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[57) ABSTRACT

A ceramic multilayer circuit board comprising ceramic
layers and wiring conductor layers laminated alter-
nately, in which the ceramic layer has a thermal expan-
sion coetficient lower than that of the wiring conductor
and not lower than one half of that of the conductor
layer and is formed from a glass which softens at a
temperature not higher than the melting point of the
wiring conductor layer; a semiconductor module hav-
ing a lmgh reliability in its solder joint part comprising
said ceramic multilayer circuit board mounted with a
ceramic carrier substrate being mounted with a semi-
conductor device, said board being able to use a silver
or copper conductor having a good electro-conduc-
tivity; and an amorphous glass powder for said ceramic
multilayer circuit board.

14 Claims, 2 Drawing Sheets
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1

CERAMIC MULTILAYER CIRCUIT BOARD AND
SEMICONDUCTOR MODULE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

TECHNICAL FIELD

This invention relates to a novel ceramic multilayer
circuit substrate, and particularly to a semiconductor
module comprising a ceramic multilayer circuit board
mounted with a carrier substrate, said substrate being
mounted with a semiconductor device. Particularly, it
relates to a semiconductor module structure in which a
silver or copper conductor having a good electrocon-
ductivity can be used in the multilayer circuit board,
and further the solder joint part of the semiconductor
device has a good reliability.

BACKGROUND ART

To attain a higher operation speed in a large elec-
tronic computer, it is necessary to attain a higher signal
propagation speed in a semiconductor device itself and
1in a system in which the device is packaged. In recent
years, for semiconductor devices, the development of
high-integration technology has resulted in markedly
higher speed and higher integration, and the packaging
technology has come to affect greatly on increasing the
operation speed. As to the packaging technology, ce-
ramic multilayer circuit substrates have come to be used
in order to enable a high density packaging of semicon-
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ductor devices and to reduce the delay of electric sig- -

nals. Previously, alumina has been generally used as the
insulating material for ceramic multilayer circuit sub-
strates. In recent years, however, to enhance the prop-
erties of the substrate further, there have been studied
and developed low-temperature sintered substrate ma-
terials, such as those described in “multilayer ceramic
substrate [[](Japanese Patent Application Kokoku

(Post-Exam. Publin.) No. 22,399/84[]]), and low-tem-
perature sintered material of low dielectric constant
formed by bonding silica with glass, such as those de-
scribed in “ceramic multilayer wiring circuit board”
[[J(Japanese Patent Application Kokai (Laid-open)
No. 11,700/84[]]). In these circuit board materials,
which are obtained by sintering the original material
densely so as to contain as few pores as possible therein,
the specific dielectric constant, which affects greatly on
attaining a higher operation speed, is about 4 to 5 at the
lowest.

Further, there have been already obtained, for the
purpose of heat insulation, weight reduction, or sound
insulation, substrates which contain pores within the
ceramics, such as those described in “composite ce-
ramic electronic material” [[J(Japanese Patent Appli-
cation Kokai (Laid-open) No. 89,212/82[]]) and “pro-
cess for producing foamed ceramic board” [[}J(Japa-
nese Patent Application Kokai (Laid-open) No.
83,985/84[1]1). However, no consideration has been
given to these substrates for using them as the substrate
material for large electronic computers in which a
higher signal propagation speed is required.

On the other hand, with the advent of semiconduc-
tors of higher speed and higher density, methods have
come to be used mn which semiconductor devices are
directly packaged on a ceramic multilayer circuit sub-
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strate 1n order to facilitate heat radiation and to increase
the speed of the device. However, this packaging
method has a problem in that as the size of the semicon-
ductor device increases, the stress which develops be-
tween the semiconductor device material and the ce-
ramic multilayer wiring circuit substrate material owing
to the temperature change during packaging increases.
Accordingly, attempts have been made to bring the
thermal expansion coefficient of the ceramic multilayer
wiring circuit substrate close to that of the semiconduc-
tor device. However, to obtain a high density wiring by
using gold, copper, silver etc., which have a low elec-
tric resistance, as the wiring conductor material, the
thermal expansion coefficient of the ceramic insulating
material shouid be brought close to that of these con-
ductor materials. Thus, the thermal expansion coeffici-
ent of the ceramic insulating material is required to be
close to that of the semiconductor device material and
that of the conductor material. However, no due con-
sideration has been given to a packaging technology
suitable under these mutually contradictory conditions.

In a ceramic multilayer circuit substrate, the insulat-
ing material is required to have as low a dielectric con-
stant as possible to attain a higher signal propagation
speed. Further, the conductor material used is required
to have a low electric resistance. As described, for ex-
ample, in “ceramic multilayer wiring circuit board”
[[d(Japanese Patent Application Kokai (Laid-open)
No. 11,700/84[1]1), a substrate material having a spe-
cific dielectric constant of 4 to 5 has been obtained
which comprises silica, which has low dielectric con-
stant, bonded with glass. Further, since the material can
be fired at a temperature not higher than 1,000° C.,
conductor materials of low electric resistance, namely
gold, copper, silver etc., can be used in combination
therewith. Further, the thermal expansion coefficient of
the ceramic multilayer circuit board material has been
brought as close to that of the semiconductor device as

possible, and is much different from that of the conduc-
tor material. 'Thus, no due attention has been paid to

attaining a high density wiring of the internal circuit
and yet mounting the semiconductor devices in a high
density and with good rehability.

