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B TECHNICAL NOTES

1. General Description of Aluminum Electrolytic Capacitors

1-1 Principle of Capacitor Construction

The principle construction of a parallel plate capacitor is
shown in Fig.1.

When a voltage V is applied between the conducting
electrodes placed opposite to each other, a certain amount
Q of electric charge proportional to the voltage can be
stored on the surfaces of the dielectric. The proportional
constant is called capacitance C, designating the ability of a
capacitor to store energy in an electric field.

Q=C.v

Q: Charge(C)

V: Voltage (V)

C: Capacitance (F)

Fig. 1

The capacitance C of capacitor can be expressed by the
following equation:

C=¢0-¢-A/d

e: dielectric constant

€0: dielectric constant in vacuum (= 8.85x107'2 F/m)
A: electrode area [m2]

d: electrode distance [m]

The dielectric constant of an aluminum oxide layer is 7 to 8.
Larger capacitances can be obtained by enlarging the
electrode area A or by reducing the distance d.

Table 1 shows the dielectric constants of typical dielectrics
used in capacitors. In many cases, capacitor names are
related to their dielectric material used, for example,
aluminum electrolytic capacitor, tantalum capacitor, etc.

Table 1
Dielectric Dielectric Constant Dielectric Dielectric Constant
Aluminum oxide film 7108 Porcelain(ceramic) 10to 120
Mylar 3.2 Polypropylene 2.2
Mica 6108 Tantalum oxide film 10 to 20

Aluminum electrolytic capacitors offer large volumetric
capacitance values, because the anode electrode’ s
surface is roughened by electrochemical etching, enlarging
its area by factor of 20~100 compared to plain foil, and also
because the dielectric layer is very thin (1.4 nm/V).

The schematic cross section of an aluminum electrolytic
capacitor is shown in Fig. 2
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1-2 Equivalent Circuit of the Capacitor
The electrical equivalent circuit of the aluminum electrolytic
capacitoris given in Fig.3
D1
R1 R2

c2 L
ANt Hom-

Fig. 3

R1: Resistance of terminal and electrode

R2: Resistance of anode oxide layer and electrolyte

R3: Insulation resistance because of defective anodic oxide
layer

D1: Oxide semiconductor of anode foil

Ci1: Capacitance of anode foil

C2: Capacitance of cathode foll

L: Inductance caused by terminals, electrodes, etc.

1-3 Structure of aluminum electrolytic capacitor
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1-4 Manufacturing process of aluminum electrolytic capacitors

Process

Efching
(Enlangement of the
Suface Area)

Forming
(Formation of
the Dielectric)

srnD—[

Element
Impregnation
Electrolyte

z

Assembly
&

Finishing

Agbi

1

Inspection

Packaging

Main Materlals

High purity aluminum foil
Chloride

Pure water

Elched foil
Borate, etc.
Pure water

Anode foil
Cathode foil

Slited foils (anode/cathode)
Electrotytic paper
Lead

Winding affixing material

Elernents
Electrolyte

Impregnated elements

Case (usualty aluminum)

End seal
Rubber packing,
Rubber-bakelite with terminals
Mold plastic with terminals

Exterior housing material
(Sleeving, bottom plate, etc.)

Assembled products

Taping material
Processing ‘|:

Accessories
(Capacitor mounting braket,
terminal screws, etc.)

Packaging materials

Content

A 0.05~0.11 mm thick anode
foil and a 0.02~0.05 mm thick
cathode foil are continuously
etched electrochemically in
a chloride solution with an AC
or DC current. This enlarges
the effective surface area of
the aluminum foils to aftain
smaller capacitor sizes.

This  process builds the
aluminum oxide (AI203) layer

that becomes the
capacitor’ s dielectric.
A high purity etched

aluminum foil is anodized in a
(for example) solution made
of water, boric acid, and
ammonium, fo form an
aluminum oxide layer on the
surface of the anode foil. For
the cathode foil, a low DC
voltage is sometimes used for
formation, but sometimes no
formation is done at all.

A foil is slited into specified
widths according to capacitor
case sizes.

Anode and cathode foils
interleaved with an
electrolytic paper are wound
info a cylindrical capacitor
element, with aluminum tabs
being connected to both foils.

Elements are impregnated
with liquid electrolyte.

The impregnated element,
case and end seal are
assembled.

DC voltage is applied under
high temperature conditions
to reform the oxide layer.

Depending on  customer
specification, the lead cutting,
forming and taping are
processed.

Accessories, such as mounting
bracket, are attached.

