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(57) ABSTRACT 

An insulating ceramic includes a ?red mixture of a MgO— 
MgAlzO4 ceramic and a borosilicate glass, in Which 
MgAlzO4 crystal phase and at least one of Mg3B2O6 crystal 
phase and Mg2B2O5 crystal phase are the major crystal 
phases. The insulating ceramic can be obtained by ?ring at 
loW temperatures of 1000° C. or less, can be ?red in 
conjunction With Ag or Cu, has a high Q-value and satis 
factory mechanical strength, and is suitable for use at high 
frequencies. 
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INSULATING CERAMIC, MULTILAYER CERAMIC 
SUBSTRATE, CERAMIC ELECTRONIC PARTS 
AND LAMINATED CERAMIC ELECTRONIC 

PARTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an insulating 
ceramic for use in, for example, multilayer circuit boards. 
Speci?cally, the present invention relates to a high-fre 
quency insulating ceramic Which is advantageously used in, 
for example, composite multilayer circuit boards equipped 
With semiconductor devices and various electronic parts and 
Which can be obtained by ?ring in conjunction With con 
ductive materials such as copper and silver, as Well as to a 
multilayer ceramic substrate, a ceramic electronic part, and 
a laminated ceramic electronic part each using the insulating 
ceramic. 

[0003] 2. Description of the Related Art 

[0004] Recent tendencies to accelerate the use of elec 
tronic equipment in higher frequencies keep on expanding. 
With such demands for the accelerating, higher-density 
mounting and higher-density packing of electronic parts 
Which are used in such electronic equipment are still increas 
ing. To satisfy these demands, multilayer circuit boards are 
conventionally used as substrates on Which semiconductor 
devices and various electronic parts are mounted. In such a 
multilayer circuit board, the substrate houses a conductor 
circuit and an electronic part functional device to thereby 
further miniaturiZe electronic equipment. 

[0005] Alumina has been conventionally frequently used 
as a material for constituting the multilayer circuit board. 

[0006] Alumina has a relatively high ?ring temperature of 
1500° C. to 1600° C., and refractory metals such as Mo, 
Mo—Mn, and W must be generally used as materials for 
conductive circuits housed in such a multilayer circuit board 
composed of alumina. HoWever, these refractory metals 
have a high electric resistance. 

[0007] Strong demands have been therefore made for the 
use of a metal such as copper as a conductive material, 
Which metal has a loWer electric resistance and is available 
at a loWer cost than the refractory metals. To use copper as 
a conductive material, the use of a glass ceramic or crys 
talliZed glass Which can be obtained by ?ring at loW tem 
peratures of 1000° C. or less has been proposed (e.g., 
Japanese Unexamined Patent Application Publication No. 
5-238774). 
[0008] HoWever, such knoWn substrate materials Which 
can be obtained by ?ring at loW temperatures have a loW 
mechanical strength and a loW Q-value, and the ?ring 
process tends to affect the type and proportion of deposited 
crystal phases of such materials. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present invention 
to provide an insulating ceramic Which can solve the prob 
lems of the conventional technologies, can be obtained by 
?ring at loW temperatures, can be obtained by ?ring in 
conjunction With conductive materials having relatively loW 
melting points such as silver and copper, has satisfactory 
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mechanical strength and a high Q-value, and is insensitive to 
the type and proportion of deposited crystal phases. 

[0010] Another object of the present invention is to pro 
vide a multilayer ceramic substrate, a ceramic electronic part 
and a laminated ceramic electronic part, each of Which is 
composed of the insulating ceramic, Which has satisfactory 
mechanical strength and a high Q-value, and is insensitive to 
the type and proportion of deposited crystal phases. 

[0011] After intensive investigations to solve the above 
problems, the present inventors found that the deposition of 
MgAl2O4 crystal phase and Mg3B2O6 crystal phase and/or 
MgZBZO5 crystal phase as major crystal phases can yield a 
higher Q-value and a higher reliability. This is because the 
deposition of Mg3B2O6 crystal phase and/or Mg2B2O5 crys 
tal phase as major crystal phases in addition to MgAl2O4 
crystal phase stabiliZes boron in the glass to thereby improve 
reliability and sinterability. The present invention has been 
accomplished based on these ?ndings. 

[0012] Speci?cally, the present invention provides, in a 
broad aspect, an insulating ceramic including a ?red mixture 
of a MgO—MgAl2O4 ceramic and a borosilicate glass, in 
Which MgAl2O4 crystal phase and at least one of Mg3B2O6 
crystal phase and Mg2B2O5 crystal phase are deposited as 
major crystal phases. In this context, “major” means that of 
the phases present, the MgAl2O4 crystal phase and the 
Mg3B2O6 and/or Mg2B2O5 crystal phase are present in the 
greatest amounts. 

[0013] The borosilicate glass for use in the present inven 
tion preferably includes boron oxide, silicon oxide, magne 
sium oxide and an alkali metal oxide. The combination use 
of MgO—MgAl2O4 With a glass composition including at 
least boron oxide (B203), silicon oxide (SiOZ), magnesium 
oxide (MgO) and an alkali metal oxide (e.g., NaZO, K20 or 
LiZO) alloWs the MgAl2O4 crystal phase and Mg3B2O6 
crystal phase and/or Mg2B2O5 crystal phase to deposit as 
major crystal phases to thereby yield a high Q-value. 

[0014] In this case, the borosilicate glass preferably 
includes about 15 to 65% by Weight of boron oxide in terms 
of B203, about 8 to 50% by Weight of silicon oxide in terms 
of SiO2, about 10 to 45% by Weight of magnesium oxide in 
terms of MgO and 0 to about 20% by Weight of an alkali 
metal oxide in terms of R20, Wherein R is an alkali metal. 