The object of this invention is to provide a packaging
technology which gives a ceramic multilayer circuit
substrate comprising a ceramic insulating material of
lower specific dielectric constant and such conductor
material of low resistance as gold, copper, or silver
wired in a high density thereon and which makes it
possible to mount the semiconductor devices in a high
density and with good reliability.

DISCLOSURE OF INVENTION

According to this invention, there is provided a ce-
ramic multilayer circuit board comprising ceramic lay-
ers and wiring conductor layers laminated alternately,
in which the ceramic layer has a thermal expansion
coefficient lower than that of the wiring conductor and
not lower than one half of that of the conductor layer
and is formed from a glass which softens at a tempera-
ture not higher than the melting point of the wiring
conductor layer.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1 and 2 are each a longitudinal sectional view
of a semiconductor module showing an embodiment of
this invention.
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BEST MODE FOR CARRYING OUT THE
INVENTION

In FIGS. 1 and 2, reference numbers 1 and 10 denote
a semiconductor device, reference number 2 and 11
denote a material comprising, as the main component,
an organic material, reference numbers 3 and 12 denote
a carrier substrate, reference numbers 4 and 13 denote a

solder, reference numbers 5 and 16 denote a via-hole

conductor material, reference numbers 6 and 17 denote
a wiring conductor material, reference numbers 7 and
18 denote a ceramic insulating material, reference num-
bers 8 and 19 denote a gold-germanium solder, refer-
ence numbers 9 and 20 denote a kovar pin, reference
number 14 denotes a polyamide resin and reference
number 15 denotes a copper conductor wiring material.

‘The ceramic layer has a thermal expansion coefficient
of not lower than 7.2X10—¢/°C. and a specific dielec-
tric constant at 1 MHz of not higher than 4.5. The wir-
ing conductor layer is formed from either gold, or sil-
Ver, Or Copper.

The ceramic multilayer circuit board according to
this invention can have a still lower dielectric constant
when it comprises hollow silica having a particle diame-
ter of 100 pm or less dispersed in a ceramic layer. The
content of hollow silica is preferably 35 to 60% by
volume relative to the ceramic layer.

For the purpose of lowering the specific dielectric
constant of the ceramic insulating material, which is one
of the. objects mentioned above, those materials are
conceivable which comprise a filler of a low dielectric
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constant bonded with glass. As to fillers of a low dielec-

tric constant, silica has the lowest dielectric constant
among inorganic materials. However, since the specific
dielectric constant of silica is about 4, a ceramic insulat-
1ng material with a specific dielectric constant of less
than 4 can be obtained only with difficulty by the prior
method of sintering the ceramic densely. The present
inventors have then hit upon the idea that the specific
dielectric constant of the ceramic insulating material
could be lowered to less than 4 by incorporating pores
thereto since the specific dielectric constant of air is
about 1. Although there have already been known
structural materials which contain a number of pores
for the purpose of heat insulation and sound insulation,
the pores contained in such materials have generally a
large diameter of several millimeters and hence the
materials cannot be used for a multilayer circuit board.
Accordingly, 1n order that such materials can be used
for a multilayer circuit board, since the internal wiring
1s highly integrated and susceptible to short circuit and
breaking of wire, the pores contained therein should
have a minute diameter of not more than 100 um.

To prepare an insulating material comprising ceram-
ics containing pores therein, there can be conceived, for
example, a method which comprises mixing ceramic
powders with a blowing agent and firing the mixture
with simultaneous foaming to obtain a ceramic contain-
ing pores therein, or a method which comprises mixing
hollow microspheres with ceramic powders and sinter-
ing the mixture. However, since the method of using a
blowing agent can only with difficulty give a large
number of uniform and minute pores dispersed in ce-
ramics, the method of combining hollow microspheres
with ceramics has been adopted. Referring to the hol-
low microspheres, to obtain as low a specific inductive
capacity as possible, hollow silica microspheres com-
prising, as the principal component, silica, which have

35

45

50

33

65

4

the lowest dielectric constant among inorganic materi-
als, have been adopted, those having a particle diameter
of not more than 100 uwm being selected. The ceramics
used for bonding hollow silica microspheres have been
selected, since the mixture must be sintered at a temper-
ature not higher than the melting point of such wiring
conductor materials as gold, cooper, or silver, from
glass and crystallized glass which soften at a tempera-
ture not higher than the said melting point. The “crys-
tallized glass” is a giass in which a crystalline phase
separates out from an amorphous state on heating, and
has both of low-temperature sinterability and strength.

The hollow silica microspheres used in this invention,
which need to have a minute diameter of not more than
about 100 pm, were prepared in the following manner.
Thus, Na-containing silica was formed into hollow
particles by means of spray dyring, which were then
rapidly heated to give hollow microspheres. The micro-
spheres were then cooled and subjected to acid treat-
ment, water washing etc. to reduce their Na content to
not more than 2% by weight. When the Na content is
not more than 2% by weight, the microspheres show no
softening at a temperature not higher than 1000° C. and
have thus a sufficiently high heat-resistant temperature.