A 100% inspection based on
the specification standards
and fest requirements is
performed to guarantee the
quality of products.
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1-5 Basic parameters and terms
1-5-1 Capacitance:

The capacitance of the dielectric portion of the anode
aluminum foil can be calculated with the following formula :

Ca=8.855% 10-88?A (UF)

The cathode foil capacitance Cc depends on the dielectric
properties of the oxide layer which was either deposited by a
forming voltage or which grew naturally during storage
(typically, the voltage proof of the cathode oxide layeris 1V or
less). According to the construction of aluminum electrolytic
capacitors, Ca and Cc are connected in series. Therefore, the
tfotal capacitance can be deftermined by the following

formula:
CaxCc

Ca+Cc

The standard capacitance tolerance is 20%(M); however,
capacitors with a capacitance tolerance of 10%(K), etc. are
also manufactured for special usage. The capacitance of
aluminum electrolytic capacitors changes with temperature
and frequency of measurement, so the standard has been set
to a frequency of 120Hz and temperature of 20°C.

1-5-2 Dissipation factor (Tan &)

The Tan & is the ratio of the resistive component (Resr) to
the capacitive reactance (1/wC) in the equivalent series
circuit.

Rese Lese C 1/wC

o—\/\/\—000

Fig.4

Resr

Tan & =RESR/ (1/wC)= »C RESR
where : RESR=ESR at 120Hz
w = 2nf
f=120Hz
The Tan & shows higher values as a measuring frequency
increases and a measuring tfemperature decrease.

1-5-3 Equivalent series resistance (ESR)

The equivalent series resistance (ESR) represents all of the
ohmic losses of the capacitor. In the equivalent circuit, it is
connected in series with the capacitance. The ESR originates
from the ohmic resistances of the electrode foils, the
electrolyte, the leads and each internal connection.

The ESR declines with increasing temperature, and also
declines steadily with increasing frequency at low frequencies .

1-5-4 Impedance (Z):

The impedance is the resistance which opposes the flow
of alternating current at a specific frequency. It is related to
capacitance (C) and inductance (L) in terms of capacitive
and inductive reactance, and also related to the ESR. It is
expressed as follows:

Z =/ ESR?+(X1-Xc)?

Where: Xc=1/ @wC=1/ 2nfC
XL=wlL=2nfL
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A typicalimpedance-versus-frequency curve is shown below.
It takes on its minimum value at the self-resonant frequency, and
the impedance is equal to the ESR atf that frequency.
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Fig.5

1-5-5 Leakage current:

Leakage Current is the DC current flowing through the
capacitor with the rated voltage applied. The value of leakage
current depends on the voltage applied, the charging period
and capacitor temperature. The leakage current shows higher
values as the temperature and voltage increase.

The leakage current value can be decreased by proper
selection of materials and production methods; however,
cannot be totally eliminated.

The specified leakage current value is measured after the
rated voltage of the capacitor is applied at room temperature
for a specified time period.

1-5-6 Ripple current

Ripple current is the alternating current flowing through a
capacitor. This current causes an internal temperature rise due
to power losses in the capacitor. The rated ripple current are
specified for an expected temperature rise at rated
temperature, under which the capacitor will operate normally
during the whole lifetime period.

Generally, the 85°C type capacitors permit a temperature
rise of 10°C and have a maximum permitted core temperature
of 95°C . The 105°C type capacitors permit a temperature rise of
5°C and have a maximum core temperature of 110°C. Actual
maximum permitted core temperatures vary by type and
manufacturer.

When operating temperature decreases, the maximum
permitted core temperature rises, in the other word, the rated
ripple current could be increased when the actual operating
temperature is less than the rated temperature. However, too
much temperature rise will cause the capacitor to exceed its
maximum permitted core temperature of each ambient
temperature and fail quickly, operation close to the maximum
permitted core temperature will dramatically shorten expected
life. The following shows a guide limit of maximum core
temperature rise (AT) at each ambient temperature for a 105°C
maximum rated products.
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Table 2
Ambient temperature Ta (C) 40 55 65 85 105
Guide limit of AT (C) 30 30 25 15 5
Core temperature Ta + AT 70 85 90 100 110

In most applications, there is more than one frequency for
the ripple current. In this cases, the r.m.s. (root mean square)
value of the ripple currents needs to be considered, because
currents of all frequencies contribute fo the self-heating:

la= \/(Ffl) (Ff2) oot (an

la:r.m.s. value of the rated ripple currents
[f1 -+ Ifn: r.m.s.values of ripple currents at frequenciesf1---fn
Ff1--- Ffn: correction factor for the current at frequencies f1---fn