[0015] If the content of boron oxide in borosilicate glass is 
less than about 15% by Weight in terms of B203, the ratio of 
boron oxide to MgO in the system is loW, resulting in 
decreased deposition of the Mg3B2O6 crystal phase and/or 
MgZBZO5 crystal phase. A high reliability and a satisfactory 
sinterability may not be obtained. 

[0016] On the contrary, if the content of boron oxide is 
more than about 65% by Weight, the moisture resistance of 
the glass may be deteriorated. 

[0017] If the content of silicon oxide in the glass is less 
than about 8% by Weight in terms of SiO2, the chemical 
stability of the glass may be deteriorated, and if it exceeds 
about 50% by Weight, the resulting glass may have an 
increased fusing temperature or a deteriorated sinterability. 

[0018] Amagnesium oxide content in the glass of less than 
about 10% by Weight in terms of MgO may retard crystal 
liZation, and a content of more than about 45% by Weight 
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may cause crystallization in the manufacture of the glass to 
thereby deteriorate sinterability. 

[0019] The alkali metal oxide in the glass acts to decrease 
the fusing temperature of the glass. HoWever, a content of 
the alkali metal oxide exceeding about 20% by Weight may 
decrease Q-value. 

[0020] The Mg3B2O6 or Mg2B2O5 crystal phase can be 
selectively deposited by appropriately adjusting the ratio of 
magnesium oxide to boron oxide in the system in the present 
invention. Speci?cally, the Mg3B2O6 crystal phase can be 
deposited When magnesium oxide (MgO) is excess such that 
the molar ratio of MgO to B203 is more than about 3:1. 

[0021] To the contrary, the Mg2B2O5 crystal phase can be 
deposited When B203 is excess such that the molar ratio of 
MgO to B203 is less than about 3:1. 

[0022] When the molar ratio of MgO to B203 is in the 
vicinity of 3:1, both the Mg3B2O6 and Mg2B2O5 crystal 
phases are deposited. 

[0023] The borosilicate glass preferably further includes 0 
to about 20% by Weight of aluminium oxide. The addition of 
aluminium oxide enhances chemical stability of the glass. 
HoWever, if the content of aluminium oxide exceeds about 
20% by Weight, a suf?cient sinterability may not be 
obtained. 

[0024] Preferably, the borosilicate glass further includes 
about 30% by Weight or less of Zinc oxide. The addition of 
Zinc oxide (ZnO) in the above proportion decreases the 
fusing temperature of the glass, and the insulating ceramic 
can be obtained by ?ring at loWer temperatures. A content of 
Zinc oxide exceeding about 30% by Weight may deteriorate 
the chemical stability of the glass. 

[0025] Preferably, the borosilicate glass further includes 0 
to about 10% by Weight of copper oxide. The addition of 
copper oxide (CuO) yields the insulating ceramic by ?ring 
at loWer temperatures. A content of copper oxide exceeding 
about 10% by Weight may result in a decreased Q-value. 

[0026] The Weight ratio of the MgO—MgAl2O4 ceramic 
to the borosilicate glass is preferably in a range from about 
20:80 to 80:20. Acontent of the ceramic less than about 20% 
by Weight tends to decrease Q-value. If the content exceeds 
about 80% by Weight, the resulting insulating ceramic may 
not become suf?ciently dense by ?ring at temperatures of 
900° C. to 1000° C. 

[0027] The MgO—MgAl2O4 ceramic is preferably repre 
sented by xMgO—yMgAl2O4 Where x and y are indicated 
by Weight ratio and satisfy the folloWing conditions: 

[0028] The Weight percentage of MgO, x, is speci?ed in a 
range from about 10 to 90. This is because x exceeding about 
90 may invite a problem in moisture resistance of MgO. 

[0029] If x is less than about 10, a large quantity of an 
expensive glass may be added for ?ring at temperatures of 
1000° C. or less. 

[0030] In the sintered ceramic, about 5 to 80% by Weight 
of MgAl2O4 crystal phase, and about 5 to 70% by Weight of 
Mg3B2O6 crystal phase and/or Mg2B2O5 crystal phase are 
preferably deposited. Contents Within the above ranges can 
yield high reliability, satisfactory sinterability, suf?cient 
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mechanical strength and a high Q value. A content of 
MgAlzO4 crystal phase less than about 5% by Weight may 
deteriorate the strengths of the insulating ceramic. If it 
exceeds about 80% by Weight, the resulting ceramic may not 
become dense by ?ring at temperatures of 1000° C. or less. 

[0031] If the content of the Mg3B2O6 crystal phase and/or 
Mg2B2O5 crystal phase is less than about 5% by Weight, a 
reaction betWeen magnesium oxide (MgO) and boron oxide 
(B203) may not suf?ciently proceed, resulting in deterio 
rated sinterability and reliability and decreased Q-value. To 
deposit the Mg3B2O6 crystal phase and/or Mg2B2O5 crystal 
phase more than about 70% by Weight, a large quantity of an 
expensive glass must be added to thereby increase cost. 

[0032] In the present invention, a mixture obtained by 
calcining a glass composition at temperatures of about 700° 
C. to 1000° C. may be employed as the glass. 

[0033] The resulting insulating ceramic according to the 
present invention preferably has a Q-value of 400 or more as 
determined at a frequency of 10 GHZ. If the insulating 
ceramic has a Q-value of 400 or more at 10 GHZ, the 
ceramic can be advantageously employed in circuit boards 
for use at high frequencies, for example at frequencies of 1 
GHZ or more. 

