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MULTILAYER PRINTED WIRING BOARD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional of and claims 
the benefits of priority to U.S. application Ser. No. 12/609, 
447, filed Oct. 30, 2009, and also claims the benefits of 
priority to U.S. Application No. 61/164,066, filed Mar. 27, 
2009. The contents of all of the above applications are incor 
porated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention is related to a multilayer 
printed wiring board with a built-in low-thermal-expansion 
Substrate; especially to a multilayer printed wiring board 
preferred to be used as a packaging Substrate for mounting an 
IC chip. 
0004 2. Discussion of the Background 
0005 Japanese Laid-Open Patent Publication 2001 
102479 describes an interposer which electrically connects 
an IC chip and a packaging Substrate. Interposer body 20 in 
FIG. 2 is made of silicon, via conductors 27 penetrating the 
silicon are connected to the electrodes of an IC chip, and a 
wiring layer is formed on the surface of the silicon substrate 
opposite the IC chip. The contents of this publication are 
incorporated herein by reference in their entirety. 

SUMMARY OF THE INVENTION 

0006. According to one aspect of the present invention, a 
multilayer printed wiring board includes a core base material 
having a penetrating portion, a low-thermal-expansion Sub 
strate accommodated inside the penetrating portion of the 
core base material and having a first Surface for mounting a 
semiconductor element and a second Surface on the opposite 
side of the first surface, a first through-hole conductor pro 
vided inside the low-thermal-expansion Substrate and pro 
vided for electrical connection between the first surface and 
the second Surface of the low-thermal-expansion Substrate, a 
filler filled in a gap between the low-thermal-expansion sub 
strate and an inner wall of the core base material, and a wiring 
layer formed on at least one of the first surface and the second 
Surface of the low-thermal-expansion Substrate and having a 
resin insulation layer and a conductive layer. The wiring layer 
has a via conductor connecting the first through-hole conduc 
tor and the conductive layer. 
0007 According to another aspect of the present inven 

tion, a multilayer printed wiring board includes a core base 
material having a penetrating portion and having a first Sur 
face and a second Surface on the opposite side of the first 
Surface, a low-thermal-expansion Substrate accommodated 
inside the penetrating portion of the core base material and 
having a first Surface for mounting a semiconductor element 
and a second Surface on the opposite side of the first Surface, 
a filler filled in a gap between the low-thermal-expansion 
substrate and an inner wall of the core base material, a first 
wiring layer formed on the first surface of the low-thermal 
expansion Substrate and having a first insulation layer and a 
first conductive layer, a second wiring layer formed on the 
first surface of the core base material and on the first surface 
of the low-thermal-expansion Substrate and having an open 
ing exposing a semiconductor-mounting Surface, and a 
through-hole conductor formed inside the core base material 
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and provided for electrical connection between the first sur 
face and the second surface of the core base material. The 
second wiring layer includes a second insulation layer and a 
second conductive layer laminated to the second insulation 
layer and has a via conductor connecting the second conduc 
tive layer and the first conductive layer. 
0008 According to yet another aspect of the present 
invention, a method for manufacturing a multilayer printed 
wiring board includes providing a core base material with a 
penetrating portion on a Support material, mounting a low 
thermal-expansion Substrate with a through-hole conductor 
on the Support material exposed through the penetrating por 
tion of the core base material, filling a filler in a gap between 
the mounted low-thermal-expansion Substrate and an inner 
wall of the core base material and securing the low-thermal 
expansion Substrate, laminating a conductive layer and an 
insulation layer on the low-thermal-expansion Substrate and 
the core base material, while forming inside the insulation 
layer a via conductor that connects the conductive layer and 
the through-hole conductor, and after securing the low-ther 
mal-expansion Substrate, removing the Support material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference 
to the following detailed description when considered in con 
nection with the accompanying drawings, wherein: 
(0010 FIG. 1 are views showing the steps for manufactur 
ing a multilayer printed wiring board according to the first 
example of the present invention; 
0011 FIG. 2 are views showing the steps for manufactur 
ing a multilayer printed wiring board according to the first 
example; 
0012 FIG. 3A is a cross-sectional view showing a multi 
layer printed wiring board according to the first example; 
0013 FIG. 3B is a cross-sectional view showing a multi 
layer printed wiring board according to the first modified 
example of the first example: 
0014 FIG. 3C is a cross-sectional view showing a multi 
layer printed wiring board according to the second modified 
example of the first example: 
0015 FIGS. 4A and 4C each illustrate a peripheral portion 
of a low-thermal-expansion Substrate in a multilayer printed 
wiring board according to the first example: 
0016 FIGS. 4B and 4D each illustrate a peripheral portion 
of a low-thermal-expansion Substrate according to the first 
modified example of the first example: 
0017 FIG. 5 are views showing the steps for manufactur 
ing a low-thermal-expansion Substrate in a multilayer printed 
wiring board according to the second example of the present 
invention; 
0018 FIG. 6 are views showing the steps for manufactur 
ing a low-thermal-expansion Substrate in a multilayer printed 
wiring board according to the second example; 
0019 FIG. 7 are views showing the steps for manufactur 
ing a low-thermal-expansion Substrate in a multilayer printed 
wiring board according to the second example; 
0020 FIG. 8 are views showing the steps for manufactur 
ing a multilayer printed wiring board according to the second 
example; 
0021 FIG. 9 are views showing the steps for manufactur 
ing a multilayer printed wiring board according to the second 
example; 
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0022 FIG. 10A is a cross-sectional view showing a resin 
substrate that forms a low-thermal-expansion substrate of the 
second example: 
0023 FIG. 10B is a cross-sectional view showing a mul 

tilayer printed wiring board according to the second example: 
0024 FIGS. 11A and 11B are cross-sectional views each 
showing a resin Substrate that forms a low-thermal-expansion 
Substrate according to a modified example of the second 
example; 
0025 FIG. 11C is a cross-sectional view showing a mul 

tilayer printed wiring board according to a modified example 
of the second example; 
0026 FIG. 12 are views showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the third example of the present invention; 
0027 FIG. 13 are views showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the third example: 
0028 FIG. 14 is a cross-sectional view showing a multi 
layer printed wiring board according to the third example: 
0029 FIG. 15 is a magnified cross-sectional view showing 
the portion surrounded by Circle “C” in FIG. 14; 
0030 FIG.16 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0031 FIG. 17 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0032 FIG. 18 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0033 FIG. 19 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0034 FIG. 20 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0035 FIG.21 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0036 FIG.22 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the third example: 
0037 FIG. 23 are views showing the steps of a method for 
manufacturing a low-thermal-expansion Substrate according 
to the fourth example of the present invention; 
0038 FIG. 24 are views showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the fourth example: 
0039 FIG. 25A is a view showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the first modified example of the fourth example: 
0040 FIG.25B is a view showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the second modified example of the fourth example: 
0041 FIG. 25C is a view showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the third modified example of the fourth example: 
0042 FIG. 26 is a cross-sectional view showing a multi 
layer printed wiring board according to the fifth example of 
the present invention; and 
0043 FIG. 27 are views showing the steps of a method for 
manufacturing a multilayer printed wiring board according to 
the fifth example. 
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DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0044. The embodiments will now be described with refer 
ence to the accompanying drawings, wherein like reference 
numerals designate corresponding or identical elements 
throughout the various drawings. 

First Example 
0045. A multilayer printed wiring board according to the 

first example of the present invention is described with refer 
ence to FIG. 3A. 
0046. In multilayer printed wiring board 10, low-thermal 
expansion substrate 50, which is made of resin with an 
approximate thermal expansion coefficient of 3 ppm, is 
accommodated in penetrating section (12a) of core base 
material 12. On the upper-surface side (first-surface side) of 
low-thermal-expansion substrate 50, conductive circuits 66 
are formed, and solder-resist layer (28U) is formed on con 
ductive circuits 66. Inside solder-resist layer (28U), openings 
(28a) exposing parts of conductive circuits 66 are formed. 
Solder bumps (32U) are formed in openings (28a). Parts of 
conductive circuits 66 exposed through openings (28a) work 
as “mounting pads” for mounting a semiconductor element. 
The pitch between such mounting pads is set at 30-150 lum. 
When considering insulation between mounting pads, insu 
lation between solder bumps (32U), distribution of a wiring 
layer of the semiconductor element into the wiring board and 
so forth, the pitch is preferred to be set at 40-80 um. IC chip 
100 and IC chip 110 are mounted by means of solder bumps 
(32U). However, the number of IC chips to be mounted is not 
limited to any specific number, namely, it may be one or it 
may be three or more. 
0047 Interlayer resin insulation layer 36 is formed on the 
lower-surface side (second-surface side) of low-thermal-ex 
pansion substrate 50 and core base material 12. Part of inter 
layer resin insulation layer 36 is inside penetrating section 
(12a) of core base material 12 and fixes low-thermal-expan 
sion substrate 50 inside penetrating section (12a). Conductive 
circuits 38 are formed on interlayer resin insulation layer 36. 
Conductive circuits 38 and conductive circuits 66 are electri 
cally connected by means of through-hole conductors 40 that 
penetrate low-thermal-expansion substrate 50 and interlayer 
resin insulation layer 36. The diameter of through-hole con 
ductors 40 is preferred to be set at 50-300 um. If the diameter 
of through-hole conductors 40 is in Such a range, an increase 
in self inductance is suppressed and the number of ground 
lines and power-source lines that can be arranged in a limited 
region is ensured. Accordingly, the entire inductance gener 
ated from forming multiple ground lines and power-source 
lines may be reduced. The pitch among through-hole conduc 
tors 40 is preferred to be set at 30-200 um. If the pitch of 
through-hole conductors 40 is in Such a range, insulation 
between adjacent through-hole conductors 40 may be 
ensured. In addition, if such through-hole conductors are used 
for power-source and ground lines, loop inductance may 
decrease and excellent electrical characteristics may be 
achieved. 

