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DESCRIPTION
SEMICONDUCTOR DEVICE, MOUNTING STRUCTURE THEREOF AND

METHOD OF FABRICATION THEREOF

TECHNICAL FIELD

The present invention relates to.the packaging
technology for semiconductor chips, and particularly to
a semiconductor device with pyramidal bump electrodes
formed at a high density on a semiconductor chip so that
the chip can be moﬁnted on a sﬁbstrate, almounting

structure thereof and a method of fabrication thereof.

BACKGROUND ART

The integration of semiconductor devices such
as a microcomputer has been increased to have more
functions and more elements formed at a higher density.
The number of terminals to the external circuits has
been rapidly increased, and the circuit wiring
conductors become complicated. Therefore, the wire-
bonding type connection in which the bonding pads °
provided on the periphery of each semiconductor chip are
connected to the external circuits by wire bonding has
already reached its limit. In addition, since the wire-
bonding type connection forces the internal wiring
conductors to run about up to the peripheral bonding
pads, the lengths of the wiring conductors are
increased, making the signal transmission slow down.

Thus, this type of connection is not suited to the



Ty

o

10

15

20

25

2

mounting of the logic LSI that needs high-speed
operation. For the above reasons, how to much reduce
the internal connection regions is the key. 1In this
respect, the flip-chip type connection is a promising
-technique capable of limiting the connection regions to
the top of the chip. Since this flip-chip connection
enables the terminals to be provided not only on the
periphery of the chip but also on the internal regions
thereof, the number of pins of the chip can be
increased. 1In addition, since the flip-chip type allows
the wiring conductors on the chip to be short as
compared with the wire-bonding type, the operation speed
of the logic LSI can be increased. |

A conventional method for flip-chip type
connection by providing pyramidal bump electrodes on
chips is disclosed in JP-A-6-268201.

lIn the conventional flip—chip type connection
by the projected bump electrodes formed on chips, the
cut-off separated semiconductor chips themselves are
placed under severe conditions of photolithographic
process, multi-layer metalization process and heat
treatment process for melting solder. 1In addition,
since it takes a long time to finish these processes,
some of the separated good chips are defective under the
severe conditions or the yield of good chips is reduced
by misoperation. The need of these processes increases

the production cost because these processes reduce the

- productivity and do not lead to economy. That is, in
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the conventional method for mounting by use of the

projected bump electrodes formed on the semiconductor
chips that are cut off from a wafer, the good
semiconductor chips are placed several times under
severe conditions, and many different processes that
take a long time follow, complicating the production
process. This results in the reduction of the yield.
In addition, when the projected bump electrodes are
formed by melting solder in this conventional method,
the heights of the electrodes are so irregular that some
elecfrodes cannot be connected to the conductor pads on
the substrate.

It is an object of the invention to provide a
semiconductor device capable of high-density mounting
without causing any defective conduction at the time of
connecting to the substrate, and a mounting structure
thereof.

It is another object of the invention to
provide a semiconductor device for facilitating high-
density mounting at low cost without causing any
defective conduction at the time of connecting to the
substrate, and a mounting structure thereof.

It is still another object of the invention to
provide a methéd of producing a semiconductor device at
low cost by connecting novel projected bump electrodes
onto the pad electrodes of the semiconducfor chip with

the production process simplified.
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DISCLOSURE OF INVENTION

In order to achieve the above objects, accord-
ing to the invention, there is provided a semiconductor
device having a plurality of projected bump electrodes
including pyramidal bumps electrodes of a quadrilateral
pyramid shape or the like bonded onto pad electrodes
arranged on a semiconductor chip.

Also, according to the invention, there is
provided.a semiconductor device having a plurality of
pyramidal bump electrodes of a quadrilateral pyramid
shape or the like bonded through an anisotropic
conduction film onto pad electrodes arranged on a
semiconductor chip.

In addition, according tb the invention,'there
is provided a semiconductor device having a plurality of
pyramidal bump electrodes of a quadrilateral pyramid
shape or the like bonded by thermal compression onto pad
electrodes arranged on a semiconductor chip.

Moreover, éccording to the invention, there is
provided a semiconductor device having a plurality of
pyramidal bump electrodes of a quadriléteral pyramid
shape or the like respectively bonded by thermal
compression onto pad electrodes arranged on a semicon-

ductor chip so that the pyramidal bump electrodes and

the pad electrodes can form an alloy at the junctions by

the thermal compression.
In the above semiconductor devices, a base

material of the pyramidal bump electrodes is made of
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hard nickel, Ni.

Moreover, in thé above semiconductor devices,
a base material of the pyramidal bump electrodes is made
of soft copper, Cu.

According to the invention, there is provided
a mounting structure in a semiconductor device having a
plurality éf pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively
bonded onto pad electrodes arranged on a semiéonductor
chip, the mouﬁting structure enabling the semiconductor
device to be mounted on a substrate by respectively
bonding the pyramidal bump electrodes onto terminals
formed on the substrate.

