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substrate (2) using an intaglio plate made of a ?exible resin, 

(21) App1_ NO_; 10/081,948 and a ?rst insulation layer (21) is formed thereon, and a 
second conductive pattern (4) is formed on it. The tWo 

(22) Filed: Feb. 20, 2002 conductive patterns (3, 4) are coupled by means of a via (11). 

4/ E 

42 

40 /3 l2 



Patent Application Publication Jul. 18, 2002 Sheet 1 0f 13 US 2002/0094604 A1 

FIG. 1 

1 1/ 4 

m\ /21 
\ GK \ /// 

FIG. 2 



Patent Application Publication Jul. 18, 2002 Sheet 2 0f 13 US 2002/0094604 A1 

a 4// 
/Zw 

/N 

FIG. 3(a) 

FIG. 3(b) 

FIG. 

1/ 
/ 

// 
/ 



Patent Application Publication Jul. 18, 2002 Sheet 3 0f 13 US 2002/0094604 A1 

FIG. 5 

/3 £15 43 

mm M 



Patent Application Publication Jul. 18, 2002 Sheet 4 0f 13 US 2002/0094604 A1 

FIG. 

2/ 
7/ 
/m A4 



Patent Application Publication Jul. 18, 2002 Sheet 5 0f 13 US 2002/0094604 A1 

//3 
FIG. 10(a) A \q 

SN \ N§N§ El 

\ixwa \ 
FIG. 10(b) 7 .2! Z/ 3 

> / \\4\\\//\.\ 
/ / 

FIG. 10(0) 7 '2{ K7 2 

27' 3 
FIG. 10(d) / 

A \ 

\/ \/ \ \4\\\ /\\ 
/ I / 4 

FIG. 10(e) 7 / Z 



Patent Application Publication Jul. 18, 2002 

FIG. lHa) 

Sheet 6 0f 13 US 

\ \\\ 

\\\\ \\\’ / 

2002/ 0094604 A1 

3 

\\\’ 

FIG. 11 (d) 

5/ 
/3 
,2 / 

/ 

7 



Patent Application Publication Jul. 18, 2002 Sheet 7 0f 13 US 2002/0094604 A1 

FIG. 12 (a) N 
N N Q ?‘lFg?l N > 

\\6\\\//\\ 
/ l 
7 Z/ 3 2 FIG. l2(b) 

FIG. 12(0) 

FIG. 12(d) '7 

FIG. 12(e) H 



Patent Application Publication Jul. 18, 2002 Sheet 8 0f 13 US 2002/0094604 A1 



Patent Application Publication Jul. 18, 2002 Sheet 9 0f 13 US 2002/0094604 A1 

FIG. 14(a) // 

§ 

WW NES§§§§ 

FIG. 14(b) 

/ 

2 

#5 
// 
/ 

m’ 4 
m/m/ 3 

/ 

/2 
/5 

/ 
\ 

ENNN mm?m 
/ 

4 
Maxi/MR4 /N ,g/ 

\\ 
WWQQN 
m w m m m m w M: 1:11 w k 6 

FIG. 14(0) 



Patent Application Publication Jul. 18, 2002 Sheet 10 0f 13 US 2002/0094604 A1 

/5 44 2f 

gfwl/ 

2/ \7 

FIG. l5(a) // 

FlG.15(b) 49 

3/ 
EN 

FIG. 15(0) 

FIG. 15(d) 

/ 

IN/ 



Patent Application Publication Jul. 18, 2002 Sheet 11 0f 13 US 2002/0094604 A1 

FIG. 16 
75 46 

FIG. 17 

Z4 Z5 Z3 Z2 2 



Patent Application Publication Jul. 18, 2002 Sheet 12 0f 13 US 2002/0094604 A1 

FIG. 18(a) 

FIG. 18(b) 



Patent Application Publication Jul. 18, 2002 Sheet 13 0f 13 US 2002/0094604 A1 

FIG. 19(a) PRIOR ART 5/ 

FIG. 19(0) PRIOR ART ii? 

FIG. 19(d) PRIOR ART :PQ 

ARYAI \“mi KIA m \H \I 

FIG. 19(8) PRIOR ART 

FIG. 19(I) PRIOR ART ~i5 

FIG. 19(g) PRIOR ART 

/50 



US 2002/0094604 A1 

METHOD FOR FABRICATING A MULTILAYER 
CERAMIC SUBSTRATE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a multilayer 
ceramic substrate for use in various electronic appliances, 
and the manufacturing method therefor. 

BACKGROUND OF THE INVENTION 

[0002] In order to meet the recent market preference for 
the smaller electronic appliances, dimensions of electronic 
components to be built in such appliances have been shrink 
ing remarkably. The same goes With printed circuit boards 
and multilayer ceramic substrates constituting an electronic 
circuit. Helped by neW technologies of forming conductive 
elements or via holes of a circuit in smaller dimensions, or 
by neW technologies of stacking these in a multilayered 
con?guration the Wiring density in a circuit has been and 
Will still be increased. 

