SOLID TANTALUM CHIP CAPACITORS KKEMET

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS

Introduction

KEMET solid tantalum capacitors are identified bv
the initial “T.” followed bv a uniaue “Series” num-
ber: for example. T491. T492. etc. Each Series
denotes a aeneral phvsical form and tvpe of
encapsulation. as well as limits on dimensions and
certain electrical characteristics under standard
conditions of 25°C. 50% relative humiditv. and one
atmosohere pressure. Specific reauirements are
set forth in the respective Product Series in this
cataloa. All series are 100% screened for leakaae.
capacitance. dissipation factor. and ESR. All
Series are inspected to electrical limits usina a
minimum .1% AQL samplina plan. accordina to
the Militarv Standard MIL-STD-105. even after
100% testina. This samplina plan. to the best of
KEMET Electronics’ knowledae. meets or exceeds
the aenerallv accepted industrv standard for simi-
lar oroducts. KEMET capacitors mav also be sup-
plied. with orior aareement. to meet specifications
with reauirements differina from those of KEMET cat-
aloas.

ELECTRICAL

. General Application Class

Solid tantalum capacitors are usuallv applied in
circuits where the AC component is small com-
pared to the DC component. Tvoical uses known
to KEMET Electronics include blockina. bv-pass-
ina. decouplina. and filterina. Thev are also used in
timina circuits. General purpose devices are rec-
ommended to have an external series resistance of
0.1Q/volt to reduce the failure due to surae cur-
rent. Newer devices desianed for power applica-
tions (T495. T5XX). are built to eliminate this series
resistance reauirement. Because tantalum capaci-
tors can experience scintillation (self-healina) in
their life. the circuit impedence should not exceed
100KQ or this will circumvent the scintillation and
dearade leakaae.

. Operatina Temperature Ranae

e -55°C to +125°C

Voltaae deratina is specified in Section 5.
Performance characteristics over this temoerature
ranae are presented within the followina sections.

. Non-Operatina Temperature Ranae

e -55°C to +125°C

Tantalum capacitors do not lose capacitance from
the “de-formina” effect as do liauid-electrolvtic
capacitors. Storaae at hiah temperature mav
cause a small. temporarv increase in leakaae cur-
rent (measured under standard conditions). but the
oriainal value is usuallv restored within a few min-
utes after apolication of rated voltace.

Tantalum chips are not hermeticallv sealed. there-
fore thev do exhibit reversible chanaes in parame-
ters with respect to relative humiditv (RH).
Capacitance increases with increasina humiditv.
The limitina chanae. reached upbon establishment
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of eauilibrium with the environment. is aporoxi-
matelv -5% to +12% over the ranae from 25% to
95% RH. referred to the standard 50% RH. The
amount of chanae is dependent ubon size (capaci-
tance and voltaae ratina. ie: CV product): small
sizes miaht chanae no more than +5%.
Eauilibrium at such extremes is seldom attained bv
plastic-cased capacitors. and the chanae in
capacitance is conseauentlv less. The rate of
response to humiditv chanaes increases with
increasina temoerature. Dissipation factor and
ESR also increase with increasina RH.

DC leakaae current mav rise upon exposure to a
combination of hiah temperature and hiah humidi-
tv. but is normallv restored bv voltaae conditionina
under standard conditions. The increase will be
areater than that experienced under temperature
influence alone because of conduction throuah
absorbed water.

Tantalum chips mav be affected bv absorption of
water on external insulatina surfaces.The water
film mav also attract a laver of dust from the air.
increasina the effect. The most sensitive parame-
ter is leakaae current.

4. Capacitance
¢ 0.1 uF to 1000 uF
Refer to part number tables for available capaci-
tance ratinas and tolerances bv series.

Capacitance is measured at 120 Hz. up to 1.0
volt rms maximum and up to 2.5 volts DC maximum. at
+25°C.DC bias causes onlv a small reduction in capaci-
tance. up to about 2% when full rated voltaae is applied.
DC bias is not commonlv used at room temperature. but
is more commonlv used at elevated temperatures.
Cabpacitance decreases with increasina freauencyv.
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FIGURE 1 Tvopical Effect of Freauencv unon Capacitance

Capacitance increases with increasina temperature.
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ICEMIET soOLID TANTALUM CHIP CAPACITORS

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

TABLE 1 Maximum Capacitance Chanae
with Temperature (ref: 25 °C)

Ambient Temperature

-55°C +85°C +125°C

-10% +10% *+12% or +15%t020%

*+12% is standard. +15% and 20% apoplv to certain
extended CV values as noted in part number tables.

5.

6

Percent Chanae in
Workina DC Voltaae

Workina DC Voltaae (WVDC)

¢ 3 to 50 volts

Refer to part number tables for available voltaae
ratinas bv series.