[0034] In another aspect, the present invention provides a 
multilayer ceramic substrate Which includes a ceramic plate 
including an insulating ceramic layer composed of the 
insulating ceramic, and a plurality of inner electrodes 
formed in the insulating ceramic layer of the ceramic plate. 

[0035] In the invented multilayer ceramic substrate, a 
second ceramic layer having a higher dielectric constant 
than the insulating ceramic layer may be laminated on at 
least one side of the insulating ceramic layer. 

[0036] The plurality of inner electrodes in the invented 
multilayer ceramic substrate may be laminated via at least 
part of the insulating ceramic layer to thereby constitute a 
laminated capacitor. 

[0037] Preferably, the plurality of inner electrodes include 
capacitor inner electrodes and coil conductors, and the 
capacitor inner electrodes being laminated With each other 
via at least part of the insulating ceramic layer, and the coil 
conductors being connected to each other to thereby con 
stitute a laminated inductor. 

[0038] The present invention provides, in a further aspect, 
a ceramic electronic part Which includes the multilayer 
ceramic substrate and at least one electronic part device 
Which is mounted on the multilayer ceramic substrate and 
constitutes a circuit With the plurality of inner electrodes. 

[0039] Speci?cally, the invented ceramic electronic part 
may further include a cap ?xed on the multilayer ceramic 
substrate so as to surround the electronic part device. A 
conductive cap is preferably used as the cap. 

[0040] The invented ceramic electronic part preferably 
further includes a plurality of outer electrodes only formed 
on the underside of the multilayer ceramic substrate, and a 
plurality of through-hole conductors Which are electrically 
connected to the outer electrode and electrically connected 
to an inner electrode or the electronic part device. 

[0041] In yet another aspect, the present invention pro 
vides a laminated ceramic electronic part Which includes a 
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sintered ceramic composed of the insulating ceramic, a 
plurality of inner electrodes arrayed inside the sintered 
ceramic, and a plurality of outer electrodes Which is formed 
on an outer surface of the sintered ceramic and electrically 
connected to any of the inner electrodes. 

[0042] The plurality of inner electrodes may be arrayed so 
as to overlap With each other via a ceramic layer to thereby 
constitute a capacitor unit in a speci?c embodiment of the 
invented laminated ceramic electronic part. 

[0043] Preferably, the plurality of inner electrodes in the 
invented laminated ceramic electronic part further includes 
a plurality of coil conductors connected to each other to 
thereby constitute a laminated inductor unit, in addition to 
the inner electrodes constituting the capacitor unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a diagram shoWing the XRD spectrum of 
insulating ceramic sample number 11 as an example of the 
present invention; 

[0045] FIG. 2 is a diagram shoWing the XRD spectrum of 
insulating ceramic sample number 14 as another example of 
the present invention; 

[0046] FIG. 3 is a longitudinally sectional vieW shoWing 
a laminated ceramic module as a ceramic electronic part 
using a multilayer ceramic substrate as an embodiment of 
the present invention; 

[0047] FIG. 4 is an exploded perspective vieW of the 
multilayer ceramic module of FIG. 3; 

[0048] FIG. 5 is an exploded perspective vieW shoWing 
ceramic green sheets and electrode patterns formed thereon 
for the manufacture of a laminated ceramic electronic part as 
a second embodiment of the present invention.; 

[0049] FIG. 6 is a perspective vieW shoWing a laminated 
ceramic electronic part as the second embodiment of the 
present invention; and 

[0050] FIG. 7 is a diagram shoWing the circuitry of the 
laminated ceramic electronic part of FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0051] Initially, examples of the invented insulating 
ceramic Will be described beloW, folloWed by con?gura 
tional embodiments of the invented multilayer ceramic 
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substrate, ceramic electronic part and laminated ceramic 
electronic part, to illustrate the present invention in further 
detail. 

[0052] Starting material poWders Mg(OH)2 and Al2O3 
Were Weighed and mixed to yield ultimate sintered ceramics 
represented by the folloWing compositional formula: 

[0053] Wherein x and y are indicated by Weight ratio and 
satisfy the folloWing conditions: 

[0054] Each of the mixed poWders Was Wet-mixed for 16 
hours and Was dried, the resulting mixture Was calcined at 
1400° C. for 2 hours to yield a calcined compact, and the 
calcined compact Was crushed to yield a ceramic composi 
tion. 

[0055] The above-prepared ceramic composition Was 
Weighed and Was mixed With each of the glasses having a 
composition indicated in Table 1 in the amount indicated in 
Table 2. The resulting mixture Was then granulated With an 
appropriate amount of a binder and Was shaped at a pressure 
of 200 MPa to yield a cylindrical molding 12 mm in 
diameter and 7 mm in thickness. The molding Was ?red at 
900° C. to 1000° C. in the air for 2 hours to thereby yield 
insulating ceramic samples. Relative dielectric constants and 
Q-values at 10 GHZ of the samples Were determined by a 
technique using a dielectric resonator. The results of these 
examples are shoWn in Table 2. 

[0056] Separately, strip insulating ceramic samples Were 
prepared and Were subjected to a three-point bending test 
pursuant to Japanese Industrial Standards (JIS) C 2141 to 
evaluate bending strength. The sample according to 
Example 1 had a high strength of 290 MPa. 

