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(54) (TITLE) CIRCUIT BOARD FOR SEMICONDUCTOR CHIP MOUNTING AND MANUFACTURING METHOD THEREFOR AS WELL AS

MULTILAYERED CIRCUIT BOARD
(57) (ABSTRACT)

(PROBLEM)

To shorten the distance between mounted semiconductor chips,
and eliminate defects caused by resistance and inductance in the
wiring to transmit electrical signals at high speed without delay.

(MEANS TO SOLVE THE PROBLEM)

Provided are a semiconductor chip mounting circuit board formed
with two types of conductive bumps, i.e., a mounting bump 22a on
which an IC chip or other semiconductor chip 42 can be mounted
and a connection bump 22b providing an electrical connection
with other printed boards, on the same surface side of an
insulating substrate 10, and with a conductor circuit 40 connecting
these conductive bumps 22a and 22b on the other surface, a
manufacturing method therefor, and a multilayered circuit board
in which the semiconductor chip mounting circuit board is
laminated with another single-sided circuit board.
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(CLAIMS)

(CLAIM 1) A circuit board having a conductor circuit formed on
one surface of an insulating substrate, via holes comprising a
conductive substance filled inside of non-through-holes reaching
the aforementioned conductor circuit from another surface of
the insulating substrate, and conductive bumps positioned
directly over the via holes, electrically connected thereto, and
projecting from the other surface of the aforementioned
insulating substrate, wherein

the circuit board for semiconductor chip mounting is
characterized in that the other surface side of the
aforementioned insulating substrate has, in roughly the center, a
mounting region for mounting a semiconductor chip and has a
peripheral connection region outside of the mounting region for
electrically connecting to another circuit board, a mounting bump
for providing an electrical connection to the semiconductor chip
and a connection bump for providing an electrical connection to
another circuit board are provided projecting in the
aforementioned mounting region and the peripheral connection
region, and the conductor circuit formed on the one surface side
of the aforementioned insulating substrate extends from the
center of the aforementioned circuit board toward the peripheral
part such as to electrically connect a via hole corresponding to
the aforementioned mounting bump and a via hole
corresponding to the aforementioned connection bump.

(CLAIM 2) The semiconductor chip mounting circuit board set
forth in claim 1 characterized in that a semiconductor chip is
mounted at the aforementioned mounting bump.

(CLAIM 3) The circuit board set forth in claim 1 or 2 characterized
in that the aforementioned conductive substance is formed from
an electrolytic copper plating film, and the aforementioned
conductive bumps are formed from an electrolytic tin plating film.
(CLAIM 4) The circuit board set forth in claim 1 or 2 characterized
in that the aforementioned conductive bumps are formed with
any one metal selected from Sn, Pb, Ag, Au, Cu, Zn, In, and Bi.
(CLAIM 5) The circuit board set forth in claim 1 or 2 characterized
in that the aforementioned conductive bumps are formed from a
solder or a tin alloy.

(CLAIM 6) The circuit board set forth in any of claims 1 to 5
characterized in that a roughened layer is formed on a surface of
the aforementioned conductor circuit.

(CLAIM 7) A method for manufacturing a circuit board for
semiconductor chip mounting which, when manufacturing a
circuit board having a conductor circuit formed on one surface of
an insulating substrate, via holes comprising a conductive
substance filling the inside of non-through-holes reaching the
aforementioned conductor circuit from another surface of the
insulating substrate, and conductive bumps positioned directly
over the via holes, electrically connected thereto, and projecting
from the other surface of the aforementioned insulating
substrate, includes at least steps (1) to (3) below:

(1) a step for providing a conductor layer for forming a wiring
layer on one surface of the insulating substrate and for forming,
in the center and at the periphery of the insulating substrate,
non-through-holes reaching the aforementioned conductor layer
from another surface of the insulating substrate,

(2) a step for filling the inside of the aforementioned non-
through-holes with a conductive substance to form via holes, and
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(3) a step for forming, in a state where a bump formation film
having bump formation holes open and aligned to the
aforementioned via hole positions is pasted on the other surface
of the aforementioned insulating substrate, and forming, by
filling the aforementioned bump formation hole with a
conductive substance, a conductive bump for semiconductor chip
mounting directly over the via hole in the center of the
aforementioned insulating substrate, and a conductive bump for
electrical connection with a neighboring circuit board directly
over the via hole at the periphery of the aforementioned
insulating substrate.

(CLAIM 8) A multilayered circuit board manufactured by having a
conductor circuit in one face of an insulating resin substrate,
forming via holes reaching the aforementioned conductor circuit
from another face of the insulating resin substrate, laminating,
with an adhesive, a plurality of circuit boards made with
conductive bumps formed directly over the via holes, and hot-
pressing the entirety of the laminated plurality of circuit boards,
wherein,

said multilayered circuit board is configured such that some
number of the aforementioned circuit boards has, in roughly the
center, a conductive bump with a mounted semiconductor chip
and has a conductive bump at the periphery for electrically
connecting another circuit board, the conductive bump for
mounting the aforementioned semiconductor chip is connected
to a conductor circuit through a corresponding via hole, the
conductor circuit extends toward the periphery of the
aforementioned circuit board and connects at the periphery to a
conductive bump of another neighboring circuit board.

(CLAIM 9) The multilayered circuit board set forth in claim 8
characterized in that the aforementioned other circuit board has,
atroughly the center, a through-hole where a semiconductor chip
can pass or be held.

(CLAIM 10) The multilayered circuit board set forth in claim 8 or
9 characterized in that the aforementioned via holes are formed
from an electrolytic copper plating film, and the aforementioned
conductive bumps are formed from an electrolytic tin plating film.
(CLAIM 11) The circuit board set forth in any of claims 8 to 10
characterized in that the aforementioned conductive bumps are
formed from any one metal selected from Sn, Pb, Ag, Au, Cu, Zn,
In, and Bi.

(CLAIM 12) The circuit board set forth in any of claims 8 to 10
characterized in that the aforementioned conductive bumps are
formed from a solder or a tin alloy.

(CLAIM 13) The multilayered circuit board set forth in any of
claims 8 to 12 characterized in that a roughened layer is formed
at a surface of the aforementioned conductor circuit.

(DETAILED DESCRIPTION OF THE INVENTION)

(0001)

(TECHNICAL FIELD) The present invention relates to a circuit
board suited for mounting a semiconductor chip, a
manufacturing method therefor, and a multilayered circuit board.
(0002)



(PRIOR ART) Recently, a lamination technology has been
proposed for embedding an IC chip in a board to respond to the
high-density mounting of IC chips. Such lamination packages
have been disclosed in, for example, H9-219490, H10-135267,
and H10-163414. In such prior art, an IC package such as a thin
small outline package (TSOP), a tape carrier package (TCP), or a
ball grid array (BGA) is assembled in each layer and then the
plurality of IC packages are laminated. At that time, the layers
are connected through terminals for external connection
provided at each package in advance. However, many
manufacturing steps must be used in such prior art, causing an
increase in manufacturing costs.