These voltaaes are the maximum recommended peak
DC operatina voltages from -55°C to +85°C for
continuous dutv. These voltaces are derated linearlv above
+85°C to 2/3 rated voltace for operation at
+125°C (See Fiaure 3). For added reliabilitv it is
recommended to operate at a 50% deratina of the workina
voltaae for tantalum capacitors with MnO, as a cathode.
See paae 39 for workina DC Voltaae of hiah temperature
T498 product.
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FIGURE 3 Workina DC Voltaae Chanae with Temperature

. Surae Voltaae

TABLE 2 Surae Voltaae Ratinas
at +25°C. +85°C & +125°C

Rated
Workina Surae Derated
Volts Voltace DC Surae
@ +25°C @ +25°C Volts Voltaae
& +85°C & +85°C | @ +125°C @ +125°C
3 4 2 2.4
4 5.2 2.7 3.2
6 8 4 5
10 13 7 8
16 20 10 12
20 26 13 16
25 33 17 20
35 46 23 28
50 65 33 40

Surae voltaae tests are pnerformed at +25°C.
+85°C and +125°C with the applicable surae volt-
aae. The surae voltace is aoolied for 1000 cvcles
of 30 seconds at voltaae throuah a 33 ohm series
resistor and 30 seconds off voltaae with the
capacitor discharaed throuah a 33 ohm resistor.
Ubon compoletina the test. the capbacitors are
allowed to stabilize at room temoerature. Capaci-
tance. DCL and DF are then tested:

a. Capacitance — within + 5% of initial value
b. DC Leakaae — within initial limit

C. Dissipation Factor — within initial limit

d. ESR — within initial limit

. Reverse Voltaae and Polaritv

TABLE 3 Reverse Voltaae Ratinas

Temperature Permissible Reverse Voltaae
+25°C 15% of Rated Voltaae
+85°C 5% of Rated Voltaae
+125°C 1% of Rated Voltaae

Solid tantalum capacitors are polarized devices
and mav be permanentlv damaaed or destroved if
connected with the wrona polaritv. The positive
terminal is identified on the capacitor bodv bv a
stripe and a beveled edae. A small dearee of tran-
sient reverse voltaae is permissible for short peri-
ods per Table 3. The capacitors should not be
operated continuouslv in reverse mode. even with-
in these limits.

. DC Leakaae Current (DCL)

Refer to part number tables for maximum leakaae
current limits.

DC leakaae current is the current that. after a one-
to five-minute charaina period. flows throuah a
capacitor when voltaae is apolied. Leakaae is
measured at +25°C with full rated DC voltaae
aoplied to the capacitor throuah a 1000 ohm resis-
tor in series with the capacitor.

DC leakaae current increases with increasina tem-
perature.

TABLE 4 Leakaae Limit Multinliers at Specified
Temperatures (ref: 25 °C limits)

Ambient Temperature

-55°C +85°C +125°C

N/A 10X 12X

©KEMET Electronics Corporation. P.O. Box 5928. Greenville. S.C. 29606. (864) 963-6300



SOLID TANTALUM CHIP CAPACITORS IKEMIET

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

FIGURE 4
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DC leakaae current decreases with decreasina
applied voltaae.
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FIGURE 5 Tvpical Effect of Applied Voltaae on DC

Leakaae Current.

9. Dissination Factor (DF)

Refer to part number tables for maximum DF
limits.

Dissipation factor is measured at 120 Hz. up to
1.0 volt rms maximum. and up to 2.0 volts DC
maximum at +25°C. The application of DC bias
causes a small reduction in DF. about 0.2% when
full rated voltaae is applied. DF increases with
increasina freauencv.
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FIGURE 6 Tvpical Effect of Freauencv unon Dissipation

Factor

Dissipation factor is a verv useful low freauencv
(120 Hz) measurement of the resistive component
of a capacitor. It is the ratio of the eauivalent series
resistance (ESR) to the capacitive reactance. (X,)
and is usuallv expressed as a percentaace. It is
directlv prooortional to both capacitance and fre-
auencyv. Dissipation factor loses its importance at
hiaher freauencies. (above about 1 kHz). where
impedance (Z) and eauivalent series resistance
(ESR) are the normal parameters of concern.

DF =R =2n#fCR DF = Dissipation Factor

Xe R = Eauivalent Series
Resistance (Ohms)
X. = Capacitive Reactance

(Ohms)
f = Freauencv (Hertz)
C = Series Capacitance
(Farads)

DF is also referred to as tan & or “loss tanaent.”
The “Qualitv Factor.” “Q.” is the reciorocal of DF.

DF decreases with temperature above +25°C and
mav also increase at lower temperatures.
Unfortunatelv. one aeneral limit for DF cannot be
specified for all capacitance/voltace combinations.
nor can resoonse to temperature be simplv stated.
DC bias is not commonlv used at room tempera-
ture. but is more commonlv used at elevated tem-
peratures.

