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(57) ABSTRACT 

A multi-layer ceramic electronic device comprising a device 
body comprised of alternately arranged dielectric layers and 
internal electrode layers and external electrodes formed on 
an outer surface of the device body, Wherein the external 
electrodes have an undercoat layer directly formed on the 
outer surface of the device body so as to be electrically 
connected With at least part of the internal electrode layers, 
an intermediate layer formed on the outer surface of the 
undercoat layer, and an outer layer formed on the outer 
surface of the intermediate layer; the undercoat layer 
includes a ?rst conductive material mainly comprised of 
copper and a ?rst glass ingredient; the intermediate layer 
includes a second conductive material mainly comprised of 
a copper-palladium-based alloy; and the outer layer includes 
a third conductive material mainly comprised of silver and 
further containing palladium and a second glass ingredient. 
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MULTI-LAYER CERAMIC ELECTRONIC DEVICE 
AND METHOD FOR PRODUCING SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a rnulti-layer 
ceramic chip capacitor or other rnulti-layer cerarnic elec 
tronic device and a method for production of the same. 

[0003] 2. Description of the Related Art 

[0004] A rnulti-layer cerarnic chip capacitor, one example 
of a rnulti-layer cerarnic electronic device, has a capacitor 
device body comprised of alternately stacked dielectric 
layers and internal electrode layers. A pair of external 
electrodes conductive With the alternately stacked internal 
electrodes inside the capacitor device body is formed at the 
tWo ends of the capacitor device body. 

[0005] In general, a solder containing lead (Pb) is used for 
?xing and mounting a rnulti-layer ceramic capacitor on a 
circuit board. Therefore, a tin (Sn) or Sn/Pb plating is 
formed on the outermost layer of the external electrodes to 
improve the bonding strength of the capacitor and solder 
Wettability. 
[0006] When considering the effect of lead on the envi 
ronrnent, hoWever, it is preferable to ?x and mount the 
capacitor on the circuit board Without using a solder con 
taining lead (lead-free rnounting). Fixing and mounting 
using a conductive adhesive is therefore being studied. 

[0007] If a conductive adhesive is used for mounting a 
conventional rnulti-layer cerarnic chip capacitor to a circuit 
board, hoWever, the folloWing inconveniences occur. 

[0008] First, the Sn or Sn/Pb plating formed on the out 
errnost layer of the external electrodes oxidiZes faster in a 
high temperature, high humidity environment. If the plating 
at the outermost layer of the external electrodes oxidiZes, the 
connection resistance (ESR) becornes higher and, in the 
functions of the capacitor, the dielectric loss (tano) becornes 
greater and inconveniences occur in the electrical circuit. 

[0009] Second, With repeated heat cycles, rnicrocracks 
occur betWeen the conductive adhesive and the external 
electrodes. If rnicrocracks occur betWeen the conductive 
adhesive and external electrodes, the bonding strength of the 
capacitor and circuit board may degrade, the capacitor may 
stop functioning on the electrical circuit, and the capacitor 
may even fall off the circuit board. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide a 
rnulti-layer cerarnic chip capacitor or other rnulti-layer 
cerarnic electronic device having external electrodes not 
very liable to oxidiZe even if mounting the device on a 
circuit board using a conductive adhesive and resistant to 
formation of cracks With the conductive adhesive even if 
subjected to repeated heat cycles and a method for produc 
ing the same. 

[0011] To achieve the above object, according to a ?rst 
aspect of the present invention, there is provided a rnulti 
layer cerarnic electronic device comprising a device body 
comprised of alternately arranged dielectric layers and inter 
nal electrode layers and external electrodes formed on an 
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outer surface of the device body, outer layers of the external 
electrodes comprised of a conductive material rnainly corn 
prised of silver and further including palladiurn (correspond 
ing to later explained third conductive material) and glass 
ingredient (corresponding to later explained second glass 
ingredient). 
[0012] Preferably, each of the external electrodes have an 
undercoat layer directly formed on the outer surface of the 
device body so as to be electrically connected With at least 
part of the internal electrode layers, an intermediate layer 
formed on an outer surface of the undercoat layer, and the 
outer layer formed on an outer surface of the intermediate 
layer; the undercoat layer includes a ?rst conductive mate 
rial rnainly comprised of copper and a ?rst glass ingredient; 
the intermediate layer includes a second conductive material 
rnainly comprised of a copper-palladiurn-based alloy; and 
the outer layer includes a third conductive material rnainly 
comprised of silver and further containing palladium and a 
second glass ingredient. 

[0013] Preferably, the second glass ingredient includes a 
glass ingredient of the same composition as the ?rst glass 
ingredient. 
[0014] Preferably, the ?rst glass ingredient includes a 
strontiurn borosilicate-based glass. 

[0015] Preferably, the internal electrode layer includes a 
base metal. 

[0016] Preferably, the undercoat layers are formed on only 
tWo end faces of the device body. 

[0017] To achieve the above object, according to a second 
aspect of the present invention, there is provided a method 
of producing a rnulti-layer cerarnic electronic device corn 
prising the steps of coating on an outer surface of a device 
body comprised of alternately arranged dielectric layers and 
internal electrode layers an undercoat layer paste including 
a ?rst conductive material rnainly comprised of copper and 
a ?rst glass ingredient so as to be electrically connected With 
at least part of the internal electrode layers to thereby form 
a pre-baking undercoat layer; coating on an outer surface of 
said pre-baking undercoat layer an outer layer paste includ 
ing a third conductive material rnainly comprised of silver 
and further including palladium and a second glass ingre 
dient to thereby form a pre-baking outer layer; and co 
baking said pre-baking undercoat layer and said pre-baking 
outer layer at a temperature of over 600° C. and less than 
800° C. to form an undercoat layer and outer layer and form 
betWeen the undercoat layer and outer layer an intermediate 
layer including a second conductive material rnainly corn 
prised of a copper-palladiurn-based alloy. 

[0018] Preferably, the second glass ingredient includes a 
glass ingredient of the same composition as the ?rst glass 
ingredient. 

[0019] Preferably, the undercoat layer paste is coated to 
form the pre-baking undercoat layer on only tWo end faces 
of the device body. 

[0020] That is, the rnulti-layer cerarnic electronic device 
according to the present invention has external electrodes 
formed on the outer surface of a device body comprised of 
alternately arranged dielectric layers and internal electrode 
layers, and the outer layer of the external electrodes is 
formed of a speci?c rnaterial. 
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[0021] Therefore, even if the multi-layer ceramic elec 
tronic device of the present invention is mounted on a circuit 
board using a conductive adhesive not containing lead (Pb) 
under a high temperature, high humidity environment, there 
is little liability of the outermost layer of the external 
electrodes being oxidiZed. Further, even With repeated heat 
cycles, there is resistance to formation of microcracks 
betWeen the external electrodes and the conductive adhe 
s1ve. 

