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 MULTILAYER INTERCONNECTION BOARD, SEMICONDUCTOR
DEVICE HAVING THE SAME, AND METHOD OF FORMING THE

SAME AS WELL AS METHOD OF MOUNTING THE
SEMICONDUTOR CHIP ON THE INTERCONNECTION BOARD

BACKGROUND OF THE INVENTION

The present invention rclatcs to an interconnection board, a’
semiconductor device having an interconmection board, 2 method of
forming the interconnection board and a method of mounting the
semiconductor chip on the interconnection board, and morc particularly to
a multilayer interconnection boaxd for allowing a flip-chip semiconductor
chip to be mounted thereon, a semiconductor device having a multilayer
interconnection board, a method of forming the multilayer interconnection
board and a method of mounting the flip-chip semiconductor chip on the
multilayer interconnection board.

In recent years, the importance of the flip-chip semiconductor
chip for realizing the high density package has been on the increase. FIG. 1
is a schematic cross sectional elevation view illustrative of a flip-chip
semiconductor chip. A flip-chip seﬁaiconductor chip 101 has a first surface

which further has a predetcrmined area array of external terminals not
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illustrated on a peripheral arca thereof andfor an active region thereof.
Bumps 102 are provided on the external terminals. The bumps 102 are
made of a metal material such as a solder material, Au, Sn-Ag based alloy.
FIG. 2 is a schematic cross sectional elevation view illustrative of a flip-
chip semiconductor chip m_ounted on a multilaycr interconnection board. A
multilayer interconnection board 103 has electrode pads which patterns
correspond to pattcrns of the lbumps 102 of the flip-chip semiconductor
chip 101. The flip-chip semiconductor chip 101 is mounted on the
multilayer interconnection board 103. If the bumps 102 are made of a
solder material, an iR re-flow process using a flux is used for mounting the
flip-chip semiconductor chip 101 on the multilayer interconnection board
103. The multilayer interconnection board 103 mounted with the flip-chip
semiconductor chip 101 is further mounted on a circuit board through
external terminals which are not illustrated.

The multilayer interconnection board 103 is different in linear
expansion coefficient from the flip-chip semiconductor chip 101. The
above conventional techniquc is disadvantageous in deteriorated mounting
reliability, particularly deteriorated temperature cycle characteristics. In
order to solve the above disadvantage, the following two conventional

| techniques have been proposed.

The first technique is to usc, for the multilayer interconncction
board, a ceramic-based material having a small difference in linear
expansion coefficient from silicon of the flip-chip semiconductor chip 101.

The usc of the ccramic-bascd material is effective in improvement in
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reliability of mounting the flip-chip semiconductor chip 101 on the
multilayer interconnection board 103, but disadvantageous as the
ceramic-based material is expensive. The application of this conventional
technique is limited to supercomputers and large scale computers.

The second tcchnique is to use, for the multilayer interconnection
board, an organic material which is inexpensive but is larger in linear
expansion coefficient than silicon of the flip-chip semiconductor chip. In
this second technique, an under-fill resin is provided between the
semiconductor chip and the multilayer interconnection board, so that a
shearing stress of the burﬁps between the scmiconductor chip and the
multilayer interconnection board is distributed or dispersed to the under-fill
resin which covers the bumps, thereby to improve the reliability.

If the second technique using the organic material for the
multilayer interconnection board is selected, then the multilayer
interconnection board may be 2 build-up board in view of a minimum pitch
of bump array patterns and the number of pins. FIGS. 3A through 3F are
fragmentary cross sectional elevation views illustrative of build-up boards
as the multilayer interconnection boards in sequential steps involved in a
conventional fabrication method.

With reference to FIG. 3A, a glass epoxy base material board 104,
typically FR4, FR5 or BT board, is prepared. Cu-foils 105 having a
thickness in the range of 10-40 micrometers are adhered on both surfaces
of the glass epoxy base material board 104. The Cu-foils 105 are then

patierned to form Cu-interconnection patterns 105 on both surfaces of the
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glass gpoxy base material board 104. A pepetrating bole is made to the
glass cpoxy base material board 104 by a drilling process and- then the -
penetrating hole is then plated thereby to form a plated through hole 106
which peﬁetrates the glass epoxy base material board 104 and electrically
connccting the Cu—ir.lterconncction patterns 105. An insulative resin filler is
filled to the plated throﬁgh hole 106, whereby a corc board 107 is
completed. |

With reference to FIG. 3B, insulating resin material layers 108
are formed over the both surfaces of the glass epoxy base material board
104 so that the insulating resin material layers 108 cover the Cu-
interconnection patterns 105. An opening 109 is selectively formed in thé
insulating resin matcriai layers 108 by a photo-lithography technique or a
laser beam process, so that a part of the Cu-interconnection patterns 105 is
shown through the opening 1009.

With reference to FIG. 3C, metal thin film layers 110 are entirely
formed by a sputtering method or a Cu-electroless plating process, so that
the metal thin film layers 110 extend on the insulating resin material layers
108 and in the opening 109, whereby the metal thin film layers 110 are
electrically connected with the Cu-interconnection patterns 105.

With reference to FIG. 3D, photo-resist films 111 having 2
thickness in the range of 20-40 micrometers or dry films are formed over
the metal thin film layers 110. The photo-resist films 111 or the dry films
arc pattcrncd by cxposurc and subscquent deveclopment processes thercby

to form photo-resist patterns 111 or dry film pattetns on the metal thin film
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layers 110. | |

| With reference to FIG. 3E, 2 selective Cu-clectroplating process
is carried out by use of the photo-resist patterns 111 or the dry film patterns
as masks and also use of the metal thin film layers 110 as an electac supply
line, thereby to selectively form interconnection pattems 112.

With reference to FIG. 3F, the photo-resist pattemns 111 or the dry
film patterns are removed. A selective wet etching process to the metal thin
film layers 110 is carried out by use of the interconnection pattcrns 112 as a
mask for selectively removing the metal thin film layers 110 to complete
the interconnection patterns 112. |

If necessary, the above processes shown in FIGS. 3B through 3F
will be repeated to increase the number of the multilayers or the multilevels
of the interconnections to complete the build-up board or the multilayer
interconnection board.

The above second conventional technique using the organic
moaterial for the multilayer interconnection board is advantages in selecting
the glass epoxy resin base material which is inexpensive and superior in
formability of through holes. However, the glass epoxy resin base material
bas a large difference in thermal expansion coefficient from thc
semiconductor chip, whercby a large stress is applied between the
multilayer interconnection board of the glass epoxy resin base material and
the semiconductor chip thereby to drop the reliability in conmection
betwoen the multilayer intcrconnection board and the semiconductor chip.

The above multilevel interconnection patterns 105 and 112 over the glass
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cpoxy base matcrial board 104 are so thick as to relax the stress applied
between the'multilayer interconnection board and the semiconductor chip
due to the rtelatively large thermal expamsion coefficient between the
multilayer interconr;eétion board and the scmiconductor chip. The
necessary thickness of the above multilevel interconnection patterns 105
and 112 is, for cxample, in the range of 10-30 micrometers. This further
requires that the thickness of the phqto-resisr patterns 111 or the dry film
patterns is, for example, in the range of 20-40 micrometers. As a result, the
minimum pitch of the photo-resist patterns 111 or the dry film is about 30
micrometers. Accordingly, the minitoum pitch of the above multilevel
interconnection patterns 105 and 112 is a2bout 30 micrometers. This
limitation to minimize the pitch of the above multilevel interconnection
patterns makes it difficult to further increase the density of the multilayer
interconnection board and further reduce the external size of the multilayer
intcrconnection board.

Consequently, the multilaycr interconnection board of the glass
epoxy resin base material makes it difficult to further increase the density
of the multilayer interconnection board and further reduce the external size
of the multilayer interconnection board. Even the glass epoxy rcsin base
material is inexpensive, the number of the multilayer interconnection
boards obtained from a single large pancl is small. This makes it difficult to
further reduce the cost of the multilayer interconnection board.

Further, when the insulating resin material layers 108 are formed

over the both surfaces of the glass epoxy base material board 104, the
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multilayer intcrconnection board is likely to be bent.

Furthermore, when the multilayer interconnection board with the
semiconductor chip is mounted on a circuit board, a stress is applied
between the multilayer iﬁterconnection board and the circuit board due to a
difference in thermal expansion cocfﬁdent between fhc multilayer ,
interconnection board and the circuit board, thereby deteriorating a
reliability in conncction between the mulﬁléyer interconnection board and
the circuit board.

In the above circumstances, it had been required to develop 2
novcl multilayer interconnection board free from the above problems, as

well as 2 semiconductor device having the novel interconnection board.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a

novel interconnection board free from the above problems.

1t is a further object of the present invention to provide a novel

interconnection board which is inexpensive.

It is a still further object of the present invention to provide a
novel interconnection board allowing a further reduction in the cost thereof.
It is yet a further object of the present invention to provide a

novel interconnection board free of any bend,

It is further more object of the present invention to provide' a

novel interconnection board allowing a high reliability in connection

-
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between the interconnection board and a scmiconductor chip.

1t is moreover object of the present invention to provide a novel
interconnection board allowing a further increase in density of the
intcrconnection board.
| It is still more objcct of the present invention to provide a novel
interconnection board allowing a further reduction in aun extemal size of the
interconnection board.

It is yet more object of the present invention to provide a novel
interconnection board free from a deterioration in reliability of connection
berween the intercomnmection board and a circuit board on which the
interconnection board is mounted. |

It is another object of the preseﬁt invention to provide a novel
semiconductor device having an improved interconnection board frec from
the above problems.

It is a further object of the present invention to provide a novel
semiconductor device having an improved interconnection board which is
inexpensive.

It is a still further object of the present invention to provide a
novel semiconductor device haviag an improved interconnection board
~ allowing a further reduction in the cost thereof.

It is yet a further object of the present invention to provide a
novel semiconductor device having an improved interconncction board free

of any bend.

It is further more object of the present invention to provide a
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novel semiconductor device having an improved interconaection board
ailowing a high reliability in connection between the interconnection board
and a semiconductor chip.

It is moreover object of the present invention to provide a novel
semiconductor device having an impiovcd interconnection board allowing
a further increase in density of the intcrconnection board.

It is sﬁ]l more object of the present invention to provide a nove}
semiconductor device having an improved interconncction board allowing
a further reduction in an external size of the interconncction board.

It is yet more object of the present invention to provide a nove]
semiconductor device having an improved interconnection board free from
a deterioration in reliability of conmnection between the interconnection
board and a circuit board on which the interconnection board is mounted,

It is still another object of the present invention to provide a
novel method of forming an improved interconnection board free from the
above problems.

It is a further object of the present invention to provide a novel
method of forming an improved interconnection board which is
inexpensive. |

It is a still further object of the prescnt invention to provide a
novel method of forming an improved intcrconnection board allowing a
further reduction in the cost thereof.

It is yet a further object of the present invention 1o provide a

novel method of forming an improved interconnection board free of any
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bend.

It is further more object of the prescnt invention to provide a
novel method of forming an improved interconnection board allowing a
high reliability in connection between the interconnection board and a
sémiconductor chip. |

It is moreover object of the present invention to provide a novel
mcthod of forming an improved intcrconneétion board allowing a further
increase in density of the interconnection board.

It is still more object of the present invention to provide a novel
mcthod of forming an improved interconnection board allowing a further
reduction in an external size of the interconnection board.

It is yet more object of the present invention to provide a novel
method of forming an improved interconnection board free from a
detcrioration in reliability of connectioﬁ betwcen the interconnection board
and a circuit board on which the interconnection board is mounted.

It is yet another object of the present invention to provide a novel
method of mounting 2 semiconductor chip on an improved interconnection
board free from the above problems.

It is a further object of the present invention to provide a novel
mcthod of mounting a semiconductor chip on an improved interconnection
board which s inexpensive.

It is a still further object of the present invention to provide a

novel method of mounting a semiconductor chip on an improved

interconnection board allowing a further reduction in the cost thereof.
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It is yet a further object of the present invention' to provide a
novel method of mounting a semiconductor chip on an improved
interconnection board free of any bend.

It is further more object of the present invention to provide a
novel method of mounting a semiconductor chip on an improved
intecrconnection .board allovﬁng a high reliability in connection between the
imérconnection board and a semiconductor chip.

1t is moreover object of the present invention to provide a novel
method of mounting a semiconductor chip on an improved interconnection
board allowing a further increase in density of the interconnection board.

It is still more object of the present invention to provide a novei
method of mounting a semiconductor chip on an improved interconnection
board allowing a further reduction in an extemnal size of the interconnection
board.

It is yet more object of the present invention to provide a novcl
method of mounting a semiconductor chip on an improved interconnection
‘board free from a deterioration in reliability of connection between the
interconnection board and a circuit board ou which the interconnection
board is mounted.

The first present invention provides a semiconductor device
comprising : an interconnection board ; and a high rigidity plate securely
fixed to the interconncction board, the high rigidity plate being higher in

rigidity than thc intcrconnection board for suppressing the interconnection

board from being bent.
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- The sccond present invention provides a scmiconductor device
comprising : an interconnection board having first anld second surfaces ; at
least a. semiconductor chip mounted on -the first surface of the
interconnection board ; and a high rigidity plate securely fixed to the
second surface of the interconnection board, the high rigidity plate being
higher in rigidity than the interconnection board for suppressing the
interconnection board from being bent.

The third present invention provides a semiconductor device

comprising : an interconnection board having first and second surfaces ; at

least a scmiconductor chip mounted on the first surface of the

interconnection board ; and a buffer layer having a first surface in contact
with the second surface of the interconnection board and also the buffer
Jayer having a second surface on which at least an external electrode is
provided, and the buffer layer having at least an electrical contact between
the interconnection board and the at least external electrodc, and the buffer
Jayer being capable of absorbing and/or relaxing a stress applied to the at
least extemal electrode to make the interconnection board free from
application of the stress.

The fourth present invention provides a semiconductor device
comprising : an interconnection board having first and second surfaces ; at
least a semiconductor chip mounted on the  first sﬁrface of the
interconnection board ; external electrodes fixed to external electrode pads
on the second surface of the interconnection board ; and a supporting Jayer

on the second surface of the interconnection board for supporting the
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external electrodes.

The fifth present invention provides a method of forming an
interconnection board, wherein during formation of the interconnection
board, the ixiterconncction board remains securely fixed to a high rigidity
plate being higher in .ﬁgidity fhan the interconnection board for suppressing
the interconncction board from being bent.

The above and other objects, feéturcs and advanfages of the

present invention will be apparent from the following descriptions.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments according to the present invention will be
described in detail with reference to the accompanying drawings.

FIG. 1 is a schematic cross sectional elevation view illustrative of
a flip-chip semiconductor chip. | |

FIG. 2 is a schematic cross sectional elevation view illustrative of
a flip-chip semiconductor chip mounted on a multilayer interconnection
board.

FIGS. 3A throngh 3F arc fragmentary cross scctional elevation
vicws illustrative of build-up boards as the multilayer interconnection
boards in sequential steps involved in a conventional fabrication method.

FIG. 4 is a cross scctional elevation view illustrative of a
semiconductor device having 2 mul.tilayer interconnection board, on which

a semiconductor chip is mounted in a first embodiment according to the
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present invention.

FIG. 5 is a plane view illustrative of a second surface of the
multilayer interconnection board of the semiconductor device shown in
FIG. 4.

FIG. 6 is a fragmentary cross sectional elevation view illustrative
of multilayer structure of the multilayer interconnection board of the
semiconductor device shown in FIG. 4.

FIGS. 7A through 7Q are fragmentary cross sectional elevation
views illustrative of a novel method of forming a semiconductor device
having a2 multilayer interconnection board on which a semiconductor chip
is mounted in a first embodiment in accordance with the present invention.

FIGS. 8A through 8Q are fragmentary cross sectional elevation
views illustrative of a novel mcthod of forming a semiconductor device
having a multilayer interconnection board on which a semiconductor chip
is mounted in a second embodiment in accordance with the present

invention.

FIGS. 9A through 9P are fragmentary cross sectional elevation
views illustrative of a novel method of forming a semiconductor device
having a multilayer interconnection board on which a semiconductor chip
is mounted in a third embodiment in accordance with the present invention.

FIG. 10 is a cross sectional clovation view illustrative of a
semiconguctor device having a multilayer interconpection board, on which
a semiconductor chip is mounted in a fourth embodiment according to the

present invention.
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FIGS. 11A through ilS are fragmentary cross seclional clevation
siews illustrative of a novei method of forming a semiconductor device
haviﬁg a multilayer interconncction board on which a scmiconductor chip
is mounted in a fourth embodiment in accordance with the present
invention.

FIG. 12 is a cross sectiopal elevation view illustrative of a
scmiconductor device having a multilayer interconnection board, on whicﬁ
a semiconductor chip is mounted in a fifth embodiment according to the
presént invention.

FIG. 13 is a bottom plane view illustrative of a bottom side of the
flip-chip semiconductor device shown in FIG. 12. | |

FIGS. 14A through 14S are fragmentary cross sectional elevation
views illustrative of a novel method of forming a semiconductor device
having a multilayer interconnection board on which a semic;mductor chip
is mountcd in a fifth embodiment in accordance with the prescnt invention.

FIG. 15 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in a sixth embodiment according to the
present invention.

FIG. 16 is a cross sectional clevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a scmiconductor chip is mounted in a seventh embodiment according to the

present invention.

FIG. 17 is a cross scctional elevation view illustrative of a
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semiconductor device having a multilayer interconhection board, on which
a semiconductor chip is mounted in an eighth embodiment according to the
present invention.

| FIG. 18 is a fragmentary enlarged cross sectional elevation view
illustrative of a solder ball bonded on an extemal electrode pad of a
multilayer interconncction board and a paﬁial supporting layer around the
solder ball as encompassed by a circle line marked with “A” in FIG. 17.

FIGS. 19A through 19B are fragmentary cross sectional elevation
views jllustrative of sequential stepé involved in a method of forming a
supporting layer on a flip-chip semiconductor device in an eighth |
embodiment in accordance with the present invention, wherein the flip-chip
semiconductor device hés already been fabricated in the sequential
fabrication processes described with reference to FIGS. 7A through 7Q
described in the first embodiment of the present mvention.

FIG. 20 is a cross sectional elevation view illustrative of a
semiconductor devicc having a multilayer interconncction board, on which
a semiconductor chip is mounted in a ninth embodiment according to the
present invention.

FIGS. 21A through 21B are fragmentary cross sectional clevation
vicws illustrative of sequential sieps involved in a mcthod of forming a
supporting layer on a flip-chip semiconductor device in an ninth
embodiment in accordance with the present invention, wherein the flip-chip
semiconductor device has already becen fabricated in thc sequential

fabrication processes described with reference to FIGS. 14A through 145
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described in the fifth embodiment of the present invention.

FIG. 22 is a cross sectiopal elcvation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in 2 tenth embodiment according to the
present invention.

FIG. 23 is a cross scctional elcvation view illustrative of a
semiconductor devicc having a multilayer intcrconnection board, on which
a semiconductor chip is mounted in an eleventh embodiment according to
the present invention.

FIG. 24 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in a twelfth embodiment according to the
present invention.

FIGS. 25A through 25U are fragmentary cross sectional
elevation views illustrative of a novel method of forming a semiconductor |
devicc having a multilayer interconnection board on which a
semiconductor chip is mounted in a twelfth embodiment in accordance
with the present invention.

FIG. 26 is a cross sectional elevation view illustrative of a
scmiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in a thirteenth embodiment according to
the present invention,

FIGS. 27A through 27R are fragmentary cross sectional elevation

views illustrative of a novel method of forming a semiconductor device
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having a multilayer interconnection board on which a semiconductor chip
is mounted in a thirteenth embodiment in accordance with the present
invention.

FIG. 28 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a scmiconductor chip is mounted in a fourtecenth embodiment according to
the present invention.