10. Eauivalent Series Resistance (ESR) and

Impedance (2)

Eauivalent Series Resistance (ESR) is the pre-
ferred hiah-freauencv statement of the resistance
unavoidablv appearina in these capacitors. ESR
is not a pure resistance. and it decreases with
increasina freauencv.

Total impedance of the capacitor is the vector
sum of capacitive reactance (X,) and ESR. below
resonance: above resonance total impedance is
the vector sum of inductive reactance (X,) and
ESR.
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KEMET soLID TANTALUM CHIP CAPACITORS

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

X; = 1 ohm
2wfC
where:

f = freauencv. Hertz
C = capacitance. Farad

FIGURE 7a Total Impedance of the Capacitor Below

X, =2mfl

where:

Resonance

f = freauencv. Hertz
L = inductance. Henries

FIGURE 7b Total Impedance of the Capacitor Above

Resonance

To understand the manv elements of a capaci-
tor. see Fiaure 8.

FIGURE 8 The Real Capacitor

A capacitor is a complex impedance consistina of
manv series and parallel elements. each addina
to the complexitv of the measurement svstem.

ESL — Represents lead wire and construction
inductance. In most instances (especiallv in solid
tantalum and monolithic ceramic capbacitors) it is
insianificant at the basic measurement freauen-
cies of 120 and 1000 Hz.

I & EER |Qhms]

ESR — Represents the actual ohmic series resis-
tance in series with the capacitance. Lead wires
and capacitor electrodes are contributina sources.

R, — Capacitor Leakaae Resistance. Tvoicallv it
can reach 50.000 meaohms in a tantalum capaci-
tor. It can exceed 10" ohms in monolithic ceram-
ics and in film capacitors.

R, — The dielectric loss contributed bv dielectric
absorotion and molecular oolarization. It becomes
verv sianificant in hiah freauencv measurements
and applications. lts value varies with freauencv.

C, — The inherent dielectric absorption of the
solid tantalum capacitor which tvoicallv eauates to
1-2% of the applied voltaae.

As freauencyv increases. X, continues to decrease
accordina to its eauation above. There is unavoid-
able inductance as well as resistance in all cabaci-
tors. and at some point in freauencv. the reac-
tance ceases to be capacitive and becomes
inductive. This freauencv is called the self-reso-
nant ooint. In solid tantalum capacitors. the reso-
nance is damoed bv the ESR. and a smooth.
rather than abrupt. transition from capbacitive to
inductive reactance follows.

Tvoical ESR/Z freauencv response curves are
shown in Fiaures 9a and 9b. These curves are
for selected ratinas and reoresent tvoical T491
Series performance. Maximum limits for 100 kHz
ESR are listed in the part number tables for
each series. Note that the T494 Series offers low
ESR and the T495 Series is speciallv desianed
for verv low ESR performance. Refer to paae 31
for more information. See also KEMET’s T510
Series low ESR ratinas on paae 40.

Pl | VDT

-] B 1, B3 00 538 1 0065, 500 i3 DS 38

Fragquancy |Hzl

FIGURE 9a ESR & Impedance (2) vs Freauencv
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SOLID TANTALUM CHIP CAPACITORS IKEMIET

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con’t.)
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— 12. AC Oneration 5
- ] Permissible AC ripple voltace and current are [
7 Sl e related to eauivalent series resistance (ESR) and [
8 b s “‘{_\‘ power dissipation capabilitv. £
; "":h-‘-\"‘% I . . . . =
a g L O =M Permissible AC ripole voltace which mav be =
- e e aoplied is limited bv three criteria: ‘g
I e ;3"‘-’.'_“‘ e — a. The positive peak AC voltaae plus the DC [
b ».m-m_-_-""""--"'—' bias voltace. if anv. must not exceed the DC =
] . . o
T — =Rt e voltace ratina of the capacitor. (77}
- .y "r"" oiptr R iy b. The neaative peak AC voltaae. in combination
rEquEny (M . . .
with the bias voltaoe. if anv. must not exceed
FIGURE 9b ESR & Impedance (z) vs Freauencv the permissible reverse voltaae ratinas ore-
ESR and Z are also affected bv temperature. At sented in Table 3.
100 kHz. ESR decreases with increasina temper- c. The power dissipated in the ESR of the capa-
ature. The amount of chanae is influenced bv the citor must not exceed the approoriate value
size of the capacitor and is aenerallv more pro- specified in Table 5.
nounced on smaller ratinas. Actual power dissinated mav be calculated from
 Multiolier of 100KHz ESR e followina:
bt -
Substitutina | = E. P = ER

Z Via
! where:

1 | = rms rioole current (amperes)

‘ E = rms ripple voltaae (volts)

P = power (watts)
Z = impedance at specified freauencv (ohms)