(0003) FIG. 5 and 6 show a laminated package manufactured
with the aforementioned prior art. FIG. 5 shows laminated
packages manufactured molded with resin. FIG. 6(a) is a side
view of the module board shown in FIG. 5, and FIG. 6(b) is a plan
view of the same. IC packages 100A and 100B therein are
provided with an IC mounting part 106, an IC chip 102 mounted
on the upper surface thereof, a lead 101 connecting the IC chip
102 and an external part, and a bonding wire 103 connecting the
IC chip 102 and the lead 101 inside the resin. A prescribed region
containing the IC chip 102 is covered by a resin body 104.
Mounting is carried out with the other IC package 100B in a
laminated state on the upper side of the IC package 100A with
such a structure.

(0004)

(PROBLEM THE INVENTION IS TO SOLVE) However, when the
aforementioned IC packages 100A and 100B are stacked in the
thickness direction to mount on the board 105, there is the
problem that the overall module becomes thick due to the
thickness of the resin body 104. Also, when the IC packages
100A and 100B are mounted in the horizontal direction, there is
the problem that the overall module becomes large. Further,
since the upper and lower packages 100A and 100B are
connected to the board 105 by the respective leads 101, when
a misplacement occurs during lamination of the package 100A
or 1008B, there is the risk of a short in the lead 101 interval.
(0005) With the miniaturization of IC cards and electronic
devices such as mobile phones, there is a need for further high
densification and thinner components for the IC packages, but
doing so is difficult with the prior art discussed above.

(0006) To solve such problems, a technology has been
investigated for changing the configuration of molding the IC
chip 102 with the resin body 104, and, for example, laminating
printed boards while mounting the IC chip between layers.
However, when such a configuration is adopted, it is necessary
to form conductive bumps (for connection between the printed
boards and for IC mounting) on both the front and back sides of
the printed board. Currently, the use of an expensive
electrodeposition technique can be considered when
manufacturing such a printed board, but such a method has the
problem of not being economical due to elevated IC package
manufacturing costs.

(0007) The present invention takes into consideration the
problems described above which the prior art entails. It is an
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object of the present invention to provide a circuit board for
semiconductor chip mounting in which, in order to provide high-
density, thin IC packages, an electrical connection with a
semiconductor chip such as an IC can be reliably made and the
wire led out from the semiconductor chip is also laminated.
(0008) It is another object of the present invention to propose a
method for inexpensively manufacturing a circuit board for
semiconductor chip mounting.

(0009) It is yet another object of the present invention to
provide a multilayered circuit board obtained by laminating a
circuit board mounted with a semiconductor chip and hot
pressing the entirety.

(0010)

(MEANS TO SOLVE THE PROBLEM) As a result of assiduous
research to achieve the objectives described above, the
inventors discovered that a circuit board in which a conductor
circuit is formed on one surface of an insulating substrate, via
holes are formed by filling, with a conductive substance, non-
through-holes reaching the conductor circuit from the other
surface of the insulating circuit, and two types of conductive
bumps, i.e., a mounting bump for providing a connection to a
semiconductor chip and a connection bump for providing a
connection to another printed board, are positioned directly
over the via holes so as to project inside a prescribed region of
the insulating substrate, can be multilayered with another
suitable lamination circuit board, and arrived at the present
invention, the gist of whose configuration is described below.
(0011) (1) In a circuit board having a conductor circuit formed
on one surface of an insulating substrate, via holes comprising a
conductive substance filled inside of non-through-holes
reaching the aforementioned conductor circuit from another
surface of the insulating substrate, and conductive bumps
positioned directly over the via holes, electrically connected
thereto, and projecting from the other surface of the
aforementioned insulating substrate, the circuit board for
semiconductor chip mounting of the present invention is
characterized in that the other surface side of the
aforementioned insulating substrate has, in roughly the center,
a mounting region for mounting a semiconductor chip and has
a peripheral connection region outside of the mounting region
for electrically connecting to another circuit board, a mounting
bump for providing an electrical connection to the
semiconductor chip and a connection bump for providing an
electrical connection to another circuit board are provided
projecting in the aforementioned mounting region and the
peripheral connection region, and the conductor circuit formed
on the one surface side of the aforementioned insulating
substrate extends from the center of the aforementioned circuit
board toward the peripheral part such as to electrically connect
a via hole corresponding to the aforementioned mounting
bump and a via hole corresponding to the aforementioned
connection bump.



(0012) According to the configuration as in (1) above, in a state
where the semiconductor chip is mounted on a mounting bump
provided on one face of a circuit board, lamination is possible
with another neighboring circuit board. Accordingly, this
configuration is exceedingly beneficial for the manufacture of a
multilayered circuit board in which it is possible to densify the
wiring board and reduce the distance between semiconductor
chips, reduce defects caused by resistance and inductance in the
wiring, and transmit electrical signals at high speed without
delay.

(0013) In the mounting circuit board set forth in (1) above, it is
desirable to form the conductive substance from an electrolytic
copper film and the conductive bumps from an electrolytic tin
plating film.

(0014) According to such a configuration, a role of attachment
between conductors is achieved to ensure an electrical
connection, providing advantages in connectivity and reliability.
(0015) The aforementioned conductive bumps are desirably
formed with any one metal selected from Sn, Pb, Ag, Au, Cu, Zn,
In, and Bi and can also be formed from a solder or a tin alloy.
(0016) (2) In the manufacture of a circuit board having a
conductor circuit formed on one surface of an insulating
substrate, via holes comprising a conductive substance filling
the inside of non-through-holes reaching the aforementioned
conductor circuit from another surface of the insulating
substrate, and conductive bumps positioned directly over the
via holes, electrically connected thereto, and projecting from
the other surface of the aforementioned insulating substrate,
the method for manufacturing a circuit board for semiconductor
chip mounting of the present invention includes at least steps
(1) to (3) below, (1) a step for providing a conductor layer for
forming a wiring layer on one surface of the insulating substrate
and for forming, in the center and at the periphery of the
insulating  substrate, non-through-holes reaching the
aforementioned conductor layer from another surface of the
insulating substrate, (2) a step for filling the inside of the
aforementioned non-through-holes with a conductive
substance to form via holes, and (3) a step for forming, in a state
where a bump formation film having bump formation holes
open and aligned to the aforementioned via hole positions is
pasted on the other surface of the aforementioned insulating
substrate, a conductive bump for semiconductor chip mounting
directly over the via hole in the center of the aforementioned
insulating substrate by filling the aforementioned bump
formation hole with a conductive substance, and a conductive
bump for electrical connection with a neighboring circuit board
directly over the via hole at the periphery of the
aforementioned insulating substrate.

(0017) (3) In a multilayered circuit board manufactured by
laminating a plurality of circuit boards with an adhesive and hot-
pressing all of the laminated plurality of circuit boards together,
each of said circuit boards made such as to have a conductor
circuit formed in one face of an insulating substrate, via holes
comprising a conductive substance used to fill the inside of non-
through-holes reaching the aforementioned conductor circuit
from the other surface of the insulating substrate, and
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conductive bumps positioned directly over the via holes so as to
electrically connect thereto and projecting from the other
surface of the aforementioned insulating substrate, some
number of the aforementioned circuit boards has, in roughly the
center, a conductive bump mounted with a semiconductor chip
and has a conductive bump at the periphery for electrically
connecting another circuit board, the conductive bump for
mounting the aforementioned semiconductor chip is connected
to the conductor circuit through a corresponding via hole, the
conductor circuit extends toward the periphery of the
aforementioned circuit board and connects at the periphery to
a conductive bump of another neighboring circuit board.
(0018) In the multilayered circuit board set forth in (3) above,
the other circuit board neighboring the circuit board to be
mounted with a semiconductor chip has, at roughly the center,
a through-hole where a semiconductor chip can pass or be held.
(0019) The aforementioned via holes are desirably formed from
an electrolytic copper plating film, and the conductive bumps
are formed from an electrolytic tin plating film.

