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sheets 4 from end to end, insulation layers 14, each of which Is arranged
at an edge of every other internal This invention relates to a laminated
ceramic de-  electrode, and a pair of external electrodes 8a, 8b ar- vice
utilizing an electrostrictive effect and a method  ranged at the two
lateral sides of the device to cover of manufacturing the same and more
particularly itre-   5   the insulation layers. Since each of the internal
ele- ,  lates to a laminated ceramic device that can prevent  trodes 6 is
so Interposed between two adjacent cer- concentration of stress due to
unevenly distributed  amic sheets as to cover the whole surface areas
strain caused by application of an electric field and  thereof, all the
ceramic sheets contained in the device therefore is suitably used for an
actuator or a similar  2a are evenly affected by an electric field applied
application as well as to a method of manufacturing   io  thereto in the
direction perpendicular to the sheets. the same.
Therefore a laminated ceramic device 2a comprising As is well known, a
laminated ceramic device util-  ceramic sheets 4 and having a configuration
as illu- izing an electrostrictive effect is suitably used for an  strated
in Figs. 5(A) and 5 (B) is free from concentra- actuator or a similar
application. Figs.4 (A) and 4 (B)  tion of stress that can take place in a
device of Figs. of the accompanying drawings illustrate a typical lam-   15
4(A) and 4 (B) and accordingly can expect an im- inated ceramic device
designed as actuator.        proved durability. In Fig. 4(A), it is shown
that a laminated ceramic  On the other hand, however, a laminated ceramic
device generally indicated by reference numeral 2  device 2a of Figs. 5 (A)
and 5 (B) requires a relatively comprises a number of ceramic sheets 4
arranged in  complicated manufacturing process as each of the in- so many
layers with filmy internal electrodes 6a, 6b   20  sulation layers 14 is
arranged at an edge of every interposed therebetween. When viewed in cross
sec-  other internal electrode 6, making the process rather tion as in Fig.
4 (A), the internal electrodes 6a, 6b are  inefficient and consequently
pushing up the manu- arranged obliquely relative to the two adjacent inter-
facturing cost of the product. Moreover, if such a de- nal electrodes, a
group consisting of every other eleo-  vice has a defectively formed
insulation layer in It, the trodes 6a and the other group of electrodes 6b
being   25  two external electrodes 8a, 8b can be short-circuited
respectively connected with corresponding external  to make the device
Inoperative. electrodes 8a, 8b. When a certain voltage Is applied  JP-A-60
229 380 refers to a ceramic actuator to the external electrodes 8a, 8b, a
ceramic device 2  which is prepared by shaping a member disappearing with
such an arrangement of internal electrodes 6a,  by heating along the end
surface of one surface of a 6b and external electrodes 8a, 8b gives rise to
an   30  rectangulargreen sheet to a long curved shape, form- electricfield
in a direction perpendicularto the ceram-  ing electrodes to other
sections, superposing a plur- ic sheets 4 so that the ceramic device 2 is
deformed  ality of green sheets, thus shaping a laminate, baking in the
directions of arrow A under the effect of the  the laminate whereby the
disappearing members dis- electric field and functions as an actuator.
appear and air gap sections are formed which are fil- In a laminated
ceramic device 2 of this known   35  led with an insulator, shaping
electrode leads to the type, those areas portion 10 of the layered ceramic
side surface of the laminate filled with the insulator sheets that are not
intersected by internal electrodes  and connecting two electrodes for each
laminated 6a, 6b are Inseparable from one another.           ceramic sheet.
However, a laminated ceramic device 2 of this known type has a drawbackof
concentration of stress  40  SUMMARY OF THE INVENTION taking place at the
boundary of portion 12, which ex- ists between the internal electrodes 6a
and 6b, and   In view of the above described problems, it is portion 10
which exists between only the internal  therefore the object of the present
invention to pro- electrodes 6a and 6a or 6b and 6b, because the por-  vide
a laminated ceramic. device that can prevent tion 12 which exists between
the Internal electrodes   45  concentration of stress due to unevenly
distributed 6a and 6b is strongly affected by the electricfield gen-
strain caused by an electric field and therefore is dur- erated by the
applied voltage, whereas the portion 10  able and suitably used for an
actuator or a similar ap- which exists between only the Internal electrodes
6a  plication. and 6a, or 6b and 6b is weakly affected by the electric
According to the invention, the above object is field. Such concentration
of stress can significantly  5o  achieved by providing a laminated ceramic
device reduce the durability of the laminated ceramic device  comprising a
plurality of ceramic sheets that can be 2.