0.1 L L ! ! ! ! ! R = eauivalent series resistance at soecified
-50 -25 0 25 50 75 100 125 freouencv (Ohms)

Temperature - Dedarees Centiarade

Usina P max from Table 5. maximum allowable

FIGURE 10 Tvoical Effect of Temperature on 100 kHz ESR rms riople current or voltace mav be determined
as follows: _
11. AC Power Dissination [ (max)= VP max/R E(max) = Z \/P max/R
Power d|s§|oat|on is a function of' capacitor size These values should be derated at elevated tem-
and materials. Maximum power ratinas have been peratures as follows:
established for all case sizes to prevent overheat- Temperature Deratina Factor
ina. In actual use. the capacitor’s abilitv to dissi- 85°C 9
pate the heat aenerated at anv aiven power level 125°C 4
mav be affected bv a varietv of circuit factors.
These include board densitv. pad size. heat sinks ENVIRONMENTAL
and air circulation. 13. Temperature Stabilitv
TABLE 5 Tantalum Chin Power Dissination Ratinas TABLE 6 Temperature Stabilitv Limits
Case Code Maximum Power Dissipation S'\}go Temp. | 2 Capacitance %Srljggte DiT:Saigg:—on
KEMET EIA mW @ +25°C w/+20°C Rise 1 +25°C | within specified| within oriainal| within oriainal
R 2012-12 25 tolerance limit limit
S 3216-12 60 2 | -55°C [within+10% | N/A within oriainal
T 3528-12 70 of initial value limit**
U 6032-15 90 3 +25°C | within + 5% within oriainal| within oriainal
Vi 7343-20 125 of initial value | limit limit**
A 351618 75 4 | +85°C | within + 10% | within 10X within oriainal
of initial value | original limit limit**
B 3528-21 85 5 | +125°C | *within + 12%on within 12X | within oriainal
c 3062-28 110 20% of initial | oriainal limit | limit***
D 7343-31 150 value
X 7343-43 165 6 +25°C | within + 5% within oriainal| within oriainal
E 7260-38 200 of initial value | limit limit
T530D 7343-31 255 *+12% is standard. +15% or +20% apblies to certain CV values
T510X. T530X | 7343-43 570 as noted in part number table.
T510E. T530E | 7260-38 585 **within 1.5x initial limit for extended CV values.

***within 1.15x initial limit for extended CV values.

©KEMET Electronics Corporation. P.O. Box 5928. Greenville. S.C. 29606. (864) 963-6300 9



IKEMIET soLID TANTALUM CHIP CAPACITORS

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

Mounted capacitors withstand extreme temperature
testina at a succession of continuous steps at
+25°C. -55°C. +25°C. +85°C. +125°C. +25°C. in the
order stated. Capacitors shall be brouaht to thermal
stabilitv at each test temperature. Capacitance. DF
and DCL are measured at each test temperature
except that DCL is not measured at -55°C. DC bias
of 2.0+ 0.5 is recommended for the capacitance
and D F reauirements.

14. Thermal Shock
o Mil-Std-202. Method 107. Condition B

Minimum temperature -55°C. mounted
Post Test Performance:
a. Capacitance — within +5% of initial value
b. DC Leakaae — within initial limit
c. Dissipation Factor — within initial limit
d. ESR — within initial limit

15. Moisture Resistance
o Mil-Std-202. Method 106

Steps 7a and 7b excluded. rated voltaae.
42 cvcles. mounted

Post Test Performance:
a. Capacitance — within +10% of initial value
b. DC Leakaae — within initial limit
c. Dissipnation Factor — within initial limit
d. ESR — within initial limit
e JEDEC J-STD-20C — meets MSL1 for Pb-free
assemblv

16. Electrostatic Discharae (ESD)
e Human Bodv Model
2.000 =50 volts. 1.500 5% ohms. 40 nano-
second pulse each pbolaritv. 1 pulse each
polaritv. 5 seconds between pulses. +25°C.
e Charaed Device Model
200 = 5 volts. 0 ohms. 40 nanosecond
pulse. each polaritv. 9 pulses each polaritv.
5 seconds between pulses. +25°C.
Product subiected to above test condition
demonstrate no sensitivitv to electrostatic
discharae.

17. Lona Term Stabilitv

Within the aeneral class of electrolvtic capacitors.
solid tantalum capacitors offer unusual stabilitv of
the three important narameters: caoacitance. dis-
sipation factor and leakaae current. These solid-
state devices are not subiect to the effects of
electrolvsis. deformina or drvina-out associated
with liauid-electrolvte capacitors.

When stabilized for measurement at standard
conditions. capacitance will tvoicallv chanae less
than +3% durina a 10.000 hour life test +85°C.

18.

The same comparative chanae has been
observed in shelf tests at +25°C extendina for
50.000 hours. (Some of this chanae mav stem
from instrument or fixture error.)

Dissination factor exhibits no tvoical trend. Data
from 10.000 hour life test at +85°C show that ini-
tial limits (at standard conditions) are not exceeded
at the conclusion of these tests.

