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MANUFACTURING METHOD FOR A PRINTED 
CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a printed circuit 
board and its manufacturing method. More particularly, the 
present invention relates to a So-called composite printed 
circuit board which compriseS resin Substrates laminated on 
a ceramic Substrate and also relates to a manufacturing 
method of the composite printed circuit board. 
0002. A so-called composite printed circuit board, com 
prising resin Substrates laminated on a ceramic Substrate, is 
conventionally known as a printed circuit board which is 
capable of assuring excellent heat radiation and other ther 
mal properties as well as realizing high-density electric 
component mounting. 
0003. The composite printed circuit board is manufac 
tured in the following manner. 
0004 First, a uncured state heat-hardening resin (e.g., a 
polyimide resin or the like) is coated on a ceramic member 
(i.e., a ceramic Substrate) on which a printed conductor 
pattern and a printed resistor are formed. Next, a laser beam 
is applied to a predetermined portion on a heat-hardening 
resin layer to open a via-hole So as to extend acroSS this resin 
layer. Then, a conductor pattern and a via are formed on or 
in the heat-hardening resin layer by plating or Sputtering. 

0005. When a plurality of resin substrates are laminated, 
another uncured State heat-hardening resin is coated on the 
hardened heat-hardening resin. Then, the above-described 
processes are repeated to obtain a composite printed circuit 
board having a desired number of resin layers. 
0006. However, the above-described conventional tech 
nique requires a large number of manufacturing processes 
Starting from the Step of coating the uncured State heat 
hardening resin on the ceramic Substrate to the Step of 
forming the conductor pattern and the via. When the 
required number of layers constituting the composite printed 
circuit board is large, Similar StepS must be repeated to build 
up the layers. The manufacturing processes become very 
complicate. 

SUMMARY OF THE INVENTION 

0007. In view of the foregoing problems of the prior art, 
the present invention has an object to provide a printed 
circuit board and its manufacturing method which is capable 
of Simplifying manufacturing processes even if a large 
number of resin layers are laminated on a ceramic Substrate. 
0008. In order to accomplish the above and other related 
objects, the present invention provides a printed circuit 
board comprising a ceramic Substrate and a resin base layer 
integrally laminated on Said ceramic Substrate, wherein the 
resin base layer is formed by pressing and heating a lami 
nated body consisting of a conductor pattern forming film 
and Said ceramic Substrate, and the conductor pattern form 
ing film includes a resin film made of a thermoplastic resin 
and a conductor pattern formed on a Surface of Said resin 
film. 

0009. According to this arrangement, the resin base layer 
is formed by the resin film made of a thermoplastic resin. 
The resin film and the ceramic Substrate are pressed and 
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heated together to obtain the resin base layer formed inte 
grally on the ceramic Substrate. 
0010. The required processing time can be reduced. 
When a plurality of layers are laminated, these layers are 
bonded at a time by heating and pressing them together. 
Thus, the present invention Simplifies the manufacturing 
processes of a printed circuit board. 
0011. According to the printed circuit board of the 
present invention, it is preferable that the thermoplastic resin 
has an elastic coefficient in a range of 1-1,000 MPa in a 
temperature level during the heat and press treatment. 
0012. According to this arrangement, the resin film and 
the ceramic Substrate can be Surely bonded together by 
performing the press treatment under the condition that the 
elastic coefficient of resin film is sufficiently lowered to the 
range of 1-1,000 MPa. 
0013 More specifically, it is preferable that the conductor 
pattern forming film is a Single-sided conductor pattern film 
having the conductor pattern formed on only one Surface of 
the resin film. 

0014. According to this arrangement, when a plurality of 
conductor pattern forming films are laminated, it is not 
necessary to prepare and process a plurality of different 
kinds of conductor pattern forming films. The manufactur 
ing processes can be further simplified. 
0015. Furthermore, it is preferable that the ceramic Sub 
Strate comprises a printed conductor pattern and a printed 
electric element which are connected to each other and 
formed on a Surface the ceramic Substrate to which the 
conductor pattern forming film is bonded, the printed con 
ductor pattern being formed by printing a conductor forming 
paste and then Sintering the conductor forming paste while 
the printed electric element being formed by printing an 
electric element forming paste So as to be connected to the 
conductor forming paste and then Sintering the electric 
element forming paste, and the printed conductor pattern is 
connected to the conductor pattern formed on the resin film 
via an electrically conductive paste which is filled in a 
Via-hole extending acroSS the resin film. 
0016. This arrangement makes it possible to embed the 
printed electric element along a bonding Surface between the 
ceramic Substrate and the conductor pattern forming film. It 
is, hence, possible to reduce the total number of electric 
elements to be mounted on the outermost Surface of the 
printed circuit board. This leads to the downsizing of the 
printed circuit board. 
0017 Furthermore, it is preferable that the ceramic Sub 
Strate comprises only a printed electric element formed on a 
Surface to which the conductor pattern forming film is 
bonded, the printed electric element being formed by print 
ing an electric element forming paste and then Sintering the 
electric element forming paste, and the printed electric 
element is connected to the conductor pattern formed on the 
resin film via an electrically conductive paste which is filled 
in a via-hole extending across the resin film. 
0018. This arrangement makes it possible to embed the 
printed electric element along a bonding Surface between the 
ceramic Substrate and the conductor pattern forming film. It 
is, hence, possible to reduce the total number of electric 
elements to be mounted on the outermost Surface of the 
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printed circuit board. This leads to the downsizing of the 
printed circuit board. In addition, there is no necessity of 
forming the printed conductor pattern on the Surface of the 
ceramic Substrate on which the conductor pattern forming 
film is bonded. The manufacturing processes can be further 
Simplified. 