[0057] Each of the above-prepared insulating ceramics 
Was subjected to poWder x-ray diffractometry (XRD) to 
determine the presence of a MgAl2O4 crystal phase, 
Mg3B2O6 crystal phase and Mg2B2O5 crystal phase. The 
results are shoWn in Table 2 as crystal phases. 

[0058] In Table 2, symbols “KO”, “SP”, “SU”, and “MG” 
respectively mean Mg3B2O6, MgAl2O4, Mg2B2O5 and 
MgO. 

TABLE 1 

Weight % 

Glass 
NO. B203 5102 MgO A1203 ZnO BaO SrO CaO L120 CuO 

A 40 14 _ _ _ 41 _ _ 5 _ 

B 40 13 _ _ _ _ 42 _ 5 _ 

C 30 20 — — — — — 45 5 — 

D 54 19 21 — — — — — 6 — 

E 28 50 17 — — — — — 5 — 

F 40 20 15 5 — — — — 20 — 

G 45 30 10 5 8 — — — 2 — 

H 38 20 19 8 4 — — — 9 2 

I 41 18 1 9 — 1 0 — — — 1 0 2 

.I 41 17 26 5 5 — — — 5 2 
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TABLE l-continued 

Weight % 

Glass 
NO. B203 sio2 MgO A1203 ZnO BaO SrO CaO Li2O CuO 

K 37 24 27 — — — — — 10 2 

L 15 35 25 5 15 — — — 5 — 

M 65 10 15 — — — — — 4 1 

N 42 8 25 10 5 — — — 8 2 

O 38 22 10 5 20 — — — 4 1 

P 35 10 45 — 5 — — — 3 2 

Q 45 10 20 20 — — — — 3 2 

R 30 15 18 5 30 — — — — 2 

S 35 20 20 — 10 — — — 5 10 

T 35 — 30 10 15 — — — 8 2 

[0059] 

TABLE 2 

Firing Dielectric 
Sample MgO MgAl2O4 Glass Weight % temperature Major constant Q-value 

No. (Weight %) (Weight %) Kind (O C.) crystal phase (6) (@10 GHZ) 

1 50 50 50 A 920 SU, SP 7.7 410 
2 50 50 50 B 920 SU, SP 7.6 430 
3 50 50 50 C 920 SU, SP 8.4 400 
4 40 60 40 D 950 KO, SP 7.2 1000 
5 60 40 20 D 1000 SU, SP 6.9 700 
6 50 50 50 D 920 SU, SP 7.0 2500 
7 40 60 50 E 1000 K0, SP 7.1 800 
8 55 45 65 E 950 KO, SP 7.3 1500 
9 60 40 45 F 920 SU, SP 7.0 700 

10 50 50 50 G 950 SP, SU 7.2 1200 
11 50 50 50 H 900 KO, SP 7.2 3000 
12 60 40 40 H 950 KO, SP 7.2 2500 
13 90 10 65 I 1000 K0, SP 7.3 1200 
14 50 50 50 I 900 SU, SP 7.2 5500 
15 50 50 50 J 900 KO, SP 7.3 4500 
16 30 70 60 J 950 SU, SP 7.3 1200 
17 50 50 50 K 900 KO, SP 7.3 3000 
18 70 30 65 K 900 KO, SP 7.0 1500 
19 10 90 80 L 950 KO, SP 7.4 800 
20 30 70 55 L 900 KO, SP 7.3 1600 
21 50 50 20 M 950 SU, SP 7.2 1200 
22 50 50 50 N 950 KO, SP 7.1 1500 
23 65 35 50 O 950 KO, SP 7.3 1800 
24 35 65 75 P 1000 K0, SP 7.4 2000 
25 10 90 70 F 1000 SU, SP 7.3 850 
26 55 45 75 Q 1000 SU, SP 7.1 1900 
27 25 75 40 R 1000 SU, SP 7.3 900 
28 50 50 50 S 900 KO, SP 7.1 500 
29* 50 50 50 T — — — — 

30* 50 50 90 J 900 SP 6.5 150 
31* 50 50 10 J 1000 SP, MG 5.1 200 

*: Out of the scope of the invention 

[0060] FIGS. 1 and 2 are diffraction charts of insulating 
ceramics obtained as sample numbers 11 and 14, as typical 
examples of the XRD analyses. In FIGS. 1 and 2, symbols 
“O”, “A” and “X” respectively mean a peak derived from the 
MgAl2O4 crystal phase, a peak derived from the Mg3B2O6 
crystal phase and a peak derived from Mg2B2O5 crystal 
phase. 

[0061] Table 2 shows the following ?ndings. Initially, 
When the MgAl2O4 crystal phase, and the Mg3B2O6 and/or 

Mg2B2O5 crystal phase are deposited as major crystal 
phases, samples exhibiting a Q-value of 400 or more at 10 
GHZ can be obtained. 

[0062] A higher Q-value can be obtained by restricting the 
alkaline earth metal in the borosilicate glass to Mg. 

[0063] Afurther higher Q-value can be obtained When the 
borosilicate glass includes about 15 to 65% by Weight of 
boron oxide in terms of B203, about 8 to 50% by Weight of 
silicon oxide in terms of SiO2, about 10 to 45% by Weight 
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of magnesium oxide in terms of MgO and 0 to about 20% 
by Weight of an alkali metal oxide in terms of an oxide. 

[0064] When the borosilicate glass further comprises 0 to 
about 20% by Weight of aluminium oxide, the resulting 
sample exhibits a high Q-value and an increased chemical 
stability of the glass, resulting in easier handling. 

[0065] When the borosilicate glass further comprises 0 to 
about 30% by Weight of Zinc oxide, the resulting sample 
exhibits a higher Q-value. 

