(OMEAPPLIANCESSUCHAS46S�MICROWAVEOVENS�DISHWASH
ERS�ANDREFRIGERATORS�UTILITYMETERS�PERSONALCOMPUTERS�
ENERGYMANAGEMENTCONTROLS�THERMOSTATS�POINTOFSALE
TERMINALS�PROCESSCONTROLLERS�ROUTERS�

2ELAYS�3OLENOIDS 3TARTERS�IGNITERS�ACTUATORS

3MALL-OTORS�!LARMS $ISCDRIVES�COINMETERINGDEVICES�SECURITYSYSTEMS�TOYS�

$ATA4RANSMISSION 6EHICLETRACKINGSYSTEMS�UTILITYMETERS�

+EY&EATURES

6ERYHIGHCAPACITYINSMALLSIZE
5PTO���TIMESTHATOFCONVENTIONALCA
PACITORS�#IRCUITBOARDSPACEANDEQUIP
MENTSIZECANBEREDUCED�

5SEFULVOLTAGERATINGS
���AND���VOLTn)DEALFOR#-/3OPE
RATINGVOLTAGERANGE���VOLTn,63ERIES�
BACKUPFORRELAYS�ACTUATORS�SMALLMO
TORS�

&ULLRANGEOFSIZES
&ROM ���� TO ��� FARADS  ��� VOLTS�
��������AND���FARADS ��VOLTS�

3URFACE-OUNTWITH,-3ERIES

,OWPROlLE
WITH,0�,*AND,+3ERIES

5LTRALONGLIFE
5NLIKEBATTERIES�-AXCAP$,#SHAVENO
PARASITICCHEMICALREACTIONS�4HEYCANBE
FULLYCHARGEDANDDISCHARGEDINDElNITELY�
4HEREISNOhMEMORYvEFFECT�

BREAKDOWNVOLTAGE�THEDIODEBEGINSTOCONDUCTAND
SHUNT CHARGINGCURRENT AROUND THE INDIVIDUAL CA
PACITORTHATISCHARGINGFASTEST�!DDITIONALCHARGING
CURRENTISTHUSDIRECTEDTOTHECAPACITORSTHATREMAIN
AT A LOWER VOLTAGE� ALLOWING THEM TIME TO CHARGE
FASTER�

5NLIKE THE METHOD EMPLOYING SHUNTING RESIS
TORS�THISMETHODHASTHEADVANTAGEOFNOTRESULTING
INREDUCEDBACKUPTIME�4HEZENERSHUNTMETHOD
CANBEEMPLOYEDINCASESWHERETHERESISTORMETHOD
WOULDINCURANINTOLERABLEBACKUPTIMEPENALTYBUT
SPACE LIMITATIONSPRECLUDE AN INCREASE IN-AXCAP
$,#SIZE�

!PRECAUTION THAT SHOULDBEOBSERVED IS TOMAKE
SURETHATTHESUMOFTHEZENERBREAKDOWNVOLTAGES
INTHESTRINGEXCEEDSTHETOTALAPPLIEDVOLTAGE�)FIT
DOESNOT�ASERIESRESISTORSHOULDBEUSEDTOLIMITTHE
ZENERCURRENT�

"YUSINGTHESESAMPLETECHNIQUES�-AXCAPDOUBLE
LAYERCAPACITORSCANPROVIDETHEBENElTSOFHIGHEN
ERGYDENSITYANDUNLIMITEDCYCLELIFETOAPPLICATIONS
FORBACKUPVOLTAGESBEYONDlVEVOLTS�



CURRENTWILLBETHATCURRENTATWHICHTHESUMOFTHE
CAPACITORVOLTAGESEQUALSTHEAPPLIEDTENVOLTS�

4HISEXAMPLEILLUSTRATESTHATSIGNIlCANTVOLTAGE
DIFFERENCESCANOCCURDURINGTHECHARGINGPROCESS�
3EVERALEASYMETHODSCANBEUSEDTOASSUREEQUAL
IZEDCHARGING�

4OCORRECTTHESITUATIONOCCURRINGATTHEINSTANT
CHARGINGBEGINS�ASMALLRESISTANCECANBEADDEDIN
SERIESWITHTHECAPACITORSTOLIMITTHEINITIALVALUE
OFINRUSHCURRENT�ASSHOWNIN&IGURE���)NMANY
CASESTHISRESISTORMAYBEDESIRABLEANYWAYTOLIMIT
THEPOWERSUPPLYCURRENT�4HEVALUEOFTHISRESISTOR
CANBEQUITEHIGH�ITSUPPERLIMITBEINGDETERMINE
BYTHECHARGINGTIMEREQUIRED�

