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��฀ 0RODUCT฀3UMMARY
3ELECTION฀'UIDE฀���������������������������������������������������������������������������n�

��฀ 2ADIAL฀,EADED฀0RODUCTS฀$IMENSIONS�%LECTRICAL
฀ ,0฀3ERIES฀��฀ �

฀ ,#฀3ERIES฀�฀ �
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฀ ,4฀3ERIES฀�฀ ��

฀ ,&฀3ERIES฀฀ ��

฀ ,6฀3ERIES฀฀ ��

฀ ,8฀3ERIES฀������������������������������������������������������������������������������������������������������������������������������� ��

฀ ,*฀3ERIES฀�฀ ��

฀ 2ADIAL฀,EADED฀3PECIlCATIONS฀��������������������������������������������������������������������������������������������� ��

��฀ ฀3URFACE฀-OUNT฀0RODUCTS฀
฀ ,-฀3ERIES�฀$IMENSIONS�%LECTRICAL฀����������������������������������������������������������������������������������� ��
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฀ ,AND฀0ATTERN฀������������������������������������������������������������������������������������������������������������������������� ��
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��฀ ฀%LECTRICAL฀#HARACTERISTIC฀-EASUREMENT฀-ETHODS฀��������������������������������������������n��

��฀ "ACKUP฀4IME
฀ -INIMUM฀"ACKUP฀4IME฀6ERSUS฀)NITIAL฀#URRENT฀FOR฀#-/3฀2!-฀����������������������������� ��

฀ 6OLTAGE฀6ERSUS฀"ACKUP฀4IME฀FOR฀#ONSTANT฀2ESISTANCE฀,OADS฀�������������������������� ��n��

��฀ #HARGING฀#HARACTERISTICS฀�������������������������������������������������������������������������������������������������� ��

��฀ ฀3ELF฀$ISCHARGE฀#URVES฀�������������������������������������������������������������������������������������������������������� ��

��฀ ,ONG฀4ERM฀#HARGING฀#URVES฀������������������������������������������������������������������������������������������� ��

���฀ %LECTRICAL฀#HARACTERISTICS฀6ERSUS฀4EMPERATURE฀������������������������������������������������������ ��

���฀ !PPLICATION฀#IRCUIT฀)NFORMATION฀����������������������������������������������������������������������������������� ��

���฀ !PPLICATION฀.OTES
฀ 3ERVICE฀,IFE฀��������������������������������������������������������������������������������������������������������������������������� ��

฀ 0OLARITY฀���� ��

฀ #LEANING฀3OLUTIONS฀�������������������������������������������������������������������������������������������������������������� ��

���฀ 5SE฀"EYOND฀2ATED฀6OLTAGES฀����������������������������������������������������������������������������������������n��

���฀ ฀/PERATING฀0RINCIPLE฀������������������������������������������������������������������������������������������������������������� ��

���฀ #ONSTRUCTION฀��������������������������������������������������������������������������������������������������������������������������� ��

4HE฀ CONSTRUCTION฀ OF฀ -AXCAP฀
DOUBLE฀LAYER฀CAPACITOR฀IS฀SHOWN฀IN฀
&IGURE฀ ���฀ 4WO฀ IDENTICAL฀ ELECTRO

LYTE
MOISTENED฀ CARBON฀ ELECTRODES฀
FACE฀ EACH฀ OTHER฀ ACROSS฀ AN฀ IONI

CALLY฀CONDUCTIVE�฀POROUS฀SEPARATOR�฀
%LECTROCONDUCTIVE฀RUBBER฀ENDCAPS฀
PROVIDE฀THE฀SEAL฀AND฀ELECTRICAL฀CON

TACT�฀4HE฀ENTIRE฀ARRANGEMENT฀COM

PRISES฀ONE฀UNIT฀CELL�฀&IGURE฀��฀ILLUS

TRATES฀THE฀ACTION฀OF฀CHARGES฀STORED฀
WITHIN฀A฀SINGLE฀UNIT฀CELL�

4HE฀AQUEOUS฀ELECTROLYTE฀USED฀IN฀
THE฀-AXCAP฀$,#฀BEGINS฀TO฀BREAK฀
DOWN฀AT฀ABOUT฀���฀VOLTS�฀THE฀BREAK

DOWN฀POTENTIAL฀OF฀WATER�฀THEREFORE�฀
CAPACITORS฀WITH฀USEFUL฀VOLTAGE฀RATINGS฀ARE฀CONSTRUCT

ED฀OF฀A฀SERIES
CONNECTED฀STACK฀OF฀UNIT฀CELLS฀INSERTED฀
INTO฀A฀METAL฀CAN�฀3IX฀UNIT฀CELLS฀ARE฀STACKED฀TO฀BUILD฀
A฀-AXCAP฀$,#฀RATED฀AT฀���฀VOLTS�฀4WELVE฀UNIT฀CELLS฀
ARE฀STACKED฀FOR฀A฀$,#฀RATED฀ IN฀����฀VOLTS�฀7HEN฀

CHARGED฀TO฀THE฀RATED฀VOLTAGE�฀EACH฀CELL฀HAS฀A฀POTEN

TIAL฀CLOSE฀TO฀���฀VOLTS�฀4HE฀DIFFERENCE฀BETWEEN฀THE฀
BREAKDOWN฀AND฀WORKING฀VOLTAGES฀IS฀A฀SAFETY฀MARGIN�฀
4HE฀ARRANGEMENT฀OF฀A฀SIX
CELL฀CAPACITOR฀IS฀SHOWN฀IN฀
&IGURE฀���

#ONSTRUCTION

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

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

&IGURE฀���฀ -AXCAP฀$,#฀5NIT฀#ELL฀/PERATION

0OROUS
3EPARATOR

%LECTRODE
�#ARBON฀�
%LECTROLYTE	

#$, #$,23 #$, #$,23

7ITH฀.O฀0OTENTIAL
$IFFERENCE฀!PPLIED

7ITH฀0OTENTIAL
$IFFERENCE฀!PPLIED

#ONDUCTIVE฀3EPARATOR

)NSULATING฀2ING

%LECTRODE
�#ARBON฀AND฀%LECTROLYTE	

0OROUS฀3EPARATOR
�.ONCONDUCTIVE	

%LECTRODE
�#ARBON฀AND฀%LECTROLYTE	

#ONDUCTIVE฀3EPARATOR

-ETAL
#AN

5NIT
#ELLS

0LASTIC
@#UP�
)NSERT -ETAL

3UBPLATES

)NSULATING฀2ING



4HE฀-AXCAP฀$,#฀CAPITALIZES฀ON฀THE฀ELECTRIC฀DOUBLE฀
LAYER฀PRINCIPLE฀lRST฀DESCRIBED฀BY฀(ELMHOLTZ�
฀4HIS฀
MODEL฀SHOWS฀AN฀ARRAY฀OF฀CHARGED฀PARTICLES฀AND฀ORI

ENTED฀DIPOLES฀THAT฀FORM฀AT฀THE฀INTERFACE฀OF฀ANY฀TWO฀
PHASES฀�SOLID�SOLID�฀SOLID�LIQUID�฀ETC�	฀4HE฀INTERFACE฀
EXHIBITS฀A฀CAPACTIVE฀EFFECT฀SUCH฀THAT฀THE฀APPLICATION฀
OF฀AN฀ELECTRIC฀lELD฀RESULTS฀IN฀AN฀ACCUMULATION฀OF฀ELEC

TROSTATIC฀CHARGES฀IN฀A฀DOUBLE฀LAYER�

4HE฀-AXCAP฀$,#฀USES฀AN฀ELECTRODE฀CONSISTING฀OF฀
ACTIVATED฀CARBON฀INTO฀WHICH฀AN฀IONICALLY฀CONDUCTIVE฀
LIQUID฀ELECTROLYTE฀IS฀ABSORBED�฀!S฀SHOWN฀IN฀&IGURE฀
���฀THE฀ELECTRIC฀DOUBLE฀LAYER฀IS฀CREATED฀AT฀THE฀INTER

FACE฀OF฀THE฀CARBON฀AND฀ELECTROLYTE�

)N฀A฀CLASSICAL฀PLATE฀CAPACITOR�฀THE฀CAPACITANCE฀�AMOUNT฀
OF฀CHARGE฀THAT฀CAN฀BE฀STORED	฀IS฀A฀FUNCTION฀OF฀PLATE฀
AREA�฀4HE฀-AXCAP฀$,#฀PLATE฀AREA฀CORRESPONDS฀TO฀
THE฀AREA฀OF฀THE฀CAPACITIVE฀ELECTRIC฀DOUBLE฀LAYER�฀4HE฀
EXTREMELY฀HIGH฀SURFACE฀AREA฀OF฀THE฀ACTIVATED฀CARBON฀
ELECTRODE฀ MATERIAL�฀ UP฀ TO฀ ����฀ M��GRAM�฀ MAKES฀
THE฀AREA฀OF฀THE฀DOUBLE฀LAYER฀VERY฀LARGE�฀4HIS฀CAUSES฀
-AXCAP฀ $,#S฀ TO฀ REACH฀ A฀ COMMENSURATELY฀ HIGH฀
VOLUMETRIC฀EFlCIENCY�


