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surface that contains metal. The surface is in contact With the 
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CERAMIC MULTILAYER COMPONENT, 
METHOD FOR THE PRODUCTION 
THEREOF AND RETAINING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of Us. application 
Ser. No. 10/504,398, the contents of Which are incorporated 
by reference into this application as if set forth herein in full. 
This application also claims priority to international applica 
tion no. PCT/DE03/00435, and to German application no. 
102058776. The contents of international application no. 
PCT/DE03/00435 and German application no. 102058776 
are incorporated by reference into this application as if set 
forth herein in full. 

TECHNICAL FIELD 

[0002] The invention relates to a ceramic multi-layer com 
ponent, having a base body containing a sintered ceramic and 
having internal electrodes. Furthermore, the invention relates 
to a method for producing a ceramic multi-layer component, 
in Which an unsintered ceramic is sintered. Furthermore, the 
invention relates to a retaining device for use When sintering 
a ceramic multi-layer component. 

BACKGROUND 

[0003] From published patent WO 01/45138 A2, a method 
is knoWn for producing a pieZoelectric component that has 
internal electrodes made of copper. The component is pro 
duced by sintering in a sintering atmosphere that contains 
oxygen. The requisite oxygen partial pressure is set via a gas 
equilibrium that appears betWeen the gases hydrogen and 
Water vapor. Normally, ceramic materials based on lead Zir 
conium titanate are used to produce a pieZo actuator. In addi 
tion, retaining devices are used for holding a large number of 
unsintered components in a sintering fumace, Which are made 
up of temperature-resistant structured ceramics, such as alu 
mina, cordierite, silicon carbide, etc. 
[0004] To prevent oxidation of the copper internal elec 
trodes, it is necessary in the knoWn method to set the oxygen 
partial pressure Within a very narroW permissible pressure 
range. If the oxygen partial pressure is beloW this permissible 
level, the PZT ceramic is very easily reduced and thereby 
irreversibly damaged. If the permissible oxygen partial pres 
sure is exceeded, this results in oxidation of and damage to the 
copper internal electrodes. 
[0005] The knoWn method has the disadvantage that the 
oxygen partial pressure set by the hydrogen/Water vapor gas 
equilibrium can very easily be pushed outside of the permis 
sible Working range by very small quantities of oxygen-ab 
sorbing or oxygen-releasing substances. For example, sub 
stances such as residual carbon, impurities in the ceramic, or 
evaporation of lead from the ceramic can result in a shift in the 
oxygen partial pressure. 
[0006] This can have the effect that even With the best 
possible setting of the gas atmosphere during sintering, local 
oxidation of the copper internal electrodes is observable. This 
manifests itself in intermediate layers or intermediate areas of 
copper oxide deposited betWeen the internal electrodes and 
the ceramic material, Which is macroscopically visible in the 
micrograph perpendicular to the internal electrodes. These 
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intermediate layers of copper oxide cause degrading of the 
electrical properties of the pieZoelectric component. 