subjected to electrostrictive force, a first and a sec- With a view to
eliminating such a drawback, Jap-  ond groups of filmy internal electrodes,
the electro- anese Patent Laid Open 58-196068 and 59-175176     des of said
first and second groups being alternately propose a laminated ceramic
device as illustrated In  55  arranged and interposed one by one between
two ad- Fig. 5 (A) and 5(B), wherein said laminated ceramic  jacent ceramic
sheets, a first external electrode con- device 2a comprises filmy internal
electrodes 6, each  nected to an edge of each of the internal electrodes of
which is interposed between two adjacent ceramic  of said first group and a
second external electrode 2   
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of each of the internal electro-  which an object is strained when an
electric field is des of said second group, wherein spaces are provid-
applied thereto. More specifically, it means a piezo- ed between said first
external electrode and each of  electric voltage effect that generates a
strain which is the internal electrodes of said second group and be-
proportional to the applied voltage and/or an electro- tween said second
external electrode and each of the   5   strictive effect, in the strict
sense of the words, is pro- internal electrodes of said first group
respectively, so  portional to the square of the applied voltage. that the
spaces are arranged between two adjacent     Since a laminated ceramic
device prepared by ceramic sheets. and wherein each of said spaces is  the
above manufacturing method comprises spaces formed by a notch at an edge of
each of said first and  arranged along certain edges of the internal
electro- second internal electrodes between two adjacent  10  des of the
device and said spaces are devoid of any ceramic sheets, characterized in
that a block layer is  internal electrodes, every other internal electrodes
formed within the area of each of said notches and is  can be connected to
an external electrode without arranged between two adjacent ceramic sheets
with  any difficulty if the spaces of those every other elec- a
predetermined clearance provided between said    trodes are arranged along
a lateral edge the device block layer and the corresponding Internal
electrode,  15  and those of the rest of the electrodes are arranged and a
space is formed between said block layer and  along another lateral edge of
the device so that each the corresponding internal electrode.
of the external electrodes is separated from the un- The laminated ceramic
device according to the in-  related internal electrodes by those
corresponding vention can be prepared by a process comprising the  spaces.
Such spaces effectively serve to prevent steps of forming an internal
electrode having a notch-  20  concentration of stress due to uneven
distribution of ed area on each of given number of unfired ceramic  strain
caused by application of an electric field and sheets made of a material
having a piezoelectric vol-  consequently to enhance the durability of the
lamin- tage effect and/or and electrostrictive effect as prin-  ated
device. Such a device Is suitably used for an ac- cipal ingredient and a
so-called future space defined  tuator. by said notched area, assembling
said plurality of un-  25  Besides, the concept underlying the present in-
fired ceramicsheets toform a laminate in such a man-  vention can be used
for prevention of any concentra- ner that said future spaces alternately
faces two dif-  tion of stress due to uneven distribution of strain ferent
lateral sides of the laminate, definitively form-  caused by application of
an electric field to a lamin- Ing spaces from said so-called future spaces
by firing  ated ceramic device which is utilized not for its elec- said
assembled plurality of ceramic sheets and bak-  30  trostrictive effect but
for other effects including the ing said Internal electrodes and connecting
two    photoelectric effect. groups of every other internal electrodes with
respeo- tive external electrodes arranged along lateral sides  BRIEF
DESCRIPTION OF THE DRAWINGS opposite to the corresponding respective
spaces. wherein a block layer is formed within the area of each   35  Fig.
I is a longitudinal sectional view of an em- of said notches at the time of
forming an Internal elec-  bodiment of the laminated ceramic device of the
trode on a surface of a ceramic sheetwith a notch pro-  invention, vided at
an edge thereof to form a so-called future   Fig. 2 is a perspective view
of a ceramic sheet space between said block layer and said edge of said
used in the embodiment of Fig. 1. internal electrode so that a space is
definitively  40  Fig. 3 is a perspective view of a variation of the formed
between said edge of said internal electrode   ceramic sheet of Fig. 2. and
said block layer when the ceramic sheet and the   Figs. 4 (A) and (B) are
respectively a longitudinal internal electrode are baked.
sectional view and a lateral sectional view of a Alternatively, the
internal electrode formed on an  conventional laminated ceramic device, and
unfired ceramic sheet with a notched area located at  45  Figs. 5 (A) and
(B) are respectively a longitudinal an edge thereof may be juxtaposed with
a block layer  sectional view and a lateral sectional view of an- located
within said notch so that a so-called future  other conventional laminated
ceramic device. space is formed between an edge of the Internal elec- trode
and the block layer, said future space becoming  DETAILED DESCRIPTION OF
THE INVENTION a definitive space between the internal electrode and   5o
the block layer after firing and baking.               Firstly referring to
Fig. 1, laminated ceramic de- Furthermore, it is able that an Internal
electrode  vice 20 is designed as an actuatorto be used fora im- and a
block layer are formed on unfired ceramic    pact printer head or a X-Y
table etc. Said ceramic de- sheet, so that so-called future space Is formed
be-  vice 20 comprises a number of electrostrictive ceram- tween an edge of
the internal electrode and block lay-  55  ic sheets 22 arranged as so many
layers and also a er.                                                number
of Internal electrodes 24 (24a, 24b), each in- An electrostrictive effect
as used in the descrip-  terposed between two adjacent ceramic sheets 22.
