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o
< (54) Title: CAPACITOR POWDER

ﬁ (54) Bezeichnung: KONDENSATORPULVER
<

W (57) Abstract: The invention relates to an electrolytic capacitor containing a niobjum anode, a niobium oxide depletion layer, a

Q semiconducting cathode and an electrolyte, whereby the niobium oxide depletion layer contains at least one metal selected from the

S group Al, Si, Ti, Zr, Mo, W, Y and Ta.

Q© (57) Zusammenfassung: Es wird ein Elekwolytkondensator, enthaltend eine Niobanode, eine Nioboxid-Sperrschicht, eine halblei-
tende Kathode und einen Elekuolyten, beschrieben, wobei die Nioboxid-Sperrschicht mindestens ein Metall aus der Gruppe Al, Si,

Ti, Zr, Mo, W, Y und Ta enthilt
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Capacitor powder

The present invention relates to a powder for the production of electrolyte capacitors,

especially a powder for the production of anodes for electrolyte capacitors.

The literature describes, in particular, the earth acid metals niobium and tantalum as
starting materials for the production of capacitors of this type. The capacitors are
produced by sintering the finely divided powder to produce a structure having a large
surface area, oxidizing the surface of the sintered body to produce a non-conducting
insulating layer, and applying the counterelectrode in the form of a layer of
manganese dioxide or a conductive polymer. The particular suitability of the earth
acid metal powders is derived from the large relative dielectric constants of the

pentoxides.

Only tantalum powders have hitherto achieved industrial importance for the produc-
tion of capacitors. This is due firstly to the ability to produce finely divided tantalum
powder reproducibly, and secondly to the fact that the insulating oxide layer of
tantalum pentoxide has particularly pronounced stability. This may be due to the fact

that tantalum, in contrast to niobium, does not form a stable suboxide.

In the course of development of microelectronics, however, disadvantages of
tantalum are increasing in importance. Firstly, tantalum has a very high density of
16.6 g/cm3. This limits the trend toward weight reduction, in particular of portable
electronic equipment, such as mobile telephones, etc. Since the density of niobium is
only half that of tantalum, approximately double the specific capacitance per unit
weight can be achieved compared with tantalum powders, under the prerequisite of
the same geometry and same properties of the oxide layer. The material properties of
the insulating pentoxide layer which determine the capacitance of a capacitor have
partially contradictory influences in the case of niobium on the one hand and in the

case of tantalum on the other hand.
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Thus, the capacitance of a capacitor is higher, the higher the relative dielectric con-
stant of the insulator layer. It is lower, the thicker the insulator layer thickness neces-
sary for the specified operating voltage in each case. Thus, the dielectric constant of
niobium pentoxide, which, at 41, is higher than that of tantalum pentoxide, which is
26, is compensated by the greater thickness of the pentoxide layer necessary in the
case of niobium compared with tantalum. For a pre-specified anodization voltage, the
increase in thickness of the tantalum pentoxide layer is about 2 nm/V and that of the
niobium pentoxide layer is about 3.7 nm/V. The capacitances based on the surface

area of the capacitors are accordingly comparable.

The use of niobium capacitors has hitherto been restricted to the area of low specific

capacitances with small specific surface areas and relatively low quality.

The object of the present invention is to overcome the disadvantages of the known
niobium capacitors. In particular, it is an object of the present invention to improve
the niobium pentoxide barrier layer in niobium capacitors in such a way that higher

specific capacitances can be achieved.

It has been found that niobium powders having a surface coating of at least one of the
elements Al, Si, Ti, Zr, Mo, W, Y and Ta are highly suitable for the production of
niobium capacitors. In particular, it has been found that the specific capacitance,
based on the surface area of the capacitor anode, of capacitors of this type produced
from coated niobium powder is higher than that of pure niobium anodes and that nio-
bium anodes with low residual current are obtained. Furthermore, first indications of

a Jong-stability which is comparable with that of tantalum anodes are present.

The present invention accordingly relates to niobium powders having a surface

coating of at least one of the elements Al, Si, Ti, Zr, Mo, W, Y and Ta.

The invention also relates to sintered anodes consisting of niobium for capacitors,
where the anodes have a surface content of at least one of the elements Al, Si, Ti, Zr,

Mo, W, Y and Ta.
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The invention furthermore relates to sintered anodes of niobium which have been
provided with a niobium oxide barrier layer, where the barrier layer has a content of

at least one of the elements Al, Si, Ti, Zr, Mo, W, Y and Ta.