In addition, according to the_invention, there
is provided a mounting structure in a semiconductor
device héving a plurality of pyramidal bump electrodes
of a quadrilateral pyramid shape or the like respec-

tively bonded through an anisotropic conduction film

_ onto pad electrodes arranged on a semiconductor chip,

the mounting structure enabling the semiconductor device
to be mounted on a substrate by respectively bonding the
pyramidal bump electrodes onto terminals formed on the
substrate. |

Also, according to the invention, there is
provided a mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively

bonded by thermal compression onto pad electrodes
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arranged on a semiconductor chip, the mounting structure

‘enabling the semiconductor device to be mounted on a

substrate by respectively bonding the pyramidal bump

electrodes onto terminals formed on the substrate.

Also, according to the invention, there is
provided a mounting strﬁc#ure in a semiconductor device
having a plurality of pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively
bonded by thermal compression onto pad electrodes
arranged on a semiconductor chip so that the pyramidal
bump electrodes and the pad electrodes can form an alloy
at the junctions by the thermal compression, the
mounting structure enabling the semiconductor device to
be mounted on a substrate by respectively bonding the
pyramidal bump electrodes onto terminals formed on the
substrate.

Also, according to the invention, there is
provided a mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively
bonded onto pad electrodes arranged on a semiconductor
chip, the mounting structure ehabling the semiconductor
device to be mounted on a substrate by respectively
soldering the pyramidal bump electrodes onto terminals
formed on the substrate.

| In addition, according to the invention, there
is provided a mounting structure in a semiconductor

device having a plurality of pyramidal bump electrodes
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of a quadrilateral pyramid shape or the like respec-
tively bonded through an anisotropic conduction film
onto pad electrodes arranged on a semiconductor chip,
the mounting structure enabling the semiconductor device
to be mounted on a substrate by respectively soldering
the pyramidal bump electrodes onto terminals formed on
the substrate.

Moreover, according to the invention, there is
provided a mounting structure in a semiconductor device
having a plurality of pyramidai bump electrodes of a
quadrilateral pyramid shape or the like respectively
bonded by thermal compression onto pad electrodes
arranged on a semiconductor chip, the mounting structure
enabling the semiconductor device to be mounted on a
substrate by respectively soldering the pyramidal bump
electrodes onto terminals formed on the substrate.

Moreover, according to the invention, there is
provided a mounting structure in a semiconductor device

having a plurality of pyramidal bump electrodes of a

- quadrilateral pyramid shape or the like respectively

bonded by thermal compression onto pad electrodes
arranged on a semiconductor chip so that the pyramidal
bump electrodes and the pad electrodes can form an alloy
at the junctions by the thermal compression, the
mounting structure enabling the semiconductor device to
be mounted on a substrate by respectively soldering the
pyramidal bump electrodes onto terminals formed on the

substrate.
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Also, according to the invention, there is
provided a mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively
bonded onto pad electrodes arranged on a semiconductor
chip, the mounting structure enabling the semiconductor
device to be mounted on a substrate by respectively
bonding the pyraﬁidal bump electrodes onto terminals
formed on the substrate and by bonding said semicon-
ductor device to the substrate with an adhesive.

Also, according to the invention, there is
provided a mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively
bonded through an.anisotropic conduction film onto pad
electrodes arfanged on a semiconductor chip, the
mounting structure enabling the semiconductor device to
be mounted on a substrate by respectively bonding the
pyramidal bump electrodes onto terminals formed on the
substrate and by bonding the semiconductor device to the
substrate withlan adhesive.

Moreover, according to the invention, there is
provided a mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes of a
quadrilateral pyramid shape or the like respectively

bonded by thermal compression onto pad electrodes

arranged on a semiconductor chip, the mounting structure

enabling the semiconductor device to be mounted on a
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substrate by respectively bonding the pyramidal bump
electrodes onto terminals formed on the substrate and by
bonding the semiconductor device to the éubstrate with
an adhesive.

In addition, according to the invention, there
is provided a mounting structure in a semiconductor
device having a plurality of pyramidal bump electrodes -
of a quadrilateral pyramid shape or the like respec-
tively bonded by thermal compression onto pad electrodes
arranged on a semiconductor chip so that the pyramidal
bump electrodes and the pad electrodes can form an alloy

at the junctions by the thermal compression, the

- mounting structure enabling the semiconductor device to

be mounted on a substrate by respectively bonding the
pyramidal bump electrodes onto terminals formed on the
substrate and by bonding the semiconductor device to the
substrate with an adhesive.

In the above mounting structures, a base of
the pyramidal bump electrodes in said semiconductor
device is made of hard nickel, Ni.
| Also, in the above mounting structures, a base
of the pyramidal bump electrodes in said semiconductor
device is made of soft copper, Cu.