tion of the present Invention means an effect with    More specifically,
said laminated ceramic device 3  
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plurality of electrostrictive ceramic  the principal ingredient and then
mixed well to form a sheets 22, a first and a second groups of filmy inter-
precursor mixture for molding. If, on the other hand, nal electrodes 24a,
24b, the electrodes of said first  an organic solvent such as ethylalcohol,
methyle- and second groups being alternately arranged and in-  thylketon,
benzene or toluene is used, a binder such terposed one by one between two
adjacent ceramic   5   as polymethylmethacrylate, polyvinyl-alcohol,
polyvi- sheets 22, a first external electrode 32a connected to  nylbutylal
or celluloseacetate and a plasticizer such an edge of each of the Internal
electrodes 24a of said  as dibutylphthalate, polyethyleneglycol or glycerol
to first group and a second external electrode 32b con-  calcined and
powdered ceramic as described above nected to an edge of each of the
internal electrodes  and mixed well to prepare a precursor mixture for 24b
of said second group, wherein spaces 30 are pro-  io   molding. vided
between said first external electrode 32a and   The precursor mixture is
then molded to form a each of the internal electrodes 24b of said second
piece of ceramic having a desired thickness by using group and between said
second external electrode  a doctor blade method or by extrusion molding or
by 32b and each of the internal electrodes 24a of said  means of any other
appropriate technique. After first group. As a result, the spaces 30 are
arranged   15  dried, the molded piece is cut to desired longitudinal
between two adjacent ceramic sheets 22.           and lateral dimensions to
become a raw ceramic Each of the filmy internal electrode 24 (24a, 24b)
sheet 22. The thickness of the raw ceramic sheet 22 is formed by applying
paste of metal onto the surface  Is preferably between 0.02 pm and 2 pm and
more of a ceramic sheet 22 as illustrated in Fig. 2. The met-  preferably
between 0.05 pm and 0.5 pm, although It al to be used for the internal
electrodes 24 (24a, 24b)  20  should not by any means be limited by these
values. may be, for example, platinum, palladium, silver-pal-  Thereafter,
an internal electrode 24 (24a or 24b) is ladium alloy or silver. Since the
ceramic sheets 22 are  formed on a surface of the raw ceramic sheet 22 by
fired after lamination, the paste of metal may prefer-  applying paste of
metal. ably be of a metal that can be baked at the firing tem-  Araw
ceramic sheet22 according tothe Invention perature of the ceramic sheets.
The paste of metal  25  may preferably be molded by using water as solvent
may contain powdered zirconia, powdered glass    and by extrusion molding,
although other solvents and/or calcined and powdered ceramic which Is
and molding techniques may be also feasible as de- chemically equivalent to
electrostrictive ceramic  scribed earlier. If molded in the above described
pre- sheets to be used for the purpose of the present in-  ferable manner,
dried raw ceramic sheets show an vention in orderto improve adhesion
between the cer-  3o  excellent non-adhesiveness to one another with a re-
amic sheets 22 and the corresponding internal elec-  duced ratio of the
binder andlor plasticizer contents. trodes 24 (24a, 24b) after firing.
Moreover, the so-called future space 26 formed on a When an internal
electrode 24 (24a or 24b) is  raw ceramic sheet can be effectively used for
forma- formed by applying paste of metal to the surface of a  tion of a
space 30 after lamination and firing because ceramic sheet 22, a portion of
a peripheral edge   35  the sheet does not adhere to the adjacent sheets at
thereof is covered with mask to provide a future  this area when it is laid
between them. It should be space 26 which is devoid of paste of metal as
shown  noted that a desirable ceramic sheet 22 having a in Fig. 2.