The invention furthermore relates to electrolyte capacitors which consist of a
niobium anode, a niobium oxide barrier layer, a semiconducting cathode and an
electrolyte, where the niobium oxide barrier layer has at least one of the surface

modification elements.

Preferred contents of the surface modification elements in the barrier layer are less
than 25 atom-%, based on the total metal content of the barrier layer, particularly
preferably up to 20 atom-%. Preference is furthermore given to contents of the sur-

face modification element of from 2 to 15 atom-% in the oxide barrier layer.

Based on the niobium powder, the amount of surface coating is preferably less than
18 atom-%, in particular less than 15 atom-%, further preferably from 1.5 to

12 atom-%.

Preferred surface modification elements are Ti, Zr and Ta, particularly preferably Ta.

It is assumed that the surface modification element of the niobium powder essentially
remains on the surface even during further conversion into the capacitor, since the
temperatures of, usually, below 1250°C that are used during further conversion are
relatively low for solid-state diffusions relative to the melting point of niobium of

2500°C.

Accordingly, the present invention makes it possible to produce niobium capacitors
which exceeds the highest-capacitance tantalum capacitors that are currently
available. Tantalum capacitors of this type have specific capacitances of 100,000
pFV/g at anodization voltages of, for example, 40 V. A niobium capacitor according

to the invention with corresponding geometry has specific capacitances of greater
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than 300,000 pFV/g. In particular, chemically modified niobium capacitors which
have a specific capacitance, based on the capacitor area, of greater than

60,000 uFV/m’, in particular greater than 70,000 uFV/m?, are successfully produced.

The invention also relates to the process for the production of the capacitor powders
according to the invention. The process comprises soaking a niobium powder in the
solution of a hydrolyzable or decomposable compound of the surface modification
element, separating the powder off from the solution, hydrolyzing or decomposing
the compound adhering to the powder, and subsequently reducing the hydrolyzate to

the metal.

Suitable niobium powders are powders which have been obtained by heating niobium
metal ingots melted by means of an electron beam in a hydrogen atmosphere,
grinding the material, which has been rendered brittle through hydrogen absorption,
and removing the hydrogen by heating under reduce pressure. Niobium flakes in

accordance with WO 98/19811 are also suitable.

Also suitable are highly porous niobium powders which have been obtained in
accordance with proposals by the Applicant in accordance with DE 198 31 280,
DE 198 47 012 and PCT 99/09772, which are not prior publications, by the reduction
of niobium pentoxide in liquid or gaseous magnesium, if desired after prior reduction

to the suboxide by means of hydrogen.

Further suitable niobium powders are niobium powders which comprise one or more
of the elements Al, Ti, Mo, W, Hf, Zr or Ta as alloy constituents, i.e. in uniform

distribution in amounts of up to 5% by weight.

The application of the surface modification element is described below using the

example of tantalum:

Suitable decomposable or hydrolyzable tantalum compounds are, in particular,

organic tantalum compounds which are soluble in water or organic solvents. A suit-
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able water-soluble organic tantalum compound is tantalum oxalate. The alcohol-
soluble tantalum alkoxides having from 1 to 8 carbon atoms, such as tantalum
methoxide, tantalum ethoxide, tantalum propoxide, tantalum butoxide, etc., including
tantalum octanoates, are also suitable, furthermore also organometallic compounds of

tantalum in accordance with US-A 5,914,417.

In order to produce the thin tantalum layers on the niobium powder, the organic
tantalum compounds are preferably employed in dilute solutions, so long as these are
still liquid per se. A suitable solvent is water so long as the tantalum compound is
water-stable. The alkoxides are preferably employed in absolute alcohol or in other
organic solvents having such low acidicity that hydrolysis does not occur without
ingress of water, such as toluene or benzene. The alkoxides are preferably dissolved

using the respective corresponding alcohol.

The concentration of the tantalum compound in the respective solvent is preferably
from 1 to 20% by weight, particularly preferably from 1 to 10% by weight and further
preferably from 1 to 5% by weight.

The niobium powder is suspended in the solution of the organic tantalum compound
and, in order to ensure good wetting, left to stand for some time. This can typically be
from 10 minutes to 1 hour. In order to ensure good penetration of the porous niobium
powder or niobium powder agglomerates, it may be advantageous to set the niobium
powder under reduced pressure in a vacuum container, if desired to flush the
container with solvent vapors, and subsequently to feed the treatment solution into

the evacuated vessel.

The treated niobium powder can be separated from the solution by filtration,

centrifugation or decantation.