FIG. 29 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in a fifteenth embodiment according to
the present invention.

FIG. 30 is a cross sectional elevation view illustrative of a
semiconductor device having a inultilayer'interconnection board, on which
a semiconductor chip is mounted in a sixteenth embodiment according to
the present invention. |

FIG. 31 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which

a scmiconductor chip is mounted in a sixteenth embodiment according to

the present invention.
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The first present invention provides a semiconductor device

comprising : an interconnection board ; and a high rigidity plate securely
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fixed to the interconnection board, the high rigidity plate being higher in
rigidity than the intcrconnection board for supyrcssing the intcrconnection
board from being bent.

It is prefcrablc that the interconnection board comprises a

multilayer mterconnectmn board havmg a multileve]l interconncction

structure.

It is also preferable that the high rigidity plate is made of a metal.
It is also prcferablé that the high rigidity plate is made of an
alloy.

It is also preferable that the high rigidity plate is made of a
ceramic.

It is also prefcrable that 2 basc material of the interconnection
board is an organic insulative matcrial. It is further preferable that the
organic material is a polymcr resin material.

The second present invention provides a semiconductor device
comprising : an interconnection board having first and second surfaces ; at
least a semiconductor chip mounted on the first surface of the
interconncction board ; and a high rigidity plate securely fixed to the
second surface of the intcrconnection board, the high rigidity plate being
higher in rigidity than the interconnection board .for suppressing the
interconnection board from being bent.

It is prcferable that the Inlerconncction board comprises a

multilayer interconnection board having a multilevel interconnection

structure.
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- Itis also preferable that the high rigidity plate is made of a inetal.

It is also preferable that the high rigidity plate is made of an
alloy.

It is also preferable that the high rigidity platc 1s made of a
ceramic.

It is also preferable that a base material of the interconnection
board is an.organic material. Tt is further preferable that the organic
material is a polymer resin material. | |

It is also preferable that the at Jeast semiconductor chip is bonded |
via bumps to the second surface of the interconnection board. It is also
preferable to further comprise a scaling resin matcrial provided on the first
surface of the interconnection board for sealing the at least scmiconductor
chip and the bumps. It is preferable to further comprise at least a heat
spreader provided on the at least semiconductor chip.

The third present invention provides a semiconductor device
comprising : an interconnection board having first and second surfaces ; at
least a semiconductor chip mounted on the first surface of the
intcrconnection board ; and a buffer layer having a first surface in contact
with the second surface of the interconnection board and also the buffer
layer having a second surfacc on which at least an extemal electrode is
provided, and the buffer layer having at least an electrical contact between
the interconnection board and the at Icast external electrode, and the buffer
layer being capable of absorbing and/or rclaxing a stress applied to the at

least external electrode to make the imterconnection board free from

This Sheet Has Been Replaced

* AR




application of the stress.

It is preferable that the interconmection board comprises a
multilayer interconnection board having. a multilevel ianterconnection
structure.

It is also preferable that the at least extemal electrode comprises
plural external elcctrodes. |

Tt is also preferable that the external electrode comprises a solder
ball.

It is also preferablc that the external electrode comprises a pin

electrode.

It is also preferable that the external electrode compriscs a coil-
spring elcctrode.

It is also preferable that the external electrode comprises a
generally column shaped electrodé. It is further preferable that the
generally column shaped elcctrode comprises a straight column shaped
electrode which is uniform in horizontal cross sectional area from a bottom
to a top thereof.

It is also preferable that the generally column shaped electrode
comprises a center-pinched column shaped electrode which decreases in

horizontal cross scctional arca toward an intermediate level thereof.

It is also preferable that the buffer laycr comprises : plural
generally column shaped electrically conductive layers, each of which has a
first end fixed to an extemal electrode pad of the interconmection board and

a second end directly fixed the extemal electrode. [t is further preferable
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that the plixral generally column shaped electrically conductive layers are
‘made of a metal.
It is also preferable that the buffer layer compriscs : plural
generally column shaped elcctrically conductive layers, each of which has a
first end fixed to an externa] clectrode pad of the interconncction board and
- a second end directly fixed the external electrodc ; and an stress absorption
layer filling gaps between the plural generally column shaped electrically
| conductive layers, and the stress absorption layer being lower in rigidity
than the plural generally coiumn shaped electrically conductive layers, and
the stress absorpfion layer surrounding the plural generally column shaped
electrically conductive layers so that the stress absorption layer is in tightly |
contact with the plural generally column shaped electrically conductive
layers. It is further preferable that the plural generally column shaped

electrically conductive layers are made of a metal.

It is also prcferable that the stress absorption layer is made of an

organic insulative material.

It is also preferable that the buffer layer comprises : plural
- generally column shaped electrically conductive layers, each of which has a
first end fixed to an external electrode pad of the interconnection board and
a second cnd directly fixed the external electrodc ; a supporting plate
having plural holes, into which the plural generally column shaped
electrically conductive layers with the external electrodes are inserted, and
the supporting plate extending in paralle]l to the sccond surface of the
interconnection board to form an inter-space between the supporting plate

22
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and the sccond surface of the interconncction board ; and a supporting
scaling resin material ﬁll'mg the inter‘space and surrounding both the plural
- generally column shaped electrically conductive layers and parts of the
- external electrodes so that the supporting sealing resin material is in tightly
contact with the plural generally column shaped electrically conductive
layers and the parts of the éxtcmal electrodes for supporting the external
electrodes. It is further preferable that the su.pporting sealing rcsin material
is lower in ngidity than the plural generally column shaped electrically
conductive laYerS so that the supporting sealing resin material is capable of
absorbing and/or relaxing a stress applied to the cxternal electrodes.

It is also p:eferéble that the plural generally column shaped
clectrically conductive layers are made of a metal.

It is also preferable that the supporting sealing resin material is
made of an organic insulative materfal. It 'is also preferable to further
comprise a supporting layer on the second surface of the buffer layer for
supporting the external electrode.

It is also preferable that the supporting layer further comprises : a
supporting plate having plural holes, into which the external electrodes are
inscrted, and the supporting plate extending in parallel to the second
surface of the buffer laycr to form an inter-space between the supporting
plate and the second surface of the buffer layer ; and a supporting sealing
resin material filling the inter-space and surrounding parts of the external
electrodes so that the supporting sealing 1esin material is in tightly contact

with the parts of the external electrodes for supporting the external
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clectrodes.

It is also preferable that the at least semiconductor éhip is bonded
via bumps to the second surface of the interconnection board. It is further
preferable that further comprising 2 sealing resin material provided on the

first surface of the interconnéction board for sealing thc at least
semiconductor chip and the bumps. It is preferable to further comprise at
least a heat spreader provided on the at least semiconductor chip. |

It is also prcferable that further comprising an under-fill resin
material provided on the first surface of the intcrconnection board for
sealing the at least semiconductor chip and the bumps. It is also preferable
to further comprisc : a stiffener extending on a peripheral region of the
buffer layer ; and at Icast a heat spreader provided on the at Jeast
semiconductor chip and on the stiffener.

The fourth present invention provides a semiconductor device
‘comprising : an interconnection board having first and second surfaces ; at
least a semiconductor chip mounted on the first surface of the

interconnection board ; external electrodes fixed to extcrnal electrode pads

on the second surface of the interconnection board ; and a supporting layer
on the second surface of thc interconnection board for supporting the
external electrodes.

It is also preferable that the supporting layer further comprises : a
supporting plate having plural holes, into which the external clcctrodes are
inserted, and the supporting plate extending in parallel to the second

surface of the buffer layer to form an inter-space between the supporting
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plate and the second surface of the buffer layer ; and 2 sﬁpponing sealing
resin material filling the intcr-space and surrounding parts of the extemal
clectrodes so that the supporting sealing resin material is in tightly contact
with the parté of the extemal electrodes for supporting the external
electrodcs.

| It is also preferable that the at least semiconductor chip is bonded
via. bumps to the sccond surface of the interconncction board. It is further
preferable that further comprising a sealing resin material provided on the
first surface of the interconnection board for sealing the at lcast
semiconductor chip and the bumps. It is preferable to further comprisc at -
least a heat spreader provided on the at least semiconductor chip. It is also
preferable to further comprise an under-fill resin material provided on the
first surface of the inferconnection board for sealing the at least
semiconductor chip and the bumps. It is also preferable to further
comprise : a stiffcner extending on a peripheral region of the buffer layer ;
and at lcast a heat spreader provided on the at least semiconductor chip and
~ on the stiffener.

It is also preferable that the external electrodes connected
through plural generally column shaped electrically conductive layers to
external electrode pads on the second surface of the interconnection board,
and the supporting layer further comprises : a supporting platc having
plural holes, into which the plural generally column shaped electrically
conductive layers with the extemal electrodes are inserted, and the

supporting plate extending in paraliel to the second surface of the
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intercoﬁne_ction board to form an inter-space between the supporting plate
and the second surface of the interconnection board ; and a supporting
sealing resin material filling thc inter-space and surrounding both the plural
generally column shaped electrically conductive layers and parts of the
external electrodes so that the supporting sealing resin material is in tightly
contact with the plural generally column shaped electrically conductive
layers and the parts of the external clectrodes for supporting the external
electrodes. It is further preferable that the supporting sealing resin material
is lower in rigidity than the plural generally column shaped clectrically
conductive layers so that the supporting sealing resin material is capable of
‘absorbing and/or re!axing' a stress applied to the external electrodes.

It is also preferable that the plural generally column shaped

“electrically conductive layers are made of a metal.

It is also preferable that the supporting sealing resin material is

made of an organic insulative matexial.

It is also preferable that the external electrode compriscs a solder
ball.

It is also preferable that the external electrode comprises a pin

electrode.

It is also prcferable that the external electrode comprises a coil-

spring electrode.

It is also preferable that the external electrode comprises a

generally column shaped electrode.

1t is also preferable that the generally column shaped electrode
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comprises a straight column shaped electrode which is uniform in
horizontal cross sectional area from a bottom to a top thereof,

It is also préferabie that the generally column shaped electrode
comprises a center-pinched column shapcd clectrode which decreases in
horizontal cross sectional area toward an intermediatc level thereof.

The fifth present invention provides a method of forming an
interconncction board, wherein during formation of the interconnection
board, the interconnection board remains securely fixed to a high rigidity
pl'ate being higher in rigidity than the interconnection board for suppressing
the interconnection board froin being bent. |

| It is preferablc that the interconnection board comprises a
multilayer interconncction board having a mulfilevel interconnection
structure.

It is also preferable to further comprise the step of : completely
removing the high rigidity plate from the interconnection board, after the
interconnection board is fabricated on the high rigidity plate.

It is also preferable that the high rigidity plate is made of a metal.

It is also preferable that the high rigidity plate is made of an
alloy.

It is also preferable that the high rigidity plate is made of a

ceramic.

It is also preferable that a basc matcrial of the interconnection

board is an organic insulative material.

It is further preferable that the organic material is a polymer resin
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material.

It is also preferable to further comprise the step of : selectively
removing the high rigidity plate from the interconnection board to form
plural generally column shaped electrically conductive layers on the
interconnéction board, after the interconnection board is fabricated on the
high rigidity plate. |

It is also prefcrable to further comprise the step of : forming
cxtemal electrodes on the plhrai generally column 'shapcd electrically
conductive layers so that the extemal electrodes are electrically connected
through the plural gencrally column shaped electrically conductive Jayers -
to the interconnection board.

It is also preferable to further comprise the step of : forming an
stress absorption layer being lower in rigidity than the plural generally
column shaped electrically conductive laycrs, which fills gaps between the
plural generally column shaped electrically conductive layers, so that the
stress absorption layer surrounds the plural gencrally column shaped
electrically conductive layers, whereby the stress absorption layer is in
tightly contact with the plural generally column shaped electrically
conductive layers.

It is also preferablc to further comprise the step of : forming
external clectrodes on the plural generally column shaped electrically
conductive layers so that the extemal electrodes are clectrically connected

through the plural generally column shaped electrically conductive layers

to the interconnection board.
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It 1s also preferablc to further comprisc the step of : forming a
supporting plate having plural holes, into which the external clectrodes are
inserted, so that the supporting plate extends in parallel to the second
surface of the buffer layer to form an inter-space between the supporting
plate and the second surface of the buffer layer ; and forming a supporting
sealing rcsin material which fills the inter-space and surrounding parts of
the external electrodes so that the supporting sealing resin material is in
tightly contact with the parts of the external electrodes for supporting the
external clectrodes.

It is also preferable to further comprise the step of : completcly
removing the high rigidity plate from the interconnection board, after the
interconnection board is fabricated on the high rigidity plate ; formiﬁg a
supporting plate having plural holes, into which the extemal electrodes are
inserted, so that the supporting plate extends in parallel to the second
surface of the buffer layer to form an intcr-spacc between the supporting
plate and the second surface of the buffer layer ; and forming a supporting
sealing resin material which fills the inter-space and surrounding parts of
the external electrodes so thar the supporting sealing resin material is in
tightly contact with the parts of thc extemnal electrodes for supporting the
external electrodes.

It is also preferable to further comprise the step of : completely
removing the high rigidity plate from the interconnection board, after the
interconnection board is fabricated on the high rgidity plate ; bonding

plural generally column shaped electrically conductive layers to the
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interconnection board via an adhesive ; and forming external electrodes on
the plural generé]ly column shaped electrically conductive layers so that
the external electrodes are electrically connected through the plural
genérally column  shaped electrically conductive layers to the
interconnection board.

It is also preferable to further comprise the step of : forming a
supporting plate having plural holes, into which the plural generally
column shaped electrically conductivc layers with the external electrodes
are inserted, and the supporting plate extending in parallel to the second
surface of the interconnection board to form an inter-space between the
supporting plate and the second surface of the interconnection board ; and
forming a supporting sealing resin matcrial which fills the inter-space and
surrounds both the plural generally column shaped electrically conductive
layers and parts of the external electrodes so that the supporting sealing
resin material is in tightly contact with the plural generally column shaped
electrically conductive layers and the parts of the external electrodes for
supporting the external electrodes.

It is also preferable to further comprise the step of : mounting at
least a semiconductor chip on the interconnection board ; and completely
removing the high rigidity plate from the interconncction board.

It is also preferable to further comprise the step of : mounting at
least a semiconductor chip on the interconnection board ; forming at least a
heat spreader on the at least semiconductor chip ; and coxupletely removing
the high rigidity plate from the interconnection board.
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It is also preferable to further compﬁse the step of : mounting at
least a semiconductor chip on. the interconnection board ; and selectively
removing the high rigidity plate from the interconncction board to form
plural generally column shaped clectrically conductive layers on the
intcrconnection board.

It is also preferable to further comprise the step of : mounting at
Jeast a semiconductor chip on the interconnection board ; forming at lcast a
heat spreader on the at least semiconductor chip ; and selectively removing
the high rigidity plate from the interconnection board to form plural

generally column shaped electrically conductive layers on the

interconnection board.

PREFERRED EMBODIMENT

FIRST EMBODIMENT ;

A first embodiment according to the prcsent invention will be
described in detail with reference to the drawings. FIG. 4 is a cross
sectional elevation view illustrative of a semiconductor dcvice having a
muliilayer interconnection board, on which a semiconductor chip is
mounted in a first embodiment according to the present invemtion. A
semiconductor device 32 has a multilayer interconnection board 3. A flip-
chip semiconductor chip 2 is {flip-mounted on the multilayer
interconncction board 3, whercin a first surface of the flip-chip

semiconductor chip 2 is electrically connected through bumps 14 to a first
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surface of the multilaycr interconnection board 3. A second surface of the
mu.ltilayer interconnection board 3 has arrays of external electrode pads 17
on which solder balls 13 arc formed. A sealing resin material 15 is
provided over the first surfacc of the multilayer intcrconnection board 3 for
sealing the semiconductor chip 2 and .-thc bumps 14. A heat conductive
adhesive layer 41 is provided on a second surface of the semiconductor
chip 2. A heat spreader 42 is provided on the heat conductive adhesive
layer 41 so that the heat spreader 42 is adhered through the heat conductive
adhesive layer 41 to the second surface of the semiconductor chip 2. The
bumps 14 and the solder balls 13 are eclectically connccted to each other
through multilevel intcrconnections of the multilayer interconnection board
3.

FIG. 5 is a plane view illustrative of a second surface of the
multilayer interconnection board of the semiconductor device shown in
FIG. 4. The solder balls 13 are aligned in matrix over the second surface of
the multilayer interconnection board 3 of the semiconductor device 3.

FIG. 6 is a fragmentary cross sectional elevation view illustrative
of multilayer structure of the multilayer interconnection board of the
semiconductor device shown in FIG. 4. The multilayer intcrconncction
board 3 comprises sequential laminations of multiple interconnection layers,
for example, first, second, third, fourth and fifth interconnection layers 3, 6,
7, 8 and 9. The second intcrconncction layer 6 is laminated on the first
interconnection layer 5. The third interconnection layer 7 is laminated on
the sccond interconnection layer 6. The fourth interconnection layer 8 is
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laminated on the third interconnection laycr 7. The fifth interconnection
layer 9 is laminated on the fourth interconnection laycr 8. The first
interconnection layer 5 is in the second surfacc side of the multilayer
interconnection board 3. The solder balls 13 are provided on the first
interconnection layer. 5. The fifth interconnection layer 9 is in the first
surface side of the multilayer interconnection board 3. The bumps 14 are
provided on the fifth interconnection layer 9. The first interconnection layer
5 coroprises a first level interconnection pattern 5-1, a first level insulating
layer 5-2 and a first level contact layer 5-3, wherein the first level
interconnection pattern 5-1 is selectively formed in a bottom half region of
the first level insulating layer 5-2 and the first level contact layer 5-3 is
selectively formed in a top half region of the first level insulating layer 5-2,
so that the first level contact layer 5-3 is in contact with a part of the first
level inlerconnection pattern 5-1. The second intcrconnection layer 6
comprises a second level interconnection pattern 6-1, a second level
insulating layer 6-2 and a second lcvcl contact layer 6-3, wherein the
second level interconnection pattern 6-1 is selectively formed in a bottom
half region of the second level insulating layer 6-2 and thc second level
contact layer 6-3 is selectively formed in a top half region of the second
level insulating layer 6-2, so that the second level contact laycr 6-3 is in
contact with a part of the sccond level intcrconnection pattern 6-1. The
second interconnection layer 6 is laminated on the first interconnection
layer 5, so that the second level interconnection pattern 6-1 is in contact

with the first level contact layer 5-3 of the first interconnection layer 5,
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whercby the second level interconnection pattern 6-1 is electrically
connected through the first lcvel contact layer 5-3 to the first level
intcrconnection pattern S-1 of the first intcrconnection layer 5. The third
intcrconnection layer 7 comprises a third level interconnection pattern 7-1,
a third level insulating layer 7-2 and a third level contact layer 7-3, wherein
the third level interconnection pattern 7-1 is selectively formed in 2 bottom
half region of the third level insulating layer 7-2 and the third level contact
layer 7-3 is selectively formed in a top half region of the third levcl
insulating layer 7-2, so that the third level contact layer 7-3 is in contact
with a part of thc third level interconnection pattern 7-1. The third "
interconnection layer 7 is laminated on the secoﬁd interconnection layer 6,
so that the third level interconnection paitern 7-1 is in contact with the
second level contact layer 6-3 of the second intcrconmection layer 6,
whereby the third level interconnection pattern 7-1 is electrically connected
through thc sccond level contact layer 6-3 to thc sccond level
interconnection pattern 6-1 of the sccond interconnection layer 6. The
fourth interconnection layer 8 comprises a fourth level intercomnection
pattem 8-1, a fourth level insulating layer 8-2 and a fourth level contact
. layer 8-3, wherein the fourth level interconnection pattern 8-1 is selectively
formed in a bottom half région of the fourth level insulating layer 8-2 and
the fourth level contact layer 8-3 is selectively formed in a top half region
of the fourth level insulating layer 8-2, so that the fourth level contact layer
8-3 is in contact with a part of the fourth level interconnection pattern 8-1.

