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Application Guidelines For Aluminum Electrolytic Capacitors

1. ER&EEET Circuit Design

11 AR EHERRMENREREMZREREEAAAHNAEPRENER. Please make sure the environmental
andmounting conditions to which the capacitor will be exposed to are within the conditions specified in this
catalog (or alternate specifications, such as series drawings).

12TEREMAGEBRE/NTFASBAERHME, Operating temperature and applied ripple current must be within
the specification.

OEAEAREATRIBH EMIFERE, Thecapacitor must not be used in an ambient temperature which exceeds
the operating temperature specified in this catalog.

OEERHB N ATRIBREMAUKE ., Do not apply excessive current which exceeds the aiiowable ripple current.

13T SRR AREREGNWESRIE. Appropriate capacitors which comply with the life requirement of the
products should be selected when designing the circuit.

1TAREMERHZAELEN. FEENRAEBATHE, ErRHREEEEERMNER S, FEHEENEESR
fE, IE.: AEEBHERSEAEETHEFRTEH, Aluminum electrolytic capacitors are polarized. Do not
apply reverse voltage or AC voltage. Please use non-polarized capacitors fora circuit that can possibly see
reversed polarity. Note; Even non- polarized capacitors can not be used for AC voltage application.

15ERBEREBEMFELER/MENER D, FAZEARERERS, ERECEARATRSFGHENFIRFANERSR,
Do notuse aluminum electrolytic capacitors in a circuit that requires rapid and very frequent charge/discharge,
In this type of circuit, itis necessary to use a special design capacitor with extended life characteristics.

1.6AEEMBEHERE, Donotapply excess voltage.
OFIEEMTERLEMAATERBNIEERELAZBIBEETRE. Please pay attention so that the peak voltage,
which is DC voltage overlapped by ripple current, will not exceed the rated voltage.

OEEAEM EMIATERERRENE, HEEENMNEERERTHEERE. BEaSRERR[HN— A F&WHE,
FREFDAETNTEEEZE. In the case where more than 2 aluminum electroly tic capaceitors are usedin
series, please make sure that applied voltage will be lower than rated voltage and the voltage will be applied
to each capacitor equally using a balancing resistor in parallel with the capacitor

1.7

OERMIAMNEETHRES MEMNLELGE, FTEERAEEETNERREFETLENEE, EFEHFIN
Wy, FHEBMMNERLE R, Outer sleeve of the capacitor is not guaranteed as an electrical insulator
Do notuse astandard sleeve ona capacitor inapplications that require the electrical insulation. When
the application requires special insulation, please contact our sales office for details.

OAERAFZHT (ZHMHTF) WEARERNZTHT (MERT ) EEIHMER, BHRFAESIERER, Do
not connect the blank terminal ( reinforcing terminal) of a multi-terminal ( three- or four-terminal) product of
the snap-in typeto another circuit it may cause a short circuit.

1.8E F 538 5 A& TEAYE R capacitors must not be used under the following conditions:
®(a) RETK(EBIREK), Bskeliili. Capacitors mustnot be exposed to water (including condensation ) ,brine
or oil.
(b) EREESFERNE, sy, SWmE. SHE. . #%%.  Ambient conditions that include toxic

gases such as hydrogen sulfide, sulfurous acid. nitrous acid.chlorine .ammonium etc.

C)EBERRERHEELE. LIMETM 4 ®Eh . Ambient conditions that expose the capacitor to ozone,

ultraviolet ray and radiation.

ORBRFHBTMEZURIFMIEEFHE, Sevete vibration and physica shock conditions thatexceed the
specifications.
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1.9 BRI EMMES, HEELTF: When designing a circuit board,please pay attention to following;

QLMW EMTL, EREER/ASILHEME ., Make theholespacingon thePC. Board matchthe lead space of the capacitor.

OHEERBRLAM A EEERMUXEL, There should not beany circuit pattern or circuit wire above the capacitor
safetyvent.

ORIESHEHREN, BHAEMOLEMMEBEKXTFTER, Unless otherwise specified, following clearance should be
made above the pressure relief vent.

$A A B 4& Case Diameter EEZ/ B PR Gap Required
® 6.3~16 2mm or more
® 18~35 3mm or more
d400r more 5mm ormore

OBRMBANEMOMEAZRE ( FINEABHE ) , ERBNLHBRBMET—EFLUEHRAR. Incasethe ventsideis
placed towar d PC, board (such as end seal vented parts).make a correspondinghole onthe PC board to release the
gas when vent is operated. The hole should be made to match the capacitor vent positon.