(0020) The aforementioned conductive bumps are formed from
any one metal selected from Sn, Pb, Ag, Au, Cu, Zn, In, and Bi, or
from a solder or a tin plating alloy.

(0021) The surface of each conductor circuit of the circuit board
configuring the multilayered circuit board set forth in (3) above
is desirably formed with a roughened layer.

(0022)

(MODES TO WORK THE INVENTION) A characteristic of the
circuit board according to the present invention is, when in a
state having a semiconductor chip such as an IC chip mounted
and being laminated along with another lamination circuit
board having nearly the same structure, being suitable for the
manufacture of a multilayered circuit board capable of rapidly
transmitting a signal between the semiconductor chips.

(0023) In further detail, in the circuit board according to the
present invention, a conductor circuit is formed on one surface
of the insulating substrate, a non-through-hole reaching the
conductor circuit is formed on the other surface of the insulating
substrate, the non-through-hole is filled with a conductive
substance to form a via hole, and a conductive bump is formed
directly on the via hole.

(0024) The insulating substrate has a region for mounting, in
roughly the center, a semiconductor chip, and has, at the
peripheral part facing outward from the mounting region, a
connection region for an electrical connection with a
neighboring circuit board.

(0025) The portion that surrounds the semiconductor chip
mounting region of the insulating substrate is formed with many
via holes, directly on top of which are formed conductive bumps
for semiconductor chip mounting (hereinafter referred to as
“first conductive bumps), projecting from the surface of the
insulating substrate.



(0026) Also at the peripheral part of the insulating substrate
are formed many via holes, directly on which are formed
conductive bumps (hereinafter referred to as “second
conductive bumps”) for electrically connecting with
neighboring circuit boards protruding from the surface of the
insulating substrate similar to the first conductive bumps.
(0027) The aforementioned first conductive bump is
connected to the conductor circuit formed on the surface
opposite the insulating substrate via a corresponding via hole,
and the conductor circuit extends from the center toward the
peripheral part where the conductor circuit is electrically
connected to the via hole corresponding to the second
conductive bump.

(0028) Such a circuit board mounted with a semiconductor
chip is laminated with another circuit board having a nearly
identical structure and a circuit board mounted with a
separate semiconductor chip, forming a multilayered circuit
board that achieves high densification and high functionality.
(0029) When carrying out such multilayering, it is desirable,
for example, to arrange a circuit board mounted with a
semiconductor chip having mainly a computation function at
the surface layer side, to arrange a circuit board mounted with
a semiconductor chip having mainly a memory function at the
inner layer side, and to arrange between these semiconductor
chip mounting circuit boards a lamination circuit board
provided with, at roughly the center of the insulating
substrate, an opening corresponding to the semiconductor
chip mounting region having a conductor circuit at one face,
formed at the other face of the insulating substrate with filling
via holes made by filling non-through-holes reaching the
conductor circuit with a conductive substance, and formed
with conductive bumps directly over the via holes, and in that
state, laminating these circuit boards and heat-pressing all
together.

(0030) In the multilayered circuit board thus obtained, the
semiconductor chip mounted on the circuit board is sealed
with resin facing inside the center opening provided in the
neighboring other circuit board also having a function as a
spacer, and in that state, a connection is made to the
semiconductor circuit provided on the opposite side of the
insulating substrate with the first conductive bump and the
corresponding via hole interposed. The conductor circuit
extends toward the board peripheral part, and there is a
connection between the neighboring circuit board and the via
hole corresponding to the second conductive bump for
connection, and therefore the distance between
semiconductor chips is reduced and defects due to wire
resistance and inductance are reduced, and consequently
electrical signals can be transmitted at high speed without
delay.

(0031) For the insulating resin substrate used in the circuit
board of the present invention, an organic insulating substrate
can be used, in specific terms, one substrate selected from an
aramid nonwoven cloth-epoxy resin substrate, a glass cloth
epoxy resin substrate, an aramid nonwoven cloth-polyimide

(5)
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substrate, a bismaleimide-triazine resin substrate, a rigid
(hard) laminate substrate selected from FR-4 and FR-5, and a
flexible substrate comprising a polyphenylene ether (PPE) film
or a polyimide (PI) or other such film.

(0032) In particular, the hard insulating resin substrate is not
a traditional sort of semi-cured prepreg, but is formed from a
fully cured resin material, and therefore when such a material
is used, there is no fluctuation in the final thickness of the
insulating substrate due to the pressing force when pressing
the copper foil onto the insulating substrate with a hot press,
and therefore displacement of the via holes is minimized and
the via land diameter can be made small. Accordingly, the wire
pitch can be made small and the wire density improved. The
thickness of the substrate can be effectively maintained
constant, and therefore when forming a non-through-hole for
filling via hole formation described below with a laser, the
laser emission conditions are easy to set.

(0033) The formation of the conductor circuit on one surface
of the aforementioned insulating substrate is carried out by
pasting a copper or other such metal foil on the insulating
substrate via a suitable resin adhesive, and then etching. In
place of pasting the copper foil on the insulating substrate, a
single-sided copper-clad laminate board pasted in advance
with a copper foil may be used on the insulating substrate, and
the copper foil can be matted to improve the adhesion. Using
a single-sided copper-clad laminate board is the best mode.
(0034) The aforementioned single-sided copper-clad laminate
board is obtained by laminating a copper foil with a B stage
prepreg after impregnating a thermosetting resin such as an
epoxy resin base, a phenol resin, or a bismaleimide-triazin
resin in a glass cloth, and heat-pressure pressing. The single-
sided copper-clad laminate board is a rigid board, and is the
most beneficial to use in terms of ease of handling and cost.
After depositing metal on the surface of the insulating resin
substrate, electroplating is used to form a metal layer.

(0035) The thickness of the aforementioned insulating resin
substrate is 10 to 20 um, favorably 15 to 100 um, and most
favorably 20 to 80 um. This is because if the insulating resin
substrate is thinner than these ranges, the strength drops,
making handling difficult, and if thicker, formation of the fine
via holes and filling with the conductive material are difficult.
(0036) The thickness of the copper foil forming the conductor
circuit is 5 to 36 um, preferably 8 to 30 um, and most suitably
12 to 25 um. This is because if the copper foil is too thin, the
non-through-hole for via hole formation described below
tends to get pierced when forming with a laser, and if too thick,
it is difficult to form a fine pattern by etching.

(0037) The non-through-hole for via hole formation is formed
on the surface opposite of the copper pasting surface of the
insulating resin substrate by pasting a light-transmitting resin
film beforehand through a semi-cured resin adhesive layer
and emitting the laser from over the resin film.



(0038) The resin film provided with an opening by the
aforementioned laser emission functions as a printing mask
when filling the inside of the non-through-hole reaching the
copper foil from the surface of the insulating surface with a
conductive substrate to form the via hole, functions to adjust
the bump projection height when forming the conductive bump
directly over the via hole surface after filling the inside of the
non-through-hole with a conductive substance, and has a
pressure-sensitive adhesive layer such as can be peeled from
the adhesive layer after the prescribed steps.