[0066] A borosilicate glass further comprising 0 to about 
10% by Weight of copper oxide can yield a sample exhib 
iting a high Q-value and a satisfactory sinterability. 

[0067] On the contrary, in the sample number 30 compris 
ing the glass in more than about 80% by Weight, amorphous 
phases in the sintered ceramic are increased and neither SU 
nor KO are deposited, resulting in a decreased Q-value. 

[0068] In the sample number 31 comprising the glass less 
than 20% by Weight, neither Mg3B2O6 nor Mg2B2O5 are 
deposited, and MgO constitutes a major crystal phase. The 
resulting ceramic cannot therefore become suf?ciently dense 
by ?ring at temperatures of 1000° C. or less and a high 
Q-value cannot be obtained. 

[0069] In the sample number 29 containing other glass 
than a borosilicate glass, the glass is chemically unstable and 
cannot be molded into a sheet. No test sample can be thus 
prepared. 

[0070] Next, con?gurational embodiments of the multi 
layer ceramic substrate, ceramic electronic part, and lami 
nated ceramic electronic part using the invented insulating 
ceramic Will be illustrated beloW. 

[0071] FIG. 3 is a sectional vieW shoWing a multilayer 
ceramic module as a ceramic electronic part including a 
multilayer ceramic substrate as an embodiment of the 
present invention, and FIG. 4 is an exploded perspective 
vieW thereof. 

[0072] Multilayer ceramic module 1 is composed by the 
use multilayer ceramic substrate 2. 

[0073] Multilayer ceramic substrate 2 includes insulating 
ceramic layers 3a and 3b each composed of the invented 
insulating ceramic, and dielectric ceramic layer 4 sand 
Wiched betWeen insulating ceramic layers 3a and 3b. Dielec 
tric ceramic layer 4 is composed of, for example, barium 
titanate With a glass and has a high dielectric constant. 

[0074] Inside dielectric ceramic layer 4, a plurality of 
inner electrodes 5 are arrayed so as to be adjacent to each 
other via part of dielectric ceramic layer 4, to thereby 
constitute laminated capacitor units C1 and C2. 

[0075] Insulating ceramic layers 3a and 3b and dielectric 
ceramic layer 4 include a plurality of via hole electrodes 6 
and 6a and inner Wiring. 

[0076] Separately, electronic part devices 9 through 11 are 
mounted on a top face of the multilayer ceramic substrate. 
Semiconductor devices, chip-type laminated capacitors and 
other appropriate electronic part devices can be used as 
electronic part devices 9 through 11. Via-hole electrode 6 
and the inner Wiring electrically connect electronic part 
devices 9 through 11 to capacitors C1 and C2 to thereby 
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constitute a circuit of the multilayer ceramic module 1 
according to the present embodiment. 

[0077] Conductive cap 8 is ?xed on a top face of multi 
layer ceramic substrate 2. Conductive cap 8 is electrically 
connected to via-hole electrode 6a Which penetrates multi 
layer ceramic substrate 2 from top to bottom. Outer elec 
trodes 7, 7 are formed on an underside of multilayer ceramic 
substrate 2 and are electrically connected to via-hole elec 
trodes 6 and 6a. Other outer electrodes, not shoWn in the 
?gure, are only formed on the underside of multilayer 
ceramic substrate 2 and are electrically connected via the 
inner Wiring to electronic part devices 9 through 11 and/or 
capacitor units C1 and C2. 

[0078] The formation of outer electrodes 7 for the con 
nection to outside on the underside alone of multilayer 
ceramic substrate 2 alloWs the surface mounting of lami 
nated ceramic modules on, for example, printed circuit 
boards by use of the underside. 

[0079] According to the present embodiment, cap 8 is 
composed of a conductive material and is electrically con 
nected via via-hole electrode 6a to outer electrode 7, to 
thereby electromagnetically shield electronic part devices 9 
through 11. HoWever, cap 8 is not necessarily composed of 
a conductive material. 

[0080] Insulating ceramic layers 3a and 3b in multilayer 
ceramic module 1 according to the present embodiment 
include the invented insulating ceramic and therefore exhibit 
a loW dielectric constant and a high Q-value, and a multi 
layer ceramic module 1 suitable for use at high frequencies 
can be obtained. In addition, insulating ceramic layers 3a 
and 3b are satisfactory in mechanical strength, and the 
resulting multilayer ceramic module 1 is also satisfactory in 
mechanical strength. 

[0081] Multilayer ceramic substrate 2 can be easily 
obtained by knoWn techniques for monolithically ?ring 
ceramic laminates. Speci?cally, ceramic green sheets mainly 
containing insulating ceramic materials according to the 
present invention are initially prepared, electrode patterns 
are printed for constituting, for example, inner electrode 5, 
outer Wiring and via-hole electrode 6 and 6a, and the 
patterned ceramic green sheets are laminated. An appropri 
ate number of plies of the patterned ceramic green sheets for 
the formation of the outer Wiring and via-hole electrodes 6 
and 6a are laminated onto a ceramic green sheet, on the top 
and under sides of Which insulating ceramic layers 3a and 3b 
are to be formed. The resulting laminate is then pressuriZed 
in a thickness direction. The thus-prepared laminate is ?red 
to thereby easily yield multilayer ceramic substrate 2. 

[0082] In laminated capacitor units C1 and C2, a highly 
dielectric insulating ceramic layer is sandWiched betWeen 
inner electrodes 5, 5 Which are adjacent to each other in a 
thickness direction for yielding a capacitance, and such inner 
electrodes having relatively small areas can yield a large 
capacitance and the resulting device can be further minia 
turiZed. 