0019. The present invention provides a method for manu 
facturing a printed circuit board. In a laminating Step, a 
conductor pattern forming film and a ceramic Substrate are 
laminated. The conductor pattern forming film includes a 
resin film made of a thermoplastic resin and a conductor 
pattern formed on a Surface of the resin film. In a bonding 
Step, the conductor pattern forming film and the ceramic 
Substrate are bonded by heating and pressing from both sides 
of a laminated body of the conductor pattern forming film 
and the ceramic Substrate, thereby obtaining a resin base 
layer integrally laminated on the ceramic Substrate. 
0020. The manufacturing method of this invention makes 

it possible to reduce the required processing time. When a 
plurality of layers are laminated, these layers are bonded at 
a time by heating and pressing them together. Thus, the 
present invention simplifies the manufacturing processes of 
a printed circuit board. 
0021 Furthermore, it is preferable that the conductor 
pattern contains at least one metal component and the 
bonding Step is performed at a temperature level not lower 
than 250 C. where the elastic coefficient of the thermoplas 
tic resin constituting the resin film is in a range of 1-1,000 
MPa. 

0022. According to this manufacturing method, the resin 
film and the ceramic Substrate can be Surely bonded together 
in the bonding Step by performing the press treatment under 
the condition that the elastic coefficient of resin film is 
sufficiently lowered to the range of 1-1,000 MPa. Further 
more, increasing the temperature to 250 C. or above is 
effective to improve the Surface activity of the metal com 
ponent contained in the conductor pattern. Hence, the con 
ductor pattern and the resin film are Surely bonded together 
when the conductor pattern is pressed against the resin film 
which has a sufficiently lowered elastic coefficient. 
0023 More specifically, it is preferable that the conductor 
pattern forming film is a Single-sided conductor pattern film 
having the conductor pattern formed on only one Surface of 
the resin film. 

0024. According to this arrangement, when a plurality of 
conductor pattern forming films are laminated, it is not 
necessary to prepare and process a plurality of different 
kinds of conductor pattern forming films. The manufactur 
ing processes can be further simplified. 
0.025 Furthermore, it is preferable that the manufacturing 
method for a printed circuit board further comprises the 
following StepS. 

0026. In printed conductor pattern forming step, a printed 
conductor pattern is formed before performing the laminat 
ing Step. The printed conductor pattern is formed by printing 
a conductor forming paste on a Surface of the ceramic 
Substrate on which the conductor pattern forming film is 
bonded in the bonding Step and then by Sintering the 
conductor forming paste. In a printed electric element form 
ing Step, a printed electric element is formed before per 
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forming the laminating Step. The printed electric element is 
formed by printing an electric element forming paste So as 
to be connected to the conductor forming paste on a Surface 
of the ceramic Substrate on which the conductor pattern 
forming film is bonded in the bonding Step and then by 
Sintering the electric element forming paste. And, in a filling 
Step, an electrically conductive paste is charged into an 
end-closed via-hole before performing the laminating Step. 
The end-closed Via-hole extends acroSS the conductor pat 
tern forming film and has a bottom defined by the conductor 
pattern formed on the conductor pattern forming film. 
0027. Then, through the bonding step, the electrically 
conductive paste filled in the end-closed via-hole provides 
an electric connection between the conductor pattern formed 
on the conductor pattern forming film and the printed 
conductor pattern formed on the ceramic Substrate. 
0028. This manufacturing method makes it possible 
embed the printed electric element along a bonding Surface 
between the ceramic Substrate and the conductor pattern 
forming film. It is, hence, possible to reduce the total number 
of electric elements to be mounted on the Outermost Surface 
of the printed circuit board. This leads to the downsizing of 
the printed circuit board. 
0029. Alternatively, it is preferable that the manufactur 
ing method for a printed circuit board further comprises the 
following Steps. In a printed electric element forming Step, 
a printed electric element is formed before performing the 
laminating step. The printed electric element is formed by 
printing an electric element forming paste on a Surface of the 
ceramic Substrate on which the conductor pattern forming 
film is bonded in the bonding Step and then by Sintering the 
electric element forming paste. And, in a filling Step, an 
electrically conductive paste is charged into an end-closed 
Via-hole before performing the laminating Step. The end 
closed via-hole extends acroSS the conductor pattern forming 
film and has a bottom defined by the conductor pattern 
formed on the conductor pattern forming film. 
0030 Then, through the bonding step, the electrically 
conductive paste filled in the end-closed via-hole provides 
an electric connection between the conductor pattern formed 
on the conductor pattern forming film and the printed 
conductor pattern formed on the ceramic Substrate. 
0031. This manufacturing method makes it possible to 
embed the printed electric element along a bonding Surface 
between the ceramic Substrate and the conductor pattern 
forming film. It is, hence, possible to reduce the total number 
of electric elements to be mounted on the Outermost Surface 
of the printed circuit board. This leads to the downsizing of 
the printed circuit board. In addition, there is no necessity of 
forming the printed conductor pattern on the Surface of the 
ceramic Substrate on which the conductor pattern forming 
film is bonded. The manufacturing processes can be further 
Simplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. The above and other objects, features and advan 
tages of the present invention will become more apparent 
from the following detailed description which is to be read 
in conjunction with the accompanying drawings, in which: 
0033 FIGS. 1A through 1H are cross-sectional views 
respectively explaining essential manufacturing processes 
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for manufacturing a printed circuit board in accordance with 
a preferred embodiment of the present invention; and 