SUMMARY 

[0007] It is the object of the present invention to provide a 
method for producing a ceramic multi-layer component, in 
Which the oxygen content of the sintering atmosphere is sta 
biliZed. It is also the object of the invention to provide a 
ceramic multi-layer component Whose electrical properties 
are improved. In addition, it is the object of the invention to 
provide a retaining device Which permits the method accord 
ing to the invention for producing a ceramic multi-layer com 
ponent to be carried out in simple manner. 
[0008] These problems are solved by a method for produc 
ing a ceramic multi-layer component according to claims 1 
and 2, by a ceramic multi-layer component according to claim 
8, and by a retaining device according to claims 11 and 12. 
Advantageous embodiments of the invention are the subject 
of the dependent claims. 
[0009] A method for producing a ceramic multi-layer com 
ponent is provided, Wherein a base body that contains an 
unsintered ceramic and that has at least one metal-containing 
internal electrode is sintered. The sintering takes place in a 
sintering atmosphere, normally in a closed sintering volume. 
Within the sintering atmosphere, there is a sintering aid, 
Which is able to bind and again release a gas contained in the 
sintering atmosphere. 
[0010] This binding can occur, for example, by means of 
physisorption or else by chemisorption. 
[0011] The provision of a sintering aid in the sintering 
atmosphere has the advantage that the sintering aid can Work 
to a certain extent as a buffer, Which is able to bind a surplus 
gas component contained in the sintering atmosphere and to 
give off the same component to the sintering atmosphere if it 
is de?cient. That makes it possible to stabiliZe the sintering 
atmosphere in regard to its gas composition. 
[0012] Furthermore, a method for producing a ceramic 
multi-layer component is speci?ed in Which the sintering aid 
contains a metal Whose redox potential is at least as great as 
the redox potential of the metal contained in the internal 
electrodes. 
[0013] By providing a metal-containing a sintering aid in 
the sintering atmosphere during the sintering, it is possible to 
achieve the result that if the sintering atmosphere is modi?ed 
in such a Way that the internal electrodes are oxidiZed, the 
sintering aid is oxidiZed ?rst by preference. That makes it 
possible to prevent oxidation of the internal electrodes. Met 
als Whose redox potential is loWer than the redox potential of 
the metal contained in the internal electrodes are less Well 
suited for this purpose, since they are easily oxidiZed in sin 
tering atmospheres that just avoid oxidation of the more noble 
internal electrodes and Would thereby, for example, con 
stantly extract oxygen from the sintering atmosphere. 
[0014] In contrast, metals are suitable as sintering aids 
Whose redox potential is greater than the redox potential of 
the metal contained in the internal electrodes, and Which are 
thus more noble than the metal of the internal electrodes. 
Since the sintering aid is freely accessible for the sintering 
atmosphere, and since in contrast the internal electrodes are 
not freely accessible for the sintering atmosphere because of 
being located in the interior of the base body, in the case of a 
sintering atmosphere that deviates from ideal conditions, in 
spite of the greater redox potential the sintering aid is modi 
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?ed by the atmo sphere even before the internal electrodes. At 
the same time, the internal electrodes are preserved 
unchanged, Which is desired. 
[0015] In addition, a ceramic multi-layer component is pro 
vided that has a base body With a sintered ceramic. The base 
body contains at least one internal electrode, at least the 
surface of Which contains metal. The internal electrode con 
tains a metal Whose redox potential is loWer than or equal to 
the redox potential of copper. The internal electrodes, or their 
metallic surfaces, border directly on the sintered ceramic of 
the base body. A layer or surface areas With oxidized metal of 
the internal electrode are not present. Such a multi-layer 
component can be produced using the speci?ed method. It has 
the advantage that because of the absence of metal oxide 
betWeen the internal electrodes and the sintered ceramic, the 
electrical properties of the multi-layer component are 
improved. 
[0016] In addition, a retaining device is speci?ed that is 
designed for use When sintering ceramic multi-layer compo 
nents having metal-containing internal electrodes. The retain 
ing device is suitable for accommodating a large number of 
unsintered components. On the surface of the retaining device 
there is a material that is able to bind and release again a gas 
contained in the sintering atmosphere. 
[0017] Such a retaining device has the advantage that it 
enables easy implementation of the speci?ed method for pro 
ducing a ceramic multi-layer component. In addition, the 
retaining device has the advantage that a large number of 
components can be produced With the same advantageous 
conditions of the sintering atmosphere. The retaining device, 
or the surface of the retaining device, guarantees that the 
material Which is bene?cial for the sintering process, i.e., the 
sintering aid, is uniformly present in the sintering atmosphere 
and is alWays in the vicinity of an unsintered component. 
[0018] In addition, a retaining device is speci?ed Whose 
surface contains a metal Whose redox potential is at least as 
great as the redox potential of the metal contained in the 
internal electrodes of the component to be sintered. 
[0019] In an advantageous embodiment, the method for 
producing a ceramic multi-layer component can be designed 
in such a Way that bodies are used Whose internal electrodes 
contain copper. Copper is also used as the sintering aid. The 
use of copper as the material for the internal electrodes has the 
advantage that copper is simply and cheaply obtained. The 
use of copper as a sintering aid has the advantage that copper 
is simply and cheaply obtained, and that it can also be readily 
Worked, so that using a retaining device of copper When 
conducting the method is advantageous. 
[0020] Furthermore, a method for producing a ceramic 
multi-layer component in Which the sintering atmosphere 
contains oxygen is advantageous. Oxygen is a gas Which is 
utiliZed in many sintering processes. It is needed in order to 
lend the unsintered ceramic the bene?cial properties of the 
sintered ceramic. 
[0021] In addition, the oxygen contained in the sintering 
atmosphere can easily be bound and released again by a 
sintering aid of copper. 
[0022] Also advantageous is a method for producing a 
ceramic multi-layer component in Which the sintering atmo 
sphere contains, in addition to oxygen, a mixture of hydrogen 
and Water vapor. The equilibrium betWeen hydrogen and 
Water vapor makes it possible on the one hand to effectively 
reduce the danger of oxidation of the internal electrodes. On 
the other hand, it alloWs the oxygen partial pressure in the 