According to the invention, there is also
provided a method of producing a semiconductor device
comprising the steps of forming, by photolithographic
etching, pyramidal holes in a base having a particular

crystal orientation plane in order to oppose a plurality
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of pad electrodes arranged.on a semiconductor chip,
forming_bn the base a pattern of an organic material
according to the pyramidal holes formed by the pyramidal
hole creating step, filling up a conductive materiél
through the pattern in the pyramidal hgles formed by the
pyramidal hole creating step and then removing the
pattern of the organic material to form pyramidal bump
electrodes, bonding the pyramidal bump electrodes onto
the pad electrodes arranged on the semiconductor chip,
and separating the pyramidal bump electrodes bonded onto
the pad electrodes of the semiconductor chip away from
the base. |

ACcording to the invention, the pyrémidal bump
electrodes formed on the semiconductor chip has a
quadrilateral pyramid shape or the like. A pattern
opposite to the pad electrodes on the semiconductor chip
is formed on a separate base having a particular crystal
orientation plane, and transferred to the pad electrodes
on the semiconductor chip to form the pyramidal bump
electrodes of a quadrilateral pyramid shape or the like
for electrical connection to the outside. Thus, the

semiconductor device can be produced at low cost by

- simplified manufacturing processes without exposing the

good semiconductor chip to severe conditions.

The base having a particular crystal orienta-
tion plane is a silicon substrate having a crystal
orientation plane of <100>.

Thus, the above mounting structures enable the
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electrodes of the semiconductor device to be precisely
mounted at a high density on a substrate with no height
dispersion and without causing any defective conductién
at the.time of connection fo the substrate.

Moreover, the above mounting structures enable
the electrodes of the semiconductor device to be easily
mounted at a high density and at low cost on a substrate
with no height dispersion and without causing any
defective conduction at the time of connection to the
substrate.

Furthermore, the above mounting structures
enable the novel pyramidal bump electrodes to be bonded
by simplified manufacturing processes onto the pad
electrodés of the semiconductor chip fo produce the

semiconductor device at low cost.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a cross-sectional view of the first
embodiment of a semiconductor device according to the
invention.

Fig. 2 is a cross-sectional view of an example
of the device mounted on a substrate in the first
embodiment of a semiconductor device according to the
invention.

Fig. 3 is a cross-sectional view of another
example of the device mounted on a substrate in the
first embodiment of a semiconductor device according to

the invention.
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Fig. 4 is a cross-sectional view of the second
embodiment of a semiconductor device according to the
invention.

Fig. 5 is a cross-sectional view of an example
of the device mounted on a substrate in the second
embodiment of a semiconductor device according to the
invention.

Fig. 6 is a cross-sectional view of another
éxample of the de&ice mounted on a substrate in the
second embodiment of a semiconductor device according to
the invention.

Fig. 7 is a flow diagram of the first embodi-
ment of a method of producing the first embodiment of
the semiconductor device according to the invention.

Fig. 8 is a flow diagram of the second embodi-
ment of a method of producing the secoﬁd embodimenﬁ of
the semiconductor device according to the invention.

Fig. 9 is a flow diagram of the third embodi-
ment of a method of producing the second embodiment of

the semiconductor device according to the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Embodiments of the invention will be described
with reference to the accompanying drawings.

A structure la of the first embodiment of the

-semiconductor device that can be mounted with high

precision on a substrate such as a printed wiring board

will be described with reference to Figs. 1~3. Fig. 1
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is a cross-sectional view of the first.embodiment of the
semiconductor device that can be mounted with high
precision onto a substrate such as a prinﬁed wiring
board. There are shown the structure la as the first
embodiment of the semiconductor device, a semiconductor
chip 2, a large number of pad electrodes 3 arranged in
two dimensions on the semiconductor chip 2, a protective
film 4 formed on the semiconductor chip 2 with the pad
electrodes 3 exposed, pyramidal bump electrodes 5 formed
on the pad electrodes 3 in ordef that the semiconductor
chip 2 can be mounted with high precision on a substrate
2]l such as a printed wiring board, and an anisotropic
conduction sheet 9 for electrically bonding the pad
electrodes 3 and the pyramidal bump electrodes 5. The
pyramidal bump electrodes 5 have a pyramid shape such as
a quadrilateral pyramid with a sharp tip and with one
side of the bottom, for'example, 10~60 pm long in order
to satisfy high-density mounting conditions (pitches
less than 0.2 mm, for example, 0.13 mm or 0.1 mm, and

further less than 0.1 mm). The pyramidal bump

-electrodes each are formed of a plated film 6 of a hard

element such as nickel Ni as a base material, a plated
film 7 of gold or the like as the surface facing the pad
electrode 3, and a plated film 8 of gold or the like as
the surface to be connected to a terminal 22 formed on
the substrate 21. Of course, one side of the bottom of
the quadrilateral pyramid or the like can be made longer

than 60 um. The pyramidal bump electrodes 5 can be



10

15

20

25

14

produced at a high density without irregular dimensions
(particularly heights) as will be described later. The
pyramidal bump electrodes 5 are electrically connected
to the pad electrodes 3 formed on the semiconductor chip
2 by thermal compression at a temperature of 200°C~300°C
with the anisotropic conduction sheet 9 interposed
therebetween. The pyramidal bump electrodes 5 of a
quadrilateral pyramid shape are formed by photolitho-
graphically patterning on a mold material so as to have
a precise size at accurate positions. Thus, the
pyramidal bump electrodes 5 can be located precisely to
oppose the pad electrodes 3 formed on the semiconductor
chip 2 and they can be foimed at a high density with the
sizes (particularly heights) not dispersed.

