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SPECIFICATION

TITLE OF THE INVENTION
An electronic device and

a method of manufacturing the same

FIELD OF THE INVENTION

The present invention relates to an electronic device
and a mefhod of manufacturing the same. Particularly, the
invention is concerned with a technique applicable
effectively to an electronic device which adopts a flip-

chip mounting technique.

BACKGROUND OF THE INVENTION

As an electronic device there is known an electronid
device called MCM (Multi Chip Module). In MCM, plﬁral
semiconductor chips each ihéorporating an integrated
circuit are mounted on a wiring board to implement one
synthetic function. In connection with MCM, the adoption
of a flip-chip mounting technique is becoming more and more
popular in which a semiconductor chip (flip-chip) with
salient electrodes formed on electrode pads on a circuit-
formed surface is mounted onto a wiring board. This.is for

increasing the data transfer speed and for the reduction of



" size.

As to the flip-chip mounting technique, various
mounting methods have been proposed and put to practical
use. For example, mounting methods called CCB (Controlled
Collapse Bonding) and ACF (Anisotropic Conductive Eilm)
mounting are- adopted practically.

In CCB method, solder bumps of, for example, a ball
shape are formed as bump electrodes (salient electrodes) on
electrode pads of a semiconductor chip, then the
semiconductor chip is put on a wiring board, and thereafter.
a heat treatment for melting the solder bumps is performed -
to connect connection parts as wiring portions on the
wiring board with the electrode pads of the semiconductor
chip electricélly and mechanically.

In ACF mounting method, stud bumps of such as gold
(Au) are formed as bump electrodes (salient electrodes) on
electrode pads of a semiconductor chip, then the
semiconductor chip is put on a wiring board through an
anisotropic conductive resin (ACF) of a sheet shape as a
bonding resin, thereafter the semiconductor chip is
compressioﬁ-bonded to the wiring board under heating and
the stud bumps are electrically connected to connection
parts on the wiring board. The anisotropic conductive

resin comprises an insulating resin and a large number of



conductive particles dispersed and mixed therein.

SUMMARY OF THE INVENTION

Having studies the foregoing flip-chip mounting
technique, the present inventors found out the following
problems.
(1) There are various types of arrays as pad arrays of a
semiconductor chip. Among them is included a central pad
array in which piural electrode pads are arranged in a line
along a central region which extends along a center line in
X or Y direction of a circuit-formed surface of a
semiconductor chip. This centrai pad array is adopted, for
example, for a semiconductor chip in which is incorporated
a DRAM (Dynamic Random Access Memory) as a memory circuit.

For example in the case of -a DRAM there are the
following requirements with respect to the arrangement of
electrode pads (bonding pads). Electrode pads should be
arranged near an input/output circuit for the reduction of
wiring inductance. Moreover, for the prevention of device
damage in bonding process, a semiconductor device should
not be formed just under electrode pads. Further, for the
purpose of improving the operatipg speed, the distance from
an input/output circuit up to a remotest portion in a

memory mat should be made as short as possible. Satisfying



these requirements results in such a layout on DRAM chip as
shown in Fig. 21, in which electrodé pads are arranged
centrally in a long side direction of the chip. In Fig. 21,
the numeral 30 denotes a DRAM chip, MARY denotes a memory
array, PC denotes a peripheral circuit, I/O denotes an
input/output circuit, and BP denotes an electrode pad.

In the case of a central pad array, the array of bump
electrodes formed respectively on the electrodes pads is
also a central bump array. If such a semiconductor chip is
used in flip chip mounting, it 'is impossible to take
balance of the chip, so that the chip tilts with respect to
one main surface of a wiring board. Thus, in the case of a
semiconductor chip having a central pad array, it is
difficult to effect flip chip mountihg. As another example
of a pad array (bump array) with a semiconductor chip not
well-balanced, there is, other than the centrél pad array,
a one-side pad array (one-side bump array) in which plural

electrodes pads are arranged in a line along one of two

. opposed sides of the chip.

(2) In ACF mounting method, stud bumps are compression-
bonded to connection parts on a wiring board with a

thérmoshrinking force (a shrinking force developed upon

return to a state of normal temperature from a heated

state) or a thermocuring shrinking force (a shrinking force



developed upon curing of a thermosetting resin) of an
anisotropic conductive resin interposed between a wiring
board and a semiconductor chip. On the other hand, since
the thermal expansion coefficient of an anisotropic
conductive resin is generally larger than that of stud
bumps, the amount of expansion in the thickness direction
of the anisotropic conductive resin is larger than that in
the height direction of stud bumps. Consequently, there
may occur a poor connection such thaf‘stud bumps come off
from conneétion parts on the wiring board due to the
influence of heat. Therefore, it is necessary that the
volume of the anisotropic conductive resin between the
wiring board and the semiconductor chip bé.made as small as
possible.

In this connection, a technique for diminishing the
volume of an anisotropic conductive resin between a wiring
board and a semiconductor chip is disclosed, for example,
in Japanese Published Unexamined Patent Application No. Hei
10(1998)-270496 (USP 6208525). According to the technique
disclosed in this unexamined publicatipn, as shown in Fig.
12 thereof, “a groove 19A is formed in a rigid wiring board
19, electrode pads 4A formed within the groove 19A, and the.
electrode pads 4A and bump electrodes 15 are connected

together within the groove 19. According to this
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configuration, a gap between the wiring board 19 and a
semiconductor chip 10 becomes narrower by an amount
corresponding to the depth of the groove 19A in comparison
with the case where there is no top insulating layer on the
wiring board and.the electrodes pads 4A and a top wiring
layer are exposed, whereby it is possible to reduce the
thickness of an adhesive (anisotropic conductive resin) 16
interposed between thg wiring board 19 and the
semicénductor chip 10.”

However, according to the above configuration wherein
a groove is formed in a wiring board and electrode pads
(connection parts) on the wiring board and bump electrodes
(stud bumps) are cénnected together within the groove,
there arises a new problem.

In the case of electrode pads on a semiconductor chip,
a plane size depends on the array pitch of the electrode
pads (a pad array pitch) and the narrower the pad array
pitch, the smaller the plane size. If a thinner gold wire
is used to form stud bumps of a smaller diameter with such
a decrease in size of the electrode pads, the height of
each stud bump also becomes smaller accordingly. That is,
if the pad arfay pitch differs, the stud bump height
differs as well.

On the other hand, in a certain electronic device,



such as MCM, several types of semiconductor chips different
in the degree of integration and in function are mounted on
a single wiring board, but these semiconductor chips are
not always equal in pad array pitch. With different pad
array pitches, there are different stud bump heights, so in
the case of a semiconductor chip wherein the stud bump
height is larger than the depth from one main surface of a -
wiring board to connection parts thereof, it is possible to
easily effect connection between the wiring board
connection parts and the stud bumps, but in the case of . a
semiconductor chip wherein the stud bump height is smaller
than the depth from one main surface of a wiring board to
connection parts thereof, it is difficult to effect
connection between the wiring board connection parts and
the stud bumps.

If a depth position of the wiring board connection
parts is set to match the semiconductor chip having the
smallest stud bump height out of the semiconductor chips to
be mounted on the wiring board, stud bumps can be connected
to the wiring board connection parts even in a
semiconductor chip having the smallest stud bump height.

In this case, however, in a semiconductor chip having a
large stud bump height, the volume of an anisotropic

conductive resin interposed between the semiconductor chip



and the wiring board becomes large and there may occur a

poor connection such that the stud bumps come off from the

wiring board connection parts under the influence of heat. |

It is an object of the present invention to provide a
technique capable of suppressing a tilt of a semiconductor
chip relative to one main surface of a wiring board.