Jun. 4, 2009 

sintering atmosphere to be stabiliZed. The use of copper as a 
sintering aid also acts bene?cially in this respect, since the 
reaction 

4Cu+2H20s2Cu2O+2H2s4Cu+02+2H2 

catalyZes the equilibrium reaction 

2H20sO2+2H2 

and hence the state of equilibrium is reached signi?cantly 
more rapidly. 
[0023] A possibility as the ceramic material for the com 
ponent is, for example, a ceramic With a pieZoelectric effect. 
That makes it possible for pieZoelectric actuators to be pro 
duced advantageously. For example, a possibility is to use 
lead Zirconate titanate as the ceramic material. 

[0024] In addition, it is advantageous to use copper of a 
minimum impurity, as exhibited for example by electrolytic 
copper, for the sintering aid. A possibility for example is 
oxygen-free copper With a purity of >99.9%. 
[0025] In an advantageous embodiment, the retaining 
device consists of tWo parts, Which are separated from each 
other by a gap. The gap makes it possible both for gases that 
arise during the sintering to escape and for the evaporation of 
lead from the ceramic material to be controlled. 
[0026] It is advantageous for the gap betWeen the tWo parts 
of a container to be betWeen 0.5 and 10 mm in Width. By 
adhering to these limits, it is possible for enough gas to still 
escape from the components to be sintered, While also pre 
venting too much lead from evaporating off. 
[0027] Another possibility is to provide a latticed insert in 
the container for the retaining device. 
[0028] In particular, When using copper or other easily 
Worked materials, it can be advantageous to design the retain 
ing device in the form of a sector of a circular ring, Which 
enables the volume in rotating hearth sintering furnaces to be 
utiliZed optimally. These sector-shaped retaining devices can 
be completed to make a circular ring, and can optimally ?ll 
the available volume in a rotating hearth sintering furnace 
With components held by the retaining device and to be sin 
tered. 
[0029] The invention Will noW be explained in greater detail 
on the basis of exemplary embodiments and the matching 
?gures. 

DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 shoWs an example of a ceramic multi-layer 
component in a schematic cross section. 

[0031] FIG. 2 shoWs an example of a retaining device in a 
schematic cross section. 

[0032] FIG. 3 shoWs an example of an additional retaining 
device in a schematic cross section. 

[0033] FIG. 4 shoWs a baseplate of the retaining device 
from FIG. 3 in a schematic top vieW. 
[0034] FIG. 5 shoWs an example of a time pro?le of the 
sintering temperature during the production of a component 
according to the invention. 