0048 Also, through-hole conductors 40 are formed in a 
ZigZag or grid array. If the diameter of through-hole conduc 
tors 40 becomes smaller (for example, 100 um or smaller), 
conductor resistance rises and the amount of heat generated in 
through-hole conductors 40 increases. Thus, by forming 
through-hole conductors 40 in a ZigZag or grid array, distri 
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bution of temperature in low-thermal-expansion substrate 50 
becomes uniform and stress concentration on certain spots 
may be suppressed. 
0049. For the upper layer of interlayer resin insulation 
layer 36, interlayer resin insulation layer 42 is formed, and 
conductive circuits 44 formed on interlayer resin insulation 
layer 42 and lower-layer conductive circuits 38 are connected 
by means of via conductors 46 formed in interlayer resin 
insulation layer 42. On interlayer resin insulation layer 42. 
solder-resist layer (28D) is formed in which openings (28a) 
are formed to expose parts of conductive circuits 44. Parts of 
conductive circuits 44 exposed through openings (28a) are 
“connection pads” that contribute to electrical connection to 
other Substrates. The pitch of connection pads is set greater 
than the pitch of through-hole conductors 40, namely in the 
range of 50-300 um. Connection pads are formed directly on 
via conductors 46 or on conductive circuits 44 extended from 
via conductors 46. 

0050 Solder bumps (32D) are formed on such connection 
pads. By means of solder bumps (32D), multilayer printed 
wiring board 10 is mounted on another printed wiring board 
which is not shown in the drawing. FIG. 4A shows tapered 
surface (50E) formed between the upper and side surfaces of 
low-thermal-expansion substrate 50; and FIG. 4C shows 
tapered surface (50e) formed between the side surfaces of the 
low-thermal-expansion Substrate. 
0051. A method for manufacturing a multilayer printed 
wiring board according to the first example is described with 
reference to FIGS. 1 and 2 showing the manufacturing steps. 
0052 First, as shown in FIG. 1A, low-thermal-expansion 
substrate 50 (brand name XENOMAX made by Toyobo Co., 
Ltd.) having conductive circuits 66 formed on its lower sur 
face is accommodated in a penetrating section of core base 
material 12 placed on PET film 88. Here, core base material 
12 is formed by laminating multiple sheets of prepreg, which 
is made by impregnating an approximately 0.8-mm thick core 
Such as glass fabric with resin Such as epoxy orbismaleimide 
triazine (BT) resin and by curing Such resin. 
0053 Next, resin film for interlayer resin insulation layers 
(brand name ABF-45SH, made by Ajinomoto Fine-Techno 
Co., Inc.) is placed on low-thermal-expansion substrate 50 
and core base material 12, preliminarily pressed under pre 
determined conditions and cut to size. After that, the film is 
laminated using a vacuum laminator under the following 
method to form interlayer resin insulation layer 36. During 
that time, part of interlayer resin insulation layer 36 is filled in 
the penetrating section (FIG. 1B). 
0054 Next, openings 18 are formed to penetrate interlayer 
resin insulation layer 36 and low-thermal-expansion Sub 
strate 50 and reach conductive circuits 66 (FIG. 1C). Open 
ings 18 are formed using an excimer laser, UV laser or car 
bon-dioxide laser. For example, conditions when using a UV 
laser with a wavelength of 355 nm are frequency 10 kHz, 
pulse width 10 microseconds and number of shots 10-20. 
0055 While through-hole conductors 40 are formed by 
filling openings 18 with plating by a known method, conduc 
tive circuits 38 with a predetermined pattern are formed on 
interlayer resin insulation layer 36 (FIG. 1D). Forming 
through-hole conductors 40 and conductive circuits 38 is the 
same as forming through-hole conductors described later in 
the second example; first, a power-source layer is formed by 
electroless plating or sputtering, plating resist is formed on 
the power-source layer, electrolytic plating is performed on 
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areas where the plating resist is not formed, the plating resist 
is removed, and the power-source layer under the plating 
resist is removed. 
0056 Furthermore, after interlayer resin insulation layer 
42 is formed on interlayer resin insulation layer 36, conduc 
tive circuits 44 are formed on interlayer resin insulation layer 
42. Then, via conductors 46 are formed to connect conductive 
circuits 44 and conductive circuits 38 (FIG. 1E). 
0057 Next, solder resist (28a) is applied on interlayer 
resin insulation layer 42 (FIG.1F). Then, after removing PET 
film 88, conductive circuits are formed on the exposed first 
surface of low-thermal-expansion substrate 50. After that, 
solder resist (28a) is applied to the first surface of low-ther 
mal-expansion substrate 50 (FIG. 1G). At that time, PET film 
88 is removed first and then solder resist (28a) may be applied 
to both surfaces. In the following, solder resists (28a) are 
cured and openings (28a) are formed at predetermined spots 
by exposure and development (FIG. 2A). 
0.058 Nickel or the like is sputtered on solder-resist layer 
(28U) and openings (28a) to form seed layer 122 (FIG. 2B). 
0059 Resist 124 is applied to seed layer 122 and patterned 
so that openings (28a) are exposed (FIG. 2C). 
0060 Electricity is passed through seed layer 122, and 
solder plating (32a) is formed on areas where resist 124 is not 
formed (FIG. 2D). 
0061 Next, after the resist is removed, reflow is conducted 
to form solder bumps (32U) in openings (28a) of solder-resist 
layer (28U) (FIG.2E). 
0062 Solder bumps (32D) are also formed in openings 
(28a) of lower solder-resist layer (28D) using the above 
method (FIG. 2F). However, forming solder bumps (32D) 
may be changed to the following methods: Solder paste is 
printed in openings (28a) and reflowed; solder balls with a 
required size are loaded in openings (28a) and reflowed; and 
so forth. 
0063. After that, IC chips 100, 110 are mounted by means 
of upper-surface solder bumps (32U) (FIG. 3A). 
0064. In a multilayer printed wiring board of the first 
example, the thermal expansion coefficient of low-thermal 
expansion substrate 50 is set in the range of 2.5-10 ppm. 
Therefore, the difference in thermal expansion coefficients 
between mounted semiconductor element 100 and low-ther 
mal-expansion Substrate 50 is Small, and cracks caused by 
thermal stress due to the difference in their thermal expansion 
coefficients seldom occur in solder bumps. 
0065. In a multilayer printed wiring board of the First 
Example, the corners of the periphery of low-thermal-expan 
sion Substrate 50 are tapered. Accordingly, cracks originating 
at Such peripheral angles of the low-thermal-expansion Sub 
strate seldom occur. 

First Modified Example of the First Example 
0066. A multilayer printed wiring board according to the 

first modified example of the first example is described with 
reference to FIG. 3B. In the first example described referring 
to FIG. 3A, through-hole conductors 40 penetrate core base 
material 12 and interlayer resin insulation layer 36. By con 
trast, in a multilayer printed wiring board of the first modified 
example of the first example, through-hole conductors 40 
penetrate only low-thermal-expansion substrate 50, and con 
ductive circuits 38 formed on interlayer resin insulation layer 
36 are connected to through-hole conductors 40 by means of 
via conductors 39 formed in interlayer resin insulation layer 
36. FIG. 4B shows rounded plane (50R) formed between the 
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upper and side Surfaces of low-thermal-expansion Substrate 
50 according to the first modified example of the first 
example; and FIG. 4D shows rounded plane (50r) formed 
between the side surfaces of the low-thermal-expansion sub 
strate. Namely, low-thermal-expansion substrate 50 is 
formed without having angles by beveling its peripheral por 
tions. 

Second Modified Example of the First Example 
0067. A multilayer printed wiring board according to the 
second modified example of the first example is described 
with reference to FIG. 3C. In the first example described 
referring to FIG. 3A, through-hole conductors 40 penetrate 
core base material 12 and interlayer resin insulation layer 36. 
By contrast, in a multilayer printed wiringboard of the second 
modified example of the first example, through-hole conduc 
tors 40 penetrate low-thermal-expansion substrate 50, inter 
layer resin insulation layer 36 and interlayer resin insulation 
layer 42. 

