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(54) MULTILAYER CERAMIC CAPACITOR (52) US. CD wees 361/303; 361/306.3; 361/313

(75) Inventors: Ji Hun Jeong, Suwon (KR); Hyo
Jung Kim, Suwon (KR); Hyo Jung
Kim,Seoul (KR); Dong Ik Chang, (57) ABSTRACT
Suwon (KR); Doo Young Kim,

Yongin (KR) Disclosed is multilayer ceramic capacitor. The multilayer
(73) Assignee: SAMSUNG ceramic capacitorincludesa capacitive part including dielec-

ELECTRO-MECHANICSCO., tric layers andfirst and secondinternal electrodes alternately
LID. laminated therein, wherein the dielectric layers includefirst

ceramic particles having an averageparticle size of 0.1 um to
(21) Appl. No.: 12/768,993 0.3 um, and oneset of ends ofthefirst internal electrodes and
(22) Filed: Apr. 28, 2010 one set of ends of the secondinternal electrodes are exposed

in a lamination direction of the dielectric layers, a protective
(30) Foreign Application Priority Data layer formedonat least one of top and bottom surfaces of the

capacitive part, including second ceramic particles and hav-
Dec. 10, 2009 (KR) woeeens 10-2009-0122195 ing a porosity of 2% to 4%, wherein an average particle size

ratio of the second ceramic particlesto the first ceramic par-
Publication Classification ticles ranges from 1.1 to 1.3; and first and second external

(51) Int. Cl. electrodes electrically connected to the first and secondinter-
HOIG 4/12 (2006.01) nal electrodes exposed in the lamination direction of the
HOIG 4/005 (2006.01) dielectric layers.
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MULTILAYER CERAMIC CAPACITOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claimsthepriority ofKorean Patent
Application No. 10-2009-0122195 filed on Dec. 10, 2009, in
the Korean Intellectual Property Office, the disclosure of
whichis incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The presentinventionrelates to a multilayer ceramic
capacitor, and more particularly, to a multilayer ceramic
capacitor having a high level of reliability and a low crack
occurrence rate by reducing stress acting on the multilayer
ceramic capacitor.
[0004] 2. Description of the Related Art
[0005] In general, electronic components using a ceramic
material, such as capacitors, inductors, piezoelectric devices,
varistors or thermistors, include a ceramic body formed of a
ceramic material, internal electrodes provided inside the
ceramic body, and external electrodesinstalled on the surface
of the ceramic body.
[0006] Multilayer ceramic capacitors among such ceramic
electronic components include a plurality of laminated
dielectric layers, internal electrodes interleaved with the
dielectric layers, and external electrodes electrically con-
nected to the internal electrodes.

[0007] Multilayer ceramic capacitors are being widely used
as a part ofmobile communications devices, such as comput-
ers, personal digital assistants (PDA) and mobile phones, due
to their small size, high capacity and ease of mounting.
[0008] Recently, as electronic products have become com-
pact and multi-functional, chip components have also tended
to become compact and highly functional. Following this
trend, a multilayer ceramic capacitor is required to be smaller
than ever before, but to have a high capacity.
[0009] As for a general method of manufacturing a multi-
layer ceramic capacitor, ceramic green sheets are manufac-
tured and a conductive paste is printed on the ceramic green
sheets to thereby form internal electrode layers. Tens to hun-
dreds of such ceramic green sheets, provided with the internal
electrode layers, are then laminated to thereby produce a
green ceramic laminate. Thereafter, the green ceramic lami-
nate is pressed at high pressure and high temperature and
subsequently cut into green chips. Thereafter, the green chip
is subjected to plasticizing, firing and polishing processes,
and external electrodes are then formed thereon, thereby
completing a multilayer ceramic capacitor.
[0010] Typically, the internal electrodes, formed of metal,
shrink and expand easily as compared to ceramic materials.
Thus, stress caused by this difference in thermal expansion
coefficient may act on the ceramic laminate, thereby causing
cracks.

[0011] The multilayer ceramic capacitor is used while
mounted on a wiring board. In this case, the external elec-
trodes of the multilayer ceramic capacitor are electrically
connected to the wiring board by soldering and a conductive
land on the wiring board. When the multilayer ceramic
capacitor is mounted on the wiring board by using soldering,
or when the wiring board mounted with the multilayer
ceramic capacitor undergoes a cutting process, thermal
impact and shearstress are applied to the multilayer ceramic
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capacitor. Such thermal impact and shear stress may cause
cracks in the multilayer ceramic capacitor.
[0012] As the multilayer ceramic capacitor has recently
become smaller in size and higher in capacitance, many
attempts have been made to manufacture a thinner and mul-
tilayer ceramic body. However, as the ceramic body has
becomethinner and multilayered, a crack occurrencerate has
increased. Therefore, there is an increasing need for prevent-
ing this increase in the crack occurrencerate therein.