DETAILED DESCRIPTION 

[0035] FIG. 1 shoWs a ceramic multi-layer component pro 
duced With the exemplary method, having a base body 1 that 
contains a sintered ceramic 2. In the interior of the base body 
1 are internal electrodes 3, Which have a metal-containing 
surface 12, and Which in an advantageous embodiment con 
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tain copper or even are made entirely of copper. The surface 
12 borders directly on the ceramic 2. 
[0036] The component shoWn in FIG. 1 can be, for 
example, a pieZo actuator, With a perovskite ceramic of the 
PZT type Pb(Zr,€Ti1_,€)O3 and With internal electrodes of cop 
per. A pieZo actuator of this sort can be produced by sintering 
a stack of strati?ed green sheets, With the temperature pro?le 
during the sintering corresponding to the temperature pro?le 
indicated in FIG. 5. In FIG. 5, the sintering temperature T is 
indicated as a function of the sintering time t. The sintering 
temperature T has a maximum of 10050 C. At this tempera 
ture the oxygen partial pressure in the sintering chamber is 
2.2><l07 bar. The upper boundary oxygen partial pressure is 
given by the oxidation of copper, and is 6.3><l07 bar at this 
temperature. The loWer boundary oxygen partial pressure is 
given by the reduction of PbO in the ceramic, and is l.7><l08 
bar at this temperature. The oxygen partial pressure is thus in 
a range in Which PbO is no longer reduced from the ceramic, 
Which stabiliZes the ceramic, and in Which copper is further 
more not yet oxidiZed, Which stabiliZes the internal elec 
trodes. 
[0037] FIG. 2 shoWs a retaining device for use in the 
method for producing a ceramic multi-layer component, 
Where the retaining device includes a container 6 in Which a 
latticed insert 4 is provided to accommodate unsintered com 
ponents 5. Container 6 can be closed With a cover 7. BetWeen 
container 6 and cover 7 there are means 8 for providing a gap 
9 betWeen container 6 and cover 7. These means 8 can be for 
example spacing elements made of a ceramic. Advanta 
geously, the Width B of the gap 9 is betWeen 0.5 and 10 mm. 
[0038] FIG. 3 shoWs an additional embodiment of the 
retaining device. Equivalent reference symbols designate cor 
responding elements from FIG. 2. The retaining device 
includes a baseplate 10, Which is covered by a cap 11. Inside 
cap 11, a latticed insert 4 is provided to accommodate unsin 
tered components 5. 
[0039] The retaining device according to FIG. 3 has the 
advantage that When the latticed insert 4 is attached to the 
baseplate 10, the retaining device can be operated even With 
out the cap 11, and thus is also suitable for use during binder 
removal. Baseplate 10 can advantageously be formed in the 
shape of a sector of a circular ring, as may be seen in FIG. 4. 
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It is then advantageous to also design the latticed insert 4 and 
the cap 11 in the shape of a sector of a circular ring. A plurality 
of baseplates 10 and the corresponding latticed inserts 4 and 
caps 11 can be lined up and completed into a circular ring. 
[0040] The present invention is not con?ned to the produc 
tion of pieZo actuators, but rather is applicable to all ceramic 
multi-layer components, in particular those that include 
metallic internal electrodes or internal electrodes of non 
noble metals. 
[0041] For example, multi-layer capacitors are also pos 
sible that have internal electrodes of copper, and contain 
BaNd2Ti4Ol2 und Nd2Ti2O7 as ceramic and ZnOiB203 
SiO2 as a glass frit. 
What is claimed is: 
1. An electrical component comprising: 
a base comprising: 

a sintered ceramic, and 
at least one electrode that is inside the sintered ceramic, 

the at least one electrode having a surface that con 
tains metal, the surface being adjacent to the sintered 
ceramic; 

Wherein a redox potential of the metal is less than or equal 
to a redox potential of copper. 

2. The electrical component of claim 1, Wherein the sin 
tered ceramic exhibits a pieZoelectric effect. 

3. The electrical component of claim 2, Wherein the metal 
comprises copper. 

4. The electrical component of claim 1, Wherein the metal 
comprises copper. 

5. An electrical component comprising: 
a sintered ceramic; and 
electrodes inside the sintered ceramic, the sintered ceramic 

and the electrodes together forming a stack having a ?rst 
surface and a second surface, the electrodes comprising 
a ?rst electrode and a second electrode, the ?rst elec 
trode extending to the ?rst surface but not to the second 
surface, the second electrode extending to the second 
surface but not to the ?rst surface, at least one of the ?rst 
electrode and the second electrode having a surface that 
contains metal, the surface being in contact With the 
sintered ceramic. 