Third Modified Example of the First Example 
0068. In the first example described with reference to 
FIGS. 3A-C, low-thermal-expansion substrate 50 made of 
resin is used. By contrast, in a multilayer printed wiring board 
of the third modified example of the First Example, silicon is 
used as low-thermal-expansion Substrate 50. In Such a case, 
insulative film is formed on the silicon surface by a thermal 
oxidation treatment, for example. In the third modified 
example, since wiring layers may be formed on a silicon 
Substrate having excellent flat Surface characteristics, it is 
easier to form conductive circuits that have excellent accu 
racy in width and thickness. Moreover, by forming wiring 
layers on the Surfaces with a mirror finish, uneven results 
when forming conductive circuits are Suppressed, and disper 
sion in impedance may be suppressed. 

Second Example 
0069. A multilayer printed wiring board according to the 
second example of the present invention is described with 
reference to FIG. 10B. 
0070. In multilayer printed wiring board 10, low-thermal 
expansion substrate 150, which is the same as in the first 
example, is accommodated in penetrating section (12a) of 
core base material 12. Through-hole conductors 158 are 
formed inside low-thermal-expansion substrate 50. Interlayer 
resin insulation layer 136 is formed on the upper layer (on the 
first surface) of low-thermal-expansion substrate 50, and con 
ductive circuits 168 are formed on interlayer resin insulation 
layer 136. Through-hole conductors 158 and conductive cir 
cuits 168 are connected by means of via conductors 164 
formed in interlayer resin insulation layer 136. Passivation 
film 27 is coated on conductive circuits 168. In openings 
(27a) of passivation film 27, solder bumps (32U) are formed 
and IC chip 100 is mounted by means of solder bumps (32U). 
0071 Interlayer resin insulation layer (36D) is formed on 
the lower-surface side (second-surface side) of low-thermal 
expansion substrate 50 and core base material 12. Conductive 
circuits 38 are formed on interlayer resin insulation layer 
(36D). Through-hole conductors 158 and conductive circuits 
38 in low-thermal-expansion substrate 50 are connected by 
means of via conductors 40 formed in interlayer resin insu 
lation layer (36D). Interlayer resin insulation layer (42D) is 
formed on interlayer resin insulation layer (36D), and con 
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ductive circuits 44 formed on interlayer resin insulation layer 
(42D) and lower-layer conductive circuits 38 are connected 
by means of via conductors 46 formed in interlayer resin 
insulation layer (42D). Solder-resist layer (28D) is formed on 
interlayer resin insulation layer (42D), and solder bumps 
(32D) are formed in openings (28a) of solder-resist layer 
(28D). Multilayer printed wiring board 10 is connected to 
another printed wiring board, which is not shown in the draw 
ing, by means of solder bumps (32D). 
0072 A method for manufacturing low-thermal-expan 
sion substrate 50 of a multilayer printed wiring board in the 
Second Example is described with reference to FIGS. 5-7 
showing the manufacturing steps. 
0073. As shown in FIG. 10A, inside low-thermal-expan 
sion substrate 150 made of resin the same as in the first 
example, through-hole openings (150a) are formed using a 
UV laser with a wavelength of 355 nm under the conditions of 
frequency 10 kHz, pulse width 10 microseconds and number 
of shots 10-20 (FIG. 5A). 
0074 Seed layer 152 is formed by electroless copper plat 
ing on the surfaces of low-thermal-expansion substrate 150 
including openings (150a) (FIG. 5B). 
0075. Then, electrolytic copperplating is performed using 
seed layer 152 as a plating lead, electrolytic copper plating is 
filled in openings (150a), and electrolytic copper-plated lay 
ers (156) are also formed on the surfaces of low-thermal 
expansion substrate 150 (FIG.5C). 
0076. By polishing the electrolytic copper-plated layer on 
the lower side of low-thermal-expansion substrate 150, the 
lower surface of low-thermal-expansion substrate 150 is 
exposed (FIG.5D). Resist 154 is formed on electrolytic cop 
per-plated layer 156 on the upper side of low-thermal-expan 
sion substrate 150 (FIG. 5E). Then, portions of the electro 
lytic copper-plated layer where resist 154 is not formed are 
removed by etching (FIG.5F). 
(0077 Substrate 150 is inverted and interlayer resin insu 
lation layer (136a) is formed on the surface which is posi 
tioned opposite the incidence plane of the laser beams (FIG. 
6A). Since the first surface (polished surface), which is oppo 
site the incidence plane of the laser beams, has excellent 
flatness compared with the second surface at which the laser 
is beamed, it is preferred to mount a semiconductor element 
on the first surface. 
0078. After that, openings (136a) reaching through-hole 
conductors 158 are formed at predetermined spots using a 
laser (FIG. 6B). 
(0079. Seed layer 152 made of Ti, Cu or the like is formed 
by sputtering on the Surface of interlayer resin insulation layer 
136 and in openings (136a) (FIG. 6C). 
0080 Resist film is applied to seed layer 160, and the film 

is exposed and developed to form a predetermined pattern on 
resist 162 (FIG. 6D). 
I0081 Electricity is passed through seed layer 162 and 
electrolytic copper-plated layer 163 is formed on areas where 
resist 162 is not formed (FIG. 6E). Then, resist 162 is 
removed (FIG. 7A). After that, the seed layer directly under 
resist layer 162 is dissolved and removed, and via conductors 
164 and conductive circuits 168 are formed (FIG. 7B). Here, 
the number of layers that form conductive circuits 168 may be 
tWO Or more. 

I0082) Passivation film 27 is formed on substrate 150 (FIG. 
7C), and openings (27a) are formed at predetermined spots 
(FIG. 7D). Lastly, solder bumps (32U) are formed in open 
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ings (27a) by the same method as in the first example. Accord 
ingly, low-thermal-expansion substrate 150 is complete (FIG. 
7E). 
0083. In the following, a method for manufacturing a mul 

tilayer printed wiring board is described with reference to 
FIGS. 8-9 showing the manufacturing steps. 
0084 First, in an opening of core base material 12 placed 
on PET film 88, low-thermal-expansion substrate 150 is 
accommodated so that its first Surface faces downward. At 
that time, on the surfaces of passivation film 27 and solder 
bumps (32U), protective layer 159 (HT-250 made by Nissan 
Chemical Industries, Ltd.) is formed. Here, core base material 
12, the same as in the first example, is used. 
0085 Next, resin film for interlayer resin insulation layers 
(brand name: ABF-45SH made by Ajinomoto Fine-Techno 
Co., Inc.) is placed on low-thermal-expansion substrate 150 
and core base material 12, preliminarily pressed under pre 
determined conditions and cut to size. After that, the film is 
laminated using a vacuum laminator under the following 
method to form interlayer resin insulation layer (36D) (FIG. 
8B). During that time, the film is also filled in openings (12a). 
I0086 PET film 88 is removed and interlayer resin insula 
tion layer (36U) is formed on the lower surface by laminating 
resin film for interlayer resin insulation layers (brand name: 
ABF-45SH made by Ajinomoto Fine-Techno Co., Inc.) (FIG. 
8C). 
0087 Next, using a carbon-dioxide gas laser, via-hole 
openings reaching through-hole conductors are formed in 
interlayer resin insulation layer (36D) under predetermined 
conditions. Then, while a seed layer is formed on the surface 
of interlayer resin insulation layer (36D), plating resist is 
formed on the seed layer and electrolytic plating is performed 
on areas where the plating resist is not formed. After the 
plating resist is removed, the seed layer under the plating 
resist is removed. Accordingly, via conductors 40 and con 
ductive circuits 38 are formed (FIG. 8D). 
0088 Upper interlayer resin insulation layer (42D) is 
formed on interlayer resin insulation layer (36D) by laminat 
ing resin film for interlayer resin insulation layers (brand 
name: ABF-45SH made by Ajinomoto Fine-Techno Co., 
Inc.) (FIG. 8E). 
0089. Then, via conductors 46 are formed in interlayer 
resin insulation layer (42D); and conductive circuits 44 are 
formed on interlayer resin insulation layer (42D). Next, sol 
der-resist layer (28D) is formed on interlayer resin insulation 
layer (42D) and conductive circuits 44 (FIG. 9A). 
0090 Guide holes 45 penetrating interlayer resin insula 
tion layers (36U, 42U) are formed by laser (FIG.9B). 
0091 Portions of interlayer resin insulation layers (36U, 
42U) corresponding to low-thermal-expansion substrate 150 
are removed along guide holes 45 (FIG. 9C). 
0092. Moreover, protective layer 159 on low-thermal-ex 
pansion substrate 150 is removed and IC chip 100 is mounted 
by means of upper-surface solder bumps (32U) (FIG. 9D). 
Though not shown in the drawing, areas Surrounding IC chip 
100 are encapsulated with underfill resin. 

