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(57) ABSTRACT 

A multilayer printed Wiring board Which permits the forma 
tion of ?ne Wiring patterns, thereby increasing the density of 
Wiring patterns. Using photosensitive glass having a coef 
?cient of thermal expansion close to that of a copper ?lm as 
a core substrate, a through hole is formed in the photosen 
sitive glass by photolithography, a sputtering silicon oxide 
layer and a sputtering silicon nitride layer are formed to 
prevent leak of alkali metal ions from the photosensitive 
glass, a sputtering chromium layer, a sputtering chromium 
copper layer and a sputtering copper layer are formed to 
enhance the adhesion strength betWeen the copper ?lm and 
the sputtering silicon oxide layer, and a copper ?lm of 1 to 
20 pm thick is formed. With resin ?lled into the interior of 
the through hole, a Wiring layer is patterned by etching, an 
insulating layer is formed, and the surface is covered With a 
surface treatment layer and a cover coat. 
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2a EXPOSURE-CRYSTALLIZED PORTION 

FIG. 2(A) 
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MULTILAYER PRINTED WIRING BOARD AND A 
PROCESS OF PRODUCING SAME 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to a multilayer 
printed Wiring board having a multilayer Wiring pattern and 
a process of producing same, and more particularly, to a 
multilayer printed Wiring board Which permits the formation 
of high-density Wiring patterns and a production process 
therefor. 

[0003] (2) Description of the Related Art 

[0004] In recent years, MCM (Multi Chip Module) having 
a plurality of bare-chip LSIs mounted at high density on a 
multilayer Wiring board has come to be Widely used. MCM 
is used in various types of OA equipment, mobile commu 
nication equipment, industrial equipment, etc., such as in 
notebook computers and mobile phones, and has been 
greatly contributing to the reduction in siZe and Weight of 
such equipment. In the ?eld of notebook computers, mobile 
phones and the like, further reduction of their siZe and 
Weight is eXpected in future as Well, and thus there Will 
inevitably be a demand for corresponding miniaturiZation of 
MCM. 

[0005] Requisites for the miniaturiZation of MCM include 
reduction in siZe of LSIs to be mounted, high-density 
formation of Wiring patterns, etc. In the case of a ?ip chip 
used as an LSI, its pad pitch is said to become as small as 
0.07 mm or thereabout in future. Accordingly, a multilayer 
Wiring board also, on Which ?ip chips are mounted, needs to 
be formed With high-density Wiring patterns matching such 
?ne pad patterns. 

[0006] As such multilayer Wiring boards, a ceramic Wiring 
board using a ceramic material and a buildup Wiring board 
using a glass-reinforced epoXy resin etc. are generally 
knoWn. A ceramic Wiring board is produced using a green 
sheet, and a through hole is formed in the green sheet by 
punching. AWiring pattern is printed on the green sheet by 
using an electrically conductive ink. Alarge number of green 
sheets thus formed With the through hole and the Wiring 
pattern are stacked up and are baked at high temperature 
under high pressure, thereby forming a Wiring board having 
layered Wiring patterns. To produce a buildup Wiring board, 
on the other hand, a copper-clad, glass-reinforced epoXy 
resin is used as a starting material. After a through hole is 
formed using a drill, a conductive layer is formed on the 
inner Wall of the through hole by plating to achieve con 
ductor connection betWeen the opposite surfaces of the 
copper-clad, glass-reinforced epoXy resin. Subsequently, a 
Wiring pattern (hereinafter core layer) is formed, and an 
organic insulating layer (hereinafter buildup layer) is formed 
on one or both surfaces of the material having the Wiring 
formed thereon. Then, the buildup layer alone is removed 
using a laser or by etching at locations corresponding to 
interlayer connecting portions, and the individual layers are 
interconnected by means of plating, thereby forming a 
multilayer Wiring board. 

[0007] In the case of the ceramic Wiring board, hoWever, 
since the Wiring pattern is printed on a green sheet, it is 
dif?cult to form a high-density Wiring pattern. 
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[0008] Further, in the ceramic Wiring board, a through hole 
is formed by punching, and thus it is dif?cult to form a 
small-diameter through hole. As a result, the land has an 
increased Width corresponding to the diameter of the 
through hole, also making it difficult to enhance the density 
of the Wiring pattern. 