/FGREATERCONCERNISTHEIMBALANCERESULTINGFROM
THEDIFFERENCEINLEAKAGECURRENTANDCAPACITANCEAS
THESEEFFECTSAREOFLONGERDURATIONANDTENDTOBUILD
UPOVERTIME�/NECORRECTIVEMETHODISTOSIMPLY
ADDSHUNTRESISTORSOFEQUALVALUEACROSSEACHDEVICE
TO PROVIDE A VOLTAGE DIVIDER THAT FORCES EQUALIZA
TIONOFVOLTAGETHROUGHOUTTHESTRING�4HISRELIABLE
AND INEXPENSIVEAPPROACH IS SHOWN IN&IGURE���
&IGURE��SHOWSTHESERIESCONNECTIONOFTWOMODEL
,0������!������&	���VOLTCAPACITORSHAVINGTHE
FOLLWINGINDIVIDUALDEVICEPROPERTIES�

$EVICE
%32
�OHMS	 #APACITANCE�&	

,EAKAGE
#URRENTAT
�6OLTS�±A	

#� ��� ����� ���

#� ��� ����� ���

4HEONLYDRAWBACKTOTHISSOLUTIONISTHATTHEVOLTAGE
DIVIDERRESISTORSCONSUMEENERGYDURINGTHEDISCHARGE
PORTIONOFTHECYCLEANDTHUSCANSHORTENTHEBACKUP
TIME AVAILABLE�!S APRACTICALMATTER� THE RESISTORS�
VALUECANUSUALLYBECHOSENSUCHTHATTHEIRCURRENT
DRAWISLOWRELATIVETOTHELOADCURRENT�4HERESISTORS
WILLTHENHAVENODISCERNABLEEFFECTONBACKUPTIME�

4HEMAXIMUMVALUE FOR THESE RESISTORS IS CON
STRAINEDBYTHELEAKAGECURRENTRANGEOFTHEPARTICU
LAR$,#�)THASBEENFOUNDTHATSETTINGTHEDIVIDER
CURRENTTOAVALUEABOUTEQUALTOTHEDEVICELEAKAGE
CURRENTISTHEPRACTICALLIMITTHATWILLMAINTAINTHE
BALANCINGACTION�)NTHEEXAMPLEDESCRIBEDIN&IGURE
���APRACTICALUPPERLIMITFORBALANCINGRESISTORSON
2�AND2�WOULDBEABOUT���MEGOHMS�4HETABLE
BELOWSHOWSMAXIMUMRECOMMENDEDRESISTORSIZE
�2MAX�	FORARANGEOF,0SERIES-AXCAP$,#S�

!SANEXAMPLEOFTHEIMPACTON&IGURE��BACKUP
TIME�THEAPPROXIMATEBACKUPTIMEFORARESISTIVELOAD
OFTWOMICROAMPSDECREASESTOABOUT��PERCENTOF
THE TIME AVAILABLE WITHOUT THE RESISTORS� WITH THE
PROBABLELIFETIMEGREATLYEXTENDED�)FLONGERBACKUP
TIMEISREQUIRED�THISSITUATIONCANBEACHIEVEDBY
USINGTHENEXTLARGERSIZE-AXCAP$,#�

!LOWERVALUEDIVIDERRESISTORWILLPROVIDEFASTER
EQUALIZATION�AT THEEXPENSEOF RECOVERY TIMEAND
TOTALDISSIPATION�4HELOWERLIMITSHOULDBEDETER
MINEDBYPOWERDISSIPATIONANDBACKUPTIMELIMITA
TIONS�ANDBYCHARGINGTIMEREQUIREMENT�

!NOTHERMETHODOFPROVIDINGOVERVOLTAGEPROTEC
TIONTOTHESERIESOFCAPACITORSISTOSHUNTEACHDEVICE
WITHAZENERDIODEOFlVETOSIXVOLTS�ASIN&IGURE
���!STHERISINGCAPACITORVOLTAGEEXCEEDSTHEZENER