It is another object of the present invention to
provide a technique which permits several types of
semiconductor chips different in pad array pitch to be
mounted on a single wiring board.

‘The above and other objects and novel features of the
present invention will become apparent from the following
description and the accompanying drawings.

A brief description will be given below about typical
inventions out of those disclosed herein.

(1) An electronic device according to the present
invention includes:

a semiconductor chip having a plurality of electrode
pads on one main surféce thereof;

a wiring board having a plurality.of connection parts
on one main surface thereof; and

a plurality-of salient electrodes arfanged in a line
between the electrode pads of the semiconductor chip and

the connection parts of the wiring board,



the plural connection parts of the wiring board being
located at a deeper position than the one main surface of
the wiring board in a depth direction from the one main
surface.

The wiring board further includes an insulating film
formed on the one main surface thereof and an opening
formed in the insulating film, and the plural connection
parts are disposed in a bottom of the opening.

The insulating film is present straddling a
peripheral edge of the semiconductor chip.

A plane size of the opening is smaller than that of
the semiconductor chip, while a plane size of the
insulating film is larger than that of the semiconductor
chip.

According to the above means (1), the height of the
salient electrodes is absorbed by the depth from the one
main surface of the wiring board to the connection parts at
the time of flip-chip mounting of the semiconductor chip,
so that it is possible to suppress a tilt of the
semiconductor chip relative to the one main surface of the
wiring board.

(2) An electronic device according to the present
invention includes:

a first semiconductor chip having a plurality of



first electrode pads arranged at a first pad array pitch on
one main surface thereof;

a second semiconductor chip having a plurality of
second electrode pads arranged on one main surface thereof
at a second pad array pitch smaller than the first pad
array pitch;

a wiring board having in a first area of one main
surface thereof a plurality of first connection parts
arranged correspondingly to the plural first electrode pads
and also having in a second area different from the first
area on the one main surface a plurality of second
connection parts arranged correspondingly to the plural
second electrode pads;

a plurality of first salient electrodes each disposed
between each of the first electrode pads and each of the
first connection parts and providing an electrical
connection between the two; and

a plurality of second salient electrodes each
diéposed between each of the second electrode pads and each
of the first connection parts and providing an electrical
connection between the two,

the plural first connection parts and the plural
second connection parts being disposed at a deeper position

‘than the one main surface of the wiring board in a depth
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direction from the one main surface, and

the second plural salient electrodes having a multi-
stage bump structure with.a larger number of stages than
the plural first salient electrodes.

The wiring board further includes an insulating film
formed on the one main surface thereof, a first opening in
" the insulating film in the first area of the one main
surface, and a second opening formed in the insulating film
in the second area of the main surface, the plural first
connection parts are.disposed in a bottom of the first
opening and the plural second connection parts are disposed
in a bottom of the second opening.

The second salient elect;odes have a multi;stage bump
structure having.base bumps connected to the second
electrode pads of the second semiconductor chip and stack
bumps stacked on the base bumps.

The second salient electrodes have a multi-stage bump
structure having base bumps connected to the second
electrode pads of the second semiconductor chips, first
stack bumps stacked on the base bumps, and second stack
bumps stacked on the first stack bumps.

According to the above means (2), at the time of
flip-flop mounting the first and second semiconductor chips,

salient electrodes can be connected to the second
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connection parts of the wiring board also in the second
semiconductor chip, so that the first and second
semiconductor chips different in pad array pitch can be

mounted on a single wiring board.

BRIEF DESCRIPTION OF THE DRAWINGS -

Fig. 1 is a schematic plan view of an MCM (an
electronic device) according to the first embodiment of the
présent invention;

Fig. 2 is a schematic bottom view of the MCM shown in
Fig. 1;

Fig. 3 is a schematic sectional view showing a
moﬁnted state of a chip for buffer incorporated in the MCM
shown in Fig. 1;

Fig. 4 is a schematic sectional view showing a
mounted state of a chip for memory incorporated in the MCM
shown in Fig. 1;

Fig. 5 is a schématic sectionél view showing a
mounted state of a chip for control incorporated in the MCM
shown in Fig. 1;

Fig. 6 is a schematic sectional view showing a
mounted state of a capacitor incorporated in the MCM shown
in Fig. 1;

Fig. 7 is a schematic plan view showing partially pad
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arrays of the chips for buffer, for memory and for control
incorpprated in the MCM shown in Fig. 1;

Fig. 8 is a schematic sectional view showing
schematic configurations of the chips for buffer, for
memory and for control incorporated in the MCM;

Fig. 9 is a schematic plan view showing a schematic
configuration of the chip for memory incorporated in the
MCM shown in Fig. 1;

Fig. 10 is a schematic sectional view showing a part
of a wiring board used in the MCM shown in Fig. 1;

Fig. 11 is a schematic sectional-view for explaining
a process of formiﬁg a stud bump on an electrode pad in the
chip for memory in manufacturing the MCM according to the
first embodiment;

Fig. 12 is a schematic sectional view for explaining
a process of mounting the chip for buffer in manufacturing
the MCM according to the first embodiment;

Fig. 13 is a schematic sectional view for explaining
the buffer chip mounting process in manufacturing the MCM
according to the first embodiment;

Fig. 14 is a schematic sectional view for explaining
a process of mounting the chip for memory in manufacturing
the MCM accordihg to the first embodiment;

Fig. 15 is a'schematiq sectional view for explaining
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the memory chip mounting process in manufacturing the MCM
according to the first embodiment;

Fig. 16 is a schematic plan view of a chip for memory
showing another bump array pattgrn in the MCM according to
the first embodiment;

Fig. 17 is a schematic sectional view showing a
mounted state of a chip for memory incorporated in an MCM
according to the first modification of the first
embodiment;

Fig. 18 is a schematic sectional view showing a
mounted state 6f a chip for memory incorporated in an MCM
according to the second modification of the first
embodiment;

Fig. 19 is a schematic sectional view showing a chip
for memory incorporated in an MCM according to the second
embodiment of thé present invention;

Fig. 20 is a partially enlarged schematic sectional
view of Fig. 19; and

Fig. 21 is a palanar layout diagram of a conventional

DRAM chip.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be

described in detail hereinunder with reference to the
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drawings. In all of the drawings for illustrating the

embodiments, the portions having the same fﬁnctions are
identified by the same reference numerals and repeated
explanations thereof will be omitted.

Fig. 1 is a schematic plan view of an MCM (an
electronic device) according to the first embodiment of the
present invention, Fig. 2 is a schematic bottom view
thereof, and Fig.- 3 is a schematic sectional view showing a
mounted state of a chip for buffer incorporated in the MCM
of Fig. 1, Fig. 4 is a schematic sectional view showing a
mounted state of a chip for memory incorporated in the MCM
of Fig. 1, Fig. 5 is a schematic sectional view showing a
mounted state of a chip for control incorporated in the MCM
of Fig. 1, Fig. 6 is a schematic sectional view showing a
mounted state of a capacitor incorporated in the MCM of Fig.
1, Fig. 7 is a schematic plan view showing partially pad
arrangements of a chip for buffer, a chip for memory and a
chip for control incorporated in the MCM of Fig. 1, Fig. 8
is a schematic sectional viéw showing schematic
configurations of the chips for buffer, for memory and for
control incorporated in the MCM of Fig. 1, and Fig. 9 is a
schematic sectional view of the chip for memory
" incorporated in the MCM of Fig. 1.