For the purpose of attaining a high-density wiring of
a low resistance conductor material, which is the other
object mentioned above, the difference in the thermal
expansion coefficient between the ceramic insulating
material and the conductor material should be made
small. Further, the conductor material is preferably as
close to pure metal as possible in order to give as low an
electric resistance as possible. Since the thermal expan-
sion coefficient of gold, copper or silver is high, namely
1.44X10—°/°C., 1.68X10-5/°C. or 1.93Xx10-5/°C.
respectively, the result of stress analysis shows that the
ceramic insulating material should also have a thermal
expansion coefficient of at least half of the above-men-
tioned coefficients. Resultantly, when gold is used as
the conductor material the ceramic insulating material
should have a thermal expansion coefficient of not less
than 7.2 X10—6/°C. Similarly, when copper is used as
the conductor material, the ceramic insulating material
should have a thermal expansion coefficient of not less
than 8.4 10—9%/°C. Thus, although the previous ten-
dency has been toward bringing the thermal expansion
coefficient of the ceramic insulating material close to
that of silicon of the semiconductor device, to attain a
high-density wiring the thermal expansion coefficient of
the ceramics insulating material should be increased on
the contrary, so as to become close to that of the con-
ductor material. Accordingly. The resulting multilayer
circuit board has a relatively large thermal expansion
coefficient and hence is difficult to be directly mounted
with silicon, a semiconductor device. Therefore, some
new method should be devised to package silicon, a
semiconductor device, in a high density. Thus, it has
been devised to relax the difference in thermal expan-
sion coefficient between the ceramic multilayer circuit
board and the semiconductor device by providing a
carrier substrate between the ceramic multilayer circuit
substrate and the semiconductor device. First, a semi-
conductor device is directly mounted on a carrier sub-
strate by means of solder bump. Then, a material com-
prising as the main component an organic material hav-
ing substantially the same thermal expansion coefficient
as that of the solder is inserted between the semiconduc-
tor device and the carrier substrate. Thereafter, the
resulting system 1s joined onto a ceramic multilayer
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circuit substrate by means of solder bump to obtain a
module. In this case, since the carrier substrate and the
ceramic multilayer circuit substrate are jointed with
solder alone, the thermal expansion coefficient of the
carrier substrate and that of the ceramic multilayer
circuit substrate should be approximately the same in
view of the reliability of the joint part. From the results
of heat cycle test and stress analysis, the difference
between the thermal expansion coefficient of the carrier
substrate and that of the ceramic multilayer circuit sub-
strate must be not higher than 1X10—6/°C. On the
other hand, it has been confirmed from the heat cycle
test and stress analysis that the thermal stress which
results from the difference between the thermal expan-

10

sion coefficient of the semiconductor device and that of 15

the carrier substrate can be relaxed with the material
comprising an organic material as the main component
inserted therebetween and the reliability of the joint
part can be maintained until the thermal expansion coef-
ficient difference reaches 1x10->/°C. As a result, a
packaging method has been materialized in which a
ceramic multilayer circuit substrate having a thermal
expansion coefficient higher than that of the semicon-
ductor device can be used. Further, the solder materials
used in these joints should have melting points different
from each other from the process requirement. Thus,
the solder material used for joining the semiconductor
device and the carrier substrate must have a higher
melting point than that of the material used for joining
the carrier substrate and the ceramic multilayer circuit
board.

The organic resin is preferably incorporated with
rubber particles and ceramic powders. The amount of
the former is preferably 5 to 10 parts by weight relative
to 100 parts by weight of the resin, and the amount of
the latter is preferably 35 to 60% by volume relative to
the whole.

‘The above-mentioned rubber particles preferably
comprise at least one member selected from polybutadi-
ene and silicone rubber. The above-mentioned ceramic
powders preferably comprise at least one member se-
lected from quartz, silicon carbide, silicon nitride, cal-
ctum carbonate, and silicon carbide containing beryl-
lium.

The ceramic layer for the carrier substrate and for the
multilayer circuit board preferably comprise a glass
having the following composition (% being by weight):

20 to 95% of S10; and at least one member selected
from 25% or less of Al,03, 15 to 25% of MgO, 50% or
less of B2O3, 15 to 25% of ZnO, 10 to 25% of CaQ, and
4 to 20% of L120. More specifically, the following
compositions are preferred.

(1) 50 to 70% of Si0,, 15 to 25% of AlLOj3, and 15 to
259% of MgO.

The composition may further contain 5% or less of at
least one member selected from B;0;, KO, P;0s,
2109, Cal,, AIN, Cs20, and V»0s.

(2) 70 to 95% of SiO, 4 to 15% Liz0, 1 to 10% of
AlxO3, and 5% or less of at least one member selected
from K->0O, MgO, and B>0Os.

The composition may further contain 5% or less of at
least one member selected from P>Qs, Zr(Q,, CaPFs,
AIN, Cs»0, and V-0s.