(�,�฀VON฀(ELMHOLTZ�฀7IED�฀!NN��฀����฀�����	

7ITH฀.O฀0OTENTIAL฀
$IFFERENCE฀!PPLIED

7ITH฀0OTENTIAL฀
$IFFERENCE฀!PPLIED

&IGURE฀���฀%LECTRIC฀$OUBLE฀,AYER฀0RINCIPLE

$OUBLE฀,AYER฀n฀&ORMED฀WITH฀4WO฀0HASES฀IN฀#ONTACT
#APACITANCE฀n฀!RISES฀WHEN฀0OTENTIAL฀IS฀!PPLIED

%LECTRIC฀$OUBLE฀,AYER

/PERATING฀0RINCIPAL

-AXCAP®฀DOUBLE฀LAYER฀CAPACITORS฀ARE฀A฀NEW฀ELECTRIC฀
ENERGY฀STORAGE฀DEVICE฀WITH฀EXTREMELY฀HIGH฀VOLUMET

RIC฀EFlCIENCY฀�OVER฀lVE฀FARADS�IN�	�฀VIRTUALLY฀UNLIM

ITED฀SERVICE฀LIFE�฀FAST฀CHARGE�DISCHARGE฀CAPABILITY฀AND฀
VERY฀LOW฀LEAKAGE฀CURRENT�

฀0IONEERED฀BY฀3OHIO�#ARBORUNDUM�฀THE฀-AXCAP฀
$,#฀0RODUCT฀,INE฀WAS฀PURCHASED฀BY฀#ESIWID฀ IN฀
�����฀7E฀CHANGED฀OUR฀NAME฀TO฀+ANTHAL฀'LOBAR฀IN฀
�����

฀!฀-AXCAP฀$,#฀THE฀SIZE฀OF฀A฀THIMBLE฀WILL฀SUP

PORT฀MICROAMP฀DATA฀RETENTION฀CURRENTS฀OF฀#-/3฀
2!-S฀ FOR฀UP฀ TO฀ SEVERAL฀WEEKS�฀-ICROPROCESSORS�฀
SMALL฀MOTORS฀AND฀ACTIVATORS฀HAVING฀CURRENT฀REQUIRE

MENTS฀FROM฀ONE฀TO฀SEVERAL฀HUNDRED฀MILLIAMPS฀CAN฀BE฀
SUPPORTED฀FROM฀SEVERAL฀SECONDS฀TO฀MINUTES�

฀#ONVENTIONAL฀ ENERGY฀ STORAGE฀ DEVICES฀ SUCH฀ AS฀
BATTERIES฀AND฀ALUMINUM฀ELECTROLYTIC฀CAPACITORS฀OF

TEN฀MUST฀BE฀REPLACED฀DURING฀THE฀LIFE฀OF฀A฀PRODUCT�฀

-AXCAP฀$,#S฀NEVER฀NEED฀REPLACING฀BECAUSE�฀UNLIKE฀
BATTERIES�฀ THEY฀DO฀NOT฀UNDERGO฀ LIFE
LIMITING�฀ IRRE

VERSIBLE�฀CHEMICAL฀REACTIONS�฀AND�฀UNLIKE฀ALUMINUM฀
ELECTROLYTIC฀CAPACITORS�฀THEY฀DO฀NOT฀EXPERIENCE฀DRY

UP฀PROBLEMS�

฀4HE฀HIGH฀CAPACITANCE฀OF฀-AXCAP฀$,#S฀RESULTS฀
FROM฀AN฀ELECTRIC฀DOUBLE฀ LAYER฀ FORMED฀AT฀THE฀ INTER

FACE฀ OF฀ HIGH฀ SURFACE฀ AREA฀ ACTIVATED฀ CARBON฀ AND฀ A฀
STABLE฀ELECTROLYTE�฀5NIT฀CELLS฀ARE฀FORMED฀BY฀SEPARAT

ING฀TWO฀CARBON�ELECTROLYTE฀WAFERS฀WITH฀AN฀IONICALLY฀
CONDUCTIVE฀POROUS฀SEPARATOR฀AND฀SANDWICHING฀THEM฀
BETWEEN฀TWO฀ELECTRICALLY฀CONDUCTIVE�฀IONICALLY฀IM

PERMEABLE฀MEMBRANES�฀4HE฀UNIT฀CELLS฀ARE฀STACKED฀
IN฀SERIES฀TO฀ACHIEVE฀THE฀DESIRED฀CAPACITOR฀VOLTAGE�

฀#!54)/.�฀$UE฀TO฀THEIR฀RELATIVELY฀HIGH฀INTERNAL฀
RESISTANCE�฀-AXCAP฀$,#S฀SHOULD฀NOT฀BE฀SUBJECTED฀
TO฀LARGE฀RIPPLE฀CURRENTS�

(IGH฀%NERGY฀$ENSITY฀
#APACITORS฀FOR฀-EMORY฀
"ACKUP฀AND฀$ATA฀
4RANSMISSION฀0OWER

.EW฀3URFACE฀-OUNT฀฀
0RODUCT฀3ERIES

/NE฀&ARAD฀IN฀A฀฀
����vX฀����v฀0ACKAGE

5P฀TO฀���฀&ARADS฀IN฀A฀฀
���฀6OLT฀0ACKAGE

5P฀TO฀���฀&ARADS฀IN฀AN฀฀
����฀6OLT฀0ACKAGE

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

0HOTO฀SHOWS฀THE฀���฀FARAD฀CAPACITOR฀FROM฀EACH฀OF฀THE฀NINE฀-AXCAP฀$,#฀3ERIES�



!PPLICATIONS
4YPICAL฀-AXCAP฀$,#฀"ACKUP฀0OWER฀!PPLICATIONS

4YPE฀OF฀,OAD !PPLIANCE฀OR฀%QUIPMENT

#-/3�฀2!-3฀฀
AND฀MICROPROCESSORS�฀฀
4IMERS฀FOR฀)NTEGRATED฀#ICUITS

(OME฀APPLIANCES฀SUCH฀AS฀46S�฀MICROWAVE฀OVENS�฀DISHWASH

ERS�฀AND฀REFRIGERATORS�฀UTILITY฀METERS�฀PERSONAL฀COMPUTERS�฀
ENERGY฀MANAGEMENT฀CONTROLS�฀THERMOSTATS�฀POINT฀OF฀SALE฀
TERMINALS�฀PROCESS฀CONTROLLERS�฀ROUTERS�

2ELAYS�฀3OLENOIDS 3TARTERS�฀IGNITERS�฀ACTUATORS

3MALL฀-OTORS�฀!LARMS $ISC฀DRIVES�฀COIN฀METERING฀DEVICES�฀SECURITY฀SYSTEMS�฀TOYS�

$ATA฀4RANSMISSION 6EHICLE฀TRACKING฀SYSTEMS�฀UTILITY฀METERS�

+EY฀&EATURES

6ERY฀HIGH฀CAPACITY฀IN฀SMALL฀SIZE
5P฀TO฀���฀TIMES฀THAT฀OF฀CONVENTIONAL฀CA

PACITORS�฀#IRCUIT฀BOARD฀SPACE฀AND฀EQUIP

MENT฀SIZE฀CAN฀BE฀REDUCED�

5SEFUL฀VOLTAGE฀RATINGS
���฀AND฀���฀VOLT฀n฀)DEAL฀FOR฀#-/3฀OPE

RATING฀VOLTAGE฀RANGE�฀��฀VOLT฀n฀,6฀3ERIES�฀
BACKUP฀FOR฀RELAYS�฀ACTUATORS�฀SMALL฀MO

TORS�

&ULL฀RANGE฀OF฀SIZES
&ROM฀ ����฀ TO฀ ���฀ FARADS฀ ฀ ���฀ VOLTS�฀
�����฀���฀AND฀���฀FARADS฀ ฀��฀VOLTS�

3URFACE฀-OUNT฀WITH฀,-฀3ERIES

,OW฀PROlLE
WITH฀,0�฀,*฀AND฀,+฀3ERIES

5LTRA฀LONG฀LIFE
5NLIKE฀BATTERIES�฀-AXCAP฀$,#S฀HAVE฀NO฀
PARASITIC฀CHEMICAL฀REACTIONS�฀4HEY฀CAN฀BE฀
FULLY฀CHARGED฀AND฀DISCHARGED฀INDElNITELY�฀
4HERE฀IS฀NO฀hMEMORYv฀EFFECT�

BREAKDOWN฀VOLTAGE�฀THE฀DIODE฀BEGINS฀TO฀CONDUCT฀AND฀
SHUNT฀ CHARGING฀CURRENT฀ AROUND฀ THE฀ INDIVIDUAL฀ CA

PACITOR฀THAT฀IS฀CHARGING฀FASTEST�฀!DDITIONAL฀CHARGING฀
CURRENT฀IS฀THUS฀DIRECTED฀TO฀THE฀CAPACITORS฀THAT฀REMAIN฀
AT฀ A฀ LOWER฀ VOLTAGE�฀ ALLOWING฀ THEM฀ TIME฀ TO฀ CHARGE฀
FASTER�

5NLIKE฀ THE฀ METHOD฀ EMPLOYING฀ SHUNTING฀ RESIS

TORS�฀THIS฀METHOD฀HAS฀THE฀ADVANTAGE฀OF฀NOT฀RESULTING฀
IN฀REDUCED฀BACKUP฀TIME�฀4HE฀ZENER฀SHUNT฀METHOD฀
CAN฀BE฀EMPLOYED฀IN฀CASES฀WHERE฀THE฀RESISTOR฀METHOD฀
WOULD฀INCUR฀AN฀INTOLERABLE฀BACKUP฀TIME฀PENALTY฀BUT฀
SPACE฀ LIMITATIONS฀PRECLUDE฀ AN฀ INCREASE฀ IN฀-AXCAP฀
$,#฀SIZE�

!฀PRECAUTION฀ THAT฀ SHOULD฀BE฀OBSERVED฀ IS฀ TO฀MAKE฀
SURE฀THAT฀THE฀SUM฀OF฀THE฀ZENER฀BREAKDOWN฀VOLTAGES฀
IN฀THE฀STRING฀EXCEEDS฀THE฀TOTAL฀APPLIED฀VOLTAGE�฀)F฀IT฀
DOES฀NOT�฀A฀SERIES฀RESISTOR฀SHOULD฀BE฀USED฀TO฀LIMIT฀THE฀
ZENER฀CURRENT�

"Y฀USING฀THESE฀SAMPLE฀TECHNIQUES�฀-AXCAP฀DOUBLE฀
LAYER฀CAPACITORS฀CAN฀PROVIDE฀THE฀BENElTS฀OF฀HIGH฀EN

ERGY฀DENSITY฀AND฀UNLIMITED฀CYCLE฀LIFE฀TO฀APPLICATIONS฀
FOR฀BACKUP฀VOLTAGES฀BEYOND฀lVE฀VOLTS�



CURRENT฀WILL฀BE฀THAT฀CURRENT฀AT฀WHICH฀THE฀SUM฀OF฀THE฀
CAPACITOR฀VOLTAGES฀EQUALS฀THE฀APPLIED฀TEN฀VOLTS�

฀4HIS฀EXAMPLE฀ILLUSTRATES฀THAT฀SIGNIlCANT฀VOLTAGE฀
DIFFERENCES฀CAN฀OCCUR฀DURING฀THE฀CHARGING฀PROCESS�฀
3EVERAL฀EASY฀METHODS฀CAN฀BE฀USED฀TO฀ASSURE฀EQUAL

IZED฀CHARGING�

4O฀CORRECT฀THE฀SITUATION฀OCCURRING฀AT฀THE฀INSTANT฀
CHARGING฀BEGINS�฀A฀SMALL฀RESISTANCE฀CAN฀BE฀ADDED฀IN฀
SERIES฀WITH฀THE฀CAPACITORS฀TO฀LIMIT฀THE฀INITIAL฀VALUE฀
OF฀INRUSH฀CURRENT�฀AS฀SHOWN฀IN฀&IGURE฀���฀)N฀MANY฀
CASES฀THIS฀RESISTOR฀MAY฀BE฀DESIRABLE฀ANYWAY฀TO฀LIMIT฀
THE฀POWER฀SUPPLY฀CURRENT�฀4HE฀VALUE฀OF฀THIS฀RESISTOR฀
CAN฀BE฀QUITE฀HIGH�฀ITS฀UPPER฀LIMIT฀BEING฀DETERMINE฀
BY฀THE฀CHARGING฀TIME฀REQUIRED�

/F฀GREATER฀CONCERN฀IS฀THE฀IMBALANCE฀RESULTING฀FROM฀
THE฀DIFFERENCE฀IN฀LEAKAGE฀CURRENT฀AND฀CAPACITANCE฀AS฀
THESE฀EFFECTS฀ARE฀OF฀LONGER฀DURATION฀AND฀TEND฀TO฀BUILD฀
UP฀OVER฀TIME�฀/NE฀CORRECTIVE฀METHOD฀IS฀TO฀SIMPLY฀
ADD฀SHUNT฀RESISTORS฀OF฀EQUAL฀VALUE฀ACROSS฀EACH฀DEVICE฀
TO฀ PROVIDE฀ A฀ VOLTAGE฀ DIVIDER฀ THAT฀ FORCES฀ EQUALIZA

TION฀OF฀VOLTAGE฀THROUGHOUT฀THE฀STRING�฀4HIS฀RELIABLE฀
AND฀ INEXPENSIVE฀APPROACH฀ IS฀ SHOWN฀ IN฀&IGURE฀���฀
&IGURE฀��฀SHOWS฀THE฀SERIES฀CONNECTION฀OF฀TWO฀MODEL฀
,0������!฀������&	฀���฀VOLT฀CAPACITORS฀HAVING฀THE฀
FOLLWING฀INDIVIDUAL฀DEVICE฀PROPERTIES�

$EVICE
%32฀
�OHMS	 #APACITANCE฀�&	

,EAKAGE฀฀
#URRENT฀AT฀฀
�฀6OLTS฀�±A	

#� ��� ����� ���

#� ��� ����� ���

4HE฀ONLY฀DRAWBACK฀TO฀THIS฀SOLUTION฀IS฀THAT฀THE฀VOLTAGE฀
DIVIDER฀RESISTORS฀CONSUME฀ENERGY฀DURING฀THE฀DISCHARGE฀
PORTION฀OF฀THE฀CYCLE฀AND฀THUS฀CAN฀SHORTEN฀THE฀BACKUP฀
TIME฀ AVAILABLE�฀!S฀ A฀PRACTICAL฀MATTER�฀ THE฀ RESISTORS�฀
VALUE฀CAN฀USUALLY฀BE฀CHOSEN฀SUCH฀THAT฀THEIR฀CURRENT฀
DRAW฀IS฀LOW฀RELATIVE฀TO฀THE฀LOAD฀CURRENT�฀4HE฀RESISTORS฀
WILL฀THEN฀HAVE฀NO฀DISCERNABLE฀EFFECT฀ON฀BACKUP฀TIME�

4HE฀MAXIMUM฀VALUE฀ FOR฀ THESE฀ RESISTORS฀ IS฀ CON

STRAINED฀BY฀THE฀LEAKAGE฀CURRENT฀RANGE฀OF฀THE฀PARTICU

LAR฀$,#�฀)T฀HAS฀BEEN฀FOUND฀THAT฀SETTING฀THE฀DIVIDER฀
CURRENT฀TO฀A฀VALUE฀ABOUT฀EQUAL฀TO฀THE฀DEVICE฀LEAKAGE฀
CURRENT฀IS฀THE฀PRACTICAL฀LIMIT฀THAT฀WILL฀MAINTAIN฀THE฀
BALANCING฀ACTION�฀)N฀THE฀EXAMPLE฀DESCRIBED฀IN฀&IGURE฀
���฀A฀PRACTICAL฀UPPER฀LIMIT฀FOR฀BALANCING฀RESISTORS฀ON฀
2�฀AND฀2�฀WOULD฀BE฀ABOUT฀���฀MEGOHMS�฀4HE฀TABLE฀
BELOW฀SHOWS฀MAXIMUM฀RECOMMENDED฀RESISTOR฀SIZE฀
�2MAX�	฀FOR฀A฀RANGE฀OF฀,0฀SERIES฀-AXCAP฀$,#S�

!S฀AN฀EXAMPLE฀OF฀THE฀IMPACT฀ON฀&IGURE฀��฀BACKUP฀
TIME�฀THE฀APPROXIMATE฀BACKUP฀TIME฀FOR฀A฀RESISTIVE฀LOAD฀
OF฀TWO฀MICRO
AMPS฀DECREASES฀TO฀ABOUT฀��฀PERCENT฀OF฀
THE฀ TIME฀ AVAILABLE฀ WITHOUT฀ THE฀ RESISTORS�฀ WITH฀ THE฀
PROBABLE฀LIFETIME฀GREATLY฀EXTENDED�฀)F฀LONGER฀BACKUP฀
TIME฀IS฀REQUIRED�฀THIS฀SITUATION฀CAN฀BE฀ACHIEVED฀BY฀
USING฀THE฀NEXT฀LARGER฀SIZE฀-AXCAP฀$,#�

!฀LOWER฀VALUE฀DIVIDER฀RESISTOR฀WILL฀PROVIDE฀FASTER฀
EQUALIZATION�฀AT฀ THE฀EXPENSE฀OF฀ RECOVERY฀ TIME฀AND฀
TOTAL฀DISSIPATION�฀4HE฀LOWER฀LIMIT฀SHOULD฀BE฀DETER

MINED฀BY฀POWER฀DISSIPATION฀AND฀BACKUP฀TIME฀LIMITA

TIONS�฀AND฀BY฀CHARGING฀TIME฀REQUIREMENT�

฀!NOTHER฀METHOD฀OF฀PROVIDING฀OVERVOLTAGE฀PROTEC

TION฀TO฀THE฀SERIES฀OF฀CAPACITORS฀IS฀TO฀SHUNT฀EACH฀DEVICE฀
WITH฀A฀ZENER฀DIODE฀OF฀lVE฀TO฀SIX฀VOLTS�฀AS฀IN฀&IGURE฀
���฀!S฀THE฀RISING฀CAPACITOR฀VOLTAGE฀EXCEEDS฀THE฀ZENER฀

&IGURE฀���฀ 6OLTAGE฀$IVIDER฀5SING฀3HUNT฀2ESISTORS฀฀
FOR฀#HARGE฀"ALANCING�

&IGURE฀���฀ 6OLTAGE฀$IVIDER฀5SING฀3HUNT฀:ENER฀$IODES฀฀
FOR฀/VERVOLTAGE฀0ROTECTION�

#APACITANCE฀�&	
2MAX฀-ODEL฀
�-EGOHMS	

,0������! ����� �฀

,0������! ����� ���
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0RODUCT฀3UMMARY฀n฀3ELECTION฀'UIDE