[0009] On the other hand, in the case of the buildup Wiring 
board, the coef?cient of thermal eXpansion (16 ppm/°C.) of 
the plated copper formed betWeen the copper foil constitut 
ing the core layer and the glass-reinforced epoXy resin 
greatly differs from the coef?cient of thermal eXpansion (80 
ppm/°C.) of the glass-reinforced epoXy resin in the thickness 
direction thereof. In order to eliminate inconvenience such 
as Wiring disconnection caused by the difference in the 
coef?cient of thermal eXpansion, therefore, the thickness of 
the plated copper must be 20 pm or more. Further, the 
underside of the copper foil constituting the core layer is 
roughened in the order of 3 to 5 pm to ensure satisfactory 
adhesion strength When the copper foil is laminated on the 
resin, and therefore, the roughening thickness of 3 to 5 pm 
must also be alloWed for. Thus, even if an ultra-thin copper 
foil is used, the total thickness of the copper foil, including 
the plated copper and the roughening thickness, becomes 35 
pm or more. When such a thick copper ?lm is etched, the 
amount of side etching tends to increase, giving rise to a 
problem that the Wiring of the core layer cannot be made 
?ne. 

[0010] Further, in the buildup Wiring board, a through hole 
is formed by drilling, and thus it is dif?cult to form a through 
hole With a diameter of 0.3 mm or less. As a result, the land 
has an increased Width corresponding to the diameter of the 
through hole, also making it difficult to enhance the density 
of the Wiring pattern. 

SUMMARY OF THE INVENTION 

[0011] The present invention Was created in vieW of the 
above circumstances, and an object thereof is to provide a 
multilayer printed Wiring board Which permits the formation 
of ?ne Wiring patterns, thereby increasing the density of 
Wiring patterns. 

[0012] It is another object of the present invention to 
provide a process of producing a multilayer printed Wiring 
board Which permits the formation of ?ne Wiring patterns, 
thereby increasing the density of Wiring patterns. 

[0013] To achieve the ?rst object, there is provided a 
multilayer printed Wiring board comprising a glass substrate 
having a through hole connecting opposite surfaces thereof, 
a plurality of insulating layers and Wiring layers formed on 
the surfaces of the glass substrate, and a conducting portion 
having a conductive ?lm formed on an inner Wall surface of 
the through hole and providing conductor connection 
betWeen the opposite surfaces of the glass substrate. In the 
multilayer printed Wiring board, the conductive ?lm has a 
thickness of 1 to 20 pm, and a protective layer is formed so 
as to cover at least the conductive ?lm. 

[0014] To achieve the second object, a process of produc 
ing a multilayer printed Wiring board is provided Which 
comprises the step of forming a through hole in a glass 
substrate so as to connect opposite surfaces thereof, the step 
of forming a plurality of insulating layers and Wiring layers 
on the surfaces of the glass substrate, the step of coating the 



US 2002/0100608 A1 

through hole With a conductive ?lm to provide conductor 
connection between the opposite surfaces of the glass sub 
strate, and the step of covering the conductive ?lm With a 
protective layer. 

[0015] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
following description When taken in conjunction With the 
accompanying draWings Which illustrate preferred embodi 
ments of the present invention by Way of eXample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 
board; 

FIG. 1 is a sectional vieW of a multilayer printed 

[0017] FIGS. 2(A) and 2(B) are sectional vieWs illustrat 
ing a step of forming a through hole in photosensitive glass, 
Wherein FIG. 2(A) shoWs the formation of an eXposure 
crystalliZed portion at a through hole-forming portion by 
irradiation of ultraviolet rays onto the photosensitive glass, 
and FIG. 2(B) shoWs the formation of a through hole by 
selective removal of the through hole-forming portion by 
dissolution from the photosensitive glass; 

[0018] FIG. 3(A) is a sectional vieW illustrating an ion 
blocking layer formation step, and FIGS. 3(B) and 3(C) are 
sectional vieWs illustrating a Wiring layer and conductive 
?lm formation step; 