space 30 may also be adequately prepared by the The thickness of the
internal electrodes 24 (24a,  combination of the use of an organic solvent
and ex- 24b) Is preferably between 0.5 pm and 20 pm and   40  trusion
molding or the combination of the use of an or- more preferably between 1
pm and 10 pm, although  ganic solvent and that of a doctor blade. it should
not by any means be limited by these values.  The type and amount of the
binder andlor plasti- Paste of metal may be applied by screen printing,
roll-  cizer to be used and the dring condition under which er printing or
by means of any other appropriate tech-  raw ceramic sheets 22 are formed
are so determined nique.                                       45  that the
tensile-shearing-adhesive strength of each The ceramic sheets 22 are made
of materials that  raw ceramic sheet 22 is preferably less than 10% and
exhibit electrostrictive effects after firing and Include  more preferably
less than 5% of the tensile strength as principal ingredients [err]  of the
sheet proper when they are pressed together sed composite pezovskite
compound such as         at temperature lower than [err] with pressure less
[err]Such ceramic  5o  than 200 kg/c m2. sheets 22 may be prepared in the
following manner     When rawceramicsheets 22 areformed by using prior to
lamination and firing.                   water for solvent and by extrusion
molding, the ratio Firstly, if water is used as solvent, a binding agent
of the binderto be added to 100 weight portions of cal- such as
hydroxyethylcellulose, methylcellulose, poly-  cined powder is preferably
between I and 10 weight vinyl-alcohol or a wax-type slipping reagent and a
55  portions and more preferably between 2 and 5 weight plasticizer such as
glycerol, polyalkylglycol, solbiton-  portions, while the ratio of
plasticizer to be added to ate, tri-ethyleneglycol, petriole or polyole are
added  100 weight portions of calcined powder is also prefer- to calcined
and powdered ceramic that constitutes  ably between 1 and 10 weight
portions and more pre- 4 
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5 weight portions.           elongated shape, it may be differently
configured and Then an internal electrode 24 (24a or24b) with a  located as
shown in Fig. 3 for example, where It is lo- notch to form a so-called
future space 26 is formed  cated at a corner, of a ceramic sheet 22 and has
a tri- on a side of each of the raw ceramic sheets 22 that  angular
configuration. With such an arrangement, it have been molded, dried and cut
to a given size. The   5   will be clearthat the internal electrode 24
(24aor24b) notch is formed by means of covering a portion of the  and the
block layer 29 are electrically insulated from surface of the raw ceramic
sheet. Thereafter, the cer-  each other. amic sheets, each having an
internal electrode 24     Thereafter, the ceramic sheets, each carrying an
(24a or 24b), are put together to form a laminate with  internal electrode
24 (24a or 24b) and a block layer their future spaces 26 so arranged that
they alter-  10  29, are put together to form a laminate with their fu-
nately face opposite sides of the laminate as illustrat-  ture spaces 26 so
arranged that they are found alter- ed in Fig. 2. The laminate is then heat
pressed, de-  nately closed to opposite sides of the laminate as II- waxed
and fired at predetermined temperature. As a  lustrated in Fig. 2. The
laminate is then heat pressed, result the internal electrodes 24 (24a, 24b)
are firmly  dewaxed and fired at predetermined temperature. As bonded to
the corresponding sheets 22. The laminate  15  a result, the internal
electrodes 24 (24a, 24b) are may be cut to a given size prior to degreasing
or al-  firmly bonded to the corresponding sheets 22. The ternatively it
may be cut afterfiring. Moreover, the so-  laminate may be cutto a given
size priorto degreasing called future spaces 26 should not necessarily be
so  or alternatively it may be cut after firing. Moreover, arranged that
they alternately face opposite sides of  the block layers 29 should not
necessarily be so ar- the laminate. What is important here is that the cer-
20  ranged that they are found alternately close to oppo- amic sheets are
so arranged that any two adjacent  site sides of the laminate. What is
important here is ones have their spaces at different locations and ev-
that the ceramic sheets are so arranged that any two ery other ceramic
sheets have theirspaces ata same  adjacentones have their spaces at
different locations vertical location.                                 and
every other ceramic sheets have their spaces at As a result, the internal
electrodes of the first  25  a same vertical location. Two groups of spaces
of a group 24a and those of the second group 24b are al-  laminate as
illustrated in Fig. 3 may be located near ternately arranged In the ceramic
laminate.        adjacent corners which are rotationally displaced by When
the laminate is fired at high temperature,  [err] from each other. any two
adjacent ceramic sheets of the laminate       Then, afirstexternal
electrode 32a and a second come to have an unbonded area i.e. space 30 that
30  external electrode 32b are arranged along two differ- corresponds to
the so-called future space 26 formed  ent lateral sides of the laminate and
connected re- by the notch of the internal electrode 24 between  spectively
with all thefirst internal electrodes 24a and them.