3ELECT฀FROM฀.INE฀3TANDARD฀0RODUCT฀3ERIES
4HE฀-AXCAP฀$,#฀h3TANDARD฀0RODUCTSv฀OFFER฀A฀WIDE฀
RANGE฀OF฀PRODUCT฀GEOMETRIES฀AND฀ELECTRICAL฀CHARAC

TERISTICS฀ FROM฀WHICH฀TO฀CHOOSE�฀4HE฀MAJOR฀DESIGN฀
CONSIDERATIONS฀ IN฀ SELECTING฀ A฀ -AXCAP฀ $,#฀ FOR฀ A฀
GIVEN฀APPLICATION฀INCLUDE฀THE฀LOAD฀CHARACTERISTIC�฀THE฀

ALLOWABLE฀VOLTAGE฀DROP�฀REQUIRED฀BACKUP฀TIME�฀AND฀
AVAILABLE฀BOARD฀SPACE�
4O฀HELP฀YOU฀SELECT฀THE฀BEST฀-AXCAP฀$OUBLE฀,AYER฀
#APACITOR฀FOR฀YOUR฀APPLICATION�฀THE฀TABLE฀BELOW฀SUM

MARIZES฀THE฀KEY฀FEATURES฀OF฀EACH฀PRODUCT฀SERIES�

-AXCAP฀$,#฀3TANDARD฀0RODUCTS
3UMMARY฀OF฀+EY฀&EATURES฀AND฀
%LECTRICAL฀#HARACTERISTICS

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

+EY฀&EATURES 6ERY฀LOW฀%32 ,OW฀HEIGHT�฀LOW฀%32
2EDUCED฀DIAMETER�
HIGH฀ENERGY฀DENSITY�
LOW฀LEAKAGE฀CURRENT

2EDUCED฀HEIGHT�
HIGH฀ENERGY฀DENSITY�
LOW฀LEAKAGE฀CURRENT

4YPICAL฀"ACKUP
!PPLICATION

&OR฀SHORT฀TIME�฀HIGH฀
CURRENT฀�UP฀TO฀AMPS	

$AYS฀TO฀WEEKS฀
�MICROAMPS	฀
&OR฀SHORT฀TIME฀
�MILLIAMPS	

3EVERAL฀WEEKS฀
�MICROAMPS	

3EVERAL฀WEEKS฀
�MICROAMPS	

#APACITANCE฀
2ANGE

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

%32฀2ANGE฀
-AXIMUM ���n��7 �n��7 ��n���7 ��n���7

%32฀2ANGE฀
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฀)NFORMATION฀n฀-ODEL฀.UMBERING฀3YSTEM

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

%XPANDED฀
TEMPERATURE฀RANGE�฀
LOW฀LEAKAGE฀CURRENT

)NCREASED฀VOLTAGE฀
CAPABILITY�฀LOW฀%32

/UR฀HIGHEST฀ENERGY฀
DENSITY฀PRODUCT�฀LOW฀SELF฀

DISCHARGE฀RATE

%XPANDED฀
TEMPERATURE฀
RANGE�฀LOW฀%32฀

3URFACE฀MOUNT฀
DESIGN�฀LOW฀
SELF฀DISCHARGE

3EVERAL฀WEEKS฀
�MICROAMPS	

&OR฀SHORT฀TIME�฀HIGH
CURRENT�฀HIGH฀VOLTAGE฀
�UP฀TO฀MILLIAMPS	

3EVERAL฀WEEKS฀
�MICROAMPS	

3EVERAL฀WEEKS฀
�MICROAMPS	
&OR฀SHORT฀TIME
�MILLIAMPS	

3EVERAL฀WEEKS฀
�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
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-AXCAP฀$,#
0RODUCT฀3ERIES

-AXIMUM฀
WORKING฀VOLTAGE฀
���฀�฀���6$#

#APACITANCE฀IN฀±&�฀
&IRST฀TWO฀DIGITS฀ARE฀SUFl฀CIENT฀l฀GURES�฀
THIRD฀DIGIT฀IS฀NUMBER฀OF฀ZEROS฀TO฀FOLLOW�฀

E�G��฀���฀�฀�������

#APACITANCE฀TOLERANCE
����฀
���

%POXY฀%ND฀3EAL฀/PTION�฀฀!N฀EPOXY฀END฀SEAL฀CAN฀BE฀SPECIl฀ED฀BY฀ADDING฀h%v฀TO฀THE฀PART฀
NUMBER�฀E�G��฀,0������!%�฀#APACITORS฀WITH฀EPOXY฀END฀SEALS฀ARE฀NON
STANDARD฀PRODUCTS


#HARGING฀CURRENT฀AFTER฀��฀HOURS฀WITH฀����7฀RESISTOR฀IN฀SERIES฀WITH฀CAPACITOR฀AT฀���#�฀SEE฀PAGES฀��฀�฀���

3OME฀SYSTEMS฀MAY฀REQUIRE฀BACKUP฀POWER฀VOLTAGES฀
IN฀EXCESS฀OF฀THE฀���฀AND฀����฀VOLT฀MAXIMUM฀VOLTAGE฀
RATING฀OF฀STANDARD฀-AXCAP฀DOUBLE฀LAYER฀CAPACITORS�฀
-AXCAP฀$,#S฀CAN฀BE฀USED฀IN฀THESE฀APPLICATIONS฀BY฀
CONNECTING฀DEVICES฀ IN฀SERIES฀ TO฀OBTAIN฀THE฀DESIRED฀
SYSTEM฀BACKUP฀VOLTAGE�฀5SING฀THE฀FOLLOWING฀GUIDE

LINES฀WILL฀ASSURE฀MAXIMUM฀PERFORMANCE฀AND฀UNLIM

ITED฀CYCLE฀LIFE฀FROM฀-AXCAP฀CAPACITORS�

4HE฀MAIN฀PRECAUTION฀TO฀OBSERVE฀WHEN฀USING฀SE

RIES
CONNECTED฀-AXCAP฀$,#S฀ IS฀ TO฀MAKE฀ CERTAIN฀
THAT฀THE฀VOLTAGE฀ACROSS฀ANY฀INDIVIDUAL฀DEVICE฀IN฀THE฀
SERIES฀STRING฀DOES฀NOT฀EXCEED฀THE฀MAXIMUM฀VOLTAGE฀
RATING฀FOR฀EXTENDED฀PERIODS฀OF฀TIME�฀4HIS฀CAN฀BE฀AC

COMPLISHED฀BY฀MAKING฀SURE฀THE฀OPERATING฀APPLIED฀
VOLTAGE฀DOES฀NOT฀EXCEED฀THE฀SUM฀OF฀THE฀INDIVIDUAL฀
-AXCAP฀$,#฀MAXIMUM฀VOLTAGE฀RATINGS�฀/PTIMUM฀
OPERATION฀CAN฀BE฀ACHIEVED฀IF฀THE฀SYSTEM฀APPLIED฀VOLT

AGE฀IS฀DISTRIBUTED฀EQUALLY฀AMONG฀ALL฀DEVICES฀DURING฀
CHARGING฀AND฀DISCHARGING฀OF฀THE฀CAPACITORS�

4HE฀lRST฀STEP฀TOWARD฀ACHIEVING฀A฀BALANCED฀CONDI

TION฀IS฀TO฀USE฀DEVICES฀THAT฀ARE฀ALL฀OF฀THE฀SAME฀SERIES฀
AND฀RATED฀CAPACITANCE�฀)N฀APPLICATIONS฀WHERE฀ONLY฀TWO฀
DEVICES฀ARE฀USED฀AND฀THE฀DUTY฀CYCLE฀IS฀RELATIVELY฀SHORT�฀
THIS฀ALONE฀MAY฀PROVIDE฀ADEQUATE฀BALANCING�฀(OWEVER�฀
IN฀STRINGS฀OF฀MORE฀THAN฀TWO฀OR฀UNDER฀LONG฀ON
CHARGE฀
TIMES�฀THERE฀IS฀INCREASED฀RISK฀OF฀EXCEEDING฀THE฀CAPACI

TOR฀RATED฀VOLTAGE฀IF฀NO฀OTHER฀MEASUREMENTS฀ARE฀TAKEN�฀
$URING฀VERY฀LONG฀CHARGE฀TIMES�฀SMALL฀VARIATIONS฀IN฀
THE฀DEVICE฀CAPACITANCE฀AND฀LEAKAGE฀CURRENT฀WILL฀BE฀
MAGNIlED฀AND฀MAY฀RESULT฀IN฀RELATIVELY฀LARGE฀IMBAL

ANCES�฀"Y฀EXAMINING฀THE฀FACTORS฀THAT฀CAUSE฀UNEQUAL฀
VOLTAGE฀DISTRIBUTION�฀THE฀DESIGN฀ENGINEER฀CAN฀IMPLE

MENT฀EFFECTIVE฀MEANS฀TO฀MINIMIZE฀THESE฀EFFECTS�

4HE฀DISTRIBUTION฀OF฀VOLTAGE฀ACROSS฀INDIVIDUAL฀ELE

MENTS฀OF฀A฀SERIES฀STRING฀OF฀$,#S฀IS฀DETERMINED฀BY฀
THE฀ ELECTRICAL฀ CHARACTERISTICS฀ OF฀ EACH฀ DEVICE�฀ 4HE฀
RELEVANT฀PROPERTIES฀ARE฀CAPACITANCE�฀LEAKAGE฀CURRENT฀
AND�฀ TO฀ SOME฀ EXTENT�฀ EQUIVALENT฀ SERIES฀ RESISTANCE�฀
4HE฀FOLLOWING฀EXAMPLE฀ILLUSTRATES฀HOW฀THESE฀CHAR