In the case of the use of tantalum alkoxides, these are carefully hydrolyzed in air
without exclusion of moisture or in moistened air, preferably with gentle warming to

from 50 to 100°C. If desired, steam can be passed in towards the end of the treatment
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in order to complete the hydrolysis. In the case of the use of tantalum oxalate, the
hydrolysis is carried out in an aqueous alkaline solution, for example an ammonia
solution or sodium hydroxide solution. The hydrolysis is particularly preferably

carried out in an ammonia-containing stream of gas.

In order to produce a uniformly adherent tantalum oxide coating, the hydrolysis

should take place gradually over the course of a number of hours.

The immersion and hydrolysis can be repeated a number of times. It is preferred to
carry out the immersion of the niobium powder in solutions of relatively low concen-

tration, but to do so a number of times.

After any interim drying step, the niobium powder treated in this way is preferably
reduced using a getter metal of adequately high vapor pressure at from 850 to
1000°C. Suitable getter metals are: magnesium, calcium, strontium, barium,
aluminum and/or lanthanum. It is essential that the oxides forming during the
reduction can easily be washed out using mineral acids. A particularly preferred

reducing agent is magnesium.

The niobium powders reduced in this way, washed with mineral acids and subse-
quently washed with demineralized water until free from acid and dried are pressed
in suitable molds to a pressing density of from 2.5 to 3.5 g,/cm3 to give pellets and
subsequently sintered in a manner known per se at from 1100 to 1250°C. The
sintered anodes are provided with a tantalum and/or niobium, preferably niobium,
wire contact so long as the contact wire has not already been inserted into the mold

during pressing.

The anodes are subsequently activated to the desired activation voltage in a known

manner in 0.1% strength phosphoric acid.

Apart from the oxalates and alkoxides, aqueous solutions of ammonium

paratungstate are suitable and preferred for the production of tungsten coatings and



WO 01/35428 PCT/EP00/10622

aqueous solutions of ammonium heptamolybdate, which are thermally

decomposable, are suitable and preferred for the production of molybdenum coatings.

Suitable for the production of titanium coatings is an aqueous solution of TiOSQy,,
which is hydrolyzed by means of an aqueous base, for example ammonia, or pure

TiCls, which is subsequently hydrolyzed using steam.
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Examples 1 to 7

A high-purity niobium powder obtained by magnesium vapor reduction of niobium
suboxide NbO; in accordance with DE-A 19 831 280 is employed. The powder has a
specific BET surface area of 3.02 m%g. Various amounts of sample are immersed in
an ethanol solution containing the amount of tantalum ethoxide indicated in Table 1.
A comparative sample is treated in pure ethanol solution. After 30 minutes, the
amounts of sample are separated off from the respective solution by filtration and left

to stand in ambient air for 15 minutes.

The samples are subsequently dried at 95°C for 45 minutes, washed with

demineralized water at 80°C and re-dried.

The samples are then reduced under an argon atmosphere using magnesium vapor at

from 850°C to 950°C (temperature gradient in the oven).

Fig. 1 shows an SEM photomicrograph of sample 1 in accordance with Table 1 at

various magnifications.

The analytical values for Ta, C, H and O and the specific surface area of the samples

are shown in Table 1.

The samples are pressed in a conventional manner around a niobium wire at a
pressing density of 3.14 g/cm’ to give anode pellets and sintered at 1150°C for 20
minutes. The sintered anodes are activated to an activation voltage of 40 V in 0.1%

strength phosphoric acid.

The capacitor properties are determined in 30% strength sulfuric acid as catholyte at
a bias voltage of 1.5 V.

The results are shown in Table 1.
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Patent Claims

1. An electrolyte capacitor containing a niobium anode, a niobium oxide barrier
layer, a semiconducting cathode and an electrolyte, where the niobium oxide
barrier layer comprises at least one metal from the group consisting of Al, Si,

Ti, Zr, Mo, W, Y and Ta.

2. A capacitor as claimed in claim 1, where the metal is tantalum.

3. A capacitor anode consisting of sintered niobium powder with a barrier layer
produced by anodic oxidation, where the barrier layer comprises at least one

of the elements Al, Si, Ti, Zr, Mo, W, Y and/or Ta.

4. A capacitor powder essentially consisting of niobium having a surface coating

of at least one of the elements Al, Si, Ti, Zr, Mo, W, Y and/or Ta.

5. A process for the production of a capacitor powder as claimed in claim 4 by
soaking of an optionally alloyed niobium powder in a solution of a hydrolyz-
able or decomposable compound of at least one of the elements Al, Si, Ti, Zr,
Mo, W, Y and/or Ta, removal of the powder from the solution, hydrolysis or

*decomposition of the adhering compound, and, if desired, reduction of the

hydrolyzate to the metal.
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