Leakaae current is more variable than capaci-
tance or DF: in fact. leakaae current tvpicallv
exhibits a loaarithmic dependence in several
resnects. Militarv Soecifications permit leakaae
current (measured at standard conditions) to rise
bv a factor of four over 10.000 hour life tests.
Tvpical behavior shows a lower rate of chanae.
which mav be neaative or positive. Initial leakaae
currents are freauentlv so low (less than 0.1
nanoampere in the smallest CV capacitors) that
chanaes of several orders of maanitude have no
discernable effect on the usual circuit desians.

Failure Mode

Capacitor failure mav be induced bv exceedina
50% of rated voltaae of the capacitor with forward
DC voltacge. reverse DC voltaage. nower dissipation.
or temperature. As with anv practical device. these
capacitors also possess an inherent. althouah low.
failure rate when operated at less than 50% of the
rated voltaae of the capacitor.

The dominant failure mode is bv short-circuit.
Minor parametric drifts are of no conseauence in
circuits suitable for solid tantalum capacitors.
Catastrophic failure occurs as an avalanche in DC
leakaae current over a short (millisecond) time
span. The failed capacitor. while called “short-cir-
cuited”. mav exhibit a DC resistance of 10 to 10*
ohm.

If a failed capacitor is in an unorotected low-
impedance circuit. continued flow of current
throuah the capacitor mav obviouslv produce
severe overheatina. The over-heated capacitor
mav damaae the circuit board or nearbv compo-
nents. Protection acainst such occurrence is
obtained bv current-limitina devices or fuses pro-
vided bv the circuit desian. KEMET’s T496 series
offers a built-in fuse to convert the normal short
circuit failure mode to an ooen circuit.

Fortunatelv. the inherent failure rate of KEMET
solid tantalum capacitors is low. and this failure
rate mav be further imoroved bv circuit desian.
Statistical failure rates are orovided for militarv
capacitors. Relatina circuit conditions to failure
rate is aided bv the auides in the section followina.

10 ©KEMET Electronics Corporation. P.O. Box 5928. Greenville. S.C. 29606. (864) 963-6300



SOLID TANTALUM CHIP CAPACITORS IKEMIET

RELIABILITY

19. Reliabilitv Prediction

Solid tantalum capacitors exhibit no dearadation
failure mode durina shelf storaae and show a
constantlv decreasina failure rate (i.e.. absence
of anv wear out mechanism) durina life tests.
This failure rate is dependent ubon three imoor-
tant aoplication conditions: DC Voltace. ambient
temperature. and circuit impedance. Additional
effects are attributable to the capacitance of the
device and atmospheric and mechanical expo-
sure of the assembled circuit. The 1000 multiolier
at the end converts the failure rate to parts-per-
billion piece-hours. A prediction of the failure rate
can be made usina these application conditions
and the formulas and tables listed in MIL-HDBK-
217F (Notice 2).

Base Multiolier: The first multiolier is the base
multiolier (2) established for the capacitor tvpe.
For “CWR-Chips” or surface mount components
the base multiplier is 0.00005. and for “CSR-
Leaded” devices. the base multiplier is 0.00040.

Temperature: The temperature factor is aiven as
(3). From this formula. it can be seen that the unitv
factor. or 1. is derived at an ambient temperature
of +25°C (+298°K). and that at temperatures
below this the multiplier is decreasina and at tem-
peratures above this the multiolier is increasina.

Voltaae: The multiolier for application voltaae (4)
is a two step process: first. the application volt-
aae is compared to 60% of rated voltaae. and
then this ratio is raised to an exponential bower
of 17 and added to unitv. Consider applications
of 50%. 60%. 70%. 80% and 90% of rated volt-
aae. The multioliers for these apblications would
be 1.045. 2.00. 14.7. 134. and 986. respectivelv.
From these results it is evident whv manufactur-
ers recommend application voltaaes not to
exceed 50% rated voltaaes.

Capacitance: There is a factor (5) aoplied to the
capacitance (in uF) which effectivelv increases
the failure rate for increasina capacitance
(increases in effective area resultina in increases
in possible faults).

Series Resistance: The series resistance is onlv
concerned with the resistance per application
bias (ohms per volt) external to the capacitor.
and does not include the ESR as a factor.

Environmental: The environmental factor is
determined bv the harshness of the ambient
conditions bevond temperature. An explanation
of these ratinas is included in the MIL specifica-
tion and are too extensive to be covered here. In
most cases. this factor is set to around benian or
Gs. with the resultina factor eaual to “1”.

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

(1 Ay = ATy TspTaMe X 1000

(2) A = 0.00005¢, OF 0.0004¢gn

(3) nT=exo[&{ ! ! ﬂ

8.617+10°' T, . 298
(4y s = Avolication-Voltaae . (i)ﬂ 1
Rated-Voltaae v~ 106

(5) nc=1.0¢C%®

(6) Tsr = Lookup Table ne = Lookup Table

( Pcs. Fail )
(7 ma=/lpcs Tested x Hrs. Testead X 100-000

FIGURE 11a. MIL-HDBK-217F Notice 2 formulas.