First Modified Example of the Second Example 
0093. A multilayer printed wiring board according to the 

first modified example of the second example is described 
with reference to FIG. 11. 
0094 FIG. 11C shows a multilayer printed wiring board 
according to the first modified example of the second 
example, and FIG. 11A shows low-thermal-expansion sub 
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strate 150 to be used for the multilayer printed wiring board of 
the present modified example. In the second example, low 
thermal-expansion substrate 150 is formed with a sheet of 
resin film. By contrast, in the present example, low-thermal 
expansion substrate 150 is formed by a pair of resin films 
(150a, 150a) adhered with adhesive (15013). Through-hole 
openings (150a) are formed by a laser in low-thermal-expan 
sion substrate 150 as shown in FIG. 11B. Since the rest of the 
manufacturing process is the same as in the Second Example 
described above with reference to FIGS. 5-9, its description is 
omitted here. 

Second Modified Example of the Second Example 

0095. In the second example described above, low-ther 
mal-expansion substrate 50 made of resin is used. By con 
trast, in a multilayer printed wiring board of the third modi 
fied example of the first example, silicon is used as low 
thermal-expansion substrate 50. In such a case, insulative film 
is formed on the silicon surface by a thermal oxidation treat 
ment, for example. In the third modified example, since wir 
ing layers may be formed on a silicon Substrate having excel 
lent flat Surface characteristics, it is easier to form conductive 
circuits that have excellent accuracy in width and thickness. 
Moreover, by forming wiring layers on the Surfaces with a 
mirror finish, uneven results when forming conductive cir 
cuits are Suppressed and dispersion in impedance may be 
Suppressed. 

Third Example 
(0096. The third example is described with reference to 
FIGS 12-21. 

(0097 FIG. 14 shows a state in which IC chip 90 is 
mounted on multilayer printed wiring board 10 of the third 
example. Multilayer printed wiring board 10 has a low-ther 
mal-expansion substrate with a low CTE on which to mount 
IC chip 90. In the third example, penetrating electrodes 250 
that penetrate from the upper surface to the lower surface are 
formed in low-thermal-expansion substrate 50. 
0.098 FIG. 15 is a magnified cross-sectional view showing 
the portion surrounded by circle “C” in FIG. 14. On the first 
surface of low-thermal-expansion substrate 50 according to 
the third example, the following are formed: inorganic insu 
lation layer 57 made of inorganic material; first wiring 66 and 
via lands 64 formed inside inorganic insulation layer 57; 
organic insulation layer 68 made of organic material; second 
wiring 78 and pads 80 formed on the surface of organic 
insulation layer 68; and via conductors 81 as conductor por 
tions electrically connecting first wiring 66 and second wiring 
T8. 

(0099 Penetrating electrodes 250 are formed with copper 
plated layer 252 and conductive film 254 under the copper 
plated layer. Penetrating electrodes 250 and low-thermal 
expansion substrate 50 are separated by insulative film 256. 
Insulative film 256 is also formed on the entire lower surface 
of low-thermal-expansion substrate 50. 
0100. The top sides (on the upper-surface side) of pen 
etrating electrodes 250 are connected to the conductors (via 
lands 64 in FIG. 15) formed inside inorganic insulation layer 
57. The bottom sides (on the lower-surface side) of penetrat 
ing electrodes 250 are connected to pads 268 (wiring) formed 
on the lower surface of low-thermal-expansion substrate 50. 
Namely, pads 268 (wiring) formed on the lower surface of 
low-thermal-expansion substrate 50 are electrically con 
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nected to first wiring 66 (via lands 64) by means of penetrat 
ing electrodes 250. Also, via conductors 22 are connected 
onto pads 268. Underfill resin is filled between IC chip 90 and 
low-thermal-expansion substrate 50 (not shown in the draw 
ing). 
0101. In a multilayer printed wiring board according to the 
third example, interlayer resin insulation layers 406 with via 
holes 414 and conductive circuits 416, and interlayer resin 
insulation layers 466 with via holes 424 and conductive cir 
cuits 426 are laminated as the upper layers of upper interlayer 
resin layer (14U) and lower interlayer resin layer (14D). 
0102 First, low-thermal-expansion substrate 50 is 
described. 
0103) As for materials to form low-thermal-expansion 
Substrate 50 according to the third example, ceramics such as 
silicon, silicon nitride, silicon carbide, aluminum nitride or 
mullite, or low-CTE resins such as polyimide (brand name: 
XENOMAX) may be used. Among those, silicon is preferred 
since silicon has highly flat Surface characteristics to allow 
fine wiring to be formed. The thickness of low-thermal-ex 
pansion substrate 50 is not limited specifically, but it is pre 
ferred to be set in the range of 30-800 um. If the thickness of 
low-thermal-expansion substrate 50 is less than 30 um, its 
rigidity may not be ensured. On the other hand, if the thick 
ness of low-thermal-expansion substrate 50 exceeds 800 um, 
it is not preferred, since that would increase the entire thick 
ness. Inorganic insulation layer 57 of the third example is 
made of inorganic material Such as SiO2 (silicon dioxide) or 
Si3N4 (silicon nitride). An example of a specific layer struc 
ture will be outlined in the paragraphs describing a method for 
manufacturing a low-thermal-expansion Substrate of the third 
example. 
0104. In inorganic insulation layer 57, multiple via lands 
64 and first wiring 66 to electrically connect predetermined 
via lands 64 are formed. Namely, via lands 64 connected to 
via conductors are formed in part of first wiring 66 which is 
formed inside inorganic insulation layer 57, and predeter 
mined via lands 64 are connected by first wiring 66. 
0105 First wiring 66 is formed inside inorganic insulation 
layer 57 in such a way that the surface of first wiring 66, 
including the Surfaces of via lands 64, is positioned at Sub 
stantially the same level as the Surface of inorganic insulation 
layer 57. The thickness of first wiring 66 is less than the 
thickness of later described second wiring. The thickness of 
first wiring 66 of the third example is not limited to specifi 
cally, but it is preferred to be set at 2 um or less. If the 
thickness of first wiring 66 is 2 um or less, finer wiring may be 
achieved, making it easier to adjust to highly integrated wir 
ing inside a semiconductor element. 
0106. In addition, since first wiring 66 is formed using a 
damascene method, the Surface made with inorganic insula 
tion layer 57 and first wiring 66 is flat. 
0107 Also, in the third example, the diameter of via lands 
64 is set larger than the diameter of via conductors 76. How 
ever, the diameter of via lands 64 may also be set substantially 
the same as the diameter of via conductors 76. When com 
paring the diameter of a via land and the diameter of a via 
conductor, the diameters at the surface where the via land and 
the via conductor come in contact with each other may be 
compared. 
0108 Organic insulation layer 68 of the third example is 
made of organic material and is formed on inorganic insula 
tion layer 57 and first wiring 66. Organic insulation layer 68 
has openings (68a) which expose via lands, and via conduc 
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tors 76 as conductive portions are formed in openings (68a). 
In addition, second wiring 78 is formed on the surface of 
organic insulation layer 68. 
0109 Furthermore, pads 80 are formed in parts of second 
wiring 78 formed on organic insulation layer 68. Second 
wiring 78 and first wiring 66 are electrically connected by via 
conductors 76. When mounting a semiconductor element, 
pads 80 are the portions to be connected to connection termi 
nals of semiconductor element 90 by means of solder bumps 
92 as well as the portions to be connected to via conductors 
22. 