all the second internal electrode 24b to form a lamin- The space 30 is
formed between an Internal elec-  ated ceramic device 20. It Is recommended
that the trode 24 (24a or24b) and a block layer 29 as illustrat-  35
block layers 29 are also connected with the respeo- ed in Figs. I through
3.                           tive internal electrodes 24a, 24b and
therefore with In Fig. 2 a so-called future space 26 is formed  the
respective external electrodes 32a, 32b. It is de- along an edge of the
internal electrode 24 (24a or  sirable that the external electrodes 32a,
32b have a 24b) formed by applying paste of metal to a ceramic  width
smaller than that of the block layers 29. If the sheet 22 as said future
space 26 has a given width  40  width of the external electrodes 32a, 32b
Is greater [err] and carries no paste of metal. Then a layer of an  than
that of the block layers 29, the external electro- elongated block 29 is
formed along the corresponding  des 32a, 32b can be short-circuited by way
of any of edge of the ceramic sheet 22 and juxtaposed with the  the
internal electrodes 24 (24a, 24b). internal electrode 24 (24a or 24b) in
such a manner   When a voltage is applied to the external electro- that
they are separated from each other by clearance   45  des 32 of a laminated
ceramic device 20 prepared in [err] on the ceramic sheet 22. The block
layer 29 may  a manner as described above by wayof a pair of leads be
conveniently formed by applying paste of metal  34, an electric field is
generated along the longitudi- which is same as that used for formation of
internal  nal direction of the ceramic device 20, which accord- electrodes
24 (24a, 24b) but alternatively such a  ingly deformed In the same
direction to operate as an block layer 29 may be realized by using a
different  5o  actuator. material such as a non-conductive material. When a
As is apparent from the above description, ac- block layer 29 is formed by
applying paste of metal  cording to the invention every other internal
electro- which is used for internal electrodes 24 (24a, 24b), It  des of a
laminated ceramic device can be connected may be conveniently formed In a
similar manner as  together with ease. Moreover, the spaces provided the
internal electrodes. It is desirable that the block  55   within the device
effectively prevent concentration of layer 29 has a thickness which is same
as that of the  stress due to uneven distribution of strain caused by
corresponding internal electrode 24 (24a or 24b).  application of an
electric field so that the durability of While the block layer illustrated
in Fig. 2 has an  the device can be improved. Such a laminated ceram- 
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suitably used for an actuator or other  and paste of sliver-palladium was
applied to a surface application. Besides, the concept underlying the  of
each of the sheets by screen printing except for the present invention can
be used for prevention of any  areaforthe so-called future space 26 having
width [err] concentration of stress due to uneven distribution of  of 0.5
mm as illustrated in Fig. 2 in order to form an strain caused by
application of an electric field to a   5   Internal electrode 24 (24a or
24b) and a correspond- laminated ceramic device which is utilized not for
its  ing block layer 29 separated from each other by the electrostrictive
effect but for other effects including  so-called future space 26. One
hundred green sheets the photoelectric effect.                         on
which the paste had been applied were put togeth- er to form a laminate and
heat pressed. For lamina- [Example]                                     io
tion, the green sheetswere so arranged thatthe block layers 29 alternately
faced two adjacent lateral sides Now the present invention will be
described fur-  of the laminate. The obtained laminate was dewaxed ther by
way of an example.                        at [err] and then fired at [err]
The fired laminate A laminated ceramic device 20 having a configur-  was
cut to produce individual devices. ation as described below was prepared. A
number of  15  When a section of the fired laminate was ob- ceramic sheets
22 having an electrostrictive effect  served by means of a scanning type
electronic micro- were so arranged to form a laminate, in which they al-
scope, each of the internal electrodes 24 (24a, 24b) ternately carry a
first group of filmy internal electro-  and the corresponding block layer
29 showed a thick- des 24a and a second group of filmy internal electro-
ness of 2 to 3 pm and a space 30 with a height of also des 24b on one by
one basis. Then a first external  20  2 to 3 pm was formed at each of the
so-called future electrode 32a was formed on a lateral side of the lam-
spaces 26 between the Internal electrode 24 (24a or inate and connected
with each of said first group of  24b) and the block layer 29. Internal
electrodes 24a and likewise a second exter-  Then a pair of external
electrodes 32a, 32b were nal electrode 32b was formed on another lateral
side  formed on each device by applying paste of silver re- of the laminate
and connected with each of said sec-  25  spectively along its two
different lateral sides as illu- ond group of internal electrodes 24b.
strated in Fig. 2 which were then baked so that they A block layer 29 was
provided between said f irst  were electrically connected with the
respective ends external electrode 32a and each of said second inter-  of
the corresponding internal electrodes 24 (24a, nal electrodes 24b and
between said second external  24b) located between two adjacent blocks 29.