[0019] FIGS. 4(A), 4(B), 4(C) and 4(D) are sectional 
vieWs of a multilayer printed board in a conductive ?lm 
coating step, Wherein FIG. 4(A) shoWs the formation of a 
sputtering chromium layer formed as the barrier layer, FIG. 
4(B) shoWs the ?lling of resin into the through hole, FIG. 
4(C) shoWs the removal of super?uous portions of the resin 
protruding from the through hole, and FIG. 4(D) shoWs the 
removal of the sputtering chromium layer formed as the 
barrier layer to eXpose a copper ?lm; 

[0020] FIG. 5(A) is a sectional vieW of the multilayer 
printed board from Which etching portions have been 
removed, and FIG. 5(B) is a sectional vieW of the multilayer 
printed board on Which an insulating layer has been formed; 

[0021] FIG. 6(A) is a sectional vieW of the multilayer 
printed board on Which a Wiring layer has been formed in a 
Wiring layer formation step, FIG. 6(B) is a sectional vieW of 
the multilayer printed board of Which the Wiring layer has 
been patterned by again performing an etching step and an 
insulating layer formation step, and FIG. 6(C) is a sectional 
vieW of the multilayer printed board illustrating a surface 
treatment step; 

[0022] FIGS. 7(A), 7(B) and 7(C) are sectional vieWs 
illustrating a through hole formation step, Wherein FIG. 
7(A) shoWs an origin positioning through hole formed in 
alkali-free glass, FIG. 7(B) shoWs a through hole formed 
halfWay in the alkali-free glass, and FIG. 7(C) shoWs the 
through hole formed through the alkali-free glass; 

[0023] FIGS. 8(A) and 8(B) are sectional vieWs illustrat 
ing another through hole formation step, Wherein FIG. 8(A) 
shoWs an origin positioning through hole formed in alkali 
free glass, and FIG. 8(B) shoWs a through hole formed 
through the alkali-free glass; 
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[0024] FIGS. 9(A) and 9(B) are sectional vieWs illustrat 
ing a through hole formation step, FIG. 9(C) is a sectional 
vieW illustrating a crystalliZation step, and FIG. 9(D) is a 
sectional vieW illustrating a Wiring layer and conductive ?lm 
formation step; 

[0025] FIG. 10(A) is a sectional vieW illustrating a con 
ductive ?lm coating step, and FIG. 10(B) is a sectional vieW 
illustrating a resist pattern formation step; 

[0026] FIG. 11(A) is a sectional vieW illustrating an 
etching step, and FIG. 11(B) is a sectional vieW illustrating 
an insulating layer formation step; 

[0027] FIG. 12(A) is a sectional vieW illustrating a Wiring 
layer formation step, and FIG. 12(B) is a sectional vieW 
illustrating an etching step and a surface treatment step; 

[0028] FIG. 13 is a plan vieW shoWing an eXample of a 
Wiring pattern of landless structure; and 

[0029] FIG. 14 is a schematic vieW of comb patterns 
formed for the purpose of an ion migration accelerated test. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Embodiments of the present invention Will be 
hereinafter described With reference to the draWings. 

[0031] A ?rst embodiment Will be described ?rst. 

[0032] FIG. 1 is a sectional vieW of a multilayer printed 
board 1 according to this embodiment. 

[0033] The multilayer printed board 1 has a photosensitive 
glass 2 Which is a glass substrate constituting the core of the 
multilayer printed board 1, a through hole 3 extending 
through the photosensitive glass 2 from one to the other 
surface thereof, and an ion blocking layer 4 for suppressing 
leak of alkali metal ions etc. from the photosensitive glass 2. 

[0034] In this embodiment, the ion blocking layer 4 is 
made up of a sputtering silicon oXide layer 4a and a 
sputtering silicon nitride layer 4b. Acopper ?lm 6, Which is 
the loWermost Wiring layer and serves also as a conductive 
?lm for providing conductor connection betWeen the oppo 
site surfaces of the photosensitive glass 2, is formed on an 
adhesion-reinforcing layer 5 for maintaining and enhancing 
the adhesion With the copper ?lm 6. The adhesion-reinforc 
ing layer 5 includes a sputtering chromium layer 5a, a 
sputtering chromium-copper layer 5b, and a sputtering cop 
per layer 5c. The multilayer printed board further includes a 
copper ?lm 11 as a laminated Wiring layer, an insulating 
layer 10 interposed betWeen Wiring layer patterns, a resin 8 
serving as a protective layer covering the copper ?lm 6 
inside the through hole 3, a surface treatment layer 12 
covering a surface conducting portion of the multilayer 
printed board 1, and a cover coat 13 covering the surface of 
the multilayer printed board 1 eXcept the surface conducting 
portion. 