[0022] As a result, if using the multi-layer ceramic elec 
tronic device according to the present invention, it is pos 
sible to suppress the connection resistance (ESR), reduce the 
dielectric loss (tano), and maintain a high bonding strength 
to the circuit board, so it is possible to reliably prevent 
inconveniences on the electrical circuit, detachment from 
the circuit board, and other matters and to improve the 
reliability. 

[0023] In the present invention, by giving the external 
electrodes an undercoat layer formed directly on the outer 
surface of the device body and including in the undercoat 
layer a ?rst conductive material mainly comprised of copper 
having a good Wettability With the base metal included in the 
internal electrode layers, it is possible to maintain a good 
bonding strength betWeen the undercoat layer and the inter 
nal electrode layers. 

[0024] In the present invention, by giving the external 
electrodes an intermediate layer formed on the outer surface 
of the undercoat layer and including in the intermediate 
layer a second conductive material mainly comprised of a 
silver-palladium-based alloy, it is possible to maintain a 
good bonding strength at the interface betWeen the under 
coat layer and a later explained outer layer. 

[0025] In the present invention, by giving the external 
electrodes an outer layer formed on the outer surface of the 
intermediate layer and including in the outer layer a third 
conductive material mainly comprised of silver, even if 
mounting the device on a circuit board using a conductive 
adhesive not containing lead (Pb), there is little liability of 
the outer layer being oxidiZed and there is little liability of 
the interface betWeen the internal electrode layers and the 
external electrodes being oxidiZed at the time of baking the 
external electrodes to the device body. 

[0026] In the present invention, by including in the second 
glass ingredient contained in the outer layer a glass ingre 
dient of the same composition as the ?rst glass ingredient 
contained in the undercoat layer (preferably strontium boro 
silicate-based glass), it is possible to form all of the external 
electrodes formed on the outer surface of the device body as 
a dense bonded layer. 

[0027] In the method of producing a multi-layer ceramic 
electronic device according to the present invention, a 
pre-baking undercoat layer and pre-baking outer layer 
formed on the outer surface of a device body comprised of 
alternately arranged dielectric layers and internal electrode 
layers are baked at a speci?c temperature. Due to this, an 
undercoat layer and outer layer are formed and a speci?c 
intermediate layer is created betWeen the undercoat layer 
and outer layer. When mounting the multi-layer ceramic 
electronic device obtained in this Way on a circuit board 
using a conductive adhesive not containing lead (Pb) under 
a high temperature, high humidity environment, the outer 
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layer is not very liable to be oxidiZed and there is resistance 
to formation of microcracks betWeen the outer layer and the 
conductive adhesive even With repeated heat cycles. There 
fore, according to the method of the present invention, it is 
possible to produce a multi-layer ceramic electronic device 
improved in reliability. Further, in the method of the present 
invention, by not performing electroplating and by co 
baking the pre-baking undercoat layer and pre-baking outer 
layer rather than performing them separately, the production 
process is simpli?ed, so it is possible to produce a multi 
layer ceramic electronic device improved in reliability. 

[0028] In the method of the present invention, by coating 
an undercoat layer paste to form the pre-baking undercoat 
layers on only the tWo end faces of the device body, it is 
possible to suppress the increase of thickness around the 
peripheral side edges of the device body even if thickness of 
the external electrodes formed by the later baking increases, 
so it is possible to accurately obtain the dimensions of the 
external electrodes. 

[0029] The multi-layer ceramic electronic device is not 
particularly limited, but may be for example a multi-layer 
ceramic chip capacitor, pieZoelectric element, chip inductor, 
chip varistor, chip thermistor, chip resistor, other surface 
mounted (SMD) chip type electronic device etc. 

[0030] The present disclosure relates to subject matter 
contained in Japanese Patent Application No. 2000-124132 
(?led on Apr. 25, 2000), the disclosure of Which is expressly 
incorporated herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] These and other objects and features of the present 
invention Will be more apparent from the folloWing descrip 
tion given With reference to the accompanying draWings, 
Wherein: 

[0032] FIG. 1 is a sectional vieW schematically shoWing 
a multi-layer ceramic chip capacitor according to an 
embodiment of the present invention; 

[0033] FIG. 2A is a micrograph shoWing a BEI (Back 
scattered Electron Image) of a polished surface obtained by 
polishing an external electrode of a capacitor sample accord 
ing to Example 4; 

[0034] FIG. 2B is a micrograph shoWing the BEI of FIG. 
2A enlarged from FIG. 2A; 

[0035] FIG. 2C is a micrograph shoWing the BEI of FIG. 
2A enlarged further from FIG. 2B; 

[0036] FIG. 3A is a micrograph shoWing a BEI of a 
polished surface obtained by polishing an external electrode 
of a capacitor sample according to Example 4 in the state of 
mutual diffusion of the internal electrode layers and the 
undercoat layer; 

[0037] FIG. 3B is a micrograph shoWing a BEI of a 
polished surface obtained by polishing an external electrode 
of a capacitor sample according to Example 4 in the state of 
dispersion of glass frit; 

[0038] FIG. 3C is a micrograph shoWing a BEI of a 
polished surface obtained by polishing an external electrode 
of a capacitor sample according to Example 4 in the state of 
dispersion of a Pb ingredient; 
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[0039] FIG. 4 is a graph of the results of a heat cycle test 
conducted using capacitor samples of Example 1, Compara 
tive Example 3, and Comparative Example 4; 

[0040] FIG. 5 is a graph of the results of a tensile strength 
test betWeen a capacitor device body and external electrodes 
in the soldered state conducted using capacitor samples of 
Example 4, Example 5, and Comparative Example 4; and 

[0041] FIG. 6 is a graph of the results of evaluation of ion 
migration conducted using capacitor samples of Example 6, 
Example 7, Example 8, and Comparative Example 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] The preferred embodiments of the present inven 
tion Will be explained in detail next With reference to the 
attached draWings. 

[0043] In the embodiments, the explanation Will be made 
With reference to the example of the multi-layer ceramic 
chip capacitor 2 shoWn in FIG. 1. 

[0044] As shoWn in FIG. 1, the multi-layer ceramic chip 
capacitor 2 according to an embodiment of the present 
invention has a capacitor device body 12 comprised of 
alternately arranged dielectric layers 4, 6 and internal elec 
trode layers 8, 10. TWo external electrodes 14, 16 conductive 
With the internal electrode layers 8, 10 alternately arranged 
inside the capacitor device body 12 are formed at the tWo 
ends of the capacitor device body 12. The shape of the 
capacitor device body 12 is not particularly limited, but 
normally is made a parallelopiped. Further, the dimensions 
of the capacitor device body 12 are not particularly limited 
and may be made dimensions suitable for the application, 
but normally are a length of 0.6 to 5.6 mm, preferably 0.6 to 
3.2 mm, a Width of 0.3 to 5.0 mm, preferably 0.3 to 1.6 mm, 
and a thickness of 0.3 to 1.9 mm, preferably 0.3 to 1.6 mm. 