OAERAFTBHMRNEFTANTHIEAR TRE, HKkFRER EEFE—EEZEEKLMAME. Donotinstall screw
terminal capacitor with end seal down. When you install a screw terminal capacitor in a horizontal mount, the
positive terminal must beinthe upper position.

110 ATEFRNEZUBASTRENRBER AN, EMELETN, BT HEERIREMF, 7 A8 AUE oG %
EZERENEN, ARAZETAZTEHENTEAEFEMEMBK., The main chemical solution of the electrolyte
and the separator paper used inthe capacitors are combustible, The electrolyte is conductive, When it comes
in contact with the PC. board, there isa possibility of pattern corrosion or short circuit between the circuit pattern
which colod in result of smoking or catching fire. Do not locate any corcuit pattern beneath the capacitor end seal.

1TITRFIEREE, FEEERSNZEATE (PCBRHNS—H ) HERRER KM TG, WEE. ERBFEE, Do
not design a circuitboard so that heat generating components suchas resistorand transistors are placed near
an aluminum capacitor or reverse side ofRC, board (under the capacitor) -

1I2RERFNEHFEMEEFEEMEN ., RTERFFFEBELEN . Electrical characteristics may vary depending

on changes intemperature and frequency. Please consider this variation when you design circuits.

1 13E REHEEPCBIRE, BHRAEEIHTHEHMIEEMIAIL. Whenyouare designing capacitors foruse on
double-sides RC. Boards avoid circuit patterns orthrough holes (such to connect both sides), thatare placed
under the capacitor.

1 14BHREANREREFTRBEH PS4 I RBLNNELATHRENSERE ., The torque forterminai screw or
brackets screws mustbe within the specified value on ACON’S drawings.

1.158 F2fA I L B RS HEE, HEEEARERMER. When you install more than 2 capacitors in parallel, consider
the balance of current lowing into the capacitors.
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2. % Mounting

2I—E-EEFRCAERMPHFMLEE, FTEEABBEEREANMESR, Onceacapacitorhasbeenassembled
inthe setand power applied, do not attempt to reuse the capacitorin other circuits or appilcation.

226FEERBRZM THEESDE, HER—-WMKQEMEME. Electric potential between positive and negative terminal
may existas aresultOr returned electromotive force, so please discharge the capacitor using a 1kQ resistor.

2O HAAANERERATAEM. ERERCHME, FEMKOBMEW—XEEEHE. Leakagecurrentofthe parts
that have been stored for more thaté months may increase.When leakage current has Increased, please perform

avoltagetreatment using 1kQresistor
AR R BRETPCBRZAMTEZTEHE E1E. Pleaseconfirm ratings beforeinstallingcapacitors on the PC.board.

25EMEBERBLEIPCBH ZAE S E HE 4, Please confirm polarity beforeinstalling capacitors on the PC.board.
2O ERBEARRAMBE L ELAEFRCHE THIE ERNESRSE. Donotdrop capacitors onthe floor, nor use a capacitor

that was dropped.
TRERTIETEFYULCHEMEARLEMSI &, Becarefulnot to deformthe capacitor during installation.

2B EERB/AMIEHAPCBHAIFLEE. Please confirm thatthe lead spacing of the capacitor matches the hole
spacingof the PC. board prior to installation.

29I REEFH(IIMIIS 692, 693, 69470695 ) KikhiF, EHRMPCBIR (EPCBINAEFTREMM AL NFAMBE, )
Snap-incantype capacitorsuch as JIS configuration 692; 693; 694 and 695 type should be installed tightly to
the PC. board(Silo no gap between the PC. board and bottom of the capacitor).

20 FEEEHEBEHHN T HIAE K5E(<2.5kg)- Please pay attention thatthe clinch forceis nottoo strongwhen
capacitors are placed and fixed by an automatic insertion machine(<2.5kg).

CAFEEEDEGHRERNRIBARAETYES T EL MM EER, Please pay attention to that the mechanical sh ock to
the capacitor by suction nozzle of the automatic insertion machine or automatic mounter,or by product checker.
orby centering mechanism.

1B REEEREAHBENEMBRE, Soldering condition mustbe confirmed to be within The specirication.

2B EREIEEIPCBHRE ST ERANSHESRR, Donottiltlay down or twist the capacitor body after the capaci

tor are soldered to the P.C. board.

CAAEAEREABRITFNERRBHPCBIR, Do notcarry the PC. Board by grasping the soldered capacitor.