The fourth interconnection layer 8 is laminatcd on the third interconnection
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layer 7, sa that the fourth leve] interconnection pattern 8-1 is in contact
with the third lcvel contact layer 7-3 of the third interconnection layer 7,
whereby the fourth level interconnmection pattern 8-1 is electrically
connected through the third level contact layer 7-3 to the third level
interconnection pattern 7-1 of the third interconnection layer 7. The fifth
interconnection laycr 9 comprises a fifth level interconnection pattern 9-1
and a fifth leve insulating layer 9-2, wherein the fifth leve] interconnection
pattern 9-1 is sclectively formed in a bottom half region of the fifth level
insulating layer 9-2. The fifth interconnection layer 9 is laminated on the
fourth intexconnection Jayer 8, so that the fifth leve] interconnection pattern
9-1 is in contact with the fourth level contact layer 8-3 of the fourth
intcrconnection layer 8, whereby the fifth level interconnection pattern 9-1
is electrically connected through the fourth level contact layer 8-3 to the
fourth leve] interconnection pattern 8-1 of the fourth interconnection layer
8. The above first, second third, fourth and fifth level interconnection
patterns 5-1, 6-1, 7-1, 8-1 and 9-1 are connected to each other throvgh the
first, second, third and fourth level contact layers 5-3, 6-3, 7-3 and 8-3.
FIGS. 7A through 7Q are fragmentary cross sectional elevation
views illustrative of a novel method of forming a semiconductor device
having a multilayer interconnection board on which a semiconductor chip
is mounted in a first embodiment in accordance with the prescnt invention.
With reference to FIG. 7A, a high rigidity plate 16 is prepared.
The high rigidity plate 16 may be made of any material having 2 high
rigidity. Metals such as Cu-, Ni~, Al-, W-, Mo~, Au-, Ag- and Pt-based
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metals, complex materials of different metals and ccramics are available for
the high rigidity plate 16. | |

With reference to FIG. 7B, an adhesive xﬁetal layer of a metal
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base
alloy is formed on a first surface of the high rigidity plate 16 by a

sputtering method. An electrode material layer of a metal such as Cu, A,

and Nij is then formcd on the adhesive metal ldyer by 2 sputtering method

10 form laminations of the adhesive metal layer and the electrode material
layer. A resist ﬁlrﬁ is then applied on the laminations of the adhesive metal
layer and the electrode material layer. The resist film is then patterned by
an exposure and a subsequent development to form a resist pattern. A
sclective wet etching process or a selective dry etching process to the
laminations of the adhesive meral layer and the electrode material layer is
carried out by use of the resist pattcrn as a mask so as to pattern the
laminations of the adhesive metal laycr and the elcctrodec material layer,
whereby external electrode pads 17-1 arc sclectively formed on the first
surface of the high rigidity plate 16. The used resist pattern is then
removed.

If 2 minimum pitch of the external electrode pads 17-1 is not so
narrow, then it is possible as a modification that a resist is coated directly
on the first surface of the high rigidity plate 16 and then patterned by an
exposure and a development to form a resist pattern before a selective

electroplating of metal is then carried out by use of the resist patlern as 2

mask, followed by removal of the used resist pattern.

e
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With reference to FIG. 7C, an insulétive resin thin film 18-1 is
then formed over the external electrode pads 17-1 and the first surface of
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise
a polyimide based resin thin film which may be formed by 2 spin coating
method, a chcmical vapor deposition method ora physical vapor deposition
method. In place of the polyimide based resin, silicon dioxide bascd
inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalenc based resins are available for the
insulative rcsin thin film 18-1. If a fine patterﬁ of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor.

With reference to FIG. 7D, the insulative resin thin flm 18-1 is
selectively removed to form openings 19-1 in the insulative resin thin film
18-1 and over the external electrode pads 17-1. A resist film is applied on

the insulative resin thin film 18-1 and then patterned by an expdsure and a
subsequent development to form a resist pattern on the insulative resin thin
film 18-1. If the insulative resin thin film 18-1 is made of a material which
is removable by a chemical etching process, the insulative resin thin film
_18-1 is selectively removed by a wet etching by use of the resist pattcrn as
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If
the insulative resin thin film 18-1 is made of a material which is
unremovable by the chemical etching process, the insulative resin thin film

18-1 is selectively removed by a dry etching by use of the resist pattern as a

37 Sheet Has Been Replaced

I



mask to form the openings 19-1 in the insulative resin thin film 18-1. The
extornal electrode pads 17-1 are partially shown through the opcnings 19-1
formed in the insulative resin thin film 18-1. The used resist pattern is then
removed. |

With reference to FIG. 7E, an adheﬁve metal thin film 21a is
cntirely formed which extends on the surface of the insulative resin thin
film 18-1 and the shown parts of the external electrode pads 17-1 by a
sputtering method. The adhesive metal thin film 21a may be madc of a Ti-
based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subscquently, a metal electrode thin film 21b is also entirely formed on the
adhesive metal thin film 2la by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
21b may be made of Cu, Al or Ni. Laminations of thc adhesive metal thin
film 21a and the metal electrode thin film 21b form a metal thin film 21
which extends on the surface of the insulative .resin thin film 18-1 and
within the openings 19-1 over the external electrode pads 17-1.

With reference to FIG. 7F, a resist film is entirely formed on the
metal thin film 21 and then pattcrned by an exposure and a subscquent
development to form a resist patiern over the metal thin film 21. The metal
thin film 21 is then patterned by a wet etching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact layers 23-1 in the
openings 19-1 and metal thin film interconnection layers 22-1 over the
insulative resin thin film 18-1, wherein the metal thin film interconnection

layers 22-1 are in contact directly with the metal thin flm contact layers
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23-1, so that the mctal thin film interconnection layers 22-1 are electrically
connecled through the metal thin film contact layers 23-1 to the external
electrode pads 17-1. The used resist mask is then removed. The external
electrode pads 17-1 shown in FIG. 7F comespond to the first level
interconnection pattern S-1 of the first intercénnection layer 5 shown in
FIG. 6. The insulative reéi.n thin film 18-1 shown imn FIG. 7F also
corresponds to the first level insulating laycr 5-2 of the first interconnection
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in
FI1G. 7F also comesponds to the first level contact layer 5-3 of the first
interconnection layer 5. The metal thin film interconnection layers 22-1
shown in FIG. 7F also corresponds to the second level iﬁterconnectioﬁ
pattern 6-1 of the second interconn;action layer 6.

If the pattern pitch of the metal thin film interconnection layers
22-1 is not so narrow, then it is possible as a modification that after the
metal thin film 21 has been formed, then the resist pattern is formed on the
metal thin film 21 so that a selective electroplating of metal such as Cu is

carried out by usc of the resist pattern as a mask to form Cu-plated patterns

over the metal thin film 21. The used resist mask is then removed. The
metal thin film 21 is then selectively etched by use of thc Cu-plated
patterns as a mask thereby to form the metal thin film interconnection
laycrs 22-1 over the insulative resin thin film 18-1 and the metal thin film
contact layers 23-1 in the openings 19-1.

In accordance with the above described method and its

modification, it is possible that the thicknesses of the resist film and the

This Sheet Has Been Replaced

Am




metal fhin film interconnection layers 22-1 arc not more than 1
micrometers. | |

With reference to FIG. 7G, an insulative resin thin film 18-2 is
then formed over fhc metal thin film interconnection layers 22-1 and the
insulative resin thin film 18-1. The insulative resin thin film 18-2 may
comprise a polyimide based. resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
~ silicone based resins, polyolefin bascd resins, cyanate ester based resins,
pheno! based resins, naphthalene based rcsins are available for the
insulative resin thin film 18-2. If a fine pattern of not more than 1.0
- micrometer is required, it is prefcrable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-2 is selectively removed to form openings 19-2
in the insulative resin thin film 18-2 and over the metal thin film
interconnection layers 22-1. A resist film is applied on the insulative resin
thin film 18-2 and then pattened by an exposurc and a subsequent
development to form a resist pattern on the insulative resin thin film 18-2.
If the insulative resin thin film 18-2 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-2 in the insulative rcsin thin film 18-2. If the

insulative resin thin film 18-2 is made of a material which is unremovable
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by the chemical etching process, the insulative rcsin thin_ fllm 182 is
selectively removed by a dry etching by use of tﬁe_ resist pattern as a mask
to form the openings 19-2 in thé insulative resin thin ﬁlm_18-2. The metal
thin film interconnection layers 22-1 are partially shown through the
openings 19-2 formed in the insulative resin thin film 18-2. The used resist
pattern is then removed. |

With reference to FIG. 7H, an adhesive metal thin film is entirely
formed which cxtends on the surface of the insulative resin thin film 18-2
and the shown parts of the metal thin film interconnection layers 22-1 by a
spuitering method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-bascd alloy, a Mo-based alloy, or a W-based alloy. Subsequently,
a metal electrode thin film is also entircly formed on the adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
electroless plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive mctal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-2 and within the openings 19-2 over the
metal thin {ilm interconnection laycrs 22-1. A resist film is entirely formed
on the metal thin film and then patterned by an exposurc and a subsequent
devclopment to form a resist pattcrn over the metal thin film. The mctal
thin film is then pattemed by a wet ctching or a dry etching by use of the
rosist pattcmn as a mask to form metal thin film contact layers 23-2 in the
openings 19-2 and metal] thin film interconnection layers 22-2 over the

insulative resin thin film 18-2, wherein the metal thin film interconncction
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layers 22-2 are in contact directly with the metal thin film contact layers
23-2, so that the metal thin film interconnectioxi layers 22-2 are electrically
connected thréugh the metal thin film contact layers 23-2 to the metal thin
film interconnedion layers 22-1. The used resist mask is then removed.
The metal thin film interconnection layers 22-1 shown in FIG. 7H
correspbnd to the second level interconnection pattern 6-1 of the second
interconnection layer 6 shown in FIG. 6. The insulative resin thin film 18-2
shown in FIG. 7H also corresponds to the second level insulating layer 6;2
of the second interconnection layer 6 shown in FIG. 6. The metal thin film
contact layers 23-2 shown in FIG. 7H also comresponds to the sccond level
contact layer 6-3 of the second interconnection layer 6. The metal thin film
intcrconnection layers 22-2 shown in FIG. 7H also corresponds to the third
level interconnection pattern 7-1 of the third interconncction layer 7.

If the pattern pitch of the metal thin film interconnection layers
22-2 15 not so narrow, then it :is possible as a modification that after the
meta] thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selective electroplating of metal such as Cu is
carried out by use of the rcsist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then sclectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film intcrconnection layers 22-2 over
the msulative resin thin film 18-2 and the metal thin film contact layers 23-
2 in the openings 19-2.

In accordance with_ the abovc described method and its

42 This Sheet Has Been Replaced

R




modification, it is possible that the thicknesses of the resist film and the
 metal thin film interconnection layers 22-2 are pot more than 1
micromefcrs.

With refefence to FIG. 71, an insulative resin thin film 18-3 is
then formed over the metal thin film intcrconnection layers 22-2 and the
insulative resin thin film 18-2. The insulative resin thin film 18-3 may
comprisc é polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide bascd resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins.,-
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-3. If a fine pattem of not more than 1.0
rmicrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processcs of semiconductor. The
insulative resin thin film 18-3 is selectively removed to form openings 19-3
in the insulative resin thin film 18-3 and over the metal thin film
interconnection layers 22-2. A resist film is applied on the insulative resin
thin film 18-3 and then paiterned by an exposure and a subsequent
development to form a resist pattem on the insulative resin thin film 18-3.
If the insulative resin thin film 18-3 is made of a material which is
* removable by a chemical etching process, the insulative resin thin film 18-3
is selectively removed by a wet ctching by use of the resist patlern as a
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the
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insulative resin thin film 18-3 is made of a material which is unremovable
by ‘the chemical etching process, the insulative resin thin film 18-3 is
selectively removed by a dry etching by unse of the resist pattern as a mask
to form the openings 19-3 in the insulative resin thin film 18-3. The metal
thin film interconnection layers 22-2 are partially shown through the
openings 19-3 formed in the insulative resin thin film 18-3. The used resist
pattern is then removed.

‘With reference to FIG. 7J, an adhesive mertal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-3
and the shown parts of the metal thin film interconnection layers 22-2 by a
sputtering method. The adhesive metal thin film may be madc of a Ti-bascd
alloy, a Cr-based alloy, 2 Mo-based alloy, or a W-based alloy. Subsequently,
a meta] electrode thin film is also entirely formed on the adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
electroless plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the meta]
electrode thin film form a metal thin film which extends on the surface of
the insulative rcsin thin film 18-3 and within the openings 19-3 over the
meta] thin film interconnection layers 22-2. A rcsist film is entirely formed
on the metal thin film and then patterned by an §xposurc and 2 éubsequcnt
devclopment to form a resist pattern over the metal thin film. The metal
thin film is then patterned by a wet etching or a dry etching by use of the
resist pattern as 2 mask to form metal thin film contact layers 23-3 in the

openings 19-3 and metal thin Glm interconnection laycrs 22-3 over the

" A4 This Sheet Has Been Replaced




insulative resin thin film 18-3, wherein the metal thin film interconnection
layers 22-3 are in contact directly with the metal thin film coatact laycrs
23-3, so that the metal thin film interconnection layers 22-3 are clectrically
connected through the meta] thin film contact layers 23-3 to the mctal thin
film interconnection layers 22-2. The used resist mask is then removed.
The metal thin film intcrconnection layers 22-2 shown in FIG. 71
correspond to the third level interconmection pattern 7-1 of the third
interconnection Jayer 7 shown in FIG. 6. The insulative resin thin film 18-3
shown in FIG. 7J also corresponds to the third level insulating layer 7-2 of
the third interconncction layef 7 shown in FIG. 6. The metal thin film
contact layers 23-3 shown in FIG. 7] also corresponds to the third level
contact layer 7-3 of the third interconnection layer 7. The metal thin film
interconnection layers 22-3 shown in FIG. 7] also corresponds to the fourth
level interconnection pattern 8-1 of the third interconnection layer 8.

If the pattern pitch of the metal thin film interconnection layers
22-3 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a sclective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over thc metal thin film. The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film interconnection layers 22-3 over

the insulative resin thin film 18-3 and the metal thin film contact layers 23-
3 in the openings 19-3.
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- In accordance with the above described method and its
- modification, it is possible that the thicknesses of the. resist film and the
metal thin film intcrconnection layers 22-3 are not more than 1
micrometers.

With refercnce to FIG, 7K, an insulative tesin thin film 18-4 is
then formed over the metal thin film interconnection layers 22-3 and the
insulative resin thin film 18-3. The insulative resin thin film 18-4 may
comprise a polyimide based resin thin film which may be formed by a spin
‘coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based rcsins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins arc available for the
insulative resin thin film 18-4. If a fine pattem of not more than 1.0
micrometer is required, it is preferablc to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-4 is selectively removed to form openings 19-4
in the insulative resin thin film 18-4 and over the mectal thin film
interconnection layers 22-3. A resist ﬁlfn is applied on the insulative resin
thin film 18-4 and then patterned by an exposure and a subscquent
development to form a resist pattern on the insulative resin thin film 18-4.
If the insulative resin thin film 18-4 is made of a material which is
removablc by a chemicai etching process, the insulative resin thin film 18-4

is sclectively removed by a wet etching by use of the resist pattern as a

46
This Sheet Has

1/mm/m/u//tm?‘iﬂ“



mask to form the opcnings 19-4 in the insulative resin thin film 18-4. If the |
‘insulative resin thin film 18-4 is made of a mateﬁal which is unremovable
by the chemical etching process, the insulative resin thin film .18-4 is
selectively removed .by a dry ctching by use of the rcsist pattern as a mask
to form the openings 19-4 in the insulative resin thin film 18-3. The metal
thin film interconn.ecﬁon layers 22-3 are partially shown through the
openings 19-4 formed in the insulative resin thin film 18-4. The used resist

| pattern is then removed.

With reference to FIG. 7L, an-adhesive metal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-4

and the shown parts of the meta] thin film interconnection layers 22-3 by a -
sputtering method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-bascd alloy, a Mo-based alloy, or a W-based alloy. Subsequently,
a metal electrode thin film is also entitely formed on the adhesive metal
thin film by a sputtering method, 2 chemié#i vapor deposition or an
electrolcss plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminatioﬁs of the adhesive metal thin film and the metal
clectrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-4 and within the openings 19-4 over the
metal thin film interconnection layers 22-3. A rtesist film is eatirely formed
on the metal thin film and then patterned by an exposure and a subscquent
development to form a resist pattern over the metal thin film. The metal
thin film is then patterned by a wet etching or a dry etching by use of the

resist pattern as a mask to form mpetal thin film contact layers 23-4 ig the
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Openings 19-4 and pad elcctrodes 22-4 over the insulative resin thin film
18-4, wherein the pad electrodes 22-4 are in contact directly with the metal
thin film contact laycrs 23-4, so that the pad clectrodes 22-4 are electrically
connected through the metal thin film contact layers 23-4 to the metal thin
film interconnection layers 22-3. The used I'csist mask is then removed.
The metal thin film interconnection layers 22-3 shown in FIG. 7L
correspond to the fourth lcvel interconnection pattern 8-1 of the fourth
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4
shown in FIG. 7L also corresponds to the fourth level insulating layer 8-2:
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film
contact layers 23-4 shown in FIG. 7L also comresponds to the fourth level
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes
22-4 shown in FIG. 7L also correspoxids to the fifth level interconnection
péttem 9-1 of the fifth interconnection layer 9.

If the pattern pitch of the pad electrodes 22-4 is not so Narrow,
then it is possible as a modification that after the metal thin film has been
formed, then the resist pattern is formed on the metal thin film so that a
sclective electroplating of meta] such as Cu is carried out by use of the
resist pattern as a mask to form Cu-plated patterns over the metal thin film.
The used resist mask is then removed. The metal thin film is then
selectively ctched by use of the Cu-plated patterns as a mask thereby to
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the
metal thin film contact Jayers 23-4 in the openings 19-4.

In accordance with the above described method and its
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modification, it is possible that the thicknesscs of the resist film and the pad
electrodes 22-4 are not taore than 1 micrometers. |

With rcference to FIG.'7M, a solder resist film 24 is then formed
over the pad elcctrodes 22-4 and the insulative resin thin film 18-4 in order
to protcct the multilayer interconnection board 3 having the pad clectrodes .
24; The solder resist film 24 shown in FIG. M corresponds to the fifth
level insulating layer 9-2 of the fifth interconnection layer 9 shown in FIG.
6. The solder resist film 24 may comprise an organic msulatmg film such
an epoxy resin film containing an inorganic filler such as fine powders of
silicon dioxide. Alternatively, the solder resist film 24 may be made of a -
material which has a large resistivity to external chemical stress, and a large
resistivity to a Flux cleaning solution or an Au plating solution as well as a
high adhesiveness to 2 sealing material such as an under-fill material. If the
above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 18-4
are highly resistive to the chemical and chemical stresses, it is poséiblc as a
modification to eliminate the formation of the solder resist film 24. The
solder tesist film 24 is selectively removed to form openings 24a in the
solder resist film 24 and over the pad electrodes 22-4. If the solder resist
film 24 is madc of a non-photosensitive material, a rcsist film is applied on
the solder resist film 24 and then patterned by an exposure and a
subsequent development to form a resist pattern on the solder resist film 24,
so that the solder resist film 24 is selectively removed by a wet etching by
use of the resist pattern as a mask to form the openings 24a in the soider

resist film 24, followed by removal of the used resist pattern. If the solder
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resist film 24 is made of a photosensitive material, then the solder resist
film 24 is dircctly patteméd by an exposure and 2 subsequent development
to form the openings 242 in the solder resist film 24. The elcctrode pads 22-
4 are partially shown through the opcnings 24a formed in the solder resist
film 24. .

| With reference to FIG. 7N, the high rigidity plate 16 is
completely removed by an eiching process, whereby the multilayer
interconnection board 3 remains. The extemal electrode pads 17-1 in the
first interconnection layer S and the pad electrodes 22-4 in the fifth
interconnection layer 9 -arc then subjected to an electroless plating for
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on
the cxternal electrode pads 17-1 and the pad clectrodes 22-4 in order to
improve a bonding property between the extemal electrode pads 17-1 and
also a bonding property betwcen the pad electrodes 22-4 and the burﬁps 14
of the semiconductor chip 2. As a result, the multilayer interconnection
board 3 is completed, which comprises plural unit multilayer
interconnection boards. A test for clectrical characteristics of the multilayer
intcrconnection board 3 is then made, so that only quality-confirmed units
in the plural unit multilayer interconnection boards in the electrical
characteristic test are then subjected to a mounting process for mounting
semiconductor chips thereon.