[0045] The internal electrode layers 8, 10 are stacked so 
that their end faces are alternately exposed at the surfaces of 
the tWo facing ends of the capacitor device body 12. The pair 
of external electrodes 14, 16 are formed at the tWo ends of 
the capacitor device body 12 and are connected to the 
exposed ends of the alternately arranged internal electrode 
layers 8, 10 to form a capacitor circuit. 

[0046] The dielectric layers 4, 6 may be comprised of a 
dielectric ceramic such as a lead-based perovskite, barium 
titanate, strontium titanate, or calcium titanate, but is not 
particularly limited in the present invention. The thickness 
of the dielectric layers 4, 6 is not particularly limited, but 
generally is several microns to several hundred microns. The 
number of the dielectric layers 4, 6 stacked is normally at 
least 100 layers, preferably is at least 200 layers. 

[0047] The internal electrode layers 8, 10 preferably 
include a base metal. Abase metal is inexpensive, so the cost 
of the materials can be kept doWn as a Whole even if 
increasing the ratio of the internal electrode layers 8, 10 in 
the capacitor device body 12 or the number of layers 
stacked. The base metal is preferably at least one metal 
selected from copper (Cu), nickel (Ni), copper alloy, and 
nickel alloy, more preferably nickel or nickel alloy. The 
nickel alloy preferably is an alloy of nickel With at least one 
element selected from manganese (Mn), chromium (Cr), 
cobalt (Co), and aluminum The content of nickel in the 
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nickel alloy is preferably at least 95 Wt %. Note that the 
nickel or nickel alloy may also include up to about 0.1 Wt % 
of various trace ingredients such as phosphorus (P), Iron 
(Fe), and magnesium (Mg). The thickness of the internal 
electrode layers 8, 10 may be suitably determined in accor 
dance With the application, but normally is 0.5 to 5 pm, 
preferably 1 to 3 pm. 

[0048] The external electrodes 14, 16 are comprised of 
three-layer structures of the undercoat layers 142, 162 
formed directly at the tWo ends of the capacitor device body 
12 (preferably only at the tWo end faces) so as to electrically 
connect With the exposed ends of the internal electrode 
layers 8, 10, intermediate layers 144, 146 formed on the 
outer surfaces of the undercoat layers 142, 162, and outer 
layers 146, 166 formed on the outer surfaces of the inter 
mediate layers 144, 164. 

[0049] The undercoat layers 142, 162 include a ?rst con 
ductive material and a ?rst glass ingredient. 

[0050] The ?rst conductive material is mainly comprised 
of copper (Cu) and may further include at least one element 
selected from nickel (Ni), silver (Ag), and palladium (Pd). 
The ?rst conductive material may also include various trace 
ingredients such as gold (Au), platinum (Pt) and Zinc (Zn). 
The content of copper in the ?rst conductive material of the 
undercoat layers 142, 162 is preferably 85 to 100 Wt %. 

[0051] The ?rst glass ingredient is not particularly limited, 
but preferably is comprised of a strontium borosilicate-based 
glass. In the strontium borosilicate-based glass, part of the 
strontium (Sr) may be substituted by barium (Ba). The ?rst 
glass ingredient may also include aluminum (Al), Zinc (Zn), 
etc. The ratio by Weight of the ?rst glass ingredient With 
respect to the ?rst conductive material (?rst glass ingredient/ 
?rst conductive material) is preferably 2/98 to 15/85. 

[0052] The thickness of the undercoat layers 142, 162 is 
not particularly limited, but is preferably 1 to 50 pm. 

[0053] The intermediate layers 144, 164 include a second 
conductive material. The second conductive material is 
mainly comprised of a Cu-Pd based alloy containing copper 
(Cu) and palladium (Pd) and may further include another 
metal such as silver (Ag) and nickel (Ni). The second 
conductive material may also include various trace ingredi 
ents such as gold (Au), platinum (Pt) and Zinc (Zn). The ratio 
by Weight of the Cu and Pd in the Cu-Pd-based alloy (Cu/Pd) 
is preferably 10/ 90 to 90/10. The content of the Cu-Pd based 
alloy in the intermediate layers 144 and 164 is preferably 1 
to 10 Wt %. 

[0054] The thickness of the intermediate layers 144 and 
164 is not particularly limited, but is preferably 0.5 to 10 pm. 

[0055] The outer layers 146 and 166 include a third 
conductive material and a second glass ingredient. 

[0056] The third conductive material is mainly comprised 
of silver (Ag), contains palladium (Pd), and may further 
include at least one of copper (Cu) and gold (Au). The third 
conductive material may also include various trace ingredi 
ents such as nickel (Ni) and Zinc (Zn). The content of silver 
in the outer layers 146, 166 is preferably 75 to 95 Wt %. The 
content of palladium in the outer layers 146, 166 is prefer 
ably 1 to 25 Wt %. 

[0057] The second glass ingredient is not particularly 
limited, but preferably includes a glass ingredient of the 
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same composition as the ?rst glass ingredient contained in 
the undercoat layers 142, 162, more preferably is comprised 
of a glass ingredient of the same composition as the ?rst 
glass ingredient. The glass ingredient is preferably a stron 
tium borosilicate-based glass. The ratio by Weight of the 
second glass ingredient With respect to the third conductive 
material in the outer layers 146, 166 (second glass ingredi 
ent/third conductive material) is preferably 2/98 to 15/85. 

[0058] The thickness of the outer layers 146, 166 is not 
particularly limited, but is preferably 5 to 80 pm. 

[0059] The multi-layer ceramic chip capacitor 2 according 
to the present embodiment includes external electrodes 14, 
16 formed at the tWo ends of the device body 12 comprised 
of the alternately arranged dielectric layers 4, 6 and internal 
electrode layers 8, 10. These external electrodes 14, 16 are 
comprised of three-layer structures of the undercoat layers 
142, 162 formed directly at the tWo ends of the capacitor 
device body 12 (preferably only at the tWo end faces) so as 
to electrically connect With the exposed ends of the internal 
electrode layers 8, 10, intermediate layers 144, 146 formed 
on the outer surfaces of the undercoat layers 142, 162, and 
outer layers 146, 166 formed on the outer surfaces of the 
intermediate layers 144, 164. 

[0060] Therefore, even if the multi-layer ceramic chip 
capacitor 2 according to the present embodiment is mounted 
on a circuit board using a conductive adhesive not contain 
ing lead (Pb) under a high temperature, high humidity 
environment, there is little liability of the outer layers 146, 
166 being oxidized. Further, even With repeated heat cycles, 
there is resistance to formation of microcracks betWeen the 
external electrodes 14, 16 and the conductive adhesive. 

[0061] As a result, if using the multi-layer ceramic chip 
capacitor 2 according to the present embodiment, it is 
possible to suppress the connection resistance (ESR), reduce 
the dielectric loss (tano), and maintain a high bonding 
strength to the circuit board, so it is possible to reliably 
prevent inconveniences on the electrical circuit, detachment 
from the circuit board, and other matters and to improve the 
reliability. 

[0062] Next, an example of the method of producing a 
multi-layer ceramic chip capacitor 2 according to the present 
embodiment Will be explained. 