(0039) The aforementioned resin film is favorably formed, for
example, from a polyethylene terephthalate resin film
(hereinafter referred to as a “PET film”) in which the pressure-
sensitive adhesive layer is 1 to 20 um thick and the film itself is
10 to 50 um thick. This is because the amount the conductive
bump projects from the surface of the insulating substrate is
dependent on the thickness of the PET film, and therefore
connection defects readily occur if the projection amount is too
small with a thickness less than 10 um, and the melted
conductive bump spreads too much on the connection interface
if the thickness exceeds 50 pum, making it impossible to form a
fine pattern.

(0040) For the aforementioned laser device, a carbon dioxide
gas laser device, a UV laser device, an excimer laser device, or
the like may be used. In particular, a carbon dioxide gas laser
device is the best suited for industrial use due to the fast
processing speed and low cost and is the most desirable laser
device in the present invention.

(0041) Using such a carbon dioxide gas laser, the diameter of the
non-through-hole formed in the insulating resin substrate
having a thickness in the aforementioned ranges is desirably in
the range of 50 to 200 um, and the laser emission conditions
when doing so are desirably a pulse energy of 0.5 to 100 mJ, a
pulse width of 1 to 100 s, a pulse interval of at least 0.5 ms, and
a shot number of 3 to 50.

(0042) The reason for setting a limit to the diameter of the non-
through-hole is that it is difficult to fill the inside of the non-
through-hole with the conductive paste and the connection
reliability drops if the diameter is less than 50 um, and high
densification is difficult if the diameter exceeds 200 um.

(0043) Before filling the non-through-hole with a conductive
substance to form the via hole, it is desirable to carry out
desmearing with, e.g., a chemical removal method of immersion
in an oxidizing agent such as oxygen, permanganic acid, or
chromic acid or a physical removal method using a plasma
discharge, and a corona discharge, or the like, to remove resin
residue remaining on the inside wall of the non-through-hole
from a perspective of ensuring connection reliability.

(0044) It is desirable to carry out desmearing using a plasma
discharge, a corona discharge, or the like, for example, in
particular when the adhesive layer and the protection film are
in a state pasted on the insulating substrate. Among dry
smearing techniques, plasma cleaning using a plasma cleaning
device is particularly favorable. In this mode, the non-through-
hole for via hole formation was formed with a laser, but the hole
can also be made with a mechanical method such as drilling or
punching.

(6)
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(0045) Methods for filling the inside of the non-through-hole
with a conductive substance after the aforementioned
desmearing to form a via hole include a plating filling method
using plating and a method for filling with a conductive paste.
When filling with plating, in particular, measures are taken to
paste the protection film in advance and prevent contact with
the plating solution so that the plating does not precipitate on
the gold foil on the insulating substrate, and the plating is then
used to fill the inside of the non-through-hole and form the via
hole.

(0046) The aforementioned plating filling can be carried out
with either electrolytic plating or electroless plating, but
electrolytic plating is preferable.

(0047) For the electrolytic plating, Sn, Pb, Ag, Au, Cu, Zu, In, Bi,
a solder, a tin alloy, or the like, for example, may be used, but
electrolytic copper in particular is the best. When filling with
electrolytic plating, the electrolytic plating is carried out using a
copper foil formed on the insulating substrate as the plating
lead. The copper foil (metal layer) is formed across the entire
region of one surface of the insulating substrate, and therefore
the current density is uniform, and a uniform height can be
achieved when filling the non-through-hole with electrolytic
plating. Before carrying out the electrolytic plating, the surface
of the metal layer in the non-through-hole should be activated.
(0048) After the electrolytic plating, the electrolytic plating
(metal) that rises out of the hole is flattened by removal with
grinding or the like. For the grinding, a belt sander, buff polishing,
or the like can be used. Some of the electrolytic plating rising
slightly higher than the insulating board may also be left.
(0049) Instead of filling with a conductive substance by plating,
a method for filling with a conductive paste, or filling a portion
of the non-through-hole with electrolytic plating or electroless
plating and filling the remainder with conductive paste may be
used.

(0050) The aforementioned conductive paste may be made
from one or more types of metal particles selected from silver,
copper, gold, nickel, and various solders.

(0051) The surface of the aforementioned metal particles may
be coated with a different type of metal. More specifically,
metal particles may be used that are made by covering the
surface of copper particles with a noble metal such as gold or
silver. An organic conductive paste with a thermosetting resin
such as an epoxy resin or polyphenylene sulfide (PPS) resin
added to the metal particles is desirable as the conductive paste.
(0052) In this mode, the non-through-hole formed with the laser
is minute with a diameter of 50 to 200 um, and so bubbles
remain easily when filling with the conductive paste. It is
therefore practical to fill with electrolytic plating.

(0053) The first conductive bump and the second conductive
bump formed directly over the via holes on the side opposite of
the copper foil pasting surface (metal layer) of the insulating
resin substrate are formed by plating or conductive paste
printing, but they are desirably formed by plating the inside of
the opening formed in the protection film with laser emission
and filling with plating having a height related to the thickness
of the protection film.



(0054) The aforementioned plating filling can be carried out
with either electrolytic plating or electroless plating, but
electrolytic plating is preferable. For the electrolytic plating,
Sn, Pb, Ag, Au, Cu, Zu, In, Bi, a solder, a tin alloy, or the like,
for example, may be used, but electrolytic tin plating is best
in this mode.

(0055) For the height of the aforementioned first and second
conductive bumps, a range of 3 to 30 um is desirable. This is
because the fluctuation in bump height due to bump
deformation cannot be tolerated at less than 3 pum, and
because there is an increase in migration and usuka [sic:
whiskers] at more than 30 um. A height of 5 um, in particular,
is most favorable.

(0056) In place of the plating, the first and second conductive
bumps may be formed by filling the inside of the opening
formed in the protection film with laser emission with a
conductive paste. When doing so, the fluctuation in
electrolytic plating height can be corrected by adjusting the
amount of conductive paste used for filling, and the heights
of the many conductive bumps made equal.

(0057) The bumps comprising this conductive paste are
desirably in a semi-cured state. That is because the
conductive paste can be hard in a semi-cured state and can
penetrate the organic adhesive layer softened during hot-
pressing. That is also because not only does the contact
surface area deform so as to increase and the conductivity
resistance lower during hot-pressing, but also because the
bump height fluctuation is corrected.

(0058) The conductive bumps may be otherwise formed with
a method for screen printing the conductive paste at a
prescribed position using a metal mask provided at the
opening, a method for printing a low melting point metal
solder paste, a solder plating method, or a method for
immersion in a solder melting solution.

(0059) A Pb-Sn solder, an Ag-Sn solder, an iridium solder, or
the like may be used as the aforementioned low melting
point metal.