0110. Organic insulation layer 68 is a layer made with a 
resin from among thermosetting resins, photosensitive resins, 
resins with photosensitive groups attached to part of thermo 
setting resins, thermoplastic resins or a resin complex con 
taining such resins or the like. Specifically, it is preferred to be 
made with a photosensitive polyimide resin. 
0111. Next, protective film 82 and semiconductor element 
90 are described. Protective film 82 is formed on organic 
insulation layer 68 and second wiring 78. Protective film 82 
has openings (82a) partially exposing pads 80. 
0112 The material for protective film 82 is not limited 
specifically, but organic material is preferred from a view 
point of adhesiveness with organic insulation layer 68. In 
openings (82a), solder bumps 92 are formed with barrier 
metal layer 84 in between. Semiconductor element 90 is 
mounted on low-thermal-expansion substrate 50 by means of 
bumps 92. 
0113. Other than IC chips, passive elements such as a 
capacitor (C), resistor (R), inductor (L) or electro-static dis 
charge (ESD) element may further be mounted on low-ther 
mal-expansion substrate 50. Since interlayer resin insulation 
layers are formed on both upper and lower surfaces of low 
thermal-expansion substrate 50, low-thermal-expansion sub 
strate 50 is made substantially symmetrical in a vertical direc 
tion. Accordingly, warping caused by the thermal history 
during the manufacturing process may be reduced from 
occurring. 
0114. In the following, a method for manufacturing a low 
thermal-expansion substrate of the third example is described 
with reference to FIGS. 16-22 showing manufacturing steps. 
0115 First, as shown in FIG. 16A, inorganic insulation 
layer 57 (which is formed with first SiO2 layer 52, Si3N4 
layer 54 and second SiO2 layer 56, for example) is formed on 
low-thermal-expansion substrate 50. As for low-thermal-ex 
pansion substrate 50 of the third example, a silicon wafer is 
used and on the top surface of silicon wafer 51, first SiO2 
layer 52, Si3N4 layer 54 and second SiO2 layer 56 are each 
formed by a chemical vapor deposition (CVD) method. 
0116. Next, resist58 is applied, exposed to light and devel 
oped. Then, portions of resist 58 are removed from predeter 
mined spots where openings will be formed in second SiO2 
layer 56 (FIG.16B). 
0117 Next, dry etching (reactive ion etching) is per 
formed using a gas containing fluorine, for example, CF, SF 
or the like as etching gas to etch portions of second SiO2 layer 
56 where resist 58 is not formed. Accordingly, a pattern such 
as shown in FIG. 16C is formed in second SiO2 layer 56. 
During such dry etching, Si3N4 layer 54 functions as an 
etching stopper. 
0118. Next, seed layer 60 is formed on the surface of 
second SiO2 layer 56 using sputtering, for example (FIG. 
16D). In the third example, seed layer 60 is formed with TaN, 
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Ta and Cu sputtered films from the bottom in that order; 
however, the third example is not limited to such. 
0119) Next, using seed layer 60 as a power-supply layer, 
electrolytic copper plating is performed to form electrolytic 
copper-plated layer 62 (FIG.16E). Such electrolytic copper 
plating may be performed using a conventionally known 
method. 
0120 Next, chemical mechanical polishing (CMP) is con 
ducted to remove electrolytic copper-plated layer 62 as well 
as seed layer 60 on the surface of second SiO2 layer 56 (FIG. 
17A). Such CMP may be conducted using a method and 
equipment known in a conventional damascene method. The 
portions of the electrolytic copper-plated layer remaining 
after the CMP become via lands 64 and first wiring 66. 
Through the process conducted So far, inorganic insulation 
layer and first wiring may be formed. In addition, on the 
Surfaces of inorganic insulation layer and first wiring, inor 
ganic thin film such as Si3N4 may also be formed using CVD. 
for example. Such inorganic thin film is formed to improve 
adhesiveness between the organic insulation layer and inor 
ganic insulation layer. 
0121 Next, using a UV laser, for example, openings 258 
are formed at predetermined spots of low-thermal-expansion 
substrate 50 (FIG. 17B). Forming such openings 258 is not 
limited to any specific method, and dry etching (reactive ion 
etching), wet etching using an alkaline etchant, or the like 
may be employed. Then, resist 260 is patterned to expose 
openings 258 (FIG. 17C). After that, dry etching (reactive ion 
etching) is conducted using resist 260 as a mask to etch first 
SiO2 layer 52 and Si3N4 layer 54 in that order. Accordingly, 
the lower surfaces of via lands 64 are exposed. 
0122 Next, using a dip-coating method or a spin-coating 
method, liquid resin is coated on the lower surface of low 
thermal-expansion substrate 50, and dried at approximately 
200° C. for an hour to form insulative film 256 (FIG. 17D). 
During that time, insulative film 256 is formed on the lower 
surface of low-thermal-expansion substrate 50 and the wall 
surfaces of openings 258. As for the liquid resin to be used in 
that step, photosensitive resin (for example, brand name: 
WPR, series: 2580 made by JSR Corp.) is preferred from a 
viewpoint that insulative film 256 on the surfaces of via lands 
64 can be easily removed as described later. More specifi 
cally, liquid resin containing the following is used: methyl 
ethyl ketone 20-30 weight%; ethyl lactate 20-30 weight %; 
filler 15-25 weight %; novolac resin 5-15 weight %; 
melamine compound 1-10 weight %; phenol resin 1-10 
weight %; crosslinked rubber 1-10 weight %; epoxy com 
pound 1-5 weight%; low molecular weight phenol resin 1-5 
weight%; coupling agent 0.1-3 weight%; and triazine-based 
photosensitive agent 0.1-3 weight 96. To form organic insu 
lative film, vacuum deposition, for example, may also be used 
other than a spin-coating method or dip-coating method. 
0123. Next, the substrate is exposed to light through mask 
262 with openings corresponding to openings 258 (FIG. 
18A). Then, the substrate is developed and the exposed por 
tions of insulative film 256 (bottoms of openings 258) are 
removed (FIG. 18B). Through such a process, the lower sur 
faces of via lands 64 are exposed again on the lower side of 
low-thermal-expansion substrate 50. 
0124. Next, conductive thin film 254 is formed on the 
exposed lower surfaces of via lands 64 and on the surface of 
insulative film 256 (FIG. 18C). Conductive thin film 254 is 
made with Ni/Cu, for example, and formed by sputtering. 
Forming conductive thin film 254 is not limited to such. In 
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addition, a method to form conductive film 254 is not limited 
to Sputtering; for example, electroless plating may also be 
used. Moreover, electrolytic copper plating is performed 
using conductive thin film 254 as a power-source layer to 
form copper-plated layer 252 (FIG. 19A). 
0.125. Next, resist 264 is formed on areas of copper-plated 
layer 252 where pads will be formed (FIG. 19B). Then, por 
tions of copper-plated layer 252 and conductive thin film 254 
where resist 264 is not formed are removed by etching (FIG. 
19C). By such a process, penetrating electrodes 250 and pads 
268 are formed. 
0.126 In the following, forming an organic insulation layer 
is described. First, on inorganic insulation layer 57 and first 
wiring 66, organic insulation layer 68 is formed (FIG. 20A). 
in which openings (68a) are formed (FIG. 20B). To form 
organic insulation layer 68, a method of applying uncured 
photosensitive polyimide resin using a roll coater, for 
example, may be used. To form openings, an exposure and 
development treatment may be used. 
(O127 Next, seed layer 72 is formed on the surface of 
organic insulation layer 68 (including the wall Surfaces of 
openings (68a)) and top surfaces of via lands 64 exposed 
through openings (68a)) (FIG. 21A). Seed layer 72 is formed 
by sputtering, for example, and is made up of TiN, Ti and Cu 
in that order, for example, from the Surface of organic insu 
lation layer 68 in the third example. By using TiNto form seed 
layer 72, copper ion diffusion may be effectively suppressed 
from occurring in copper plating that forms wiring. However, 
the formation of seed layer 72 is not limited to the above. 
I0128. Next, plating resist 74 is formed, and then exposed 
and developed through a mask to remove portions of plating 
resist 74 from areas where second wiring will be formed 
(FIG.21B). As for such a plating resist, a liquid resist may be 
used, for example. 
I0129. Then, electrolytic copperplating is performed using 
seed layer 72 as a power-supply layer to form copper plating 
in the areas where plating resist 74 was removed (FIG. 21C). 
In doing so, via conductors 76 are formed in organic insula 
tion layer 68. In addition, pads 80 and second wiring 78 are 
formed on organic insulation layer 68. 
0.130 Next, the remaining resist is removed, and seed 
layer 72 under the removed plating resist is etched away as 
well (FIG.22A). Etching seed layer 72 is not limited to any 
specific method; however, dry etching (reactive ion etching) 
is preferred in terms of Suppressing over-etching of electro 
lytic plated copper. 
I0131 Through the steps so far, the organic insulation layer 
and second wiring may be formed. 
0.132. In the following, further organic insulation layer 82 

is formed on organic insulation layer 68. Then, openings 
(82a) are formed on the newly formed organic insulation 
layer 82. This newly formed organic insulation layer 82 will 
become protective film (FIG. 22B). The same material as 
organic insulation layer 68 may be used for organic insulation 
layer 82 as protective film. Also, when forming openings 
(82a), the same method for forming openings (68a) in organic 
insulation layer 68 may be used. 
0.133 Next, barrier-metal layer 84 is formed in openings 
(82a) formed in organic insulation layer 82 (FIG.22C). Bar 
rier-metal layer 84 may beformed by sputtering, for example, 
tantalum nitride and tantalum in that order. However, the 
material and method for barrier-metal layer 84 are not limited 
to anything specific. Although omitted from being shown in 
the drawings, Ni/Au plating is performed on the Surface of 
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barrier-metal layer 84 exposed through the openings of the 
protective film. Such film is formed to ensure adhesiveness 
between solder and pads when later-described soldering is 
conducted. Protective film and barrier-metal layers are 
formed according to requirements. 
0134. When forming a low-thermal-expansion substrate 
on a silicon wafer as a Support Substrate, by using a silicon 
wafer sufficiently large for the size of a low-thermal-expan 
sion Substrate, multiple low-thermal-expansion Substrates 
may be formed on a sheet of silicon wafer. When multiple 
low-thermal-expansion Substrates are formed on a sheet of 
silicon wafer, low-thermal-expansion Substrates may be 
divided into units by cutting the silicon-wafer sheet by dicing 
or the like at an appropriate time such as either before or after 
the process of mounting semiconductor elements. In doing 
So, low-thermal-expansion Substrates may be efficiently 
manufactured. 