[0063] (1) First, the dielectric layer paste, internal elec 
trode layer paste, external electrode pastes (undercoat layer 
paste and outer layer paste) are prepared. 

[0064] The dielectric layer paste is produced by kneading 
a dielectric material and organic vehicle. 

[0065] For the dielectric material, use is made of a poWder 
of a composition of the dielectric layers 4, 6. The dielectric 
material is not particularly limited and may be various 
dielectric materials, but for example a titanium-based oxide, 
titanium-based complex oxide, or mixture of the same are 
preferred. As a titanium-based oxide, a TiO2 based oxide 
containing as required NiO, CuO, Mn3O4, A1203, MgO, 
SiO2, etc. to a total of 0.001 to 30 Wt % may be mentioned. 
As a titanium-based complex oxide, barium titanate 
(BaTiO3) etc. may be mentioned. The atomic ratio of Ba/T i 
should be about 0.95 to 1.20. It is also possible to further add 
to the BaTiO3 a total of about 0.001 to 30 Wt % of MgO, 

CaO, Mn3O4, Y2O3, V205, ZnO, ZrO2, Nb2O5, Cr2O3, 
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FeO3, P205, Na2O3, K20, etc. Further, to adjust the ?ring 
temperature and linear expansion rate, a (Ba,Ca)SiO2 glass 
or other glass may be added in the dielectric paste. 

[0066] The method of producing the dielectric material is 
not particularly limited. For example, When using barium 
titanate, it is possible to use the method of mixing a 
subcomponent material in hydrothermally synthesiZed 
BaTiO3. Further, it is possible to use the method of dry 
synthesis comprising calcining a mixture of BaCO3, TiO2, 
and the subcomponent material to cause a solid phase 
reaction. Further, it is also possible to calcine a mixture of 
a precipitate obtained by the coprecipitation method, sol gel 
method, alkali hydrolysis method, precipitation mixing 
method, etc. and the subcomponent ingredients. Note that 
for the subcomponent, use may be made of at least one of 
oxides or various compounds forming oxides upon ?ring, 
for example, carbonates, oxalates, hydroxides, organic metal 
compounds, etc. The average particle siZe of the dielectric 
material may be determined in accordance With the average 
crystal particle siZe of the targeted dielectric layers, but 
normally use is made of a poWder of an average particle siZe 
of 0.3 to 1.0 pm or so. 

[0067] The organic vehicle is comprised of a binder dis 
solved in an organic solvent. The binder used in the organic 
vehicle is not particularly limited and may be suitably 
selected from ethyl cellulose and other various usual bind 
ers. Further, the organic solvent used is also not particularly 
limited and may be suitably selected from various organic 
solvents such as terpineol, butyl carbitol, acetone, and 
toluene in accordance With the printing method, sheet 
method, or other method used. The amount of coating of the 
dielectric layer paste may be suitably adjusted so that the 
thicknesses of the dielectric layers 4, 6 per ?nal layer 
become the above thickness. 

[0068] The internal electrode layer paste is preferably 
prepared by kneading at least a base metal and the above 
organic vehicle. As the base metal, one of the above may be 
used. By using components of the dielectric layers 4, 6 
having resistance to reduction, an inexpensive base material 
may be used. The amount of the internal electrode layer 
paste coated may be adjusted so that the thicknesses of the 
?nal internal electrode layers 8, 10 become the above 
thicknesses. 

[0069] The undercoat layer paste is prepared from at least 
a ?rst conductive material mainly comprised of copper, a 
?rst glass frit, and an organic vehicle. 

[0070] The average particle siZe of the ?rst conductive 
material is preferably 0.1 to 10 pm. If the average particle 
siZe is smaller than 0.1 pm, there is excessive agglomeration 
of the particles and cracks tend to occur in the undercoat 
layers 142, 162 at the time of coating the paste, drying, or 
baking. If the average particle siZe is larger than 10 pm, the 
dispersion of the particles becomes uneven and formation of 
a paste becomes difficult. Further, variations occur in the 
sintering of the conductive material and as a result variations 
may occur in the mounting strength. 

[0071] The content of the ?rst conductive material in the 
undercoat layer paste is preferably 70 to 80 Wt %. 

[0072] The ?rst glass frit functions as a sintering aid of the 
metal included in the ?rst conductive material and functions 
to secure the bondability With the capacitor device body 12. 
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[0073] The composition of the ?rst glass frit is not par 
ticularly limited so long as the frit functions as a glass after 
?ring, but preferably use is made of strontium borosilicate 
based glass. 

[0074] The average particle siZe of the ?rst glass frit is 
preferably about 0.01 to 30 pm. If the average particle siZe 
is smaller than 0.01 pm, the sintering of the ?rst conductive 
material becomes uneven. This tends to become a factor 
behind occurrence of cracks in the undercoat layers 142, 
162. If the average particle siZe is larger than 30 pm, the 
dispersion of the glass becomes poor and the bondability 
With the capacitor device body 12 tends to fall. 

[0075] The content of the ?rst glass frit in the undercoat 
layer paste is preferably 5 to 15 Wt %. If the content of the 
?rst glass frit is too small, the bondability With the capacitor 
device body 12 cannot be secured and the mounting strength 
becomes smaller. 

[0076] As the organic vehicle contained in the undercoat 
layer paste, one mentioned above may be used. 

[0077] The outer layer paste is prepared from at least a 
third conductive material mainly comprised of silver and 
including palladium, a second glass frit, and an organic 
vehicle. 

[0078] The average particle siZe of the third conductive 
material is preferably about 0.1 to 10 pm. If the average 
particle siZe is less than 0.1 pm, there is excess agglomera 
tion of the particles and cracks tend to occur in the outer 
layers 146, 166 at the time of coating the paste, drying, or 
baking. If the average particle siZe is larger than 10 pm, the 
dispersion of the particles becomes uneven and formation of 
a paste becomes dif?cult. Further, variations occur in the 
sintering of the conductive material and as a result variations 
may occur in the mounting strength. 

[0079] The content of the third conductive material in the 
outer layer paste is preferably 70 to 80 Wt %. 

[0080] The second glass frit functions as a sintering aid of 
the metal contained in the third conductive material and 
functions to secure the bondability With the undercoat layers 
142, 162. 

[0081] The composition of the second glass frit is not 
particularly limited, but the frit preferably contains glass frit 
of the same composition as the ?rst glass frit contained in the 
undercoat layer paste, more preferably is comprised of a 
glass frit of the same composition as the ?rst glass frit. This 
glass frit is preferably a strontium borosilicate-based glass. 

[0082] The average particle siZe of the second glass frit is 
preferably 0.01 to 30 pm. If the average particle siZe is 
smaller than 0.01 pm, the sintering of the third conductive 
material becomes uneven and tends to result in cracks in the 
outer layers 146, 166, While if the average particle siZe is 
larger than 30 pm, the dispersion of the glass becomes poor 
and the bondability With the undercoat layers 142, 162 tends 
to decline. 