0034 FIG. 2 is a cross-sectional view showing a printed 
circuit board in accordance with another embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.035 Preferred embodiments of the present invention 
will be explained hereinafter with reference to attached 
drawings. Identical parts are denoted by the same reference 
numerals throughout the drawings. 

0.036 Hereinafter, a preferred embodiment of the present 
invention will be explained with reference to the attached 
drawing. 

0037 FIGS. 1A to 1H are cross-sectional views explain 
ing manufacturing Steps of a printed circuit board in accor 
dance with a preferred embodiment of the present invention. 

0.038 FIG. 1A shows a single-sided conductor pattern 
film 21 which comprises a conductor pattern 22 formed on 
a resin film 23. The conductor pattern 22 has a predeter 
mined pattern which is configured by etching a conductor 
foil (e.g., a copper foil having a thickness of 18 um accord 
ing to this embodiment) adhered on a Surface of a resin film 
23. The resin film 23 Serves as an insulating material. 
According to this embodiment, the resin film 23 is a ther 
moplastic resin film made of a polyether ether ketone resin 
of 65-35 weight 9% and a polyetherimide resin of 35-65 
weight %. The resin film 23 is 25-75 um in thickness. The 
Single-sided conductor pattern film 21 is a conductor pattern 
forming film of the present invention. 

0039. After forming the conductor pattern 22 shown in 
FIG. 1A, a carbon dioxide gas laser is irradiated on a Surface 
of resin film 23 on which no conductor pattern 22 is formed. 
As shown in FIG. 1B, the irradiation of a carbon dioxide gas 
laser forms via-holes 24. The via-hole 24 is an end-closed 
via-hole which has a bottom. The bottom of via-hole 24 is 
defined by the conductor pattern 22. In the process of 
forming the Via-hole 24, the carbon dioxide gas laser is 
precisely controlled in the output power as well as in the 
irradiation time so as to prevent the via-hole 24 from 
expanding into the region of conductor pattern 22. 

0040 Besides the carbon dioxide gas laser, an excimer 
laser can be used for forming the via-hole 24. Furthermore, 
it may be also possible to use a drilling or other machining 
technique to form the Via-hole 24. However, using a laser is 
advantageous in that the size of Via-hole 24 can be accu 
rately controlled and accordingly no damage is given to the 
conductor pattern 22. 

0041 After accomplishing the formation of via-hole 24 
as shown in FIG. 1B, each via-hole 24 is filled with an 
electrically conductive paste 50 which serves as an inter 
layer bond material as shown in FIG. 1C.. In this case, to 
obtain the electrically conductive paste 50, tin grains of 300 
g and silver grains of 300 g are mixed with terpineol of 60 
g. Tin grains have an average grain diameter of 5 um and a 
specific Surface (i.e., area/weight ratio) of 0.5 m/g. Silver 
grains have an average grain diameter of 1 u m and a specific 
Surface (i.e., area/weight ratio) of 1.2 m/g. Terpineol is an 
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organic Solvent. The mixed grains and organic Solvent are 
then kneaded in a mixer to obtain a paste. 
0042. The electrically conductive paste 50 is charged into 
the via-holes 24 of single-sided conductor pattern film 21 by 
a Screen printing machine. Then, the electrically conductive 
paste 50 of via-holes 24 is left in an atmosphere of 140-160 
C. for approximately 30 minutes to dry the terpineol. 
Regarding the filling of electrically conductive paste 50 into 
the Via-holes 24, this embodiment uses the Screen printing 
machine. However, another method using a dispenser will be 
also employable to fill the electrically conductive paste 50 
into the Via-holes 24, if the filling operation is accurately 
accomplished. 
0043 Terpineol can be replaced by other organic solvent. 