(0060) The shape, size, bump pitch, and the like of the first
conductive bump for mounting the aforementioned
semiconductor chip are not particularly limited, but should
be set in response to the terminal shape, terminal size, and
terminal count of the semiconductor chip being mounted,
and, for example, a round cylindrical, an oval cylindrical, a
rectangular parallelopiped or a cubic shape may be used. If a
round cylindrical or oval cylindrical shape is used, the
diameter is desirably in the range of 50 to 200 um, and 80
um is the most favorable. The shape, size, bump pitch, and
the like of the second conductive bump for providing an
electrical connection to another neighboring circuit board
should be appropriately selected within the ranges of the
objective. For example, for a mode in which formation is
carried out by plating filling at the same time as the
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aforementioned first conductive bump inside the opening of
the PET film formed at the same time as the non-through-
hole for via hole formation by laser emission, the shape and
size are made nearly identical, but the invention is not so
limited.

(0061) The conductor circuit formed on the surface opposite
to the surface on which the aforementioned first and second
conductive bumps are formed on the insulating resin
substrate may be formed by pasting a photosensitive dry film
to the copper foil surface or applying a liquid-like
photosensitive resist, then placing a mask having a
prescribed wiring pattern and exposing and developing to
form the plating resist layer, and then etching the copper foil
at the portion where the etching resist is not formed.

(0062) The wiring pattern of the aforementioned conductor
circuit is configured from a pattern with a fine wire width
extending from roughly the center of the board toward the
periphery so as to connect the via hole corresponding to the
first conductive bump provided at roughly the center of the
board and the via hole corresponding to the second
conductive bump provided at the periphery of the board.
(0063) It is desirable for the wiring pattern to have a
thickness of 5 to 30 um, and 12 um is the most favorable. The
ratio of the line width to interwiring distance (L/D) is
desirably from 50 pm/50 to 100 pum/100 pum. The land
formed on the wiring pattern desirably has a diameter of 150
to 500 um, and 350 um is particularly favorable.

(0064) Etching to form the aforementioned pattern is
desirably carried out with at least one selected from an
aqueous solution of sulfuric acid-hydrogen peroxide,
persulfate, cupric chloride, and ferric chloride.

(0065) The order for forming the wiring pattern of the
conductor circuit may be either before or after formation of
the conductive bumps. However, if the order adopted is one
where the wiring pattern is formed after the conductive
bumps are formed, manufacturing of the printed board will
be easier than the opposite (the order in which the
conductive bumps are formed after the conductor circuit is
formed) to the extent that the surface formed with the
wiring pattern does not need to be protected.

(0066) A start it is desirable [sic: It is desirable] to form a
roughened layer on the wiring pattern surface of the
aforementioned conductor circuit, improve adhesion with
the adhesive layer joining the circuit boards, and prevent
peeling (delamination).

(0067) For the aforementioned roughening treatment, soft
etching, blackening (oxidation)-reduction, formation of a
needle-like alloy plating (manufactured by Ebara-Udylite,
product Interplate) comprising copper-nickel-
phosphorus, and surface roughening with an etchant,
product name “MECetchBOND” manufactured by MEC, are
desirable.

name:



(0068) According to need, a metal layer may be further added to
cover the wiring pattern formed with a roughened layer. Any
metal selected from among titanium, aluminum, zinc, iron,
iridium, thallium, cobalt, nickel, tin, lead, and bismuth may be
used as the metal to be formed for covering.

(0069) The thickness of the covering metal layer is desirably in the
range of 0.01 to 3 um. This is because the roughened layer cannot
be completely covered if the thickness is less than 0.01 um, and
because the roughened layer is offset by the coating metal filled
in the recess of the roughened layer if 3 um is exceeded. A
particularly desirable range is the interval of 0.03 to 1 um. As an
example, a tin substitution solution comprising stannous
fluoroborate and thiourea may be used to cover the roughened
layer.

(0070) The adhesive layer is desirably formed on the surface
opposite to the copper foil pasting surface of the insulating
substrate, and the adhesive layer is desirably made by applying
resin on a surface other than the semiconductor chip mounting
region of the insulating substrate, allowing to dry, and using the
result in an uncured state.

(0071) The aforementioned adhesive layer is desirably formed
from an organic adhesive, and at least one resin selected from an
epoxy resin, a polyimide resin, a thermosetting polyphenylene
ether (PPE), a compound resin of an epoxy resin and a
thermoplastic resin, a compound resin of an epoxy resin and a
silicone resin, and a BT resin is desirably used as that organic
adhesive. As a solvent of the organic adhesive, NMP, DMF,
acetone, or ethanol may be used.

(0072) The method for applying the uncured resin, which is the
aforementioned organic adhesive, includes a curtain coater, a
spin coater, a roll coater, a spray coater, and screen printing.
After the resin application, depressurization and degassing may
be carried out to completely remove bubbles in the interface
between the roughened layer and the resin. The formation of the
adhesive layer may be carried out by laminating an adhesive
sheet. The thickness of the aforementioned adhesive layer is
desirably 5 to 50 um. The adhesive layer is easy to handle, and
therefore precuring is favorable.

(0073) The semiconductor chip mounted on the aforementioned
circuit board is surface-mounted with the first conductive bump.
The methods for connecting the semiconductor chip and the
bump include a method for reflowing with the semiconductor
chip in a state arranged in the mounting region of the circuit
board and a method for joining the semiconductor chip and the
circuit board in a state where the bump is heated and melted in
advance.

(0074) The temperature used for those methods is desirably in
the range of 60 to 220° C. That is because the conductive metal
does not melt if under 60° C, and a short may occur in the interval
with the bump neighboring the conductive metal forming the
bump if 200° C is exceeded. Particularly in a mode using tin in the
conductive metal, the temperature range of 80 to 200° C is more
desirable. That is because when within that temperature range,
the shape retention of the bump is maintained while melting and
connecting are carried out.

(0075) The sealing resin used to fill the gap between the
semiconductor chip and the circuit board prevents a mismatch in
the coefficients of thermal expansion of the chip and the resin
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board, and a thermosetting resin, a thermoplastic resin, an
ultraviolet curing resin, a photosensitive resin, or the like may be
used. More specifically, a liquid-like resin containing an epoxy
resin, a silicon resin, a polyimide resin, a phenol resin, a fluorine
resin, or the like may be used, or a non-conductive resin film (e.g.,
NCF) or the like with such a resin formed into a sheet may be used.
(0076) The circuit board mounted with the aforementioned
semiconductor chip is desirably laminated with another circuit
board having a mostly similar board structure or a circuit board
mounted with a different semiconductor chip, forming a
multilayered circuit board.

(0077) Excluding the outermost laminated circuit boards, the
aforementioned lamination circuit board is configured by, for
example, forming a through-hole (opening) slightly larger than
the mounting semiconductor chip in the board center and
arranging the semiconductor chip to be held in the through-hole
at the time of lamination.

(0078) In further detail, the lamination circuit board is formed
with a through-hole such that the mounting semiconductor chip
passes through roughly the center of the insulating resin
substrate, a conductor circuit is formed at the periphery of one
side, a via hole reaching the conductor circuit is formed on the
other side, and a conducting bump electrically connected to the
neighboring circuit board is formed directly over the via hole.
(0079) When laminating the aforementioned semiconductor chip
mounting circuit board and the lamination circuit board, a
plurality of semiconductor chip mounting circuit boards and
lamination circuit boards are alternatively arranged, i.e., a
semiconductor chip mounting circuit board is positioned on a
lower layer and a lamination circuit board is positioned on an
upper layer, and lamination is carried out successively.