Ffi= / Egggﬁ) wherefo=reference frequency of the nominal

ripple current
The typical frequency multipliers are shown in the specification.
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1-5-7 Rated Voltage

Rated voltage is the maximum peak voltage including ripple
voltage that may be applied continuously between the
terminals of the capacitor over the specified temperature
range. When a ripple current is applied to the capacitor, the
sum of the peak ripple voltage and the bias DC voltage should
not exceed the rafted voltage, namely
Up+Up<Ur, where:
Up: peakripple voltage
Ug: bias DC voltage
Ur: rated voltage

Capacitors with higher rated voltage could replace the
lower rated voltage capacitors as long as case size and
electrical perfomances are also compatible.

1-5-8 Recovery Voltage (Dielectric Absorption)

After charging and then discharging aluminum electrolytic
capacitors, a voltage between the two terminals will appear
after some time. This voltage may reach levels of 15 ~ 25% of
the originally applied voltage and it is called recovery voltage.
Its existence is related to the phenomenon of dielectric
absorption.

Once the recovery voltage is present, sparks may scare the
workers during assembly, and low-voltage components (CPU,
memory, etc.) may be affected. Measures to prevent this are to
discharge the accumulated electric charge by a resistor of
about 100Q fo 1kQ before usage, or to ship out the capacitors
with short-circuited terminals, e.g. by covering them with an
aluminum foil or a conductive plastic cover at the production
stage. Please consult us for adequate procedures.

2. To calculate balance resistance when connecting in
series

In order to use capacitors at higher voltages than rated
voltage it is necessary to connect them in series. Due to
differences in leakage currents between individual capacitors,
parallel resistors for each capacitor may be required, cf. Figé.

Uout

Fig.6

The current IR through the resistor R must be larger than the
leakage current in order to conftrol the even split of the
voltage. If we suppose the leakage current IL to be 0.003CU
(normally it is considerably less than this), and let IR be five
fimes larger than IL, then the value of the balancing resistor R
can be calculated by the following equation:

R=Uc/(5XI)=Uc/0.015CUc=1/0.015C
(Unit: R——O0hm; Uc——Volt: C——Frad)

Example: calculation of the value of the balancing resistor
in case of connecting two CD_293_BZ, 400V, 330uF capacitors
in series.

R=1/0.015C=1/(0.015X330X10%)=202KQ
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3. About the Life of an Aluminum electrolytic Capacitor
3-1 Definition and the test conditions of the lifetime

Lifetime is the answer fo the question “How long will the
capacitor survive in my application?” The end of the lifetime is
reached when certain parameters exceed pre-defined
threshold values.lt is common practice to allow a certain
portion of species to be outside of the limits (outlier
percentage). A deviation of certain parameters from
pre-defined ranges does not mean a total loss of the
capacitor’ s function, but the design of the application should
be done in a way fo ensure to function properly even under
these unfavorable conditions.

In addition to the more practically oriented “useful
life” figure, Jianghai also publishes well-defined specifications
of “load life” and “endurance” to increase the
fransparency for the end user. Shelf life test results are also
provided fo give an indication of the chemical stability of the
electrolytic capacitors and to complete the full picture of
each capacitor series(Table 3). When comparing lifetime data
for capacitors from different manufacturers, please note that
other definitions may apply - even if the same terms are used.
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Useful Life Load Life Endurance Test Shelf Life
ERE® REFEw i 2SR &
Lifetime ZFHay 7000h >200000h 5000h 5000h 1000h
Leakage Current Not more than specified Not more than Not more than Not more than
SRR value specified value specified value specified value
TEEMEE TEBIMEE TEITMEE TEIMEE
Capacitance Change Within = 30% of initial Within £20% of Within £20% of Within £20% of
RETL value initial value initial value initial value
WIAR1ERY = 30% AL A WIA1ERY £ 20% AN VTR TERY £ 20% A A VIAER £ 20% A
Not more than = 300% of Not more than+200% | Not more than+130% | Not more than +200%

Dissipation Factor

B

specified value
TR EER £300%

of specified value
THEYMEER £200%

of specified value
TN EER +200%

of specified value
RN EER +200%

Condition £
Applied Voltage

UR UR

UrR

UR

After test:
Ur UR to be applied

IR E

Applied Current

e SN ER TR

Applied Temperature
FIRE 105°C 40°C

IR 1.6 X IR

for 30min, >24h
before
measurement.
WK FEMNBE
UR3043 4§, 1L24/)