It is preferable that the organic solvent, added with the metal 
grains for obtaining the electrically conductive paste 50, has 
a boiling point of 150-300 C. If the used organic solvent 
has a boiling point less than 150 C., the viscosity of 
electrically conductive paste 50 will vary largely with elaps 
ing time. If the used organic Solvent has a boiling point 
larger than 300 C., it will take a long time to dry this 
organic Solvent. 
0044) Furthermore, as metal grains for constituting the 
electrically conductive paste 50, this embodiment uses the 
tin grains having the average grain diameter of 5 um and the 
specific Surface of 0.5 m/g and the silver grains having the 
average grain diameter of 1 um and the Specific Surface of 
1.2 m/g. It is preferable for these metal grains that the 
average grain diameter is in a range from 0.5 um to 20 lim 
and the specific Surface is in a range from 0.1 m/g to 1.5 
m/g. 
0045. If the average grain diameter of these metal grains 
is less than 0.5 um or when the Specific Surface of these 
metal grains exceeds 1.5 m/g, a great amount of organic 
Solvent will be required to obtain a paste having a Viscosity 
preferable for filling the via-hole. When the electrically 
conductive paste contains a great amount of organic Solvent, 
it takes a long time to dry the organic Solvent. If the drying 
treatment ends dissatisfactorily, a great amount of gas will 
be generated during a heating treatment for bonding the 
layers. Voids will easily appear in the via-hole 24. This will 
deteriorate the reliability with respect to the interlayer 
bondability. 
0046. On the other hand, if the average grain diameter of 
these metal grains exceeds 20 um or when the Specific 
Surface of these metal grains is less than 0.1 m/g, the filling 
of electrically conductive paste 50 into the via-hole 24 will 
become difficult. The metal grains will spread non-uni 
formly. Even if they are heated, it will be difficult to form a 
later-described electrically conductive composition 51 
which is a uniform alloy. The reliability with respect to the 
interlayer bondability will not be assured. 
0047. Furthermore, before filling the electrically conduc 
tive paste 50 into the via-hole 24, it is preferable to apply an 
etching treatment Slightly on the conductor pattern 22 at a 
portion facing to the Via-hole 24. Furthermore, it is also 
preferable to apply a reducing treatment on the conductor 
pattern 22 at the portion facing to the Via-hole 24. These 
treatments will lead to Successful formation of a later 
described via connection. 

0048 FIG. 1D shows a ceramic substrate 31 which is 
0.6-1.0 mm in thickness. A conductor forming paste is 
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pattern printed on an upper Surface of ceramic Substrate 31. 
Then, the conductor forming paste is Sintered to form a 
printed conductor pattern 32. 

0049 According to this embodiment, the printed conduc 
tor pattern 32 is formed in the following manner. The 
conductor forming paste is fabricated by kneading Silver 
grains and glass grains with organic Solvent. The obtained 
conductor forming paste is then heated at the temperature of 
600-900 C. for approximately 60 minutes, thereby forming 
the printed conductor pattern 32. According to this embodi 
ment, Silver grains are the metal grains added to the con 
ductor forming paste. However, it is preferable to mix 
platinum grains and palladium grainS with the Silver grains. 
It is also possible to use copper grains or gold grains instead 
of using the Silver grains. 

0050. After forming the printed conductor pattern 32 as 
shown in FIG. 1D, a resistor forming paste is pattern printed 
on an upper Surface of ceramic Substrate 31. The resistor 
forming paste Straddles between predetermined portions of 
printed conductor pattern 32 and is sintered to form a printed 
resistor 33 as shown in FIG. 1E. The printed resistor 33 is 
a printed electric element. 

0051. According to this embodiment, the resistor forming 
paste is fabricated by kneading ruthenium dioxide (RuO2) 
grains and glass grains with organic Solvent. The obtained 
resistor forming paste is then heated at the temperature of 
600-900° C. for approximately 60 minutes, thereby forming 
the printed resistor 33. 

0.052 According to this embodiment, ruthenium dioxide 
is the resistor grains added to the resistor forming paste. 
However, it is preferable to use silica (SiO2) grains or 
lanthanum boride (LaB6) grains. Furthermore, the printed 
electric element can be formed by printing and Sintering an 
electric element of a capacitor. 

0053. Furthermore, it is preferable to apply a laser trim 
ming to the thus formed printed resistor 33 if necessary to 
accurately adjust the resistance value of printed resistor 33. 

0054. After finishing the filling of electrically conductive 
paste 50 into the via-holes 24 of single-sided conductor 
pattern film 21 as shown in FIG. 1C and the forming of 
printed resistor 33 on the ceramic substrate 31 as shown in 
FIG. 1E, a plurality of (e.g., a total of three according to this 
embodiment) single-sided conductor pattern films 21 and are 
stacked on the ceramic Substrate 31 as shown in FIG. 1F. 

0055. In this case, the conductor patterns 22 of respective 
Single-sided conductor pattern films 21 face upward when 
mounted on the ceramic Substrate 31. In other words, the 
Single-sided conductor pattern films 21 are laminated in Such 
a manner that a face of a single-sided conductor pattern film 
21 having no conductor pattern 22 confronts with a face of 
adjacent Single-sided conductor pattern film 21 having the 
conductor pattern 22 formed thereon. 