[0083] FIGS. 5 to 7 are respectively an exploded perspec 
tive vieW, an external perspective vieW and a circuit diagram 
shoWing a laminated ceramic electronic part as a second 
con?gurational embodiment of the present invention. 

[0084] Laminated ceramic electronic part 20 according to 
this embodiment shoWn in FIG. 6 is an LC ?lter including 
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sintered ceramic 21, and a circuit formed inside sintered 
ceramic 21. The circuit constitutes an inductance L and a 
capacitance C as described below. Sintered ceramic 21 is 
composed by the use of the invented insulating ceramic. 
Outer electrodes 23a, 23b, 24a 24b are formed on an outer 
surface of the sintered ceramic 21, and an LC resonant 
circuit shoWn in FIG. 7 is formed betWeen outer electrodes 
23a, 23b, 24a and 24b. 

[0085] The con?guration of sintered ceramic 21 Will be 
illustrated in further detail by shoWing a manufacturing 
process thereof With reference to FIG. 5. 

[0086] Initially, an organic vehicle is added to insulating 
ceramic materials according to the present invention to yield 
a ceramic slurry. The ceramic slurry is molded by an 
appropriate sheet molding technique to yield a ceramic 
green sheet. The prepared ceramic green sheet is dried and 
is punched to a given siZe to yield rectangular ceramic green 
sheets 21a through 21m. 

[0087] Next, a via hole for the formation of via hole 
electrode 28 is formed on ceramic green sheets 21a through 
21m according to necessity. Further, a conductive paste is 
printed according to a screen process to form coil conductors 
26a and 26b, capacitor inner electrodes 27a to 27c, and coil 
conductors 26c and 26d, and the via hole for via hole 28 is 
?lled With the conductive paste to thereby form via hole 
electrode 28. 

[0088] Subsequently, the ceramic green sheets are lami 
nated in a direction shoWn in the ?gure, and are pressuriZed 
in a thickness direction to yield a laminate. 

[0089] The resulting laminate is ?red to yield sintered 
ceramic 21. 

[0090] Outer electrodes 23a to 24b are formed on above 
prepared sintered ceramic 21 as shoWn in FIG. 6 by, for 
example, techniques for the formation of thin ?lms such as 
application and baking of conductive pastes, vapor deposi 
tion, plating or sputtering. Thus, laminated ceramic elec 
tronic part 20 is obtained. 

[0091] As is apparent from FIG. 5, the coil conductors 
26a and 26b constitute an inductance unit L1, and the coil 
conductors 26c and 26d constitute an inductance unit L2, 
and the inner electrodes 27a to 27c constitute a capacitor C 
shoWn in FIG. 7. 

[0092] The LC ?lter in laminated ceramic electronic part 
20 according to the present embodiment has the aforemen 
tioned con?guration. Sintered ceramic 21 is composed of the 
invented insulating ceramic and can therefore be obtained by 
?ring at loW temperatures as in multilayer ceramic substrate 
2 according to the ?rst embodiment. Accordingly, the 
ceramic can be monolithically ?red With copper, silver, gold 
and other loW-melting metals as coil conductors 26a to 26c 
as inner electrodes and capacitor inner electrodes 27a to 27c. 
In addition, the resulting LC ?lter has a high relative 
dielectric constant and a high Q-value at high frequencies 
and is hence suitable for use at high frequencies. Further 
more, the insulating ceramic is high in mechanical strength, 
and the resulting LC ?lter is satisfactory also in mechanical 
strength. 

[0093] The invented insulating ceramic is prepared by 
mixing and ?ring MgO—MgAl2O4 ceramic and a borosili 
cate glass, in Which a MgAl2O4 crystal phase and at least one 
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of Mg3B2O6 and Mg2B2O5 crystal phases are deposited as 
major crystal phases. The insulating ceramic can be obtained 
by ?ring at loW temperatures of 1000° C. or less and 
therefore has a high Q-value and satisfactory mechanical 
strengths. The ceramic can therefore be sintered in conjunc 
tion With Cu, Ag and other loW-resistance loW-cost metals, 
and these metals can be used as materials for inner elec 
trodes in multilayer ceramic substrates and laminated 
ceramic electronic parts. Thus, the invented insulating 
ceramic can provide multilayer ceramic substrates and lami 
nated ceramic electronic parts Which have a high mechanical 
strength, a high Q-value and are available at loW cost. 

[0094] When the borosilicate glass includes boron oxide, 
silicon oxide, magnesium oxide and an alkali metal oxide, 
the MgAl2O4 crystal phase and Mg3B2O6 crystal phase 
and/or Mg2B2O5 crystal phases can be more reliably depos 
ited as major crystal phases to thereby yield a high Q-value. 

[0095] An insulating ceramic having a high mechanical 
strength and a high Q-value can be further stably obtained 
When the borosilicate glass includes boron oxide, silicon 
oxide, magnesium oxide and an alkali metal oxide in the 
above speci?ed proportions. 
[0096] The borosilicate glass has an increased chemical 
stability and the invented insulating ceramic can be more 
stably obtained by ?ring at loW temperatures of 1000° C. or 
less When the borosilicate glass includes about 20% by 
Weight or less of aluminium oxide. 

[0097] The glass has a decreased fusing temperature to 
thereby yield an insulating ceramic Which can be obtained 
by ?ring at loWer temperatures When the borosilicate glass 
containing about 30% by Weight or less of Zinc oxide. 