105°C 105°C | R,

[R=0 IrR=0

Table 3: Full definition of test conditions and allowed ranges

R MAFHMAIFEENTEEX

Definitions and ferms that are used by Jianghai to describe
the lifetime:
1) Useful life

The useful life test procedure comes close to the actual
operating conditions in the application: in addition to the d.c.
bias voltage and the presence of the upper category
temperature, a ripple voltage is superimposed that causes
additional thermal stress by self-heating. The test is terminated
when 1% of the items under test are outside of the specified
parameter limits.
2) Load Life

The load life test has similar test conditions like the useful life
test, but the acceptance criteria are stricter than for the useful
life test. Additionally, all of the items have to fulfill the test
criteria.

SR F A 285 b BT F A0 XM SR
1) ER%F®:
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EMEREEZSN, BENT—MEUKBRE, AFESEHR, X8
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B LE.

2) AtiES
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FERAFGWIREATZ. S, FEHNF R RIEE NIRRT
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3) Endurance

The method for conducting an endurance test is described
in the IEC60384-4 standard: the capacitors are operated at
their rated voltage and at their upper category temperature
and the fime course of their electrical parameters
(capacitance, ESR, leakage current) is observed until certain
thresholds are exceeded. All of the items under test have to
fulfill the test criteria.

4) Shelf Life
A good indicator to assess the chemical stability of electrolytic
capacitors is the “shelf life” . As opposed to the regular

storage of capacitors at moderate temperatures, the shelf life
test is a demanding accelerated life test that subjects the test
specimens for a pre-defined period to their upper category
temperature without any voltage applied. Without any voltage
applied, the capacitor cannot benefit from any self-healing
during the test — this particular feature makes the shelf life test
quite fough. Vital parameters like leakage current,
capacitance, and dissipation factor must stay within
predefined limits after the test. A high numerical value of the
shelf life is a good indicator for chemical stability, high purity of
the materials and an advanced production quality.

3-2 lifetime Estimation of the Aluminum electrolytic capacitor
3-2-1 Self-heating of the aluminum electrolytic capacitor during
operation.

During operation, the ripple current flowing through the
aluminum electrolytic capacitor will generate heat due to the
series equivalent resistance(ESR) of the capacitor. The
generated heat will be:

P=|2R- e eerneeneennens (1M
Where [: Ripple current (Arms)
R: ESR (Q)
The heat will cause a core temperature rise of the capacitor
as below: _ >R
AT= 1R 2
A-H (2)

Where AT: Temperature increase in the capacitor core (deg.)
I: Ripple current (Arms)
R: ESR (Q)
A: Surface area of the capacitor (cm?)
H: Radiation coefficient (Approx. 1.5~2.0x10°*W/cm?x°C)

The above equation (2) shows that the temperature of a
capacitor increase in proportion to the square of the applied
ripple current and ESR, and in inverse proportion to the surface
area. Therefore, the amount of the ripple current determines
the heat generation, which affects the life. The value of
permissible AT varies depending on the capacitor types and
operating conditions. The usage is generally desirable as AT
remains less than 10°C for 85°C products and 5°C for 105°C
products and higher temperature products at their rated
temperature.

In practice, since it is not so easy to measure the core
temperature for the small size capacitors, the measurement of
the surface temperature at the can bottom provides a good
approximation of the core temperature value for radial and
snap-in capacitors with can sizes up to 35 mm in diameter. The
factors given below in table 4 can be used to estimate the core
temperature rise based on the surface temperature rise.

3) MAMERR

BET R0 75 35 B AEIEC60384- 4R i T Hiik « XIFTE
MEFSENFERE, HEFLREEP. EENONVIXRRHPNE
ENNEBESE (FE. SR IBAR) HR, EERLESHBERRE,
FrE N I FE & 2R 4 R B iAo
4) tEEEw

FSRIT A R RE R R REENRFINERZEITHEEST SN
e SEFEBTHTEMEETN—HNZT, XMEESENRE—HF
ERBENMESENIXTTE, ETRMBENERT, FURERE
FIRREFTHENENRE. FMEE, BR[EMNRNIREHD
MIEBTER—, X—HREEESFSNIXESE o ™E.
WiXEERER. B8 MESKBSEIVIURFENENRR
SEE . EFEEFRREKURAT BRSERANLEREL. H
HAER. £rRoRstit.
32 ARBHARNFNEE
3-2-1 RHEBARBIENNASER