0056. The ceramic substrate 31 is positioned below the 
multilayered Single-sided conductor pattern films 21, with 
the printed conductor pattern 32 and the printed resistor 33 
facing upward. The lowermost Single-sided conductor pat 
tern film 21 is mounted on the ceramic Substrate 31 in Such 
a manner that the via-holes 24 of resin film 23 are positioned 
just above the printed conductor pattern 32. Through this 
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positioning, the Via-holes 24 are electrically connected to 
predetermined portions of the printed conductor pattern 32. 
0057. After stacking the single-sided conductor pattern 
films 21 on the ceramic Substrate 31 as shown in FIG. 1F, 
a pressing force is applied to the multilayered assembly in 
the up-and-down by a heating under vacuum press machine 
while the multilayered assembly is kept in a predetermined 
high temperature. According to this embodiment, the mul 
tilayered assembly is heated up to the temperature level of 
250-350° C. and is pressed under a pressing force of 1-10 
MPa for 10-20 minutes. 

0058. Through the above heating under vacuum treat 
ment, respective Single-sided conductor pattern films 21 and 
the ceramic substrate 31 are mutually bonded as shown in 
FIG. 1G. The resin films 23 are made of the same thermo 
plastic resin material. Therefore, the resin films 23 easily 
fuse and integrate together into a resin base layer 26. 
0059) Furthermore, the electrically conductive paste 50 is 
sintered in the via-hole 24 and turns into the electrically 
conductive composition 51. The electrically conductive 
composition 51 provides the interlayer connection between 
adjacent conductor patters 22. Furthermore, the electrically 
conductive composition 51 provides the connection between 
the conductor pattern 22 and the printed conductor pattern 
32 which is connected to the printed resistor 33, thereby 
obtaining a multilayered printed circuit board 100 with the 
printed resistor 33 embedded therein. In this case, the 
electrically conductive composition 51 is an interlayer bond 
material. The electrically conductive composition 51 and the 
Via-hole 24 cooperatively constitute a via. 
0060. The interlayer bonding mechanism of conductor 
patterns 22 will be simply explained hereinafter. 
0061 The electrically conductive paste 50 filled and 
dried in the Via-hole 24 contains the mixture of tin grains and 
silver grains. The melting point of tin grains is 232 C. while 
the melting point of silver grains is 961 C. Hence, when the 
electrically conductive paste 50 is heated up to the tempera 
ture level of 250-350° C., the tin grains melt and adhere 
around the Silver grains. 
0062 Continuing the heating treatment in this condition 
makes the molten tin Start diffusing from the Surface of Silver 
grains. As a result, an alloy of tin and Silver (having a 
melting point of 480 C.) is formed. In this case, the pressing 
force of 1-10 MPa is applied on the electrically conductive 
paste 50. In accordance with the formation of an alloy of tin 
and Silver, the electrically conductive composition 51 is 
formed in the via-hole 24. The electrically conductive com 
position 51 consists of the integrated alloy obtained through 
a sintering treatment. 
0063. During the formation of electrically conductive 
composition 51 in the via-hole 24, the electrically conduc 
tive composition 51 is Subjected to a pressing force and is 
therefore pressed against the bottom of via-hole 24 which is 
a Surface of conductor pattern 22. Under this condition, the 
Solid-phase diffusion occurs between the tin components 
contained in electrically conductive composition 51 and the 
copper compositions of a copper foil constituting the con 
ductor pattern 22. Thus, a Solid-phase diffusion layer is 
formed in the boundary thereof. The thus formed solid-phase 
diffusion layer provides an electrical connection between the 
electrically conductive composition 51 and the conductor 
pattern 22. 
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0064. Furthermore, due to sintering treatment applied to 
the previously described conductor forming paste, the 
printed conductor pattern 32 has a glass-rich region near the 
boundary between the printed conductor pattern 32 and the 
ceramic Substrate 31. The glass-rich region contains rich 
glass components. On the other hand, the printed conductor 
pattern 32 has a Silver-rich region at the opposite Surface 
Side. The glass-rich region contains rich glass components. 
Like the above-described interlayer bonding mechanism 
between the conductor patterns 22, an electric connection is 
provided between the conductor pattern 22 and the printed 
conductor pattern 32 through a path consisting of the Solid 
phase diffusion layer formed between the conductor pattern 
22 and the electrically conductive composition 51, the 
electrically conductive composition 51 extending in the 
via-hole 24, and the solid-phase diffusion layer formed 
between the electrically conductive composition 51 and the 
printed conductor pattern 32. 
0065. When the resin film 23 is pressed and heated by the 
heating under vacuum press machine, the elastic coefficient 
of resin film 23 is reduced to a level of approximately 5-40 
MPa. The conductor pattern 22, the printed conductor pat 
tern 32, and the electrically conductive composition 51 have 
improved activity when they are heated up to 250 C. or 
above. Accordingly, respective resin films 23 and the 
ceramic substrate 31 are surely bonded together, while the 
conductor patterns 22, the printed conductor pattern 32, the 
electrically conductive composition 51, and the resin film 23 
are Surely bonded. 
0.066. It is preferable that the elastic coefficient of resin 
film 23 is in a range from 1 MPa to 1,000 MPa during the 
heating and pressing treatment. If the elastic coefficient of 
resin film 23 exceeds 1,000 MPa, no thermal fusion will 
occur between resin films 23. The conductor patterns 22 will 
be Subjected to a large StreSS and may be broken or damaged. 
On the other hand, if the elastic coefficient of resin film 23 
is lower than 1 MPa, the resin film 23 will not be able to keep 
its shape during the heating and pressing treatment. This 
causes the drift of conductor patterns 22 and makes it 
difficult to form the printed circuit board 100. 
0067. After obtaining the printed circuit board 100 as 
described above, flip chip elements or other package parts 61 
are mounted on predetermined portions of the conductor 
pattern 22 formed on the upper Surface of printed circuit 
board 100 as shown in FIG. 1H. The mounted package parts 
61 are then Soldered to accomplish the mounting of pack 
aged parts. 