The terminals 22 formed on the substrate 21
such as a printed wiring board on which the pyramidal
bump electrodes 5 that constitute the semiconductor
device la are mounted, are connected to wiring
conductors 23 on the substrate 21. The wiring
conductors 23 are extended around within the substrate
in order to be connected to other semiconductor devices
and other circuits. The terminals 22 on the substrate
21 are made of the same low-resistance material of
chromium Cr or the like as the wiring conductors. A Ni-
plated film or the like that is not subject to be
oxidized and further a gold-plated film or the like may
be formed on the surface of the Cr material. |

The pyramidal bump electrodes 5 constituting
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the semiconductor device la and thé terminals on the
substrate 21 are bonded by thermal compression or
soldering as shown in Fig. 2. In addition, as shown in
Fig. 3, an adhesive agent or adhesive sheet 25 may be
interposed between the surface of the substrate 21 and
the anisotropic conduction sheet 9 of the semiconductor
device la so that the semiconductor device la can be
securely mounted on the substrate 21 with the pyramidal
bump electrodes 5 electrically connected to the
terminals 22.

The second embodiment 1b, lc of the semicon-
ductor device that can be mounted at a high density on
the substrate such as a printed wiring board will be
described with reference to Figs. 4~6. Fig. 4 is a
cross-sectional view of the second embodiment of the
semiconductor device that can be mounted at a high
density on the substrate such as a printed wiring board.
Reference numerals 1b, lc represent the structure of the
second embodimenf. The second embodiment 1b, 1lc of the
semiconductor devige of Fig. 4 is différent from the
first embodiment la of the semiconductor device of Fig.
1 in that the pyramidal bump electrodes 5 and the pad
electrodes 3 formed on the semiconductor chip 2 are
bonded by a differént way. While the pyramidal bump
electrodes 5 and the pad eléctrodes 3 are bonded through
the anisotropic conduction sheet 9 by thermal compres-
sion in the first embodiment la of the semiconductor

device, the pyramidal bump electrodes 5 and the pad
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electrodes 3 are connected through an alloy 10 of gold
and tin by thermal compression in the second embodiment
1b, lc. Even in the second embodiment 1b, 1&, the
pyramidal bump electrodes 5 of a quadrilateral pyramid
shape are formed at a high density without irregular
sizes (particularly heights) and located preciseiy to
oppose the pad electrodes 3 on the semiconductor chip 2
like the first embodiment la.

The semiconductor deviCe 1b, 1c constrﬁcted as
in Fig. 4 is mounted on the substrate 21 such as a
printed wiring board as illustrated in Figs. 5 and 6
like Figs. 2 and 3. The pyramidal bump electrodes 5
constituting the semiconductor device lb, 1lc and the
terminals 22 formed on the substrate 21 are bénded by
thermal compression or soldering as shown in Fig. 5. 1In
addition, as illustrated in Fig. 6, the adhesive agent
or adhesive sheet 25 is interposed between the surface
of the substrate 21 and the pad electrodes 3, protective
film 4 of the semiconductor device 1b, 1lc so that the
semiconductor device 1b, 1lc can be securely mounted on
the substrate 21 with the pyramidal bump electrodes
electrically connected to the terminals 22.

Thus, according to the first and second
embodiments of the invéntion, there is no need to
prepare tools for supplying and arranging a large number
of solder balls as compared with the prior art in which
a large number of pad electrodes 3 and a large number of

terminals 22 formed on the substrate 21 are connected to
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each other by a large number of solder balls. 1In
addition, since a large number of solder balls of which
the diameters are dispersed are not used, the connection
between the pad electrodes 3 and the terminals 22 on the
substrate 21 can be satisfactorily made by the pyramidal
bump electrodes 5 that are uniformly mounted at a high
density over the whole area. That is, according to the
first and second embodiments, a large number of contacts
with no height dispersion can be precisely provided at a
high density, or at a pitch of less than 0.2 mm, for
example, 0.13 mm or 0.1 mm or even at a pitch of less
than 0.1 ﬁm. In other words, high-density mounting can
be achieved at low cost without using tools or the like.

With reference to Figs. 7, 8 and 9, a
description will be made of a method of forming a
semiconductor device by forming the pyramidal bump
electrodes 5 of a quadrilateral pyramid shape with a
sharp tip and bonding the pyramidal bump electrodes 5 to
the pad electrodes 3 formed on the semiconductor chip 2,
thus producing a semiconductor device.

The first embodiment of the method will be
described with reference to Fig. 7.