(3) 30 to 50% of Si04, 30 to 50% of B20O3, 10 to 25%
of Ca0, and 10 to 20% of LixO.

The composition may further contain 5% or less of at
least one member selected from KO, MgO, CaFs,
P20s, ZrO;, AIN, Csy0 and V70s.
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(4) 55 to 82% of SiO,, 15 to 25% of B70s3, 2 to 15%
of L1720, and 1 to 10% of Al,Os.

The composition may further contain 5% or less of at
least one member selected from CaF,;, P>Qs, ZrO,,
AIN, Cs30, V205, Mg0O, and K->O.

(5) 55 to 65% of Si03, 15 to 25% of ZnO, and 10% or
less of at least two members selected from ADQO3, LiO,
and K-O.

The composition may further contain 5% or less of at
least one member selected from B;0s;, CaF,;, MgO,
K>0O, P20s, ZrQ;, AIN, Cs20, and V70s.

(6) 20 to 30% of SiOy, 10 to 15% of Li;0, 40 to 50%
of B203, and 15 to 25% of CaO. ,

The composition may further contain 5% or less of at
least one member selected from CaF;, Al,O3 K-,O,
P20s, ZrOs, AIN, Cs0, and V120s.

Further this invention provides an amorphous glass
powder for a ceramic multilayer circuit board which
has a composition comprising 20 to 95% of SiO; and at
least one member selected from 25% or less of AlHQOs,
15 to 25% of MgQO, 50% or less of B2O3, 15 to 25% of
Zn0O, 10 to 25% of Ca0, and 4 to 20% of Li;0, each by
weight. The glass powder is preferably obtained by
fusing the above-mentioned composition followed by
quenching and pulverizing the resulting amorphous
glass to give a particle diameter of 5 um or less.

A ceramic multilayer circuit substrate comprising a
ceramic insulating material having a specific dielectric
constant of 3.0 to 4.5 and a wiring conductor material
consisting mainly of gold, copper or silver, which has a
low electric resistance, wired in a high density thereon
has a thermal expansion coefficient considerably higher
than that of a semiconductor device. Accordingly, a
carrier substrate which has substantially the same ther-
mal expansion coefficient as that of the ceramic multi-
layer circuit substrate is provided between the semicon-
ductor device and the ceramic multilayer circuit sub-
strate and i1s jomed by means of solder, and a material
comprising as the main component an organic material
having substantially the same thermal expansion coeffi-
cient as that of the solder is inserted between the semi-
conductor device and the carrier substrate, whereby the
reliability of the solder joint part is improved. Thus,
even for a ceramic multilayer circuit substrate having a
relatively high thermal expansion coefficient, a packag-
ing method has been obtained by which semiconductor
devides can be packed in a high density and yet a high
reliability of the joint part can be obtained. Moreover,
detachment is possible at the solder part joining the
carrier substrate mounted with the semiconductor de-
vice and the ceramic multilayer circuit substrate,
whereby the surface of the semiconductor device can
be protected.

EXAMPLE

This invention will be described below with refer-
ence to Examples. In the following description, “part™
means part by weight and “%” means % by weight,
unless spectfied otherwise.

EXAMPLE 1

Glass powders were prepared by fusing the composi-
tions shown in Table 1 followed by quenching, and then
pulverizing the resulting amorphous glass to a particle
diameter of 5 um or less.

To a mixture of 40 parts of hollow silica microspheres
having an average diameter of 28 um and 60 parts of
glass powders (average particle diameter: 1 um) having
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the composition shown in Table 1, were added 12.5
parts of polyvinyl butyral resin having an average de-
gree of polymerization of 1,000 as a binder, 4.0 parts of
butylphthalyl butylglycolate as a plasticizer, and 62.0
parts of trichloroethylene, 16.0 parts of tetrachloroeth-
ylene, and 22.0 parts of n-butyl alcohol respectivley as a
solvent. The whole was mixed in a wet ball mill to
obtain a slurry. The slurry was then freed from air bub-
bles entrained therein during the ball milling by means
of an agitated vacuum deaerator and adjusted to a de-
sired viscosity. It was then coated in 0.2-mm thickness
on a stlicone-treated polyester film support by use of the
doctor blade method and then stripped of the solvent in
a drying oven to obtain a green sheet.

S
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solder. Then, between the carrier substrate and the
semiconductor device, was inserted a material having
substantially the same thermal expansion coefficient as
that of the soldering material which comprises an or-
ganic mixture consisting of 100 parts of an epoxy resin
(EP-828, a trade name) and 5 to 10 parts of a polybutadi-
ene (CTBN 1300X9, trade name) and 35 to 60% by
volume of quartz powder having an average particle
diameter of 1 um incorporated thereinto. Then,
9X9=81 pieces of the carrier substrates (to which the
semiconductor had been joined and the material mainly
comprising the organic material had been inserted)
were jommed onto the ceramic multilayer circuit sub-
strate (to which a kovar pin had been jointed with a