&IGURE��� 6OLTAGE$IVIDER5SING3HUNT2ESISTORS
FOR#HARGE"ALANCING�

&IGURE��� 6OLTAGE$IVIDER5SING3HUNT:ENER$IODES
FOR/VERVOLTAGE0ROTECTION�

#APACITANCE�&	
2MAX-ODEL
�-EGOHMS	
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0RODUCT3UMMARYn3ELECTION'UIDE

3ELECTFROM.INE3TANDARD0RODUCT3ERIES
4HE-AXCAP$,#h3TANDARD0RODUCTSvOFFERAWIDE
RANGEOFPRODUCTGEOMETRIESANDELECTRICALCHARAC
TERISTICS FROMWHICHTOCHOOSE�4HEMAJORDESIGN
CONSIDERATIONS IN SELECTING A -AXCAP $,# FOR A
GIVENAPPLICATIONINCLUDETHELOADCHARACTERISTIC�THE

ALLOWABLEVOLTAGEDROP�REQUIREDBACKUPTIME�AND
AVAILABLEBOARDSPACE�
4OHELPYOUSELECTTHEBEST-AXCAP$OUBLE,AYER
#APACITORFORYOURAPPLICATION�THETABLEBELOWSUM
MARIZESTHEKEYFEATURESOFEACHPRODUCTSERIES�

-AXCAP$,#3TANDARD0RODUCTS
3UMMARYOF+EY&EATURESAND
%LECTRICAL#HARACTERISTICS

3ERIES ,&����6OLT	 ,0����6OLT	 ,#����6OLT	 ,+����6OLT	

+EY&EATURES 6ERYLOW%32 ,OWHEIGHT�LOW%32
2EDUCEDDIAMETER�
HIGHENERGYDENSITY�
LOWLEAKAGECURRENT

2EDUCEDHEIGHT�
HIGHENERGYDENSITY�
LOWLEAKAGECURRENT

4YPICAL"ACKUP
!PPLICATION

&ORSHORTTIME�HIGH
CURRENT�UPTOAMPS	

$AYSTOWEEKS
�MICROAMPS	
&ORSHORTTIME
�MILLIAMPS	

3EVERALWEEKS
�MICROAMPS	

3EVERALWEEKS
�MICROAMPS	

#APACITANCE
2ANGE

�����n���& �����n���& �����n���& �����n���&

%322ANGE
-AXIMUM ���n��7 �n��7 ��n���7 ��n���7

%322ANGE
4YPICAL ���n�7 �n��7 �n���7 �n��7

4YPICAL
,ONG
#HARGE,EAKAGE

#URRENT
�n��±A �n��±A ���n�±A ���n�±A

/PERATING
4EMPERATURE

��TO����# ��TO����# ��TO����# ��TO����#



/RDERING)NFORMATIONn-ODEL.UMBERING3YSTEM

,4����6OLT	 ,6���6OLT	 ,8����6OLT	 ,*����6OLT	 ,-����OR���6OLT	

%XPANDED
TEMPERATURERANGE�
LOWLEAKAGECURRENT

)NCREASEDVOLTAGE
CAPABILITY�LOW%32

/URHIGHESTENERGY
DENSITYPRODUCT�LOWSELF

DISCHARGERATE

%XPANDED
TEMPERATURE
RANGE�LOW%32

3URFACEMOUNT
DESIGN�LOW
SELFDISCHARGE

3EVERALWEEKS
�MICROAMPS	

&ORSHORTTIME�HIGH
CURRENT�HIGHVOLTAGE
�UPTOMILLIAMPS	

3EVERALWEEKS
�MICROAMPS	

3EVERALWEEKS
�MICROAMPS	
&ORSHORTTIME
�MILLIAMPS	

3EVERALWEEKS
�MICROAMPS	

�����n���& ������������& ����n���& ���n���& �����n���&

��n���7 �n�7 ��n���7 ���n��7 �n��7

�n���7 ���n�7 ���n��7 ���n��7 �n��7

���n�±A �n�±A ���n��±A ���n��±A ���n��±A

��TO����# ��TO����# ��TO����# ���#TO����#� ��TO����#

,0 ��� ��� !