0068. Furthermore, in the above-described manufactur 
ing method, the process shown in FIG. 1C corresponds to a 
filling step of this embodiment. The process shown in FIG. 
1D corresponds to a printed conductor pattern forming Step 
of this embodiment. The process shown in FIG. 1E corre 
sponds to a printed electric element forming Step of this 
embodiment. The process shown in FIG. 1F corresponds to 
a laminating Step of this embodiment. Furthermore, the 
process of heating and pressing the laminated body shown in 
FIG.1F to form the printed circuit board 100 shown in FIG. 
1G corresponds to a bonding Step of this embodiment. 
0069. According to the above-described arrangement and 
manufacturing method, a plurality of Single-sided conductor 
pattern films 21 and the ceramic Substrate 31 are laminated 
together. The laminated body is heated and pressed from 
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both sides thereof, thereby bonding respective resin films 23 
and the ceramic Substrate 31 at a time. As a result, the 
laminated resin films 23 turn into the resin base layer 26 
positioned on the ceramic Substrate 31. Thus, it becomes 
possible to obtain the printed circuit board 100 which is a 
So-called multilayered composite Substrate. AS apparent 
from the foregoing description, this embodiment provides a 
novel manufacturing method for a printed circuit board 
which is simple compared with a conventional method. 
0070 Furthermore, the single-sided conductor pattern 
films 21 laminated on the ceramic Substrate 31 have the 
Same arrangement. This is advantageous in that the manu 
facturing processes can be simplified because there is no 
necessity of preparing and processing a plurality kinds of 
conductor pattern forming films. 
0.071) Furthermore, the printed circuit board 100 includes 
the ceramic Substrate 31 at the lower side thereof. As shown 
in FIG. 1H, it becomes possible to mount the electric 
element 61 on the upper surface of printed circuit board 100. 
The printed resistor 33 is embedded in the printed circuit 
board 100. It becomes possible to provide a printed circuit 
board which is capable of assuring excellent heat radiation 
and other thermal properties as well as realizing high 
density electric component mounting. 
0072 Furthermore, according to the package mounting 
structure shown in FIG. 1H, the ceramic Substrate 31 and 
the flip chip elements or other package parts 61 are posi 
tioned at both sides of the printed circuit board 100. Each of 
the ceramic Substrate 31 and the package parts 61 has a 
rigidity higher than that of the resin base layer 26. The 
ceramic Substrate 31 and the package parts 61 have similar 
thermal expansion coefficients. This is effective to realize an 
excellent package mounting free from any concentrated 
StreSS occurring due to heat generation. 
0073. As apparent from the foregoing description, the 
above-described one preferable embodiment of the present 
invention provides a printed circuit board comprising a 
ceramic Substrate (31) and a resin base layer (26) integrally 
laminated on the ceramic Substrate (31), wherein the resin 
base layer (26) is formed by pressing and heating a lami 
nated body consisting of a conductor pattern forming film 
(21) and the ceramic substrate (31), and the conductor 
pattern forming film (21) includes a resin film (23) made of 
a thermoplastic resin and a conductor pattern (22) formed on 
a surface of the resin film (23). 
0074 According to the printed circuit board disclosed in 
above-described one preferable embodiment of the present 
invention, it is preferable that the thermoplastic resin has an 
elastic coefficient in a range of 1-1,000 MPa in a tempera 
ture level during the heat and press treatment. The conductor 
pattern forming film (21) is a single-sided conductor pattern 
film (21) having the conductor pattern (22) formed on only 
one surface of the resin film (23). The ceramic substrate (31) 
comprises a printed conductor pattern (32) and a printed 
electric element (33) which are connected to each other and 
formed on a surface of the ceramic substrate (31) to which 
the conductor pattern forming film (21) is bonded. The 
printed conductor pattern (32) is formed by printing a 
conductor forming paste and then Sintering the conductor 
forming paste, while the printed electric element (33) is 
formed by printing an electric element forming paste So as 
to be connected to the conductor forming paste and then 
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Sintering the electric element forming paste. And, the printed 
conductor pattern (32) is connected to the conductor pattern 
(22) formed on the resin film (23) via an electrically con 
ductive paste (50) which is filled in a via-hole (24) extending 
across the resin film (23). 
0075) The above-described one preferable embodiment 
of the present invention provides a method for manufactur 
ing a printed circuit board comprising a laminating Step of 
laminating a conductor pattern forming film (21) and a 
ceramic Substrate (31), the conductor pattern forming film 
(21) including a resin film (23) made of a thermoplastic resin 
and a conductor pattern (22) formed on a Surface of the resin 
film (23). Furthermore, this manufacturing method com 
prises a bonding Step of bonding the conductor pattern 
forming film (21) and the ceramic substrate (31) by heating 
and pressing from both sides of a laminated body of the 
conductor pattern forming film (21) and the ceramic Sub 
Strate (31), thereby obtaining a resin base layer (26) inte 
grally laminated on the ceramic Substrate (31). 
0.076 According to the manufacturing method of a 
printed circuit board disclosed in above-described one pref 
erable embodiment of the present invention, it is preferable 
that the conductor pattern (22) contains at least one metal 
component and the bonding Step is performed at a tempera 
ture level not lower than 250 C. where the elastic coefficient 
of the thermoplastic resin constituting the resin film (23) is 
in a range of 1-1,000 MPa. The conductor pattern forming 
film (21) is a single-sided conductor pattern film (21) having 
the conductor pattern (22) formed on only one Surface of the 
resin film (23). 
0077 Preferably, the disclosed printed circuit board 
manufacturing method further comprises a printed conduc 
tor pattern forming Step of forming a printed conductor 
pattern (32) before performing the laminating step. The 
printed conductor pattern (32) is formed by printing a 
conductor forming paste on a Surface of the ceramic Sub 
strate (31) on which the conductor pattern forming film (21) 
is bonded in the bonding Step and then by Sintering the 
conductor forming paste. 
0078. The disclosed printed circuit board manufacturing 
method further comprises a printed electric element forming 
step of forming a printed electric element (33) before 
performing the laminating Step. The printed electric element 
(33) is formed by printing an electric element forming paste 
So as to be connected to the conductor forming paste on a 
surface of the ceramic substrate (31) on which the conductor 
pattern forming film (21) is bonded in the bonding step and 
then by Sintering the electric element forming paste. 
0079 The disclosed printed circuit board manufacturing 
method further comprises a filling Step of charging an 
electrically conductive paste (50) into an end-closed via 
hole (24) before performing the laminating step. The end 
closed via-hole (24) extends across the conductor pattern 
forming film (21) and has a bottom defined by the conductor 
pattern (22) formed on the conductor pattern forming film 
(21). 
0080. Then, in the bonding step, the electrically conduc 
tive paste (50) filled in the end-closed via-hole (24) provides 
an electric connection between the conductor pattern (22) 
formed on the conductor pattern forming film (21) and the 
printed conductor pattern (32) formed on the ceramic Sub 
strate (31). 
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0081. According to the above-described one embodi 
ment, in the manufacturing of a printed circuit board, the 
printed conductor pattern 32 is formed on the ceramic 
substrate 31 as shown in FIG. 1D. Then, the printed resistor 
33 is formed on the ceramic Substrate 31 as shown in FIG. 
1E. It is however preferable to form only the printed electric 
elements, including the printed resistor 33, on the ceramic 
Substrate 31 without forming any printed conductor pattern. 