[0035] The glass substrate used in this case is made of a 
material most suited as the core substrate in terms of 
characteristics including smoothness, hardness and insulat 
ing performance, and may be photosensitive glass as eXem 
pli?ed in this embodiment, chemically strengthened glass 
such as soda-lime glass, crystalliZed glass, alkali-free glass, 
aluminosilicate glass, etc. 
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[0036] The sputtering silicon nitride layer 4b is formed on 
the opposite surfaces of the photosensitive glass 2, and the 
sputtering silicon oxide layer 4a is formed on the outer 
surface of the sputtering silicon nitride layer 4b. The insu 
lating layer 10 and the sputtering chromium layer 5a are 
situated on the outer surface of the sputtering silicon oxide 
layer 4a, and on the outer surface of the sputtering chro 
mium layer 5a, the sputtering chromium-copper layer 5b 
and the sputtering copper layer 5c are successively arranged. 
The copper ?lm 6 is formed on the outer surface of the 
sputtering copper layer 5c as Well as on the inner Wall 
surface of the through hole 3, and conductor connection is 
established betWeen part of the copper ?lm 6 formed on the 
outer surface of the sputtering copper layer 5c and the 
copper ?lm 6 formed on the inner Wall surface of the through 
hole 3. The resin 8 is ?lled into the interior of the through 
hole 3 of Which the inner Wall surface has been coated With 
the copper ?lm 6. On the outer surface of the Wiring layer 
formed in this manner, the sputtering chromium layer 5a and 
the sputtering chromium-copper layer 5b are formed as the 
adhesion-reinforcing layer 5, and further, the copper ?lm 11 
and the insulating layer 10 are formed as an outer layer. The 
adhesion-reinforcing layer 5, the copper ?lm 6 and the 
insulating layer 10 are successively stacked in like manner 
on the laminate structure, thus forming a laminated circuit 
pattern. As an outermost layer of the laminated circuit 
pattern formed in this manner, the cover coat 13 and the 
surface treatment layer 12 are formed. 

[0037] A process of producing the multilayer printed 
board 1 Will be noW described. 

[0038] The production process for the multilayer printed 
board 1 according to the present invention comprises a 
through hole formation step, an ion blocking layer formation 
step, a Wiring layer and conductive ?lm formation step, a 
conductive ?lm coating step, an etching step, an insulating 
layer formation step, a Wiring layer formation step, and a 
surface treatment step. 

[0039] A step of modifying the glass substrate may be 
added as needed. Characteristics of the glass to be modi?ed 
include physical characteristics such as hardness, ?exural 
strength, coefficient of thermal expansion, etc., optical char 
acteristics such as transmittance, refractive index, etc., 
chemical characteristics such as ion migration properties 
etc., and electrical characteristics such as dielectric constant, 
dielectric loss tangent, etc. 

[0040] The glass substrate can be modi?ed by crystalliZing 
the glass substrate in its entirety, for example. By performing 
such crystalliZation, it is possible to modify as desired the 
characteristics of the glass substrate such as ?exural 
strength, coef?cient of thermal expansion, and transmit 
tance. 

[0041] Further, the glass substrate may be modi?ed for the 
purpose of controlling the surface conditions of the sub 
strate, for example, smoothness, cleanness, Wettability, etc. 

[0042] FIG. 2 illustrates the step of forming the through 
hole 3 in the photosensitive glass 2. 

[0043] In the through hole formation step, ?rst, a mask is 
placed on the surface of the photosensitive glass 2, and 
ultraviolet rays are selectively irradiated only onto a portion 
of the photosensitive glass 2 Where the through hole 3 is to 
be formed. The material of the photosensitive glass 2 is not 
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particularly limited, and any material may be used insofar as 
it contains a photosensitive component and shoWs photo 
sensitivity. As the photosensitive component, preferably at 
least one of, more preferably tWo or more of Au, Ag, Cu2O 
and CeO2 are contained. 