With reference to FIG. 70, semiconduictor chips 2 are mounted
on the mullilayer interconncction board 3, wherein the semiconductor chips
2 have the plural bumps 14, and the plural bumps 14 are made into contact
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with the electrode pads 22-4 of tﬁe multilaycr interconnection board 3, so
that the semiconductor chips 2 are clcctrically connected through the plural
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are
made of a metal based solder material such as Sn or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux is available for bonding the
plural bumps 14 to the electrode pads 22-4 of the multilayer
interconnection board 3. If the bumps 14 aré made of a metal bascd solder
maferial such as Au or In, a flip-chip bonding utilizing a thermo-
compression bonding is available for bonding the plural bumps 14 to the
electrode pads 22-4 of the multilayer intcrconnection board 3. |

With reference to FIG. 7P, an insulative rcsin material 31 is -
formed which coats side walls of the semiconductor chips 2, an inter-space
between the semiconductor chips 2 and the xhultilayer interconnection
board 3 around the bumps 14 and the surface of thc solder resist film 24 of
the multilayer interconnection board 3 in order to protect the
semiconductor chips 2, the bﬁmps 14 and the multilayer interconnection
board 3. This coating process is carried out by use of a resin injection
technique involving a vacuum scaling technique or a transfer scaling
tcchnique, The insulative resin matcrial 31 may be made of one of cpoxy
resiu raterials, silicone resin materials, polyimide resin materials,
polyolefin rcsin materials, cyanatc ester rcsin materials, phenol resin
materials and naphthalene resin materials.

With reference to FIG. 7Q, solder balls 13 are formed which are

in contact dircctly with the external electrode pads 17-1 of thc multilayer
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interconncction board 3 to form a scmiconductor device 1 having the
multiléyer interconnection board 3 and the plural semiconductor chips 2
mounted thereon. The solder balls 13 serve as extemnal tcrminals. The
solder balls 13 may be made of 2 metal based material such as Sn or.Pb.
The solder balls 13 may also be free of lead. The solder balls 13 may be
made of an electrically conductive material having a low melting point, a
high heat conductivity and a rapid solidity as well as a large surface tension
so that the electrically conductive material becomes in the form of balls.
The semiconductor device 1 is then diced by use of a dicing blade to divide
the scmiconductor device 1 into plural unit semiconductor devices 32 or
flip-chip semiconductor decvices 32, each of which comprises the multilayer

interconnection board 3 and the singlc semiconductor chip 2 mounted

thereon.

With reference back to FIG. 4, a heat conductive adhesive layer
41 is 'provided on a top surface of the semiconductor chip 2. A heat
sprcader 42 is provided on the heat conductive adhesive layer 41 so that the

heat spreader 42 is adhered through the heat conductive adbesive layer 41

to the top surface of the semiconductor chip 2. A heat generated in the

semiconductor chip 2 is conducted through the heat conductive adhesive
léycr 41 to the heat spreadcr 42 for causing a heat radiation from the heat
spreader 42. The heat spreader 42 may be made of a heat conductive
material such as a metal basc material, for example, Cu, Al, W, Mo, Fe, Ni,
and Cr, or Al203, AIN, SiC, other ceramics such as mullite. The heat
conductive adhesive layer 41 may be made of a resin based material
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containing a heat conductive material, wherein the resin based material
may be one of epoxy resin materials, silicone resin materials, polyimide
resin matexials, polyolefin resin mateﬁals, cyanate ester fresin materials,
phenol resin matcrials and naphthalene resin materials, whilst the hear
conductive matcrial may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond,
Al203, AN, and ceramic materials such as mullite, BN and SiC.

The flip-chip is usually applied to a high speed logic device
having a large number of pins, for which reason the heat radiation from the
semiconductor chip 2 is important. In this embodiment, the heat spreader
42 is provided to improve the heat radiation characteristic of the flip-chip
semiconductor device 32.

In accordant with the present invention, the base material of the
multilayer interconnection board is not largely different in thermal
expansion coefficient from the semiconductor chip to reduce a stress
applied between the multilayer interconnection board and the
semiconductor chip, thereby keeping a high reliability in comnection
between the multilayer interconnection board and the scmiconductor chip.
The rcduction in stress applied between the multilayer interconnection
board and the semiconductor chip makes it unnecessary to increase the
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
for stress relaxation, but makes it possible that the thicknesses of the
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for
examplc, not more than 1 _micrometer. A metallization technique for the

semiconductor wafer and an apparatus therefor are utilized for allowing the
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resist films and the multilevel intcrconnections 17-1, 2-1, 22-2, 22-3 and 24
to be pattemed finely, thereby permitting a further shrinkage of the
interconnection patterns.

Further, the multilayer interconnection board remains adhered or
fixcd to the high rigidity plate such as the metal plate during when the
multilayer interconnectioh board is fdnned, so that the high rigidity plate
provides or ensures a high planarity to the multilayer interconnection board.
Even the high rigidity platc is differcat in linear expansion coefficicnt from
the multilayer interconnection board, the high rigidity plate suppresses
generation of internal stress in the muliilayer interconnccﬁon board and
expansion of the multilaycr interconnection board, so that the high rigidity
plate suppresses the multilayer interconnection board from being bent,
whereby the multilayer interconnection board is free from any
misalignment in patterning the insulating layers and the interconnection
layers, resulting in a bigh yicld of the flip-chip semiconductor device.

As described above, the high rigidity plate is nccessary or
important for keeping the multilayer interconnection board to have the high
planarity until thc multilayer interconnection board is completed.
Notwithstanding, the high rigidity plate is not necessarily needed to the
final product, for example, the flip-chip semiconductor device, for which
rcason as described above, after the multilayer interconaection board has
been completed, then the high rigidity plate is removed. After the high
~ rigidity plate is removed from thc bottom surface of the multilayer

interconnection board, thep . the bottom surface of the multilayer
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interconnection board is shown, for which reason the bottom or first
insulating laycr of the multilayer interconnection board may preferably be |
made of an insulating material such as an organic material which has a
flexibility to an externally applied stress. |

Accordingly, the single multilayer interconnection board is
adhered or fixed to thc one side of the high rigidity plate to form an
asymmetric structure. The high rigidity plate prevents the multilayer
interconnection board from being bent during the fabrication of the
multilayer interconncction .board. If the multilayer interconnection boards
arc adhered or fixed to both surfaces of the high rigidity plate, then it is
necessary to form through holes in the high rigidity plate. In accordance
with the present invention, however, it is unnecessary to form such the
through holes in the high rigidity plate, whereby there are raised no
problem with defect of the final product due to dusts generated in forming
the through holes in the high rigidity plate nor problem with increase in the
manufacturing cost due to additional process for forming the through holes
in the high rigidity plate.

In the above embodiment, the high rigidity plate is removed after
the multilayer intercomnection board is completed and before the
semiconductor chips are mounted on thc multilayer interconnection board.

It is, however, possible to remove the high rigidity plate from the
multilayer intcrconnection board after the semiconductor chips have been
mounted on the multilayer interconnection board. When the semiconductor

chips are mountcd on the multilaycr interconnection board, the multilayer

55
This Sheet Has Been Rep

[T




T MAMVET TV iwe - R
1

interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to cnsure or keep the high planarity of the rrﬁﬂti]ayer
inferconncction’ board, the high rigidity plate suppresses various strains of
the entire or part of the multilayer interconnection board and the
semiconductor chips due to mechanical and thermal stresses applied to the
multilayer interconnection board and the semiconductor chips. These
processes will be described in detail in the following second embodiment.

It is, also, possible to remove the high rigidity plate from the
multilayer interconnection board after the heat spreader has been adhered
tﬁmugh the heat conductivc adhesive layer to the semiconductor chips
mounted on the nﬁulﬁlayer interconnection board and before the soider
balls are formed. When the semiconductor chips are mounted on the
multilayer interconnection board and then the hgat spreader are then
adhered through the heat conductive adhesive layer to the semiconductor
chips mounted on the multilayer interconnection board, the multilayer
interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity plate suppresses various strains of
the entire or part of the multilayer interconnection board and the
scmiconductor chips due to mechanical and thermal stresses applied to the
multilayer interconnection board and the semiconductor chips. These
processes will be described in detail in the following sccond embodiment.

Furthermore, in the e¢nd user’s side, thc above fip-chip
semiconductor device 32 is mounted through the solder balls 13 to a circuit
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board which is not illustrated. The solder balls 13 have a small stand-off
height which is insufficient for relaxation of the strcss applied between the
above flip-chip semiconductbr device 32 and the circnit board. Other novel
technique for solving this disadvantage will be described in the following
fourth cmbodiment_. |

Accordingly, it is possible to remove the high rigidity plate from
the multilayer interconnection board amy times after the multilayer

interconnection board has been completed and before the solder balls are

formed.

SECOND EMBODIMENT ;.

A second embodiment according to the present invention will be
described in detail with reference to the drawings. The second embodiment
is different from the first embodiment only in the fabrication processes for
the flip-chip semiconductor device 32, for which reason the following
descriptions will focus on the fabrication processes and the description of
the structure of the flip-chip semiconductor device 32 will be omitted.

FIGS. 8A through 8Q are fragmentary cross sectional elevation
views illustrative of a novel method of forming a semiconductor device
having a multilayer interconnection board on which a scmiconductor chip
1$ mounted in a second ersbodiment in accordance with the present
invention.

With reference to FIG. 84, 2 high rigidity plate 16 is prepared.
The high rgidity plate 16 may be made of any material having a high
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rigidity. Metals such as Cu-, Ni-, Al-, W-, Mo-, Au-, Ag- and Pt-bascd
metals, complex materials of different metals and ceramics are available for
the high rigidity plate 16.

With reference to FIG. 8B, an adhesive metal layer of a metal
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base
.alloy is formed on a first surfacc of the high rigidity plate 16 by 2
sputtcring method. An clectrode material layer of a metal such as Cu, Al,
and Ni is then formed on the _adhesive mctal layer by a sputtering method
- to form laminations of thc adhesive metal laycr and the electrode material-
layer. A rcsist film is then applied on the laminations of the adhesive metal
layer and the electrode material layer. The resist film is then patterned by |
an cxposure and 2 subsequent dcvelopment to form a rosist pattern. A
selective wet etching process or a selective dry etching process to the
laminations of the adhesive metal layer and the electrode material layer is
carried out by use of the resist pattern as a mask so as to pattern the
laminations of the adhesive metal layer and the electrode materal layer,
whereby extemnal clectrode pads 17-1 arc selectively formed on the first
surface of the high rigidity plate 16. Thc used resist pattern is then
removed. |

If a minimum pitch of the extemal elcctrode pads 17-1 is not so
narrow, then it is possible as a modification that a resist is coated directly
on the first surface of thc high rigidity plate 16 and then patterned by an
exposure and a dcvelopment to form a resist pattern beforc a selective

electroplating of metal is then carried out by use of the resist pattern as a
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mask, followed by rcmoval of the used resist pattern.

With refetence to FIG. 8C, an insulative resin thin film 18-1 is
then formed over the external electrode pads 17-1 and the first surface of
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise
 a polyimide based resin thin film which may be formed by a spin coating
method, a chemical vapor deposition method or a pbysical vapor dcposition
method. In place of the polyimide based resin, silicon dioxide based
inorganic materials, and organic matcrials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalenc based resins are available for the
insulative resin thin film 18-1. If a fine pattern of mot more than 1.0
micromeier is rcquired, it is preferablc to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor.

With reference to FIG. 8D, the ipsulative resin thin film 18-1 is
sclectively rcméved to form openings 19-1 in the insulative resin thin film
18-1 and over the extemal electrode pads 17-1. A resist film is applied on
the insulative resin thin film 18-1 and then patterned by an exposure and a
subsequent development to form a resist pattern on the insulative resin thin
film 18-1. If the insulative resin thin film 18-1 is made of a material which
is removable by a chemical ctching process, the insulative resin thin film
18-1 is selectively removed by a wet etching by use of the resist pattern as
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If
the insulative resin thin film 18-1 is made of a material which is

unremovable by the chemical etching process, the insulative resin thin film
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18-1 is selectively removed by a dry etching by use of the resist pattern as a |
mask to form the dpenings 19-1 in the insulative resin thin film 18-1. The
extemal.electrode pads 17-1 are partially shown through the openings 19-1 -
formed in the insulative resin thin film 18-1. The used resist-pattemn is then
removed. | '

With teference to FIG. 8E, an adhesive mctal thin film Zia is
cntirely formed which extends on the surface of the insulative resin thin
film 18-1 and the shown parts of the external clectrode pads 17-1 by a
sputtering method. The adhesive metal thin film 21a may be made of a Ti-
based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subsequently, a metal electrode thin film 21b is also entirely formed on the
adhesive metal thin film 21a by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin
film 21a and the metal electrode thin film 21b form a metal thin film 21
which cxtends on the surface of the insulative resin thin film 18-1 and
within the openings 19-1 over the external electrode pads 17-1.

With reference to FIG. 8F, a rcsist film is entirely formed on the
metal thin film 21 and then pattemed by an exposure and a subscquent
development to form a resist pattern over the metal thin film 21. The mctal
thin film 21 is then pattcrned by a wet etching or a dry etching by use of the
resist pattcrn as a mask to form metal thin film contact .layers 23-1 in the
openings 19-1 and mctal thin film interconnection layers 22-1 over the

insulative resin thin film 18-1, wherein the metal thin film interconnection
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layers 22-1 are in contact airectly with the metal thin film contact layers
'23-1,s0 that'thc mectal thin film interconnection layers 22-1 arc electrically
connected through the metal thin film contact layers 23-1 to the external
- electrode pads 17-1. The used resist mask is then removed. The extemnal
electrode pads 17-1 shown in FIG. 8F comespond to the first level
interconnection pattern 5-1 of the first interconnection layer 5 shown in
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 8F also
corresponds to the first level insulating layer 5-2 of the first interconnection
layer 5 shown in FIG. 6. The mectal thin film contact layers 23-1 shown in
FIG. 8F also corresponds to the first leve] contact layer 5-3 of the first
intcrconnection layer 5. The metal thin film interconpection layers 22-1
shown in FIG. 8F also comesponds to the second level interconnection
pattern 6-1 of the second interconnection layer 6.

If the pattem pitch of the metal thin film interconnection layers
22-1 is not so narrow, then it is possible as a modification that after the
mectal thin film 21 has been formed, then the resist pattem is formed on the
metal thin film 21 so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film 21. The used resist mask is then removed. The
metal thin film 21 is then sclectively etched by use of the Cu-plated
patterns as a mask thereby to form the metal thin film intexconnection
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film

contact layers 23-1 in the openings 19-1.

In accordance with the above described method and its
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modification, it is possible that the thickoesses of .the resist film and the
metal thin film interconnection layers 22-1 arc not more than 1
micrometcrs. _ f
| With reference to FIG. 8G, an insulative resin thip film 18-2 is
then formed ovcr the metal thin film interconnection layérs 22;1 and the
insulativc resin thin film 18-1. The insulative resin thin film 18-2 may
comprisc 2 polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or 2 physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
siliconc based resins, polyolefin bascd resins, cyanate ester based resins,
phenol based rcsins, naphthalcne based resins are avaﬂable for th.e
insulative resin thin film 18-2. If a fine paftem of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-2 is selectively removed to form openings 19-2
in the insulative resin thin film 18-2 and over the metal thin film
interconncction layeré 22-1. A resist film is applied on the insulative resin
thin film 18-2 and then pattemed by an exposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-2.
If the insulative resin thin film 18-2 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattem.as a

mask to form the openings 19-2 in the insulative resin thin film 18-2. If the
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insulative resin thin film 18-2 is madc of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-2 is
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-2 in the insulative resin thin film 18-2. The metal
thin film interconnection layers 22-1 are partially shown through thc
openings 19-2 formed in the inﬁulative resin thin film 18-2. The used resist
pattern is then removed.

With refercnce to FIG, 8H, an adhesive metal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-2
and the shown parts of the metal thin film interconnection layers 22-1 by a
sputtcring method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-based alloy, a Mo-based alloy, or a W-bascd alloy. Subsequently,
a metal electrode thin film is also cntirely formed on the adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
clectroless plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thip film which extends on the surface of
the insulative rcsin thin film 18-2 and within the openings 19-2 over the
metal thin film interconnection Jayers 22-1. A resist film is entirely formed
on the metal thin film and then patterned by an cxposure and a subsequent
development to form a resist pattern over the metal thin film. The metal
thin film is then patterned by a wet etching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact layers 23-2 in the
openings 19-2 and motal thin film interconnection layers 22-2 over the
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insulative resin thin film 18-2, wherein thc metal thin film interconnection
layers 22-2 are in contact directly with the metal thin film contact layers
- 23-2, 5o that the metal thin film interconnection Jayers 22-2 are electrically
connected through the metal thin film contact layers 23-2 to the meta] thin
film 'intcrconnection layers 22-1. The used resist mask is then rcmoved.
The metal thin film interccﬁnection layers 22-1 shown in FIG. 8H
correspond to the sccond level interconnection pattem 6-1 of the second
interconnection layer 6 shown in FIG. 6. The insulative resin thin film 18-2
shown in FIG. 8H also corresponds to the second level insulating layer 6-2
of the second interconnection layer 6 shown in FIG. 6. The metal thin film
contact layers 23-2 shown in FIG. 8H also corresponds to the second level
contact layer 6-3 of the second interconnection layer 6. The metal thin film
interconnection layers 22-2 shown in FIG. 8H also comresponds to the third
level interconnection pattern 7-1 of the third interconnection layer 7.

If the pattern pitch of the mctal thin film interconnection layers
22-2 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the’ resist pattern is formed on the
metal thin fikm so that a selcctive electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then sclectively etched by use of thc Cu-plated patterns as a
mask thereby to form the metal thin film interconnection layers 22-2 over

the insulative resin thin film 18-2 and the metal thin film contact layexs 23-
2 in the openings 19-2,
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In accordancc with the above described method and its
modification, it is possible that the thicknesses of the resist film and the
metal thin film interconnection layers 22-2 are not morc than 1
micrometers.

With reference to FIG. 8, an- insulative resin thin film 18-3 is
then formed over the metal thin film interconnection layers 22-2 and the
insulative resin thin film 18-2. The insulative resin thin film 18-3 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor

deposition method. In place of the polyimide based resin, silicon dioxide

based inorganic materials, and organic materials such as epoxy based resins,

silicone based resins, polyolefin based resins, cyanate ester based resins,
pheno] bascd resins, naphthalene based resins are available for the

insulative resin thin film 18-3. If a fine pattern of not more than 1.0

micrometer is required, it is preferable to use the silicon dioxide based

inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-3 is selectively removed to form openings 19-3
in the insulative resin thin film 18-3 and over the metal thin film
interconnection Jayers 22-2. A resist film is applied on the insulative resin
thin film 18-3 and then patterned by an exposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-3.
If the insulative rcsin thin film 18-3 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-3
is selectively rcmoved by a wet etching by use of thc resist pattern as a
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mask to form the openings 19-3 in the inswlative resin thin film 18-3. If the
insulative iesin thin film 18-3 is made of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-3 is
selectively removed by a dry etching by usc of the resist pattem as a mask
to form the openinés 19-3 in the insulative resin thin film 18-3. The metal
thin film interconnection layers 22-2 are partially shown through the
openings 19-3 formed in the insulative resin thin film 18-3. The used resist
pattern is then removed.