[0083] The content of the second glass frit in the outer 
layer paste is preferably 5 to 15 Wt %. If the content of the 
second glass frit is too small, the bondability With the 
undercoat layers 142, 162 cannot be secured and the mount 
ing strength becomes smaller. If the content of the second 
glass frit becomes too large, a large amount of the glass 
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?oats up to the surface of the external electrodes 14, 16 and 
easily deposits on other chips. 

[0084] The organic vehicle contained in the outer layer 
paste may be one of those listed above. 

[0085] Note that the content of the organic vehicle in the 
pastes is not particularly limited. The normal content, for 
example, is about 1 to 5 Wt % of binder and 10 to 50 Wt % 
of a solvent. Further, the pastes may further contain, in 
accordance With need, additives selected from various types 
of dispersants, plasticiZers, dielectrics, and insulators. The 
total content of these is preferably not more than 10 Wt %. 

[0086] To produce the undercoat layer paste and the outer 
layer paste, it is sufficient to prepare predetermined amounts 
of the conductive material, glass frit, and organic vehicle, 
knead them for about one hour by a kneader, and then knead 
them by a triple roll. 

[0087] (2) Next, a stacked body (green chip) of the dielec 
tric layer paste and internal electrode paste is prepared. 

[0088] When using a printing method, the dielectric layer 
paste and the internal electrode layer paste are successively 
printed on a polyethylene terephthalate (PET) or other 
substrate. At this time, the dielectric layer paste is succes 
sively printed so that alternate ends are exposed to the 
outside from the ends of the dielectric layer paste. Next, the 
result is cut into a predetermined shape, then the pastes are 
peeled off from the substrate to form a green chip. 

[0089] As opposed to this, When using a sheet method, the 
dielectric layer paste is used to form a green sheet, the 
internal electrode layer paste is printed on top of the green 
sheet, then these are stacked, then cut to a predetermined 
shape to form a green chip. 

[0090] (3) Next, the green chip is processed to remove the 
binder before sintering (?ring or annealing) to thereby 
prepare the sintered chip of the capacitor device body 12. 

[0091] The processing for removing the binder before the 
sintering may be performed under ordinary conditions. If the 
internal electrode layers 8, 10 contain a base metal, the 
processing is preferably performed under the folloWing 
conditions: 

[0092] Rate of temperature rise: 5 to 300° C/hour, 
particularly 10 to 100° C./hour 

[0093] Holding temperature: 200 to 400° C., particu 
larly 250 to 300° C. 

[0094] Temperature holding time: 0.5 to 24 hours, 
particularly 5 to 20 hours 

[0095] Atmosphere: air 

[0096] The atmosphere When ?ring the green chip When 
the internal electrode layer paste includes a base metal is 
preferably mainly comprised of N2, includes 1 to 10 vol % 
of H2, and is Wet by steam pressure at 10 to 35° C. to form 
a H2O gas. 

[00897] The oxygen partial pressure is preferably made 
10’ to 10'3 atmospheres. If the oxygen partial pressure is 
less than this range, the base metal included in the internal 
electrode layers 8, 10 becomes abnormally sintered and ends 
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up breaking in the middle. If the oxygen partial pressure is 
over this range, the internal electrode layers 8, 10 end up 
being oxidized. 

[0098] The holding temperature at the time of ?ring is 
1100 to 1400° C., more preferably 1200 to 1300° C. If the 
holding temperature is less than this range, the densi?cation 
becomes insuf?cient, While if over this range, the internal 
electrode layers 8, 10 break in the middle. The temperature 
holding time at the time of ?ring is preferably 0.5 to 8 hours, 
more preferably 1 to 3 hours. 

[0099] When ?ring the green chip in a reducing atmo 
sphere, the ?red sintered body is preferably annealed. The 
annealing is for reoxidiZing the dielectric layers 4, 6. This 
enables the insulation resistance accelerated lifetime of the 
obtained capacitor 2 to be remarkably increased. 

[0100] The oxygen partial pressure in the annealing atmo 
sphere is preferably at least 10'3 Pa, more preferably 10'3 to 
10-1 Pa. If the oxygen partial pressure is less than the above 
range, reoxidation of the dielectric layers 4, 6 is dif?cult, 
While if over the above range, the internal electrode layers 
8, 10 tend to be oxidiZed. 

[0101] The holding temperature at the time of annealing is 
preferably not more than 1100° C., more preferably 500 to 
1000° C. If the holding temperature is less than the above 
range, the oxidation of the dielectric layers 4, 6 becomes 
insuf?cient, so the accelerated lifetime of the insulation 
resistance tends to deteriorate. If over the above range, not 
only do the internal electrode layers 8, 10 oxidiZe and the 
capacity fall, but also the layers react With the dielectric 
layers 4, 6 resulting in a tendency toWard a shorter accel 
erated lifetime. Note that the annealing may be comprised of 
only a temperature raising process and temperature loWering 
process. In this case, there is no need for a temperature 
holding time and the holding temperature is synonymous 
With the maximum temperature. Further, the temperature 
holding time is preferably 0 to 20 hours, more preferably 2 
to 10 hours. The atmospheric gas is preferably N2 and Wet 
H2 gas. 

[0102] Note that in the processing for removing the binder, 
?ring, and annealing, to Wet the N2, H2, or mixed gas, it is 
possible to use for example a Wetter. The Water temperature 
in this case is preferably 5 to 75° C. The processing for 
removing the binder, ?ring, and annealing may be performed 
consecutively or independently. When performing these 
consecutively, preferably, after processing to remove the 
binder, the atmosphere is changed Without cooling and the 
processing performed independently. 

[0103] When performing these consecutively, preferably, 
after processing to remove the binder, the atmosphere is 
changed Without cooling, then the temperature is raised to 
the holding temperature for ?ring, the ?ring performed, then 
the chip is cooled, the atmosphere is changed When the 
holding temperature of the annealing is reached, and then 
annealing is performed. On the other hand, When performing 
these independently, at the processing to remove the binder, 
preferably the temperature is raised to the predetermined 
holding temperature, held there for a predetermined time, 
then loWered to room temperature. The atmosphere for the 
processing for removing the binder is made the same as the 
case of consecutive processing. Further, it is possible to 
perform the processing for removing the binder and the 
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?ring consecutively and perform only the annealing inde 
pendently. Further, it is possible to perform only the pro 
cessing for removing the binder independently and perform 
the ?ring and annealing consecutively. 

[0104] (4) Next, the undercoat layer paste is coated and 
dried on the tWo ends of the sintered chip (device body 12) 
to form the pre-baking undercoat layers. In this case, it is 
preferable to coat an undercoat layer paste on only the tWo 
end faces Where the ends of the internal electrode layers 6, 
8 are exposed at the tWo ends of the sintered chip. The 
amount of the undercoat layer paste coated is not particu 
larly limited and may be suitably adjusted according to the 
siZe of the sintered chip to be coated. Normally, it is coated 
to give a thickness of about 5 to 100pm. 