[0003] Aconventional method for fabricating a multilayer 
ceramic substrate is described in the folloWing With refer 
ence to FIG. 19(a) through FIG. 19(g). In the ?rst place, a 
green sheet 51 of approximately 0.2 mm thick made mainly 
of alumina is provided, a via hole 52 is perforated therein at 
a certain speci?c place by punching or by means of CO2 
laser, the via hole 52 is then ?lled With an electroconductive 
paste (a tungsten paste, for example) by a screen printing 
process or other such technology and dried to complete a via 
53. Then, a certain desired circuit pattern comprised of a 
conductive pattern 54 is formed on the green sheet 51 by 
screen-printing an electroconductive paste. A circuit sub 
strate 55, Which being a ?rst layer, is thus provided. 

[0004] In the same Way, a second-layer circuit substrate 
56, a third-layer circuit substrate 57, and, if needed, a 
fourth-layer circuit substrate 58 are provided; by pressing 
these circuit substrates together after aligning each other to 
a speci?ed relative positioning a stacked circuit substrate 59 
is obtained. And then it is burned at a high temperature 
900-1600° C. to make a multilayer ceramic substrate 60. 
According to the above method, the circuit density may be 
increased by increasing the number of layers of the circuit 
substrate. 

[0005] HoWever, a conventional method for manufactur 
ing a multilayer ceramic substrate has draWbacks in the 
folloWing points. 
[0006] (1) As a conductive pattern 54 is formed by means 
of screen printing, it is quite dif?cult to provide a conductive 
pattern in the dimensions ?ner than the line Width (W)/line 
space (S)=75 pm/75 pm. 

[0007] (2) In forming a conductive pattern 54 by screen 
printing, the ?lm thickness of Which goes thinner When the 
pattern is made ?ner. For example, When W=75 pm the 
greatest ?lm thickness available is approximately 5 pm. This 
brings about a high electrical resistance of a Wiring. 

[0008] (3) In case that tungsten, among others, is used for 
the Wiring, the disadvantages become increasingly signi? 
cant When a Wiring pattern is made ?ner, because the 
resistance of the Wiring of tungsten is higher than silver (Ag) 
or copper (Cu) by approximately 3 to 5 times. Therefore, in 
many cases such a device may be unable to function as an 

electrical component. 
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[0009] (4) As both the substrate and the Wiring material 
are burned simultaneously in a temperature as high as 
900-1600° C., the shrinkage of material after burning 
reaches 15-20%; this leads to a substantial dimensional 
dispersion among the substrates. This results in a substantial 
dispersion in the dimensions of the Wiring portion, Which in 
turn results in an inaccuracy of connection With the very ?ne 
bumps of an LSI. This is a cause of deteriorated yield rate 
after mounting. 

[0010] (5) Furthermore, When forming a conductive pat 
tern 54 by screen printing, it requires the line Width to be 
greater than 75 pm (normally it is more than 120 pm, taking 
the yield rate at printing and the Wiring resistance into 
consideration). This necessitates the Wirings to be formed in 
multiple layers if many Wiring lines are to be formed Within 
a limited space. The formation of lines in a higher number 
of multiple layers, and the control of dimensional accuracy 
Within a high precision level inevitably lead to higher 
substrate cost. 

SUMMARY OF THE INVENTION 

[0011] To address the above problems, the present inven 
tion offers a multilayer ceramic substrate that provides a 
high Wiring desity at a loW Wiring resistance, as Well as the 
fabricating method therefor. 

[0012] A method for fabricating a multilayer ceramic 
substrate in accordance With the present invention comprises 
the steps of manufacturing an intaglio plate of ?exible resin 
on Which a ?rst groove corresponding to a ?rst conductive 
pattern is formed and a second groove deeper than the ?rst 
groove is formed at a place corresponding to a via hole of the 
?rst conductive pattern; ?lling the ?rst and second grooves 
With an electroconductive paste, and deaerating and drying 
it; repeating the cycle of re?lling additional electroconduc 
tive paste to replenish a volume corresponding to a decre 
ment caused by the drying, and deaerating and drying it for 
a certain speci?c times; gluing the intaglio plate onto a 
ceramic substrate by applying heat and pressure; separating 
the intaglio plate from the ceramic substrate to transfer a 
pattern of the electroconductive paste onto the ceramic 
substrate, and burning it so as to form a ?rst conductive 
pattern; forming a ?rst insulation layer on the ?rst conduc 
tive pattern; and forming a second conductive pattern on the 
?rst insulation layer. 

[0013] FolloWing advantage may be obtained in accor 
dance With a preferred embodiment of the present invention: 

[0014] (1) The line Width of a conductive pattern may be 
reduced doWn to 10 pm. Regarding a multilayer ceramic 
substrate, a conductive pattern Whose ?lm thickness is as 
thick as 30 pm may be realiZed at a line Width 30 pm, for 
example. Thus, the Wiring resistance is loW and the Wiring 
density is high. 

[0015] (2) A ?ne via pattern may be formed simulta 
neously When a conductive pattern is formed. Therefore, a 
Wiring pattern thus formed may be ?ne and precise With a 
high dimensional accuracy. 

[0016] (3) When an insulating layer is polished or ground, 
the surface is ?attened. Therefore, the interlayer connection 
may not be deteriorated even When multiple number of 
layers are stacked. Further, the ?attened surface of a mul 



US 2002/0094604 A1 

tilayer ceramic substrate assures good connection With an 
LSI chip mounted With the face doWn. 