With reference to FIG. 83, an adhesive metal thin film is cxitirely
formcd which extends on the surface of the insulative resin thin film 18-3
and the shown parts of the metal thin film interconnection layers 22-2 by a
sputtering method. The adhesive mctal thin film may be made of a Ti-based
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently,
a metal electrode thin film is also entirely formed on the adhesive metal
thin film by a sputtering mcthod, a chemical vapor deposition or an
electroless plating mcthod. The metal clectrode thin film may be made of

Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal

electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-3 and within the openings 19-3 over the
metal thin film interconnection layers 22-2. A resist film is entirely formed
on the metal thin film and then patterned by an exposure and a subsequent
dovelopment to form a resist pattern over the metal thin film. The metal
thin film is then patterned by a wet etching or a dry etching by use of the

resist pattern as a mask to form metal thin film contact layers 23-3 in the
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opcnings 19-3 and metal thin film interconnection layers 22-3 over the
- insulative resin thin film 18-3, wherein thc metal thm film interconnection
layers 22-3 are in coﬁtact directly with the metél thin film contact layers
23-3, so that the metal thin film iriterconnecﬁon layers 22-3 are elcctrically
connected through the metal thin film contact layers 23-3 to the metal thin
film interconnection laycrs' 22-2. The used resist mask is then removed.
The metal thin film interconnection layers 22-2 shown in FIG. 8J
correspond to the third level interconnection pattern 7-1 of the third
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3
~ shown in FIG. 87 also corresponds to the third level insulating layer 7-2 of
the third interconnection layer 7 shown in FIG. 6. The metal thin film
contact layers 23-3 shown in FIG. 87 also cotresponds to the third level
contact layer 7-3 of the third intcrconnection layer 7. The metal thin film
interconnection laycrs 22-3 shown in FIG. 8J also corresponds to the fourth
leve] interconnection pattern 8-1 of the third interconnection layer 8.
If the pattern pitch of the metal thin film interconnection layers
22-3 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selectivc electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the mctal thin film, The uscd resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film interconnection layers 22-3 over

the insulative resin thin film 18-3 and the metal thin flm contact layers 23-
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3 in the openings 19-3.

In accordance with the above described method and its
modification, it is possible that the thicknesses of the resist film and ihe
metal thin film interconncction layers 22-3 are not more than 1
- micrometers. | |

With reference to ¥IG. 8K, an insulative resin thin film 18-4 is
then formed over the metﬁl thin film interconnection layers 22-3 and the
insulative resin thin film 18-3. The insulative resin thin film 184 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide |
based inorganic materials, and organic materials such as cpoxy based resins,
siliconc based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene bascd resins arc available for the
insulaﬁQe resin thin film 18-4. If a fine pattern of not more th;m 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-4 is selectively removed to form openings 19-4
in the insulative resin thin film 18-4 and over the metal thin film
interconnection layers 22-3. A resist film is applicd on the insulative résin
thin film 18-4 and then patterned by an exposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-4.
If the insulative resin thin film 18-4 is made of a material which is

removable by a chemical etching process, the insulative resin thin film 184

68
This Sheet Has Been Replaced




is selectivcly removed by a wet etching by usc of the resist patiern as a
' mask to form the openings 19-4 in the fnsulative resin thin film 18-4. If the
insulative resin thin film 18-4 is madc of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-4 is
selectively rcmbved by a dry etching by usc of the resist pattern as a mask
to form the Opemngs 19-4 in the insulative resin thin film 18-3. The metal
thin film interconnection layers 22-3 arc parntially shown through the
opcnings 19-4 formed in the insulative resin thin film 18-4. The used resist
pattermn is then removed. |

With reference to FIG. 8L, an adhesive metal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-4
and the shown parts of the mctal thin film intcrconnection layers 22-3 by a
sputtering method. The adbesive metal thin film may be made of a Ti-based
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently,
a mctal electrode thin film is also cntirely formed on the adhesive metal
thin film by a sputtering mcthod, a chemical vapor deposition or an
electroless plating method. The metal electrodc thin film may be madc of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-4 and within the openings 19-4 over the
metal thin film interconnection layers 22-3. A resist film is entirely formed
on the metal thin film and then patterned by an exposure and a subsequent
dcvelopment to form a resist pattern over the metal thin film.-The metal

thin film is then patterned by a wet etching or a dry etching by usc of the
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Tesist pattern as a mask to form metal thin film contact layers 234 in the
openings 19-4 and pad electrodes 22-4 ovcr the insulative resin thin film
18-4, wherein the pad electrodes 22-4 arc in contact directly with the meta]
thin film contact layers 23-4, so that the pad electrodes 22-4 are electricaliy
connectcd through the metal thin film contact layers 23-4 to the metal thin
film interconncction layers 22-3. The used resist mask is then removed.
The metal thin film interconnection Jaycrs 22-3 shown in FIG. 8L
correspond to the fourth level intcrconnection pattern 8-1 of the fourth
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4
shown in FIG. 8L also corresponds to the fourth level insulating layer 8.2
of the fourth interconnection layer 8 shown in FIG. 6. The mertal thin film
contact layers 23-4 shown in FIG. 8L also corresponds to the fourth level
contact layer 8-3 of the fdurth interconnection layer 8. The pad electrodes
22-4 shown in FIG. 8L also corresponds to the fifth level interconnection
pattern 9-1 of the fifth interconnection layer S. .

If the pattern pitch of the pad electrodes 22-4 is pot so narrow,
then it is possible as a modification that after the metal thin film has bcen
formed, then the resist pattern is formed on the metal thin film so that a
selective electroplating of metal such as Cu is carried out by use of the
resist pattern as a mask to form Cu-plated patterns over the metal thin film.
The used resist mask is then removed. The metal thin film is then
selectively ctched by use of the Cu-plated patterns as a mask thereby to

form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the

metal thin film contact layers 23-4 in thc openings 19-4.
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In accordance with the above described mothod and its
modification, it is possible that the thicknesses of the resist film and the pad
clectrodes 224 are not more than 1 micromctefs.

With refercnce to FIG. 8M, a solder resist film. 24 is then formed
over the pad electrodes 22-4 and the insulative resin thin ﬁlm 18-4 in order
to protect the multilayer intérconnection board 3 having the pad electrodes
24. The solder resist film 24 shown in FIG. 3M correISponds to the fifth
level insulating layer 9-2 of the fifth interconucction layer 9 shown in FIG.
6. The solder resist film 24 may comprise an organic insulating film such
an epoxy tesin film containing an inoiganic filler such as fine powders of
silicon dioxide. Alternatively, thc solder resist film 24 may be made of a'
material which has a large resistivity to external chemical stress, and a large
resistivity to a Flux cleaning solution or an Au plating solution as well as a
high adhesiveness to a sealing material such as an under-fill material. If the
above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 18-4
are highly resistive to the chemical and chemical stresses, it is poésible asa
modification to eliminate the formation of the solder resist film 24. The
solder rtesist film 24 is sclectively removed to form openings 24a in the
soldcr resist film 24 and over the pad electrodes 22-4. If the solder rcsist
film 24 is made of a non-photosensitive material, a resist film is applied on
the solder resist film 24 and then patterned by an exposure and a
subsequent development to form a resist pattern on the solder resist film 24,
so that the solder resist film 24 is selectively removed by a wet etching by

use of the resist pattern as a mask to form the openings 24a in the solder
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resist film 24, followed by removal of the used resist pattern. If the solder
resist film 24 is madc of a photoscnsitive material, then the solder resist
film 24 is directly patterned by an exposure and a subsequent development
to form the openings 24a in the solder resist film 24. The electrode pads 22-
4 are partially shown through the openings 24a formed in the solder resist
film 24.

With reference to FIG. 8N, semiconductor chips 2 are mounted
on the multilaycr interconnection board 3, wherein the semiconductor chips
2 have the plural bumps 14, and the plural bumps 14 are made into contact
with the electrode pads 22-4 of the multilayer intcréonnecﬁon board 3, so
that the semiconductor chips 2 are electrically connected through the plural |
bumps 14 to the multilayer interconnection board 3, If the bumps 14 arc
made of a metal based solder matesial such as Sn or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux is available for bonding the
plural bumps 14 to the eclectrode pads 22-4 of the multilayer
interconnection board 3. If the bumps 14 are made of a meta] based solder
material such as Au or In, a flip-chip bonding utilizing a thermo-
compression bonding is available for bonding the plural bumps 14 1o the
elcctrode pads 22-4 of the multilayer interconnection board 3.

With refcrence to FIG. 80, the high rigidity plate 16 is
completely removed by an etching process, whereby the multilayer
interconnection board 3 remains. The extemal electrode pads 17-1 in the
first interconnection layer 5 and the pad clectrodes 22-4 in the fifth

interconnection layer 9 are then subjected to an electroless plating for
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plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on
the external electrodc pads 17-1 and the pad electrodes 22-4 in order to
improve a bonding property between the external electrode pads 17-1 and
also 2 bonding property between the pad clectrodes 22-4 and the bumps 14
of the semiconductor chip 2. As a result, the multilayer interconnection
board 3 is completed, which comprises plural unit multilayer
interconnection boards.

With reference to FIG. 8P, an insulative resin material 31 is
formed which coats side walls of the semiconductor chips 2, an inter-space
between the semiconductor chips 2 and the multilayer interconnection
board 3 around the bumps 14 and the surface of the solder resist film 24 of
the multilayer interconnection board 3 in order to protect the
semiconductor chips 2, the bumps 14 and the multilaycr interconnection
board 3. This coating process is carmried out by use of a resin injection
technique involving a vacuum sealing technique or a transfer scaling
technique. The insulative resin material 31 may be madc of one of €poxy
resin materials, silicone resin materials, pquimide resin matenals,
polyolefin resin materials, cyanatc ester resin materials, phenol resin
materials and paphthalene rcsin materials.

With refercnce to FIG. 8Q, solder balls 13 are formed which are
in contact directly with the extcrnal electrode pads 17-1 of the multilayer
interconnection board 3 to form a semiconductor device 1 having the
multilayer intcrconnection board 3 and the plural semiconductor chips 2

mounted thereon. The solder balls 13 serve as extemal terminals. The
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_ soldcr balls 13 may be made of a metal bascd material such as Sn or Pb.
The solder balls 13 may also be free of. lead. The solder balls 13 may be
made of an electrically conductive matcrial having a low melting point, a
high heat conductivity and a rapid solidity as well as a large surface tension
so that the electrically conductiﬁe material becomes in the form of balls.
The semiconductor device 1 is then diced by use of a dicing blade to divide
the semiconductor device 1 into plural unit semiconductor devices 32 or
flip-chip semiconductor devices 32, each of which comprises the multilayer
interconnection board 3 and the single semiconductor chip 2 mounted
thereon.

With reference back to FIG. 4, a heat conductive adhesive layer'
41 is provided on a top surface of the scmiconductor chip 2. A heat
spreader 42 is provided on the heat conductive adhesive laycf 41 so that the
heat spreader 42 is adhered through the heat conductive adhesive Jayer 41
to the top surface of the semiconductor chip 2. A heat generated in the
semiconductor chip 2 is conducted through the heat conductive adhesive
Iayer 41 to the heat spreader 42 for causing a heat radiation from the heat
spreader 42. Thc heat spreader 42 may be made of a heat conductive
material such as a metal basc material, for example, Cu, Al, W, Mo, Fe, Ni,
and Cr, or Al203, AIN, SiC, other ceramics such as mullite. The heat
conductive adhesive layer 41 may be made of a resin bascd material
~contaiming a heat conductive material, wherein the resin based material
may bc one of epoxy resin materials, silicone resin materials, polyimide

resin materials, polyolefin resin materials, cyanatc ester resin materials,
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phcnol resin materials and naphthalene resin materials, whilst the heat
conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond,
Al203, AlN, and ceramic materials such as mullite, BN and SiC.

The flip-chip is usually applied to .2 high speed logic device

having a large numbér of pins, for which reason the heat radiation from the

semiconductor chip 2 is irnpdrtant. In this embodiment, the heat spreader
42 is provided to improve the heat radiation characteristic of the flip-chip
semiconductor device 32.

In accordanf with the present invention, the base material of the

multilayer interconnection board is not largely different in thermal

expansion cocfficient from the semiconductor chip to reduce a stress

applied between the multdayer interconnection board and the
semiconductor chip, thereby keeping a high reliability in connection
between the multilayer interconnection board and the semiconductor chip.
The rcduction in stress applied between the multilayer interconnection
board and the semiconductor chip makes it unnecessary to increase the
thicknesses of thc multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
for stress relaxation, but makes it possible that the thicknesses of the
multilevel interconncctions 17-1, 2-1, 22-2, 22-3 and 24 are thin, for
cxample, not more than 1 micrometer. A motallization technique for the
scmiconductor wafer and an apparatus therefor are utilized for allowing the
resist films and the multilevel interconnections 17-1, 2.3, 22-2, 22-3 and 24

to be patterncd finely, thereby permitting a further shrinkage of the

Interconncction patterns.
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Further, the multilayer interconncction board remains adhered or
fixed to the high rigidity plate such as the metal plate during when the
multilayer interconnection board is formed, so that the high rigidity plate
provides or ensures é high planarity to the mﬁltilayer interconnection board. |
Even the high rigidity plate is different in linear expansion coefficient from
the multilayer interconnection board, the high rigidity plate suppresses
gencration of intema) stress in the multilayer interconncction board and
expansion of the multilayer interconnection board, so that the high rigidity
plate suppresses the multilayer interconnection board from being bent,
whefcby the muliilayer interconnection board is froce from any
ruisalignment in pattcrning the insulating layers and the intercomnection
l.ayers, resulting in a high yield of the flip-chip semiconductor device.

As described above, the high rigidity plate is necessary or
important for keeping the multilayer interconnection board to have the high
planarity until themmultilayer interconnection board is completed.
Notwithstanding, thc high rigidity plate is not necessarily needed to the
final product, for example, the flip-chip semiconductor device, for which
reason as described above, after the multilaycr interconnection board has
been completed, then the high rigidity plate is removed. After the high
rigidity platc is removed from the bottom surface of the multilayer
interconnection board, then the bottom surface of the multilayer
interconnection board is shown, for which reason the bottom or first
insulating layer of the multilayer interconnection board may preferably be

made of an insulating material such as an organic material which has a
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flexibility to an cxternally applied strcss.

Accordingly, the single multilayer interconnection board is
adhered or fixed to the one side of the high rigidity plate to form an
asymmetric structure. The high rigidity plate prevents the multilaycr
interconnection b_oﬁrd from being bent during the fabrication of the
multilayer interconnection board. If the multilayer interconnection boards
are adhered or fixed to both surfaces of the high rigidity plate, then it is
necessary to form through holes in the high rigidity platc. In accordance
. with the present invention, however, it is unnecessary to form such the
through holes in the high ngidity plate, whereby there are raised no
problem with defect of the final product due to dusts generated in forming
the through holes in the high rigidity plate nor problem with increase in the
manufacturing cost due to additional process for forming the through holes
in the high rigidity plate.

In this embodiment, the high rigidity platc is removed from the
multilayer interconnection board after the semiconductor chips have been
mounted on the multilayer interconnection board. When the semiconductor
chips arc mounted on the multilayer interconnection board, the multilayer
interconncction board still remains adhcred or fixed to the high rigidity
plate, so that in order to ensurc or keep the high planarity of the multilayer
interconnection board, the high rigidity platé suppresses various strains of
the entirc or part of the multilayer interconnection board and the
semiconductor chips due to mechanical and thermal stresses applied to the .

multilayer interconnection board and the semiconductor chips.
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Accordingly, it is possiblc to remove the high rigidity plate from
the multilayer interconnection board any times after the multilayer
interconnection board has been completed and before the solder balls are

formed.

THIRD EMBODIMENT :
A third embodiment according to the present invention will be
described in detail with reference to the drawings, The third embodiment is
| different from the first embodiment only in the fabrication processes for the
flip-chip scmiconductor device 32, for which reason the following
descriptions will focus on the fabrication processes and the description of |
the structure of the flip-chip semicouductor device 32 will be omitted.

FIGS. SA through 9P are fragmentary cross sectional elcvation
views illustrative of a novel method of forming a semiconductor device
having a multilaycr intcrconnection board on which a semiconductor chip
is mounted in a third embodiment in accordance with the present invention.

With reference to FIG. 9A, a high rigidity plate 16 is preparcd.
The high rigidity plate 16 may be made of any matcrial having a high
tigidity. Metals such as Cu-, Ni-, Al-, W-, Mo-, Au-, Ag- and Pt-based
metals, complcx materials of different metals and ceramics are available for
the high rigidity platc 16.

With reference to FIG. 9B, an adhesive metal layer of a metal
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base
alloy is formed on a first surface of the high rigidity plate 16 by a
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sputtering method. An electrode material laycr of a metal such as Cu, Al
and Ni is then formed on the adhesive metal layer by a sputtering method
to form laminations of thc adhesive métal layer and the electrode material
layer. A resist film is then applied on the laminations of the adhesive metal
layer and the electrode material layer. The resist film is then pattemed by
an exposure and a subsequent development to form a resist pattern. A
selective wet etching process or a selective dry etching process to the
laminations of the adhesive metal layer and the electrode material layer is
camried out by use of the resist pattern as a mask so as to pattern the
laminations of the adhcsive metal Jayer and the electrode ‘material layer,
whereby external electrode pads 17-1 are selectively formed on the first
surface of the high rigidity plate 16. The used resist pattern is then
removed.

- If a minimum pitch of the external electrode pads 17-1 is not so
narrow, then it is possible as a modification that a resist is coated directly
on the first surface of the high rigidity plate 16 and then patterned by an
exposure and a2 development to form a resist pattern before a selective
electroplating of metal is then carried out by use of the resist pattern as a
mask, followed by removal of the used resist pattern.

With reference to FIG. 9C, an insulative resin thin film 18-1 is
then formed over the extemal clectrode pads 17-1 and the first surface of
the high rigidity plate 16. The fnsulative resin thin film 18-1 may comprise
a polyimide based resin thin film which may be formed by a spin coating

method, a chemical vapor deposition method or a physical vapor deposition
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méthod. In place of the polyimidc based resin, silicon dioxide based
inorganic materials, and organic materials' such as cpoxy based resins,
siliconc based rcsms, polyolefin based rcsms Cyanate cster bascd resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-1. If a fine pattern of not more than 1.0
micrometer is required, it is prefcrable to use the silicon dioxide based
inorganic matenals for utilizing diffusion processes of sémigonductor.

With reference to FIG. 9D, the insulative resin thin film 18-1 is
selectively removed to form openings 19-1 in the insulative resin thin film
18-1 and over the external electrode pads 17-1. A resist film is applied on
the insulative resin thin film 18-1 and then patterned by an exposure and a
subsequent development to form a resist pattern on the insulative resin thin
film 18-1. If the insulative resin thin film 18-1 is made of a material which
is removable by a chemical etching process, the insulative resin thin film
18-1 is selectively removed by a wet etching by use of the rcsist pattcrn as
a mask to form the openings 19-1 in the insulative resin thin film 18-1, If
the insulative resin thin film 18-1 is made of a matcrial which is
unremovable by the chemical ctching process, the insulative resin thin film
18-1 is sclectively removed by a dry etching by use of the resist pattern as a
mask to form the openings 19-1 in the insulative résin thin film 18-1. The
external clectrode pads 17-1 are partially shown through the openings 19-1
formed in the insulative resin thin film 18-1. The used resist pattemn is then

removed.