0135) In the following, steps of manufacturing multilayer 
printed wiring board 10 according to the third example are 
described with reference to FIGS. 12-13. First, low-thermal 
expansion Substrate 50 is accommodated in opening (12a) of 
core base material 12 mounted on PET film 402, and resin 404 
is filled in the gaps between opening (12a) and low-thermal 
expansion substrate 50 so that low-thermal-expansion sub 
strate 50 is fixed to core base material 12 (FIG. 12A). 
0136. On the upper and lower sides of core base material 
12 after the PET film is removed, low-flow prepreg (14C. 
14C) is arranged. Then, on the outer Surfaces of prepreg (14C. 
14C), metal foil 16 such as copper foil is arranged (FIG.12B). 
Here, core base material 12 is made by laminating multiple 
sheets of prepreg with a core material Such as glass cloth 
impregnated with resin Such as epoxy resin or bismaleimide 
triazine (BT) resin, then by curing the prepreg. Prepreg (14C) 
is made by impregnating core material Such as glass cloth 
with resin such as epoxy or bismaleimide triazine (BT) resin. 
Low-flow prepreg (14C) is made by impregnating a certain 
amount of resin so that less resin will flow out, or by semi 
curing the resin to a certain degree so that less resin will flow 
Out. 

0.137 Next, core base material 12, prepreg (14C., 14c.) and 
metal foil 16 are pressed and integrated (FIG. 12C). At that 
time, it is also preferred to cure prepreg (14C, 14C) by adding 
heat to make the prepreg upper interlayer resin layer (14U) 
and lower interlayer resin layer (14D). 
0138 While via openings 18 are formed in interlayer resin 
layers (14U, 14D) by a laser, through-hole openings 20 are 
formed by a laser or drill to penetrate upper interlayer resin 
layer (14U), core base material 12 and lower interlayer resin 
layer (14D). Then, plated-metal film is formed by electroless 
copper plating and electrolytic copper plating, and via con 
ductors 22 are formed in via openings 18 and through-hole 
conductors 24 are formed in through-hole openings 20 (FIG. 
12D). 
0.139. After filler was filled in through-hole conductors 24, 
resin film for interlayer resin insulation layers (brand name: 
ABF-45SH, made by Ajinomoto Fine-Techno Co., Inc.) 
which is a little larger than the substrate, was placed on the 
Substrate, preliminarily pressurized under predetermined 
conditions, then cut to size. Then, the film was laminated 
using vacuum laminator equipment under the following con 
ditions, and interlayer resin insulation layers 406 were 
formed (FIG. 12E). 
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0140 Next, using a CO2 gas laser with a wavelength of 
10.4 um under predetermined conditions, via hole openings 
(406a) were formed in interlayer resin insulation layers 406 
(FIG. 12F). 
0.141. Then, the surfaces of interlayer resin insulation lay 
ers 406 including the inner walls of via-hole openings (406a) 
were roughened (not shown in the drawing). Such a rough 
ening treatment is not always required. 
0142. Then, after the above treatment, the substrate was 
immersed in a neutralizer (made by Shipley Company LLC) 
and washed with water. In addition, palladium catalyst was 
applied to the roughened Surfaces of the Substrate, and cata 
lytic nuclei were adhered to the surfaces of the interlayer resin 
insulation layers and the inner walls of via-hole openings. 
0.143 Next, the substrate with adhered catalyst was 
immersed in an electroless copper plating Solution to form 
electroless copper-plated film with a thickness of 0.3-3.0 um 
on the entire roughened surface. Accordingly, a Substrate was 
obtained in which electroless copper-plated films 408 were 
formed on the Surfaces of interlayer resin insulation layers 
406 including the inner walls of via-hole openings 51 (FIG. 
12G). 
0144 Commercially available photosensitive dry film was 
laminated on the Substrate having electroless copper-plated 
films 408, and the dry film was exposed to light and devel 
oped. Accordingly, plating resists 408 were formed. Then, the 
substrate was washed with 50° C. water to degrease it, washed 
with 25° C. water, and further cleansed with sulfuric acid. 
Then, electrolytic plating was performed to form electrolytic 
copper-plated films 412 with an approximate thickness of 15 
um in areas where plating resist 408 was not formed (FIG. 
12H). 
0.145) Furthermore, after plating resists 410 were removed 
by a 5% KOH solution, the electroless plating film under the 
plating resists was dissolved and removed by etching using a 
mixed solution of Sulfuric acid and hydrogen peroxide. 
Accordingly, independent conductive circuits 416 and via 
holes 416 were formed (FIG. 13A). 
0146 By repeating the above procedure, further upper 
layer interlayer insulation layers 466 with conductive circuits 
426 and via holes 424 were formed. Accordingly, a multilayer 
printed wiring board was obtained (FIG. 13B). 
0147 Next, on both surfaces of the multilayer printed 
wiring board, a commercially available solder-resist compo 
sition was applied to a required thickness, dried, then exposed 
to light and developed to form openings. Then, a heating 
treatment was further conducted to cure the solder-resistcom 
position, and solder-resist layers 28 with openings (28a) were 
formed (FIG. 13C). 
0148 (19) Next, on the conductive circuits exposed 
through the openings of the solder-resist layers, a nickel 
plated layer (not shown in the drawings) and a gold-plated 
layer were formed (not shown in the drawings). Other than 
forming nickel-gold layers, a single layer of tin, or of noble 
metal (gold, silver, palladium, platinum or the like) may also 
be formed. 
014.9 Then, interlayer resin layer (14U), interlayer resin 
insulation layer 406, interlayer resin insulation layer 466 and 
solder-resist layer 28 on low-thermal-expansion substrate 50 
were removed (FIG. 13D). 
0150. Next, solder bumps (32U,32D) are formed in open 
ings (28a) of solder-resist layers 28 (FIG. 13E). Then, IC chip 
90 is mounted on low-thermal-expansion substrate 50 (FIG. 
14). Solder bumps (32U) are not required here, but are 
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required when another multilayer printed wiring board is 
mounted on multilayer printed wiring board 10. Also, the 
number of wiring layers is not limited specifically. 
0151. In the multilayer printed wiring board of the third 
example, built-up layers are formed on both surfaces of low 
thermal-expansion substrate 50 and of core base material 12. 
Accordingly, the degree of latitude in distributing wiring may 
increase. 
0152. In multilayer printed wiring board 10 of the third 
example, built-up layers are formed by alternately laminating 
interlayer resin insulation layers (406, 466) and conductive 
layers (416, 426) on interlayer resin layers (14U, 14D). Thus, 
fine-pitch wiring distribution may be achieved. 
0153. In multilayer printed wiring board 10 of the third 
example, fine wiring with a fine pitch may be formed on a 
low-thermal-expansion Substrate for mounting an IC chip. 
Thus, the number of wiring layers may be reduced compared 
with conventional multilayer printed wiring boards. 
0154) In multilayer printed wiring board 10 of the third 
example, since core base material 12 with a greater Young's 
modulus and higher rigidity than interlayer resin insulation 
layers is formed, warping caused, for example, by thermal 
history during the manufacturing process is suppressed, and 
reliability may be enhanced in such a multilayer printed wir 
ing board. 
(O155 In multilayer printed wiring board 10 of the third 
example, the thermal expansion coefficient of low-thermal 
expansion substrate 50 is set at 3-10 ppm. Thus, the difference 
in thermal expansion coefficients between mounted semicon 
ductor element 90 and low-thermal-expansion substrate 50 is 
reduced. Accordingly, cracks may seldom occur in Solder 
bumps due to thermal stress caused by a difference in their 
thermal expansion coefficients. 
0156. In multilayer printed wiring board 10 of the Third 
Example, silicon may be used as a low-thermal-expansion 
Substrate. In doing so, fine wiring with a fine pitch may be 
formed on the low-thermal-expansion Substrate, and the con 
nection reliability of solder bumps as described above may 
also be ensured. 
0157. In a multilayer printed wiring board of the third 
example, since through-hole conductors 24 are formed pen 
etrating from the upper-Surface side to the lower-Surface side 
of core base material 12, wiring may be distributed with less 
restriction. Here, if through-hole conductors 24 of core base 
material 12 are set as signal conductors, the amount of current 
in Such conductors is reduced, and the heat generated in the 
core base material will decrease. Meanwhile, through-hole 
conductors 250 of low-thermal-expansion substrate 50 may 
be used as power-source or ground conductors. In doing so, 
the length of power-source wiring to the IC chip may be 
shortened, thus decreasing impedance and ensuring Smooth 
power Supply during high-frequency drive. Moreover, since 
fine through-hole conductors for signals are formed in the 
core base material, the pitch for power-source or ground 
through-hole conductors formed inside low-thermal-expan 
sion substrate 50 may be widened. Also, the size of low 
thermal-expansion substrate 50 may be reduced by the size of 
areas for signal through-hole conductors formed in the core 
base material. 