EIER, ATRASRAMAEFEAR (EBSR) , RENLURERS
SliEREABNLHR. FAMAETATTE

I: SURETR (Arms)
R: &2REFRME (Q)
AT= KE .................. 2)
ERH2SREARFBHOMNET, ®RUT:
Hoh, AT BESHOMNES (C)
It SUR AR (Arms)
R: ESR (Q)
A: FEE BRI RER (cm?)
H: SR E % ( 1.5~2.0x10°W/cm?x°C)

tEARX (2) BrAARrEE LA SRR FERT UAREY
EREXFIFHESRALIELE, SRRSMNRERLAARBMRE, FHit, &
RAERAR/INREEFEREN RN, NIEMEERSS, BEE
RIRB A RERSFHERE T AIARTHATERN KRN, —RIERT, 85C
ih, AT<10C. 105 CEHEEREFFMAT <5C.

SEpRMAF, AFNRNRTBRRBHHOREHARRRS,
Hit 512 B A T3S SMMEL T HSnap-inBB AR, FORRTTAT IS
MK R SRR SRS S TRATAARIRBERIREFEE
LR F .

Case diameter| ~10 12.5~16 18 22 25 30 35 BHZ ~10 | 12.5~16 18 22 25 30 35
Core/Surface 1.1 1.2 1.25 1.3 1.4 1.6 1.65 FUCBFH/REGEF | 1.1 1.2 1.25 1.3 1.4 1.6 1.65

Table 4: core temperature rise multipliers for various can diameters

The measuring point for temperature increase due to ripple
current is shown below: /_ Measuring point

F-4 TRAERARBHLRIRE
TEFRRSUKBIR S EERRTT AN E =

./‘— Mt
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For larger can sizes snap-in and screw type capacitors, to
get more accurate results, a direct measurement of the core
temperature by means of a thermocouple is recommended.

Jianghai supplies capacitors with pre-mounted thermocouple
for evaluation purposes on request.

3-2-2 Estimation calculation of lifetime
3-2-2-1The life expectancy formula considering the capacitor
core temperature and the applied voltage will be:

L= Lo X 2(%j X (&Jn ......... (3)

Wherein, LO: Life at the rated temperature with the rated ripple
current (h)

Thmax: Permissible Maximum hot-spot temperature (°C)

Th: Actual hot-spot temperature (°C)

UR: Rated voltage(V)

UA: Actual applied voltage(V)

n: exponent

For small size radial type capacitors n=0; for medium and
large size capacitors, n=2.5, the actual working voltage is defined as:

0.6 URSUA<UR

Operating voltage below 0.6Ur is considered to be 0.6UR in
the calculation.

3-2-2-2 The life expectancy formula considering the ambient
temperature ,the ripple current and applied voltage will be:

M ARV ATO
LLoXé]O)XK[( PIX 50 x( ) (4)

Wherein, Lo: Life at the rated temperature wn‘h the rated ripple
current (h)

To: Rated ambient temperature (°C)

T: Actual ambient temperature (°C)

K: Ripple acceleration factor

(K=2, if within allowable ripple current)

(K=4, if exceeding allowable ripple current)

lo: Rated ripple current at the rated ambient temperature(Arms)

I: Actual applied ripple current (Arms)

ATO: Temperature rise at capacitor core at rated
temperature (°C)

UR: Rated working voltage(V)

UA: Actual working voltage(V)

n: exponent, for small size radial type capacitors n=0; for
medium and large size capacitors, n=2.5 the actual working
voltage is defined as:

0.6UR<UA <UR

Operating voltage below 0.6Ur is considered to be 0.6UR in
the calculation.

Note: The frequency of the actual ripple current should be
consistent with that of rated ripple current.

3-2-2-3 The life expectancy formula of Axial&Crown aluminum
electrolytic capacitors

To-T
L=lyx 20T ) (5)

Wherein, L: Theorefical lifetime at actual operating temperature

Lo: Lifetime at rated operating tfemperature

T: Actual operating temperature

To: Rated operating temperature

C: Temperature acceleration factor, experienced value is 10~12

Expected lifefime is a statistical value calculated on the basis
of the experience and on theoretical evaluations. The above formula
is only considered as a theoretical reference. Please consult our
technical department in case that there is some doubts during
calculation or further information about the specific products
need to be acquired.

The life expectancy formula shall in principle be applied to
the temperature range between the ambient temperature of
+40°C and maximum allowable working temperature. The expected
life time shall be about fifteen years at maximum as a guide in
terms of deterioration of the sealant.
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4, Reliability
4-1 The bathtub curve:

Aluminum electrolytic capacitors feature failure rates shown
by the following bathtub curve.