-AXCAP$,#
0RODUCT3ERIES

-AXIMUM
WORKINGVOLTAGE
�������6$#

#APACITANCEIN±&�
&IRSTTWODIGITSARESUFlCIENTlGURES�
THIRDDIGITISNUMBEROFZEROSTOFOLLOW�

E�G�������������

#APACITANCETOLERANCE
�������

%POXY%ND3EAL/PTION�!NEPOXYENDSEALCANBESPECIlEDBYADDINGh%vTOTHEPART
NUMBER�E�G��,0������!%�#APACITORSWITHEPOXYENDSEALSARENONSTANDARDPRODUCTS


#HARGINGCURRENTAFTER��HOURSWITH����7RESISTORINSERIESWITHCAPACITORAT���#�SEEPAGES������

3OMESYSTEMSMAYREQUIREBACKUPPOWERVOLTAGES
INEXCESSOFTHE���AND����VOLTMAXIMUMVOLTAGE
RATINGOFSTANDARD-AXCAPDOUBLELAYERCAPACITORS�
-AXCAP$,#SCANBEUSEDINTHESEAPPLICATIONSBY
CONNECTINGDEVICES INSERIES TOOBTAINTHEDESIRED
SYSTEMBACKUPVOLTAGE�5SINGTHEFOLLOWINGGUIDE
LINESWILLASSUREMAXIMUMPERFORMANCEANDUNLIM
ITEDCYCLELIFEFROM-AXCAPCAPACITORS�

4HEMAINPRECAUTIONTOOBSERVEWHENUSINGSE
RIESCONNECTED-AXCAP$,#S IS TOMAKE CERTAIN
THATTHEVOLTAGEACROSSANYINDIVIDUALDEVICEINTHE
SERIESSTRINGDOESNOTEXCEEDTHEMAXIMUMVOLTAGE
RATINGFOREXTENDEDPERIODSOFTIME�4HISCANBEAC
COMPLISHEDBYMAKINGSURETHEOPERATINGAPPLIED
VOLTAGEDOESNOTEXCEEDTHESUMOFTHEINDIVIDUAL
-AXCAP$,#MAXIMUMVOLTAGERATINGS�/PTIMUM
OPERATIONCANBEACHIEVEDIFTHESYSTEMAPPLIEDVOLT
AGEISDISTRIBUTEDEQUALLYAMONGALLDEVICESDURING
CHARGINGANDDISCHARGINGOFTHECAPACITORS�

4HElRSTSTEPTOWARDACHIEVINGABALANCEDCONDI
TIONISTOUSEDEVICESTHATAREALLOFTHESAMESERIES
ANDRATEDCAPACITANCE�)NAPPLICATIONSWHEREONLYTWO
DEVICESAREUSEDANDTHEDUTYCYCLEISRELATIVELYSHORT�
THISALONEMAYPROVIDEADEQUATEBALANCING�(OWEVER�
INSTRINGSOFMORETHANTWOORUNDERLONGONCHARGE
TIMES�THEREISINCREASEDRISKOFEXCEEDINGTHECAPACI
TORRATEDVOLTAGEIFNOOTHERMEASUREMENTSARETAKEN�
$URINGVERYLONGCHARGETIMES�SMALLVARIATIONSIN
THEDEVICECAPACITANCEANDLEAKAGECURRENTWILLBE
MAGNIlEDANDMAYRESULTINRELATIVELYLARGEIMBAL
ANCES�"YEXAMININGTHEFACTORSTHATCAUSEUNEQUAL
VOLTAGEDISTRIBUTION�THEDESIGNENGINEERCANIMPLE
MENTEFFECTIVEMEANSTOMINIMIZETHESEEFFECTS�

4HEDISTRIBUTIONOFVOLTAGEACROSSINDIVIDUALELE
MENTSOFASERIESSTRINGOF$,#SISDETERMINEDBY
THE ELECTRICAL CHARACTERISTICS OF EACH DEVICE� 4HE
RELEVANTPROPERTIESARECAPACITANCE�LEAKAGECURRENT
AND� TO SOME EXTENT� EQUIVALENT SERIES RESISTANCE�
4HEFOLLOWINGEXAMPLEILLUSTRATESHOWTHESECHAR
ACTERISTICSAFFECT THECHARGINGOF SERIESCONNECTED
-AXCAP$,#S�4HEFOLLOWINGEXAMPLESHOWSWHAT
HAPPENSWHENTHESERIESCONNECTED-AXCAP$,#S
IN&IGURE��ARECHARGED�

!TTHEINSTANTVOLTAGEISAPPLIEDTHEVOLTAGEACROSS
#�IS���VOLTS�ANDACROSS#�IS���VOLTSINPROPORTION
TOTHEIR%32�4HISCONDITIONLASTSONLYBRIEmY�3INCE