Then electrode 32b and each of said first internal electro-  30  a lead was
soldered to each ofthe external electrodes des 24a so that a space 30 was
defined by the block  and the laminate were polarized by applying a DC vol-
layer 29, the juxtaposed internal electrode 24a or24b  tage by way of the
leads to produce a laminated cer- and the opposite surfaces of the two
adjacent ceram-  amic device 20 as Illustrated in Fig. 1. ic sheets that
sandwich the internal electrode 24a or  The laminated ceramic device has
dimensions of 24b as well as the block layer 29.            35  length x
width x height = 5 mm x 5 mm x 10 mm. When The first and second external
electrodes 32a,  subjected to a DC voltage of I 00V, it showed a defor- 32b
were connected with the respective first and sec-  mation up to 10 pm.
After sinusoidal voltage pulse ond groups of internal electrodes 24a, 24b
compris-  having a maximum voltage of 100V with a frequency ing every other
internal electrodes arranged in the  of I kHz had been successively applied
to the device laminated ceramic device. Therefore, said first exter-  40
for approximately 100,000,000 times to check the nal electrode 32a and each
of said second internal  durability of the device, it did not show any
reduction electrodes 24b were physically and electrically insu-  in the
value of deformation noranyfunctional defects. lated from each other by a
space 30 and li kewise said second external electrode 32b and each of said
first  [Comparison Example] internal electrodes 24a were physically and
electri-  45 cally insulated from each other by a space 30.        For the
purpose of comparison, a laminated cer- Aprecursor material of the
laminated ceramic de-  amic device of a conventional type as illustrated in
vice 20 of this example was prepared by adding a pre-  Fig. 4 was prepared
and subjected to the same dur- scribed amount of methylcellulose as binder
and also  ability test, in which voltage pulses were successively a
prescribed amount of glycerol as plasticizerandwa-  50  applied to the
specimen for approximately 10,000 ter which was used as solvent to an
amount of cal-  times. As a result of the test, the specimen was des- cined
powder of an electrostrictive material contain-  tructed. ing as principal
Ingredients [err]          Therefore, a laminated ceramic device according
[err] and mixing well. Then, a given num-  to the present invention can
effectively prevent con- ber of green sheets having a thickness of 120 pm
55  centration of stress due to uneven distribution of were prepared from
the precursor material by extru-  strain caused by application of an
electric field be- sion molding and the sheets were dried.           cause
of the spaces provided at the edges of the in- The sheets were then cut to
a predetermined size  ternal electrodes and consequently has a remarkably 
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durability as compared with a conventional   characterized In that
laminated ceramic device illustrated in Fig. 4.       said first and second
external electrodes are con- However, a laminated ceramic device according
nected respectively with a group of every other to the present Invention
can be prepared without re-  block layers and a group of the rest of the
block quiring provision of insulation layers as that of a con-   s  layers.
ventional laminated ceramic device illustrated in Fig. 5. Therefore, a
laminated ceramic device according to the Invention is free from any
malfunctions due to de-  Patentanspr iche fective insulation layers. Such
laminated ceramic de- vices can be manufactured with a high yield by a rel-
10  1. Eine geschichtete Keramikanordnung (20), urn- atively simple manner.
fassend eine Vieizahl von keramischen Schich- When the external electrode
is formed by apply-   ten (22) mit einem piezoelektrischen Spannungs- ing
paste of metal, a laminated ceramic device ac-    effekt undloder einem
elektrostriktiven Effekt; cording to the invention has block layers in the
point  eine erste und eine zweite Gruppe von hauch- of preventing the paste
from blowing into the areas of  15  dOnnen inneren Elektroden (24a,24b),
wobei die internal electrodes.                                  Elektroden
der genannten ersten und zweiten Gruppe wechselseitig angeordnet sind und
je ei- ne zwischen zwei benachbarte Keramikschich- Claims
ten (22) zwischengeschaltet ist; 20      eine erste AuSere Elektrode (32
a), die mit einer 1. A laminated ceramic device (20) comprising a
Kante jeder der inneren Elektroden (24a) der ge- plurality of ceramic
sheets (22) having a piezo-  nannten ersten Gruppe verbunden ist; electric
voltage effect and/or an electrostrictive  und eine zweite AuBere Elektrode
(32 b), die mit effect;                                           einer
Kante Jeder der inneren Elektroden (24 b) a first and a second group of
filmy internal elec-  25  der genannten zweiten Gruppe verbunden ist,