TABLE 1
No. Si10;2 ALO3 LipO KO MgO B;03 Ca0 Others
1 50-60 18-25 15-25  0-2 AlPOs  50-60
2 75-85 2-6  10-15 2-3 P>20s  1-3
3 75-85 2-6  10-15 2-3 ZrO, 1-3
4 75-85 2-6  10-15 2-3 CaF, 1-3
5 85-95  1-3 48  1-2 P>Os 0-2
6 85-95  1-3 48  1-2 Zr0, 0-2
7 75-85 2-6 10-15 2-3 24 ZrO> 1-3
8§ 75-85 2-6 10-15 2-3  1-3 CaF, 1-3
9 75-85 2-6  10~15 1-9
10 3545 4-6 30-40 10-15 CaF 1-3
11 55-65 7-13 7-13 Y;03  25-35
12 65-75  1-3 2-5 0-1 3-5  15-25 CaF; 0-2
13 60-70 2-5 7-11 01  1-3 1522 CaF 1-3
14  20-30 10-15 40-50  15-25
15 55-65 2-6 59  5-9 15-25 CaF, 1-3
16 55-65  3-7 4-8  2-6 1-5 CaF, 1-3, ZnO 15-25
17 70-80 48  10-15 1-3  1-3 1-5 CaF, 1-3
18 70-85  3-7 6-12 24 CaF 1-3, AIN 4-6
19  75-85  3-7  10-15 Cs70 2-4, V505 1-3

The green sheet was cut into 210 mm squares and
pressed at a pressure of 5 kgf/cm?at 100° C. to level the
surface. Then, by use of a punching machine, the sheet
was cut to 200 mm square and a guide hole was pro-
vided thereto. Then the green sheet was fixed by utiliz-
ing the guide hole, and a via-hole 0.1 mm in diameter

40

was bored therethrough at a predetermined position by 45

electron beam machining. A conductor paste compris-
ing gold powder, nitrocellulose, ethylcellulose, polyvi-
nyl butyral and trichloroethylene in a ratio of
100:3:1:2:23 (by weight) was filled into a via-hole bored
in the green sheet. Then, the conductor paste was
printed according to a predetermined circuit pattern by
means of screen printing. Fifty green sheets thus ob-
tained were piled up in alignment at the guide hole
position and laminated at 120° C. at a pressure of 25
kgf/cm?. Then, it was subjected to blanking to obtain a
150 mm square green sheet laminate. The laminate was
placed in an oven in air atmosphere and maintained at a
maximum temperature of 850° C. to 960° C. for 1 hour
to effect firing. Thus, a ceramic multilayer circuit sub-
strate 120 mm square and 7 mm thick was prepared.

A carrier substrate was prepared in the same manner
as that for the ceramic multilayer circuit substrate ex-
cept that the via-hole position and the wiring pattern
were changed, the number of sheets laminated was 7,
and the dimension of the carrier substrate after firing
was 11 mm square and 1 mm thick. |

A 10 mm square semiconductor device (silicon) was
joined to the carrier substrate with a 95% lead-5% tin
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gold-germanium solder) with a 60% lead-40 % tin sol-
der to prepare a semiconducior module.

'The characteristic properties of the ceramic multi-
layer circuit substrate, thus prepared and the reliability
of the solder joint part in the module substrate are
shown in Table 2, The ceramic insulating material used
in the ceramic multilayer circuit substrate showed a
specific dielectric constant (at 1 MHz) of 3.0 to 4.5 and
a delay time of electric signal of 5.7 to 7.0 ns. Thus a
speed-up of 31 to 449% has been attained as compared
with a ceramic multilayer circuit substrate comprising
alumina as the main component, which showed a high
specific dielectric constant of 9.5 and a delay time of
electric signal of 10.2 ns. Since the ceramic multilayer
circuit substrate No. 20 had a thermal expansion coeffi-
cient of 7.0 to 9.0 X 10—6/°C., some of the material sys-
tems developed cracks inside owing to the difference in
thermal expansion coefficient between gold, the internal
wiring conductor material, and the ceramic insulating
material. However, since the ceramic multilayer circuit
substrates Nos. 21 to 38 has a thermal expansion coeffi-
cient of 8.0 to 13.0X 10—¢6/°C., they matched well with
gold, the internal wiring conductor material, and
caused no crack within the substrate. In the semicon-
ductor module, on the other hand, no breaking of wire
occurred at all at the solder joint part even after repeti-
tion of 3000 heat cycles of —55° C. to 150° C. This is
fully satisfactory for the life required for a large elec-
tronic computer.
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Properties of ceramic multilayer circuit substrate