(0080) When adopting such an arrangement, the semiconductor
chip is exposed from the center opening of the upper lamination
circuit board, so the other lamination circuit board or lid board
without a center opening is arranged at the neighboring outside
of the upper circuit board during lamination, a conductor circuit
is formed at one surface of the insulating resin substrate at the
neighboring outside of the lower semiconductor chip mounting
circuit board, a via hole reaching the conductor circuit is formed
at the other surface, and a conductive bump electrically
connected to the neighboring circuit board is formed directly over
the via hole, forming the lamination circuit board, and hot
pressing is carried out in this state for integration.

(0081) Such circuit board stacking is carried out while optically
detecting, with a CCD camera or the like, positioning holes
provided beforehand in each board and making position
adjustments.

(0082) Such a laminate is heated at a temperature of 50 to 250°
C while pressing with a pressure of 0.5 to 5 MPa, and all of the
circuit boards are integrated with one press. The range of the
heating temperature is favorably 160 to 200° C.



(0083) After integrating such a laminate, a solder body is
provided on the land of the conductor circuit of the
outermost circuit boards, enabling the mounting of
electronic components other than semiconductor chips and
making a connection terminal to the motherboard.

(0084) During this process, a nickel-gold layer, for example,
is formed on the land of the topmost circuit board, a solder
bump is provided on the gold-nickel layer, and electronic
components other than the semiconductor chips are placed
on the solder bump. Similarly, a nickel-gold layer, for
example, is formed on the land of the bottommost circuit
board, and a solder ball or a T pin is joined on the gold-nickel
layer to form a connection terminal to the motherboard.
(0085) Examples of the circuit board for semiconductor chip
mounting and a method for manufacturing a multilayered
circuit board according to the present invention are
described below in detail with reference to the drawings.
(0086) (i) When manufacturing the circuit board for
semiconductor chip mounting according to the present
invention, a copper foil 12 is pasted on one side of an
insulating resin substrate 10 for use as the starting material.
A rigid (hard) lamination substrate selected from, for
example, a glass cloth epoxy resin substrate, a glass cloth
bismaleimide-triazine resin substrate, a glass cloth
polyphenylene ether resin substrate, an aramid nonwoven
cloth-epoxy resin substrate, and an aramid nonwoven cloth-
polyimide resin substrate may be used as the insulating resin
substrate 10, though a glass cloth epoxy resin substrate is the
most favorable.

(0087) The thickness of the aforementioned insulating resin
substrate is desirably 10 to 200 um. This is because the
strength drops, making handling difficult, and the reliability
of the electrical insulation drops with a thickness under 10
um, and formation of fine via holes and filling with a
conductive paste are difficult, and the board itself is thick
when the thickness of the aforementioned insulating resin
substrate exceeds 200 um.

(0088) The thickness of the copper foil 12 is desirably 5 to 36
pum. This is because when forming a non-through-hole for via
hole formation in the insulating substrate with a laser
described below, the insulating substrate is pierced if the
copper foil 12 is too thin, and on the contrary, it is difficult to

form a fine pattern by etching if the copper foil 12 is too thick.

(0089) As the aforementioned insulating substrate 10 and
the aforementioned copper foil 12, a single-sided copper-
clad laminate board is favorably used that is obtained in
particular by laminating a copper foil with a B stage prepreg
after immersion of an epoxy resin in a glass cloth. This is
because there is no displacement of the wiring pattern or the
via hole and the positioning precision is superior when
handling after etching of the copper foil 12 described below.
(0090) (ii) Protection films 13 and 14 are respectfully pasted
on the surface where the copper foil 12 is pasted to the
insulating substrate 10 and on the reverse side surface (refer
to FIG. 1(a)). Polyethylene phthalate (PET) films (hereinafter
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referred to as “PET films”) provided with a pressure-sensitive
adhesive layer on the surface are used, for example, as the
protective films, and in particular the protection film 14
provided on the surface opposite of the surface to which the
copper foil 12 is pasted is used to adjust the height of the
conductive bumps described below.

(0091) The aforementioned PET film has a pressure-sensitive
adhesive layer 1 to 20 um thick and the film itself is 10 to 50
um thick.

(0092) (iii) Next, a laser is emitted from above the PET film
14 pasted on the insulating substrate 10 to pierce the PET
film 14, forming two types of non-through-holes 16a and 16b
that reach the copper foil 12 from the surface of the
insulating substrate 10 (refer to FIG. 1(b)).

(0093) The aforementioned non-through-hole 16a is formed
in a semiconductor chip mounting region occupying roughly
the center of the insulating substrate 10, and the non-
through-hole 16b is formed in the peripheral region
positioned outside of the mounting region of the insulating
substrate 10. The laser emission is carried out with a pulse
oscillation-type carbon dioxide gas laser device, the laser
emission conditions desirably being within the ranges of 0.5
to 100 mJ for the pulse energy, 1 to 100 psec for the pulse
width, at least 0.5 ms for the pulse interval, and 3 to 50 for
the shot count. The diameters of the non-through-holes
formed under such conditions is desirably 50 to 200 um.
(0094) (iv) Desmearing is carried out to remove resin residue
remaining on the inner wall of the non-through-holes 16a
and 16b formed in step (iii) described above. Dry desmearing
using plasma discharge, corona discharge, or the like is
desirable for this desmearing from the perspective of
ensuring connection reliability.

(0095) (v) Next, electrolytic copper plating is carried out on
the board after the desmearing in (iv) described above to fill
the inside of the non-through-holes 16a and 16b with an
electrolytic copper film, forming via holes 20a and 20b (refer
to FIG. 1(c)).

(0096) (vi) Then electrolytic tin plating is carried out, the
inside of the opening formed in the PET film 14 with laser
emission is filled with an electrolytic tin plating film, a
conductive bump 22a (hereinafter referred to as a “first
conductive bump”) for semiconductor chip mounting is
formed positioned directly over the via hole 20a, and a
conductive bump 22b (hereinafter referred to as the “second
conductive bump”) for connecting to another circuit board is
formed positioned directly over the via hole 20b (refer to FIG.
1(d)).

(0097) (vii) Next, the PET film 13 pasted on the copper foil
pasting surface of the insulating resin substrate 10 is peeled,
and then the etching protection film 26 is pasted on the
surface opposite of the copper foil pasting surface of the
insulating resin substrate.



(0098) (viii) Next, the unneeded portion of the copper foil 12 is
removed by etching to form a conductor circuit. In this
processing step, a photosensitive dry film resist is pasted to
cover the copper foil 12, then an etching resist layer 24 is
formed with exposure and development along a prescribed
circuit pattern (refer to FIG. 1(e)), and the copper foil at the
etching resist non-formation portion is etched to form the
conductor circuit pattern 40 with a prescribed wiring pattern
(refer to FIG. 2(a)).

(0099) At least one type of an aqueous solution selected from
sulfuric acid-hydrogen peroxide, persulfate, cupric chloride, and
ferric chloride is desirable as the etchant. The inner diameter of
the land, as a portion of the conductor circuit, is roughly the
same as the via hole diameter, but the other diameter is
favorably formed in a range of 50 to 250 pm.

