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NOTICE

EIA Engineering Standards and Publications are designed to serve the public interest through
eliminating misunderstandings between manufacturers and purchasers, facilitating
interchangeability and improvement of products, and assisting the purchaser in selecting and
obtaining with minimum delay the proper product for his particular need. Existence of such
Standards and Publications shall not in any respect preclude any member or nonmember of EIA
from manufacturing or selling products not conforming to such Standards and Publications, nor
shall the existence of such Standards and Publications preclude their voluntary use by those other
than EIA members, whether the standard is to be used either domestically or internationally.

Standards and Publications are adopted by EIA in accordance with the Amencan National
Standards Institute (ANSI) patent policy. By such action, EIA does not assume any liability to
any patent owner, nor does it assume any obligation whatever to parties adopting the Standard or
Publication.

This EIA Standard i1s considered to have Intemational Standardization implication. but the
International Electrotechnical Commission activity has not progressed to the point where a valid
comparison between the EIA Standard and the IEC document can be made.

This Standard does not purport to address all safety problems associated with its use or ali
applicable regulatory requirements. It is the responsibility of the user of this Standard to
establish appropriate safety and health practices and to determine the applicability of regulatory
limitations before its use.

(From Project Number 3938, formulated under the cognizance of the P-2.5 Electrolvtic Dielectne
Capacitors Subcommuttee.)

Published by

O©ELECTRONIC INDUSTRIES ALLIANCE 1999
Engincering Department
2500 Whlson Boulevard
Arhington. V'A 22201

PRICE: Please refer to the current
Catalog of EIA Electronic Industries Alliance Standards and Engineering Publications
or call Global Engineering Documents, USA and Canada (1-800-854-7179)
International (303-397-7956)
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Foreword

This applications guideline was prepared by the P-2.5, Committee on Electrolytic
Capacitors of the Electronic Industries Alliance's sector Electronic Components,
Assemblies, Equipment & Supplies Association (EIA/ECA)
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1 Introduction

Solid electrolytic tantalum capacitors are those devices having a sintered tantalum anode that incorporates a
solid electrolyte counter-electrode layer.

They are polar devices, having distinct positive and negative terminals. and are offered in a vanety of stvles
that include both molded and conformal coated versions of radial, axial and surface mount configurations.

These devices typically offer capacitance values from 0.1 uF to 1000 pF in voltage ratings from 2 V to 50
V (with a maximum capacitance-to voltage combination of approximately 22 uF @ 50 V for leaded stvles
or 22 pF @ 35 V for surface mount). Prime characteristics include excellent temperature stability.
volumetric efficiency and compatibility with all automated assembly systems.

The capacitor element, usually referred to as the "anode", is of the same basic construction for all bodv
stvles.

Taking high-purity tantalum powder and pressing into an appropriately shaped pellet makes the anode. The
pellet is generally cylindrical for axial and radial capacitors, and rectangular in cross-section for surface-
mounted capacitor. A pure tantalum wire (the anode connection) is attached either by insertion into the
pellet before sintering, or welding after sintering.

The sintering operation (where the anodes are heated up to 2000 °C under a high vacuum or inert
atmosphere) causes the individual tantalum powder particles to interconnect and form a single electrode of
extremely high surface area in a very small volume.

Tantalum is a valve metal whose amorphous oxide called tantalum pentoxide (Ta-Os). can be formed to an
extremely uniform thickness over the entire anode surface by electrolysis.

Although the tantalum pentoxide dielectric constant is high for an electrolyvtic capacitor, it is much lower
than achieved by ceramic technologies. However, the relative thinness of the dielectric (about 0.02
micrometers per volt) and the high surface area (typically 250 cm?® for a 22 uF/25 V rating) results in highly
volumetric-cfficient devices, as expressed in equation 1:

e A
C=—— (hH
1

where
€ is the capacuance in farads (F);
€, 15 the product of absolute permittivity and diclectric constant,
t 1s the diclectric thickness in meters (m).
A s the surface arca in square meters (m”) of clectrodes.