[0105] Next, the outer layer paste is coated and dried on 
the outer surface of the pre-baking undercoat layer to form 
the pre-baking outer layers. The amount of the outer layer 
paste coated may be suitably selected. It is sufficient to coat 
it to give a thickness of about 50 to 250 pm. 

[0106] The method of coating the undercoat layer paste 
and the outer layer paste is not particularly limited, but the 
dip method etc. may be used. The undercoat layer paste and 
the outer layer paste are preferably dried at around 150° C. 
for about 10 minutes. 

[0107] (5) Next, processing is performed to remove the 
binder contained in the pre-baking undercoat layers and the 
pre-baking outer layers. The conditions for the processing to 
remove the binder are not particularly limited, but normally 
the processing is performed at about 300 to 600° C. for about 
1 to 60 minutes in the air. During the processing to remove 
the binder, When the internal electrode layers 8, 10 contain 
a base metal, the base metal is oxidiZed, so reduction for 
reducing the oxidiZed base metal is preferably performed. 
The reduction is not particularly limited, but is preferably 
performed at 250 to 600° C. for 0.1 to 60 minutes in a mixed 
atmosphere of N2 and H2. 

[0108] (6) Next, the pre-baking undercoat layers and the 
pre-baking outer layers are co-baked (simultaneously baked) 
to the sintered chip under the folloWing conditions: 

[0109] Atmosphere: An N2 neutral atmosphere or 
reducing atmosphere of a mixed gas of N2 and H2 
etc., preferably a reducing atmosphere 

[0110] Holding temperature: Preferably over 600° C. 
to less than 800° C., more preferably 650° C. to 750° 
C. 

[0111] Holding time: Preferably 0.1 to 60 minutes, 
more preferably 0.5 to 10 minutes 

[0112] Due to this simultaneous baking, in the present 
embodiment, the undercoat layers 142, 162 and the outer 
layers 146, 166 are formed on the tWo end faces of the 
sintered chip (device body 12) and intermediate layers 144, 
164 containing a second conductive material mainly com 
prised of a copper-palladium based alloy are formed 
betWeen the undercoat layers 142, 162 and the outer layers 
146, 166. 

[0113] As a result of the above steps, a multi-layer ceramic 
chip capacitor 2 of the con?guration shoWn in FIG. 1 is 
obtained. 
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[0114] In the method of producing a multi-layer ceramic 
chip capacitor 2 according to the present embodiment, by 
baking the pre-baking undercoat layers and pre-baking outer 
layers formed on the tWo ends of the capacitor device body 
12 comprised of the alternately arranged dielectric layers 4, 
6 and internal electrode layers 8, 10 at a speci?c tempera 
ture, speci?c intermediate layers are created betWeen the 
undercoat layers and outer layers along With the formation 
of the undercoat layers and outer layers, so a multi-layer 
ceramic chip capacitor 2 With improved reliability is pro 
duced. 

[0115] Further, in the present embodiment, since no elec 
troplating is performed and since the pre-baking undercoat 
layers and pre-baking outer layers are simultaneously baked, 
the production process is simpli?ed and a multi-layer 
ceramic chip capacitor 2 improved in reliability can be 
produced at a loW cost. 

[0116] Further, by coating the undercoat layer paste and 
forming the pre-baking undercoat layer at only the tWo end 
faces of the sintered chip (capacitor device body 12), it is 
possible to suppress the increase in thickness around the 
peripheral edges of the device body 12 even if the thick 
nesses of the external electrodes 14, 16 formed by the 
subsequent baking increase, so it is possible to accurately 
obtain the dimensions of the external electrodes 14, 16. 

[0117] Above, the explanation Was made of an embodi 
ment of the present invention, but the present invention is 
not limited to this embodiment and may of course be Worked 
in various Ways Within the scope of the gist of the invention. 

[0118] For example, in the above embodiment, a multi 
layer ceramic chip capacitor 2 Was illustrated as the multi 
layer ceramic electronic device, but the multi-layer ceramic 
electronic device according to the present invention is not 
limited to a multi-layer ceramic chip capacitor and may be 
any electronic device having a device body comprised of 
alternately arranged dielectric layers and internal electrode 
layers and external electrodes of the above structure formed 
on the outer surface of the device body. 

[0119] Next, the present invention Will be described With 
reference to more detailed examples, but the present inven 
tion is not limited to these examples. 

EXAMPLE 1 

[0120] First, to prepare the undercoat layer paste, Cu 
poWder (average particle siZe: 1 pm), a strontium borosili 
cate-based glass frit (average particle siZe: 1 pm), and an 
organic vehicle (organic binder: acrylic resin, organic sol 
vent: terpineol) Were prepared. The Cu poWder, strontium 
borosilicate-based glass frit, and organic vehicle Were mixed 
in predetermined amounts, then mixed by a kneader for 1 
hour, then kneaded by a triple roll to obtain an undercoat 
layer paste. Here, the amount of the glass frit added Was 
adjusted to 7 parts by Weight With respect to 100 parts by 
Weight of Cu poWder. The organic vehicle Was comprised of 
6 parts by Weight of organic binder and 20 parts by Weight 
of organic solvent. The content of the organic vehicle in the 
undercoat layer paste Was made 21 Wt %. 

[0121] Next, to prepare the outer layer paste, an Ag 
poWder containing Pd (Ag content: 66 Wt %, Pd content: 4 
Wt %, average particle siZe: 1 pm), strontium borosilicate 
based glass frit (average particle siZe: 1 pm), and an organic 
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vehicle (organic binder: acrylic resin, organic solvent: ter 
pineol) Were prepared. These Were used to obtain an outer 
layer paste in the same Way as the undercoat layer paste. 

[0122] Next, as the main ingredients of the dielectric 
layers, BaCO3 (average particle siZe: 2.0 pm) and TiO2 
(average particle siZe: 2.0 pm) Were prepared. The atomic 
ratio of Ba/T i Was 1.00. Further, in addition, as additives for 
the BaTiO3, 0.2 Wt of MnCO3, 0.2 Wt % of MgCo3, 2.1 Wt 
% ofY2O3, and 2.2 Wt % of (Ba,Ca)SiO3 Were prepared. The 
various poWders Were mixed by a underWater ball mill and 
dried. The obtained mixed poWder Was calcined at 1250° C. 
for 2 hours. The calcined poWder Was pulveriZed by an 
underWater ball mill and dried. An acrylic resin Was added 
to the obtained calcined poWder as an organic binder and 
methylene chloride as an organic solvent. These Were mixed 
to obtain a dielectric slurry. The obtained dielectric slurry 
Was spread by the doctor blade method to form a dielectric 
green sheet. 

[0123] As the material comprising the internal electrode 
layers, an Ni poWder (average particle siZe of 0.8 pm) Was 
prepared. Ethyl cellulose Was added to this as an organic 
binder, and terpineol as an organic solvent. A triple roll Was 
used to knead the mixture to obtain an internal electrode 
layer paste. 

