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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 internationall>,. 

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

This EIA Stû.n¿ard is considered to have International Standardization implication. but the 
International Electrotechnical Commission activity has not progressed to the point where a valid 
comparison between the EL4 Standard and the iEC document can be made. 

This Standard does not purport to address all safety problems associated with its use or all 
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 replatory 
limitations before its use. 

(From Project Number 3938. formulated under the cognizance of the P-2.5 Electrolytic Dielectnc 
Capacitors Subcommittee.) 
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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 (EIAECA) 
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1 Introduction 

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

They are polar devices, having distinct positive and negative terminais, and are offered in a variety of styles 
that include both molded and conformal coated versions of radiai, axial and surface mount configurations. 

These devices typically offer capacitance values from O. 1 pF to 1000 pF in voltage mtinps from 2 V to 50 
V (with a maximum capacitance-to voltage combination of approximately 22 pF @, 50 V for leaded shles 
or 22 pF @, 35 V for surface mount). h e  characteristics include excellent temperature stability. 
volumetric efficiency and compatibility with ali automated assembly systems. 

The capacitor element, usually referred to as the "anode". is of the same basic construction for all bod! 
styles. 

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

The sintering operation (where the anodes are heated up to 2000 "C under a hgli vacuum or inen 
atmosphere) causes the individual tantalum powder particles to interconnect and form a single electrode of 
esuemely lugli surface area in a ver) small volume. 

Tantalum is a \,alve metal \vhose amorphous oxide called tantalum pentosidc fla205). can be formed to an 
estrcniely uniform thickness o\'er the entire anode surface by electrolysis. 

Although thc tantalum pentoside dielectric constant is high for an electrolytic capacitor. it  is much louw 
than achieved by ceramic technologies. 
micrometers per volt) and the high surface area (typically 250 cm2 for a 22 yF/X V rating) results in lughi!, 
volumetric-cffcicnt devices. as expressed in equation 1: 

However. the relative thinness of the dielectric (about 0.02 

where 
C 
E ,  

r 
,AI 

is the capaciiaricc in farads (FI; 
is tlic product of absolute pemitt ivih and diclcctnc constnnt. 
is tiic dielectric Uiickness in meters (m). 
is iìic surfacc arca in s q w c  metcrs (In') o í  cicctrodcs 

The ncgativc plaic of the capacitor consists of solid clcctrol'zc. usurill~ cn si,ils of nimpincsc dioyidc. t l u i  
arc g r o w  b! ilicniial dccomposiiion over ail tlic i n i c m l  and cstcmil a n d c  s i i r l xcs .  dircctl) o11 iop o f  ttic 

diclcctnc la!m Final outer coats of p p l u i c  and silttr arc usucill~. npplicd ;it i h s  singc to fmlii;iic 
subscqucnt d i o d c  temunalion 

Welding to tlic cuiodc w'irc and ciihcr soldcnng or bonding u i U i  conductnc c p \ \  io tlic couiiicrclciirodc 
coriiriionly 1criiiiII;itcs [lie finislicd capacitor clcnicnts Ai i l u t  singe. C ~ C : I ~ S L I I . I I I ~ W  inio tlic fin;il bod! st! I C  
is coiiiplcicd 

Esmiplcs of rlic ii1;iin product styles arc sliown in figurcs 1-3 
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( A l M u r i l . O U M O p 1  1, n) Pohrtty Bevel (+ 

I 
Sllver Paint 
cnim U Y r r )  

Figure l A r o s s  section of t'pical surface-mounted solid tantalum capacitor 
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Lead Wlrs 
TYPiCJ B Q S ~ O P ?  $ 0 ~  w r p  

Figure 3 - C r o s s  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 part !vil1 function when electrified. w i h n  the limits given in 
tiic sectionai specification 

- 5 5  "C to 85 "C at rated voltage: 

+ 85 "C to 125 "C nith linear voltage derating (to U3 rated voltage at 125 "C. see 2.2.6.3 

2.1.1.2 Storage temperature range 

This IS thc tcrnperature rangc at which the part can be subjected unbiased. and retains conformance lo 
spccificd clcctncril limits 

- 5 5  "C IO 125 "C 

NOTE-Liriiitcd cscursions to 150 "C totaling less than 4 hours arc allo\vablc, e.g.. for subsequent 
board IC\ C I  cnc;ipsuiation. 

2.1.2 Rated capacitance 
2.1.2.1 Tolcranccs 

Tiic wpriciiancc of a tantaluni u p x i t o r  vancs with temperature This imat ion itself is depcndcnt to a 
sirisIl cucni on ilic nicd voltagc and capacitor size Masimum limits at high a i d  lo\\ ternpcratures are 
p \ c n  in cadi xiciioiul spccificrition, bpical characiensucs arc shown in figurc 4 bclow. 

hl i: 2 0 9 8 )  and K ( 2  10%) have standard availability. with M tolerance being dic more usual for standard 
dccoupling arid b!pass applicalions. It should be notcd that by definition. K tolerance parts meet M 
tolcrancc rcquircrnents and arc readily substitutable J (i 5%) toicrances ma) also be available in cenan 
scncs. consult suppiicr 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 senes 
circuit at 25 OC 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 VDC m. 

15- 

o 10- 
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o 
(II 
Q m o 0 -  

5- 
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Typical capacitance 
change with temperature 

High CV / 
Standard CV f /*- 

I I I l 

5 

NOTE-LO\\ capacitance-voltage (CV) tatings show less variance than high CV ratings. 

Figure t T y p i c a l  variance of capacitance with temperature 

2.1.2.3 Temperature characteristics of capacitance 

n i c  c;ipicitrincc of a trintalurn capacitor varies \vith tcmperaturc. Tlus variation itself is dependent to a 
sml l  c\tcrII on tlic ratcd voltage ;ind capacitor s i x .  Maximum limits at high and low tcmperaturcs are 
gilcn i n  c;icti scciior~il spccificntion: t!pical ~ I ~ ~ r n c t c n s ~ ~ c s  arc S ~ O H .  in figurc J. 

2.1.2.4 ì 'oltagc character¡stics of capacitance 

C;ip.icii.inic stiotrs oiih siririll \malions as a function of applicd \oItagc The cffcct IS vinuall! 
unobwcnablc .it rundxd icrripcraturcs and \oltrigcs. aldiougli ;1 1% io 2% c1i;inf.c due to ~ol tagc  m?! bc 
secri ,II 1ria\iniuiii opcraing tcmpcrarurc if IOU bias \oliagc is applicd 

2 . 1 . 3  Frcqurnc! characteristics of capacitors 

Ttic ctTccii\c cip.icii,incc dccrwscs as frcqucnc? incrcascs as shotrn i n  figurc 5 Bqond 100 kHt tlic 
wp.icii.iricc coriiiniics IO drop until rcsonancc is rcachcd (t!picall? between 200 kHr - 500 kHz depending 
on r.itiiig1 Bcsoiid iliis dic dc\ ICC bccomcs inducti\c Tlic tcrnunation st'lc ( i  c , chip or Icadcd) u i l l  
inílucricc i l i c  iridticti\ c cIi;mctcnstics 
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