0082 In this case, the lowermost single-sided conductor 
pattern film 21 is brought into contact with the ceramic 
Substrate 31. In the laminating process, the lowermost 
Single-sided conductor pattern film 21 is positioned on the 
ceramic Substrate 31 in Such a manner that electric connec 
tion is provided between the via-holes 24 of the resin film 23 
and the printed resistor 33. Then, by applying heating press, 
the conductor pattern 22 is electrically connected to the 
printed resistor 33 via the electrically conductive composi 
tion 51 (i.e., a composition obtained through the sintering 
treatment of electrically conductive paste 50) as shown in 
FG, 2. 

0083. According to this embodiment, it becomes possible 
to omit the printed conductor pattern forming process which 
is required in the above-described one embodiment. The 
manufacturing processes can be further Simplified. 

0084 Namely, the ceramic substrate (31) comprises only 
a printed electric element (33) formed on a surface of the 
ceramic substrate (31) to which the conductor pattern form 
ing film (21) is bonded. The printed electric element (33) is 
formed by printing an electric element forming paste and 
then Sintering the electric element forming paste. And, the 
printed electric element (33) is connected to the conductor 
pattern (22) formed on the resin film (23) via an electrically 
conductive paste (50) which is filled in a via-hole (24) 
extending across the resin film (23). 
0085. This embodiment provides another manufacturing 
method of a printed circuit board comprising a printed 
electric element forming Step of forming a printed electric 
element (33) before performing the laminating step. The 
printed electric element (33) is formed by printing an 
electric element forming paste on a Surface of the ceramic 
substrate (31) on which the conductor pattern forming film 
(21) is bonded in the bonding Step and then by Sintering the 
electric element forming paste. 
0086) This another printed circuit board manufacturing 
method comprises a filling Step of charging an electrically 
conductive paste (50) into an end-closed via-hole (24) 
before performing the laminating Step. The end-closed Via 
hole (24) extends across the conductor pattern forming film 
(21) and has a bottom defined by the conductor pattern (22) 
formed on the conductor pattern forming film (21). Then. In 
the bonding step, the electrically conductive paste (50) filled 
in the end-closed via-hole (24) provides an electric connec 
tion between the conductor pattern (22) formed on the 
conductor pattern forming film (21) and the printed conduc 
tor pattern (32) formed on the ceramic substrate (31). 
0087. According to the above-described one embodi 
ment, the resin film 23 is made of a polyether ether ketone 
resin of 65-35 weight 9% and a polyetherimide resin of 
35-65 weight %. However, the resin film of this invention 
is not limited to the disclosed one. For example, the resin 
film 23 can be made of a film containing a non-conductive 
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filler added to a polyether ether ketone resin and a poly 
etherimide resin. It is also possible to form the resin film 23 
by using only the polyether ether ketone (PEEK) or the 
polyetherimide (PEI). 
0088. Furthermore, it is possible to use a thermoplastic 
polyimide, a So-called liquid crystal polymer or other ther 
moplastic resin. It is desirable that the used resin film has an 
elastic coefficient in a range from 1-1,000 MPa and pos 
SeSSes Sufficient heat resistance required in the Soldering 
process (i.e., in the post-processing). 
0089. Furthermore, according to the above-described one 
embodiment, the conductor pattern 22 is pattern formed by 
etching a conductor foil. However, the conductor pattern 22 
can be pattern formed by using an electrically conductive 
paste containing metal components. 