[0017] (4) When a conductive pattern is formed on a 
burned ceramic substrate, the locational accuracy of land 
pattern provided for the connection With an LSI may be 
controlled Within a dispersion of several micro meters, 
because the already burned ceramic substrate is used. As a 
result, an almost 100% mounting yield may be realiZed even 
When mounting a ?ne LSI Whose pad to pad pitch is smaller 
than 100 pm on the surface of a ?ne and precise Wiring 
pattern With the face doWn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a cross sectional vieW in Which a part of 
a multilayer ceramic substrate in accordance With a ?rst 
embodiment of the present invention is shoWn. 

[0019] FIG. 2 illustrates hoW an intaglio plate is ?lled 
With an electroconductive paste in making the multilayer 
ceramic substrate. 

[0020] FIG. 3(a) illustrates a state of the electroconduc 
tive paste provided in the intaglio plate, before deaeration; 
FIG. 3(b) is that after deaeration. 

[0021] FIG. 4 is a cross sectional vieW in Which a part of 
the multilayer ceramic substrate is shoWn after an adhesive 
layer is formed thereon. 

[0022] FIG. 5 illustrates hoW an intaglio plate and a 
ceramic substrate are attached stacked in making the mul 
tilayer ceramic substrate. 

[0023] FIG. 6 illustrates a transfer printing process 
employed in making the multilayer ceramic substrate. 

[0024] FIG. 7 is a cross sectional vieW in Which a part of 
a conductive pattern in the multilayer ceramic substrate after 
burning is shoWn. 

[0025] FIG. 8 is a cross sectional vieW in Which a part of 
the multilayer ceramic substrate after an insulating layer is 
formed thereon is shoWn. 

[0026] FIG. 9 is a cross sectional vieW in Which a part of 
the multilayer ceramic substrate after a second conductive 
pattern is formed thereon is shoWn. 

[0027] FIG. 10(a), FIG. 10(b), FIG. 10(c), FIG. 10(LD 
and FIG. 10(e) are cross sectional vieWs in Which a part of 
a multilayer ceramic substrate in accordance With a second 
embodiment of the present invention is shoWn to explain the 
fabricating process steps. 

[0028] FIG. 11(a), FIG. 11(b), FIG. 11(c) and FIG. 11(LD 
are cross sectional vieWs in Which a part of a multilayer 
ceramic substrate in accordance With a third embodiment of 
the present invention is shoWn to explain the fabricating 
process steps. 

[0029] FIG. 12(a), FIG. 12(b), FIG. 12(c), FIG. 12(d), 
FIG. 12(6) and FIG. 12()‘) are cross sectional vieWs in Which 
a part of a multilayer ceramic substrate in accordance With 
a fourth embodiment of the present invention is shoWn to 
explain the fabricating process steps. 

[0030] FIG. 13 illustrates hoW an intaglio plate and a 
ceramic substrate are attached stacked in making a multi 
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layer ceramic substrate in accordance With a ?fth embodi 
ment of the present invention. 

[0031] FIG. 14(a), FIG. 14(b) and FIG. 14(c) are cross 
sectional vieWs in Which a part of the multilayer ceramic 
substrate is shoWn to explain the fabricating process steps. 

[0032] FIG. 15(a), FIG. 15(b), FIG. 15(c) and FIG. 15(LD 
are cross sectional vieWs in Which a part of a multilayer 
ceramic substrate in accordance With a sixth embodiment of 
the present invention is shoWn to explain the fabricating 
process steps. 

[0033] FIG. 16 is a cross sectional vieW in Which a part of 
the multilayer ceramic substrate in accordance With another 
embodiment is shoWn. 

[0034] FIG. 17 is a cross sectional vieW in Which a part of 
the multilayer ceramic substrate in accordance With yet 
another embodiment is shoWn. 

[0035] FIG. 18(a) is a cross sectional vieW in Which a part 
of a chip-siZe package fabricated through the same method 
used for fabricating the multilayer ceramic substrate is 
shoWn; FIG. 18(b) is a cross sectional vieW in Which a part 
of the multilayer ceramic substrate mounted With the chip 
siZe package is shoWn. 

[0036] FIG. 19(a), FIG. 19(b), FIG. 19(c), FIG. 19(d), 
FIG. 19(e), FIG. 19()‘) and FIG. 19(g) are cross sectional 
vieWs in Which a part of a prior art multilayer ceramic 
substrate is shoWn to illustrate hoW it has been fabricated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

[0037] A method of fabricating a ceramic substrate in 
accordance With an exemplary embodiment 1 of the present 
invention is described in the folloWing With reference to the 
draWings FIG. 1 through FIG. 9. 

[0038] A multilayer ceramic substrate 1 of the present 
embodiment is fabricated, as shoWn in FIG. 1, by ?rst 
forming a ?rst conductive pattern 3 on the surface of a 
ceramic substrate 2 With the dimensions, Width of pattern 
line 20 pm, space betWeen the lines 40 pm, ?lm thickness of 
the pattern line 20 pm after burning, as Well as a via 11 of 
100 pm diameter simultaneously on the ?rst conductive 
pattern; and then a ?rst insulating layer 21 on the ?rst 
conductive pattern 3. Further, on top of the ?rst insulating 
layer 21 a second conductive pattern 4 is formed. The second 
conductive pattern 4 is electrically connected to the via 11. 