trodes (24a,24b), the electrodes (24a,24b) of     wobel ZwischenrAume (30)
zwischen der ge- said first and second groups being alternately ar-
nannten ersten auSeren Elektrode (32a) und je- ranged and interposed one by
one between two      der der inneren Elektroden (24b) der genannten
adjacent ceramic sheets (22);                     zweiten Gruppe und
zwischen der genannten a first external electrode (32a) connected to an
30  zweiten auSeren Elektrode (32b) und jederderin- edge of each of the
internal electrodes (24a) of  neren Elektroden (24a) der genannten ersten
said first group; and                             Gruppe vorgesehen sind,
so dag die Zwischen- a second external electrode (32b) connected to   rMume
(30) zwischen zwei benachbarten Kera- an edge of each of the internal
electrodes (24b)  mikschichten (22) angeordnetsind, und wobeiJe- of said
second group, wherein spaces (30) are  35  der der genannten Zwischenraume
(30) durch el- provided between said first external electrode    ne Kerbe
an einer Kante jeder der genannten er- (32a) and each of the internal
elecrodes (24b) of  sten und zweiten inneren Elektroden (24a, 24b) said
second group and between said second ex-     zwischen zwei benachbarten
Keramikschichten )     ternal electrode (32b) and each of the Internal
(22) gebildet wird, electrodes (24a) of said first group respectively  40
dadurch gekennzeichnet, dag so that the spaces (30) are arranged between
sine Sperrschicht (29) Innerhalb des Bereichsje- two adjacent ceramic
sheets (22), and wherein     der der genannten Kerben gebildet wird und
zwi- each of said spaces (30) is formed by a notch at  schen zwei
benachbarten Keramikschichten (22) an edge of each of said first and second
internal  mit einem vorbestimmten Abstand, der zwischen electrodes
(24a,24b) between two adjacent cer-  45  der genannten Sperrschicht (29)
und der ent- amic sheets (22),                                 sprechenden
Inneren Elektrode (24a, 24b) vorge- characterized In that:
sehen ist, angeordnet ist, a block layer (29) is formed within the area of
und ein Zwischenraum (30) zwischen der ge- each of said notches and Is
arranged between      nannten Sperrschicht und der entsprechenden two
adjacent ceramic sheets (22) with a predeter-  50  inneren Elektrode (24a,
24b) gebildet wird. mined clearance provided between said block layer (29)
and the corresponding Internal elec-  2. Eine-geschichtete Keramikanordnung
gemilf trode (24a,24b), and                              Anspruch 1, a
space (30) is formed between said block layer   dadurch gekennzeichnet, daB
and  the corresponding  internal electrode  55    die genannte erste und
zweite aulere Elektrode (24a,24b).
jeweils mit einer Gruppe jeder zweiten Sperr- schicht und einer Gruppe der
restlichen Sperr- 



2. A laminated ceramic device according to claim 1,   schichten verbunden
sind. 7    11                 EP 0 391 419 B1                 12 improved
durability as compared with a conventional   characterized In that
laminated ceramic device illustrated in Fig. 4.       said first and second
external electrodes are con- However, a laminated ceramic device according
nected respectively with a group of every other to the present invention
can be prepared without re-  block layers and a group of the rest of the
block quiring provision of insulation layers as that of a con-   5  layers.
, ventional laminated ceramic device illustrated in Fig. 5. Therefore, a
laminated ceramic device according to the invention is free from any
malfunctions due to de-  Patentanspr iche fective insulation layers. Such
laminated ceramic de- vices can be manufactured with a high yield by a rel-
10  1. Eine geschichtete Keramikanordnung (20), um- atively simple manner.
fassend eine Vieizahl von keramischen Schich- When the external electrode
Is formed by apply-   ten (22) mit einem piezoelektrischen Spannungs- ing
paste of metal, a laminated ceramic device ac-    effekt und/oder einem
elektrostriktiven Effekt; cording to the invention has block layers in the
point  eine erste und eine zweite Gruppe von hauch- of preventing the paste
from blowing into the areas of  15  dOnnen inneren Elektroden (24a,24b),
wobei die internal electrodes.                                  Elektroden
der genannten ersten und zweiten Gruppe wechselseitig angeordnet sind und
je el- ne zwischen zwei benachbarte Keramikschich- Claims
ten (22) zwischengeschaltet ist 20      eine erste Augere Elektrode (32 a),
die mit einer 1. A laminated ceramic device (20) comprising a       Kante
jeder der inneren Elektroden (24a) der ge- plurality of ceramic sheets (22)
having a piezo-  nannten ersten Gruppe verbunden ist; electric voltage
effect andlor an electrostrictive  und eine zweite Augere Elektrode (32 b),
die mit effect;                                           einer Kante jeder
der inneren Elektroden (24 b) a first and a second group of filmy internal