Glass  Specific dielectric  Signal delay Thermal expansion Crack in  Reliability of solder
No. No. constant (1 MHz) time (ns) coefficient (10—6/°C.) substrate joint (°: good)
20 1 3.8-4.5 6.4-7.0 7.0-9.0 Slightly 0
present
21 2 3.2-4.0 5.9-6.6 7.0-11.0 None .
22 3 3.3-4.0 6.0-6.6 10.0-12.0 ' o
23 4 3.2-4.0 5.9-6.6 9.5-11.5 o o
24 5 3.0-3.7 5.7-6.4 10.0-12.0 o o
25 6 3.0-3.7 5.7-6.4 10.5-13.0 o o
26 7 3.44.2 6.1-5.8 9.5-11.5 & 0
27 8 3.34.1 6.0-6.7 0.5-11.5 ” o
28 9 3.2-4.0 5.9-6.6 9.0-11.0 o 0
25 10 3.8-4.5 6.4-7.0 8.0-10.0 ’ 6
30 11 3.84.4 6.4-6.9 10.5-13.0 o o
31 12 3.64.3 6.3-6.9 10.0-12.0 o o
32 13 3.7-4.3 6.4-6.9 9.5-11.5 i o
33 14 3.74.3 6.4-6.9 10.0-13.0 " .
34 15 3.6-4.3 6.3-6.9 9.0-11.0 o o
35 16 3.6-44 6.3-6.9 8.0-10.0 o o
36 17 3.6-4.4 6.3-6.9 7.5-9.5 't o
37 18 3.54.2 6.2-6.8 8.5~10.5 o c
38 19 3.54.3 6.2-6.9 8.5-10.5 o o
EXAMPLE 2 dielectric constant at 1 MHz of 3.0 to 4.5 and showed an

Semiconductor devices were prepared in the same 5

manner as in Example 1 described above except for the
following modification: |

Polymethacrylate resin was used in place of the poly-
vinyl butyral resin of an average degree of polymeriza-
tion of 1,000.

Diethyl phthalate was used in place of butylphthalyl
butylglycoliate.

Copper powder was used in place of gold powder.

30

electric signal delay time of 5.7 to 7.0 ns. Thus a
speedup of 31 to 44% has been attained as compared
with an alumina-type ceramic multilayer circuit sub-
strate. In the ceramic multilayer circuit substrate Nos.
39, 48, 54 and 55, some of the material systems has a
thermal expansion coefficient of less than one half of
that of copper used as the internal wiring conductor
material, and resultantly the ceramic insulating materi-
als did not match well with copper, leading to develop-
ment of cracks.

TABLE 3

Properites of ceramic multilayer circuit substrate

Glass Specific dielectric  Signal delay Thermal expansion Crack in  Relability of
No. No. constant (1 MHz) time (ns) coefficient (10—6/°C.) substrate solver joint*!
39 | 3445 6.4-7.0 7.1-9.2 Slightly o
present
40 2 3.2-4.0 5.9-6.6 9.2~11.2 None o
41 3 3.3-4.0 6.0-6.6 10.2-12.2 o o
42 4 3.2-4.0 5.9-6.6 9.7-11.7 " o
43 5 3.0-3.7 5.7-6.4 10.2-12.2 " o
44 6 3.0-3.7 5.7-6.4 10.7-13.2 " A
45 7 3442 6.1-6.8 9.7-11.7 & o
46 8 3.3-4.1 6.0-6.7 9.7-11.7 " o
47 9 3.2-4.0 5.9-6.6 9.2-11.2 | a c
48 10 3.8-4.5 6.4-7.0 8.1-10.2 Slightly o
present
49 11 3.8—4.4 6.4-6.9 10.7-13.2 None A
50 12 3.64.3 6.3-6.9 10.2-12.2 None ©
51 13 3.74.3 6.4-6.9 9.7-11.7 " o
52 14 3.7-4.3 6.4-6.9 10.2-13.2 o A
53 15 3.6-4.3 6.3-6.9 9.2-11.2 " o
54 16 3.6-4.4 6.3-6.9 8.1-10.2 Slightly o
present
55 17 3.6-4.4 6.3-6.9 7.6-9.7 Slightly o
present
56 18 3.5-4.2 6.2-6.8 8.6-10.7 None e
57 19 3.5-4.3 6.2-6.9 8.6-10.7 ' o
Note
*lo: Good.
A: Fairly good

Polymethacrylate was used in place of polyvinyl
butyral.

A nitrogen atmosphere oven was used in place of an
air atmosphere oven.

‘The characteristic properties of the ceramic multi-
layer circuit substrate thus prepared and the reliability
of the solder joint part in the module substrate are
shown in Table 3. The ceramic insulating material used
in the ceramic multilayer circuit substrate had a specific

60
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In other ceramic multilayer circuit substrate than those
mentioned above, however no development of cracks
was observed and the ceramic insulating materials
matched well with copper. On the other hand, in the
heat cycle test of —355° to 150° C. repeated 3000 times
for the semiconductor modules, some cracks developed
in the solder joint parts of modules Nos. 44, 49 and 52,
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showing the possibility of breaking of wire occurring on
repetition of the heat cycle. Other modules than those
mentioned above showed no change in the solder joint
part, and thus demonstrated that they can be used satis-
factorily in practice.

EXAMPLE 3

Modules were prepared in the same manner as in
Examples 1 and 2 except for the following modifica-
tions:

To prepare a carrier substrate, a white substrate (hav-
ing no via-hole nor wiring pattern) obtained by laminat-
ing seven green sheets followed by firing was cut to 11
mm square. A carrier substrate was then prepared by
making a hole of 0.1 mm diameter in the white substrate
by means of laser and then filling copper into the hole
by means of plating.