[0039] NoW the manufacturing method is described in the 
order of process sequence. A ?rst conductive pattern 3 is 
formed through an intaglio printing process. An intaglio 
plate 40 shoWn in FIG. 2 is made of a polyimide ?lm, Which 
being a ?exible resin, of 125 pm thick. On the ?lm, a groove 
pattern corresponding to a certain speci?c Wiring pattern has 
been provided by making use of an ultraviolet laser beam, 
Wave length 248 nm, irradiated from an excimer laser 
apparatus. The portion irradiated With the laser beam is 
decomposed through a photochemical reaction to create a 
?rst groove 12 Which corresponds to a line of ?rst conduc 
tive pattern 3. In the present embodiment, the groove is 25 
pm Wide, 30 pm deep. 
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[0040] Then a deeper groove, or a second groove 13 
corresponding to a via 11 of ?rst conductive pattern 3, is 
provided through the same procedure using the above exci 
mer laser apparatus. In the present embodiment, the second 
groove 13 has a diameter 120 pm at the deepest portion, and 
is 90 pm deep. 

[0041] The use of excimer laser enables to provide a ?rst 
groove 12 of even 10 pm or less Wide; further, depth of the 
?rst and the second grooves 12, 13 may be controlled to any 
desired value. The groove may have a depth greater than the 
Width, or the aspect ratio may be made large; Which being an 
advantage the intaglio plate 40 has. 

[0042] In a case Where the excimer laser is employed for 
processing, any material may be used for the ?exible resin 
in so far as it makes a photochemical reaction. So, besides 
the polyimide ?lm, polyethylene terephthalate (PET), poly 
ether-imide (PEI) or other such materials may also be used. 
With an intaglio plate 40 using polyimide ?lm, separation of 
the electroconductive paste 42 from the grooves 12, 13, in 
Which it is ?lled to be transfer-printed, is not satisfactory. 
Which means that during transfer-printing process the elec 
troconductive paste 42 tends to remain in the inside of 
grooves 12, 13. In order to prevent such a trouble, a 
separation layer (not shoWn) is provided on the surface of 
intaglio plate 40, in particular, on the surface of grooves 12, 
13. Asingle molecular ?lm of ?uorocarbon group is used for 
the separation layer. 

[0043] An Ag-Pd paste, or an electroconductive paste 42, 
is applied on the surface of intaglio plate 40 over Which a 
separation layer has been provided. Then, the surface of 
intaglio plate 40 is squeeZed With a squeegee 41 in order to 
remove redundant Ag-Pd paste staying on the surface and to 
sufficiently ?ll the grooves 12, 13 With the Ag-Pd paste. 

[0044] When ?lling the intaglio plate With the electrocon 
ductive paste 42, an air bubble 8 sometimes remains as 
illustrated in FIG. 3(a), this becomes signi?cant When the 
Width of grooves 12, 13 is narroW or a groove is deep like 
the second groove 13. In order to prevent the remaining of 
the air bubble, the intaglio plate 40 ?lled With electrocon 
ductive paste 42 is put into a vacuum chamber, in the present 
exemplary embodiment, for deaeration. And then, the sur 
face of intaglio plate 40 is squeeZed once again With the 
squeegee 41 for assuring a completely stuffed state Without 
containing air bubble 8, as shoWn in FIG. 3(b), as Well as for 
removing redundant paste on the surface. The deaeration 
may be performed by putting an intaglio plate 40 ?lled With 
electroconductive paste 42 in an revolving device to have an 
air bubble 8 removed by a centrifugal force. If the inside of 
revolving device is kept in vacuum, the air bubble 8 may be 
removed much easier. A most suitable method may be 
chosen for the deaeration taking the shape of grooves 12, 13 
of intaglio plate 40 into consideration. 

[0045] The ?lled-in Ag-Pd paste is dried in a drier together 
With the intaglio plate 40 in order to have an organic solvent 
contained in the Ag-Pd paste evaporated. The volume of 
Ag-Pd paste stuffed in the grooves 12, 13 decreases by an 
amount corresponding to that evaporated. In order to com 
pensate the decreased volume, a process cycle of ?lling, 
deaerating and drying is repeated on the Ag-Pd paste. By 
repeating the process cycle, thicknesses of the stuffed Ag-Pd 
paste after drying have been made almost identical to the 
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depths of grooves 12, 13. In the present exemplary embodi 
ment, the process cycle of ?lling, deaerating and drying has 
been repeated three times. 

[0046] In the ceramic substrate 2, a through hole 7 is ?lled 
With an electroconductive paste, as shoWn in FIG. 4, by 
means of screen printing, and dried. By repeating the 
process cycle of ?lling and drying, and by a burning process, 
the through hole 7 is completely ?lled With an electrocon 
ductive substance (Ag-Pd, in the present exemplary case). 
The ceramic substrate 2 used here is the one Which has 
already been burned. 

[0047] An adhesive layer 44 of a thermoplastic resin is 
formed on the ceramic substrate 2 to facilitate the transfer of 
conductive pattern onto the ceramic substrate 2. Then, as 
illustrated in FIG. 5, the intaglio plate 40 is attached on the 
ceramic substrate 2 With the former’s surface having the 
grooves 12, 13 ?lled With dried electroconductive paste 43 
facing to the adhesive layer 44; these are heated and pressed 
each other to be glued together. As Will be described later 
more in detail, if the adhesive layer 44 is too thick it creates 
a dif?culty in forming a conductive pattern because of 
combustion and shrinkage of the adhesive layer 44 itself. 
According to the results of studies conducted by the inven 
tors, it has been con?rmed that the thickness of adhesive 
layer 44 is preferably 20 pm or less. Preferred temperature 
for the gluing is 130° C. The temperature corresponds to a 
temperature higher than the glass transition point by 
approximately 30° C., and it has been con?rmed that the 
transfer printing is best performed at the temperature. 