(0100) (ix) Next, the surface of the conductor circuit 40 formed
in step (viii) described above is roughened to form a roughened
layer (not illustrated), then the PET film 14 and the protection
film 26 are peeled from the surface opposite of the copper foil
pasting surface of the insulating resin substrate, and an
adhesive layer (notillustrated) is formed at a prescribed location
on the exposed surface (refer to FIG. 2(b)). The aforementioned
roughening is carried out to improve the adhesion to the
adhesive layer and prevent peeling (delamination) when making
multiple layers.

(0101) Methods for roughening include, for example, soft
etching, blackening (oxidation)-reduction, formation of a
needle-like alloy plating (manufactured by Ebara-Udylite,
product name: Interplate) comprising copper-nickel-
phosphorus, and surface roughening with an etchant, product
name “MECetchBOND” manufactured by MEC.

(0102) In this embodiment, the formation of the
aforementioned roughened layer is favorably carried out using
an etchant, e.g., using an etchant from an aqueous solution of a
mixture of a cupric complex and an organic acid to etch the
surface of the conductor circuit. This etchant can dissolve the
copper conductor circuit under the presence of oxygen such as
in spraying or bubbling, and the reaction is inferred to proceed
as described next.

(0103)

Cu + Cu (I1) An = 2Cu(l)An/2

2Cu(l)An/2 + n/40; + nAH (aeration) = 2Cu(ll)An + n/2H,0
wherein A represents a complexing agent (acting as a chelating
agent) and n represents the coordination number.

(0104) As indicated in this formula, the generated cuprous
complex dissolves with the oxygen action and binds to the
oxygen to become a cupric complex, contributing again to
copper oxidation. The cupric complex used in the present
invention may be a cupric complex of an azole. The etchant
comprising this organic acid-cupric complex can be prepared by
dissolving the cupric complex of an azole and the organic acid (a
hydrogen ion according to need) in water.

(0105) Such an etchant is formed from an aqueous solution
made by mixing, for example, 10 parts by weight of an imidazole
copper (II) complex, 7 parts by weight of glycolic acid, and 5
parts by weight of potassium chloride.

(0106) The circuit board for semiconductor chip mounting
according to the presentinvention is manufactured according to
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steps (i) to (ix) described above, and further, for example, is
laminated with other circuit boards 60, 70, and 80 for layering
as shown in FIG. 3 and 4. When carrying out such multilayering,
a sheet-like sealing resin is interposed between the first
conductive bump 22a of the circuit board and a mounted
semiconductor chip 42, a terminal 3A of the semiconductor chip
42, for example, is joined to the first conductive bump 22a under
a heated atmosphere to electrically connect the terminal-bump
interval and seal the gap between the semiconductor chip and
the circuit board with a melted and solidified resin 3B, surface-
mounting the semiconductor chip 42 and manufacturing a
semiconductor chip mounting circuit board 50.

(0107) One of the other circuit boards 60 laminated along with
the semiconductor chip mounting circuit board 50 according to
the present invention is manufactured in processing steps
nearly the same as the processing steps of a semiconductor chip
mounting circuit board such as described above, is a circuit
board laminated next to the semiconductor chip mounting
circuit board 50, and has a function as a so-called spacer.
(0108) The circuit board 60 has a structure such that a via hole
62 and a conductive bump 64 are formed at a position
corresponding to the non-through-hole 16b of the
semiconductor chip mounting circuit board 50 in the peripheral
part of the insulating resin board 10, a through-hole 68 of about
the same size as the outer form of the semiconductor chip 42 is
formed at roughly the center of the insulating resin substrate 10,
and an adhesive layer is formed at a suitable location of the
surface of the insulating resin substrate 10 formed with the
conductive bump 64.

(0109) In FIG. 3, two of the semiconductor chip mounting circuit
boards 50 are alternatingly laminated with two of the circuit
boards 60, and a conductor circuit 82 connected to the
conductive bump 64 of the circuit board 60 is provided only at
the outside of the top circuit board 60, but a lid board 80
without a center opening is arranged there, a conductor circuit
72 is formed on one side of the insulating resin substrate at the
outside of the bottom semiconductor chip mounting circuit
board 50, a via hole 74 reaching the conductor circuit 72 is
formed on the other side, and a lamination circuit board 70 is
arranged with a conductive bump 76 electrically connected to
the neighboring semiconductor chip mounting circuit board 50
formed directly over the via hole 74. In this state, hot-pressing
is carried out for integration. During this lamination, gaps
between the boards surrounding the mounted semiconductor
chip 42 are filled with a sealing resin.

(0110) FIG. 4 shows a laminate laminated in this manner with six
layers and integrated with one round of hot-pressing. The
adhesive layer provided in each circuit board cures when heated
while pressurized, making a strong adhesion between the
semiconductor chip mounting circuit board 50 and the spacer
circuit board 60, between the spacer circuit board 60 and the lid
board 80, and between the semiconductor chip mounting circuit
board 50 and the lamination circuit board 70. A vacuum hot
press is favorably sed as the hot press.



(0111) A nickel-gold layer (not illustrated) is formed on each
land of the conductor circuit 72 of the bottommost circuit
board 70 of the multilayered circuit board thus integrated,
and a solder ball 78 connected to the terminal on the
motherboard side is disposed on the nickel-gold layer.
(0112) In place of the adhesive layer formed in advance on
the surface of the insulating resin substrate, in the
multilayering stage after manufacturing the circuit
substrates, an adhesive can be applied to appropriate places
on the surface of the conductive bump side of the insulating
resin substrate, and an adhesive layer formed comprising
uncured resin in a dried state. The adhesive layer is easy to
handle, and therefore precuring is favorable and a thickness
of 5to 50 um is desirable.

(0113) In the mode described above, two semiconductor
chip mounting circuit boards 50 and two spacer circuit
boards 60 are alternately laminated, the lamination circuit
board 70 is laminated below, and the lid board 80 is
laminated above to create six layers, but the invention is not
so limited, and application is naturally possible also to a
multilayered circuit board with five or fewer or seven or
more layers according to the size and quantity of the
mounted semiconductor chips and the type, thickness, and
other properties of the insulating resin substrate.

(0114)

(Embodiments) (Embodiment 1)

(1) A B-stage prepreg in which an epoxy resin is impregnated
in a glass cloth is laminated with a copper foil and the result
is hot-pressed to obtain a single-sided copper-clad laminated
board for use as a board. The thickness of the insulating resin

(Electrolytic plating aqueous solution)

Sulfuric acid: 180 g/I

Copper sulfate: 80 g/I

Additive (manufactured by Atotech, product name:
Cupracid) 1 ml/l

(Electroplating conditions)

Current density: 2 A/dm2

Time: 30 min

Temperature: 25°C

(0120) (5) Next, electrolytic tine plating is carried out with
the below conditions using an electrolytic plating aqueous
solution with the below composition to fill the inside of the
opening formed by the PET film 14 with an electrolytic tin
plating film, and a first conductive bump 22a and a second
conductive bump 22b with a diameter of 150 um, a height of
5 um, and a bump interval distance of 500 um are
respectively formed on the via hole 20a and the via hole 20b.
(0121) (Electroplating aqueous solution)

Sulfuric acid: 105 ml/I
Tin sulfate (SnS04): 30 g/l
Additive: 40 ml/I
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substrate 10 is 50 um and the thickness of the copper foil 12
is 18 um.