[0044] As the glass substrate used in the present invention, 
a photosensitive glass containing, for example, 55 to 85% 
SiO2, 2 to 20% A1203, and 5 to 15% Li2O (SiO2+Al2O3+ 
Li2O>85%) as a basic component; 0.001 to 0.05% Au, 0.001 
to 0.5% Ag, and 0.001 to 1% Cu2O as a photosensitive 
metallic component; and 0.001 to 0.2% CeO2 as a photo 
sensitiZer, all by Wt %, is especially preferred. 

[0045] The mask to be used for the formation of the 
through hole is not particularly limited, and a mask of any 
desired type may be used insofar as it has an opening 
corresponding in position to the through hole to be formed, 
can be brought into close contact With the photosensitive 
glass 2, and permits selective exposure of the photosensitive 
glass 2. As such a mask, a mask having a pattern of ?lm 
formed on a thin transparent glass plate and substantially 
opaque to the exposure light such as ultraviolet rays, for 
example, a chromium ?lm, may be used. 

[0046] That portion of the photosensitive glass 2 at Which 
the through hole 3 is to be formed is selectively irradiated 
With ultraviolet rays through the mask, Whereupon an expo 
sure-crystalliZed portion 2a is formed due to the irradiation 
at the through hole-forming portion, as shoWn in FIG. 2(A). 

[0047] The glass substrate having the exposure-crystal 
liZed portion 2a formed therein is then subjected to heat 
treatment. The heat treatment is preferably carried out at a 
temperature betWeen the transition point and yield point of 
the glass used. At temperatures loWer than the transition 
point, satisfactory heat treating effects are not obtained, and 
at temperatures exceeding the yield point, shrinkage occurs, 
possibly loWering the dimensional accuracy. The heat treat 
ment is preferably performed for a period of about 30 
minutes to 5 hours. 

[0048] Subsequently, the heat-treated photosensitive glass 
2 is immersed in dilute hydro?uoric acid and the exposure 
crystalliZed portion 2a alone is etched. Due to the etching, 
the through hole-forming portion alone is selectively 
removed by dissolution from the photosensitive glass 2, as 
shoWn in FIG. 2(B), so that the through hole 3 is formed. By 
using a photolithography technique for the through hole 
formation in the photosensitive glass 2, it is possible to 
simultaneously form a desired number of through holes 3 
With an aspect ratio of about 10. For example, Where the 
photosensitive glass 2 used has a thickness of about 0.3 to 
1.5 mm, a plurality of through holes With a small diameter 
of about 30 to 150 pm can be formed simultaneously at 
desired locations. This permits the formation of ?ne Wiring 
patterns and also serves to shorten the time required for the 
through hole formation step. 

[0049] Where a landless structure is employed in Which 
the land Width is reduced to a very small value or Zero in 
order to increase the density of Wiring patterns, suf?ciently 
large space can be secured betWeen the through holes and 
thus Wiring can be arranged also in the space betWeen the 
through holes, expanding the degree of freedom in Wiring 
design. 
[0050] Also, the through holes can be formed at a narroW 
pitch, Whereby the Wiring density can be increased. 
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[0051] Prior to the formation of a thin ?lm such as a Wiring 
layer on the substrate, a glass substrate modi?cation step, for 
example, crystallization of the entire glass substrate, may be 
additionally carried out. 

[0052] By adding such a step, it is possible to improve the 
characteristics of the glass substrate, for example, to obtain 
increased mechanical strength and heat resistance, compared 
With the original photosensitive glass, to control the coef? 
cient of thermal expansion, and to suppress ion migration. 

[0053] For example, Where the glass substrate is in its 
entirety crystalliZed to make the coefficient of thermal 
expansion of the crystalliZed glass substrate close to that of 
a metallic material constituting the Wiring layer, defects such 
as Wiring disconnection or hole breakout can be prevented 
from being caused by repeated expansion and contraction 
due to heat history, even if a landless structure is employed 
to form a narroW-pitch, high-density Wiring pattern. 

[0054] The crystalliZation of the entire glass substrate may 
be performed folloWing the formation of the through hole, 
by irradiating ultraviolet rays onto the entire substrate and 
then heat-treating the substrate. In this case, conditions for 
the crystalliZation are suitably selected in accordance With 
characteristics of the crystalliZed glass substrate to be 
obtained, so as to control the kind, siZe, quantity, etc. of 
crystals to be formed. 