[0124] Aplurality of dielectric green sheets Were stacked 
to obtain a predetermined thickness, then the screen printing 
method Was used to print the internal electrode layer paste 
on them so that the ends Were alternately exposed outside 
from the ends of the dielectric layer green sheets. Nine of 
these green sheets Were stacked and hot pressed. Next, the 
sintered chip Was cut to a length of 3.2 mm, a Width of 1.6 
mm, and a thickness of 1.0 mm (C3216 type) to obtain a 
green chip. 

[0125] The obtained green chip Was ?red by holding it in 
a Wet N2+H2 (H2: 3 vol %) atmosphere at 1300° C. for 3 
hours, then Was held in an atmosphere of an oxygen partial 
pressure 10-2 Pa at 1000° C. for 2 hours to obtain a chip 
sintered body. 

[0126] The undercoat layer paste Was coated by the 
Paloma method on only the tWo ends of the obtained sintered 
body and dried at 150° C. for 10 minutes to form the 
pre-baking undercoat layers. 

[0127] Next, the outer layer paste Was coated by the 
Paloma method on the outer surface of the pre-baking 
undercoat layers and dried at 150° C. for 10 minutes to form 
the pre-baking outer layers. 

[0128] Next, the pre-baking undercoat layers and the pre 
baking outer layers Were heated at 400° C. for 30 minutes in 
the air to remove the binder. 

[0129] Next, they Were heated at 450° C. for 30 minutes 
for reduction. 

[0130] Next, the external electrodes Were baked at 650° C. 
for 60 minutes in an N2 atmosphere and the undercoat layers 
and outer layers Were simultaneously formed on the sintered 
body to thereby obtain a multi-layer ceramic capacitor 
sample. 

EXAMPLE 2 

[0131] The same procedure Was folloWed as in Example 1 
to obtain a capacitor sample except for performing the 
baking of the external electrodes at 700° C. 
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EXAMPLE 3 

[0132] The same procedure was followed as in Example 1 
to obtain a capacitor sample except for performing the 
baking of the external electrodes at 750° C. 

COMPARATIVE EXAMPLE 1 

[0133] The same procedure was followed as in Example 1 
to obtain a capacitor sample except for performing the 
baking of the external electrodes at 600° C. 

COMPARATIVE EXAMPLE 2 

[0134] The same procedure was followed as in Example 1 
to obtain a capacitor sample except for performing the 
baking of the external electrodes at 800° C. 

[0135] Using the capacitor samples obtained in Examples 
1 to 3 and Comparative Examples 1 and 2, the interface 
between the undercoat layers and outer layers was examined 
by EPMA and the state of bonding of the undercoat layers 
and internal electrode layers and the state of bonding of the 
undercoat layers and the outer layers were evaluated. The 
results are shown in Table 1. 

TABLE 1 

Check of 
capacity for 
bond between 
undercoat layer 
and internal 

electrode layers 

Presence of 
intermediate layer 
by EPMA for 
bond between 
undercoat layer 
and outer layer 

Presence of 
Baking intermediate 
temp- layer between 
erature undercoat layer 
(O C.) and outer layer 

Comp. 600 None Poor No 
Ex. 1 
Ex. 1 650 Yes Good Yes 
Ex. 2 700 Yes Good Yes 
Ex. 3 750 Yes Good Yes 
Comp. 800 Yes Poor Yes 
Ex. 2 

[0136] As shown in Table 1, in the capacitor samples 
obtained in Example 1, Example 2, Example 3, and Com 
parative Example 2 (baking temperature of external elec 
trodes: 650° C. to 850° C.), an intermediate layer including 
Cu-Pd alloy was con?rmed at the interface of the undercoat 
layer and outer layer. As opposed to this, in the capacitor 
sample of Comparative Example 1 (same: 600° C.), no 
intermediate layer including a Cu—Pd alloy could be con 
?rmed at the interface of the undercoat layer and outer layer. 
The reason why no intermediate layer could be con?rmed in 
the capacitor sample of Comparative Example 1 is not 
necessarily clear, but it is considered that with 600° C., the 
baking temperature was insuf?cient, so the undercoat layer 
and internal electrode layer could not suf?ciently chemically 
bond. 

[0137] Further, regarding the state of bonding of the 
undercoat layer and the internal electrode layer, a check of 
the capacity of the capacitor sample of Comparative 
Example 1 (baking temperature of external electrodes: 600° 
C.) and the capacitor sample of Comparative Example 2 
(same: 800° C.) found them to be unsuitable. The reason is 
not necessarily clear, but it is believed that with 600° C. and 
800° C., the baking temperature is unsuitable, particular, at 
800° C., the baking temperature is excessive, so the bonds 
between the undercoat layer and outer layer become too 
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strong and consequently the bonds between the undercoat 
layer and internal electrode layers end up breaking. 

[0138] Due to the above, it could be con?rmed that the 
creation of the intermediate layer including the Cu-Pd alloy 
was dependent on the baking temperature of the external 
electrodes and the baking temperature should be over 600° 
C. to less than 800° C. 

EXAMPLE 4 

[0139] Examples 1 to 3 were corroborated. The same 
procedure was followed as in Example 1 to obtain capacitor 
samples except for baking the external electrodes at 695° C. 
The external electrodes of the obtained capacitor sample 
were ground. Backscattered electron images of the obtained 
ground faces are shown in FIG. 2A to FIG. 2C. Further, 
EPMA results of the obtained capacitor samples are shown 
in FIG. 3A to FIG. 3C. 

[0140] As shown in FIG. 3A, in the capacitor sample of 
Example 4, the internal electrodes and the undercoat layer 
were con?rmed to be diffused in each other. As shown in 
FIG. 3B, in the capacitor sample of Example 4, the stron 
tium borosilicate-based glass frit was con?rmed to be uni 
formly dispersed throughout the external electrodes. As 
shown in FIG. 3C, in the capacitor sample of Example 4, the 
Pb ingredient was also con?rmed to be dispersed throughout 
the external electrodes. 

COMPARATIVE EXAMPLE 3 

[0141] The same procedure was followed as in Example 1 
to obtain a capacitor sample except for forming an outer 
layers and Sn plating layer at the two ends of the sintered 
body without providing an undercoat layer. 

COMPARATIVE EXAMPLE 4 

[0142] The same procedure was followed as in Example 1 
to obtain a capacitor sample except for forming only an outer 
layer at the two ends of the sintered body. 

[0143] To check the bonding strength in the face of heat 
shock, a heat cycle test was performed using the capacitor 
samples obtained in Example 1 and Comparative Examples 
3 to 4. The results are shown in FIG. 4. As shown in FIG. 
4, the bonding strength of the capacitor sample of Example 
1 was somewhat improved over that of the capacitor sample 
of Comparative Example 4 and was remarkably improved 
over that of the capacitor sample of Comparative Example 
3. 

[0144] Next, using the capacitor samples of Example 1 
and Comparative Examples 3 and 4, a humidity test, pres 
sure cracker test (PCT), and evaluation of the change in 
contact resistance due to heat shock were conducted. The 
results are shown in Table 2. Note that the unit in Table 2 is 
ohms The initial value was 0.1 to 0.2 ohms. The values 
in Table 2 show the state after the elapse of 100 hours. 