SUMMARY OF THE INVENTION

[0013] An aspect of the present invention provides a mul-
tilayer ceramic capacitor capable of achieving a high level of
reliability and a low crack occurrencerate by reducingstress
acting on the multilayer ceramic capacitor.
[0014] According to an aspect of the present invention,
there is provided a multilayer ceramic capacitor including: a
capacitive part including dielectric layers and first and second
internal electrodes alternately laminated therein, wherein the
dielectric layers includefirst ceramic particles having an aver-
age particle size of0.1 um to 0.3 um, and oneset ofends ofthe
first internal electrodes and one set of ends of the second

internal electrodes are exposed in a lamination direction of
the dielectric layers; a protective layer formed on at least one
of top and bottom surfaces of the capacitive part, including
second ceramicparticles and having a porosity of 2% to 4%,
wherein an average particle size ratio of the second ceramic
particles to the first ceramic particles ranges from 1.1 to 1.3;
and first and second external electrodes electrically con-
nected to the first and secondinternal electrodes exposed in
the lamination direction of the dielectric layers.
[0015] Thefirst ceramic particles may include barium titan-
ate (BaTiO,)-based ceramics, lead complex perovskite-based
ceramics,or strontium titanate (SrTiO,)-based ceramics. The
second ceramic particles may include barium titanate (Ba-
TiO,)-based ceramics, lead complex perovskite-based
ceramics, or strontium titanate (SrTiO,)-based ceramics.
[0016] The dielectric layers of the capacitive part may have
a porosity of 1% orless.
[0017] Thecapacitive part may havea thickness of50 um to
2000 um, and the protective layer may have a thickness of 10
um to 100 pm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0019] FIG. 1is a schematic perspective view illustrating a
multilayer ceramic capacitor according to an exemplary
embodimentof the present invention; and
[0020] FIG. 2 is a schematic cross-sectional view taken
along line I-I' of FIG. 1, illustrating the multilayer ceramic
capacitor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0021] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-

panying drawings.
[0022] The invention may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
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ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scopeofthe invention
to those skilled in theart. In the drawings, the thicknesses of
layers and regions are exaggerated for clarity. Like reference
numerals in the drawings denote like elements.
[0023] FIG. 1is aschematic perspective view illustrating a
multilayer ceramic capacitor according to an exemplary
embodimentof the present invention. FIG. 2 is a schematic
cross-sectional view taken alongline I-I' of FIG.1, illustrat-
ing the multilayer ceramic capacitor.
[0024] Referring to FIGS. 1 and 2, a multilayer ceramic
capacitor, according to this exemplary embodiment, includes
a sintered ceramic body 110,first and second internal elec-
trodes 130a and 1304 formed inside the sintered ceramic

body 110, and first and second external electrodes 120a and
1206 electrically connected to the first and second internal
electrodes 130a and 1306.

[0025] In FIG.2, the sintered ceramic body 110 includes a
capacitive part 110A, and protective layers 110B formed on
the top and bottom surfaces of the capacitive part 110A.
[0026] The protective layer 110B maybe formedonatleast
one of the top and bottom surfaces of the capacitive part
110A. The protective layers 110B, when formed on both the
top and bottom surfaces of the capacitive part 110A, have
excellent influence in lowering a crack occurrencerate.
[0027] The capacitive part 110A is obtained by laminating
a plurality of ceramic dielectric layers 111 and thefirst and
second internal electrodes 130a and 1306 in an alternating
manner. The first and second internal electrodes 130a and

1306 are paired as having oppositepolarities. Thesefirst and
second internal electrodes 130a and 1306 oppose each other
in a lamination direction of the ceramic dielectric layers 111,
and are electrically insulated from each other by the ceramic
dielectric layers 111. One set of ends of the first internal
electrodes 130a and the other set of ends of the secondinter-

nal electrodes 1306 are exposedin the lamination direction of
the ceramic dielectric layers 111. The exposed endsofthe first
and second internal electrodes 130a and 1306are electrically
connectedto the first and second external electrodes 120a and

1204,respectively.
[0028] Whenapredetermined voltage is appliedto thefirst
and second external electrodes 120a and 1208, electric
charges are accumulated between the opposingfirst and sec-
ondinternal electrodes 130a and 1306.Here, the capacitance
ofthe multilayer ceramic capacitor is in proportion to the area
of the opposingfirst and secondinternal electrodes 130a and
1306.