The modulus thus prepared gave similar results to
those obtained in Examples 1 and 2.

EXAMPLE 4

Multilayer wiring circuits using copper and poly-
imide were formed on the ceramic multilayer circuit
substrates prepared in Examples 1 and 2. The ceramic
multilayer circuit substrates comprised 26 layers.

On the ceramic multilayer circuit substrate, were
formed chromium film ob 0.03 um thickness and copper
film of 0.1 pum thickness by means of vacuum deposi-
tion. Then, positive-type photoresist was coated
thereon to a thickness of 22 um, a wiring pattern was
formed, and a copper: wiring layer of 20 um thickness
was formed by electrolytic plating. Subsequently, posi-
tive-type photoresist was coated to a thickness of 22
pm, an interlayer connection pattern was formed, and a
projection for interlayer connection of copper 20 um in
thickness was formed by electrolytic plating. After
removal of the positive-type photoresist, the unneces-
sary part of the copper film and of the chromium film
were removed by 1on milling using argon. Subse-
quently, a low thermal expansion polyimide-type resin
was coated to a thickness of 50 um and cured to form an
insulating layer. Then, the surface of the low thermal
expansion polyimide-type resin layer was smoothed by
surface polishing. Further, the projection for interlayer
connection was exposed by means of wet etching using
a hydrazine hydrate-ethylenediamine liquid mixture.
Subsequently, a copper wiring layer of 20 um thickness
was formed in the same manner as that for the first layer
wiring. In such a manner, 3 layers of copper wiring
were formed on the ceramic multilayer circuit sub-
strate. |

A semiconductor device and a carrier substrate were
mounted in the same manner as in Examples 1 to 3.
Thus, a module substrate was prepared.

The module substrate prepared according to this
Example showed a decrease of about 5% in signal prop-
agation delay time as compared with the module sub-
strates prepared according to Examples 1 to 3. This
comes from the fact that the low thermal expansion
polyimide insulating material has a specific dielectric
constant of 3.5. The reliability of the solder joint part
was substantially the same as that in Examples 1 to 3.
This is because, since the thickness of the multilayer
wiring circuit of polyimide and copper formed on the
ceramic multilayer circuit substrate is small, the change
in the thermal expansion coefficient is small.

According to this invention, since the ceramic insu-
lating material used has a relatively high thermal expan-
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ston coefficient, it makes possible a high density wiring
of a wiring conductor material comprising, as the main
component, gold, copper or silver, which have a low
electric resistance. Further, a packaging method has
been obtained by which semiconductor devices can be
packed in a high density and yet a high reliability of the
joint part can be obtained, even for a ceramics multi-
layer circuit substrate having a relatively high thermal
expansion coefficient, by providing a carrier substrate
between the semiconductor device and the ceramic
multilayer circuit substrate, joining them with solder,
and 1nsulating a material comprising as the main compo-
nent an organic material having substantially the same
thermal expansion coefficient as that of the solder be-
tween the semiconductor device and the carrier sub-
strate.

We claim:

1. A ceramic multilayer circuit board comprising
ceramic layers and wiring conductor layers laminated
alternately, in which the ceramic layers are formed
from a glass which consists essentially of 20 to [85]}
95% of Si0O» and at least one member selected from 25%
or less of Al,O3, [1F 15 to 25% of MgO, 50% or less
of B203, 15 to 25% of ZnO, 10 to 25% of Ca0, [2] 4
to 20% of Li,0, 10% or less of K20, 50 to 609% AIPQau,
25 to 35% of Y203, 5% or less of PyOs, 5% or less of
Z10O2, 5% or less of CaF3, 6% or less of AIN, 5% or less
of Cs20, and 5% or less of V2,05, each by weight, and

- which glass softens at a temperature not higher than the

melting point of the wiring conductor [layer] layers
and wherein the ceramic [layer has} layers have a
thermal expansion coefficient lower than that of the
wiring [layer] /ayers but not lower than one half that
of the wiring [layer but not lower than one half of that
of the wiring layer} layers.

2. A ceramic multilayer circuit board according to
claim 1, wherein said ceramic layers are formed from a
glass consisting essentially of 75 to 85% Si0», 2 to 6%
Al>O3, 10 to 15% L1720, 2 to 3% K->0, and 1 to 3%
Cals.

3. A ceramic multilayer circuit board according to
claim 1, wherein the ceramic layer has a thermal expan-
sion coefficient not lower than 7.2 10—6/°C. and a
specific dielectric constant at 1 MHz not higher than
4.5, and the wiring conductor layer is formed from a
either gold, or silver, or copper.

4. A ceramic multilayer circuit board comprising
ceramic layers and wiring conductor layers laminated
alternately, in which the ceramic layer has a thermal
expansion coefficient lower than and not lower than one
half of, that of the wiring conductor layer, and further
comprises hollow silica having a particle diameter of
not more than 10 pum] 700 um dispersed in a glass
which softens at a temperature not higher than the
melting point of the wiring conductor layer.