TABLE 2 

Humidity Heat shock 
test PCT test 

Ex. 1 0.1 to 0.2 0.1 to 0.2 0.1 to 0.2 

Comp. Ex. 3 1 to 10 1000 to 10,000 0.5 to 2.0 
Comp. Ex. 4 0.1 to 0.2 0.1 to 0.2 0.1 to 0.2 
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[0145] As shown in Table 2, in the capacitor of Example 
1, the contact resistance Was con?rmed to be substantially 
the same as that of the capacitor of Comparative Example 4 
and remarkably improved from that of the capacitor of 
Comparative Example 3. 

EXAMPLE 5 

[0146] The same procedure Was folloWed as in Example 1 
to obtain a capacitor sample except for baking the external 
electrodes at 745° C. 

[0147] Using the capacitor samples of Examples 4 and 5 
and Comparative Example 4, the tensile strength betWeen 
the capacitor device body and external electrodes When 
soldered together Was tested. The results are shoWn in FIG. 
5. 

[0148] As shoWn in FIG. 5, in the capacitor samples of 
Examples 4 to 5, the tensile strength Was con?rmed to 
become higher than that of the capacitor of Comparative 
Example 4. In particular, the capacitor sample of Example 4 
With the external electrodes baked at 695° C. Was con?rmed 
to be made higher in tensile strength. 

EXAMPLE 6 

[0149] The same procedure Was folloWed as in Example 1 
to obtain a capacitor sample except for changing the ratio of 
composition of the external electrodes (ratio by Weight) to 
Ag/Pd/Cu=92.5/5.0/2.5. 

EXAMPLE 7 

[0150] The same procedure Was folloWed as in Example 1 
to obtain a capacitor sample except for changing the ratio of 
composition of the external electrodes (ratio by Weight) to 
Ag/Pd/Cu=82.5/15.0/2.5. 

EXAMPLE 8 

[0151] The same procedure Was folloWed as in Example 1 
to obtain a capacitor sample except for changing the ratio of 
composition of the external electrodes (ratio by Weight) to 
Ag/Pd/Cu=72.5/25.0/2.5. 

COMPARATIVE EXAMPLE 5 

[0152] The same procedure Was folloWed as in Example 1 
to obtain a capacitor sample except for changing the ratio of 
composition of the external electrodes (ratio by Weight) to 
Ag=100 and forming an Ag outermost layer at the tWo ends 
of the sintered body. 

[0153] Using the capacitor samples obtained at Examples 
6 to 8 and Comparative Example 5, the ion migration Was 
evaluated. The results are shoWn in FIG. 6. 

[0154] As shoWn in FIG. 6, in the capacitor samples of 
Examples 6 to 8, the ion migration Was con?rmed to be 
improved compared With the capacitor sample of Compara 
tive Example 5. In particular, the capacitor sample of 
Example 8 With a ratio of composition of Ag/Pd/Cu set to 
72.5/25.0/2.5 Was con?rmed to be remarkably improved. 

[0155] While the invention has been described With ref 
erence to speci?c embodiment chosen for purpose of illus 
tration, it should be apparent that numerous modi?cations 
could be made thereto by those skilled in the art Without 
departing from the basic concept and scope of the invention. 
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1. A multi-layer ceramic electronic device comprising 

a device body comprised of alternately arranged dielectric 
layers and internal electrode layers and 

external electrodes formed on an outer surface of the 
device body, 

outer layers of said external electrodes having 

a conductive material mainly comprised of silver and 
further including palladium and 

glass ingredient. 
2. The multi-layer ceramic electronic device as set forth in 

claim 1, Wherein each of the external electrodes have 

an undercoat layer directly formed on the outer surface of 
the device body so as to be electrically connected With 
at least part of the internal electrode layers, 

an intermediate layer formed on an outer surface of the 
undercoat layer, and 

the outer layer formed on an outer surface of the inter 
mediate layer; 

the undercoat layer includes a ?rst conductive material 
mainly comprised of copper and a ?rst glass ingredient; 

the intermediate layer includes a second conductive mate 
rial mainly comprised of a copper-palladium-based 
alloy; and 

the outer layer includes a third conductive material mainly 
comprised of silver and further containing palladium 
and a second glass ingredient. 

3. The multi-layer ceramic electronic device as set forth in 
claim 2, Wherein the second glass ingredient includes a glass 
ingredient of the same composition as the ?rst glass ingre 
dient. 

4. The multi-layer ceramic electronic device as set forth in 
claim 3, Wherein the ?rst glass ingredient includes a stron 
tium borosilicate-based glass. 

5. The multi-layer ceramic electronic device as set forth in 
claim 2, Wherein the internal electrode layer includes a base 
metal. 

6. The multi-layer ceramic electronic device as set forth in 
claim 3, Wherein the internal electrode layer includes a base 
metal. 

7. The multi-layer ceramic electronic device as set forth in 
claim 4, Wherein the internal electrode layer includes a base 
metal. 

8. The multi-layer ceramic electronic device as set forth in 
claim 2, Wherein the undercoat layers are formed on only 
tWo end faces of the device body. 

9. The multi-layer ceramic electronic device as set forth in 
claim 3, Wherein the undercoat layers are formed on only 
tWo end faces of the device body. 

10. The multi-layer ceramic electronic device as set forth 
in claim 4, Wherein the undercoat layers are formed on only 
tWo end faces of the device body. 

11. A method of producing a multi-layer ceramic elec 
tronic device comprising the steps of 

coating on an outer surface of a device body comprised of 
alternately arranged dielectric layers and internal elec 
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trode layers an undercoat layer paste including a ?rst 
conductive material mainly comprised of copper and a 
?rst glass ingredient so as to be electrically connected 
With at least part of the internal electrode layers to 
thereby form a pre-baking undercoat layer; 

coating on an outer surface of said pre-baking undercoat 
layer an outer layer paste including a third conductive 
material mainly comprised of silver and further includ 
ing palladium and a second glass ingredient to thereby 
form a pre-baking outer layer; and 

co-baking said pre-baking undercoat layer and said pre 
baking outer layer at a temperature of over 600° C. and 
less than 800° C. to form an undercoat layer and outer 
layer and form betWeen the undercoat layer and outer 
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layer an intermediate layer including a second conduc 
tive material mainly comprised of a copper-palladium 
based alloy. 

12. The method of producing a multi-layer ceramic elec 
tronic device as set forth in claim 11, Wherein the second 
glass ingredient includes a glass ingredient of the same 
composition as the ?rst glass ingredient. 

13. The method of producing a multi-layer ceramic elec 
tronic device as set forth in claim 11, Wherein the undercoat 
layer paste is coated to form the pre-baking undercoat layers 
on only tWo end faces of the device body. 

14. The method of producing a multi-layer ceramic elec 
tronic device as set forth in claim 12, Wherein the undercoat 
layer paste is coated to form the pre-baking undercoat layers 
on only tWo end faces of the device body. 

* * * * * 