As shown in Figs. 1 and 2, according to the
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configuration of an MCM (electronic device) 1 of this
embodiment, plural active components and plural passive
components are mounted as eiectronic components on one main
surface 2X of a wiring board 2, while plural ball-like
solder bumps 22 are arranged as external connecting
terminals on a back side (the other maiﬁ surface) 2Y
opposed to the main surface of the wiring board 2. As
active components are used plural semiconductor chips
(hereinafter referred to as “buffer chips”) 10 each
incorporating a buffer circuit, plural semiconductor chips
(“memory chips” hereinafter) 12 each incorporating a memory
circuit (e.g., SDRAM), one semiconductor chip (“cohtrol
chip” hereinafter) 14 incorporating a control circuit, and
one semiconductor chip (“arithmetic chip” hereinafter) 16
incorporating a NAND circuit. These active components are
mounted on one main surface of the wiring board 2 in
accordance.with a flip chip mounting technique. As passive
components are used plural capacitors 17, 18 and resistors
19 both of a surface-mounted type. These passive
components are mounted on one main surface of the wiring
board 2 in accordance with a solder reflow method.

As shown in Figs. 3 to 6, the wiring board 2 has a
rigid substrate 3, a soft layer 4 formed on the rigid

substrate 3 by a bﬁild-up method, and an insulating film 9
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formed on the soft layer 4. The rigid substrate 3 and the
soft layer 4 have a mulfi—layer interconnection structure
though the details thereof are not illustrated. Insulating
layers in the rigid substrate 3 are formed by highly
elastic resin sheets comprising glass fibers impregnated
with an epoxy or polyimide resin, while insulating layers
in the soft layer 4 are formed by an epoxy resin of low
elasticity for example. Further, wiring layers in the
rigid substrate 3 and the soft layer 4 are formed by
metallic films such as copper (Cu) films for example. The
insulating layer 9 is formed of a polyimide resin for
example. The insulating film 9 controls wetting and
spreading of solder of soldered components (17, 18 and 19
in this embodiment) during mounting of the components and
ensures a bonding force of flip chip components (10, 12 and
14 in this embodiment) for a bonding resin during mounting
of the components.

The buffer chips 10, meméry chips 12, control chip 14
and arithmetic chip 16 are formed in a square or
rectangular shape in plan. In this embodiment, the buffer
chips 10 and memory chips 12 are each formed in a
rectangular shape, while the control chip 14 and arithmetic
chip 16 are each formed in a square shape.

The buffer chips 10, memory chips 12, control chip 14
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and arithmetic chip 16 each mainly comprise a semiconductor
substrate, a multi-layer interconnection comprising
insulating layefs and wiring layers stacked in plural
stages on a circuit-formed surface of the semiconductor
substrate, and a surface protecting layer (final
protection) formed so as to cover the multi-layer
interconnection. For example, the semiconductor substrate
is formed of a single crystal silicon, the insulating layer
is formed by a silicon oxide film, and the interconnection
is formed by a metallic film such as aluminum (Al) or
aluminum alloy film. A surface protecting film of the .
memory chips 12 is formed using, for example, a polyimide
resin capable of improving an anti-a ray strength in
memory. Surface protecting films of the buffer chips 10,
control chip 14 and arithmetic chip 16 are each formed by
an insulating film such as, for example, a silicon oxide or
silicon nitride film, or an organic insulating £film. As to
the arithmetic chip 16, a further explanation thereof will
be omitted because it is of substantially the same
configuration as the buffer chips 10.

In each of the buffer chips 10, memory chips 12 and
control chip 14, plural electrode pads (10a, 1l2a, l4a) are
formed on a circuit-formed surface (10X, 12X, 14X) which is

one main surface. out of one main surface and the other main
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surface opposed to each other, as shown in Figs. 3 and 7.
The electrodes pads (10a, 12a, 1l4a) of each chip are formed
on the top wiring layer in the multi-layer interconnection
of each chip and are exposed through a bonding opening
formed in the surface protecting film of eéch chip.

As shown in Fig. 7(a), the electrode pads 10a of each
buffer chip 10 are arranged along sides of a circuit-formed
surface 10X of the buffer chip. . As shown in Fig. 7(b), the
electrode pads 10a of each memory chip 12 are arranged
along a central region which extends along a long-side . .
center line out of two center lines in loné (X) and short
(Y) directions crossing each other of the circuit-formed
surface 12X of the memory chip 12. As shown in Fig. 7(c),
the electrode pads 1l4a of the control chip 14 are arranged
along sides of the circuit—formed surface 14X of the
control chip. Thus, the electrode pads of each buffer chip
10 and the control chip 14 are arranged in a four-side pad
array, while the electrode pads 12a of the memory chip 12
are arranged in a central pad array.

As shown in Fig. 8(a), a stud bump 11 is formed of,
for example, gold (Au) as a salient electrode on each
electrode pad 10a of each buffer chip 10. As shéwn in Fig.
8(b), a stud bump 13 is formed of, for example, Au as a

salient electrode on each electrode pad 12a of each memory
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chip 12. Further, as shown in Fig. 8(c), a stud bump 15 is
formed of, for example, Au as a salient electrode on each
electrode pad 1l4a of the control chip 14. These stud bumps
(11, 13, 15) are forméd, for example, by a ball bonding
method which uses Au wire and which utilizes both
thermocompression bonding and ultrasonic oscillation.
According to the ball bonding méthod, a ball is formed at
the tip of Au wire and is then Compression—bonded to an
electrode pad on a chip under the application of ultrasonic
oscillation, thereafter Au wire is cut off from the ball
portion to form a bump. Thus, the stud bump formed on the
electrode pad is firmly connected to the electrode pad.

In the top wiring layer of the soft layer 4 in the
wiring board 1 are formed plural lines 5 (see Fig. 3),
plural lines 6 (see Fig. 4), plural lines 7 (see Fig. 5),
and plural electrode pads 8 (see Fig. 6), though these are
not illustrated in detail.

As shown in Fig. 3, each of the plufal lines 5 has a
connection part 5a formed by a portion thereof, the
connection parts 5a of the lines 5 being exposed.through an
opening 9a formed in the insulating film S. The other
portions of the lines 5 are covered with the insulating
film 9. The connection parts 5a of the lines 5 are

arranged correspondingly to the electrode pads 10a of each
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buffer chip 10.

As shown in Fig. 4, each of the plural lines 6 has a
connection part 6a formed by a pgrtion thereof, the
connection parts 6a of the lines 6 being exposed through an
opening 9o formed in the insulating fiim 9. The other
portions of the lines 6 are covered with the insulating
film 9. The connection parts 6a of the lines 6 are
arranged correspondingly to the electrode pads 12a of each
memory chip 12.

As shown in Fig. 5, each of the plural lines 7 has a
connection part 7a formed by a portion thereof, the
connection parts 7a of the lines 7 being exposed through an
opening 9c formed in the insulating film 9. The other
portions of the lines 7 are covered with the insulating
film 9. The connection parts 7a of the lines 7 are
arranged correspondingly to the electrode pads 1l4a of the
control chip 14.

As shown in Fig. 6, the plural electrode pads 8 are
exposed througﬁ an opening 9d formed in the insulating film
9. The electrode pads 8 are formed by portions of plural
lines formed in the top wiring layer of the soft layef 4,
the other portions of the plural lines being covered with
the insulating film 9.

The plural connection parﬁs 5a, 6a, 7a, and the
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plural electrode pads 8 are arranged in bottoms of the
openings %a, 9b, 9c, and 9d, respectively. Thus, the
wiring board 2 has tHe plural connection parts 5a, 6a, 7a
and the plural electrode pads 8 arranged in a surface layer
portion of one main surface 2X at positions deeper than one
main surface 2X in the depth direction from one main
surface 2X.

As shown in Fig. 3, each buffer chip 10 is mounted in
such a manner that its circuit-formed éurface 10X confronts
one main surféce 2X of the wiring board 2. An anisotropic
conductive resin 20, as an example of a bonding resin, is
interposed between the buffer chip 10 and the wiring board
2. With the anisotropic conductive resin 20) the buffer
chip 10 is bonded and fixed to the wiring board 2.