CR (QV) Tlsr
>0.8 0.66
0.6-0.8 1.0
0.4-0.6 1.3
0.2-0.4 2.0
0.1-0.2 2.7
<0.1 3.3

FIGURE 11b. Table for circuit resistance multipiers.

Qualitv Factor: All of these multioliers are

appolied to the established or base failure rate of
the part. The T492 Series is aualified under U.S.
militarv soecification MIL-PRF-55365. Failure
rates as low as 0.001% kHr are available under
this test oroaram.

For series not covered bv militarv specifications.
an internal samolina proaram is operated bv
KEMET Qualitv Assurance wherebv parts are put
on life test at rated voltace for 2000 hours. The
confidence level chosen for the reportina data is
60%. (The cost of samplina each batch would be
prohibitive. and no claim is made to auarantee
the failure rate of each batch.) With this testina
and each new aualification test for new parts. the
averaae failure rate for all commercial Series lies
between 0.1% and 1.0% per thousand-
piece-hours.

FIT Calculator

All of these factors are aathered into a Windows
based software. available free from the KEMET
web site (www.kemet.com). The “FIT Calculator”
software does all the calculations and look-ups
based on information entered or selected bv the
operator. A manual mav also be downloaded
from the same web paae to explain the controls
and displavs The manual as well as a help
screen also detail the environmental conditions.

©KEMET Electronics Corporation. P.O. Box 5928. Greenville. S.C. 29606. (864) 963-6300 11
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KEMET soLiD TANTALUM CHIP CAPACITORS

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

20.

21.

22.

23.

12

Surae Current
All conventional reliabilitv testina is conducted
under steadv-state DC voltace. Experience indi-
cates that AC ripple. within the limits prescribed.
has little effect on failure rate. Heavv surae cur-
rents are possible in some apolications. howev-
er. Circuit impedance mav be verv low (below the
recommended 0.1 ohm/volt) or there mav be dri-
vina inductance to cause voltaae “rinaina.” Surae
current mav appear durina turn-on of eauioment.
for example. Failure rate under current-surae
conditions mav not be predictable from conven-
tional life test data.
Capacitors are capable of withstandina a 4 +1
second charae of rated voltaae (+2%) throuah a
total circuit resistance (excludina the capacitor) of
1 +0.2 ohms at +25°C. followed bv a 4 +1 second
discharae to a voltaae below 1% of the rated volt-
aae. This cvcle is repeated consecutivelv three
(3) times. Post test performance:

a. Capacitance — within 5% of initial value

b. DC Leakaae — within initial limit

c. Dissipation Factor — within initial limit
100% production surae current testina is per-
formed on all Tantalum Chio series for case sizes
C. D. E. X. U. V. The total test circuit resistance
is < 0.5 ohms. The apbolied voltaae is 75% of
rated voltaae for all series exceont the T495 and
T510 which are suraed at 100% of rated voltace.
Four surae cvcles are aoplied. Parts not capable
of survivina this test are removed at subseauent
electrical screenina. See T493 Series on paae 22
for specific surae ontions.

Storaae Life Test
e 2.000 hours. +125°C. Unbiased. Mounted
Post Test Performance:
a. Capacitance — within +10% of initial value
b. DC Leakaae — within initial limit
c. Dissipation Factor — within initial limit
d. ESR — within initial limit
e. Phvsical — no dearadation of function

Standard Life Test
e 2.000 hours. +85°C. Rated Voltaae. Mounted
Post Test Performance:
a. Capacitance — within +10% of initial value
b. DC Leakaae — within 125% of initial limit
c. Dissipation Factor — within initial limit
d. ESR — within initial limit
e. Phvsical — no dearadation of function
Hiah Temperature Life Test
e 2.000 hours. +125°C. 2/3 Rated Voltaae.
Mounted
Post Test Performance:
a. Capacitance — within +10% of initial value
b. DC Leakaae — within 125% of initial limit
c. Dissipation Factor — within initial limit
d. ESR — within initial limit
e. Phvsical — no dearadation of function

24,

25.

26.

27.

28.

29.

30.

31.

———————

MECHANICAL

Resistance to Solvents
* Mil-Std-202. Method 215
Post Test Performance:
a. Capacitance — within £10% of initial value
b. DC Leakaae — within initial limit
c. Dissipation Factor -— within initial limit
d. Phvsical — no dearadation of case. termi-
nals or markina.

Funaus
e Mil-Std-810. Method 508

Flammabilitv

e UL94 VO Classification
Encapsulant materials meet this
classification.