[0055] FIG. 3(A) is a sectional vieW illustrating the ion 
blocking layer formation step in Which the sputtering silicon 
oxide layer 4a and the sputtering silicon nitride layer 4b are 
formed on the opposite surfaces of the photosensitive glass 
2. 

[0056] In cases Where the photosensitive glass 2 contains 
alkali metal ions such as Li", Na", etc., measures need to be 
taken against short circuit induced by ion migration. Ion 
migration is a phenomenon that alkali metal ions move on an 
insulator With long-sustained application of voltage and 
?nally cause a short circuit betWeen electrodes, and is a 
cause of loWering of the reliability of the multilayer printed 
board 1. According to this embodiment, to prevent a short 
circuit from being caused by ion migration, an ion blocking 
layer 4 consisting of the sputtering silicon oxide layer 4a and 
the sputtering silicon nitride layer 4b is formed on the 
opposite surfaces of the photosensitive glass 2, thereby 
preventing the alkali metal ions from leaking from the 
photosensitive glass 2 to the copper ?lm 6, the insulating 
layer 10, etc. Consequently, even in the case Where the glass 
used contains ionic impurities, ion migration can be effec 
tively suppressed, and also suf?cient insulation resistance is 
ensured even if the ?lm thickness is small. 

[0057] When forming the ion blocking layer 4, ?rst, a 
dealkaliZing process is performed to remove alkali metal 
ions contained in the opposite surfaces of the photosensitive 
glass 2. The dealkaliZation is carried out by immersing the 
photosensitive glass 2 in an electrolyte such as a sulfuric 
acid solution, and then applying an electric ?eld to the 
photosensitive glass 2 to alloW alkali metal ions contained in 
the opposite surfaces of the photosensitive glass 2 to dis 
solve in the electrolyte. 

[0058] After the dealkaliZation, the ion blocking layer 4 is 
formed on each of the opposite surfaces of the photosensi 
tive glass 2. The ion blocking layer 4 may be made of either 
an organic material or an inorganic material; preferably, the 
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material used should have good insulating performance, 
have a coefficient of thermal expansion such that the differ 
ence in coef?cient of thermal expansion betWeen the ion 
blocking layer and the glass is small, and should also be 
excellent in heat resistance, moisture resistance, and elec 
trical characteristics. Such materials include, for example, 
SiO2, Si3N4, A1203, etc. Among these, SiO2 and Si3N4 are 
especially preferred because they are free from defects such 
as pinholes, have high integrity as an insulating ?lm, and 
also are high in Withstand voltage. 

[0059] The ?lm formation method is not particularly lim 
ited and sputtering, vacuum evaporation, CVD, etc. may be 
used; hoWever, sputtering is preferred since it provides good 
adhesion. In this embodiment, the sputtering silicon nitride 
layer 4b is formed on the opposite surfaces of the photo 
sensitive glass 2, and the sputtering silicon oxide layer 4a is 
formed on the outer surface of the sputtering silicon nitride 
layer, as shoWn in FIG. 3(A). Although in this embodiment 
the ion blocking layer 4 is formed after dealkaliZing the 
photosensitive glass 2, only one of the dealkaliZing process 
and the formation of the ion blocking layer 4 may be 
performed. The glass substrate referred to in relation to the 
present invention includes those provided With the ion 
blocking layer 4. 

[0060] After completion of the ion blocking layer forma 
tion step, the Wiring layer and conductive ?lm formation 
step is carried out. FIGS. 3(B) and 3(C) are sectional vieWs 
illustrating the Wiring layer and conductive ?lm formation 
step. 

[0061] The loWermost Wiring layer is formed by plating or 
the like. In cases Where the adhesion betWeen the material of 
the loWermost Wiring layer and the material of the ion 
blocking layer 4 on Which the loWermost Wiring layer is 
formed is poor, the adhesion-reinforcing layer 5 is inter 
posed betWeen the loWermost Wiring layer and the ion 
blocking layer 4, thereby to enhance the strength of adhesion 
With the Wiring layer. For the adhesion-reinforcing layer 5, 
a material having good adhesion With both the loWermost 
Wiring layer and the ion blocking layer 4, for example, 
chromium, tantalum, titanium, etc., is used, and a ?lm 
consisting of such a material is formed on the surface of the 
ion blocking layer 4 by sputtering, vacuum evaporation, 
CVD, etc. Alternatively, the adhesion-reinforcing layer 5 
may have a three-layer structure such that betWeen a mate 
rial having good adhesion With the loWermost Wiring layer 
and a material having good adhesion With the ion blocking 
layer 4, a mixture of these materials is interposed. In the case 
Where no ion blocking layer is formed, a material having 
good adhesion With both the loWermost Wiring layer and the 
core substrate is used for the adhesion-reinforcing layer 5. 
Also in this case, the adhesion-reinforcing layer 5 may have 
a three-layer structure, as in the case of forming the ion 
blocking layer. 