With reference to FIG. O, an adhesive melal thin film 21a is
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entircly formed which extends on the surface of the insulative resin thin
film 18-1 and thc shown parts of the cxternal electrode pads 17-1 by a |
sputtering method. The adhesive metal thin film 212 may be made of a Ti-
b'ased alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subsequently, a ‘motal electrode thin film 21b is also cntirely formed on the
adhesive metal thin film 21a by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
21b may be made of Cu, Al or Ni. Laminations of the adhesive meral thin
film 21a and the metal electrode thin film 21b form a metal thin film 21
which extends on the snrfécc of the imsulative resin thin film 18-1 and
within the openings 19-1 over the extcrnal electrode pads 17-1.

With reference to FIG. 9F, 2 resist film is entirely formed on the
- metal thin film 21 and then patterned by an exposure and a subsequent
development to form a resist pattern over the metal thin film 21. The metal
thin film 21 is then patterned by a wet etching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact layers 23-1 in the
openings 19-1 and metal thin film interconncction layers 22-1 over the
insulative resin thin film 18-1, wherein the metal thin film interconnection
layers 22-1 are in contact directly with the metal thin film contact layers
23-1, s0 that the metal thin film interconnection laycrs 22-1 are electrically
connected through the mctal thin film contact layers 23-1 to the external
electrode pads 17-1. The used resist magk is then removed. The external
electrode pads 17-1 shown in FIG. 9F correspond to the first level

interconnection pattern 5-1 of the first intcrconnection layer 5 shown in
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FIG. 6. The insulative resin thin film 18-1 shown in FIG. 9F also
corresponds to the first level insulating layer 5-2 of the first interconnecﬁon
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in
FIG. 9F also corresponds to the first lcvel contact layer 5-3 of the first
interconnection layer 5. The metal thin film interconnectién layers 22-1
shown in FIG. 9F also corrcsponds to the second level interconncction
pattern 6-1 of the second interconnection layer 6.

If the pattern pitch of the metal thin film interconnection layers
22-1 is not so narrow, then it is possible as a modification that after the
metal thin film 21 has been fonncd, then the resist pattern is formed on the
mctal thin film 21 so that a selective clectroplating of metal such as Cu is |
carried out by usc of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film 21. The used resist mask is then removed. The
metal thin film 21 is then selectively etched by use of the Cu-plated
patterns as 2 mask thereby to form the metal thin film interconnection
laycrs 22-1 over the insulative resin thin film 18-1 and the metal thin film
contact layers 23-1 in the openings 19-1.

In accordance with thc above described method and its
modification, it is possible that the thicknesses of the resist film and the

metal thin film interconnection laycrs 22-1 are not more than 1

micrometers.

With reference to FIG. 9G, an insulative resin thin film 18-2 is
then formed over the metal thin film interconnection layers 22-1 and the

insulative resin thin film 18-1. The insulative resin thin film 18-2 may
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comprise 2 polyimide based resin thin film which may be formed by a spiﬁ
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimidc based resin, silicon dioxide
based inorganic materials, and organic materials such as cpoxy based resins,
~ silicone based rosins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-2. If 2 fine pattern of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic mateﬁals for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-2 is selectively rcmoved to form openings 19-2
in the insulative resin thin film 18-2 and over the metal thin film
interconnection layers 22-1. A resist film is applied on the insulative resin
thin film 18-2 and then patterned by an cxposure and a subsequent
devclopment to form a resist pattern on the insulative resin thin film 18-2.
If the insulative resin thin film 18-2 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the
insulative resin thin film 18-2 is made of a material which is unremovable
by the chemical erching process, the insulative resin thin film 18-2 is
selcctively removed by a dry etching by usc of the resist pattern as a mask
to form the openings 19-2 in the insulative resin thin film 18-2. The metal
thin film interconncction layers 22-1 are partially shown through the

openings 19-2 formed in the insulative resin thin film 18-2. The used resist
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pattcmn is then removed.

With reference to FIG. 9H, an adhesive metal thin film is entircly
formed which extends on the surface of the insulative resin thin film 18-2
and the shown parts of the meta] thin film interconncction layers 22-1 by a
spuitering method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-baséd alloy, a Mo;based alloy, or 2 W-based alloy. Subscquently,
a metal electrode thin film is also entirely formed on the adhesive metal
thin film by a spuftering method, a chemical vapor deposition or an
electroless plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-2 and within the openings 19-2 over the
meta] thin film interconnection layers 22-1. A resist film is cntireiy formed
on the meta] thin film and then patterned by- an cxposure and a subsequcht
development to form a resist pattem over the metal thin film. The metal
thin film is then patterned by a wet etching or a dry etching by use of the
rcsist pattcrn as a mask to form metal thin film contact layers 23-2 in the
openings 19-2 and metal thin film interconnection layers 22-2 over the
insulative rcsin thin film 18-2, wherein the mctal thin film interconnection
layers 22-2 ave in contact directly with the metal thin film contact layers
23-2, so that the metal thin film interconneé:tion layers 22-2 are electrically
connected through the metal thin film contact layers 23-2 to the metal thin
film interconnection layers 22-1. The used resist mask is then removed.

The metal thin film interconnection layers 22-1 shown in FIG. SH
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correspond to the second level interconnection pattern 6-1 of the second
interconnection layer 6 shown in FIG. 6. The insulativc resin thin film 18-2
shown in FIG. 9H also corresponds to the second level insulating layer 6-2
of the second interconnection layer 6 shown in FIG. 6. The metal thin filtm
contact layers 23-2 shown in FIG. 9H also corresponds to the secoﬁd level
contact layer 6-3 of .the second interconnection layer 6. The metal thin film
interconncction laycrs 22-2 shown in FIG. 9H also corresponds to the third
lcvel interconnection pattern 7-1 of the third interconnection layer 7.

If the pattern pitch of the metal thin film interconnection layers
22-2 is not so parrow, then it is possible as 2 modification that after the
metal thin film bas becn formed, then the resist pattem is formed on the |
metal thin film so that a sclective clectroplating of metal such as Cu is
carried out by use of tile resist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The retal
thin film is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film interconncction layers 22-2 over
the insulative resin thin film 18-2 and thc metal thin film contact layers 23-
2 in the openings 19-2. |

In accordance with the above described method and its
modification, it is possible that the thicknesses of the resist film and the
metal thin film interconnection layers 22-2 are not more than 1
Ticrometers. ‘

With reference to FIG. 91, an insulative resin thin film 18-3 is

then formed over the metal thin film interconnection layers 22-2 and the
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insulative resin thin film 18-2. The insulative resin thin film 18-3 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide
based ino.rganic. materials, and organic materials such as epoxy based resins,
silicone based resins, polyoicﬁn based resins; cyanate ester based resins,
phenol based resins, naphthalcne based resins are available for the
'insulativc resin thin film 18-3. If a finc pattern of pot more than 1.0
micrometer is required, it is preferable to usc the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-3 is selectively removed to form openings 19-3 |
in the insulative resin thin film 18-3 and over the metal thin film
intcrconnection layers 22-2. A resist film is applied on the insulative resin
thin film 18-3 and then patterned by an exposure and a subsequent
~developmcnt to form a resist patten on the insulative resin thin film 18-3.
If the insulative resin thin film 18-3 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-3
Is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the
insulative resin thin film 18-3 is made of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-3 is
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-3 in the insulative resin thin film 18-3. The metal

thin film intcrconnection laycrs 22-2 are partially shown through the

. —— 86
This Sheet Has Been Replaced




openings 19-3 formed in the insulative resin thin film 18-3. The used resist

pattern is then removed.

With reference to FIG. 97, an adhesive metal thin film is entirely
formed which extends on the surféce of the insulative resin thin film 18-3
and the shown parts of the metal thin film interconnection layers 22-2 by a
sputtering method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-based alloy, a Mo-based alloy, or a W-bascd alloy. Subsequently,
a metal electrode thin film is also entirely formed on the adhesive metal
thin film by a sputtering mcthod, a. chemical vapor deposition or an
electroless plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-3 apd within the openings 15-3 over the
metal thin film interconncction layers 22-2. A resist film is entirely formcd
~ on the metal thin film and then patterned by an exposure and a subsequent
devclopment to form a resist pattern over the metal thin film. The metal
thin film 1s then patterncd by a wet etching or a dry etching by use of the
resist pattern as a mask to form taetal thin film contact layers 23-3 in the
openings 19-3 and metal thin film interconnection layers 22-3 over the
insulative resin thin film 18-3, wherein the metal thin film interconnection
layers 22-3 are in contact directly with the metal thin film contact layers
23-3, so that the mctal thin film interconnection layers 22-3 are electrically
connected through the metal thin film contact layers 23-3 to the mctal thin

film interconnection layers 22-2, The used 1esist mask is then removed.
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The metal thin film inferconnection layers 22-2 shown in FIG. 9J
conespond' to the third level interconnection pattern 7-1 of the third
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3
shown in FIG. 9] also corresponds to the third level insulating layer 7-2 of
the third interconnection layer 7 shown in FIG. 6. The meta] thin film
contact laycrs 23-3 shown m FIG. 97 also corresponds to the third level
contact layer 7-3 of the third interconnéction layer 7. The metal thin film
interconnection layers 22-3 shown in FIG. 9] also corresponds to the fourth
level interconncction patterﬁ 8-1 of the third interconnection layer 8.

If the pattern pitch of the metal thin film interconnection layers
22-3 is not so natrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film interconnection layers 22-3 over
the insulative resin thin film 18-3 and the metal thin film contact layers 23-
3 in the openings 19-3.

In accordancc with the above described mecthod and its
modification, it is possible that thc thicknesses of the resist film and the
metal thin film interconmection layers 22-3 are not more thap 1

micrometers.

With reference to FIG. 9K, an insulative resin thin film 18-4 is
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then formed over the metal thin film intcrconnection layers 22—3 and the |
insulative resin thin film 18-3. The insulative Tesin thin film 18-4 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition mcthod or a physical vapor
deposition method. .In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalenc based resins ate available for the
insulative resin thin film 18-4. If a fine pattern of not more than 1.0 -
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-4 is selectively removed to form openings 19-4
in the jusulative resin thin film 18-4 and over the metal thin film
interconnection layers 22-3. A resist film is applied on the insulative resin
thin film 18-4 and then pattemed by an exposure and a subscquent
development to form a resist pattern on the insulative resin thin film 18-4,
If the insulative resin thin film 18-4 is ‘made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-4
is selectively removed by a weot etching by use of the resist pattern as a
mask to form the openings 19-4 in the insulative vesin thin film 18-4. If the
insulative resin thin film 18-4 is made of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-4 is
selectively removed by a dry etching by use of the resist pattern as a mask

to form the openings 19-4 in the insulative resin thin fitro 18-3. The metal
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thin film in.terconnectbn layers 22-3 arc partially shown through the
openings 19-4 formed in the insulative resin thin film 18-4. The used resist
pattern is then removed. |

With reference to FIG. 9L, an adhesive metal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-4
and the shown parts of the :ﬁetal thin film interconnection layers 22-3 by a
sputtering method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. Subsequently,
a mctal electrode thin film is also entirely formed on the adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
electroless plating method. The metal electrode thin film may be made of |
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thin film which extends on the surfacc of
the insulative resin thin film 18-4 and within the openings 19-4 over the
metal thin film interconnection layers 22-3. A resist film is cntirely formed
on the metal thin film and then pattcrned by an cxposure and a subsequent
development to form a resist pattern over the metal thin ﬁlm. The metal
thin ﬁlm 1s then patterned by a wet etching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact layers 23-4 in the
openings 19-4 and pad electrodes 22-4 over the insulative resin thin film
18-4, wherein the pad clectrodes 22-4 are in contact directly with the metal
thin film contact layers 23-4, so that the pad electrodes 22-4 are electrically
connected through the metal thin film contact layers 23-4 to the metal thin
film interconnection layers 22-3. The used resist mask is then removed.
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The metal thin fihﬁ interconncction layers 22-3 shown in FIG. 9L
correspond to the fourth level iriterconnection pattern 8-1 of the fourth
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4
shown in FIG. 9L also corresponds to the fourth level insulating layer 8;2
of the fourth iﬁtcrcomecﬁon layer 8 shown in FIG. 6. The metal thin film
contact layers 23~4 shown in FIG. 9L also corresponds to the fourth level
contact layer 8-3 of the fourth interconnection layer 8. The pad clectrodes
22-4 shown in FIG. 9L also corresponds to the fifth level interconnection
pattern -1 of the fifth interconnection layer 9.
| If the pattern pitch. of the pad electrodes 22-4 1s not so nafrow,
then it is possible as a modification that after the metal thin film has been
formed, then the resist pattcmn is formed on the metal thin film so thar a
selective electroplating of metal such as Cu is carried out by use of the
resist pattern as a mask to form Cu-plated patterns over the metal thin film.
The used resist mask is then removed. The metal thin film is then
selectively etched by use of the Cu-plated patterns as a mask thereby to
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the
metal thin film contact layers 23-4 in the openings 19-4.
In accord.ance with the above described method and its

modification, it is possiblc that the thickncsses of the resist film and the pad
electrodes 22-4 are not more than 1 micrometers.

With reference to FIG. 9M, a solder resist film 24 is then formed
over the pad electrodes 22-4 and the insulative resin thin film 18-4 in order
to protect the multilayer interconnection hoard 3 having the pad electrodes
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24. The solder resist film 24 shown in FIG. 9M corresponds to the fifth
level insulating laycr 9-2 of the ﬁft‘n interconnection layer 9 shown in FIG.
6. The solder resist film 24 may comprise an organic msulatmg film such
an epoxy resin film containing an inorganic filler such as ﬁne powders of
silicon dioxide. Alternatively, the soldcr resist film 24 may be made of 2
material which has a large résistivity to external chemical stress, and a large
resistivity to a2 Flux cleaning solution or an Au plating solution as well as a
high adhesiveness to a sealing material such as an under-fill material. If the
above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 184
are highly resistivc to the chemical and chemical stresses, it is possible as a
‘modification to eliminate the formation of the solder resist film 24, The
solder resist film 24 is selectively removed to form openings 24a in the
solder resist film 24 and over the pad electrodes 22-4. If the solder resist
film 24 is made of a non-photosensitive material, a resist film is applied on
the solder resist film 24 and then patterned by an exposure and a
subsequent development to form a resist pattern on the solder resist film 24,
so that the solder resist film 24 is selectively removed by a wet etching by
use of the resist pattcrn as a mask to form the openings 24a in the solder
resist film 24, followed by removal of the used resist pattern. If the solder
resist film 24 is made of a photosensitive material, then the solder resist
film 24 is directly pattcrned by an exposure and a subsequent development
to form the openings 24a in the solder resist film 24. The electrode pads 22-

4 arc partially shown through the openings 24a formed in the solder resist
film 24.

is Sheet Has Been Replaced

T




. With reference to FIG. 9N, semiconductor chips 2 are mountcd
~on the multilayer interconnection board 3, wherein the semiconductor chips
2 havc the plural bumps 14, and the plural bumps 14 are made into contact
with the electrode pads 22-4 of the multilayer interconnection board 3, so
that the semiconductor chips 2 are electrically connected through the plural
bumps 14 to the multilayer interconnection board 3.l1f thc_bumps 14 are
made of a mctal based solder matcrial such as So or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux is available for bonding the
pl.ural bumps 14 to the electrode pads 22-4 of the multilayer
interconnection board 3. If the bumps 14 are made of a metal based solder
material such as Au or In, a flip-chip bonding utilizing a thermo-’
compression bonding is availab_lc for bonding the plural bumps 14 to the
electrode pads 22-4 of the multilayer intcrconnection board 3.

With reference to FIG. 90, an insulative resin material 31 is
formed which coats side walls of the semiconductor chips 2, an inter-space
between the semiconductor chips 2 and the multilayer interconnection
board 3 around the bumps 14 and the surface of the solder resist film 24 of
the multilayer interconnection board 3 in order to: protect the
semiconductor chips 2, the bumps 14 and the multilayer interconnection
board 3. This coating process is carried out by use of a resin injection
technique involving a vacuum sealing iechnique or a transfer sealing
technique. The insulative resin material 31 may be made of one of epoxy

resin materials, silicone resin materials, polyimide resin materials,

polyolefin resin materials, cyanate estcr resin materials, phenol resin

93
This Sheet Has Been Replaced

\\\\\\\\\\\\\\\\\\\\\\\\\



e ——————

matcrials and naphthalene resin materials. |

With reference to FIG. 9P, a heat conductive adhesive laycr 41 is
provided on a top surface of the scmiconductor chip 2. A heat spreader 42
is provided on the heat conductive adhesive layer 41 ‘so that thc heat
spreader 42 is adhered through the heat conductive adhesive layer 41 to the
top surface of the semiconductor chip 2. A beat generated in the
semiconductor chip 2 is conducted through the heat conductive adhesive
layer 41 to the heat spreader 42 for causing a heat radiation from the heat
spreader 42. The heat sprcader 42 may be made of a heat conductive
material such as a metal base material, for example, Cu, Al, W, Mo, Fe, Ni, |
and Cr, or Al203, AIN, SiC, other ceramics such as mullite. The heat
conductive adhesive layer 41 may bc made of a resin bascd material
containing a heat conductive matcrial, wherein the resin based material
may be one of epoxy resin materials, silicone resin materials, polyimide
resin materials, polyolefin resin materials, cyanate ester resin materials,
phenol resin materials and naphthalene resin materials, whilst the heat
conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond,
Al203, AIN, and ceramic materials such as mﬁllite, BN and SiC.

With reference back to FIG. 4, the high rigidity plate 16 is
completely removed by an etching process, whercby the multilayer

interconnection board 3 remains. The external electrode pads 17-1 in the

first intercomnection layer 5 and the pad electrodes 22-4 in the fifth
interconnection layer 9 are then subjected to an electroless plating for
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on
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the cxternal electrode pads 17-1 and the pad electrodes 22-4 in order to -
improve a bonding property between the external electrode pads 17-1 and
also a bonding property between the pad electrodes 22-4 and the bumps 14
of the semiconductor chip 2. As a result, the multilayer interconncction
board 3 is completed, which comprises plural unit multilayer
intcrconnection boards.

Solder balls 13 are formed which are in contact directly with the
cxternal electrode pads 17-1 of the multilayer interconnection board 3 to
form a semiconductor device 1 having the multilayer interconnection board
3 and the plural semiconductor chips 2 mounted thereon. The solder balls
13 serve as external terminals. The solder balls 13 may be made of a metal
based material such as Sn or Pb. The solder balls 13 may also be free of
lead. The solder balls 13 may be madc of an electrically conductive
material having a low melting point, a high heat conductivity and a rapid
solidity as well as a large surfacc tension so that the electrically conductive
material becomes in the form of balls. The scmiconductor device 1 is then
diced by use of a dicing blade to divide the semiconductor device 1 into
plural unit semiconductor devices 32 or flip-chip semiconductor devices 32,
each of which comprises the multilayer interconnection board .3 and the
singlc scmiconductor chip 2 mounted thereon.

The flip-chip is usually applied to a high spced logic devicc.
having a large number of pins, for which reason the heat radiation from the
semiconductor chip 2 is important. In this embodiment, the heat spreader

42 is provided to improve the heat radiation characteristic of the flip-chip
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semiconductor device 32.

In accordant with the present invention, the base material of the
multilayer interconnectioﬁ board is pot la:geiy different in thermal
expansion coefficient from the semiconductor chip to reduce a stress
applied between the- mﬁltilayer interconnection board and the
semiconductor chip, thereby keeping a high reliability in connection
betwcen the multilayer interconnection board and the semiconductor chip.
The reduction in stress applied between the multilayer interconnection
board and the semiconductor chip makes it unnecessary to increase the
thicknesses of the multileve] interconnections 17-1, 2-1, 22-2, 22-3 and 24
for stress relaxation, but makes it possible that the thickmesses of the-
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for
example, not more than 1 micrometer. A me;tallization technique for the
semiconductor wafer and an apparatus therefor are utilized for allowing the
resist films and the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
to be patterned finely, thereby permitting a further shrinkage of the
interconnection patterns.