ACTERISTICS฀AFFECT฀ THE฀CHARGING฀OF฀ SERIES
CONNECTED฀
-AXCAP฀$,#S�฀4HE฀FOLLOWING฀EXAMPLE฀SHOWS฀WHAT฀
HAPPENS฀WHEN฀THE฀SERIES฀CONNECTED฀-AXCAP฀$,#S฀
IN฀&IGURE฀��฀ARE฀CHARGED�

!T฀THE฀INSTANT฀VOLTAGE฀IS฀APPLIED฀THE฀VOLTAGE฀ACROSS฀
#�฀IS฀���฀VOLTS�฀AND฀ACROSS฀#�฀IS฀���฀VOLTS฀IN฀PROPORTION฀
TO฀THEIR฀%32�฀4HIS฀CONDITION฀LASTS฀ONLY฀BRIEmY�฀3INCE฀

THE฀CAPACITORS฀ARE฀IN฀SERIES�฀EACH฀ACCUMULATES฀CHARGE฀
AT฀THE฀SAME฀RATE�฀&ROM฀THE฀DElNITION฀OF฀CAPACITANCE�฀
#฀�฀16�฀THE฀VOLTAGE฀ACROSS฀#�฀WILL฀INCREASE฀FASTER฀BY฀
VIRTUE฀OF฀ITS฀ LOWER฀CAPACITANCE฀AT฀EQUAL฀CHARGE�฀!T฀
SOME฀POINT฀ IN฀THE฀CHARGE฀PROCESS�฀AS฀ THE฀ULTIMATE฀
VALUE฀OF฀LEAKAGE฀CURRENT฀IS฀APPROACHED�฀THE฀HIGHER฀
STEADY
STATE฀ LEAKAGE฀ CURRENT฀ OF฀ #�฀ WILL฀ CAUSE฀ ITS฀
VOLTAGE฀TO฀LEVEL฀OFF฀lRST�฀#��S฀VOLTAGE฀WILL฀CONTINUE฀
TO฀ INCREASE�฀HOWEVER�฀BECAUSE฀OF฀ ITS฀ LOWER฀ LEAKAGE฀
CURRENT�฀%VENTUALLY�฀#�฀AND฀#�฀WILL฀REACH฀THE฀SAME฀
STEADY
STATE฀ LEAKAGE฀ CURRENT�฀!S฀ SHOWN฀ IN฀&IGURE฀
���฀#��S฀VOLTAGE฀WILL฀EXCEED฀THAT฀OF฀#�฀AT฀THE฀SAME฀
STEADY
STATE฀LEAKAGE฀CURRENT�฀4HE฀VALUE฀OF฀LEAKAGE฀

&IGURE฀���฀ 3ERIES฀#ONNECTED฀-AXCAP฀$,#S�

&IGURE฀���฀ 3ERIES฀#ONNECTED฀-AXCAP฀$,#฀฀
,EAKAGE฀#URRENT฀6ERSUS฀6OLTAGE�

&IGURE฀���฀ 3ERIES฀2ESISTOR฀TO฀,IMIT฀#HARGE฀#URRENT�

5SE฀"EYOND฀2ATED฀6OLTAGES
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3ERVICE฀,IFE
-AXCAP฀$,#฀SERVICE฀LIFE฀IS฀DEPENDENT฀ON฀TIME฀OF฀
USE฀ AT฀ TEMPERATURE�฀ !T฀ ROOM฀ TEMPERATURE฀ ���฀ TO฀
���#	฀PERFORMANCE฀IS฀ESSENTIALLY฀UNCHANGED฀OVER฀A฀
TEN
YEAR฀PERIOD�฀5SEFUL฀LIFE฀DECREASES฀AS฀USE฀TEMPER

ATURE฀INCREASES�฀4HIS฀IS฀DUE฀TO฀GRADUAL฀WATER฀VAPOR฀
MIGRATION฀FROM฀THE฀CAPACITOR฀THROUGH฀THE฀CONDUC

TIVE฀AND฀ INSULATING฀ RUBBER฀PACKAGE฀MATERIALS฀ THAT฀
CONTAIN฀ AND฀ SEAL฀ THE฀ CARBON
ELECTROLYTE฀ UNIT฀ CELL฀
STACK�฀-OISTURE฀LOSS฀RESULTS฀IN฀REDUCED฀CAPACITANCE฀
AND฀INCREASED฀EQUIVALENT฀SERIES฀RESISTANCE�฀4HE฀BASIC฀
FAILURE฀MODE฀OF฀THE฀CAPACITOR฀IS฀/0%.�฀4HIS฀OCCURS฀
OVER฀MANY฀DECADES฀AT฀ROOM฀TEMPERATURE฀AS฀MOISTURE฀
LEAVES฀THE฀PACKAGE฀TO฀THE฀ATMOSPHERE�

-OISTURE฀LOSS฀IS฀ACCELERATED฀WITH฀INCREASING฀AM

BIENT฀TEMPERATURE�฀/UR฀LIFE฀SPECIlCATION฀STATES฀THAT฀
THE฀CAPACITANCE฀WILL฀BE฀AT฀ LEAST฀���฀OF฀ THE฀ INITIAL฀
MEASURED฀VALUE฀AFTER฀����฀HOURS฀AT฀MAXIMUM฀RATED฀
TEMPERATURE฀AND฀VOLTAGE�฀#ONSULT฀+ANTHAL฀'LOBAR฀
WITH฀QUESTIONS฀ ABOUT฀ SERVICE฀ LIFE฀ THAT฀MAY฀NOT฀BE฀
COVERED฀IN฀THE฀PUBLISHED฀SPECIlCATIONS�฀

0OLARITY
-AXCAP฀$OUBLE฀,AYER฀#APACITORS฀ARE฀hBURNED
INv฀
DURING฀THE฀MANUFACTURING฀PROCESS฀WITH฀A฀STANDARD฀
POLARITY�฀4HE฀POLARITY฀IS฀MARKED฀IN฀TWO฀WAYS�฀�	฀THE฀
DOUBLE฀BLACK฀LINE฀DOWN฀THE฀SIDE฀OF฀CAPACITOR฀INDI

CATES฀THE฀NEGATIVE฀TERMINAL�฀AND฀�	฀THE฀LONGER฀LEAD�฀
WHICH฀IS฀CONNECTED฀TO฀THE฀CASE�฀IS฀THE฀NEGATIVE฀TER

MINAL�

$UE฀ TO฀ THE฀ BURN
IN฀ PROCESS�฀ THE฀ CAPACITOR฀ MAY฀
ACTUALLY฀HAVE฀SOME฀RESIDUAL฀POTENTIAL฀�CHARGE	฀WHEN฀
IT฀ ARRIVES฀ AT฀ THE฀ CUSTOMER฀ LOCATION�฀ #ARE฀ SHOULD฀
BE฀ TAKEN฀WHEN฀HANDLING฀ THE฀ CAPACITOR฀ AS฀ RESIDUAL฀
CHARGE฀MAY฀HAVE฀AN฀ADVERSE฀EFFECT฀ON฀ADJACENT฀COM

PONENTS�

-AXCAP฀$,#S฀ CANNOT฀BE฀DAMAGED฀ IF฀ CHARGED฀ IN฀
A฀REVERSE฀POLARITY฀DIRECTION฀AT฀RATED฀VOLTAGE�฀)F฀IN

STALLED฀BY฀ACCIDENT฀WITH฀THE฀POLARITY฀REVERSED�฀AFTER฀
A฀PERIOD฀OF฀TIME฀AT฀MAXIMUM฀RATED฀VOLTAGE�฀THE฀CA

PACITOR฀WILL฀ACTUALLY฀TAKE฀A฀hSETv฀TO฀THE฀NEW฀POLARITY�฀
!FTER฀�฀TO฀�฀DAYS฀AT฀THE฀NEW฀POLARITY�฀THE฀CAPACITOR฀
CHARACTERISTICS฀�CAPACITANCE�฀%32฀AND฀LEAKAGE฀CUR

RENT	฀WILL฀BE฀THE฀SAME฀AS฀THOUGH฀THE฀CAPACITOR฀WERE฀
INSTALLED฀CORRECTLY�฀

)N฀CONCLUSION�฀IT฀IS฀BEST฀IF฀THE฀CAPACITOR฀IS฀INSTALLED฀
IN฀ACCORDANCE฀WITH฀THE฀INDICATED฀POLARITY�฀BUT฀IN฀THE฀
LONG฀TERM฀THERE฀WILL฀NOT฀BE฀ANY฀ADVERSE฀EFFECTS฀ON฀
THE฀CAPACITOR฀IF฀IT฀IS฀INSTALLED฀IN฀THE฀REVERSE฀DIRECTION�฀฀
!LTHOUGH฀ THE฀ -AXCAP฀ $,#฀ WILL฀ NOT฀ SUFFER฀ LONG฀
TERM฀FROM฀REVERSE฀POLARITY฀INSTALLATION�฀THE฀POSSIBLE฀
EFFECTS฀OF฀REVERSE฀POLARITY฀INSTALLATION฀ON฀EQUIPMENT฀
SHOULD฀BE฀CONSIDERED�

#LEANING฀3OLUTIONS
3TANDARD฀ -AXCAP฀ $,#฀ PRODUCTS฀ SHOULD฀ NOT฀ BE฀
COMPLETELY฀ IMMERSED฀ IN฀ 0#฀ "OARD฀ CLEANING฀ OR฀
WASHING฀SOLUTIONS฀AS฀THESE฀SOLUTIONS฀CAN฀ENTER฀THE฀
CAPACITOR฀CONTAINER฀AT฀THE฀CRIMP฀LINE฀OR฀NEAR฀THE฀LEAD฀
EGRESS฀AREA�฀(EAVY฀SPRAY฀OF฀CLEANING฀SOLUTIONS฀CAN฀
ALSO฀ LEAD฀ TO฀ CONTAMINATION�฀ ESPECIALLY฀ IF฀ LIQUID฀ IS฀
TRAPPED฀BETWEEN฀THE฀BOARD฀AND฀CAPACITOR฀AND฀LIQUID฀
IS฀hWICKEDv฀UP฀INTO฀THE฀CAN�฀!฀LIGHT฀SPRAY฀OF฀WATER฀
OR฀NON
AGGRESSIVE฀CLEANING฀SOLUTION฀IS฀USUALLY฀NOT฀A฀
PROBLEM�฀5LTRASONIC฀CLEANING฀SHOULD฀BE฀AVOIDED�

!N฀EPOXY฀END
SEAL฀OPTION฀IS฀AVAILABLE฀AS฀A฀SPECIAL฀
PRODUCT฀ TO฀PREVENT฀WASHING฀ SOLUTIONS฀ FROM฀ENTER

ING฀THE฀CAPACITOR฀PACKAGE�฀2EFER฀TO฀THE฀h/RDERING฀
)NFORMATIONv฀SECTION฀ON฀PAGE฀�฀TO฀SEE฀HOW฀TO฀SPECIFY฀
THIS฀OPTION�

!PPLICATION฀.OTES
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-AXCAP฀$,#S฀ARE฀IDEAL฀FOR฀PROVIDING฀BACKUP฀CURRENT฀
FOR฀ #-/3฀ 2!-฀ AND฀ CLOCK฀ CHIP฀ APPLICATIONS�฀ 4HE฀
WIDE฀DATA฀RETENTION฀VOLTAGE฀RANGE฀OF฀#-/3฀2!-S�฀
TYPICALLY฀�฀TO฀�฀VOLTS�฀IS฀WELL฀MATCHED฀TO฀THE฀VOLTAGE฀DE

CAY฀DISCHARGE฀CHARACTERISTIC฀OF฀A฀DOUBLE฀LAYER฀CAPACITOR�

-AXCAP฀$,#S฀ARE฀ALSO฀WELL฀SUITED฀FOR฀PROVIDING฀
SHORT฀TERM฀PRIMARY฀AND฀BACKUP฀POWER฀FOR฀ACTIVATORS�฀
ALARMS฀AND฀SMALL฀MOTORS�฀3EVERAL฀USEFUL฀CIRCUITS฀FOR฀
MEMORY฀AND฀OTHER฀BACKUP฀POWER฀APPLICATIONS฀ARE฀
DISCUSSED฀BELOW�

"ASIC฀"ACKUP฀#IRCUIT
4HE฀-AXCAP฀$,#฀IS฀USUALLY฀MUCH฀SIMPLER฀TO฀INSTALL฀
AND฀REQUIRES฀FEWER฀COMPONENTS฀FOR฀INTERFACE฀THAN฀A฀
BATTERY�฀&IGURE฀��฀SHOWS฀A฀TYPICAL฀ARRANGEMENT฀OF฀
COMPONENTS฀FOR฀GENERAL฀BACKUP฀POWER฀APPLICATIONS�฀
4HE฀BLOCKING฀DIODE฀PREVENTS฀WASTEFUL฀DISCHARGE฀OF฀
THE฀DOUBLE฀LAYER฀CAPACITOR฀INTO฀THE฀POWER฀SUPPLY�฀!฀
LOW฀REVERSE฀LEAKAGE฀3CHOTTKY฀DIODE฀CAN฀BE฀USED฀HERE฀
TO฀MAXIMIZE฀BACKUP฀TIME฀IF฀THE฀LOAD฀CURRENT฀DRAIN฀IS฀
IN฀THE฀MICROAMP฀RANGE�

!LTERNATE฀"ACKUP฀#IRCUIT
7HEN฀ IT฀ IS฀ NECESSARY฀ TO฀ MAINTAIN฀ VOLTAGE฀ AT฀ THE฀
POWER฀SUPPLY฀OUTPUT฀LEVEL฀IMMEDIATELY฀AFTER฀INITIAL

IZING฀A฀SYSTEM�฀A฀CHARGING฀RESISTOR฀AND฀ADDITIONAL฀
DIODE฀MAY฀BE฀REQUIRED฀AS฀SHOWN฀IN฀&IGURE฀���฀

-EMORY฀"ACKUP฀#IRCUIT
!N฀INTERFACE฀CIRCUIT฀THAT฀IS฀MORE฀SPECIlC฀TO฀#-/3฀
DEVICE฀ BACKUP฀ IS฀ SHOWN฀ IN฀ &IGURE฀ ���฀ 4HE฀ DIODE฀
PREVENTS฀ THE฀$,#฀FROM฀DISCHARGING฀ INTO฀ THE฀ LOW฀
RESISTANCE฀OF฀ THE฀POWER฀ SUPPLY�฀2ESISTOR฀2S฀ LIMITS฀
THE฀MAXIMUM฀CHARGING฀CURRENT฀INTO฀THE฀CAPACITOR฀
AND฀MAY฀NOT฀BE฀REQUIRED�฀DEPENDING฀ON฀THE฀SYSTEM฀
SUPPLY฀AND฀THE฀%32฀OF฀THE฀CAPACITOR�฀2ESISTOR฀2P฀IS฀
PULL฀UP฀FOR฀THE฀CHIP฀SELECT฀�USUALLY฀AN฀ACTIVE฀LOW฀IN

PUT฀FOR฀MOST฀STATIC฀2!-S	฀THAT฀KEEPS฀THE฀CHIP฀IN฀THE฀
DESELECTED฀OR฀STANDBY฀STATE฀WHILE฀POWER฀IS฀ABSENT�

6OLTAGE฀#LAMPING฀!RRANGEMENT
)N฀SOME฀CASES฀THE฀DESIGNER฀WILL฀NOT฀HAVE฀THE฀mEX

IBILITY฀TO฀ADJUST฀THE฀OUTPUT฀VOLTAGE฀OF฀THE฀POWER฀SUP

PLY฀ TO฀COMPENSATE฀ FOR฀ THE฀VOLTAGE฀DROP฀ACROSS฀ THE฀
BLOCKING฀DIODE�฀4HIS฀DROP฀CAN฀TYPICALLY฀BE฀���฀TO฀���฀
VOLTS�฀DEPENDING฀ON฀THE฀TYPE฀OF฀DIODE฀USED�฀&IGURE฀

��฀SHOWS฀A฀VOLTAGE฀CLAMPING฀ARRANGEMENT฀THAT฀CAN฀
BE฀USED฀TO฀ADJUST฀A฀�฀VOLT฀SUPPLY฀TO฀PROVIDE฀A฀���฀VOLT฀
CHARGING฀VOLTAGE฀TO฀COMPENSATE฀FOR฀THE฀DIODE฀DROP�฀
4O฀IMPLEMENT฀SUCH฀A฀CIRCUIT฀A฀VOLTAGE฀SOURCE฀GREATER฀
THAN฀�฀VOLTS฀MUST฀ALSO฀BE฀AVAILABLE�฀ )N฀THE฀CIRCUIT฀
SHOWN�฀��฀VOLTS฀IS฀AVAILABLE�
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,-������! ��� ����฀�����	 ����฀����	 ����฀�����	 ����฀�����	 ����฀����	 �����฀����	 ���฀����	 �����฀����	 �����฀����	

,-������! ���� ����฀�����	 ����฀����	 ����฀�����	 ����฀�����	 ����฀����	 �����฀����	 ���฀����	 �����฀����	 �����฀����	
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$IMENSIONS฀
฀)NCHES฀�MM	


฀&OR฀INDICATION฀OF฀LONG฀TERM฀CHARGING฀CURRENT฀�TYPICAL฀LEAKAGE฀CURRENT	�฀SEE฀PAGES฀��฀�฀���

3URFACE฀-OUNT฀0RODUCTS
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-AXCAP฀$,#฀"ACKUP฀4IMES฀AT฀���#฀
FOR฀#ONSTANT฀2ESISTANCE฀,OADS

&IGURE฀��฀ �����&฀n฀,#�฀,+�฀,4�฀,8฀3ERIES&IGURE฀��฀ �����&฀n฀,#�฀,+�฀,4�฀,8฀3ERIES

&IGURE฀���฀ �����&฀n฀,#�฀,+�฀,4�฀,8�฀,*�฀,-฀3ERIES&IGURE฀��฀ �����&฀n฀,#�฀,+�฀,4�฀,8�฀,*�฀,-฀3ERIES

&IGURE฀���฀ ���&฀n฀,#�฀,+�฀,4�฀,8�฀,*�฀,-฀3ERIES&IGURE฀���฀ ���&฀n฀,#�฀,+�฀,4�฀,8�฀,*�฀,-฀3ERIES

&IGURE฀���฀ ����&฀n฀,#�฀,+�฀,4�฀,8�฀,*�฀,-฀3ERIES&IGURE฀���฀ ����&฀n฀,#�฀,+�฀,4�฀,8�฀,*�฀,-฀3ERIES

&IGURES฀�฀THROUGH฀��฀SHOW฀VOLTAGE฀VERSUS฀BACKUP฀
TIME฀FOR฀A฀NUMBER฀OF฀CONSTANT฀RESISTANCE฀LOADS฀FOR฀
,#�฀,+�฀,4฀AND฀,6฀3ERIES฀CAPACITORS฀AFTER฀CHARG