S. A ceramic multilayer circuit board according to
claim 4, wherein the content of said hollow silica mi-
crosphered 1s 35 to 60% by volume relative to the ce-
ramic layer.

L6. A semiconductor module comprising a ceramic
multilayer circuit board mounted with a ceramic carrier
substrate, said carrier substrate being mounted with a
semiconductor device, in which the carrier substrate
and the multilayer circuit board each comprise ceramic
layers and wiring conductor layers laminated alter-
nately, and the ceramic layer has a thermal expansion
coefficient lower than, and not lower than one half of,
that of the wiring conductor layer and further the ce-
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ramic layer comprises a glass which softens at a temper-
ature not higher than the melting point of the wiring
conductor layer. ]}

[7. A semiconductor module according to claim 6,
wherein the ceramic carrier substrate and the semicon-
ductor device are joined by means of solder bump, said
solder bump being covered with an organic resin.}

8. A semiconductor module [according to claim 7,]
comprising a ceramic multilayer circuit board mounted
with a ceramic carrier substrate, said carrier substrate
being mounted with a semiconductor device, in which the
carrier substrate and the multilayer circuit board each
comprises ceramic layers and wiring conductor layers lami-
nated alternately, and the ceramic layers have a thermal
expansion coefficient lower than, and not lower than one
half of that of the wiring conductor layers and further the
ceramic layers comprise a glass which softens at a tempera-
ture not higher than the melting point of the wiring conduc-
tor layers, wherein the ceramic carrier substrate and the
semiconductor device are joined by means of solder bumps,
said solder bumps being covered with an organic resin, and
wherein the organic resin comprises 100 parts by
welght of said resin, 5 to 10 parts by weight of rubber
particles, and 35 to 60% by volume of ceramic powders.

9. A semiconductor module according to claim 8,
wherein the rubber particle comprises at least one mem-
ber selected from polybutadiene and silicone rubber,
and the ceramic powder comprises at least one member
selected from quartz, silicon carbide, silicon nitride,
calcium carbonate, and silicon carbide containing
berylium.

10. A ceramic multilayer circuit board comprising ce-
ramic layers and wiring conductor layers laminated alter-
nately, in which the ceramic layers have a thermal expan-
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that of the wiring conductor layers, and further comprise a
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expansion coefficient lower than that of the wiring conduc-
tor layers.

12. A ceramic multilayer circuit board comprising ce-
ramic layers and wiring conductor layers laminated alter-
nately, in which the ceramic layers are formed from a glass
which comprises 70 to 95% of SiOs, 4 to 15% of Li»O and
1 10 10% of A1, and which softens at a temperature not
higher than the melting point of the wiring conductor layers
and wherein the ceramic layers have a thermal expansion
coefficient lower than that of the wiring conductor layers.

13. A ceramic multilayer circuit board comprising layers
and wiring conductor layers laminated alternately, in
which the ceramic layers are formed from a glass which
comprises 30 to 30% of SiOy, 30 to 50% of B20s, 10 to
23% of CaO and 10 to 20% of Li»O, and which softens at
a temperature not higher than the melting point of the
wiring conductor layers and wherein the ceramic layers
have a thermal expansion coefficient lower than that of the
wiring conductor layers.

14. A ceramic multilayer circuit board comprising ce-
ramic layers and wiring conductor layers laminated alter-
nately, in which the ceramic layers are formed from a glass
which comprises 53 to 82% of SiOa, 15 to 25% of B,03, 2
to 15% of LirO and 1 to 10% of ALOs, which softens at a
temperature not higher than the melting point of the wiring
conductor layers and wherein the ceramic layers have a
thermal expansion coefficient lower than that of the wiring
conductor layers.

15. A ceramic multilayer circuit board comprising ce-
ramic layers and wiring conductor layers laminated alter-
nately, in which the ceramic layers are formed from a glass
which comprises 55 to 65% of SiO,, and 15 to 25% of
ZnO, and which softens at a temperature not higher than
the melting point of the wiring conductor layers and
wherein the ceramic layers have a thermal expansion coef-

silica filler having a particle diameter of not more than 100  ficient lower than that of the wiring conductor layers.
pm dispersed in a glass which softens at a temperature not

higher than the melting temperature of the wiring conduc-
tor layers.

11. A ceramic multilayer circuit board comprising ce-
ramic layers and wiring conductor layers laminated alter-
nately, in which the ceramic layers are formed from a glass

which comprised 50 to 70% of SiO», 15 to 25% of ALOx3

40

16. A ceramic multilayer circuit board comprising ce-
ramic layer and wiring conductor layers laminated alter-

nately, in which the ceramic layers are formed from a glass

which comprises 20 to 30% of SiOy, and 10 to 15%of
LirO, 40 to 50% of B203 and 15 to 25% of CaO, and
which softens at a temperature not higher than the melting

point of the wiring conductor layers and wherein the ce-

and 15 to 25% of MgO, and which softens at a tempera- 45 ramic layers have a thermal expansion coefficient lower

ture not higher than the melting point of the wiring conduc-
tor layers and wherein the ceramic layers have a thermal
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than that of the wiring conductor layers.
* * ¥ * X
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