The plural stud bumps 11 are disposed between the
electrode péds 10a of each buffer chip 10 and the
connection parts 5a of the wiring board 2 to pravide an
electrical connection between the two. Tﬁe stud bumps 11
are compression-bonded to the connection parts 5a of the
wiring board 2 with a thermoshrinking force (a shrinking
force developed upon return from a heated state to a state
of ﬁormal temperature) or a thermocuring shrinking force (a
shrinking force developed upon curing of a thermosetting

resin) of the anisotropic conductive resin 20 interposed
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between the wiring board 2 and the buffer chip 2. A
portion of a large number of conductive particles mixed
into the anisotropic conductive resin 20 is interposed
between the stud bumps 11 and the connection parts 5a of
the wiring board 2.

The connection parts 5a of the wiring board 2 are
each recessed in the depth direction of the wiring board 2.
Each stud bump 11 and the associated connection part. 5a aré
connected together in the interior of each such recess. By
thus connecting the stud bump 11 and the connection part 5a
in the interior of the recess, the volume of the
anisotropic conductive resin 20 between one main surface 2X
of the wiring board 2 and the circuit-formed surface 10X of
each buffer chip 10 can be diminished by an amount
corresponding to Fhe depression quantity of the recess.

The stud bumps 11 are connected to the opening 9a
formed in the insulating film 9 to the connection parts 5a
disposed in the bottom of the opening 9a. That is, the
stud bumps 11 are connected to the connection parts 5a
which are disposed at a deeper position than oﬁe main
surface 2X of the wiring board 2 in the depth direction
from one main surface 2X. By thus disposing the connection
parts 5a at a position deeper than the wiring board 2, the

volume of the anisotropic conductive resin 20 between one
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main surface 2X of the wiring board 2 and the circuit-
fprmed surface 10X of the buffer chip 10 can be diminishéd
by an amount corresponding to the depth from one main
surface 2X to the connection parts 5a.

The recess of each connection part 5a is formed by an
elastic deformation of the connection part 5a and the soft
layef 4. Tﬂe recess thus based on such an elastic
deformation can be formed with a compression-bonding force
used at the time of mounting the buffer chip 10 onto one
main surface-of:the wiring board 2. 1In case of_forming.the
recess by an elastic deformation of each connection part 3a
and the soft layer 4, an elastic force of the connection
part 5a and the soft layer 4 acts on the associated stud
bump 11, so that the compression—bondihg force between the
stud bump 11 and the connection part 5a increases.

Even if the spacing between one main surface 2X of
the wiring board 2 and the circuit-formed surface 10X of
the buffer chip 10 expands dues to expansion in the
thicknesé direction of the anisotropic conductive resin 20 -
and the stud pumps move upward accordingly, the depression
quantity of the recess in each connection part 5a varies
following the mbvement of the associated stud bump 11, so
that the connection parts 5a of fhe wiring board 5 and the

stud bumps 11 can be kept connected.
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As shown in Fig. 4, each memory chip 12 is mountediin
a state such that its circuit-formed surface 12X confronts
6ne main surface 2X of the wiring board 2. For example,
anisotropic conductive resin 20 is interposed as a bonding
resin between the memory chip 12 and the wiring board 2 and
the memory chip 12 is bonded and fixed to the wiring board
2.

- The plural stud bumps 13 are each disposed between
~each electrode pad 12a of the memory chip 12 and each
connection part 6a of the wiring board 2 to provide an
electric connection between the two. The stud bumps 13 are
compression-bonded to the coﬁnection parts 6a of the wiring
board 2 with a thermoshrinking force or a thermocuring
shrinking force of the anisotropic conductive resin 20
interposed between the wiring board 2 and the memory chip
12. A portion of a large number of conductive pa;ticles
mixed into the anisotropic conductive resin 20 1is
interposed between the stud bumps 13 and the connection
parts 6a of the wiring board 1.

The connection parts 6a of the wiring board 2 are
each recesséd in the depth direction of the wiring board,
and each stud bump 13 and the associated connection part 6a
are connected together in the interior of each such recess

as is the case with the buffer chip 10. The stud bumps 13
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are connected through the opening 9b formed in the
insulating film 9 to the conenctions 6a disposed in the
bottom of the qpening 9b. Thus, similarly to the case with
the buffer chip 10, the stud bumps 13 are connected to the
connection parts 6a which are disposed in a deeper position
than one main_surface 2X of fhe wiring board 2 in the depth
direction from one main surface 2X..

As shown in Fig. 5, the circuit-formed éurface 14X of

the control chip 14 is mounted in a state such that its

circuit-formed surface 14X confronts one main surface 2X of. . .

the wiring board 2. Between the control chip 14 and the
wiring board 2 is interposed, for example, an anisotropic
conductive resin 20 as a bonding resin, and with this
anisotropic conductive resin 20 the control chip 14 is
bonded and fixed to the wiring board 2.

The plural stud bumps 15 are each disposed between
each electrode pad l4a of the control chip 14 and each
connection part 7a of the wiring board 2 to provide an
electrical connection between the two. The stud bumps 15
are compression-bonded to the connection parts 7a df the
wiring board 2 with a thermoshrinking force or a
thermocuring shrinking forée_of the anisotropic conductive
resin 20 interposed between the wiring board 2 and the'

control chip 14. Between the stud bumps 15 and the
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connection parts 7a of the wiring board 2 is interposed a
portion of a large number of conductive particles mixed
into the aniéotropic conductive resin 20.

The connection parts 7a of the wiring board 2 are
recessed in the depth direction of the wiring board 2, and
as the case with each buffer chip 10, each stud bump 15 and
the associated connection 7a are connected together in the
interior of each such recess. The stud bumps 15 are
connected through the opeﬁing 9c¢ formed in the insulating
film 9 to the connection parts 7a disposed in. the bottom of
the opening 9¢. That is, as is the case with the buffer
chip 10, the stud bumps 15 are connected to the connection
parts 7a disposed at a deeper position than one main.
surface 2X of the wiring boérd 2 in the depth direction
from one main surface 2X.

As shown in Fig. 6, electrodes 17a of the capacitors
17 are connécted to the electrode pads 8 electrically and
mechanically.by solder 21. To control wetting and |
spreading of the solder 21, the connection between the
capacitor electrodes 17a and the electrode pads 8 of the
wiring board 2 is performed through the opening 9d formed
iﬁ the insulating film 9. The capacitors 18 and resistors
19 are also mounted in the same way as in the mounting of

the capacitors 17.
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As shown in Fig. 7, a pad array pitch Pl of each

buffer chip 10 is set at 110 [um] or so. Pad array
pitches P2, P3 of each memory chip 12 and the control chip
14 are set at 80 [um] or so. A plane size of each chip
electrode pad depends on the pad array pitch and the
narrower the pad array pitch, the smaller the plane size.
On the other hand, the size of éach stud bump formed on
each chip electrode pad depends on the plane size of each
electrode pad and the smaller the plane size of éach
electrode pad, the lower the stud bump height. That is,
the stud bumps 13, 15 formed on the electrode pads of each
memory chip 12 and the control chip 14 are smaller in
height than the stud bumps 11 formed on the electrode pads
of each buffer chip 10.