[0062] In this embodiment, copper is used as the material 
of the loWermost Wiring layer, and the adhesion-reinforcing 
layer 5 has a three-layer structure consisting of the sputter 
ing chromium layer 5a, Which has good adhesion With the 
sputtering silicon oxide layer 4a, the sputtering copper layer 
5c, Which has good adhesion With the copper ?lm 6 as the 
loWermost Wiring layer, and the sputtering chromium-cop 
per layer 5b interposed betWeen these layers. FIG. 3(B) is a 
sectional vieW shoWing the adhesion-reinforcing layer 5 
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having this structure. In this embodiment, the adhesion 
reinforcing layer 5 is formed by sputtering; speci?cally, as 
shoWn in FIG. 3(B), the sputtering chromium layer 5a is 
formed on the sputtering silicon oxide layer 4a, the sputter 
ing chromium-copper layer 5b is formed on the sputtering 
chromium layer, and the sputtering copper layer 5c is formed 
on the sputtering chromium-copper layer. The individual 
layers constituting the adhesion-reinforcing layer 5 should 
preferably have as small a thickness as possible, taking 
account of the amount of side etching in the subsequent 
Wiring layer patterning by etching, described later. If, hoW 
ever, the thickness of each of the layers forming the adhe 
sion-reinforcing layer 5 is too small, the layer 5 may 
possibly be removed during a pretreatment performed prior 
to the subsequent formation of the copper ?lm 6. Where 
chromium is used for the adhesion-reinforcing layer 5, for 
example, the sputtering chromium layer 5a preferably has a 
thickness of about 0.04 to 0.1 pm. The sputtering chromium 
copper layer 5b, Which is the intermediate layer, preferably 
has a thickness of about 0.04 to 0.1 pm, and the sputtering 
copper layer 5c preferably has a thickness of about 0.5 to 1.5 
pm. Thus, in this step, a very thin adhesion-reinforcing layer 
5 With an overall thickness of 2 pm or less is formed. 

[0063] Subsequently, the Wiring layer and the conductive 
?lm are formed. In this embodiment, the loWermost Wiring 
layer and the conductive ?lm are formed as a single copper 
?lm 6, as shoWn in FIG. 3(C), and this copper ?lm 6 is 
formed uniformly so as to cover the surface of the adhesion 
reinforcing layer 5 as Well as the inner Wall surface of the 
through hole 3. Thus, the copper ?lm 6 provides conductor 
connection betWeen the opposite surfaces of the multilayer 
printed board 1 via the through hole 3. The copper ?lm 6 is 
formed by plating such as electroplating and electroless 
plating. Electroplating and electroless plating have their 
respective advantages and disadvantages. Electroplating is 
advantageous in that the time required for plating is short, 
compared With electroless plating, but is disadvantageous in 
that the deposited ?lm is poor in uniformity and in adhesion. 
On the other hand, electroless plating is advantageous in that 
the ?lm formed by electroless plating is excellent in unifor 
mity and adhesion, compared With that formed by electro 
plating, but is disadvantageous in that longer time is required 
for plating. Preferably, therefore, a copper layer of 1 pm 
thick or less is deposited ?rst by electroless plating, and then 
the copper layer is thickened by electroplating. 
[0064] Like the adhesion-reinforcing layer 5 mentioned 
above, the thickness of the copper ?lm 6 should preferably 
be as small as possible, in consideration of the amount of 
side etching. HoWever, if the multilayer printed board 1 is 
used in an environment in Which it undergoes repeated 
temperature changes, metal fatigue of the copper ?lm 6 may 
develop due to the difference in coef?cient of thermal 
expansion betWeen the copper ?lm 6 and the photosensitive 
glass 2. To ensure connection reliability of the copper ?lm 
6 Without the possibility of metal fatigue, therefore, the 
copper ?lm 6 needs to have a someWhat large thickness. The 
photosensitive glass 2 used in the present invention has a 
coef?cient of thermal expansion closer to that of copper, 
than a core substrate using a glass-reinforced epoxy resin 
having a coef?cient of thermal expansion of 80 ppm/°C. (Z 
direction). For example, the photosensitive glass 2 has a 
coef?cient of thermal expansion of approximately 8.4 ppm/ 
°C. in a thickness direction thereof, Which is almost half the 
coef?cient of thermal expansion of the copper ?lm 6, that is, 
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16 ppm/°C. Accordingly, compared With the case of using a 
glass-reinforced epoxy resin or the like, change of the stress 
applied to the copper ?lm 6 can be lessened, and as a 
consequence, reliable connection is ensured even if the 
thickness of the copper ?lm 6 is reduced. In this embodi 
ment, the thickness of the copper ?lm 6 is preferably set to 
about 1 to 20 pm, more preferably, about 4 to 7 pm. If the 
thickness of the copper ?lm 6 is smaller than 1 pm, it is 
highly possible that disconnection of the copper ?lm 6 Will 
be caused due to the metal fatigue mentioned above; on the 
other hand, if the thickness of the copper ?lm 6 is larger than 
20 pm, then it is dif?cult to form a ?ne Wiring layer pattern. 