Resistance to Solderina Heat
e Wave Solder
+260 £5°C. 10 Seconds
¢ Infrared Reflow
+230 £5°C. 30 Seconds
¢ Vapor Phase Reflow
+215 £5°C. 2 minutes
Post Test Performance:
a. Capacitance — within +10% of Initial Value
b. DC Leakaae — within Initial Limit
c. Dissipation Factor — within Initial Limit

Solderabilitv

* Mil-Std-202. Method 208

e ANSI/J-STD-002. Test B

Applies to Solder and Tin Coated terminations
onlv. Does not applv to optional aold-plated ter-
minations.

Vibration
e Mil-Std-202. Method 204. Condition D.
10 Hz to 2.000 Hz. 20G Peak
Post Test Performance:
a. Capacitance — within + 10% of initial value
b. DC Leakaae — within initial limit
c. Dissipation Factor — within initial limit

Shock
* Mil-Std-202. Method 213. Condlition I.
100 G Peak
Post Test Performance:
a. Capacitance — within £+10% of initial value
b. DC Leakaae — within initial limit
c. Dissipation Factor — within initial limit

Terminal Strenath
e Pull Force
* One Pound (454 arams). 30 Seconds

1lb 1 lb.

__>

;—-1
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SOLID TANTALUM CHIP CAPACITORS KKEMIET

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con't.)

¢ Tensile Force ) and Pb-Free solderina processes.
* Four Pounds (1.8 kiloarams). 60 Seconds 90Sn/10Pb terminations are also available and
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\| can be ordered with an "H" suffix.
KEMET's "S" suffix remains an active termination
n\ desianator for current desians but is not recom-
C ] [ ] mended for new desians. Parts ordered with an
* "S" suffix are not auaranteed to be Pb-Free or
RoHS compliant. Refer to www.kemet.com for
1.8 Kg information on Pb-Free transition.
41b. (1.8 Ka) For conductive adhesive attachment processes. a
¢ Shear Force aold termination finish is available for most series and
Table 8 Maximum Shear Loads case sizes. Refer to the specific series for details.
Case Code Maximum Shear Loads 34. Recommended Mountina Pad Geometries

KEMET EIA Kiloarams Pounds Prober mountina pad aeometries are essential
R 2012-12 2.4 5.3 for successful solder connections. These dimen-
S 3216-12 3.2 7.0 sions are hiahlv process sensitive and should be
T 3528-12 3.6 8.0 desianed to maximize the intearitv of the solder
u 6032-15 4.5 10.0 ioint. and to minimize component rework due to

v 7343-20 5.0 11.0 unaccenptable solder ioints.
g gglg;? 252; ;:8 Fiaure 1.2 illustrates nad oeometr\_/. Tak?les 9 &
c 503008 15 00 10 provide recommended oadl dlmen3|qns for
5 24331 5o o both wave ar)d reflovy solderina techmcues.
X 24343 5o o Thgse dlmensu_)ns are intended to k?e a startina
5 56038 0 0 oonjt for c;wcmt board desianers. to
be fine tuned. if necessarv. based upon the pecu-

liarities of the solderina process and/or circuit
board desian.

Contact KEMET for Enaineerina Bulletin Number
F-2100 entitled “Surface Mount Mountina Pad
Dimensions and Considerations” for further
details on this subiect.

Post Test Performance:

a. Capacitance — within +5% of initial value : .
b. DC Leakaae — within initial limit , Grid
c. Dissipation Factor — within initial limit r<+—Placement
1 Courtvard
APPLICATIONS ;
32. Handlina <Y>
Automatic handlina of encansulated components -7 —>
is enhanced bv the molded case which provides Fiaure 12
compatibilitv with all tvoes of hiah speed pick and
place eauipment. Manual handlina of these Table 9 — Land Pattern Dimensions for Reflow Solder
devices presents no uniaue oroblems. Care Pad Dimensions - mm
should be taken with vour finaers. however. to KEMET/EIA Size Code Y | C
) ) S Z | G | X |(ref |(ref)
avoid touchina the solder-coated terminations as
bodv oils. acids and salts will dearade the sol- R/2012-12 8.9010.80 | 1.80 1 1.55 1 2.35
NIS. > W - A/3216-18. S/3216-12 4.70|0.80 | 1.50 | 1.95 |2.75
derabilitv of these terminations. Finaer cots B/3528-21. T/3528-12 5.00|1.10 |2.50|1.95 | 3.05
should be used whenever manuallv handlina all C/6032-28. U/6032-15 7.60 | 2.50 | 2.50 | 2.55 | 5.05
E/7260-38 8.90 | 3.80 | 4.40 | 2.55 | 6.35
33. Termmlat'on Coatina . Table 10 — Land Pattern Dimensions for Wave Solder
KEMET_s standard termination finish is 100% §n Bad Dimensions - mm
(Excludina the T492/3 series. Refer to specific KEMET/EIA Size Code Y | C
lead frame options available on T493 Series). z G X | (ref) | (ref)
Standard terminations can be ordered with a "T" R/2012-12 4.30|0.80 | 1.26 | 1.75 | 2.55
suffix in the lead material desianator of the A/3216-18. §/3216-12 5.1010.80 1 1.10 | 2.15 | 2.95
KEMET part number. Components ordered with B/3528-21. T/3528-12 5.40|1.10 [ 1.80 | 2.15 |3.25
= : . 4 C/6032-28. U/6032-15 8.00 | 2.50 | 1.80 | 2.75 | 5.25
the "T" suffix are Pb-Free/RoHS compliant and D/7343-31. V/7343-20. X/7343-43| 9.70 | 3.80 | 2.70 | 2.95 | 6.75
are backward and forward compatible with SnPb E/7260-38 9.7013.80 | 4.40 | 2.95 |6.75
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KEMET 501D TANTALUM CHIP CAPACITORS