THECAPACITORSAREINSERIES�EACHACCUMULATESCHARGE
ATTHESAMERATE�&ROMTHEDElNITIONOFCAPACITANCE�
#�16�THEVOLTAGEACROSS#�WILLINCREASEFASTERBY
VIRTUEOFITS LOWERCAPACITANCEATEQUALCHARGE�!T
SOMEPOINT INTHECHARGEPROCESS�AS THEULTIMATE
VALUEOFLEAKAGECURRENTISAPPROACHED�THEHIGHER
STEADYSTATE LEAKAGE CURRENT OF #� WILL CAUSE ITS
VOLTAGETOLEVELOFFlRST�#��SVOLTAGEWILLCONTINUE
TO INCREASE�HOWEVER�BECAUSEOF ITS LOWER LEAKAGE
CURRENT�%VENTUALLY�#�AND#�WILLREACHTHESAME
STEADYSTATE LEAKAGE CURRENT�!S SHOWN IN&IGURE
���#��SVOLTAGEWILLEXCEEDTHATOF#�ATTHESAME
STEADYSTATELEAKAGECURRENT�4HEVALUEOFLEAKAGE

&IGURE��� 3ERIES#ONNECTED-AXCAP$,#S�

&IGURE��� 3ERIES#ONNECTED-AXCAP$,#
,EAKAGE#URRENT6ERSUS6OLTAGE�
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3ERVICE,IFE
-AXCAP$,#SERVICELIFEISDEPENDENTONTIMEOF
USE AT TEMPERATURE� !T ROOM TEMPERATURE ��� TO
���#	PERFORMANCEISESSENTIALLYUNCHANGEDOVERA
TENYEARPERIOD�5SEFULLIFEDECREASESASUSETEMPER
ATUREINCREASES�4HISISDUETOGRADUALWATERVAPOR
MIGRATIONFROMTHECAPACITORTHROUGHTHECONDUC
TIVEAND INSULATING RUBBERPACKAGEMATERIALS THAT
CONTAIN AND SEAL THE CARBONELECTROLYTE UNIT CELL
STACK�-OISTURELOSSRESULTSINREDUCEDCAPACITANCE
ANDINCREASEDEQUIVALENTSERIESRESISTANCE�4HEBASIC
FAILUREMODEOFTHECAPACITORIS/0%.�4HISOCCURS
OVERMANYDECADESATROOMTEMPERATUREASMOISTURE
LEAVESTHEPACKAGETOTHEATMOSPHERE�

-OISTURELOSSISACCELERATEDWITHINCREASINGAM
BIENTTEMPERATURE�/URLIFESPECIlCATIONSTATESTHAT
THECAPACITANCEWILLBEAT LEAST���OF THE INITIAL
MEASUREDVALUEAFTER����HOURSATMAXIMUMRATED
TEMPERATUREANDVOLTAGE�#ONSULT+ANTHAL'LOBAR
WITHQUESTIONS ABOUT SERVICE LIFE THATMAYNOTBE
COVEREDINTHEPUBLISHEDSPECIlCATIONS�

0OLARITY
-AXCAP$OUBLE,AYER#APACITORSAREhBURNEDINv
DURINGTHEMANUFACTURINGPROCESSWITHASTANDARD
POLARITY�4HEPOLARITYISMARKEDINTWOWAYS��	THE
DOUBLEBLACKLINEDOWNTHESIDEOFCAPACITORINDI
CATESTHENEGATIVETERMINAL�AND�	THELONGERLEAD�
WHICHISCONNECTEDTOTHECASE�ISTHENEGATIVETER
MINAL�

$UE TO THE BURNIN PROCESS� THE CAPACITOR MAY
ACTUALLYHAVESOMERESIDUALPOTENTIAL�CHARGE	WHEN
IT ARRIVES AT THE CUSTOMER LOCATION� #ARE SHOULD
BE TAKENWHENHANDLING THE CAPACITOR AS RESIDUAL
CHARGEMAYHAVEANADVERSEEFFECTONADJACENTCOM
PONENTS�

-AXCAP$,#S CANNOTBEDAMAGED IF CHARGED IN
AREVERSEPOLARITYDIRECTIONATRATEDVOLTAGE�)FIN
STALLEDBYACCIDENTWITHTHEPOLARITYREVERSED�AFTER
APERIODOFTIMEATMAXIMUMRATEDVOLTAGE�THECA
PACITORWILLACTUALLYTAKEAhSETvTOTHENEWPOLARITY�
!FTER�TO�DAYSATTHENEWPOLARITY�THECAPACITOR
CHARACTERISTICS�CAPACITANCE�%32ANDLEAKAGECUR
RENT	WILLBETHESAMEASTHOUGHTHECAPACITORWERE
INSTALLEDCORRECTLY�

)NCONCLUSION�ITISBESTIFTHECAPACITORISINSTALLED
INACCORDANCEWITHTHEINDICATEDPOLARITY�BUTINTHE
LONGTERMTHEREWILLNOTBEANYADVERSEEFFECTSON
THECAPACITORIFITISINSTALLEDINTHEREVERSEDIRECTION�
!LTHOUGH THE -AXCAP $,# WILL NOT SUFFER LONG
TERMFROMREVERSEPOLARITYINSTALLATION�THEPOSSIBLE
EFFECTSOFREVERSEPOLARITYINSTALLATIONONEQUIPMENT
SHOULDBECONSIDERED�

#LEANING3OLUTIONS
3TANDARD -AXCAP $,# PRODUCTS SHOULD NOT BE
COMPLETELY IMMERSED IN 0# "OARD CLEANING OR
WASHINGSOLUTIONSASTHESESOLUTIONSCANENTERTHE
CAPACITORCONTAINERATTHECRIMPLINEORNEARTHELEAD
EGRESSAREA�(EAVYSPRAYOFCLEANINGSOLUTIONSCAN
ALSO LEAD TO CONTAMINATION� ESPECIALLY IF LIQUID IS
TRAPPEDBETWEENTHEBOARDANDCAPACITORANDLIQUID
IShWICKEDvUPINTOTHECAN�!LIGHTSPRAYOFWATER
ORNONAGGRESSIVECLEANINGSOLUTIONISUSUALLYNOTA
PROBLEM�5LTRASONICCLEANINGSHOULDBEAVOIDED�

!NEPOXYENDSEALOPTIONISAVAILABLEASASPECIAL
PRODUCT TOPREVENTWASHING SOLUTIONS FROMENTER
INGTHECAPACITORPACKAGE�2EFERTOTHEh/RDERING
)NFORMATIONvSECTIONONPAGE�TOSEEHOWTOSPECIFY
THISOPTION�

!PPLICATION.OTES

3n���� ����
MIN�

0IN/UTLINE

D� n�����

D� n�����

$n����

(-AX�

,-IN�

"ARINDICATESTERMINAL
CONNECTEDTOCASE
RECOMMENDEDFORGROUND

��� & ,0

-AXCAP ���6

#APACITANCE
&ARADS

3ERIES

-AXIMUM
WORKINGVOLTAGE

-AXCAP,03ERIES

+EY&EATURES
s ,OWPROlLE� LOW%32

s /NEFARADIN���v ���vPACKAGE

s /PERATINGTEMPERATURE
 ���#TO����#

s 3TORAGETEMPERATURE
 ���#TO����#

0ART.O�
#APACITANCE
&ARADS

-AXIMUM
7ORKING
6OLTAGE
6OLTS�$�#�

3URGE
6OLTAGE
6OLTS�$�#�

-AXIMUM
%32
/HMS 
�K(Z

4YPICAL
%32
/HMS 
�K(Z

-AXIMUM

#HARGING

#URRENTAFTER
��-INUTES
-ILLIAMPS

7EIGHT
'RAMS�
4YPICAL

,0������! ����� ��� ��� �� ��n�� ����� ���

,0������! ����� ��� ��� �� �n�� ����� ���

,0������! ��� ��� ��� �� �n�� ���� ���

,0������! ���� ��� ��� �� �n�� ���� ���

,0������! ���� ��� ��� �� �n� ���� ��

,0������! ��� ��� ��� � �n� ���� ��

-AXCAP$,#3TANDARD0RODUCTS
%LECTRICAL#HARACTERISTICS

#APACITANCE
&ARADS

$IAMETER
$

-AXIMUM
(EIGHT
(-AX�

0IN3PACING
3

0IN/UTLINE
D� D�

0IN,ENGTH
,-IN�0ART.O�

,0������! ����� ���������	 ��������	 �������	 ����� ��������� ���	 ���������	

,0������! ����� ���������	 ��������	 �������	 ����� ��������� ���	 ���������	

,0������! ��� ���������	 ��������	 �������	 ����� ��������� ���	 ���������	

,0������! ���� ���������	 ���������	 �������	 ����� ��������� ���	 ���������	

,0������! ���� ���������	 ���������	 �������	 ����� ��������� ���	 ���������	

,0������! ��� ���������	 ���������	 ��������	 ����� ��������� ���	 ���������	

$IMENSIONS)NCHES�MM	


&ORINDICATIONOFLONGTERMCHARGINGCURRENT�TYPICALLEAKAGECURRENT	�SEEPAGES������

3n���� ����
MIN�

0IN/UTLINE

D� n�����

D� n�����

$n����

(-AX�

,-IN�

"ARINDICATESTERMINAL
CONNECTEDTOCASE
RECOMMENDEDFORGROUND

��� & ,0

-AXCAP ���6

#APACITANCE
&ARADS

3ERIES

-AXIMUM
WORKINGVOLTAGE

3n���� ����
MIN�

0IN/UTLINE

D� n�����

D� n�����

$n����

(-AX�

,-IN�

"ARINDICATESTERMINAL
CONNECTEDTOCASE
RECOMMENDEDFORGROUND

��� & ,0

-AXCAP ���6

#APACITANCE
&ARADS

3ERIES

-AXIMUM
WORKINGVOLTAGE

2ADIAL,EADED0RODUCTS



-AXCAP,#3ERIES

+EY&EATURES
s 3MALLDIAMETER

s 6ERYHIGHENERGYDENSITY
 /NE FARAD IN����v ����v
 5PTO��� FARADS INSINGLEPACKAGE

s ,OWSELFDISCHARGERATE

s /PERATINGTEMPERATURE  ���#TO����#

s 3TORAGETEMPERTURE  ���#TO����#

0ART.O�
#APACITANCE
&ARADS

-AXIMUM
7ORKING
6OLTAGE
6OLTS�$�#�

3URGE
6OLTAGE
6OLTS�$�#�

-AXIMUM
%32
/HMS 
�K(Z

4YPICAL
%32
/HMS 
�K(Z

-AXIMUM

#HARGING

#URRENTAFTER
��-INUTES
-ILLIAMPS

7EIGHT
'RAMS�
4YPICAL

,#������! ����� ��� ��� ��� ��n�� ����� ���

,#������! ����� ��� ��� ��� ��n�� ����� ���

,#������! ���� ��� ��� ��� ��n�� ���� ���

,#������! ���� ��� ��� ��� ��n�� ���� ���

,#������! ���� ��� ��� �� ��n�� ���� ���

,#������! ��� ��� ��� �� �n�� ��� ����

,#������! ��� ��� ��� �� �n�� ��� ����

,#������! ��� ��� ��� �� �n�� ��� ����

-AXCAP$,#3TANDARD0RODUCTS
%LECTRICAL#HARACTERISTICS

#APACITANCE
&ARADS

$IAMETER
$

-AXIMUM
(EIGHT
(-AX�

0IN3PACING
3

0IN/UTLINE
D� D�

0IN,ENGTH
,-IN�0ART.O�

,#������! ����� ���������	 ��������	 �������	 ����� ��������� ���	 ���������	

,#������! ����� ���������	 ��������	 �������	 ����� ��������� ���	 ���������	

,#������! ��� ���������	 ��������	 �������	 ����� ��������� ���	 ���������	

,#������! ���� ���������	 ���������	 �������	 ����� ��������� ���	 ���������	