[0048] An adhesive layer 44 of thermoplastic resin is 
formed by applying a solution of butylcarbitol acetate 
(BCA) containing polyvinyl butyral resin (PVB) on the 
surface of ceramic substrate 2 through a dipping method, 
and drying it. As the result of above processing, a PVB layer 
of 5 pm thick is formed as the adhesive layer 44 covering the 
entire surface of ceramic substrate 2. Besides the dipping 
method, such PVB layer may be coated through other 
methods; for example, spinner method, roll coater method, 
screen printing method. Although a thermoplastic resin has 
been used as a preferred material for the adhesive layer 44 
in the present exemplary embodiment, a thermosetting resin 
may also be a preferred material. 

[0049] In normal cases, a substrate 2 has an undulation of 
approximately 30 pm, at least, in the surface. If an in?exible 
material is used for the intaglio plate, for example a glass 
intaglio plate, the high rigidity prevents it from suf?ciently 
complying With the surface undulation When attached to a 
ceramic substrate. When a resin rich in ?exibility is used for 
the intaglio plate 40 as in the present embodiment, it 
complies Well With the undulating contour of a substrate. 
Thus a fabricating method of excellent transferability is 
presented. 

[0050] NoW in the folloWing, a process of transfer printing 
is described. The temperature of intaglio plate 40 and 
ceramic substrate 2 glued together is loWered to room 
temperature, and the intaglio plate 40 is peeled off the 
ceramic substrate 2 to have the dried electroconductive paste 
43, Which being a ?rst conductive pattern formed after a 
certain speci?c Wiring pattern, transferred. As the intaglio 
plate 40 is ?exible enough, it can be bent to an angle of 90° 
or more, as shoWn in FIG. 6. As a result, the exfoliation of 
intaglio plate 40 from ceramic substrate 2 takes place on a 
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linear order, Which means that a force needed for separation 
is small and the intaglio plate 40 may be peeled off easily. 

[0051] Then, the ceramic substrate 2 having the above 
described dried electroconductive paste 43 transfer-printed 
thereon is burned in a temperature pro?le With the peak 
temperature 850° C. As a conductive pattern is formed on 
the ceramic substrate 2 With an adhesive layer 44 in 
betWeen, the adhesive layer 44 might generate combustion 
gas Wildly during the burning process depending on condi 
tions set for the burning. The combustion gas may cause a 
peeling-off or deformation on the conductive pattern Which 
could lead to rejection of conductive pattern. In order to 
avoid the occurrence of such inconvenience, it is preferred 
to set the temperature slope during a period of ramp up from 
200-500° C., Which period corresponds to the start and the 
end of combustion of the adhesive layer 44, to be not faster 
than 200° C./Hr. 

[0052] After a study conducted on the relationship 
betWeen the temperature conditions and the ?lm thickness of 
adhesive layer, it has been con?rmed that under the above 
described temperature conditions neither deformation nor 
peeling-off occurs during burning With a conductive pattern 
so long as an adhesive layer 44 is kept to be not thicker than 
20 pm. Through the processes described above, a ?rst 
conductive pattern 3 is formed, and a substrate as shoWn in 
FIG. 7 has been obtained; With the smallest line Width 20 
pm, the smallest space betWeen the lines 40 pm, the ?lm 
thickness of conductive pattern after burning 20 pm, the via 
diameter 100 pm, the via height 60 pm. The reduction in the 
dimensions of line Width and other items from the groove 
dimensions is a result of shrinkage in the electroconductive 
material caused by burning. A ?rst conductive pattern 3 thus 
obtained proved to have a very loW Wiring resistance; the 
resistance in a longest line portion 0.49, area resistance of 
conductive substance 2.1 m9. 

[0053] A?rst insulation layer 21 is formed on the ceramic 
substrate 2 having the ?rst conductive pattern 3 formed 
thereon, as shoWn in FIG. 8, by means of screen printing, 
and burned. What is used for the ?rst insulation layer 21 is 
a paste of crystalline glass Whose thermal expansion coef 
?cient is substantially identical to that of ceramic substrate 
2. The top part of via 11 is covered by emulsion of a screen 
Whose pattern is designed so as it is not printed With the 
crystalline glass paste. 

[0054] Asecond conductive pattern 4 is formed on the ?rst 
insulation layer 21, as shoWn in FIG. 9, through a screen 
printing process; printed under a rule W/S=100 pm/100 pm, 
and burned. The second conductive pattern 4 and the ?rst 
conductive pattern 3 are electrically coupled by means of the 
via 11. 