CASHEAEAFEMARAZERETFNTER . MRAPCBHRFHNEESRE, FHREBEPCBRANHEMBUAASZEMESE. Please
do notallow anything totouch the capacitor after soldering. If P.C. board are stored in stack, please make sure
P.C.board orthe othercomponents do not touch the capacitor.
EERAETHERIFHPCBR HM /MR BHMTE . The capacitors shall not be effected by any radiated heat
from the soldered P.C.board orother components after soldering.

2ATRERML MiEREARE. Donotclean capacitors with halogenated cleaning agent.

2A7BEIEH I EE##4 . Fixing materials and coating materials

OREAXMEFMEMS MM £, Donotuse anyingredients whyich cojtain halogen.

OREZEEN, EHREFLTHIT LPCBIR ZREARIEMIHHY . Pleasepay attentionto remove fluxand any contam
ination which remains inthe gap berween the end sealand PC.board and dry that portion well before coating,

ORI EMAREIMEFETARE . Pleasedonot apply any material all around the capacitor body butapply it partially.

O THEMBEMEIENNAREE, & BERMHOEHHMIE R, Please contact our sales office to make sure
whether the curing condition of coating material woucd cause any problems.
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3. By Storage
EREMESTCEARYHERGER, HiEaamE., SUMNLEKEE, BETME{, The characteristics of

aluminum electrolytic capacitors degrade when stored in a static condition for long periods of time. The rate
of deterioration depends upon temperature and humidity.

EBRGEEEREST-35CBEMNTTS%, EEZEAXBHMNEERT, Capacitors should be stored at the
temperature of5Cto 35C, the humidity of less than 75% RH and out of direct sunlight,
ERBREHEEFE-—EULACERIEET "SEBENL” , UBEAMERELIE, Capacitors that have been stored for

long periods normally over one year should be subjected to a “voltage aging” treatment before use, This will

reform and repair the oxide dielectric,

EEEUAERERERRERASZBAREENBAT ZFitLEFEMBEINEFRNAESE, EERETRE
{R$#%30-604%8, Suggested aging procedure is gradually apply the rated voltage to the capacitors while monitoring
the leakage current. Do notexceed the specified leakage currentvalue. whenrated voltage has been reached,

maintain for 30to 60 minutes.

4. ENFIHREY7EE Printed Circuit Board Cleaning
4.1g7 5foreword
REFLEDRERAANENERETESFAREN. ERABARBEEVTETRTH. RE, BBANBEHE
BF(Cl™ BEF). AT i8S 4E, Ithad been generally accepted that halogen type organic solvents were hazardous
to aluminum electrolytic capacitors, Thisis because anorganic solvent can permeate the capacitorthrough the
end seal. Then, the solvent dissolves and free chlorine ions(Cl ~ion), which can corrode the aluminum electrodes.
THEHA ZEE—TTUTEER R EAESHIEE. The following measures were previously the only way to avoid this
phenomenon.
O FERHTEAREENE RN, kiEM. Use of cleaning agents, not hazardous to capacitors such as water or
alcohol.
OHERBREACCHRARBEBEENHXBMENFHR _E, Mount capacitors on PC boards cleaned with a halogen
type solvent before hand.
o0 {F AMEFH . Useof epoxy end seals.
BEEFEELERE, HREH. BXETEEREY. B, HaARETEHINEERESHTRAKAA LM, These
measures have disadvantages with respect to working efficiency, cleaning capability,cost etc. Therefore, aluminum

electrolytic capacitors which can withstand halogen type cleaning agents are desirable.

008
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4.2;& %M A S B Types of Cleanig Agents

—MRihH =FEEERE EE . Gtenerally there are three types of cleaning agents.

@ 7k i Water type

@ T #4548 Alcohol type

@5 F¥E Halogen type

S8, KMESNELAENEMESHLEFTRUSBNBE., AN, WEESIBRAMSISHER, FEREHTR
WP AETER: ofthese, water and alcohol will have little effect even if they permeate the capacitor. However,
halogens can cause corrosion of aluminum foil and tab, Common types Of halogen cleaning agents are olsted in
table below:

WBZTE FHEAK xMEBIRAZ
ZSE=®MKZ & Trichlorotrifluoethane C.CIF, Freon TF,Daiflon S-3
AR =S B EFluorotrichloromethane CCIF Freon—-11,Daiflon S-1
=& Bk ( &15 ) Trichloroethane C,H.Cl, Chloroethane
=& Z M&Trichloroethylene C,HCI, Trichlene
R E S ¥IMethyl Chloride CH,CI MC

ERANENEESHTESHEME, FEEEMESLF RS o The last four solvents listed above are particularly
corrosive to aluminum and are notrecommended to use as cleaning solvents.