,#������! ���� ���������	 ���������	 �������	 ����� ��������� ���	 ���������	

,#������! ��� ���������	 ���������	 �������	 ����� ��������� ���	 ���������	

,#������! ��� ���������	 ���������	 �������	 ����� ��������� ���	 ���������	

,#������! ��� ���������	 ���������	 ��������	 ����� ��������� ���	 ���������	

$IMENSIONS)NCHES�MM	


&ORINDICATIONOFLONGTERMCHARGINGCURRENT�TYPICALLEAKAGECURRENT	�SEEPAGES������

3n���� ����
MIN�

0IN/UTLINE

D� n�����

D� n�����

$n����

(-AX�

,-IN�

"ARINDICATESTERMINAL
CONNECTEDTOCASE
RECOMMENDEDFORGROUND

,#

���6

#APACITANCE
&ARADS

3ERIES

-AXIMUM
WORKINGVOLTAGE

��� &

-AXCAP

3n���� ����
MIN�

0IN/UTLINE

D� n�����

D� n�����

$n����

(-AX�

,-IN�

"ARINDICATESTERMINAL
CONNECTEDTOCASE
RECOMMENDEDFORGROUND

,#

���6

#APACITANCE
&ARADS

3ERIES

-AXIMUM
WORKINGVOLTAGE

��� &

-AXCAP

3n���� ����
MIN�

0IN/UTLINE

D� n�����

D� n�����

$n����

(-AX�

,-IN�

"ARINDICATESTERMINAL
CONNECTEDTOCASE
RECOMMENDEDFORGROUND

,#

���6

#APACITANCE
&ARADS

3ERIES

-AXIMUM
WORKINGVOLTAGE

��� &

-AXCAP

-AXCAP$,#SAREIDEALFORPROVIDINGBACKUPCURRENT
FOR #-/3 2!- AND CLOCK CHIP APPLICATIONS� 4HE
WIDEDATARETENTIONVOLTAGERANGEOF#-/32!-S�
TYPICALLY�TO�VOLTS�ISWELLMATCHEDTOTHEVOLTAGEDE
CAYDISCHARGECHARACTERISTICOFADOUBLELAYERCAPACITOR�

-AXCAP$,#SAREALSOWELLSUITEDFORPROVIDING
SHORTTERMPRIMARYANDBACKUPPOWERFORACTIVATORS�
ALARMSANDSMALLMOTORS�3EVERALUSEFULCIRCUITSFOR
MEMORYANDOTHERBACKUPPOWERAPPLICATIONSARE
DISCUSSEDBELOW�

"ASIC"ACKUP#IRCUIT
4HE-AXCAP$,#ISUSUALLYMUCHSIMPLERTOINSTALL
ANDREQUIRESFEWERCOMPONENTSFORINTERFACETHANA
BATTERY�&IGURE��SHOWSATYPICALARRANGEMENTOF
COMPONENTSFORGENERALBACKUPPOWERAPPLICATIONS�
4HEBLOCKINGDIODEPREVENTSWASTEFULDISCHARGEOF
THEDOUBLELAYERCAPACITORINTOTHEPOWERSUPPLY�!
LOWREVERSELEAKAGE3CHOTTKYDIODECANBEUSEDHERE
TOMAXIMIZEBACKUPTIMEIFTHELOADCURRENTDRAINIS
INTHEMICROAMPRANGE�

!LTERNATE"ACKUP#IRCUIT
7HEN IT IS NECESSARY TO MAINTAIN VOLTAGE AT THE
POWERSUPPLYOUTPUTLEVELIMMEDIATELYAFTERINITIAL
IZINGASYSTEM�ACHARGINGRESISTORANDADDITIONAL
DIODEMAYBEREQUIREDASSHOWNIN&IGURE���

-EMORY"ACKUP#IRCUIT
!NINTERFACECIRCUITTHATISMORESPECIlCTO#-/3
DEVICE BACKUP IS SHOWN IN &IGURE ��� 4HE DIODE
PREVENTS THE$,#FROMDISCHARGING INTO THE LOW
RESISTANCEOF THEPOWER SUPPLY�2ESISTOR2S LIMITS
THEMAXIMUMCHARGINGCURRENTINTOTHECAPACITOR
ANDMAYNOTBEREQUIRED�DEPENDINGONTHESYSTEM
SUPPLYANDTHE%32OFTHECAPACITOR�2ESISTOR2PIS
PULLUPFORTHECHIPSELECT�USUALLYANACTIVELOWIN
PUTFORMOSTSTATIC2!-S	THATKEEPSTHECHIPINTHE
DESELECTEDORSTANDBYSTATEWHILEPOWERISABSENT�

6OLTAGE#LAMPING!RRANGEMENT
)NSOMECASESTHEDESIGNERWILLNOTHAVETHEmEX
IBILITYTOADJUSTTHEOUTPUTVOLTAGEOFTHEPOWERSUP
PLY TOCOMPENSATE FOR THEVOLTAGEDROPACROSS THE
BLOCKINGDIODE�4HISDROPCANTYPICALLYBE���TO���
VOLTS�DEPENDINGONTHETYPEOFDIODEUSED�&IGURE

��SHOWSAVOLTAGECLAMPINGARRANGEMENTTHATCAN
BEUSEDTOADJUSTA�VOLTSUPPLYTOPROVIDEA���VOLT
CHARGINGVOLTAGETOCOMPENSATEFORTHEDIODEDROP�
4OIMPLEMENTSUCHACIRCUITAVOLTAGESOURCEGREATER
THAN�VOLTSMUSTALSOBEAVAILABLE� )NTHECIRCUIT
SHOWN���VOLTSISAVAILABLE�

&IGURE��� "ASIC"ACKUP#IRCUIT

&IGURE��� !LTERNATE"ACKUP#IRCUIT

&IGURE��� -EMORY"ACKUP#IRCUIT

&IGURE��� 6OLTAGE#LAMPING!RRANGEMENT
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