[0055] A multilayer ceramic substrate of the present 
embodiment is fabricated through the steps of manufactur 
ing an intaglio plate 40 out of a ?exible resin plate by 
providing thereon a ?ne ?rst groove 12 and a ?ne second 
groove 13 on the surface, ?lling the ?rst and the second 
grooves 12, 13 With an electroconductive paste 42, and 
deaerating and drying it, repeating the cycle of re?lling 
additional electroconductive paste to replenish a decrement 
in the volume caused by the drying, and deaeraing and 
drying for a certain predetermined times, stuf?ng the 
grooves 12, 13 With a concentrated electroconductive sub 
stance and gluing the intaglio plate 40 onto ceramic sub 
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strate 2, transferring the electroconductive substance stuffed 
in the grooves 12, 13 onto the ceramic substrate 2 and 
burning it to form a ?ne ?rst conductive pattern 3 thereon, 
forming a ?rst insulation layer 21 on the ?rst conductive 
pattern 3 by printing, and forming a second conductive 
pattern 4 on the ?rst insulation layer 21. Through the above 
described process steps, such a high density Wiring is 
implementable; in Which, for example, the line Width is 20 
pm, the Wiring ?lm thickness is 20 pm, the via diameter is 
100 pm, the via height is 60 pm. Thus a multilayer ceramic 
substrate 1 having a ?ne pattern, high density and very loW 
Wiring resistance has been obtained. 

Embodiment 2 

[0056] A method for fabricating a multilayer ceramic 
substrate in accordance With a second exemplary embodi 
ment of the present invention is described in the folloWing 
With reference to FIG. 10(a) through FIG. 10(6). 

[0057] In the ?rst place, a structure as shoWn in FIG. 10(a) 
is fabricated through the same procedure used for forming a 
?rst conductive pattern 3 in embodiment 1. 

[0058] A ?rst insulation layer 21 is formed, as shoWn in 
FIG. 10(b), over the ?rst conductive pattern 3 by a screen 
printing process covering the Whole surface including an 
area above the via 11. After it is dried, the surface of ?rst 
insulation layer 21 is ?attened by surface grinding, as shoWn 
in FIG. 10(c), doWn to a depth Where the via 11 is ground 
off by several micro meters. By the above processing all of 
the necessary vias are exposed from the ?rst insulation layer 
21. 

[0059] And then, it is burnd in a temperature pro?le With 
the peak temperature 850° C. After the burning, the via 11 
becomes extruded relative to the surface of ?rst insulation 
layer 21 by approximately 10 pm as a result of shrinkage in 
the ?lm thickness of ?rst insulation layer 21 caused by 
burning, as shoWn in FIG. 10(a'). 

[0060] A second conductive pattern 4 is screen-printed 
With a rule W/S=100 pm/100 pm, as shoWn in FIG. 10(6), 
and burned. Thus a multilayer ceramic substrate 1 is fabri 
cated. The second conductive pattern 4 and the ?rst con 
ductive pattern 3 are electrically coupled through the via 11. 

[0061] The folloWing advantage is presented in the present 
embodiment. With the siZe of via and via chip of the ?rst 
conductive pattern 3 getting smaller, it becomes more dif 
?cult, in vieW of the precision requirements, to form the ?rst 
insulation layer 21 through screen-printing technology in a 
pattern so as the printing is performed excluding an area 
above the via. In accordance With the above method of 
present embodiment, hoWever, all of the via 11 may be 
exposed precisely Without fail so long as it is formed on the 
?rst conductive pattern 3. This means that, through the 
method of present embodiment, a multilayer ceramic sub 
strate 1 Whose Wiring density is higher than that of embodi 
ment 1 may be presented. 

Embodiment 3 

[0062] A method for fabricating a multilayer ceramic 
substrate in accordance With a third exemplary embodiment 
of the present invention is described in the folloWing With 
reference to FIG. 11(a) through FIG. 11(a) 
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[0063] In the ?rst place, a structure as shown in FIG. 11(a) 
is fabricated through the same procedure used for forming a 
?rst conductive pattern 3 of embodiment 1. 

[0064] A ?rst insulation layer 21 is formed as shoWn in 
FIG. 11(b), over the ?rst conductive pattern 3 by a screen 
printing process covering the Whole surface including an 
area above the via 11. And then, it is burned in a temperature 
pro?le With the peak temperature 850° C. After the burning, 
the surface of ?rst insulation layer 21 is ?attened by surface 
grinding so as all of the vias 11 are exposed from the ?rst 
insulation layer 21, as shoWn in FIG. 11(c). 

[0065] And then, after providing an adhesive layer on the 
surface of the substrate processed to a state as shoWn in FIG. 
11(c), a second conductive pattern 4 as shoWn in FIG. 11(LD 
is transfer-printed in the same procedure used for forming 
the ?rst conductive pattern 3. The intaglio plate used here is 
that Which is provided With a pattern corresponding to the 
second conductive pattern 4. The second conductive pattern 
4 has been formed under the same Wiring rule as used for 
forming the ?rst conductive pattern 3. 

[0066] The folloWing advantage is presented in the present 
embodiment. The via 11 may be exposed precisely Without 
fail so long as it is formed on the ?rst conductive pattern 3. 
And the height of via 11 and the height of insulation layer 
21 are on a same level. Thus the above method is superior 
to that of embodiment 2 in terms of the ?attening capability. 
Therefore, the above method is quite advantageous When 
forming a second conductive pattern 4 in a high Wiring 
density through a transfer printing technology using an 
intaglio plate. This means that a multilayer ceramic substrate 
1 having a still higher Wiring density than that of embodi 
ments 1 and 2 may be presented through a method of the 
present embodiment. 

Embodiment 4 

[0067] A method for fabricating a multilayer ceramic 
substrate in accordance With a fourth exemplary embodi 
ment of the present invention is described in the folloWing 
With reference to FIG. 12(a) through FIG. 12(}‘). 