Fourth Example 
0158. A method for manufacturing a multilayer printed 
wiring board according to the fourth example is described. 
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The structure of a multilayer printed wiring board of the 
fourth example is the same as that of the third example. 
0159. A method for manufacturing multilayer printed wir 
ing board 10 according to the fourth example is described 
with reference to FIGS. 23-24. 
(0160 (1) Metal film 460 with a carrier is prepared (FIG. 
23A). Such a metal film with a carrier is made up of carrier 
(support board) (460a) and metal film (460b) on the carrier; 
the metal film is laminated on both surfaces of the carrier. 
Removable layers 462are formed on metal film (460b). As for 
the carrier, a substrate with reinforcing glass fabric or double 
sided copper-clad laminate with a thickness of 40-800 um 
may be used. As for the metal film, copper foil, nickel foil, 
aluminum foil or the like with a thickness of 3-50 um may be 
used. As for removable layer 462, the following may be used: 
metal removable layers made of Ni, Cr or the like; or organic 
removable layers made of carboxybenzotriazole (CBTA), 
N',N'-bis (benzotriazole-methyl) urea (BTD-U), 3-amino 
1H-1,2,4-triazole (ATA), or the like. 
0.161 Meanwhile, copper-plated film 86 is formed on 
organic insulation layer 68 and solder bumps 92 in low 
thermal-expansion substrate 50. 
0162 (2) Low-thermal-expansion substrate 50 accommo 
dated in opening (12a) of core base material 12 is laminated 
on both surfaces of metal film 460 with a carrier, where core 
layer 464 and prepreg (466,466) arranged on both surfaces of 
the core layer are placed between the substrate and the metal 
film (FIG. 23B). 
0163 (3) Next, the same as in the third example, lower 
interlayer resin insulation layers 36, via conductors 40, con 
ductive circuits 38, upper interlayer resin insulation layers 42, 
via conductors 46 and conductive circuits 44, along with 
solder-resist layers 28, are formed on the surfaces of low 
thermal-expansion Substrates 50 arranged on the upper and 
lower sides (FIG. 23C). 
0164 (4) After that, using removable layers 462, metal 
film 460 with a carrier is separated from the laminates 
arranged on the upper and lower sides (FIG. 24A). The sepa 
rated upper-side laminate is shown in FIG. 24B). 
0.165 (5) Using a laser, core layer 464 and resin layers 
466, which are the cured prepregarranged on both surfaces of 
the core layer, are removed from the upper side of low 
thermal-expansion substrate 50 to expose copper-plated film 
86 on low-thermal-expansion substrate 50 (FIG. 24C). 
0166 (6) Copper-plated film 86 on low-thermal-expan 
sion substrate 50 is removed by etching (FIG.24D). Since the 
rest of the procedure is the same as in the third example, its 
description is omitted here. In the fourth example, productiv 
ity is approximately twice as that of the second example. 

First Modified Example of the Fourth Example 
0.167 FIG. 25A shows a method for manufacturing a mul 
tilayer printed wiring board according to the first modified 
example of the fourth example. In the fourth example, metal 
film 460 with a carrier is used. In the first modified example, 
a multilayer printed wiring board is manufactured by lami 
nating low-thermal-expansion Substrates 50 and core base 
materials 12 on both surfaces of PET film 480 where adhesive 
film is formed. 

Second Modified Example of the Fourth Example 
0168 FIG. 25B shows a method for manufacturing a mul 
tilayer printed wiring board according to the second modified 
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example of the fourth example. In the fourth example, after 
low-thermal-expansion substrates 50 and core base materials 
12 are laminated on metal film 460 with a carrier, interlayer 
resin insulation layers 36 are formed. By contrast, in the 
second modified example, after interlayer resin insulation 
layers 36 are formed on low-thermal-expansion substrates 50 
and core base materials 12, low-thermal-expansion Substrates 
50 and core base materials 12 are laminated on metal film 460 
with a carrier by means of removable material 470 made of 
thermoplastic resin. In the second modified example, protec 
tive copper-plated film is not required to be formed on low 
thermal-expansion substrate 50. 

Third Modified Example of the Fourth Example 

0169 FIG. 25C shows a method for manufacturing a mul 
tilayer printed wiring board according to the third modified 
example of the fourth example. In the third modified example, 
between removable material 470 of the second modified 
example and low-thermal-expansion substrate 50 and core 
base material 12, removable sheet 472 is further arranged. 

Fifth Example 

0170 A multilayer printed wiring board according to the 
fifth example is described. As shown in FIG. 26, a multilayer 
printed wiring board of the fifth example has two sheets of 
core substrate (12A, 12B), and between core substrates (12A, 
12B), built-up layers are formed with interlayer insulation 
layer 42, via holes 40, conductive circuits 38 and interlayer 
insulation layer 36. Conductive circuits 44 are formed on the 
upper surface of core substrate (12B). Via holes 540 are 
formed inside core substrate (12B) to penetrate core substrate 
(12B). Solder bumps (32D) are formed on via holes 540 by 
means of Ni/Pb/Au layer 512. Opening (12a) is formed in 
core substrate (12A), and above-described low-thermal-ex 
pansion Substrate 50 made of resin, silicon, ceramics or the 
like is accommodated in opening (12a). In low-thermal-ex 
pansion substrate 50, via holes 158 are formed to be con 
nected to above-described via holes 40 and conductive cir 
cuits 38. Solder bumps (32U) are formed on the upper 
surfaces of via holes 158. Alignment marks 153 are formed in 
low-thermal-expansion substrate 50. Solder-resist layer 28 is 
formed on core Substrate (12a) and low-thermal-expansion 
substrate 50. In the fifth example, warping in the entire wiring 
board may be suppressed by sandwiching the built-up layers 
with two highly rigid sheets of core substrate (12A, 12B). 
0171 Amethod for manufacturing multilayer printed wir 
ing board 10 according to the fifth example is described with 
reference to FIG. 27. 

0172 (1) Low-thermal-expansion substrate 50 with align 
ment marks 153 is accommodated in opening (12a) in the 
center of core substrate (12A) reinforced with 40-800 um 
thick glass fabric and impregnated with resin (FIG. 27A). 
Here, core substrate (12A) and low-thermal-expansion sub 
strate 50 are supported by PET film 514, and resin 516 is filled 
between opening (12a) and low-thermal-expansion Substrate 
SO. 

0173 (2) Meanwhile, conductive circuits 44, interlayer 
insulation layer 42, via holes 40 and conductive circuits 38 are 
formed on core substrate (12B) reinforced with 40-800 um 
thick glass fabric and impregnated with resin. Then, adhesive 
layer 36 is formed on interlayer insulation layer 42 and con 
ductive circuits 38 (FIG. 27B). 
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0.174 (3) Core substrate (12A) with accommodated low 
thermal-expansion substrate 50 and core substrate (12B) with 
built-up layers are laminated, and the PET film is removed 
(FIG. 27C). 
(0175 (4) Holes 518 are formed to penetrate low-thermal 
expansion substrate 50 and interlayer insulation layer 36, and 
via holes 158 are formed. In the same manner, holes 520 are 
formed to penetrate core substrate (12B), and via holes 540 
are formed (FIG. 27D). Solder bumps (32D) are formed on 
via holes 540 by means of Ni/Pb/Aulayer 512. 
0176 (5) Solder-resist layer 28 is formed on low-thermal 
expansion substrate 50 and core substrate (12A), and solder 
bumps (32U) are formed in openings (28a) of the solder-resist 
layer (FIG. 26). 
0177. A multilayer printed wiring board according to an 
embodiment of the present invention has a through-hole con 
ductor that penetrates from the upper surface to the lower 
Surface of the low-thermal-expansion Substrate, a core base 
material that accommodates the low-thermal-expansion Sub 
strate in its opening, and built-up layers formed by laminating 
an interlayer resin insulation layer and a conductive layer on 
the low-thermal-expansion Substrate and the core base mate 
rial. 