©

—

failure rate

Time —
bathtub curve

A Infant failure period

This is a period during which failures are caused by
deficiencies in design, structure, manufacturing process or
severe misapplications. Such failures occur soon after the
components are exposed to circuit conditions. In aluminum
electrolytic capacitors, these failures are either corrected
through aging process reforming or repairing a damaged
oxide layer, or found by the aging process, removed by the
sorting process, and thus do not reach the field.

Infant failures due to capacitor misapplication such as
inappropriate ambient conditions, over-voltage, reverse
voltage or excessive ripple current can be avoided with
proper circuit design and installation.

B Useful life period

This is a random failure period during which the failure rate
is the lowest. These failures are noft related to operatfing fime
but to application conditions. During this period, non-solid
aluminum electrolytic capacitors show a slow decrease in
capacitance and a slow increase in tand and ESR, which are
caused by a small loss of electrolyte, and feature fewer
catastrophic failures than semiconductors and solid tantalum
capacitors.

C wear-out failure period

This is a period during which the properties of a component
extremely deteriorate, and the failure rate increases with fime.
Non-solid aluminum electrolytic capacitors end their useful life
during this period.

4-2. Failure types:

The two types of failures are classified as catastrophic
failures and wear-out failures as follows,
@D Catastrophic failure

Like a short circuit or open circuit failure, this is a failures
mode which destroys the function of the capacitor.
@ Wear-out failure

This is a failure mode resulted by the gradual deterioration
of the capacitor electrical parameters. The criteria for judging
the failures varies with application and design factors.

Capacitance decrease and tané increase are caused by
the loss of electrolyte in the wear-out failure period. This is due
primarily to loss of electrolyte by diffusion (as vapor) through
the sealing material. Gas molecules can diffuse out through
the material of the end seal. If the electrolyte vapor pressure
within the capacitor is increased, by high temperatures for
example, the diffusion rate is increased. Swelling of the seal
material by electrolyte vapor pressure may also occur at
elevated temperature. This swelling may further enhance
diffusion and mechanically weaken the seal.
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4-3 Typical failure modes and factors of aluminum electrolytic capacitors
FRBRAREIMEXRER ST
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Failure mechanism(internal phenomenon)

Production factor

Application factor
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5. Electrical behaviour
SHE

Characteristics of electrical capacitors vary wity temperature, time, and applied voltage.
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6. Application Guidelines

6-1. Circuit Design

(1) Please make sure the application and mounting conditions
fo which the capacitor will be exposed are within the
conditions specified in the catalog or alternate product
specification (Referred as to specification here after).

(2) Operating temperature and applied ripple current shall be
within the specification.

The capacitor shall not be used in an ambient femperature
which exceeds the operating temperature specified in the
specification.

Do not apply excessive current which exceeds the allowable
ripple current.

(3) Appropriate capacitors which comply with the life
requirement of the products should be selected when
designing the circuit.

(4) Aluminum electrolytic capacitors are polarized. Make sure
that no reverse voltage or AC voltage is applied to the
capacitors. Please use bi-polar capacitors for a circuit that can
possibly see reversed polarity.

Note: Even bi-polar capacitors can not be used for AC
voltage application.

(5) For a circuit that repeats rapid charging/discharging of
electricity, an appropriate capacitor that is capable of
enduring such a condition must be used. Welding machines
and photoflash are a few examples of products that contain
such a circuit. In addition, rapid charging/discharging may be
repeated in control circuits for servomotors, In which the circuit
voltage fluctuates substantially.

For appropriate choice of capacitors for circuit that repeat
rapid charging/discharging, please consult us.

(6) Make sure that no excess voltage (that is, higher than the
rated voltage) is applied to the capacitor.

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

In the case where more than 2 aluminum electrolytic
capacitors are used in series, please make sure that applied
voltage on each capacitor will be lower than rated voltage
and the voltage will be applied to each capacitor equally
using a balancing resistor in parallel with the capacitors.

(7) Outer sleeve of the capacitor is not guaranteed as an
electrical insulator. Do not use a standard sleeve on a
capacitor in applications that require the electrical insulation.
When the application requires special insulation, please
contact us for details.

(8) Capacitors may fail if they are used under the following
conditions:

@ Environmental (climatic) conditions

(a) Being exposed to water, high temperature & high humidity
atmosphere, or condensation of moisture.
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(b)Being exposed to oil or an atmosphere that is filled with
particles of oil.