[0068] FIG. 12(a) through FIG. 12(LD correspond respec 
tively to FIG. 10(a) through FIG. 10(LD; the same processes 
are used upto the step of formation and burning of ?rst 
insulation layer 21. Therefore, the via 11 has been extruded 
relative to the surface of ?rst insulation layer 21 by approxi 
mately 10 pm. 

[0069] Then, as shoWn in FIG. 12(e), only the via 11 is 
ground by a grinding facility to the same level as the surface 
of ?rst insulation layer 21. A second conductive pattern 4 is 
formed through the same procedure as used in embodiment 
3. 

[0070] The folloWing advantage is presented in the present 
embodiment. Although the above method of present 
embodiment requires the grinding operation for tWo times, 
the ?rst grinding is for grinding only the dried skin of 
insulation layer 21 off, Which is quite easy and can be 
?nished Within a short time. The second grinding is for 
grinding only the extruding portion of via 11, Which is quite 
easy and can be ?nished Within a short time, too. The 
effectiveness of the present method in providing a high 
density Wiring pattern remains the same as in embodiment 3. 
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Embodiment 5 

[0071] A method for fabricating a multilayer ceramic 
substrate in accordance With a ?fth exemplary embodiment 
of the present invention is described in the folloWing With 
reference to FIG. 13, FIG. 14(a) through FIG. 14(c). 

[0072] A ceramic substrate 2 is ?lled With an electrocon 
ductive paste in the through hole and burned, and then 
provided With an adhesive layer 44 on both surfaces. An 
intaglio plate 40 having a certain speci?c pattern is ?lled 
With an electroconductive paste in the groove in the same 
Way as in embodiment 1, in order to form a ?rst conductive 
pattern 3 and a third conductive pattern 5, respectively. 

[0073] As shoWn in FIG. 13, the intaglio plate 40 is 
attached on both surfaces of substrate 2 simultaneously after 
being aligned to respective right locations, and then glued 
together by using a press jig 45. Then, the intaglio plate 40 
is separated from the substrate 2 to have the conductive 
pattern transfer-printed on the substrate 2. Thus a structure 
as shoWn in FIG. 14(a) is obtained. 

[0074] Then, a ?rst and a second insulation layers 21, 22 
are provided on both surfaces, as shoWn in FIG. 14(b), and 
ground in the same Way as in embodiment 4 in order to have 
the via 11 of ?rst and third conductive patterns 3, 5 exposed. 

[0075] A second and a fourth conductive patterns 4, 6 are 
also provided respectively, as shoWn in FIG. 14(c), by ?lling 
an intaglio plate 40 having a certain speci?c pattern With an 
electroconductive paste in the groove, transfer-printing and 
burning it in the same Way as in the ?rst and third conductive 
patterns 3, 5. 

[0076] The folloWing advantage is presented in the present 
embodiment. As the conductive pattern is formed simulta 
neously on both surfaces of a ceramic substrate 2, and 
burning as Well as grinding of insulation layers 21, 22 are 
also performed simultaneously on both surfaces, the manu 
facturing process steps do not increase as much even if the 
number of layers is increased. This contributes much to the 
reduction of manufacturing cost. Furthermore, because of 
the simultaneous formation on both surfaces a possible Warp 
in a multilayer ceramic substrate may be suppressed loW 
even if there is some difference in the thermal expansion 
coef?cient betWeen insulation layers 21, 22 and ceramic 
substrate 2. Thus a multilayer ceramic substrate 1 of least 
Warp may be presented in accordance With the present 
embodiment. 

Embodiment 6 

[0077] A method for fabricating a multilayer ceramic 
substrate in accordance With a sixth exemplary embodiment 
of the present invention is described in the folloWing With 
reference to FIG. 15(a) through FIG. 15(a) 

[0078] Referring to FIG. 15(a), the process steps used to 
form the state upto grinding of ?rst insulation layer 21 
remain the same as those used in embodiment 4. In the 
present embodiment, a second groove of an intaglio plate to 
be used for forming a second conductive pattern 4 has a 
bump portion at a place corresponding to pad location of an 
LSI chip. In the same method as used for forming the ?rst 
conductive pattern 3, the electroconductive material ?lled in 
the second groove is transfer-printed and a bump 15, or a 
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protrusion, is formed. The dimensions of bump 15 in the 
present embodiment are; diameter 50 pm, height 50 pm, 
smallest pitch 100 pm. 

[0079] In order to apply an electroconductive adhesive 47 
evenly on the top surface of bump 15, a transfer-printing jig 
49 is coated in advance With the electroconductive adhesive 
47 in an even ?lm thickness, Which jig 49 is then loWered in 
parallel With the ceramic substrate 2 until it makes contact 
on the bump 15 and the adhesive is transferred thereon. 

[0080] Then, as shoWn in FIG. 15(c), an LSI chip 46 is 
mounted on the bump 15 after a pad of the LSI chip 46 and 
bump 15 are aligned to a right position. As soon as it is 
mounted on the right position, the electroconductive adhe 
sive 47 is heated and cured to have the LSI chip 46 and the 
bump 15 connected together. 

[0081] A gap betWeen the LSI chip and the bump 15 is 
?lled With a sealing resin 48, as shoWn in FIG. 15(a'), Which 
is then cured by heating. 