0090. Furthermore, according to the above-described 
embodiment, the ceramic Substrate 31 extends entirely along 
one side of printed circuit board 100. However, it is possible 
to form the ceramic Substrate 31 as a part of one Surface of 
the printed circuit board 100. It is also possible to provide 
the ceramic substrate 31 on both surfaces of the printed 
circuit board 100. It is also possible to form a resin base 
layer by bonding the conductor pattern forming film on both 
Surfaces of the ceramic Substrate 31. 

0.091 Moreover, according to each of the above-de 
scribed embodiments, the printed circuit board 100 is 
formed by laminating a total of four substrates. However, the 
total number of laminated layerS is not limited to a specific 
value. 

1-5. (Cancelled) 
6. A method for manufacturing a printed circuit board 

comprising: 
a laminating Step of laminating a conductor pattern form 

ing film and a ceramic Substrate, Said conductor pattern 
forming film including a resin film made of a thermo 
plastic resin and a conductor pattern formed on a 
Surface of Said resin film; and 

a bonding Step of bonding Said conductor pattern forming 
film and Said ceramic Substrate by heating and pressing 
from both sides of a laminated body of said conductor 
pattern forming film and Said ceramic Substrate, 
thereby obtaining a resin base layer integrally lami 
nated on Said ceramic Substrate. 

7. The manufacturing method for a printed circuit board 
in accordance with claim 6, wherein Said conductor pattern 
contains at least one metal component and Said bonding Step 
is performed at a temperature level not lower than 250 
.degree. C. where the elastic coefficient of Said thermoplastic 
resin constituting Said resin film is in a range of 1 about. 
1,000 MPa. 

8. The manufacturing method for a printed circuit board 
in accordance with claim 6, wherein Said conductor pattern 
forming film is a Single-sided conductor pattern film having 
Said conductor pattern formed on only one Surface of Said 
resin film. 
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9. The manufacturing method for a printed circuit board 
in accordance with claim 6, further comprising: 

a printed conductor pattern forming Step of forming a 
printed conductor pattern before performing Said lami 
nating Step, Said printed conductor pattern being 
formed by printing a conductor forming paste on a 
Surface of Said ceramic Substrate on which Said con 
ductor pattern forming film is bonded in Said bonding 
Step and then by Sintering Said conductor forming 
paste, 

a printed electric element forming Step of forming a 
printed electric element before performing Said lami 
nating Step, Said printed electric element being formed 
by printing an electric element forming paste So as to be 
connected to Said conductor forming paste on a Surface 
of Said ceramic Substrate on which said conductor 
pattern forming film is bonded in Said bonding Step and 
then by Sintering Said electric element forming paste; 
and 

a filling Step of charging an electrically conductive paste 
into an end-closed via-hole before performing Said 
laminating Step, Said end-closed via-hole extending 
acroSS Said conductor pattern forming film and having 
a bottom defined by Said conductor pattern formed on 
Said conductor pattern forming film, 

wherein in Said bonding Step said electrically conductive 
paste filled in Said end-closed via-hole provides an 
electric connection between Said conductor pattern 
formed on Said conductor pattern forming film and Said 
printed conductor pattern formed on Said ceramic Sub 
Strate. 

10. The manufacturing method for a printed circuit board 
in accordance with claim 6, further comprising: 

a printed electric element forming Step of forming a 
printed electric element before performing Said lami 
nating Step, Said printed electric element being formed 
by printing an electric element forming paste on a 
Surface of Said ceramic Substrate on which Said con 
ductor pattern forming film is bonded in Said bonding 
Step and then by Sintering Said electric element forming 
paste; and 

a filling Step of charging an electrically conductive paste 
into an end-closed via-hole before performing Said 
laminating Step, Said end-closed via-hole extending 
acroSS Said conductor pattern forming film and having 
a bottom defined by Said conductor pattern formed on 
Said conductor pattern forming film, 

wherein in Said bonding Step said electrically conductive 
paste filled in Said end-closed via-hole provides an 
electric connection between Said conductor pattern 
formed on Said conductor pattern forming film and Said 
printed conductor pattern formed on Said ceramic Sub 
Strate. 