(c)Being exposed to salty water or an atmosphere that is filled
with particles of salt.

(d)In an atmosphere filled with toxic gasses (such as hydrogen
sulfide, sulfurous acid, nitrous acid, chlorine, bromine, methyl
bromide, ammonia, etc.)

(e)Being exposed to direct sunlight, ozone, ulfraviolet ray, or
radiation

(f)Being exposed to acidic or alkaline solutions

®@Under severe conditions where vibration and/or mechanical
shock exceed the applicable ranges of the specifications.

(9) When designing a P.C. board, please pay attention to the
following:

MHave the hole spacing on the P.C. board match the lead
spacing of the capacitor.

@There should not be any circuit pattern or circuit wire above
the capacitor pressure relief vent.

®@Unless otherwise specified, the following clearance distances
need to be kept above the pressure relief safety vent to ensure
its proper operation.

Case Diameter Clearance Required
6.3~16mm 2mm or more
18~35mm 3mm or more
40mm or more 5mm or more

@In case the vent side is placed toward P.C. board (such as
end seal vented parts), make a corresponding hole on the P.C.
board to release the gas if vent is operated. The hole should be
made fo matfch the capacitor vent position.

®Screw terminal capacitors must be installed with their end
seal side facing up. When you install a screw terminal capacitor
in a horizontal position, the positive terminal must be in the
upper position.

(10) The main chemical solution of the electrolyte and the
separator paper used in the capacitors are combustible. The
electrolyte is electrically conductive. When it comes in contact
with the P.C. board, there is a possibility of pattern corrosion or
short circuit between the circuit pattern which could result in
smoking or catching fire.

Do not locate any circuit pattern beneath the capacitor end
seal.

(11) Do not design a circuit board with heat generating
components placed near an aluminum electrolytic capacitor
or on the reverse side of P.C. board under the capacitor.

(12) Electrical characteristics may vary depending on changes
in femperature and frequency. Please consider this variation
when you design circuits.

(13) When you mount capacitors on the double-sided P.C.
boards, do not place capacitors on circuit patfterns, otherwise it
may causes short circuit on the PCB.

(14) The torque applied on the terminal screws or brackets
screws shall be within the range given in the specifications.

(15) When you install more than 2 capacitors in parallel,
consider the balance of current flowing through the capacitors.
Especially if solid conductive polymer aluminum electrolytic
capacitor and a standard aluminum electrolytic capacitor are
connected in parallel, special care must be taken.
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6-2. Mounting

(1) Once a capacitor has been assembled in the set and
power applied, even if a capacitor is discharged, an electric
potential(recovery voltage) may exist between the terminals.

(2) Electric potential between positive and negative terminal
may exist as a result of returned electromotive force, so please
discharge the capacitor using a 1 k resistor.

(3) Please confirm ratings before instaling capacitors on the
P.C. board.

(4) Please confirm polarity before installing capacitors on the
P.C. board.

(5) Do not drop capacitors on the floor, nor use a capacitor
that was dropped.

(6) Do not damage the capacitor while installing.

(7) Please confirm that the lead spacing of the capacitor
matches the hole spacing of the P.C. board prior to
installation.

(8) Snap-in type capacitor should be installed tightly to the
P.C. board (allow no gap between the P.C. board and
bottom of the capacitor).

(9) Please pay attention that the clinch force is not too strong
when capacitors are placed and fixed by an automatic
insertion machine.

(10) Please pay attention to that the mechanical shock to the
capacitor by suction nozzle of the automatic inserfion
machine or automatic mounter, or by product checker, or by
centering mechanism.

(11) Hand soldering.

@ Soldering condition shall be confirmed to be within the
specification.

@ If it is necessary that the leads must be formed due to a
mismatch of the lead space to hole space on the board,
bend the lead prior to soldering without applying too much
stress to the capacitor.

@ If you need to remove parts which were soldered, please
melt the solder enough so that stress is not applied to lead.

@ Please pay attention so that solder iron does not tfouch any
portion of capacitor body.

(12) Flow soldering (Wave solder)

@ Aluminum capacitor body must not be submerged into the
solder bath. Aluminum capacitors must be mounted on the
"top side" of the P.C. board and only allow the bottom side of
the P.C. board to come in contact with the solder.

@ Soldering condition must be confirmed fo be within
specification.

Solder temperature: 260+5°C, Immersing lead fime:10+1
second, Thickness of P.C. board : 1.6mm.

@ Please avoid having flux adhere to any portion except the
terminal.