[0029] The ceramic dielectric layers 111 of the capacitive
part 110A contain first ceramic particles having an average
particle size D1 of 0.1 um to 0.3 um. Thefirst ceramic par-
ticles 110a@ are not specifically limited, provided that they
have a high dielectric constant. For example, the first ceramic
particles 110@ may utilize barium titanate (BaTiO,)-based
ceramics, lead complex perovskite-based ceramics, stron-
tium titanate (SrTiO,)-based ceramics or the like.
[0030] The first and second internal electrodes 130a and
130d are formed ofa conductive metal, which mayutilize, for
example, Ni or a Ni alloy. The Ni alloy may contain Mn,Cr,
Co or Alas well as Ni.

[0031] The first and second external electrodes 120a and
1206 are formed of a conductive metal, and may contain, for
example, copper.
[0032] The protective layer 110B is formed on at least one
of the top and bottom surfaces of the capacitive part 110A.
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The protective layer 110B is formed of a ceramic material,
and contains second ceramicparticles whose averageparticle
size ratio to the first ceramic particles 110a ranges from 1.1 to
1.3.

[0033] The second ceramic particles 1108 are not specifi-
cally limited, provided that they have a high dielectric con-
stant. For example,the first ceramic particles 110a mayuti-
lize barium titanate (BaT10,)-based ceramics, lead complex
perovskite-based ceramics, strontium titanate (SrTiO,)-
based ceramicsor the like.

[0034] Typically, a thermal expansion coefficient of a
ceramic material reaches approximately 8 to 9x107°/° C., and
internal electrodes, formed of nickel, have a thermal expan-
sion coefficient of approximately 13x10-°/° C. Thus, tensile
and compressive stress acts on dielectric layers having a
relatively small thermal expansion coefficient. Since thether-
mal expansionstress due to the thermal impact hasits greatest
influence on the interface between the protective layer 110B
and the capacitive part 110A, a ceramic laminate having high
brittleness may be cracked.
[0035] According to this exemplary embodiment of the
present invention,the protective layer 110B includesthe sec-
ond ceramicparticles 110B having a greaterparticle size than
the first ceramic particles 110a. The second ceramicparticles
1105, having a greater particle size than the first ceramic
particles 110a,are slow in shrinkage behavior as compared to
the first ceramic particles 110a. Thisalleviates a stress differ-
ence occurringat the time ofthe thermal expansionofinternal
electrodes.

[0036] An average particle size ratio (D2/D1, where D1
denotes the average particle size of the first ceramic particles
110a and D2 denotes the average particle size of the second
ceramic particles 1105) of the second ceramicparticles 1105
to the first ceramic particles 110a ranges from 1.1 to 1.3. An
average particle size ratio (D2/D1) of less than 1.1 fails to
alleviate thermal impact occurring during the thermal expan-
sion of internal electrode layers. This results in a high crack
occurrence rate. An average particle size ratio exceeding 1.3
maycause non-firing or increase a crack occurrencerate.
[0037] Furthermore, the protective layer 110B includes a
plurality of pores P, and the porosity thereof ranges from 2%
to 4%. The protective layer 110B is formed by sintering a
slurry which is a mixture of the second ceramic particles
1104, an organic binder and a solvent. The porosity of the
protective layer 110B can be controlled by controlling the
contentofthe second ceramicparticles 1108, and the kind and
amountof organic binder. The content of the second ceramic
particles 1105 may range from 15% to 40%.
[0038] The above-mentioned porosity range may enable
the absorption of stress generated during the thermal expan-
sion, thereby reducing a crack occurrencerateat the interface
between the capacitive part 110A and the protective layer
110B.

[0039] A plurality of pores also exist in the capacitive part
110A, and the porosity ofthe capacitive part 110A may be 1%
or less.

[0040] The protective layer 110B may be thicker than a
single dielectric layer within the capacitive part 110A. For
example, the single dielectric layer 111 of the capacitive part
110A may have a thickness of 2 um orless. As 25 or more of
such dielectric layers 111 are laminated, the thickness of the
capacitive part 110A mayrange from 50 um to 2000 um. The
protective layer 110B may have a thickness of 10 um to 100
uum.
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