Further, the multilayer interconnection board remains adhered or
fixed to the high rigidity platc such as the metal plate during when the
multilaycr intcrconnection board is formed, so that the high rigidity plate
provides or ensures a high planarity to the multilayer interconncction board.
Even the high rigidity plate is different in linear expansion coefficient from
the multilayer interconnection board, the high rigidity plate suppresses
generation of internal stress in the multilaycr interconncction board and
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cxpansion of the multilayer interconnection board, so that the high rigidity
platc suppresses the multiiayer interconnection board from being bent,
whereby the multilayer interconnection board is free from any
misalignment in patterning the insulating layers and the interconnection
layers, resulting in a high yield of thc flip-chip semiconductor device.

As described above, the high rigidity plate is necessary or
important for keeping the multilayer interconnection board to have the high
planarity until the multilayer interconnection board is completed.
Notwithstanding, the high rigidity plate is not necessarily needed to the
final product, for example, the flip-chip semiconductor device, for which
reason as described above, after the mu]ti]éyer interconnection board has
been completed, then the high rigidity plate is removed. After the high
rigidity plate is removed from the bottom surface of the multilayer
interconnection board, then the bottom surface of the multilayer
intcrconncction board is shown, for which rcason the bottom or first
insulating layer of the multilayer interconnection board may preferably be
made of an insulating material such as an organic material which has a
ﬂegibility to an externally applied stress.

Accordingly, the single multilayer interconnection board is
adhcred or fixed to the one side of the high rigidity plate to form an
asymmetric structure. The high rigidity platc prevents the multilayer
interconnection board from being bent during the fabrication of the
mullilayer interconnection board. If the multilayer interconnection boards

are adhered or fixed to both surfaces of the high rigidity plate, then it is
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necessary to form through holes in the high rigidity pléte. In accordance
with the present invention, however, it is unnecessary to form such the
through holes in the high rigidity plate, whercby there are raised no

- problem with defect of the final product due to dusts gcperated in forming
the through holes in fhe high rigidity plate nor prbblcm with incréasé in the
manufacturing cost due to additional process for forming the through holes
in the high rigidity plate.

In this embodiment, the high rigidity plate is removed from the
multilayer interconnection board after the semiconductor chips have been
mounted on the multilayer interconnection board. When the semiconductor
chips are mounted on the multilayer interconnection board, the multilayer
interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer

. interconnection board, the high ngidity plate suppresscs various strains of
the entire or part of the multﬂayer interconnection board and the
semiconductor chips due to mcchanical and thermal stresses applied to the
multilayer interconnection board and the semiconductor chips.

Accordingly, it is possible to removc the high rigidity plate from
the multilayer interconnection board any times after the multilayer

interconnection board has been completed and before the solder balls are

formed.

In this embodiment, the high rigidity plate is removed from the
multilayer interconnection board after the heat spreader has been adhered
through the heat conductive adhesive layer to the semiconductor chips
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mounted on the multilayer interconnection board and before the soldes
balls are formed. When the semiconductor chips are mounted on the

multilayer interconnection board and then the heat spreader are then
| adhercd through the heat conductive adhesive laycr to the semiconductor
chips mounted on the multilayer interconnection board, the multilayer
interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity plate suppresses various straips of
the entire or part of the multilayer interconnection board and the
semiconductor chips due to mechanical and thermal stresses applied to the

multilayer interconnection board and the scmiconductor chips.

FOURTH EMBODIMENT :

A fourth embodiment according to the present invention will be
‘described in detail with reference to the drawings. A difference of the
fourth embodiment from the first embodiment is in further providing a
buffer layer as a first substrate layer between solder balls and external
clectrode pads for allowing relaxation to stress applied between the flip-
'chip semiconductor device and the circuit.board. In the end user’s side, the
flip-chip semiconductor device is mounted through the solder balls to the
circuit board which is not illustrated. The solder balls have a small stand-
off height which is insufficient for relaxation of the stress applied between
the flip-chip semiconductor device and the circuit board. The buffer layer

as a first substrate layer is provided between the solder balls and the
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external clectrode pads for relaxation of the stress applied between the flip-
chip semiconductor device and the circuit board. |

FIG. 10 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chi;; is mounted in a .fourth embodiment according to the
presént invention. A semiconductor device 32 has a multilayer
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted
on the multilayer interconnection board 3, wherein a first surface of the
flip-chip semiconductor chip 2 is electrically connected through bumps 14
to a first surface of the multilayer intercomnection board 3. A second
surfacc of the multilayer interconnection board 3 has arrays of external
electrodc pads 17 on which a buffer layer 4 is formed. Solder balls 13 are
formed on a bottom surface of the buffer layer 4. The buffer layer 4
compriscs plurality of metal buffer Jayers 11 which are in contact with the
external electrode pads 17. The buffer layer 4 1s thus provided between the
externa) electrode pads 17 of the multilayer interconnection board 3 and the
solder balls 13. The buffer layer 4 comprising plural metal buffer layers 11
has a sufficient stand-off height for relaxing the stress applied between the
flip-chip scmiconductor device 32 and the circuit board not illustrated.
Further, .a supporting frame 25 is provided which extends on a peripheral
region of the bottom surface of the multilayer interconnection board 3. The
supporting frame 25 protects the multilayer interconnection board 3 and the
buffer layer 4 comprising plurality of metal buffer layers 11 from

mechanical stresses when the product is handled. Since the buffer layer 4
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comprises the plural metal buffer layers 11, the external elcctrode pads 17
of the multilayer intcrconnection board 3 are electrically connected through
the plural metal buffer layers 11 to the solder balls 13. A sealing resin
material 31 is provided over the first surface of the multilayer
intcrconnection board 3 for sealing the semiconductor chip 2 and the
bumps 14. A heat conductive adhesive layer 41 is provided on a second
surface of the semiconductor chip 2. A heat spreader 42 is prosided on the
heat conductive adhesive layer 41 so that the heat spreader 42 is adhered
through the heat conductive adhesive layer 41 to the second surface of the
scmiconductor chip 2. The bumps 14 and the solder balls 13 are eclectically
connected to each other through multilevel interconnections of the

multilayer interconnection board 3.

The structure of the multilaycr interconnection board 3 is the

same as in the first embodiment and as shown in FIG. 6.

FIGS. 11A through 118 arc fragmentary cross sectional elevation
views illustrative of a novel method of forming a scmiconductor device
having a multilayer interconncction board on which a semiconductor chip
is mounted in a fourth embodiment in accordance with the present
invention.

With reference to FIG. 114, a high rigidity plate 16 is prepared.
The high rigidity plate 16 may be made of any material having a high
rigidity. Metals such as Cu-, Ni-, Al-, W-, Mo-, Au-, Ag- and Pt-based
metals, complex materials of different metals and ceramics are available for

the high rigidity plate 16.
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With reference to FIG. 11B, an adhesive metal layer of a metal
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, apd a W-base
alloy is formed on a first surface of the high rigidity plate 16 by a
sputtcring method. An electrode material layer of a metal such as Cu, Al,
and Ni is then formed on the adhesive meral laycr by a sputiering method
to form laminations of the a&hesive metal layer and the clectrode material
layer. A resist film is then applied on the laminations of the adhcsive metal
layer and the electrode material layer. The resist film is then patterned by
an cxposure and a subsequent development to form a resist pattern. A
selective wet ctching process or a selective dry etching process to the
laminations of the adhesive metal layer and the elcctrode material layer is
carricd out by use of the resist pattem as a mask so as to pattern the
laminations of the adhesive metal layer and the electrode material layer,
whereby cxternal electrode pads 17-1 are selectively formed on the first
surface of the high rigidity plate 16. The used resist pattexrn is then
removed. |

If a minimum pitch of the extemnal electrode pads 17-1 is not so
narrow, then it is possible as a modification that a resist is coated directly
on the first surface of the high rigidity plate 16 and then patterncd by an
exposure and a development to form a resist patfcm before a selective
electroplating of metal is then carried out by use of the resist pattern as a
mask, followed by removal of the used resist pattern.

With reference to FIG. 11C, an insulative resin thin film 18-1 is
then [ormed over the external clectrode pads 17-1 and the first surface of
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the high rigidity plate 16. The insulative resin thin film 18-1 may comprise
a polyimide based resin thin film which may be formed by a spin coating
method, a chemical vapor deposition method or a physical vapor deposition
method. In place of the polyimidc bascd resin, silicon dioxide based
inorganic materials,. and organic materials such as epoxy based rcsins,
siliconc based resins, polybleﬁn based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-1. If a fine pattern of not more than 1.0
micrometer is requii'cd, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processcs of semiconductor.

With reference to FIG. 11D, the insulative resin thin film 18-1 is.
selectively removed to form openings 19-1 in the insulative rcsin thin film
18-1 and over the external electrode pads 17-1. A rcsist film is applied on
the insulative resin thin film 18-1 and then paiterned by an exposure and a
subsequent development to form a resist pattern on the insulative resin thin
film 18-1. If the insulative resin thin film 18-1 is made of a material which
is removable by a chemical etching process, the insulative resin thin film
18-1 is sclectively removed by a wet etching by use of the resist pattern as
a mask to form the openings 19-1 in the insulative rcsin thin film 18-1. If
the insulative resin thin film 18-1 is made of a material which is
unremovable by the chemical ctching process, the insulative resin thin film

18-1 is selectively removed by a dry etching by use of the resist pattern as 2
* mask to form the openings 19-1 in the insulative resin thin film 18-1, The

external electrode pads 17-1 arc partially shown through the openings 19-1
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formed in the insulative resin thin film 18-1. The used resist pattem is then
removed.,

With reference to FIG. 11E, an adhesive metal thin film 21a is
entircly formed which extends on the surface. of the ihsulativc csin thin
film 18-1 and the shown parts of the external electrode pads 17-1 by a
sputtering method. The adhesive metal thin film 21a may be made of a Ti-
based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subsequently, a metal electrode thin film 21b is also entirely formed on the
adhesive metal thin film 21a by a sputtering method, 2 chemical vapor
deposition or an electroless plating method. The metal electrode thin film
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin
film 21a and the metal electrode thin film 21b form a metal thin film 21
which extends on the surface of the insulativc resin thin film 18-1 and

within the openings 19-1 over the external electrode pads 17-1.

With reference to FIG. 11F, a resist film is entirely formed on the

metal thin film 21 and then patterned by an exposure and a subsequent
development to form a resist pattern over the metal thin film 21. The metal
thin film 21 is then pattcrned by a wet etching or a dry etching by use of the
tesist pattern as a mask to form mctal thin film contact layers 23-1 ia the
openings 19-1 and metal thin film interconnection layers 22-1 over the
insulative resin thin film 18-1, wherein the metal thin film interconnection
layers 22-1 are in contact directly with the metal thin film contact layers
23-1, so that the metal thin film interconnection layers 22-1 are electrically

connected through the mctal thin film contact layers 23-1 to the external
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electrode pads 17-1. The used resist mask is then removed. The extemal
e]cétrbdc pads 17-1 shown in FIG. 11F correspond to the first Jevel -
interconnection pattern 5-1 of the first interconnection layer 5 shown in
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 11F also
corrcsponds to the ﬁjTSt level insulating layer 5-2 of the first interconnection
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in
FIG. 11F also corresponds to the first level contact layer 5-3 of the first
interconnection layer 5. The metal thin film interconnection layers 22-1
shown in FIG. 11F also corresponds to the second level interconnection
pattern 6-1 of the second interconnection layer 6. |

If the pattern pitch of the metal thin film intcrconncction laycrs
22-1 is not so narrow, then it is possible as a modification that after the
metal thin film 21 has been formed, then the resist pattemn is formed on the
metal thin film 21 so that a selective'electmplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated pattcrns
over the metal thin film 21. The used resist mask is then removed. The
metal thin film 21 is then selectively etched by use of the Cu-plated
patterns as a mask thereby to form the metal thin film interconnection
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film
contact layers 23-1 in the openings 19-1.

In accordance with the above described method and. its
modification, it is possible that the thicknesses of the resist film and the

metal thin film interconnection Jayers 22-1 are not more than 1

micrometers.
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With reference to FIG. 11G, an insulative resin thin film 18-2 is.
then formed over the metal thin film interconnection layers 22-1 and the
insulative resin thin film 18-1. The insulative resin thin film 18-2 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In placé of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, ‘naphthalene based resins are available for the
insulative resin thin film 18-2. If a fine pattem of not i_nofc than 1.0
micrometer is required, it is preferable to usc the silicon dioxide based
inorganic materials for uﬁlizing diffusion processes of semiconductor. The
insulative resin thin film 18-2 is sclcctively removed to form openings 19-2
in the insulative resin thin film 18-2 and over the metal thin film
interconnection laycrs 22-1. A resist film is applicd on the insulative resin
thin film 18-2 and then patterned by an cxposure and a subsequent

development to form a resist pattern on the insulative resin thin film 18-2.

If the insulative tesin thin film 18-2 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the
insulative resin thin film 18-2 is made of a materal which is unremovable
by the chemical ctching process, the insulative resin thin film 18-2 is
sclectively removed by a dry etching by use of the resist pattern as a mask
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to form thc'openings 19-2 in the insulative resin thin film 18-2. The metal
thin film interconnection layers 22-1 are partially shown through the
openings 19-2 formed in the insulative resin thin film 18-2. The used resist
pattcrn is then removed,

With reference to FIG. 11H, an adhesive metal thin film is
entirely formed which extends on the surface of the insulative resin thin
film 18-2 and the shown parts of the metal thin film interconnection layers
22-1 by a sputtering method. The adhesive metal thin film may be made of
a Ti-bascd alloy, a Cr-based alloy, a Mo-based alloy, or a W-based éuoy.
Subseqﬁcntly, a metal clectrode thin film is also entirely formed on the
adhesive metal thin film by a .sputt'ering method, a2 chemical vapor
deposition or an electroless plating method. The metal clectrode thin film
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film
and the metal electrode thin film form a metal thin film which cxtends on
the surface of the insulative resin thin flm 18 2 and within the openings
19-2 over the metal thin film intcrcomnection layers 22-1. A resist film is
entirely formed on the mctal thin film and then patterned by an exposure
and a subsequent development to form a resist pattem over the metal thin
film. The metal thin film is then patterned by a wet etching or a dry etching
by use of the resist pattern as a mask to form metal thin film contact layers
23-2 in the openings 19-2 and metal thin film interconnection layers 22-2
over the insulative resin thin film 18-2, wherein the metal thin film
interconnection layers 22-2 are in contact direct]y with the metal thin film

contact layers 23-2, so that the metal thin film interconnection Jayers 22-2
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are clectrically connected through the metal thin film contact layers 23-2 to
the metal thin film interconnection layers 22-1. The used resist mask is then
removed. The metal thin film interconnection layers 22-1 shown in FIG.
- 11H correspond to the second levcl interconnection pattern 6-1 of the
sccond interconnection layer 6 shown in FIG. 6. The insulative resin thin
film 18-2 shown in FIG. 11H also comgsponds to the second level.
insulating layer 6-2 of the second interconnéctién lajex 6 shown in FIG. 6.
The metal thin film contact layers 23-2 shown in FIG. 11H also
corresponds to the sccond level contact layer 6-3 of the second
interconnection layer 6. The metal thin film interconnection laycfs 222
shown in FIG. 11H also corresponds to the third level interconnection
pattern 7-1 of the third interconnection layer 7. |

If the pattern pitch of the metal thin film intcrconncction layers
22-2 is not so narfow, then it is possible as a modification that after the
metal thin film has been formed, then the resist péttem is formed on the
roetal thin film so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattcrn as a mask to form Cu-platcd patterns
over the meta] thin film. The used resist mask is then removed. The mctal
thin film is’ then selectively etched by usc of the Cu-plated patterns as a
mask thereby to form the metal thin film interconnection layers 22-2 over
the insulative resin thin film 18-2 and the metal thin film contact layers 23-
2 In the openings 19-2.

In accordance with the above described method and its

modification, it is possibie that the thicknesses of thc resist film and the
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metal thin film interconncction layers 22-2 are not more than 1
" mmicrometers.

With reference to FIG. 111, an insulative resin thin film 18-3 is
then formed over the metal thin film intcrcornection layers 22-2 and the
insulative resin thin film 18-2. The insulative resin thin film 18-3 may
comprise a polyimidc based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyo]éﬂn based resins, Cyanate ester based xesins_,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-3. If a fine pattern of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-3 is selectively removed to forra openings 19-3
in the insulative resin thin film 18-3 and over the metal thin film
interconnection layers 22-2. A resist film is applied on the insulative resin
thin film 18-3 and then patterned by an exposure and a subsequent
development to form a rosist pattern on the insulative resin thin film 18-3.
If the insulative resin thin film 18-3 is made of a matcrial whiﬁ:h is
removable by a chemical etching process, the insulative resin thin film 18-3
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the

insulative resin thin film 18-3 is made of a material which is unremovable
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by the chemical etching process, the insulative resin thin film 18-3 is
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-3 in the insulative resin thin film 18-3. The metal
thin film interconnection léycrs '22-2 arc partially shown through the
openings 19-3 formed in the insulative resin thin film 18-3. The used resist
pattern is then removed.
With reference to FIG. 117, an adhesive metal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-3
and the shown parts of the metal thin film interconnection layers 22-2 by a
sputtering method. The adhcsive metal thin film may be made of a Ti-based
alloy, a Cr-based alloy, 2 Mo-bascd alloy, or a W-based alloy. Subsequently,
a metal electrode thin film is also entirely formed on the adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
clectroless plating method. The metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
| the insulative resin thin film 18-3 and within the openings 19-3 over the
metal thin film interconnection layers 22-2. A rosist film is entirely formed
on the metal thin film and then patterned by an exposure and a subsequent
development to form a resist pattern over the metal thin film, The meral
thin film is then pattemned by a wet etching or a dry etching by use of the
resist partern as a mask to form metal thin film contact layers 23-3 in the
openings 19-3 and metal thin film interconnection layers 22-3 over the

insulative resin thin film 18-3, wherein thc mctal thin film interconnection
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layers 22-3 are in contact directly with the metal thin film contact layers
23-3, so that the metal thin film interconnection layers 22-3 are clectrically
connected through the metal thin film contact layers 23-3 to thé metal thin
film interconncction layers 22-2. The used resist mask is then rcmoved.
The metal thin film interconnection layers 22-2 shown in FIG. 11J
correspond to the third level interconnection pattern 7-1 of the third
interconnection layer 7 shown in FIG. 6. The insulative rcsin thin film 18-3
shown in FIG. 11J also corresponds to the third level insulating layer 7-2 of
the third interconnection layer 7 shown in FIG. 6. The metal thin film
contact layers 23-3 shown in FIG. 117 also corresponds to the third level
contact laycr 7-3 of the third interconnection layer 7. The metal thin film |
interconnection layers 22-3 shown in FIG. 11J also corresponds to the
fourth level interconnection battem 8-1 of the third interconnection layer 8.

If the pattern pitch of the metal thin film interconnection layers
22-3 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask s then removed. The metal
thin Hlm is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film interconnection layers 22-3 over
the insulative resin thin film 18-3 and the metal thin film contact layers 23-
3 1in the openings 19-3.

In accordance with the above described method and its
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modification, it is possiblc that the thicknesses of the resist film and the
metal thin film interconnection layers 22-3 are not more than 1
micrometers.