[0082] The folloWing advantage is presented in the present 
embodiment. As the bump 15 is formed simultaneously on 
the second conductive pattern 4, there is no need of forming 
a bump in the LSI chip 46. This leads to a reduction in 
manufacturing cost of the LSI chip 46. Even When a 
plurality of LSI chips 46 are mounted, the bump 15 may be 
formed simultaneously on the second conductive pattern 4 
for required numbers needed for the mounting Without 
having additional process steps. Thus, the bump 15 may be 
formed for the numbers required to encounter a certain 
number of pieces of LSI chip 46 Without having additional 
process step. Furthermore, regarding a test after mounting of 
LSI chip 46, Whether the LSI chip has been mounted right 
or not may be tested electrically before curing the electro 
conductive adhesive 47. If a chip is not mounted Well, the 
chip may be demounted for remounting, or a replacement 
chip may be mounted thereon. The electroconductive adhe 
sive 47 may be cured only after it is con?rmed to be 
acceptable after the reWork. Therefore, the ?nal yield rate of 
multilayer ceramic substrates may be improved. In some 
cases, an LSI chip 46 Which is already provided With a bump 
has to be mounted. Even in such a case, the LSI chip 46 may 
be mounted direct on, for example, a multilayer ceramic 
substrate of embodiment 5 using a most suitable method. In 
this Way, it is effective as a high-density multilayer ceramic 
substrate. 

[0083] A high-density multilayer ceramic substrate of the 
present embodiment may be evolved to still other embodi 
ments. For example, FIG. 16 shoWs the one in Which the 
Wiring has been provided in high density by forming ?rst to 
fourth conductive patterns 3, 4, 5, 6 through transfer-printing 
of patterns using intaglio plates, and an LSI chip 46 is 
mounted direct on the surface With the face doWn. 

[0084] In the one shoWn in FIG. 17, the ?rst to fourth 
conductive patterns 3, 4, 5, 6 are disposed on one of the 
surfaces of ceramic substrate 2, While on the other surface a 
dielectric layer 23 sandWitched by a poWer source electrode 
24 and a ground electrode 25, each formed by a screen 
printing process or other such process, is provided. A 
dielectric substance of high dielectric constant e=10000 is 
used for the dielectric layer 23; Which proved to be quite 
effective in reducing the poWer source noise. In an embodi 
ment as shoWn in FIG. 17, a shield electrode 18 is provided 
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at the outermost part of each of the ?rst to third conductive 
patterns 3, 4, 5, and the poWer source electrode 24 and the 
ground electrode 25 contained as part of the ?rst to third 
conductive patterns 3, 4, 5 have been provided in the form 
of a meshed pattern. These contributed to raise the anti-noise 
characteristic of signal lines and to loWer the impedance of 
poWer source electrode 24 and ground electrode 25. 

[0085] Still other exemplary embodiments are shoWn in 
FIG. 18(a) and FIG. 18(b). What is shoWn in FIG. 18(a) is 
a chip-siZe package (CSP) fabricated in accordance With a 
method of the present embodiment; in Which, a bump 15 has 
been formed simultaneously With a ?fth conductive pattern 
16. What is shoWn in FIG. 18(b) is the one Which has been 
fabricated by mounting said CSP direct on the surface of a 
multilayer ceramic substrate having a dielectric layer 23. 
The CSP comprises a land section 17 of 0.8 mm pitch full 
grid With total number of lands reaching 400, Which means 
that it requires a high density Wiring in the multilayer 
ceramic substrate. A conventional multilayer ceramic sub 
strate is unable to meet the above requirements. Thus a 
design rule of the present embodiment W/S=20 pm/40 pm 
has proved to be quite effective. 

[0086] The present invention can be embodied in various 
forms, Without departing from the spirit or the main feature. 
The aforedescribed embodiments are only examples and not 
to be understood limitedly. For example, although in the 
above embodiments a polyimide ?lm has been exempli?ed 
as the material for the intaglio plate, polyethylene tereph 
thalate (PET) or polyether-imide (PEI) may of course be 
used for the purpose. The scope of the present invention is 
shoWn by the claims, and not to be restricted by the above 
explanation. Modi?cations or changes in the scope of the 
claims or equivalents thereto are all Within the scope of the 
invention. 

What is claimed is: 
1. A method for fabricating a multilayer ceramic substrate 

comprising the steps of: 

(a) manufacturing an intaglio plate of ?exible resin sub 
stance, on Which a ?rst groove corresponding to a ?rst 
conductive pattern is formed and a second groove 
having a depth deeper than that of the ?rst groove is 
formed at a place corresponding to a via of the ?rst 
conductive pattern; 

(b) ?lling the ?rst and second grooves With an electro 
conductive paste, and deaerating and drying the paste; 

(c) repeating the cycle of re?lling additional electrocon 
ductive paste to replenish a volume corresponding to a 
decrement caused by the drying, and deaerating and 
drying; 

(d) gluing said intaglio plate onto a ceramic substrate by 
applying heat and pressure; 

(e) separating said intaglio plate from said ceramic sub 
strate to have a pattern of the electroconductive paste 
transferred onto the ceramic substrate, and burning it so 
as to form said ?rst conductive pattern on the ceramic 

substrate; 
(f) forming an insulation layer on said ?rst conductive 

pattern; and 

(g) forming a second conductive pattern on said insulation 
layer. 