ING฀FOR฀��฀HOURS฀AT฀���฀OR฀��฀VOLTS�



-INIMUM฀"ACKUP฀4IME฀#APABILITY
4HE฀FOLLOWING฀CURVES฀INDICATE฀THE฀DISCHARGE฀TIMES฀
FOR฀-AXCAP฀$,#S฀THROUGH฀CONSTANT฀RESISTANCE฀LOADS฀
AFTER฀CHARGING฀FOR฀��฀HOURS฀AT฀���฀VOLTS�

&IGURES฀�฀AND฀�฀SHOW฀MINIMUM฀BACKUP฀TIME฀FOR฀
A฀VOLTAGE฀RANGE฀OF฀FROM฀�฀TO฀�฀VOLTS�฀THE฀TYPICAL฀DATA฀
RETENTION฀RANGE฀FOR฀#-/3฀2!-S�฀

4HE฀ACTUAL฀BACKUP฀TIME฀WILL฀BE฀LONGER฀THAN฀INDI

CATED฀BECAUSE฀THE฀CURRENT฀DRAW฀OF฀#-/3฀2!-S฀
OVER฀THE฀DATA฀RETENTION฀VOLTAGE฀IS฀SOMEWHAT฀LESS฀THAN฀
THAT฀OF฀ CONSTANT฀ RESISTANCE฀ LOADS฀ EVEN฀ THOUGH฀ THE฀
INITIAL฀CURRENT฀IS฀THE฀SAME�

&IGURE฀��฀-INIMUM฀"ACKUP฀4IME฀6ERSUS฀)NITIAL฀#URRENT฀FOR฀#-/3฀2!-฀฀
!PPLICATIONS฀5SING฀-AXCAP฀$,#฀,0฀AND฀,&฀3ERIES฀FROM฀�฀TO฀�฀6OLTS฀AT฀���#

.OTE�฀ ฀฀&IGURE฀�฀AND฀�฀CURVES฀ARE฀BASED฀ON฀DISCHARGE฀TIMES฀OF฀-AXCAP฀$,#S฀THROUGH฀฀
CONSTANT฀RESISTANCE฀LOADS�฀)NITIAL฀CURRENT฀IS฀THE฀LOAD฀CURRENT฀AT฀���฀VOLTS�

&IGURE฀��฀-INIMUM฀"ACKUP฀4IME฀6ERSUS฀)NITIAL฀#URRENT฀FOR฀#-/3฀2!-฀฀
!PPLICATIONS฀5SING฀-AXCAP฀$,#฀,#�฀,+�฀,8�฀,*฀AND฀,4฀3ERIES฀FROM฀�฀TO฀�฀6OLTS฀AT฀���#
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)NITIAL
#URRENT฀� A	

"ACKUP
4IME

�HOURS	

)NITIAL
#URRENT฀� A	

"ACKUP
4IME

�HOURS	

����

���
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"ACKUP฀4IME,-฀3ERIES฀3OLDER฀2EmOW฀2ECOMMENDATIONS
4HE฀ ,-฀ 3ERIES฀ CAPACITOR฀ IS฀ DESIGNED฀ FOR฀ USE฀ IN฀
)NFRARED฀OR฀6APOR฀0HASE฀#ONVECTION฀SOLDER฀REmOW฀
PROCESSES�฀4HE฀CHART฀AT฀RIGHT฀INDICATES฀TYPICAL฀TIME

TEMPERATURE฀CONDITIONS฀FOR฀THESE฀PROCESSES�

฀2ECOGNIZING฀THAT฀A฀WIDE฀RANGE฀OF฀TIME฀AND฀TEM

PERATURE฀CONDITIONS฀IS฀POSSIBLE฀DEPENDING฀ON฀EACH฀
MANUFACTURER�S฀CIRCUMSTANCES�฀IT฀ IS฀RECOMMENDED฀
THAT฀MANUFACTURERS฀ADHERE฀TO฀THE฀FOLLOWING฀GENERAL฀
PROCESS฀GUIDELINE�

-AX#AP฀$,#฀PEAK฀TEMPERATURE฀AT฀THE฀TOP฀SUR

FACE฀OF฀THE฀CAPACITOR฀SHOULD฀BE฀LIMITED฀TO฀����#฀FOR฀
LESS฀THAN฀��฀SECONDS�

!DHERENCE฀TO฀THIS฀GUIDELINE฀SHOULD฀ENABLE฀SUC

CESSFUL฀PROCESSING฀AND฀ALLOW฀FOR฀NORMAL฀VARIATION฀IN฀
TIME฀AND฀TEMPERATURE฀FOR฀MOST฀CUSTOMER฀PROCESSES�฀

0LEASE฀CONSULT฀THE฀FACTORY฀WITH฀QUESTIONS฀REGARDING฀
YOUR฀SPECIlC฀PROCESS฀CONDITIONS�

-AXCAP฀,-฀3ERIES
2ECOMMENDED฀,AND฀0ATTERN

0ART฀.O� ! " #

,-������! ����฀����	 ����฀����	 ���฀����	

,-������! ����฀����	 ����฀����	 ���฀����	

,-������! ����฀����	 ����฀����	 ���฀����	

,-������! ����฀����	 ����฀�����	 ���฀����	

,-������! ����฀����	 ����฀�����	 ���฀�����	

,-������! ����฀����	 ����฀����	 ���฀����	

,-������! ����฀����	 ����฀����	 ���฀����	

,-������! ����฀����	 ����฀����	 ���฀����	

$IMENSIONS฀
฀)NCHES฀�MM	

0EAK฀4EMPERATURE
2AMP฀$OWN
�฀TO฀�฀#�3EC�

2AMP฀5P
�฀TO฀�฀#�3EC�

&LUX฀!CTIVATION�$RYING�
4HERMAL฀%QUALIZATION

2EFLOW #OOL
$OWN

���฀TO฀���฀3ECONDS

0RE
(EAT
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�

4EMPERATURE
o#

4IME฀�SEC	

4YPICAL฀3OLDER฀2EmOW฀4IME฀n฀4EMPERATURE฀0ROlLE



)TEM 4EST 3PECIlCATIONS #APACITANCE %32

��฀#APACITANCE $ISCHARGE฀4EST฀-ETHOD 


��฀#APACITANCE฀4OLERANCE n �����฀n���

��฀$#฀-AXIMUM฀7ORKING฀6OLTAGE n ���฀6$#฀�฀���฀6$#

��฀3URGE฀6OLTAGE #APACITORS฀CYCLED฀FROM฀� g RATED฀SURGE฀฀
VOLTAGE฀THROUGH฀CHARGE฀RESISTOR g �฀VOLTS฀฀
����฀TIMES฀AT฀MAX�฀OPERATING฀TEMPERATURE

���฀6$#฀�฀���฀6$#฀
����฀6฀PRODUCTS	

≥฀���

 ≤฀����



��฀%QUIVALENT฀3ERIES฀2ESISTANCE฀�%32	 3EE฀TEST฀METHOD�฀PAGE฀�� 


��฀-AXIMUM฀#HARGING฀#URRENT 3EE฀TEST฀METHOD�฀PAGE฀��� 


��฀/PERATING฀4EMPERATURE 3EE฀ITEMS฀��฀��฀AND฀��฀BELOW� n���#฀TO฀����#

��฀4HERMAL฀3TABILITY #APACITORS฀CYCLED฀FROM
����#฀��	 g
n���#฀��	 g ����#฀��	 g 
����#฀��	 g ����#฀��	

3TEP฀�฀�����#	
3TEP฀�฀�n���#	
3TEP฀�฀�����#	
3TEP฀�฀�����#	
3TEP฀�฀�����#	

��฀4HERMAL฀3HOCK #APACITORS฀CYCLED฀�฀TIMES฀WITH฀��฀MINUTE฀EXPOSURE฀
AT฀EACH฀TEMPERATURE฀WITH฀NO฀VOLTAGE฀APPLIED�

����# g n���# g ����# g ����# g ����# 
 


���฀,IFE #APACITORS฀AT฀RATED฀TEMPERATURE฀฀
AND฀VOLTAGE฀FOR฀����฀HOURS�
4EST฀TEMPERATURE฀���# ≥฀���


 ≥฀�����



���฀(UMIDITY #APACITORS฀AT฀��฀TO฀���฀RELATIVE฀HUMIDITY฀฀
AT฀���#฀FOR฀���฀HOURS฀WITH฀NO฀VOLTAGE฀APPLIED


 


���฀2ESISTANCE฀TO฀3OLDERING฀(EAT 4EMPERATURE฀AT฀����#฀Õ฀���#฀FOR฀��฀Õ฀�฀SECONDS
 
 


���฀6IBRATION &REQUENCY฀��n��฀CYCLES�SEC��฀���฀MM฀AMPLITUDE�฀฀
�฀DIRECTIONS฀�฀HOURS฀EACH฀�TOTAL฀�฀HOURS	


 