A3EMEBEHEEMEMMY Pemetrationchannel of Solventand Corrosion Mechanism
TESZHERARNEASEM=MEA. Thethreechannels by which solvents can penetrate into the capacitor are

illustrated

@@

U BB (&S ) ZMBAI=EIEB N Penetration through a clearance
between the rubber and the aluminum case (curled section)

2 BiAFHBAMES =B ASTHEZAN, Penetration through aclearance between the
rubber and the lead wires.

JiFBFEE BHIEN, Permeation through the rubber end seal,

BROBANENBSHOTEENE, MESH R DBAMBRESHENSRE. SEEARBMNEENEHBAL. To
reduce the possibillty of solvents entering a capacitor, tight seaiong is required to eliminate clearances between
the tubber and the aluminum case/lead wires. A solvent resistant rubber material is also a necessity.
H—ARLME=R=RA TR, EATRABLENESH, HERFEEHMN, WTANKEARX, whenasolvent,
for example, trichlorotrifluoroethane gets inside a non antisolvent capacitor,the chlorine ion is free as shown by

the following reaction formula.

C,CI,F,—C,F.Cl+2CI

SEtFHEIGEREMT . This chlorine ion reacts with aluminum asfollows: Al+3cl~ —Alcl3+3e ~
AlcI3B R EKE R ER: ThenALCI3 resolves in water, and it becones:

AICI,+3H20AI3 ( OH ) ,+3H%3ClI ~
mit, SEFBE—REBEHFEEEME. SARENE, KARWE, EANEANEARERE, EmeEEMER
%% . thus,the Cl " ionis free again and repeats the corrosion of aluminum, The degree of this reaction depends
on the volume of solvent, the ambient temperature of the capacitorin service, he applied voltage and time etc.
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5. B A ER B4 Basic Electrical Characteristics

TE#A & Capacitance:

EAFNEFEVTERBRENERKBEEHERESTE. HXREFEEBTHEE, SEMAYES %, JISC51028
E—EEBHEHER (O—IH\WO ) MEREBESE, REFEE120HZ, TREM0.5VmsMETHEBE1.5-
20V TR EHESR =, The capacitance of capacitoris determined as AC capacitance by measuring its
impedance., Asthe AC capacitance depends on frequency, voltage and other measuring methods, JIS Ca5102
prescribes that the series capacitive component of an equivalent series circuit ( O—H—’\N\,—O) shall be consid
ered as the capacitance by measuring it at a frepuency of 120Hzand a maximum AC voltage of 0.5vrms with a
DC bias voltage of 1.5t0 2.0V applied for aluminrm electrolytic capacitors.
NERTASNTSEEENSHEERMMIEE], WMTEFR: The capacitance of an aluminum electrolytic capacitor
shows smaller values as a measuring frequency increases. See the typical behavior shown below:

)
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TEERBERB R Capacitance vs. Frequency

BErEEER—HEREFALERTE, ERERKREFT=E /), WTEMR: Measuring temperature as well as
frequency effects the capacitance. Asthe measuring temperature decreases. the capacitance shows smaller
values. see thetypical benavior shown below:
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BAREHEBEMBF Capacitance vs. Temperature

F—FE, EREFEVTUEREN—ERERRUELEREE, EEFTEETELLZREFEMK, MBRAEREHR
EHEHEFH4M. Ononehand, DC capacitance, which can be determined by measuring the change whena DC

voltage is appolied, shows a slightly larger value than the AC capacitance at a nornal timperature and has the
flatter characteristic over the temperature range.




SAMWEI(SW)
CEWRERRERES

Application Guidelines For Aluminum Electrolytic Capacitors
Tand (REBMEVRBREEATF ):

Tanb RBRHEUEBEMNBIESE (ESR)EFRSE (1/wC)zZtk, ENNERHFRABRIENEMEE, Thetan & is

the ratio of the resistive component (ESR)to the capacitive reactance (1/wC)inthe equivalent series circuit, and
its measuring conditions are the same as the capacitance.