[0098] The borosilicate glass, if it includes about 10% by 
Weight or less of copper oxide, can provide the invented 
insulating ceramic by ?ring at loWer temperatures Without 
deterioration in Q-value. 

[0099] When the Weight ratio of the MgO—MgAl2O4 
ceramic to the borosilicate glass is in a range from about 
20:80 to 80:20, the resulting insulating ceramic can have a 
high Q-value and can become suf?ciently dense by ?ring at 
loW temperatures of 1000° C. or less. 

[0100] The insulating ceramic can become suf?ciently 
dense by ?ring at loW temperatures of 1000° C. or less When 
the MgO—MgAl2O4 ceramic is represented by xMgO— 
yMgAl2O4 Wherein x is about 10 to 90 and y is about 10 to 
90. Thus, the insulating ceramic can be obtained by ?ring 
Without requiring excess amounts of the glass and can surely 
exhibit a high Q-value. 

[0101] The insulating ceramic has a satisfactory sinter 
ability and a high reliability When about 5 to 80% by Weight 
of MgAl2O4 crystal phase, and about 5 to 70% by Weight of 
Mg3B2O6 crystal phase and/or Mg2B2O5 crystal phase are 
deposited in the invented insulating ceramic. 

[0102] The invented multilayer ceramic substrate includes 
a ceramic plate containing an insulating ceramic layer 
composed of the invented insulating ceramic and can be 
obtained by ?ring at loW temperatures and can employ Ag, 
Cu and other loW-resistance loW-cost metals as materials for 
inner electrodes. In addition, the insulating ceramic layer is 
high in mechanical strength and has a high Q-value and can 
yield a multilayer ceramic substrate suitable for use at high 
frequencies. 



US 2001/0026864 A1 

[0103] The present invention is illustrated With reference 
to the ?rst and second con?gurational embodiments by 
taking multilayer ceramic module 1 and laminated ceramic 
electronic part 20 constituting an LC ?lter as example. 
HoWever, the invented ceramic electronic part and laminated 
ceramic electronic part should not be limited to these 
con?gurations. Speci?cally, the invention can be applied to 
multilayer ceramic substrates for multi-chip modules, mul 
tilayer ceramic substrates for hybrid integrated circuits 
(hybrid ICs), and other various multilayer ceramic sub 
strates, and to various ceramic electronic parts including 
electronic part devices mounted on these multilayer ceramic 
substrates, as Well as to chip-type laminated capacitors, 
chip-type laminated dielectric antennas, and other various 
chip-type laminated electronic parts. 

[0104] When the multilayer ceramic substrate further 
comprises a second ceramic layer laminated to at least one 
side of the insulating ceramic layer and the second ceramic 
layer has a higher dielectric constant than the insulating 
ceramic layer, the strength and resistance to environmental 
conditions can be appropriately controlled according to 
necessity by modifying the composition and the form of 
lamination of the second ceramic layer. 

[0105] The invented insulating ceramic has a loWer dielec 
tric constant and a higher Q-value and is suitable for use at 
high frequencies When a plurality of inner electrodes are 
laminated via at least part of the insulating ceramic layer to 
thereby constitute a laminated capacitor. 

[0106] In addition, the invented insulating ceramic is high 
in mechanical strength and can yield a laminated capacitor 
having satisfactory mechanical strengths. 

[0107] When the plurality of inner electrodes include a 
plurality of inner electrodes constituting a laminated capaci 
tor, and a plurality of coil conductors connected to each 
other to thereby constitute a laminated inductor, a miniatur 
iZed LC resonant circuit suitable for use at high frequencies 
can be easily obtained, as the invented insulating ceramic 
has a loW dielectric constant and exhibits a high Q-value at 
high frequencies and is high in mechanical strength. 

[0108] The invented ceramic electronic part including at 
least one electronic part device laminated on the invented 
multilayer ceramic substrate can yield various miniaturiZed 
ceramic electronic parts suitable for use at high frequencies, 
by using the electronic part device and a circuitry in the 
multilayer ceramic substrate. 

[0109] When a cap is ?xed on the multilayer ceramic 
substrate so as to surround the electronic part device, the cap 
can protect the electronic part device and the resulting 
ceramic electronic part is satisfactory in moisture resistance 
and other properties. 

[0110] The use of a conductive cap as the cap can elec 
tromagnetically shield the surrounded electronic part device. 

[0111] The multilayer ceramic substrate can be easily 
mounted on the surface of a printed circuit board from the 
underside of the multilayer ceramic substrate When outer 
electrodes are only formed on the underside of the multi 
layer ceramic substrate. 

[0112] The invented laminated ceramic electronic part 
includes a plurality of inner electrodes formed inside the 
invented insulating ceramic and can be obtained by ?ring at 
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loW temperatures and can employ Ag, Cu and other loW 
resistance loW-cost metals as materials for inner electrodes. 
In addition, the insulating ceramic has a loW dielectric 
constant and a high Q-value to thereby yield a laminated 
capacitor suitable for use at high frequencies. The insulating 
ceramic is high in mechanical strength and can constitute a 
laminated capacitor having satisfactory mechanical 
strengths. 
[0113] The invented laminated ceramic electronic part is 
suitable for use at high frequencies When the plurality of 
inner electrodes constitute a laminate capacitor, as the 
invented insulating ceramic has a loW dielectric constant and 
a high Q-value. 

[0114] The invented laminated ceramic electronic part can 
easily constitute a miniaturiZed LC resonant circuit Which 
has a high mechanical strength and is suitable for use at high 
frequencies When the plurality of inner electrodes include 
inner electrodes constituting a laminated capacitor, and coil 
conductors constituting a laminated inductor. This is 
because the invented insulating ceramic is high in mechani 
cal strength and has a loW dielectric constant and a high 
Q-value at high frequencies as described above. 