In the case of a chip wherein the stud bump height is
larger than the depth from one main surface 2X of the
wiring board 2 to the connection parts 5a, 6a, 7a of the
same board, the connection parts of the wiring board 2 and
the stud bumps can be connected together easily, but in the
‘case of a chip wherein the stud bump height is smaller than
the depth from one main surface 2X of the wiring board 2 to
the connection parts of the same boafd, the connection
parts of the wiring board 2 and the stud bumps are

difficult to be connected.
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Therefore, in a chip having a narrow pad array pitch,
namely, having a small plane size of electrode pads, the
adoption of a multi-stage stud bump structure is effective
in increasing the bump height. In this embodiment, as
shown in Fig. 3, the stud bumps 11 of each buffer chip 10
are of a singie stage bump structure. As shown in Fig. 4,
the stud bumps of each memory chip 12 are each of a two-
stage bump structure having a base bump 13a formed on each
electrode pad 12a and a stack bump 13b stacked on the base
bump -13a. As shown in Fig. 5, the stud bumps 15 of the
control chip 14 are eéch of a two-stage bump structure
_having a base bump 15a formed on each electrode pad 1l4a and
a stack bump 15b stacked on the base bump 15a. As shown in
Fig. 8, the height Tl of each stud bump 11, fhe height T2
of each stud bump 13, and the height T3 of each stud bump
15 are almost equal.

By thus setting the chips different in array pitch
almost equal in stud bump height, the stud bumps 13, 15 can
be connected to the connection parts 6a, 7a of the wiring
board 2 also in the memory chips 12 and control chip 14
which are narrow in pad array pitch.

As shown in Fig. 7(b), electrode pads 12b of each
memory chip 12 are arranged in a central pad array. Also,

the stud bumps 13 formed on the electrode pads 12b are
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arranged in a central bump array. Thus, in the case where
the memory chip 12 with the stud bumps 13 arranged in a

central bump array is used in flip chip mounting , the

‘memory chip 12 tilts with respect to the main surface 2X of

the wiring board 2 because the chip 12 is not well-balanced.

Effective as a measure against such unbalanced bump
array in the memory chip ‘12 is to arrange the connection
parté 6a of the wiring board 2 at a deeper positioh than
one main surface 2X of the wiring board 2 in the depth .
direction from one main surface. In this embodiment, as
shown in Fig. 4, the connection parts 6a are defined in a
deeber position than one main surface 2X of the wiring
board 2 by the insulating film 9 which is formed above the
connection parts 6a. By so arranging the connection parts
6a, at the time of flip-chip-mounting the memory chip 12,
the height of the stud'bumps 13 is absorbed by the depth
from. one main surface 2X of the wiring board 2 to the
connection parts 6a, so that the spacing between one main
surface 2X of the wiring board and the circuit-formed
surface 12X of the memory chip 12 becomes narrow and hence
it is possible to suppress the tilt of the memory chip with
respect to one main surface.ZX of the wiring board 2.

For disposing the connection pafts 6a at a deeper

position than one main surface 2X of the wiring board 2 and
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thereby suppressing the tilt of the memory chip 12 relative
to one main surface 2X of the wiring.board, it is necessary
to form the insulating film 9 and the opening 9b in such a
.manner as to be present straddling the peripheral edge of
the memory chip 12. That is, the plane size of the
insulating film 9 is set larger than that of each memory
chip 12 and the plane size of the opening 9b is made
smaller than that of the memory chip 12. 1In this
embodiment, the insulating film 9 is formed in a plane size
which covers substantially the whole area of the main .
surface 2X of the wiring board 2, and the opening %b is:
formed in a plane size smaller than the plane size of the
memory chip 12. Further, the opening 9b is formed in a
rectangula; plane shape extending in the arranged direction
of the connection parts 6a of the wiring board 2.

Next, a method of manufacturing the MCM 1 will be
described below with reference to Figs. 11 to 15.

Fig. 11 is a schematic sectional view for explaining
a process of forming a stud bump of a multi-stage bump
structure, Fig. 12 is a schematic sectional view for
explaining a:buffer.chip mounting process, Fig. 13 is a
schematic sectional view for explaining the buffer chip
mounting process, Fig. 14 is a schematic section view for

explaining a memory chip mounting process, and Fig. 15 is a

) 31




schematic sectional view for explaining the memory chip
mounting process.

First, electronic components 10, 12, 14, 16, 17, 18,
19 to be mounted on the wiring board 2 are provided.

Next, stud bumps are formed on the electrode pads of
the buffer chips 10, memory chips 12, control chip 14 and
arithmetic chip 16 in accordance with the ball bonding
method. For the buffer chips 10 and arithmetic chip 16.
there are formed stud bumps of a single stage bump
structure. For the memory chips 12 and control chip 14
there are formed stud bumps of a multi-stage bump structure
(two stages in this embodiment). With each memory chip 12
as an example, a description will now be given about a
method of forming a stud bump of a two-stage bump structure.
First, a memory chip 12 is mounted on a heat stage 25, then
as shown in Fig. 11(a), a base bump 13a is formed on an
electrode pad 12a of the memory chip 12 in accordance with
the ball bonding method, and thereafter a stack bump 13b is
formed on the base bump 13a, as shown in Fig. 11(b). By
further forming a stack bump on the stack bump 13b there
can be formed a stud bump of a three- or mofe stage bump
structure.

Next, an anisotropic conductive resin 20 which has

been processed in sheet (film) form is affixed to a bﬁffer
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chip mounting area on one main surface 2X of the wiring
board 2. As the anisotropic conductive resin 20 there is
used, for example, an epoxy thermosetting resin with a
large number of conductive particles mixed therein.

:Next, the wiring board 2 is mounted onto a stage 26A
and thereafter, as shown in Fig. 12, the buffer chip 10 is
mounted through the anisotropic conductive resin 20 in the
buffer chip mounting area on one main surface 2X of the
wiring board 2. The mounting of the buffer chip'10 is
performed in such.a manner that its circuit-formed surface.
10X confronts one main surface 2X of the wiring board 2.

Next, the wiring board 2 is mounted onto a heat stage
26B, then, as shown in fig.-13, the buffer chip 10 is
compression~bonded onto the wiring board under heating with
use of a tool 27, allowing each stud bump 11 to be
connected to the associated connection part 5a of the
wiring board 2, and this compression-bonded state is
maintained until curing of the anisotropic conductive resin
20. At this time, the stud bump 11 is compression-bonded
to the connection part 5a of the wiring board 2. 1In this
process, by setting the depth from one main surface 2X of
the wiring board 2 to the connection part 5a shallower fhan
the height of the stud bump 11, a recess is formed in the

stud bump ll-connected portion in the connection part 5a
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with the compression-bonding force of the buffer chip 11.
In the interior of the recess the conqection part 5a of the
wiring board 2 and the stud bump 11 are connected together.
Since the recess is formed by an elastic deformation of
the connection part 5a and the soft layer 4, an elastic
force of the connection part 5a and the soft layer 4 acts
on the stud bump 11.

| Next, by the same mounting method as that for the
buffer chip 11, the arithmetic chip 16 is mounted in an
arithmetic chip mounting area on one main surface 2X of the
wiring board 2.

Next, an anisotropic conductive resin 20 which has
been processed in sheet (film) form is affixed to the
buffer chip mounting area on one main surface 2X of the
wiring board 2. As the anisotropic conductive resin 20
there is used, for example an époxy thermosettinglresin
with a large number of conductivé particles mixed therein.

Next, the wiring board 2 is mounted onto the stage
26A, thereafter, as shown in Fig. 14, the memory chip 12 is
mounted through tﬁe anisotropic conductive resin 20 in a
memory chip mounting area on one main surface 2X of the
wiring board 2. The mounting of the memory chip 12 is
performed so that its circuit-formed surface 12X confronts

one main surface 2X of the wiring board.
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Next, the wiring board is mounted onto the heat stage
26B, thereafter, as shown in Fig. 15, the memory chip 13 is
compression-bonded onto the wiring board under heating with
use of a tool 28, allowing a stud bump 13 to be connected
to the associated connection part 6a, and then this
compression-bonded state is held until curing of the
anisotropic conductive resin 20. At this time, the stud
bump 13 is compression-bonded to the connection parf 6a of
the wiring board 2. In this process, as is the case with
the buffer chip 10, a recess is formed with the
compression-bonding force of the memory chip 12 in the
portion of thelconnection part 6a to which the stud bump 11
is connected. Each connection part 6a of the wiring board
2 and the associafed stud bump 13 are connected together in
the interior of the recess. Since the recess is formed by
an elastic deformation of the connection part 6a and the
soft layer 4, an elastic force of the connectién part 6a
and the soft layer 4 acts on the stud bump 13.