(0015) (2) The PET films 13 and 14 each with a thickness of
22 um are pasted respectively to the surface to which the
copper foil 12 is pasted to the insulating substrate 10 and the
opposite surface. The aforementioned PET films comprise a
pressure-sensitive adhesive layer 10 um thick and a PET film
base 12 um thick.

(0116) (3) Next, a pulse oscillation-type carbon dioxide gas
laser is emitted under laser conditions such as described
below from above the PET film 14 to form the non-through-
holes 16a and 16b for via hole formation, and then plasma
cleaning is carried out to remove resin remaining on the
inside wall of the opening of the non-through-hole 16.
(0117) (Laser conditions)

Pulse energy: 0.7 mJ

Pulse width: 15 ps

Pulse interval:  atleast 2 ms
Shot count: 2

(0118) (4) Next, electrolytic copper plating is carried out with
the conditions described below using the electrolytic plating
aqueous solution having the composition described below in
a state where the protection film 13 pasted to the surface to
which the copper foil 12 is pasted to the insulating resin
substrate 10, filling the inside of the non-through-holes 16a
and 16b with the electrolytic copper plating, and forming the
via holes 20a and 20b each with a diameter of 150 um and a
via hole interval distance of 500 um.

(0119)

(Electroplating conditions)

Current density: s A/dm?

Time: 20 minutes

Temperature: 25°C

(0122) (6) A protection film 26 is further formed on the PET
film 14. Formation of this protection film 26 may be carried
out by pasting the PET film or with resist layer formation.
After the protection film 13 pasted on the copper foil surface
of the insulating resin substrate is peeled, the etching resist
layer 24 is formed on the copper foil surface, and the copper
foil at the portion where the etching resist is not formed is
treated with a cupric chloride etching solution to form a
conductor circuit pattern 40 having a land with a diameter of
400 um positioned corresponding to the via hole 16a and a
land with a diameter of 400 um positioned corresponding to
the via hole 16b, the L/S of the wire portion connecting the
land interval being 50 um/50 pum.



(0123) (8) Next, a roughened layer (not illustrated) is formed by
roughening the surface of the conductor circuit 40 with an
etchant, then peeling the PET films 14 and 26 from the copper
foil pasting surface and the opposite surface, and forming an
adhesive layer (not illustrated) on the surface to manufacture
the single-sided circuit board 50 for semiconductor chip
mounting.

(0124) (9) In a potting-like method in a state where a sheet-like
sealing resin is interposed between the semiconductor chip 42
and the single-sided circuit board obtained in (9) described
above, the semiconductor chip 42 is surface-mounted on the
first conductive bump 22a to produce a semiconductor chip
mounting circuit board. In this process, a gold bump projects
from the lower side of the semiconductor chip 42 and the bump
is embedded in the first conductive bump 22a, connecting the
semiconductor chip 42.

(0125) (10) Next, in steps nearly the same as the processing
steps for the semiconductor chip mounting circuit board, the via
hole 62 and the conductive bump 64 are formed only at the
periphery of the insulating substrate 10. A conductor circuit
(pad) 67 is formed on the surface opposite the conductive bump
64 of the insulating substrate 10, a roughened layer is formed
by etching the surface of the conductor circuit 67, then an
opening 68 is formed in roughly the center of the insulating resin
substrate 50, and finally an adhesive layer is formed on the
surface of the insulating substrate 10 formed with the
conductive bump 64 to produce the spacer circuit board 60.
(0126) (11) In a step nearly identical to the processing step of
the semiconductor chip mounting circuit board, the
bottommost lamination circuit board 70 and the topmost lid
board 80 are formed.

(0127) (12) Next, the aforementioned two semiconductor chip
mounting circuit boards 50 and the two spacer circuit boards 60
are alternately laminated, the lid board 80 is arranged outside
of the upper spacer circuit board 60, and the lamination circuit
board 70 is arranged on the outside of the lower semiconductor
chip mounting circuit board 50. In this state, filling resin is
injected into the gap between boards while heating to a
temperature of 180° C and pressing with a pressure of 2 MPa to
integrate all the circuit boards with one press.

(0128) (13) A plating resist layer is formed on the surface of the
lamination circuit board 70 at the bottommost layer of the
laminate obtained in (12) described above, then plating is
carried out, forming a nickel-gold layer (not illustrated) on the
land of the conductor circuit 72 of the circuit board 70, and a
solder ball 78 connected to the terminal of the motherboard is
disposed on the nickel-gold layer to produce a multilayered
circuit board having a BGA structure.

(0129) (Embodiment 2) A conductive paste comprising a tin-
silver solder, which is a low melting point metal, was used for
printing to form the first conductive bump 22a having a
diameter (bump diameter) of 80 um, a height of 30 um, and a
bump interval distance (pitch) of 600 um, and form the second
conductive bump 22b having a diameter of 80 um, a height of
30 um, and a bump interval distance of 600 um, and processing
was carried out similar to Embodiment 1, producing a
semiconductor chip mounting circuit board and a multilayered
circuit board.
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(0130) A visual examination to confirm the presence of cross-
section peeling and the like and a conductivity test to confirm
the presence of an electrical connection were carried out on the
multilayered circuit board manufactured in Embodiments 1 and
2 described above. The results showed there were no problems
in the connectivity and attachment in Embodiments 1 and 2, no
peeling, cracking, or the like was confirmed in the chip or
conductor connection part until 1000 cycles under heat cycle
conditions, and no elevation in the resistance value was
confirmed.

(0131)

(EFFECT OF THE INVENTION) As described above, the circuit
board for semiconductor chip mounting of the present
invention is provided with two types of conductive bumps, i.e.,
a mounting bump on which an IC chip or other semiconductor
chip can be mounted and a connection bump to provide an
electrical connection to another printed board, on the same
surface side of an insulating substrate, and a conductor circuit
connecting these conductive bumps is provided on the other
surface of the insulating surface, and therefore the distance
between semiconductor chips is reduced and defects arising
from resistance and inductance in the wires are reduced,
consequently making it possible to transmit electrical signals at
high speed without delay, and enabling high densification and
high functionality in the wiring board.

(0132) According to the manufacturing method of the present
invention, two types of conductive bumps are formed at the
same time with one step in the circuit board for semiconductor
chip mounting, and therefore the number of steps can be
reduced and there is no need to use expensive attachment
mounting or the like, and therefore the circuit board can be
manufactured inexpensively.

(BRIEF DESCRIPTION OF THE DRAWINGS)

(FIG. 1) (a) to (e) are views showing a portion of the steps for
manufacturing the semiconductor chip mounting circuit board
of the present invention.

(FIG. 2) (a) and (b) are views showing a portion of the steps for
manufacturing the semiconductor chip mounting circuit board
of the present invention.

(FIG. 3) is a view showing the laminated state of the
semiconductor chip mounting circuit board of the present
invention and other circuit boards.

(FIG. 4) is a view showing a multilayered circuit board
manufactured by incorporating the layers of the semiconductor
chip mounting circuit board according to the present invention
and other circuit boards.

(FIG. 5) is a side cross-section view of the IC package in the prior
art.

(FIG. 6) (a) is a side view of the board with a mounted IC package
in the prior art, and (b) is a plan view of same.

(DESCRIPTION OF THE REFERENTIAL CODES OR SYMBOLS)

10 Insulating resin substrate
12 Copper foil
13 PET film
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