@ Please avoid contact between other components and the
aluminum capacitor.
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TECHNICAL NOTES AND GUIDELINES thng/\ai«

(13) Reflow soldering (SMD only)
@ Soldering condition must be confiimed to be within
specification.

Pre-heating : Less than 150°C, 90 seconds max. Max.
temperature at capacitor top during reflow : 230°C

The duration for over 200°C temperature at capacitor top:
20 seconds max.

The duration from the pre-heat temperature to peak

temperature of reflow varies due to changes of the peak
temperature.
@ The number of reflow time for SMT aluminum electrolytic
capacitors shall be one time. If this type of capacitor has to be
inevitably subjected fo the reflow twice, enough cooling time
between the first and second reflow (at least more than 30
minutes) shall be taken to avoid consecutive reflow. Please
contact us if you have questions.

(14) Soldering flux, Cleaning agents, Conformal coating&fixing glue

lonic halides and non-ionic halides are both harmful to the
capacitors, When either of these halides infilfrate the capacitor, it
causes a chemical reaction that is quite harmful to the capacitors.
Use soldering flux, cleaning agents, conformal coating & fixing glue
that does not contain any halides. In addition, sulfur is also discovered
fo be harmful to the capacitor, so avoid using soldering flux,
cleaning agents, conformal coating&fixing glue containing sulfur.

(15) Do not tilt lay down or twist the capacitor body after the
capacitors are soldered to the P.C. board.

(16) Do not carry the P.C. board by grasping the soldered
capacitor.

(17) Please do not allow anything to fouch the capacitor after
soldering. If P.C. board are stored in a stack, please make sure
P.C. board or the other components do not touch the
capacitor.

The capacitors shall not be effected by any radiated heat
from the soldered P.C. board or other components after
soldering.

6-3. In the equipment
(1) Do not directly touch terminal by hand.

(2) Do not short between terminals with conductor, nor spill
conductible liquid such as alkaline or acidic solution on or
near the capacitor.

(3) Please make sure that the ambient conditions where the
set is installed will be free from spilling water or oil, direct
sunlight, ultraviolet rays, radiation, poisonous gases, vibration
or mechanical shock.

6-4. Maintenance Inspection

Please periodically inspect the aluminum capacitors that
are installed in industrial equipment. The following items should
be checked:
@ Appearance : Remarkable abnormality such as
vent operation, leaking electrolyte etc.
@ Electrical characteristic: Capacitance, dielectric loss
tangent, leakage current, and items specified in the
specification.
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6-5.In an Emergency

(1) If you see smoke due to operation of safety vent, turn off
the main switch or pull out the plug from the outlet.
(2) Do not bring your face near the capacitor when the
pressure relief vent operates. The gasses emitted from that are
over 100°C.

If the gas gets info your eyes, please flush your eyes
immediately in pure water.

If you breathe the gas, immediately wash out your mouth
and throat with water.

Do not ingest electrolyte. If your skin is exposed to
electrolyte, please wash it away using soap and water.

6-6. Storage

(1) It is recommended to store capacitors at ambient
tfemperatures from 5°C to 35°C and aft relative humidity of 75%
or below.

(2) The leakage current of the electrolytic capacitor tends to
increase after long time storage, it is suggested to reconfirm
the leakage current before use them in case the capacitors
are stored for more than 1 year. If necessary, voltage
freatment could be performed by connecting a 1KQ resistor
to reduce the leakage current.

(3) Confirm that the environment does not have any of the
following conditions:

®Where the capacitors may have the possibility to get water,
salt or oil spill.

@The atmosphere is filed with hazardous gases (e.g.
hydrogen sulfide, sulfurous acid, nitrous acid, chlorine,
bromine, methyl bromide, ammonia,etc.)

@Where the capacitors are exposed to ulfravoilet or
radioactive rays.

6-7.Use at high altitude

If the capacitors are used at high attitude, such as at
mountainous regions or on an aircraft, the air pressure outside
the capacitor decreases and causes a difference between
the internal pressure and external pressure. Howerver, this low
atmospheric pressure is no problem for the capacitor up tfo an
aftitude about 10000 meters. Another condition should be
noticed is that the ambient temperature decreases with
increased altitude, please check the operation of the
electronic equipment at such low temperature .

6-8. Disposal

Take either of the following methods in disposing of
capacitors.

Make a hole or crush the capacitors(to prevent explosion)
before incineration at approved facility.

If incineration is not applicable, hand them over to a
professional industrial waste disposal company to dispose
according to local laws.
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