[0065] The multilayer printed board 1 having the copper 
?lm 6 formed thereon is then subjected to the conductive 
?lm coating step. FIG. 4 shoWs, in section, the multilayer 
printed board 1 in the conductive ?lm coating step. 

[0066] In the conductive ?lm coating step, a barrier layer 
is formed ?rst. The barrier layer is formed on the outer 
surface of the copper ?lm 6 except the inner Wall surface of 
the through hole 3, to protect the copper ?lm 6 during 
polishing, mentioned later. Thus, polishing can be per 
formed Without damaging the copper ?lm 6 having a very 
small thickness. The material of the barrier layer should 
have mechanical strength high enough to Withstand polish 
ing, and also should be easily removed from the copper ?lm 
6 since the barrier layer needs to be removed after the 
polishing. As a material having such characteristics, chro 
mium, tantalum, titanium, etc. are preferred, and using such 
a material, the barrier layer is formed by sputtering, vacuum 
evaporation, CVD, plating, etc. FIG. 4(A) is a sectional 
vieW shoWing a sputtering chromium layer 7 formed as the 
barrier layer by sputtering using chromium. The thickness of 
the barrier layer may vary depending on the kind of the 
material used as the barrier layer, the kind of an abrasive 
used and polishing conditions, but should preferably be as 
small as possible in consideration of the subsequent removal 
of the barrier layer folloWing the polishing. For example, 
Where chromium is used as the material of the barrier layer 
and unnecessary portions of resin are removed by roll 
grinding using a buffing material, the barrier layer preferably 
has a thickness of about 0.1 pm. 

[0067] Then, as shoWn in FIG. 4(B), a resin 8 is selec 
tively ?lled into the through hole 3 by screen printing etc. 
The resin 8 used may be either an insulating resin or a 
conductive resin. After the resin 8 is ?lled, super?uous 
portions of the resin 8 protruding from the through hole 3 are 
removed by a polishing machine using a buf?ng material 
etc., as shoWn in FIG. 4(C). FolloWing the polishing, the 
sputtering chromium layer 7 alone is selectively removed, so 
that the copper ?lm 6 is exposed as shoWn in FIG. 4(D). 
Thus, the resin 8 is ?lled in order to protect the copper ?lm 
6 formed on the inner Wall surface of the through hole 3, and 
accordingly, the thickness of the copper ?lm 6 can be 
reduced. Also, since the substrate surface inclusive of the 
through hole 3 can be made ?at, a resist ?lm for forming a 
resist pattern and the insulating layer 10, mentioned later, 
can be formed easily. Further, as a result of the resin ?lling, 
air in the interior of the through hole 3 can be removed, and 
thus inconveniences caused by expansion of air due to 
change in environmental temperature, such as cracking of 
the insulating layer 10 etc., can be eliminated, Whereby the 
reliability is enhanced. 


