ESR L C 1/ C S

ESR
Tan8=ESR/(1/wC) = wC. ESR

B®: ESR=B2IIEUEEE120HFHNEMR
Where: ESR= Equivalent series resistor at 120Hz

w =2f

f=120Hz

TanS R BIER MG MAA EREEMNEOME X, MTEHR:The tand show higher values as a measuring frequency
increases and ameasuring temperature decreases, as follows:

il |
o ‘ \
o 10 o -
. A/ s |
= /7 0.4 \ \C
27 ] ©——O
1 / \$\€>—(>
0.01
100 1K 10K 100K -40 -25 0 20 60 85
48 % Frequency(Hz) I8 FE Temperature(C)
tan 6 B23ER Z BAI 6 Ftan 6 vs. Frequency

tan 6 BB E M Temperature Characteristics of Tan &
EWEMWEPM Equivalent seriesresistance (ESR)

ESREIFENIE. ERE,. EMERHEZHRERE. ORSEVEEENER ., ESRERBETEE. B/NBEEER
MM ER RN, 4 REESREM, ERIBIEEEM, ESRALHAE—FLFEENE, TEE2HTERE. ER
B TIEZE R EPE . The ESRis comprised of the resistance due to aluminum oxide layer and electro iyte/separator

combination and other resistance effected with foillength, foil surface area, etc, The ESR value depends on the
temperature, Decreasing the temperature makes the resistivity of the electrolyte increase with the result of the ESR

increasing, Asthe measuring frequencyincreases, the ESR decreases and reaches an almost constant value that
is mainly the frequency- independent resistance due to electrolyte/separator combination.
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FA#ilmpedance (z) :

MR E—IEENAERTHEHBT B RRBHME SN, The impedance is the resistance which oppose the flow of
alternating current al a specific frequency,

EHBER (C)WERMEE (L) p&in, tbFESREM., FiEXWMT: It isrelated to capacitance ( C ) and inductance (L)
in terms of capacitive and inductive reactance, and also related to the ESR, itis expressed as follows:

z = ESR*+(XL-XC)’

BEE: Xc=1/wC=1/2=fC

X =wl=2TfL
WTHIR, 6 (Xe) RREEGER, ERBEEERENMED, BEENRENEZEENESR, EESHNEENER,
B BAEE, MAREEREMMEIM,. As shown below, the capacitive reactance (Xc)predominates at the range of
low frequencies, andthe impedance decreases with increasing frequency until it reaches the ESR in the middle
frequency range, Attherange of the higher frequencies the inductive reactance(XL)comes to predominate , so that
the impedance increases with increasing the measuring frequency.

N
Q XC \\ / XL
\Es}z\ //

~—]
N //

38 % Frequency(Hz)
PE#TS24E R Z B RYES & Impedance vs. Frequency

NTEHR, BREBRMEEREEMEN, BRtFFEEME/. Asshown below, the impedan ce value varies with
temperature, because the resistance of the electrolyte strongly changes with temperature,
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21 7Y i PH $1 38 B 45 4 Temperature Characteristics of impedance
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iR E X Leakage current

TARMEGERAVEME, MLEERRRNRE. A, ATHREXEFERERREMNLESY, F—E/NOERM

RER. SENERFEREANELUAELE. WTEFA R EENAERIRTEILLE, FRENEER, AERT

TEEREERN, HEE—ALFEERME, The dielectris of a capacitor has a very high resistance which prevents the
flow of DC current, However, due to the characteristics of the aluminum oxide layer that functions as a dielectric in

contact with electrolyte , a small amount of current , called leakage current, will flow toreform and repair the oxide

layer while a voltage is being applied, As shown below, ablahleakage current flows inthe first minutes as a voltage

is applied to the capacitor,and then the leakage current will decrease and reach an almost steady- state value with time.

Leakage current

B Time (4minute)
RERMEER A Z Leakage Current vs. Time

AEFMNEENERZERER. RERSEEMEENMEFE X, Measuring temperature and voltage effect the
leakage current, The leakage current shows higher values as the temperature and voltage increase.
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—figit, MERMOABRA0CHEMEBEE, REFHRE—(E1000QNENE, EEFRNEEIEHETEELS
SEEETAE, FESRARTHEEEMER. Ingeneral, the leakage current is measured at 20Cby applying
the rated voltage , which is applied through a resistor of 1,000 connected in series with the capacitor , and
several minutes after the capacitor reached tie rated voltage. The catalog prescribes the measuring tempera
ture and time,

E4TEHAE Life estimation chart

\
130 @ | g 85 1000h product
| © 85C 2000h product
120, —1 ‘ ' _ ‘ © 105T 1000 product
© s S . J © 105 2000h product
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