In this process, moreover, since each stud bump is of
a multi-stage bump strucﬁure, the stud bump can be
connected to the associated connection part 6a of the
wiring board 2 even in the memory chip 12 whose pad array
pitch is narrow.

Further, in this process, since the connection part
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6a is located at a position deeper than one main surface 2X
of the wiring board 2 by the insulating film 9 which is
formed above the connection part 6a, the height of the stud
bump 13 is absorbed by the depth from one main surface 2X
of the wiring board 2 to the connection part 6a and hence
the spacing between one main surface 2X of the wiring.board
2 and the circuit-formed surface 12X of the semiconductor
chip 12 becomes narrow. If the spacing between one main
surface 2X of the wiring board and the memory chip circuit-
formed surface 12X becomes narrow, even if the memory chip
12 tilts in the course of the mounting process for example,
one main surface 2X of the wiring board supports the memory
chip 12, it is possible to prevent the memory chip 12 from
tilting to such an extent as poses a problem in the
structure after the mounting.

Where a particplate substance such as conductive
particles or silica filler is contained in the bonding
resin for bonding the chip, the particulate substance is
sandwiched between one main surface 2X of the wiring board
2 and the circuit-formed surface 12X of the memory chip 12,
so that the tilting of the memory chip 12 in the
semiconductor.chip mbunting process is further suppressed.

Also, when the viscosity of the bonding resin 20 in

the semiconductor chip mounting process is high, the .
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tilting of the memory chip 12 is suppressed with a
resisting force against flowing of the bonding resin. Thus,
by any of such mechanisms it is possible to suppress-
tilting of the memory chip 12 with respect to one main
surface 2X of the wiring board 2.

Next, by the same mounting method as that for the
memory chip 13, the control chip 14 is mounted in a control
chip mounting area on one main surface 2X of the wiring
board 2. Also in the control chip 14 whose pad array pitch
is narrow, each stud bump 15 can be cdnnected to the
associated connection part 7a of the wiring board 2.

The chip mounting order is not limited to the above
order. For example, the memory chip and the control chip
may be mounted first.

Next, pasty solder 21 is applied onto the electrode
pads 8 of the wiring board 2, then active components 17, 18,
19 are disposed on the electrode pads, followed by heat
treatment to melt the pasty solder 21 to fix the electrodes
of the active components and the electrode pads of the. |
wiring board 2 to each other.

Then, ball-like solder bumps 22 as ‘connecting
terminals are formed respectively on the surfaces of plural
electrode pads disposed on the back side opposed to one

main surface of the wiring board 2, whereby the MCM 1 of

37



this embodiment is almost completed.

Thus, according to this embodiment there are obtained
the following effects.
(1) In the MCM 1, the plural connection parts 6a are
disposed at a deeper position than one main surface 2X of
the wiring board 2 in the depth direction from one main
surface 2X. According to this configuration, at the time
of flip-chip-mounting the unbaianced bump-array memory chip
12, the height of the stud bumps 13 is absorbed by the
depth from one .main surface 2X of the wiring board 2 to the
connection parts 6a, with consequent narrowing of the
spacing between one main surface 2X of the wiring board 2
and the circuit-formed surface 12X of the memory chip 12,
whereby it is possible to suppress tilting of the memory
chip 12 with respect to one main surface 2X of the wiring
board 2.
(é) In the MCM 1, the wiring board 2 has the insulating
film 9 formed on one main surface 2X, the opening 9b formed
in the insulating film 9, and the connection parts 6a
disposed in the bottom of the opening 9b. The insulating
film 9 controls wetting and spreading of solder for
soldered components (17, 18 and 19-in this embodiment).at
the time of mounting of the components and ensures a

sufficient bonding force of flip chip components (10, 12
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and 14 in this embodiment) at the time of mounting of the
components. According to this configuration, it is
possible to easily form the wiring board 2 wherein plurél
connection parts 6a are disposed at a deeper position than
one main surface 2X of the wiring board 2 in the depth
direction from one main surface 2X, so that it is possible
to providé the MCM 1 wherein unbalanced bump-array memory
chips 12 are mounted on-one main surface 2X of the wiring
board 2 in accordénce with the flip-chip method.

(3) In the MCM 1, the stud bumps 13, 15 of the memory
chips 12 and control chip 14 each having a narrow pad array
pitch are of a multi-stage bump structure. According to
this configuration, even in the memory chips 12 and control
chip 14 each having a narrow pad array pitch, the stud
bumps (13, 15) can be connected to the.cohnection parts (6a,
Ta) of the wiring board 2, so that the buffer chips 10,
memory chips 12, control chip 14 and arithmetic chip 16,
which are different in pad array pitch, can be mounted on a
single wiring board 2.

Although in this embodiment a central bump array has
been described as an example of an unbalanced bump array on
a chip, there are such other unbalanced bump arrays on a
chip shown in Fig. 16. Fig. 16(a) shows a central bump

array wherein plural stud bumps 13 are arranged in a zigzag
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fashion. Fig. 16(b) shows a central bump array wherein
plural stud bumps 13 are arranged in different stages. Fig.
16(c) shows a one-side bump array. Further examples of
unbalancéd bump arrays on a chip include one wherein a
circuit-formed Surface of a chip is divided into three
equal areas and stud bumps are arranged in one of the three
areas and one wherein the center of gravity of a
semiconductor chip lies outside a polygon formed by joining
bumps.

The stud bumps 13 used in this embodiment are of a
two-stage bump structure to increase their height, but
~according to the depth from one main surface 2X of the
wiring board 2 to the connection parts 6a and a plane size
of each electrode pad 12a there may be adopted such é
three-stage bump structure as shown in Fig. 17 whefein a
stud bump 13 compfises a base bump 13a connected to an
electrode pad 12a, a stack bumb 13b stacked on the base
bump 13a, and a stack bump 13c stacked on the stack'bump
13b.

Although in the two-stage bump structure adopted in
this embodiment the base bump 13a and the stack bump 13b
aré alﬁost equal in diameter, there may be adopted such a
two-stage bump structure as shown in Fig. 18 which uses a

stud bump 13 comprising a base bump 13a and a stack bump
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13b different in diameter. In this case, by using Au wires
of different diameters at the time of forming stud bumps in
accordance with the ball bonding method there can be
obtained a base bump 13a and a stack.bump 13b different in
diameter.

Although in this embodiment stud bumps are used as
salient electrodes formed on electrode pads of each
semiconductor chip, no limitation is made thereto. For
example, there may be used solder bumps having a
composition of Pb-Sn. In this case, the solderhbumps'used
are made of a material melting higher than the
thermocompression bonding temperature which is adopted in
mounting the semiconductor chip.

Although in this embodiment the salient electrodes
interposed between the electrode pads of each semiconductor
chip and the connection parts of the wiring board are
formed beforehand on the electrode pads of the chip, the
salient electrodes may be formed beforehand on the
connection parts of the wiring board.

Although in this embodiment a sheet-like anisotropic
conductive resin is used as the bonding resin for bonding
and fixing each semiconductor chip onto the wiring board,
this constitutes no limitation. For example, there may be

used a pasty anisotropic conductive resin (ACP: Anisotropic
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Conductive Paste) or a sheet-like non-conductive resin
(NCF: Non Conductive Eilm).