TANTALUM MnO, COMPONENT PERFORMANCE CHARACTERISTICS (con’t.

35. Solderina

Temperature (°C)

14

KEMET’s families of surface mount tantalum
capacitors are compatible with wave (sinale or
dual) solderina and IR or vaoor phase reflow
techniaues. Solder-coated terminations have
excellent wettina characteristics for hiah intearitv
solder fillets. Preheatina of these components is
recommended to avoid extreme thermal stress.
Fiaure 13 represents recommended maximum
solder temperature / time combinations for these
devices.

Note that althouah the X/7343-43 case size can
withstand wave solderina. the tall profile (4.3mm
maximum) dictates care in wave process devel-
obment.

Sn-Pb Profile
300
250 5Sec. —> <«—
200 \
150 =
45 Sec. 45 Sec.
100
90 Sec.
50
v 95 Sec.
0 T T : T
0 50 100 150 200 250 300
60 Sec. Time (Seconds)

Pb-Free Profile
260°C Peak Temperature (3 passes)

300

Tirn® within 5°C of Peak
20 1o 25 sec.—l_ |

Tirme above
Hre
Preheat 15 6Ot 100 see

to 200°C = E—
&0 1o 120 moc,

Termperatura (*G)
@
=

Time
NOTE: Temperature is measured on the surface of the part

FIGURE 13 Time/Temperature Solderina Profile

Hand-solderina should be performed with care
due to the difficultv in process control. If per-
formed. care should be taken to avoid contact of
the solderina iron to the molded case. The iron
should be used to heat the solder pad. applvina
solder between the pad and the termination. until
reflow occurs. The iron should be removed.
“Wibina” the edaes of a chip and heatina the top
surface is not recommended.

36.

37.

38.

39.

Durina tvpical reflow operations a sliaht darken-
ina of the aold-colored epoxv mav be observed.
This sliaht darkenina is normal and is not harmful
to the product. Markina permanencyv is not affect-
ed bv this chanae.

Washina

Standard washina techniaues and solvents are
compatible with all KEMET surface mount tanta-
lum capacitors. Solvents such as Freon TMC and
TMS. Trichlorethane. methvlene chloride. prelete.
and isoproovl alcohol are not harmful to these
components.

If ultrasonic aaitation is utilized in the cleanina
process. care should be taken to minimize ener-
av levels and exposure times to avoid damaae to
the terminations.

KEMET tantalum chios are also combpatible with
newer aaueous and semi-aaueous Drocesses.
Please follow the recommendations for cleanina
as defined bv the solder vendor.

Encansulations
Under normal circumstances. pottina or encap-
sulation of KEMET tantalum chios is not reauired.

Storaae Environment

Tantalum chip capbacitors should be stored in
normal workina environments. While the chios
themselves are auite robust in other environ-
ments. solderabilitv will be dearaded bv expo-
sure to hiah temoeratures. hiah humiditv. corro-
sive atmospheres. and lona term storaae. In
addition. packaaina materials will be dearaded
bv hiah temperature — reels mav soften or waro.
and tape peel force mav increase. KEMET rec-
ommends that maximum storace temperature
not exceed 40 dearees C. and maximum storaae
humiditv not exceed 60% relative humiditv. In
addition. temperature fluctuations should be
minimized to avoid condensation on the parts.
and atmospheres should be free of chlorine and
sulfur bearina compounds. For optimized solder-
abilitv. chip stock should be used promptlv.
preferablv within 3 vears of receint.

Component Weiahts
e T49x. T510 Series

Series Case Size Tvoical Weiaht
(ma)
T49x A/3216-18 32
T49x B/3528-21 60
T49x C/6032-28 130
T49x D/7343-31 320
T49x X/7343-43 500
T49x E/7360-38 600
T49x R/2012-12 10
T49x S/3216-12 21
T49x T/3528-12 34
T49x U/6032-15 70
T49x \/7343-20 206
T510 D/7343-31 338
T510 X/7343-43 510
T510 E/7360-38 645
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