How to form the quadrilateral pyramid shape
will be explained first. A silicon base material 32
having a crystal orientation of <100> plane is thermally
oxidized to form a silicon dioxide film 31 of about 0.5-
pm thickness on both sides, or so that a silicon wafer

substrate with a particular crystal orientation plane is



10

15

20

25

18
produced which has the silicon dioxide film 31 provided
on both surfaces. As shown in Fig. 7(a), the thermally
oxidized film 31 on one side of the silicon substrate is
etched ét proper positions by photo-etching to form such
a pattern as to oppose the pad electrodes 3 of the
semiconductor chip 2. Then, as shown in Fig. 7(b), the
silicon substrate with the silicon oxide films is

anisotropically etched through the patterned thermally-

oxidized film 31 with an alkaline etchant to form etched

holes (of a quadrilateral pyramid shape) 36 surrounded
by <111> plane thereon. 1In other words, the etched
holes (of a quadrilateral pyramid shape) 36 surrounded
by <111> plane are formed on the silicon substrate by
anisotropic etching. Thereafter, the patterned thermal-
ly oxidized film on the silicon substrate is removed,
and a new silicon dioxide film of about 0.5 pm is
deposited over the substrate by thermally oxidizing the
<111> plane of the silicon substrate in a wet oxygen
atmosphere. As shown in Fig. 7(c), a multi-layered
metal film formed of a plated feeding film (Cr film) 35
and a plated feeding film (Ni film) 34 is also deposited
over the surface of the éilicon substrate. Then, a
pattern 33 of an organic material opposing the holes is
deposited thereon in order to allow later deposition of
a plated film of the quadrilateral pyramid shape'that
serves as the tip metal of the pyramid. As shown in
Fig. 7(d), the plated film 6 of hard Nickel Ni or soft

copper Cu or the like is filled up by electroplating in
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the openings of the pattern 33 of an organic material.
After the above processes, the substrate_is rinsed and
dried, and then the gold plated film 7 is deposited only
on the film 6 as shown in Fig. 7(e) so that the plated
film 6 of hard Ni or the like can be prevented from
being oxidized and can be surely connected later. 1In
addition, as shown in Fig. 7(f), the pattern 33 of an
organic material is peeled off with a resist exfoliating
solution. In this way, the pyramidal bump electrodes 5
of a quadrilateral pyramid shépe can be'précisely
produced on the silicon base. |

A description will be made of how the
pyramidal bump electrodes 5 of a quadrilateral pyramid
shape formed on the silicon wafer base are connected to
the pad electrodes 3 of the semiconductor chip 2. As
shown in Fig. 7(g), the anisotropic conduction sheet 9
is interposed between the chip 2 and the silicon base
while a number of-pad electrodes 3 of the good semicon-
ductor chip 2 are respectively aligned with a number of
pyramidal bump electrodes 5 of a quadrilateral pyramid'
shape of the silicon base. These chip, sheet and base

are heated and compressed so that the pyramidal bump

electrodes and the pad electrodes can be bonded to each

other in order to have the conductive particles of the
anisotropic conduction sheet 9 held thérebetween. Then,
the lowest layer of the multi-layered metal films 35, 34
as the plated feeding films of a quadrilateral pyramid

shape formed in the holes of the silicon base, or the
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chromium film 35 close to the silicon base is removed
with a selective etchant that does not corrode the other
metals. Alternatively, the thermally oxidized film 31
close to the metal film 34 and in contact with the
silicon base is removed with a selective etchant that
does not corrode the other metals. Then, the chromium
and copper films are selectively etched away so that the
pyramidal bump electrodes 5 of a quadrilateral pyramid
shape can.be transferred from the silicon base to the
semiconductor chip as shown in Fig. 7(h). After the
chip 3 with the pyramidal bump electrodes mounted is
rinsed, the gold plated film 8, as shown in Fig. 7(i),
is deposited on the surfaces of the separated pyramidal
bump electrodes (convex pattern) of a quadrilateral
pyramid shape in order to facilitate the good electrical
connection to the outside. The constituents and
conditions of the etchants for the chromium film and
thermally oxidized film are given below.

The constituents and conditions of the etchant
for the chromium film:

Aluminium chloride with 6 crystallization

water ... 250g/liter

Hydrochloric acid ........... 300m liter/liter

Water.......covveeenen Amount to make one liter

Conditions Liquid temperature...50°C
Time....... Necessary for all

chromium to dissolve

The constituents and conditions of the etchant
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for the thermally oxidized film:

508-£1UOTiNe ACid.ss s enenneneneneenenennnnnn 1

40%?ammonium fluoride........... 7 volume ratio

Conditions ‘Liquid temperature...room
temperature

Time....Necessary for all
thermally oxidized film
to dissolve
Thus, the pyramidai bump electrodes 5 of a
quadrilateral pyramid shape bonded on a large number of
pad electrodes of the good semiconductor chip 2 can be
precisely provided in order to be connected to the

outside. This enables the semiconductor chip 2 to be

mounted on the substrate at a number of precisely

arranged contacts with no height dispersion and with
ease. Thus, the semiconductor device mounting can be
performed at low cost. In other words, very high-
precision mounting, or high-density mounting can be
achieved by the production method of the first
embodiment. In addition, since the holes 36 of a
quadrilateral pyramid shape formed in the base 32 of
silicon or the like are not broken after the pyramidal
bump electrodes 5 of the quadrilateral pyramid shape are
transferred to the pad electrodes 3 of the semiconductor
chip 2, the silicon base 32 can be repeatedly used, thus
leading to low cost.