0.178 For example, by mounting a semiconductor element 
on a low-thermal-expansion Substrate Such as an Si (silicon) 
substrate, the difference in thermal expansion coefficients 
between the semiconductor element and the low-thermal 
expansion substrate decreases. Accordingly, thermal stress 
exerted on Solder bumps for mounting a semiconductor ele 
ment is mitigated and an electrical disconnect in the Solder 
bumps is suppressed. Therefore, connection reliability may 
be ensured. By forming wiring layers on a low-thermal-ex 
pansion Substrate, electrode pitches in a semiconductor ele 
ment may be gradually fanned out. However, if an interlayer 
resin insulation layer that forms a wiring layer expands/ 
shrinks according to the thermal history of the semiconductor 
element, a printed wiring board may warp due to Such expan 
sion/shrinkage of the interlayer resin insulation layer. For that 
matter, since a printed wiring board according to the present 
invention has a core base material Surrounding the low-ther 
mal-expansion Substrate, warping caused by the thermal his 
tory of the semiconductor element may be efficiently sup 
pressed. 
0179. By accommodating a low-thermal-expansion sub 
strate in an opening of a core base material, the thickness in 
the vertical direction may be reduced. 
0180. Also, by connecting a through-hole conductor of a 
low-thermal-expansion Substrate and a conductive layer of a 
wiring layer with a copper-plated via conductor, for example, 
their connection reliability may be enhanced. Furthermore, 
since the present invention is different from an interposer 
such as disclosed in Japanese Laid-Open Patent Publication 
2001-102479, the connection spots of solder bumps are fewer 
and the number of reflow procedures on the substrate 
decreases accordingly. Especially in recent years, since lead 
less solder, for example Sn-3Ag-0.5Cu, has been mainly 
used, the fusing temperature of Such solder is becoming 
higher than that of tin-lead solder. Thus, the reflow tempera 
ture of such solder tends to be higher. Accordingly, the impact 
from reflow on wiring layers is becoming greater. Therefore, 
as in the present invention, by using via conductors when 
connecting a low-thermal-expansion Substrate and a wiring 
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board for accommodating the substrate, the number of reflow 
procedures may be reduced. As a result, wiring reliability 
may be improved. 
0181. If a wiring layer is formed on a core base material 
Surrounding a low-thermal-expansion Substrate, the wiring 
density of the core base material may be reduced by forming 
high-density wiring on the low-thermal-expansion Substrate 
on which to mount an IC chip. Thus, the size of a low-thermal 
expansion Substrate where high-density wiring is required 
may be minimized. Furthermore, alignment accuracy when 
forming wiring on the core base material may be mitigated, 
allowing a rough wiring design of the wiring layer. Accord 
ingly, the yield rates of wiring increase and productivity may 
improve. 
0182. The material for forming a core base material of a 
low-thermal-expansion substrate is preferred to be silicon. 
However, the material is not limited to such. For example, a 
ceramic Substrate such as following may also be used: pyrex 
glass, Zirconia, aluminum nitride, silicon nitride, silicon car 
bide, alumina, mullite, cordierite, steatite, forsterite or the 
like. Among those, an Si Substrate is preferred in light of 
costs, since it is inexpensive and easy to obtain. Moreover, 
when using a low-thermal-expansion Substrate made of resin 
with athermal expansion coefficient of 2.5-10 ppm, it is easier 
to form penetrating holes using a laser. 
0183 Solder material to use in bonding portions between 
electronic components such as an IC and a multilayer printed 
wiring board is not limited to a specific kind, and the follow 
ing may be used, for example: Sn/Pb, Sn/Ag, Sn/Ag/Cu, Sn, 
Sn/Cu, Sn/Sb, Sn/In/Ag, Sn/Bior Sn/In. 
0184 In addition, by forming passive elements such as an 
inductor (L), capacitor (C), resistor (R), electrostatic dis 
charge (ESD) or voltage regulator module (VRM) (DC-DC 
converter) on the core base material, on the low-thermal 
expansion Substrate orina wiring layer, the power Source may 
be reinforced and noise may be abated. Furthermore, by 
forming part of a redistribution layer (for example, a global 
wiring layer) of the IC chip in the low-thermal-expansion 
Substrate, the yield rates of IC chips rise and manufacturing 
costs may be reduced. 
0185. Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 

1. A method for manufacturing a multilayer printed wiring 
board, comprising: 

providing a core base material having a penetrating portion 
and placed on a Support material; 

mounting a low-thermal-expansion Substrate having a 
through-hole conductor on the Support material Such 
that the low-thermal-expansion Substrate is placed in the 
penetrating portion of the core base material; 

forming at least one insulation layer on the low-thermal 
expansion Substrate and the core base material Such that 
a portion of an insulating material of the insulation layer 
is filled in a gap between the low-thermal-expansion 
Substrate and an inner wall of the core base material and 
that the low-thermal-expansion substrate is fixed to the 
core base material; 

forming a conductive layer on the insulation layer, 
forming inside the insulation layer a via conductor electri 

cally connected to the conductive layer, and 
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removing the Support material after the low-thermal-ex 
pansion Substrate is fixed to the core base material. 

2. The method for manufacturing a multilayer printed wir 
ing board according to claim 1, further comprising: 

forming, on the low-thermal-expansion Substrate, a 
buildup structure comprising an insulation layer and a 
conductive layer, 

wherein the low-thermal-expansion Substrate having the 
buildup structure is mounted on the Support material. 

3. The method for manufacturing a multilayer printed wir 
ing board according to claim 1, further comprising: 

forming, on the low-thermal-expansion Substrate, a 
buildup structure comprising a plurality of insulation 
layers and a plurality of conductive layers alternately 
formed on the low-thermal-expansion Substrate; and 

forming a solder bump on an outermost conductive layer 
among the plurality of conductive layers, 

wherein the low-thermal-expansion Substrate having the 
Solder bump is mounted on the Support material. 

4. The method for manufacturing a multilayer printed wir 
ing board according to claim 2, wherein the forming of the 
buildup layer comprises forming a via conductor electrically 
connecting the through-hole conductor of the low-thermal 
expansion substrate and the conductive layer of the buildup 
Structure. 

5. The method for manufacturing a multilayer printed wir 
ing board according to claim 3, wherein the forming of the 
buildup layer comprises forming a via conductor electrically 
connecting the through-hole conductor of the low-thermal 
expansion substrate and the conductive layer of the buildup 
Structure. 

6. The method for manufacturing a multilayer printed wir 
ing board according to claim 1, wherein the low-thermal 
expansion Substrate includes a low-thermal-expansion resin 
having a thermal expansion coefficient in a range of 2.5 to 10 

7. The method for manufacturing a multilayer printed wir 
ing board according to claim 2, wherein the buildup structure 
is formed such that at least a portion of the buildup structure 
is positioned inside the penetrating portion of the core base 
material. 

8. The method for manufacturing a multilayer printed wir 
ing board according to claim3, wherein the buildup structure 
is formed such that at least a portion of the buildup structure 
is positioned inside the penetrating portion of the core base 
material. 

9. The method for manufacturing a multilayer printed wir 
ing board according to claim 2, wherein the buildup structure 
is formed such that at least a portion of the conductive layer of 
the buildup structure is positioned inside the penetrating por 
tion of the core base material. 

10. The method for manufacturing a multilayer printed 
wiring board according to claim3, wherein the buildup struc 
ture is formed such that at least a portion of the conductive 
layer of the buildup structure is positioned inside the penetrat 
ing portion of the core base material. 

11. The method for manufacturing a multilayer printed 
wiring board according to claim 2, wherein the core base 
material has Young's modulus greater than Young's modulus 
of a resin material of the insulation layer of the buildup 
Structure. 
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12. The method for manufacturing a multilayer printed 
wiring board according to claim 2, wherein the buildup struc 
ture has a thickness less than a thickness of the low-thermal 
expansion Substrate. 

13. The method for manufacturing a multilayer printed 
wiring board according to claim 1, wherein a tapered corner 
portion is formed in the low-thermal-expansion Substrate. 

14. The method for manufacturing a multilayer printed 
wiring board according to claim 2, wherein a plurality of 
mounting pads are formed on the buildup structure to mount 
a semiconductor element. 

15. The method for manufacturing a multilayer printed 
wiring board according to claim 1, further comprising form 
ing a resin layer on the low-thermal-expansion Substrate. 

16. The method for manufacturing a multilayer printed 
wiring board according to claim 15, further comprising form 
ing a conductive layer on the resin layer of the low-thermal 
expansion Substrate. 
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17. The method for manufacturing a multilayer printed 
wiring board according to claim 2, wherein the through-hole 
conductor is extended through the insulation layer of the 
buildup structure. 

18. The method for manufacturing a multilayer printed 
wiring board according to claim 3, wherein the through-hole 
conductor is extended through the insulation layer of the 
buildup structure. 

19. The method for manufacturing a multilayer printed 
wiring board according to claim 4, wherein the through-hole 
conductor is tapered in a first direction, and the via conductor 
formed in the buildup layer is tapered in a second direction 
opposite to the first direction. 

20. The method for manufacturing a multilayer printed 
wiring board according to claim 5, wherein the through-hole 
conductor is tapered in a first direction, and the via conductor 
formed in the buildup layer is tapered in a second direction 
opposite to the first direction. 

k k k k k 