Now, a description will be given about the
improvement of connection reliability in a moisture
resis;ance test, with reference to Figs. 19 and 20. 'Fig.

19 is a schematic sectional view showing a mounted state of
a memory chip in an MCM aécording to the second embodiment
of the present invention and Fig. 20 is a schematic
sectional view showing a part of Fig. 19 on a larger scale.
Stud bumps 13 used in this embodiment are of a single-stage
étructure.

In a flip chip mounting structure using the
anisotropic conductive resin 20, it is important to ensure
a high connection reliability in a moisture resistance test.
Having evaluated moisture resistance for different
thicknesses of the insulating film 9 in the wiring board 2,
. the present inventors found out that the connection life
between the connection parts 6a of the wiring board 2 and
the stud bumps 13 was improved by thinning the insulating
film 9. This is presumed to be for the following reason.

In the ACF mounting method, with reference to a
memory chip 12 as an example, the memory chip 12 is put on
the wiring board 2 through the anisotropic conductive resin

20 and is then compression-bonded onto the wiring board
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under heating, whereby it is fixed onto the wiring board,
while stud bumps 13 are connécted electrically to the
connection parts 6a of the wiring board 2. At this time,
the anisotropic conductive resin 20 is charged into the
opening 9b formed in the insulating film 9. The
anisotropic conductive resin 20 possesses a characteristic
such that after curing thereof, its volume expands dqe to
moisture absorption. The anisotropic conductive resin 20
chérged into the opening 9b in the stud bumps is thicker
than the anisotropic. conductive resin 20 charged between
one main surface 2X of the wiring board 2 and the circuit-
formed surface 12X of each memory chip 12, so that the
amount of displacement resulting from expansion caused by.
moisture absorption also becomes large. When the recovery.
from an elastic deformation of the soft layer 4 in the
wiring board 2 can no longer follow the displacement
between one main surface 2X of the wiring board 2 and the
circuit-formed surface 12X of the memory chip 12 which
displaceﬁent is caused by a hygroscopic expansion of the
anisotropic conductive resin 20, there occurs connection
imperfection between the stud bumps 13 and the connection
parts 6a of the wiring board 2. 8Since the depth of the
opening 9b depends on the thickness of the insulating film

9, the thinner the insulating film 9, the shallower the

43



opening 9b, so that the volume of the anisotropic
conductive resin 20 in the interior of the opening 9b
becomes smaller. Thus, it is presumed that the connection
1ife between the connection parts 6a of the wiring board
and the stud bumps 13 is improved by thinning the
insulating film 9.

The following are an example of evaluation results
obtained under the conditions of temperature 85°C and
humidity 85%.

(1) When the thickness 9t (see Fig. 20) of the insulating
film 9 on a line 6 was set at 25 [um], the connection life
was 96 h.

(2) When the thickness 9t of the insulating film 9 on the
line 6 was set at 20 [um], the connection.life was not
shorter than 500 h.

(3) When the thickness 9t of-the insulating film 9 on the
line was set at 15 [unﬂ,.the connection life was not
shorter than 500 h.

Judging from the above results, it is preferable that
the thickness 9t of the insulating film 9 on the line 6 be
not larger than 20 [um].

As the case may be,.a large number of fillers are
mixed into the insulating film 9. In such a case, it is

necessary that the thicknéss 9t of the insulating film 9 on
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the line 6 be made larger than the filler of the largest
particle diameter out of the fillers mixed into the
insulating film. If the thickness 9t of the insulating
film 9 is made smaller than the fiiler of the largest
particle diameter, the filler wili jump out from the
insulating film 9.

When the stud bumps 13 are made small for reliability
improvement and the thickness 9t of_the insulating film 9
is made small accordingly, if the insulating film thickness
9t becomes so small as to be unsuitable for contfolling
wetting and'spreading of solder of soldered components
formed in surrounding positions, the insulating film
thickness may be changed so as to be optimum, depending on
places on the wiring board 2.

Although the present invention has been described
above concretely on the basis of the above embodiments, it
goes without saying that the invention is not limited to
those embodiments and that various modifications may be
made within the scope not departing from the gist of the
invention.

The following is a brief description of typical
effects attained by the present invention.

It is possible to suppress tilting of a semiconductor

chip relative to one main surface of a wiring board.
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Plural types of semiconductor chips different in

array pitch can be mounted on a single wiring board.
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CLAIMS

l. An electronic device comprising:

a semiconductor chip having a plurality of.electrode
pads on one main surface thereof;

a wifing board having a plurality of connection parts
on one main surface thereof; and

a plurality of salient electrodes arranged in a line
between the electrode pads of the semiconductor chip and
the connection parts of the wiring board,

wherein the plural connection parts. of the wiring
board are located at a deeper position than said one main
surface of the wiring board in a .depth direction from said
one main surface.

2. An electronic device according to claim 1, wherein the
wiring board further includes an insulating film formed oﬁ
said one main surface thereof and an opening formed in the
insulating film, and the plural connection parts are
disposed in a bottom of the opening.

3. An electronic device according to claim 2, wherein the
insulating film is present straddling a peripheral edge of
the semiconductor chip. .

4. An electronic device according to claim 2, wherein a
plane size of the opening is smaller than that of the

semiconductor chip, while a plane size of the insulating
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film is larger than that of the semiconductor chip.

5. An electronic device according to claim 1, wherein the
semiconductor chip is bonded to the wiring board through a
bonding resin, and the salient electrodes are compression-
bonded to the cqnhection parts of the wiring board.

6. An electrohic device according to claim 5, wherein the
bonding resin is an anisotropic conductive resinicomprising
an insulating resin with a large number of cénductiﬁe
particles mixed therein.

7. - An electronic device according to claim 1, wherein the
plural salient electrodes are stud bumps.

8. An electronic device according to.claim 1, wherein the
plural salient electrodes are solder bumps.

9. An electronic device according to claim 1, wherein the
wiring board has a multi-layer interconnection structure,
and the plural connection parts thereof are respectively
portions of plural lines formed on a top wiring layer of
~the wiring board;

10. An electronic device according to claim 1, wherein the
semiconductor chip is formed in a square or rectangular
shape in plan, and the plural salient electrodes are
disposed in any of three areas obtained by dividihg said
one main surface of the semiconductor chip into three equél

areas.
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11. An electronic device according to claim 10, wherein a
memory array is formed on the other two areas tﬁan the area
where the salient electrodes are disposed out of the three
areas on said one main surface of the semiconductor chip.
12. An electronic device according to claim 1, wherein the
plural.salient electrodes are not arranged in a direction
perpendicular to the direction in which they are arranged.
13. A method of manufacturing an electronic device,
comprising the steps of:

providing a semiconductor chip, the semiconductor
chip having a plurality of electrode pads arranged in a
line in one direction on one main- surface of the
semiconductor chip and a plurality of salient electrodes
disposed respectively on the electrode pads, and a wiring
board, the wiring board haviﬁg a plurality of connection
pérts arranged correspondingly to the plural salient
electrodes at a deeper position than one main surface of
the wiring board in a depth direction of said one main
surface; and

interposing a bonding resin between said one main
surface of the wiring board and said one main surface of
the éemiconductor chip and compression-bonding the
semiconductor chip to said one main surface of the wiring

board to electrically connect the salient electrodes of the
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semiconductor chip respectively to the éonnection parts of
the wiring board.

14. A method according to claim 13, wherein the wiring
board further has an insulating film formed on said one
main surface thereof and an opening formed in the
insulating film, and the plural connection parts are
disposed in a bottom of the opening.