฀3EE฀h3TANDARD฀0RODUCTv฀TABLES฀ ฀ 

฀�฀OF฀VALUES฀IN฀h3TANDARD฀0RODUCTv฀TABLES฀ ฀ 


฀�฀OF฀INITIAL฀MEASURED฀VALUE

3URFACE฀-OUNT฀3PECIlCATIONS
%LECTRICAL฀-EASUREMENTS

��฀ ฀%QUIVALENT฀3ERIES฀฀
2ESISTANCE฀�%32	

%32฀IN฀OHMS฀CAN฀BE฀MEASURED฀USING฀THE฀TEST฀CIRCUIT฀
IN฀&IGURE฀��

A�฀ ฀4EST฀TEMPERATURE฀AND฀TOLERANCE฀n฀#APACITOR฀TO฀
BE฀AT฀����#฀Ò��#�

B�฀ ฀4EST฀FREQUENCY฀n฀�����฀Ò���฀(Z�

C�฀ ฀4HE฀MAGNITUDE฀OF฀THE฀!#฀VOLTAGE฀TO฀BE฀LIMITED฀
TO฀���฀VOLT฀RMS฀MAXIMUM�

D�฀ ฀!฀�฀!MPERE฀METER฀�!#	�

E�฀ ฀6C฀�฀6OLT฀METER฀�!#	

.OTE�฀ 6OLT฀ METER฀ IMPEDANCE฀ TO฀ BE฀ SIGNIlCANTLY฀
HIGHER฀THAN฀THAT฀OF฀THE฀CAPACITOR�

&IGURE฀��฀%QUIVALENT฀3ERIES฀2ESISTANCE฀�%32	

&IGURE฀��฀$#฀,EAKAGE฀#URRENT฀฀
�#HARGING฀#URRENT฀n฀��฀-INUTE	

��฀ ฀$#฀,EAKAGE฀#URRENT฀฀
�#HARGING฀#URRENT฀n฀��฀-INUTE	

$#฀LEAKAGE฀CURRENT฀OR฀CHARGING฀CURRENT฀IS฀MEASURED฀
USING฀THE฀TEST฀CIRCUIT฀AND฀PROCEDURE฀IN฀&IGURE฀��

A�฀ ฀4EST฀TEMPERATURE฀AND฀TOLERANCE฀n฀#APACITORS฀TO฀
BE฀AT฀����#฀Ò��#�

B�฀ ฀)NITIAL฀CAPACITOR฀VOLTAGE฀TO฀BE฀LESS฀THAN฀����6�

C�฀ ฀6C฀n฀6OLT฀METER฀�$#	�

D�฀ ฀%�฀�฀฀3AME฀VOLTAGE฀AS฀USED฀IN฀CAPACITANCE฀฀
MEASUREMENT฀METHOD�

E�฀ ฀62฀�฀฀6OLTAGE฀DROP฀BY฀RESISTANCE฀2C฀AFTER฀��฀
MINUTES฀ON฀CHARGE�

F�฀ ฀2C฀�฀฀#HARGING฀RESISTORS฀SELECTED฀FROM฀THE฀TABLE฀
BELOW�

฀ ����฀n฀�����&฀ ����7
฀ ���฀n฀����&฀ ���7
฀ ���฀n฀���&฀ ��7
F�฀ ฀,6฀3ERIES
฀ ����฀�฀���&฀ ���7
฀ ���&฀ ��7



��฀ ฀$ISCHARGE฀-ETHOD฀,-฀3ERIES฀n฀฀
���6฀�฀���6฀0RODUCTS

#APACITANCE฀IN฀FARADS฀IS฀CALCULATED฀BY฀USING฀THE฀FOR

MULA฀AND฀DISCHARGING฀TEST฀CIRCUIT฀IN฀&IGURE฀��

A�฀ ฀4EST฀TEMPERATURE฀n฀#APACITORS฀TO฀BE฀AT฀����฀Ò��#�

B�฀ ฀6C฀�฀6OLT฀METER฀�$#	�

C�฀ ฀%�฀�฀���6฀OR฀���6�฀)฀�฀#URRENT฀�AMPS	�฀฀
4฀�฀4IME฀�SECONDS	

D�฀ ฀!,฀�฀#ONSTANT฀#URRENT฀,OAD฀$EVICE

E�฀ ฀)NITIAL฀CAPACITOR฀VOLTAGE฀TO฀BE฀LESS฀THAN฀����6�

F�฀ ฀"EGIN฀CHARGING฀CAPACITOR฀TO฀RATED฀VOLTAGE฀����6฀
/2฀���6	�฀7HEN฀THE฀CAPACITOR฀TERMINAL฀VOLTAGE฀
REACHES฀THE฀RATED฀VOLTAGE�฀CONTINUE฀CHARGING฀FOR฀
ANOTHER฀��฀MINUTES�฀���&฀CAPACITORS฀SHOULD฀BE฀
CHARGED฀FOR฀��฀MINUTES�

G�฀ ฀$ISCHARGE฀THE฀CAPACITOR฀WITH฀!,฀�#ONSTANT฀
#URRENT฀,OAD฀$EVICE	฀AT฀A฀LOAD฀OF฀���MA฀PER฀
���฀&ARAD�฀&OR฀EXAMPLE�฀A฀����&฀CAPACITOR฀WILL฀
BE฀DISCHARGED฀AT฀A฀CURRENT฀OF฀����MA�

H�฀ ฀-EASURE฀THE฀TIME฀FOR฀THE฀TERMINAL฀VOLTAGE฀TO฀
FALL฀FROM฀���6฀TO฀���6฀FOR฀THE฀���6฀RATED฀PROD

UCTS฀AND฀FROM฀���6฀TO฀���6฀FOR฀THE฀���6฀RATED฀
PRODUCTS�

I�฀ ฀#ALCULATE฀CAPACITANCE฀IN฀FARADS฀USING฀THE฀EQUA

TION฀IN฀&IGURE฀��

#฀฀�฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀�&	
)฀�฀4�฀
฀4� 	
�฀6�฀
฀6� 	

���฀6฀2ATED฀0RODUCTS ���฀6฀2ATED฀0RODUCTS

6�

6�

�
4�4�

6� �฀���6
6� �฀���6

4IME฀�SEC	

��฀MINUTES
���฀MIN�฀FOR฀���฀&	

���

#

37

! #

37

���6

6�

6�

�
4�4�

6� �฀���6
6� �฀���6

4IME฀�SEC	

��฀MINUTES
���฀MIN�฀FOR฀���฀&	

���

6OLTAGE฀฀�6	 6OLTAGE฀฀�6	

!

���฀6฀2ATED฀0RODUCTS

&IGURE฀��฀�฀$ISCHARGE฀-ETHOD฀n฀,-฀3ERIES฀�3URFACE฀-OUNT	

���฀6฀2ATED฀0RODUCTS

%LECTRICAL฀#HARACTERISTIC฀-EASUREMENT฀-ETHODS

��฀ #APACITANCE฀#HARGE฀-ETHOD�
#APACITANCE฀IN฀FARADS฀CAN฀BE฀CALCULATED฀BY฀USING฀THE฀
FORMULA฀AND฀CHARGING฀TEST฀CIRCUIT฀IN฀&IGURE฀��

A�฀ ฀4EST฀TEMPERATURE฀n฀#APACITORS฀TO฀BE฀AT฀����฀Ò��#�

B�฀ ฀)NITIAL฀CAPACITOR฀VOLTAGE฀TO฀BE฀LESS฀THAN฀����6�

C�฀ ฀6C฀�฀6OLT฀METER฀�$#	�

D�฀ ฀%�฀�฀฀���฀�฀���6฀FOR฀,#�฀,&�฀,+�฀,0�฀,4�฀,8�฀
,*฀3ERIES�฀,6฀3ERIES�฀����฀�฀���6฀FOR฀��฀6฀
2ATING�฀����฀�฀���6฀FOR฀��฀6฀2ATING�

E�฀ ฀4฀�฀฀#HARGING฀TIME฀CONSTANT�฀THAT฀IS�฀THE฀TIME฀
PERIOD฀IN฀SECONDS฀FROM฀�฀TO฀REACH฀�����฀ ฀
%�฀VOLTS�

F�฀ ฀2C฀�฀฀#HARGING฀RESISTOR฀SELECTED฀FROM฀THE฀TABLE฀
BELOW�

&IGURE฀��฀#APACITANCE฀n฀#HARGE฀-ETHOD

,0฀3%2)%3 ,#฀3%2)%3 ,+฀3%2)%3 ,4฀3%2)%3฀ ,&฀3%2)%3฀ ,6฀3%2)%3฀ ,8฀3%2)%3฀ ,*฀3%2)%3฀

����฀&฀ �฀ �฀ �฀ �฀ �฀ �฀ �฀K7฀ �฀

�����฀&฀ �฀K7฀ �฀K7฀ �฀K7฀ �฀K7฀ �฀K7฀ �฀ �฀K7฀ �฀

�����฀&฀ �฀K7฀ �฀K7฀ �฀K7฀ �฀K7฀ �฀K7฀ �฀ �฀K7฀ �฀

���฀&฀ ���฀7฀ ���฀7฀ �฀K7฀ �฀K7฀ ���฀7฀ �฀ �฀K7฀ ���฀7฀

����฀&฀ ���฀7฀ ���฀7฀ ���฀7฀ ���฀7฀ ���฀7฀ �฀ �฀K7฀ ���฀7฀
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