elec-  25  der genannten zwelten Gruppe verbunden ist, trodes (24a,24b),
the electrodes (24a,24b) of     wobei Zwischenraume (30) zwischen der ge-
said first and second groups being alternately ar-  nannten ersten auIeren
Elektrode (32a) und je- ranged and interposed one by one between two
der der inneren Elektroden (24b) der genannten adjacent ceramic sheets
(22);                     zwelten Gruppe und zwischen der genannten a first
external electrode (32a) connected to an   30  zweiten augeren Elektrode
(32b) undjederderin- edge of each of the internal electrodes (24a) of
neren Elektroden (24a) der genannten ersten said first group; and
Gruppe vorgesehen sind, so dal die Zwischen- a second external electrode
(32b) connected to    raume (30) zwischen zwei benachbarten Kera- an edge
of each of the internal electrodes (24b)  mikschichten (22) angeordnetsind,
und wobeije- of said second group, wherein spaces (30) are  35  der der
genannten Zwischenraume (30) durch ei- provided between said first external
electrode    ne Kerbe an einer Kante jeder der genannten er- (32a) and each
of the internal elecrodes (24b) of  sten und zweiten Inneren Elektroden
(24a, 24b) said second group and between said second ex-     zwischen zwei
benachbarten Keramikschichten ternal electrode (32b) and each of the
internal   (22).gebildet wird, electrodes (24a) of said first group
respectively  40  dadurch gekennzeichnet, daB so that the spaces (30) are
arranged between      eine Sperrschicht (29) innerhalb des Bereichsje- two
adjacent ceramic sheets (22), and wherein     derder genannten Kerben
gebildet wird und zwi- each of said spaces (30) is formed by a notch at
schen zwel benachbarten Keramikschichten (22) an edge of each of said first
and second internal  mit elnem vorbestimmten Abstand, derzwischen
electrodes (24a,24b) between two adjacent cer-  45  der genannten
Sperrschicht (29) und der ent- amic sheets (22),
sprechenden inneren Elektrode (24a, 24b) vorge- characterized In that:
sehen ist, angeordnet ist, a block layer (29) is formed within the area of
und ein Zwischenraum (30) zwischen der ge- each of said notches and is
arranged between      nannten Sperrschicht und der entsprechenden two
adjacent ceramic sheets (22) with a predeter-  50  inneren Elektrode (24a,
24b) gebildet wird. mined clearance provided between said block layer (29)
and the corresponding internal elec-  2. Elne geschichtete Keramikanordnung
gemfAf trode (24a,24b), and                              Anspruch 1, a
space (30) is formed between said block layer   dadurch gekennzeichnet, daB
and  the  corresponding  internal electrode  55   die genannte erste und
zweite fiuere Elektrode (24a,24b).
jeweils mit einer Gruppe jeder zwelten Sperr- 



schicht und einer Gruppe der restlichen Sperr- 2. A laminatd ceramic device
according to claim 1,    schichten verbunden sind. 7    13
EP 0 391 419 B1                 14 Rovendications 1. Dispositif en
c6ramique stratif i6 (20) comprenant une multitude de feuilles de c6ramique
(22) ayant un effet de tension piezoelectrique ethou un effet   5
electrostrictif, des premier et second groupes d'61ectro- des inbernes
formees en film (24a, 24b), les elec- trodes (24a, 24b) desdits premieret
second grou- pes etant dispos6es en alternance et inberpos6es   10 une par
une entre deux feuilles de c6ramique contigues (22); une premiere 6lectrode
externe (32a) connectee A un bord de chacune des electrodes infernes (24a)
dudit premier groups; et   15 une seconds electrode externe (32b) connect6e
A un bord de chacune des electrodes intornes (24b) dudit second groupo,
tandis quo des espaces (30) sont menages entre ladibe pre- miere electrode
externe (32a) et chacune desdi-  20 tes electrodes internes (24b) dudit
second grou- pe et entre la ditb seconds electrode externe (32b) et chacune
des 6lectrodes internes (24a) dudit premier groups respectivement, de sorte
que les espaces (30) sont disposes entre deux   25 feuilles de ceramique
contigues (22) et dans le- quel chacun desdits espaces (30) est forme par
une encoche A un bord de chacune desdites pro- miere et seconds electrodes
internes (24a, 24b) entre deux fouliles de ceramique contigues (22),  30
caracterisb en co quo: une couche de blocage (29) est formee A l'interiour
de la surface de chacune desditbs en- coches et est disposee entre deux
feuilles de ce- ramique contigues (22) avec un ecartement pre-  35
dbtermine prevu entre ladite couche de blocage (29) et l'electrode interne
correspondante (24a, 24b), et un espace (30) est forme entre ladito cou-
che de blocage et l'electrode Interne correspon-  40 dante (24a, 24b). 2.
Dispositif en ceramique stratifie selon la reven- dication 1, caracterise
en ce que                     45 lesdites premiere et seconds electrodes
externes sont connectees respectivement A un groupe d'une sur deux des
autres couches de blocage et A un groups du rests des couches de blocage.
50 55 8 *   C   L    