15. A method according to claim 14, wherein the insulating
film is present straddling a peripheral edge of the
semiconductor chip.

16. A method according to claim 14, wherein a plane size
of the opening.is smaller than that of the semiconductor
chip,.while a plane size of the insulating film is larger
than that of the semiconductor chip.

17. An electronic device comprising:

a first semiconductor chip having a plurality of
first eleétrode pads arranged at a first array pitch on one -
main surface of the chip;

a second semiconductor chip having a plurality of
second electrode pads arranged at a second array pitch
smaller than the first array pitch on one main surface of
the chip;

a wiring board having in a first area of one main

surface thereof a plurality of first connection parts
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arranged correspondingly to the plural first electrode pads
and in a second area of said one main surface different
from the first area a plurality of second connection parts
arranged correspondingly to the plural second electrode
pads;

a plurality of first salient electrodes dispoSed
respectively between the first electrode pads and the first
connection parts and providing electric connections between.
the two; and

a plurality of second salient electrodes disposed
respectively between the second electrode pads and the
first connection parts and providing electric connections
between the two;

the plural first connection parts and the plural
second connection parts being disposed at a deeper position
than said one main surface of the wiring board in a depth
direction from said one main surface, and

the plural second salient electrodes being of a
multi-stage bump structure having a larger number of stages
than the plural first salient electrodes.

18. An electronic device according to claim 17, wherein

the wiring boérd further has an insulating film formed on

said one main surface thereof, a first opening formed in

the insulating film in the first area of said one main
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surface thereof, and a second opening formed in the
insulating film in the second area of said one main surface
thereof, the plural first connection parts are disposed in
a bottom of the first opening, and the plural second
connection parts are disposed in a bottom of the second
opening.

19. An electronic device accbrding to claim 17, wherein
the second salient electrodes are each of a multi-stage
Bump structure having a base bump connected to each of the
second electrode pads-of the second semiconductor chip and
a stack bump stacked on the base bumps.

20. An electronic device according to claim 17, wherein
the second salient electrodes are each of a multi-stage
bump structure having a base bump connected to each of the
second electrode pads of the second semiconductor chip, a
first stack bump stacked on the base bump, and a second
stack bump stacked on the first stack bump.

21. An electronic device according to claim 17, wherein
the first and second salient electrodes are stud bumps.

22. An electronic device according to claim 17, wherein
tﬁe wiring board has a multi-layer interconnection
structure, and the plural first and second connection parts
thereof are respectively portions of plural lines formed on

a top wiring layer of the wiring board.
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23. An electronic device according to claim 17, wherein
the first énd second semiconductor chips are bonded to the
wiring board through a bonding resin.
24. BAn electronic device according to claim 23, wherein
the bonding resin is an anisotropic conductive resin
comprising an insulating resin with a large number of
conductive particles mixed therein.
25. A method of manufacturing an electronic device,
comprising the steps of:

providing: a first semiconductor chip having a
plurality of first electrode pads arranged at a first arréy
pitch on one main surface thereof and a plurality of first
salient electrodes connected respectively to the first
electrode pads; a second semiconductor chip having a
plurality of second electrode pads arranged at a second
array pitch smaller than the first array pitch on one main
surface thereof and.a plurality of second salient
electrodes-connected respectively to the second electrode
pads and having a multi-stage bump structure larger in.the
number of stages than the first salient electrodes; and a
wiring board'haVing an insulating film fofmed on one main
surface thereof, a first'opening formed in the insulating
film in a first area of said one main surface, a second

opening formed in the insulating film in a second area
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different from the first area of said one main surface, a
plurality of first connection parts arranged in a bottom of
the first opening correspondingly to the plural first
salient electrodes, and a plurality of second connecti&n
parts arranged in a bottom of the second opening
correspondingly to the plural second salient electrodes;

interposing a first bonding resin between the first
area of said one main surface of the wiring board and said
one main surface of thé first semiconductor chip and
compression-bonding the first semiconductor chip to the
first area of said one main surface of the wiring board to
electrically connect the first salient electrodes
respectively to the first connection parts; and

interposing a second bonding resin between the second
area of said one main surface of the wiring board and said
one.main surface of the second semiconductor chip and
compression-bonding the second semiconductor chip to the
second area of said one main surface of the wiring board to
electrical;y connect the second salient electrodeé
respectively to the second connection parts.
26. An electronic device comprising:

a first semiconductor chip having a fifst'electrode
pad on one main surface thereof;

a second semiconductor chip having a second electrode
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pad on one main surface thereof, the second electro&e ﬁad
having a plane area smaller than that of the firsé
electrode pad;

a wiring board having: an insulating film formed on
one main surface thereof; a first opening formed in the
insulating film in a first area of said one main surface; a
second opening formed in the insulating film in a second
area different from the first area of said one main
surface; a first connection part disposed in a bottom of
the first opening; and a second connection part disposed in
a bottom of the second opening;

a first salient electrode disposed between the first
electrode pad and the first connection part to provide an
electrical connection between the two; and

a second salient electrode disposed between the
second electrode pad and the second connection part to
provide an electrical.connection between the two,

wherein the second salient electrode has a multi-
stage bump structure larger in the number of stages than
the first salient electrode.

27. An electronic device comprising:

a semiconductor chip having an electrode pad on one

main surface thereof;

a wiring board having a connection part in a surface

55




~

_ —

O O O

layer of one main surface thereof; and

a salient electrode disposed between the electrode
pad of the semiconductor chip and the connéction part of
the wiring board to provide an electrical connection
between the two,

the connection part of the wiring board being
disposed at a deeper position than said one main surface of
the wiring board in a depth direction from said one main
surface, and

the salient electrode having a multi-stage bump
structure.

28. An electronic device comprising:

a semiconductor chip having an electrode pad on one
main surface thereof;

a wiring board having an insulating film formed on
one main surface thereof, an opening formed in the
insulating film, and a wiring a portion of which is
disposed in a bofﬁom of the opening and the remaining
portion of which is covered with the insulating film;

a salient electrode disposed between the electrode
pad and the wiring portion to provide an electrical
connection between the two; and

a bonding resin interposed between the semiconductor

chip and the wiring board and charged into the interior of
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the opening,

wherein the thickness of the insulating film présent
on the remaining portion of the wiring is not larger than
20 um.
297 An electronic aevice comprising:

a semiconductor chip;

a plurality of salient electrodes arranged on one
main surface of the semiconductor chip;

a wiring board;

an opening formed in one main surface of the wiring
board; and

a plurality of connection parts'formed in a bottom of
the opening and connected to the plural salient electrodes
respectively,

the plural salient electrodes being disposed along a
first center line on said one main surface of the
semiconductor chip.
30. An electronic device comprising:

a semiconductor chip;

a plurality of salient electrodes arranged on ohe
main surface bf the semiconductor chip;

a wiring board;

an oéening formed in one main surface of the wiring

board; and
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a plurality of connection parts formed in a bottom of
the opening and connected to the salient electrodes
respectively,

the plural salient electrodes being arranged along a
first straight line on said one main surface of the
semiconductor chip.

3l. An electronic device according to claim 30, wherein
said one main surface of the semiconductor chip is
rectangulaf, and the first straight line intersects two
short sides of said one main su:face of the semiconductor
chip.

32. An electroﬁic device comprising:

a semiconductor chip;

a plurality of salient electrodes arranged on one
main surface of the semiconductor chip;

a wiring board;

an opening formed in one main surface of the wiring
board; and

a plurality of connection parts formed in a bottom of
the opening and connected to the salient electrodes
respectively,

wherein the center of gravity of the semiconductor
chip is not included inside a pdlygon formed by joining the

plural salient electrodes on said one main surface of the
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semiconductor chip.
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