The negative plate of the capacitor consists of solid clectrolvte. usually cnvstals of manganese dioxide. tha
are grown by thermal decomposition over all the internal and external anode surfaces. directly on top of the
diclectne laver. Final outer coats of graplute and silver are usually apphied it s stage to facihitate
subsequent cathode termunation.

Welding to the anode wire and cither soldenng or bonding with conductive eposy 1o the counterelectrode
commonly termunates the fimished capacitor elements At that stage, encapsulation into the final body sivle
15 completed

Examples of the nuun product styles are shown in figures 1-3
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Figure 1—Cross section of typical surface-mounted solid tantalum capacitor

Sliver
Solder fThire w2
(Fm;nn Layer v vea

14102 Cent
Fntiaver Carbon Tantalum Wire
(Seconc Layer) /

Leac Wirs
TrT o 609v40PD Sooer CoaLng

Figure 2—Cross section of typical axial-molded solid tantalum capacitor
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Figure 3—Cross section of typical radial-dipped solid tantalum capacitor

2 Characterization

2.1 Primary parameters
2.1.1  Temperature range
2.1.1.1 Operating range

This is the temperature range over which the pant will function, when electrified. within the limits given in
the sectional specification

- 55°C to 85 °C at rated voltage:

+ 85 °C 10 125 °C with linear voltage derating (to 2/3 rated voltage at 125 °C. see 2.2.6.3.

2.1.1.2  Storage tcmperature range

This is the temperature range at which the part can be subjected unbiased. and retains conformance to
specified clectrical hmits.

-55°Cto 125°C

NOTE—Limited excursions to 150 °C totaling less than 4 hours are allowable, e.g., for subsequent
board level encapsulation.

2.1.2 Rated capacitance
2.1.2.1 Tolerances

The capacitance of a tantalum capacitor vanes with temperaturc. This vanation itself is dependent to a
small extent on the rated voltage and capacitor size. Maximum limits at high and low temperatures are
grvenan cach sectronal specification, typical charactensucs are shown in figure 4 below.,

M (= 20%) and K (= 10%) have standard availability. with M tolerance being the more usual for standard
decoupling and bypass applications. It should be noted that, by definition, K tolerance parts meet M
tolcrance requirements and are readily substitutable. J (£ 5%) tolerances may also be available in certain
scnes, consult supphier for details.
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2.1.2.2  Method for measuring capacitance

For solid tantalum capacitors, the rated capacitance is measured as the capacitance of the equivalent series
circuit at 25 °C in a measuring bridge supplied by a 120 Hz source free of harmonics with maximum AC
signal voltage of 1 V rms and forward-biased with 2.2 Vbc max.

Typical capacitance
change with temperature

15

-
o
1

Capacitance, %AC
[9)]

T

I T I t
-55 -35 0 35 70 85 105125
Temperature, °C
NOTE—Low capacitance-voltage (CV) ratings show less vanance than high CV ratings.
Figure 4—Typical variance of capacitance with temperature

2.1.2.3  Temperature characteristics of capacitance

The capacitance of a tantalum capacitor varies with temperature.  This vanation itself is dependent to a
small extent on the rated voltage and capacitor size. Maximum limits at high and low temperatures arc
given in cach sectional specification: tyvpical characteristics are show in figure 4.

2.1.2.4 Voltage characteristics of capacitance

Capacitance shows only small vanations as a function of applied voltage The effect is virtually
uncbsen able at standard temperatures and voltages. although a 1% to 2% change due to voltage may be
scen at maximum operating temperature if low bias voltage is applied

2.1.2.5 Frequency characteristics of capacitors

The etfTectn e capacntance decreases as frequency increases as shown in figure 5. Beyond 100 kHz the
capacitance continucs to drop until resonance is reached (typically between 200 kHz — 500 kHz depending
on rating) Bevond this the device becomes inductive. The ternunation style (i.c.. chip or leaded) will
influcnce the inductine charactenstics.
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