| The second embodiment of the invention will be

described with reference to Fig. 8.
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The production processes (a)~(d) in the second
embodiment of Fig. 8 are the same as those (a)~(d) in
the first embodiment of Fig. 7. After the nickel, Ni
film 6 is filled up in the holes, the substrate is

rinsed. Thereafter, as shown in Fig. 8(e), a tin, Sn

plated film 11 is deposited only on the Ni plated film

6. Then, as shown in Fig. 8(f), the pattern 33 of an
organic material is peeled off with a resist exfoliating
solution. Thus, the pyramidal bump electrodes 5 of a
quadrilateral pyramid shape can be precisely produced on
the silicon base surface.

A description will be made of how to connect
the projection electrodes 5 of a quadrilateral pyramid
shape of the silicon wafer base surface to the pad
electrodes of the semiconductor chip 2. As illustrated
in Fig. 8(g), gold stud bumps 12 are previously formed
in the contact holes of the semiconductor chip (on the
pad electrodes 3 of the semiconductor chip 2) by wire
bénding. As illustrated in Fig. 8(h), the good

semiconductor chip 2 and the silicon base are heated and

compressed while a number of pad electrodes 3 of the

chip and a number of pyramidal bump electrodes 5 of a
quadrilateral pyramid shape of the base are aligned with
each other. 1In this case, when the chip and the base

are heated at a temperature of 230°C or above, the tin

‘plated film 11 melts to react with the gold stud bumps

'12. Thus the gold stud bumps 12 and the tin plated film

11 are reacted to form an alloy and so that the
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pYramidal bump electrodes and the pad electrodes can be
bonded to each other by metallic bond. Then, in the
same way as in the first embodiment, the lowest layer of
the multi-layered feeding metal films 35, 34 plated on
the silicon base surface in wﬁich fhe hole pattern of a
quadrilateral pyramid shape is formed, or the metal film
35 close to the silicon base is dissolved and removed
with a selective etchant that does not corrode the other
metals, so that the pyramidal bump electrodes 5 of a
quadrilateral pyramid shape can be separated and
transferred from the silicon base surface to the
semiconductor chip. After the semiconductor chip with
the pyramidal electrodes is rinsed, the gold plated film
8 is deposited on the surfaces of the pyramidal bump
electrodes (convex pattern) 5 in order to allow the good
electrical connection to the outside as_shown in Figqg.
8(1i).

While an alloy of gold and tin is used for the
metallic bond in this embodiment, high-temperature
solder may be used for the connection.

The pyramidal bump electrodes 5 of a novel
quadrilateral pyramid shape are thus produced on the
good semiconductor chip in order to be connected to the
outside. The production of this semiconductor device 1b
enables the semiconductor chip 2 to be precisely mounted
on the substrate at a nﬁmber of contacts with no height
dispersion and with ease. Thus, the semiconductor

device mounting can be performed at low cost. In other
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words, very high-precision mounting, or high-density
mounting can be achieved by the production method of the
second embodiment as well as by that of the first
embodiment. In addition, since the holes 36 of a

quadrilateral pyramid shape formed in the base 32 of

'silicon or the like are not broken after the pyramidal

bump electrodes 5 of the quadrilateral pyramid shape are
separéted and transferred to the pad electrodes 3 of the
semiconductor chip 2, the silicon base 32 can be
repeatedly used, thus leading to low cost.

The third embodiment of the invention will be
described with reference to Fig. 9. The production
processes (a)~(f) shown in Fig. 9 in the third embodi-
ment are the same as those (a)~(f) shown in Fig. 8 in
the second embodiment. That is, After the hard nickel,
Ni plated film 6 is filled up in the holes, the

substrate is rinsed. Thereafter, as shown in Fig. 9(e),

-the tin, Sn plated film 11 is deposited only on the hard

Ni plated film 6. Then, as shown in Fig. 9(f),.the
pattern 33 of an organic material is peeled off with a
resist exfoliating solution. Thus, the pyramidal bump
electrodes 5 of a quadrilateral pyramid shape can be
formed in the same way as in the second embodiment. The
pyramidal bump electrodes 5 of a quadrilateral pyramid
shape can be precisely produced on the silicon base
surface.