[0115] Other embodiments and variations Will be obvious 
to those skilled in the art, and this invention is not to be 
limited to the speci?c matters stated above. 

What is claimed is: 
1. An insulating ceramic comprising a ?red mixture of a 

MgO—MgAl2O4 ceramic and a borosilicate glass, in Which 
?red mixture a MgAl2O4 crystal phase and at least one of a 
Mg3B2O6 crystal phase and a Mg2B2O5 crystal phase are the 
major crystal phases. 

2. An insulating ceramic according to claim 1, Wherein 
said borosilicate glass comprises boron oxide, silicon oxide, 
magnesium oxide and an alkali metal oxide. 

3. An insulating ceramic according to claim 2, Wherein 
said borosilicate glass comprises about 15 to 65% by Weight 
of boron oxide in terms of B203, about 8 to 50% by Weight 
of silicon oxide in terms of SiO2, about 10 to 45% by Weight 
of magnesium oxide in terms of MgO, and 0 to about 20% 
by Weight of an alkali metal oxide in terms of an oxide. 

4. An insulating ceramic according to claim 3, Wherein 
said borosilicate glass further comprises about 20% by 
Weight or less of aluminium oxide. 

5. An insulating ceramic according to claim 3, Wherein 
said borosilicate glass further comprises about 30% by 
Weight or less of Zinc oxide. 

6. An insulating ceramic according to claim 3, Wherein 
said borosilicate glass further comprises about 10% by 
Weight or less of copper oxide. 

7. An insulating ceramic according to claim 1, comprising 
said MgO—MgAl2O4 ceramic and said borosilicate glass 
are in Weight ratio from about 20:80 to 80:20. 

8. An insulating ceramic according to claim 1, Wherein 
said MgO—MgAl2O4 ceramic is represented by xMgO— 
yMgAlZO4 Where x and y are Weight and respectively satisfy 
102x290; 10§y§90; and x+y=100. 

9. An insulating ceramic according to claim 1, Wherein 
about 5 to 80% by Weight of MgAl2O4 crystal phase, and 
about 5 to 70% by Weight of at least one of Mg3B2O6 and 
Mg2B2O5 crystal phases are present. 

10. An insulating ceramic according to claim 9, Wherein 
said MgO—MgAl2O4 ceramic is about 20-80 Weight per 
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cent of the ?red mixture and is represented by xMgO— 
yMgAlZO4 in Which X and y are Weight and 10; X2 90, 
10§y§ 90 and x+y=100; and Wherein said borosilicate glass 
comprises about 15 to 65% by Weight of boron oxide in 
terms of B203, about 8 to 50% by Weight of silicon oxide in 
terms of SiO2, about 10 to 45% by Weight of magnesium 
oxide in terms of MgO, 0 to about 20% by Weight of an 
alkali metal oxide in terms of an oxide, about 20% by Weight 
or less of aluminium oxide, about 30% by Weight or less of 
Zinc oxide and about 10% by Weight or less of copper oxide. 

11. A multilayer ceramic substrate comprising: 

a ceramic plate comprising an insulating ceramic layer of 
the insulating ceramic according to claim 1; and 

a plurality of inner electrodes in the insulating ceramic 
layer of said ceramic plate. 

12. A multilayer ceramic substrate according to claim 11, 
having a second ceramic layer of a higher dielectric constant 
than said insulating ceramic layer laminated on at least one 
side of said insulating ceramic layer. 

13. A multilayer ceramic substrate according to claim 12, 
Wherein said plurality of inner electrodes are laminated With 
each other such that at least part of said insulating ceramic 
layer is disposed betWeen a pair of said inner electrodes to 
thereby form a laminated capacitor. 

14. A multilayer ceramic substrate according to claim 13, 
Wherein said plurality of inner electrodes additionally com 
prise coil conductors, and said coil conductors are connected 
to each other to thereby constitute a laminated inductor. 

15. A ceramic electronic part comprising: 

the multilayer ceramic substrate according to claim 12; 
and 

at least one electronic device on said multilayer ceramic 
substrate and forming a circuit With said plurality of 
inner electrodes. 
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16. Aceramic electronic part according to claim 15 further 
comprising a cap ?xed on said multilayer ceramic substrate 
so as to surround said electronic part device. 

17. A ceramic electronic part according to claim 16, 
Wherein said cap is a conductive cap. 

18. A ceramic electronic part according to claim 15, 
further comprising: 

a plurality of outer electrodes disposed on only one side 
of said multilayer ceramic substrate; and 

m plurality of through-hole conductors in said substrate 
electrically connected to said outer electrodes and 
electrically connected to said inner electrode or said 
electronic device. 

19. A laminated ceramic electronic part comprising: 

a sintered ceramic comprising the insulating ceramic 
according to claim 1; 

a plurality of inner electrodes arrayed inside said sintered 
ceramic; and 

a plurality of outer electrodes on an outer surface of said 
sintered ceramic and being electrically connected to at 
least one of said inner electrodes. 

20. A laminated ceramic electronic part according to 
claim 19 Wherein said plurality of inner electrodes are 
arrayed to overlap each other With at least a part of a ceramic 
layer therebetWeen, to thereby constitute a capacitor unit. 

21. A laminated ceramic electronic part according to 
claim 20, Wherein said plurality of inner electrodes further 
comprises a plurality of coil conductors connected to each 
other to thereby constitute a laminated inductor unit. 