‘A description will be made of how to connect

the projection electrodes 5 of a quadrilateral pyramid
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shape of the silicon wafer base surface to the pad
electrodes 3 of the semiconductor chip 2. The bottom
and side walls of the contact holes (the pad electrodes
3 of the semiconductor chip 2) of the semiconductor chip
are generally made of an aluminum alloy. Thus, as shown
in Fig. 9(g), an electroless nickel blated film 13 is
deposited by plating on the surface of the walls of the
contact holes (pad electrodes 3). 1In addition, a gold
plated film 14 is further deposited thereon. That is,
the surfaces of the pad electroaes 3 of the semicon-
ductor chip 2 are changed into the nickel/gold surfaces.
Then, as shown in Fig. 9(h), the good semiconductor chip
2 with a number of pad electrodes 3 and the silicon base
with a number of projection electrodes 5 are heated and
compressed against each other at a temperature of 230°C
or above after the pad electrodes and the pyramidal bump
electrodes of a quadrilateral pyramid shape are aligned
with each other. The tin plated film 11 melts to react
with the gold plated film 14, producing an alloy of gold
and tin with the result that the.pyramidal bump
electrodes 5 are bonded to the pad electrodes 3 by
metallic bond. Then, in the same way as in the first
and second embodiments, the lowest layer of the multi-
layered feeding metal films 35, 34 plated on the
silicon base surface in which the hole pattern of a
quadrilateral pyramid shape is formed,_or the metal film
35 close to the silicon base is dissolved and removed

with a selective etchant that does not corrode the other
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metals, so that the pyramidal bump electrodes 5 of a
quadrilateral pyramid shape can be separated and
transferred from the silicon base surface to the
semiconductor chip. After the semiconductor chip with
the pyramidal bump electrodes is rinsed, the gold plated
film 8 is deposited on the surfaces of the pyramidal
bump electrodes (convex pattern) 5 in order to allow the
good electrical connection to the outside as shown in
Fig. 9(i).

While an alloy.of gold and tin is used for the
metallic bond in this embodiment, high-temperature
solder may be used for the connection.

The novel pyramidal bump electrodes 5 of a
quadrilateral pyramid shape are thus produced on the
good semiconductor chip in order to be connected to the
outside. The production of this semiconductor device lc
enables the semiconductor chip 2 to be precisely mounted
on the substrate at a number of contacts with no height
dispersion and with ease. Thus, the semiconductor
device mounting can be performed at low cost. In other
words, very'high-precision mounting, or high-density
mounting can be achieved by the_production method of the
third embodiment as well as by that of the first and
second embodiments. .

The present invention is not limited to the

above embodiments. The same technical idea as the

invention can be applied to the case in which a

plurality of pyramidal bump electrodes of a
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quadrilateral pyramid shape are bonded to other
connection pads that are electrically connected to the
pad electrodes of the semiconductor chip, for example,
to the so~called rewired metal electrodes arranged at a

different pitch.

INDUSTRIAL APPLICABILITY

Accérding to the invention, a semiconductor
device capable of high density mounting with no height
dispersion can be produced without causing any defective
conduction when connected to.a substrate. Also, accord-
ing to the invention, a mounting structure of the
semiconductor device for facilitating high density
mounting at low cost with no height dispersion can be
realized without causing any defective-éonduction when
connected to a substrate.

Morgover, according to the invention, novel
pyramidal bump electrodes are bonded by simplified
manufacturing processes to the pad electrodes of a
semiconductor chip to produce a semiconductor device at
low cost. 1In other words, novel pyramidal bump
electrodes of a quadrilateral pyramid shape for
electrical connection to the outside can be precisely
bonded onto the pad electrodes arranged at a high
density on a semiconductor chip, thus enabling the

manufacturing processes to be simplified and the mass

 productivity to be improved. Particularly in a method

of bonding novel pyramidal bump electrodes of a
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quadrilateral pyramid shape onto the pad electrodes
arranged at a high density on a semiconductor chip, the
semiconductor deviée can be produced at low cost by
simplified manufacturing processes without exposing the
good semiconductor chip to severe conditions.

| Thus, according to the invention, a semicon-
ductor device for facilitating high density mounting at
low cost can be produced without causing any defective

conduction when connected to a substrate.



A

CLAIMS
1. A semiconduétor device.having a plurality of
pyiamidal bump electrodes respectively bonded onto pad
electrodes arranged on a semiconductor chip.
2. A semiconductor device having a plurality of
pyramidal bump electrodes respectively bonded through an
anisotropic conduction film onto pad electrodes arranged
on a semiconductor chip.
3. A-semiéonductor device having a plurality of
pyramidal bump electrodes respectively bonded by thermal
compression onto pad electrodes arranged on a semicon-
ductor chip.
4. A semiconductor device having a plurality of
pyramidal bump electrodes respectively bonded by thermal
compression onto pad electrodes arranged on a semicon-
ductor chip so that said pyramidal bump electrodes and
said pad electrodes can form an alloy at the junctions
by said thermal compression.
5. A semiconductor device having a plurality of
pyramidal bump electrodes reépectively bonded onto
rewired metal conduction pads that are electrically
connected to pad electrodes arranged on a semiconductor
chip.
6. A semiconductor device according to any one of
claims 1 to 5, wherein a base material of said pyramidal
bump electrodes is made of hard nickel, Ni.
7. A semiconducfor device according to any one of

claims 1 to 5, wherein a base material of said pyramidal
I
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bump electrodes is made of soft.copper, Cu.

8. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded onto pad electrodes arranged on a
semiconductor chip, said mounting structure enabling
said semiconductor device to be mounted on a substrate
by respectively bonding said pyramidal bump electrodes
onto terminals formed on said substrate.

9. . A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded through an anisotropic conduction
film onto pad electrodes arranged on a semiconductor |
chip, said mounting structure enabling said
semiconductor device to be mounted on a substrate by
respectively bonding said pyramidal bump electrodes onto
terminals formed on said substrate.

10. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded by thermal compression onto pad
electrodes arranged on a semiconductor chip, said
mounting structure enabling said semiconductor device to
be mounted on a substrate by resﬁectively bonding said
pyramidal bump electrodes onto terminals formed on said
substrate.

11. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded by thermal compression onto pad

electrodes arranged on a semiconductor chip so that said
I
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pyramidal bump electrodes and said pad electrodes can
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form an alloy at the junctions by said thermal
compression, said mounting structure enabling said
semiconductor deviée to be mounted on a substrate by
respectively bonding said pyramidal bump electrodes onto
terminals formed on said substrate.

12, A mounting strucfure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded onto pad electrodes arranged on a

- semiconductor chip, said mounting structure enabling
saild semiconductor device to be mounted on a substrate
by respectively soldering said pyramidal bump electrodes
onto terminals formed on said substrate.

13. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes respec-
tively bonded through an anisotropic conduction film
6nto pad electrodes arranged on a semiconductor chip,
said mounting structure enabling said semiconductor
device to be mounted on a substrate by respectively
soldering said pyramidal bump electrodes onto terminals
formed on said substrate.

14. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded by thermal compression onto pad
electrodes arranged on a semiconductor chip, said
mounting structure enabling said semiconductor device to
be mounted on a substrate by respectively soldering said

pyramidal bump electrodes onto terminals formed on said
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substrate. _

15. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded by thermal compression onto pad
electrodes arranged on a semiconductor chip so that said
pyramidal bump electrodes and said pad electrodes can
form an alloy at the junctions by said thermal
compression, said mounting structure enabling said
semiconductor device to be mounted on a substrate by
respectively soldering said pyramidal bump electrodes
onto terminals formed on said substrate.

16. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded onto pad electrodes arranged on a
semiconductor chip, said mounting structure enabling
said semiconductor device to be mounted on a substrate
by respectively bonding said pyramidal bump electrodes
onto terminals formed on said substrate and by bonding
said semiconductor device to said substrate with an
adhesive.

17. A mounting structure in a semiconductor device
having a plurality of pyramidal bump electrodes
respectively bonded through an anisotropic conduction
film onto pad electrodes arranged on a sgmiconductor
chip, said mounting structure enabling said semicon-
ductor device to be mounted on a substrate by
respectively bonding said pyramidal bump electrodes onto

terminals formed on said substrate and by bonding said
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semiconductor device to said sﬁbstrate with an adhesive.
18. A mounting structure in a semiconductor deviée
having a plurality of pyramidal bump electrodes
respectively bonded by thermal compression onto pad
electrodes arranged on a semiconductor chip, said
mounting structure enabling said semiconductor device to
be mounted on a substrate by respectively bonding said
pyramidal bump electrodes onto terminals formed on said
substrate and by bonding said semiconductor device to
said substrate with an adhesive.
19. A mounting'structure in.a semiconductor device
having a plurality of pyramidal bump electrodes respec-
tively bonded by thermal compression onto pad electrodes
arranged on a semiconductor chip so that said pyramidal
bump electrodes and said pad electrodes can form an
alloy at the junctions by said thermal compression, said
mounting structure enabling said semiconductor device to
be mounted on a substrate by respectively bonding said
pyramidal bump electrodes onto terminals formed on said
substrate and by bonding said semiconductor device to
said substrate with an adhesive.
20. A mounting structure according to any one of
claims 8 to 19, wherein a base material of said
pyramidal bump electrodes in said semiconductor device
is made of hard nickel, Ni.
21. A mounting structure according to any one of
claims 8 to 19, wherein a base material of said
pyramidal bump electrodes in said semiconductor device
R
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is made of soft copper, Cu.
22'. A method of producing a semiconductor device
comprising the steps of: |
forming, by photolithographic etching,
pyramidal holes in a base having a particular crystal
orientation plane in order to oppose a plurality of pad
electrodes arranged on a semiconductor chip;
forming on said base a pattern of an organic
material according to said pyramidal holes formed by
said pyramidal hole creating step;
filling up a conductiﬁe material through said
pattérn in said pyramidal holes formed by said pyramidal
hole creating step and then removing said pattern of
said organic material to form pyramidal bump electrodes;
bonding said pyramidal bump electrodes onto
said pad electrodes arranged on said semiconductor chip;
and
separating said pyramidal bump electrodes
bonded onto said pad electrodes of said semiconductor

chip away from said base.
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