With reference to FIG. 11K, an insulative resin thin film 18-4 is
then formed over the metal thin film interconnection layers 22-3 and the
insulative resin thin film 18-3. The insulative resin thin film 18-4 may
comprisc a polyimide based resm thin ﬁlm which may bc formed by a spin
coating mcthod, a chemical vapor deposmon method or a physical vapor
deposition method. In placc of the polyirmde based resin, silicon dioxide
bascd inorganic materials, and organic materials such as epoxy based restus,
silicone based reéins, polyolefin based rcsins, cyanate ester based resiné,'
phenol based resins, naphthalene bascd resins are available for the
insulative resin thin film 18-4. If a fine pattcrn of ot more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for ﬁtilizing diffusion processes of semiconductor. The
insulative resin thin film 18-4 is selectively removed to form opcnings 19-4
in the insulative resin thin film 18-4 and over the metal thin film
interconnection layers 22-3. A resist film is applied on the insulative resin
thin film 18-4 and then patterned by an cxposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-4.
If the insulative resin thin film 18-4 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-4
is selectively removed by a wet etching by use of the resist pattern as a

mask to form the openings 19-4 in the insulative resin thin film 18-4. If the
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insulative tesin thin film 18-4 is made of a material which is unremovable
by the chemical etching process-,. the insulative resin thin film 184 is
selectively removed by a dry etching by use of the resist pattern as 2 mask
1o form the openings 19-4 in the insulative rosin thin film 18-3. The metal
thin film interconnection layers 22-3 are partially shown through the
opcnings 19-4 formed in the insulative resin thin film 18-4. The used resist
pattern is then removed.

With reference to FIG. 11L, an adhesive metal thin film is
entircly formed which extends on the surfact;, of the insnlative resin thin
film 184 and thc shown parts of the metal thin film interconnection layers
22-3 by a sputtering method. The adhesive metal thin film may be made of
a Ti-based alloy, 2 Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subsequently, 2 metal electrodc thin film is also entirely formed on the
adhesive metal thin film by a sputtering method, a chemical vapor
deposition or an clectroless plating method. The metal electrode thin film
may be made of Cu, Al- or Ni. Laminations of the adhesive metal thin film
and the metal electrode thin film form a metal thin film which extends on
the surface of the insulative resin thin film 18-4 and within the openings
19-4 over the metal thin film interconnection layers 22-3. A resist film is
catirely formed on the metal thin film and then patterned by an exposure
and a subsequent development to form a resist pattern over the metal thin
film. The meta] thin film is then patterned by a wet etching or a dry eiching
by use of the resist pattern as 2 mask to form metal thin film contact layers

23-4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin
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thin film 18-4, wherein the pad electrodes 22-4 are in contact directly with
the metal thin film contact layers 23-4, so that the pad electrodes 22-4 are
electrically connected through the metal thin film contact layers 23-4 to the
metél thin film interconnection layers 22-3. Tl;e used resist mask is then
removed. The metal thin film interconnection layers 22-3 shown in FIG.
11L correspond to the fourth level interconnection patiern 8-1 of the fourth
interconnection layer 8 shown in FIG, 6. Tﬁe insulative resin thin film 18-4
shown in FIG. 11L also corresponds to the fourth level insulating Jayer 8-2
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film
contact laycrs 23-4 shown in FIG. 11L also corresponds to the fourth level
contact layer 8-3 of the fourth interconnection layer 8, The pad electrodes -
22-4 shown in FIG. 11L also corresponds to the fifth leve] interconnection
pattern 9-1 of the fifth interconnection layer 9.

If the pattern pitch of the pad elcctrodes 22-4 is not so narrow,
then it is possible as a modification that after the metal thin film has been
formed, then the resist pattern is formed on the metal thin film so thar a
selective electfoPIaﬁng of mefal such as Cu is carried out by use of the
resist pattern as a mask to form Cu-plated patterns over the metal thin film.
The used resist mask is then removed. The metal thin film is then
selectively etched by usc of the Cu-plated patterns as a mask thercby to
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the
metal thin film contact layers 23-4 in the openings 19-4.

In accordance with the above described method and its

modification, it is possible that the thicknesses of the resist film and the pad
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electrodes 22-4 are not more than 1 micrometers.

With rcfcrcnée to FIG. 11 M, a solder resist film 24 is then
formed over the pad electrodes 22-4 and the insulative resin thin film 18-4
in order to protect the multilayer interconnection board 3 having the pad
electrodes 24. The solder resist film 24 shown in FIG. 11M corresponds to
the fifth level insulating layer 9-2 of the fifth interconnection layer 9 shown
in FIG. 6. The solder resist film 24 may comprise an organic insulating film
such an epoxy resin film containing an inorganic filler such as fine powders
of silicon dioxide. Alternatively, the solder rcsist film 24 may be made of a
matcrial which has a large resistivity to external chemical stress, and a large
resistivity to a Flux cleaning solution or an Au plating solution as well as a -
high adhesiveness to a sealing material such as an under-fill material. If the
above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 18-4
are highly resistive to the chemical and chemical stresses, it is possible as a
modification to eliminate the formation of the solder resist film 24. The
solder rcsist film 24 is selectively removed to form openings 242 in the
solder resist film 24 and over the pad electrodes 22-4. If the solder resist
film 24 is made of a non-photosensitive ma'terial, a resist film is applicd on
the solder resist film 24 and then patterned by an exposurc and a
subsequent development to form a resist pattern on the solder resist film 24,
so that the solder resist film 24 is selectively removed by a wet ctching by
use of the resist pattemn as a mask to form the openings 24a in the solder
resist film 24, followed by removal of the used resist partern. If the solder

resist film 24 is made of a photosensitive material, then the solder resist
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film 24 is directly pattemned by an exposurc and a subsequent development
to form the openings 24a in the solder rcsist film 24. The elecirode pads 22-
4 are pértially shown through the openings 24a formed in the solder resist
film24.

With reference to FIG. 11N, a resist film is entirely applicd on a
bottom surface of the high rigidity plate 16 and then patterned by an
exposure and a subsequent development to form a resist pattern on the
bottom surface of the high rigidity plate 16. The high rigidity plate 16
comprising the metal plate is then selectively etched by use of the resist
pattem as a mask so as to form gaps 26 except under the external electrode
pads 17-1 and peripheral regions of the upnit multilayer interconnection
boards to be used for the flip-chip semiconductor device, and thus so as to
leave the high rigidity plate 16 under the external electrode pads 17-1 and
peripheral regions of the unit multilayer interconnection boards to be used
for the flip-chip semiconductor device, whercby plural metal layers 11 are
formed on the external electrode pads 17-1 and supporting frames 25 on the
_peripheral regions of the unit multilayer interconnection boards, wherein
the plural mctal layers 11 and the supporting frames 25 are defined by gaps
26. The gaps 26 rcach the bottom surface of the multilayer interconnection
board 3 so that thc plural metal layers 11 and the supporting frames 25 are
completcly separated by the gaps 26. Each of the plural metal layers 11 is
in the form of column or pillar.

With refercnce to FIG. 110, if the thickness of the high rigidity
plate 16 comprising the metal plate is thick, for example in the rangc of 500
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micrometers to 3 millimeters, it is dxfﬁcult to realize a highly accurate
sclective etching by use of the resist pattern beéausc the necessary time for
etching the high rigidity plate 16 comprising the metal plate is so long as
possibly causing that a .part of the rcsist pattern is etched dﬁring the ctching
process. For this reason, if the thickmess of the high tgidity plate 16
comprising the metal plate 1s thick, for example in the range of 500
micrometers to 3 millimeters, theo it is preferable that the high rigidity
plate 16 comprising the mctal plate is first selectively etched by a depth in
the range of more than a half of the thickncss of the high rigidity platc 16 to
less than the thickness of the high rigidity plate 16 by a laser beam
machining, an electric discharge machining or a selective cutting, whereby.
plural columns 11a arc formed under the extemal clectrode pads 17-1 and
plural columns 252 under the peripheral regions of the unit multilayer
interconnection boards, wherein the plural columns 1la and the plural
columns 25a are defined by gaps 26a. The gaps 26a do not reach the
bottom surface of the multilayer interconnection board 3 so that the plural
columns 112 and the columns 252 are partially separated by the gaps 26a.
Subsequently, an etching process is then carried out by use of the resist
pattern as a mask so as to increasc thc depth of the gaps 26a so that the
gaps 26 reach the bottom surface of the multilayer interconnection board 3
except under the external electrode pads 17-1 and peripheral regions df the
unit multilayer interconnection boards to be used for the flip-chip
semiconductor device, and thus so as to lcave the high rigidity plate 16

under the external electrode pads 17-1 and peripheral regions of the unit
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multilayer interconnection boards to be used for the flip-chip
semiconductor device, whereby plural mectal layers 11 are formed on the
external electrode pa'ds' 17-1 and supporting frames 25 on the peripheral
regions of the unit multilayer interconnection. boards, whercin the plural
metal layers 11 and'the supporting framcs 25 are dgﬁned by gaps 26. The
gaps 26 reach the bottom surface of the multilayer interconnection board 3
so that the plural mctal layers 11 and the supporting frames 25 are
- completely separated by the gaps 26. Bach of the plural metal layers 11 is
in the form of column or pillar. | |

With reference to FIG. 11P, semiconductor chips-2 are mounted
on the multilayer interconnection board 3, wherein the semiconductor chips
2 have the plural bumps 14, and the plural bumps 14 are made into contact
with the electrode pad§ 22-4 of the multilayer interconnection board 3, so
that the scmiconductor chips 2 are electrically connected through the plural
bumps 14 to the multilayer interconncction board 3. If the bumps 14 are |
made of a metal based solder material such as Sn or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux is available for bonding the
plural bumps 14 to the electrodc pads 22-4 of the multilayer
interconnection board 3. If the bumps 14 are made of a metal based solder
material such as Au or In, a flip-chip bonding utilizing a thermo-
conﬁpression bonding is available for bonding the plural bumps 14 to the
clectrode pads 22-4 of the multilaycr interconnection board 3.

The plural metal layers 11 of the buffer layer 4 arc then subjected
to an electroless plating for plating laminated Ni and Au laycrs or
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'laminated Zﬁ, Ni and Au laycrs on the plural metal layers 11 and the pad
electrodes 22-4 in order to improve 2 bonding propefty between the plural
metal layers 11 and also a bonding property between the pad electrodes 22-
4 and the bumps 14 of the scmiconductor chif) 2. As a result, the multilayer
interconnection board 3 is completed, which comprises plural unit
multilayer interconncction boards. A test for electnical characteristics of the
multilayer interconnection board 3 is then made, so that only quality-
confirmed units in the plural unit multilayer interconnection boards in the
electrical characteristic test arc then subjected to a mounting process for
mounting scroiconductor chips thereon.

With reference to FIG. 11Q, an insulative resin material 31 is
formed which coats side walls of the semiconductor chips 2, an inter-space
betwcen the semiconductor chips 2 and the multilayer interconncction
board 3 around the bumps 14 and the surface of the solder resist film 24 of
the xﬁﬁlﬁlayer interconnection board 3 in order to protect the
semiconductor chips 2, the bumps 14 and the multilayer interconnection
board 3. This coating proccss is carried out by use of a resin injection
technique involving a vacuum sealing techmiquc or a transfer scaling
technique. The insulative resin material 31 may be made of one of 'cpoxy
Tesin materials, silicone resin materials, polyimide resin materials,
polyolefin resin materials, cyanate ester resin materials, phenol resin
materials and naphthalene resin materials.

With reference to FIG. 11R, solder balls 13 are formed which arc
in contact directly with the bottoms of the plural metal layers 11 of the
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buffer layer 4 to form a semiconductor device 1 having' the multilaycr
. Interconnection board 3 and the plural semiconductor chips 2 mounted
thereon. The solder balls 13 serve as external terminals. The solder balls 13
may bc made of a metal bascd material such as Sn or Pb. The solder balls
13 may also be free of lead. The solder balls 13 may be made of an
clectrically conductive material having a low melting point, a high heat
conductivity and a rapid solidity as well as a large surface tension so that
the electrically conductive material becomes in the form of balls. Since the
plural metal layers 11 of the buffer layer 4 are electrically conductive, the
external clectrode pads 17-1 and the solder balls 13 are eclectically
connected through the plural metal layers 11 of the buffer layer 4. "

With reference to FIG. 118, the semiconductor device 1 is then
diced by use of a dicing blade to divide the semiconductor device 1 into
plural unit semiconductor devices 32 or flip-chip semiconductor devices 32,
each of which comprises the multilaycr interconnection board 3 and the
single semiconductor chip 2 mounted thereon.

With reference back to FIG. 10, 4 heat conductive adhesive layer
41 is provided on a top surface of the semiconductor chip 2. A heat
spreader 42 is provided on the heat conductive adhesive layer 41 so that the
heat spreader 42 is adhered through the heat conductivc adhcsive layer 41
to the top surface of the semiconductor chip 2. A heat generated in the
semiconductor chip 2 is conducted through the heat conductive adhesive
layer 41 to the heat spreader 42 for causing a heat radiation from the heat

spreader 42. The heat spreader 42 may be made of a heat conductive
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material such as a metal base material, for example, Cu, Al, W, Mo, Fe, Ni,
and 'Cr, or Al203, AIN, SiC, other ceramics such as mullite. The heat
'conductivé adhesive layer 41 may bc madc of 2 xcsin based material
oontaihing a heat conductive material, wherein the resin based material
méy be one of epéxy resin matcrials, silicone resin materials, polyimide
resin materials, polyolcf'm' resin materials, cyanate ester resin materials,
phenol resin materials and naphthalene resin materials, whilst the heat
conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, diamond,
Al203, AlN, and ceramic materials such as mullite, BN and SiC.

The flip-chip is usually applicd to a high speed logic device
havi}xg a large number of pins, for which reason the heat radiation from the.
semiconductor chip 2 is important. In this embodiment, the heat spreader
42 is provided to improve the heat radiation characteristic of the flip-chip
semiconductor device 32.

In accordant with the present invention, the base material of the
multilayer intcrconnection board is not largely different in thermal
expansion coefficient from the semiconductor chip to reduce a stress
applied between the multilayer interconnection board and the
semiconductor chip, thercby keeping a high reliability in connection
between the multilayer interconnection board and the semiconductor chip.
The rcduction in stress applied between the multilayer interconnection
board and the semiconductor chip makes it unnecessary to increase the
thicknesses of the multilevel intcrconnections 17-1, 2-1, 22-2, 22-3 and 24

for stress relaxation, but makes it possible that the thicknesses of the
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multilevel interconnections 17-1, 2-1, 222, 22-3 and 24 arc thin, for
exampl.c, not more than 1 micrometer. A metallization technique for the
semiconductor wafer and an apparatus therefor are utilized for allowing the
resist films and the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
to be patterned finely, thereby permitting a further shrinkage of the

interconnection patterns,

Further, the multilaycr interconnection board remains adhered or
fixed to the high rigidity plate such as the metal plate during when the
multilayer interconnection board is formed, so that the high rigidity plate
provides or ensures a high planarity to the multilayer interconnection board.
Even the high rigidity plate is different in linear expansion coefficient from
thc muitilayer interconnection board, the high rigidity plate suppresscs
generation of internal stress in the multilayer interconnection board and
expansion of the multilayer interconnection board, so that the high rigidity
plate suppresses the multilayer intcrconnéétion board from being bent,
whereby the multilayer interconnection board is free from any
misalignment in patterning the insulating layers and the interconnection
layers, resulting in a high yield of the flip-chip semiconductor device.

As described above, the high rigidity platc is necessary or
important for keeping the multilayer interconnection board to have the high
planurity until thc multilayer interconncction board is completcd,
Notwithstanding, the high zigidity plate is not nccessarily needed to the

final product, for example, the flip-chip semiconductor device, for which

reason as described above, after the multilayer interconnection board has
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been complcted, then the high rigidity plate is removed. After the high
rigidity plate is removed from the bottor surface of the multilayer
interconnection board, then thc bottom surface of the multilayer
interconmection board is shown, for which reason the bottom or first
insulating layer of the multilayer interconnection board may preferably be
madc of an insulating material such as an organic material which has a
flexibility to an externally applied stress.

Accordingly, the single multilayer intercomnection board is
adhered or fixed to the one side of the high ngidity plate to form an
asymmetric structure. Tpe. high rigidity plate prcvcnts the multilayer
intcrcdnnection board from being bent during the fabrication of the
multilayer intcrconnecﬁon board. If the multilayer interconnection boardé,
are adhered or fixed to both swrfaces of the high rigidity plate, then it is
nceessary to form through holes in the high rigidity plate. In accordance
with the present invention, howevcr, it is unnecessary to form such the
through holes in the high rigidity plate, whereby there are raised no
problem with defect of the final product due to dusts generated in forming
the through holes in the high rigidity plate nor problem with increase in the
manufacturing cost due to additional process for forming the through holes
in the high rigidity plate.

In the above embodiment, the high rigidity plate is removed after
the muldlayer interconnection board is complcted and before the
semiconductor chips are mounted on the multilayer interconnection board.

It is, however, possible to remove the high rigidity plate from the
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multilayer interconnection board after the scmiconductor chips have been
mounted on the multilayer intcrconnection board. When the semiconductor
chips are mounted on the multilayer interconncction board, the multilayer
interconncction board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity plate supprésscs various strains of
the entire or part of the multilayer interconncction board and the
semiconductor chips due to mcchanical and thermal stresses applied to the
multilajcr interconnection board and the semiconductor chips.

It 1s, also, possible to remove the high ngidity plate from the
multilayer interconnection board after the heat spreader has been adhered
through the heat conductive adhesive layer to the semiconductor chips
mounted on the multilayer interconncction board and before the solder
balls are formed. When the semiconductor chips are mounted on the
multiiéycr interconnection board and then the heat spreader arc then
adhered through the heat conductive adhesive layer to the semiconductor
chips mounted on the multilayer interconnection board, the multilayer
Interconnection board still remains adhered or fixcd to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
intcrconnection board, the high rigidity plate suppresses various strains of
the entirc .or part of the multilayer interconmection board and the
semiconductor chips due to mechanical and thermal stresscs applied to the
multilayer interconnection board and the semiconductor chips.

Furthcrmore, in the end user’s side, the above flip-chip
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~semiconductor device 32 is mounted through the solder balls 13 to a circuit
board which is not illustrated. The solder balls 13 have a small szand;off
height which is insufficient for relaxation of the stress applied between the
above flip-chip semiconductor device 32 and the circuit board. The buffer
layer 4 is formed on the extemal electrode pads 17 of the multilayer
interconncction board 3. Solder balls 13 are formed on the bottom surface
of the buffer layer 4. The buffer layer 4 comprises plurality of meral buffer
layers 11 which are in contact with the external electrode pads 17. The
buffer layer 4 is thus provided between the extemnal elcctrode pads 17 of
the multilayer interconnection board 3 and the solder balls 13. The buffer
layer 4 comprising plural metal buffer layers 11 has a sufficient stand-off
height for relaxing the stress applied between the flip-chip semiconductor
device 32 and the circuit board not illustrated due to a diffcrence in thermal
expansion coefficient between the flip-chip scmiconductor device 32 and
the circuit board. The buffer layer 4 further contributes to suppress the
multilayer interconnection board 3 from being bent. Furtber, the supporting
frame 25 is provided which extends on a pcripheral region of the bottom
surface of the multilayer interconncction board 3. The supporting frame 25
protects the multilayer interconnection board 3 and the buffer layer 4
comprising plurality of metal buffer layers 11 from mechanical stresses
when the product is bandled. Since the buffer layer 4 comprises the plural

metal buffer layers 11, the extemal electrode pads 17 of the multilayer

interconnection board 3 are electrically connected through the plural metal
buffer layers 11 to the solder balls 13.
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The stress is likcly to be concentrated to joint parts between the
plural metal buffer layers 11 of the buffer layer 4 and the extcrnal electrode
pads 17 of the multilayer interconnection board 3. Other novel technique

for solving this disadvantage will be provided in the following fifth

embodimcnt.

FIETY EMBODIMENT :

A fifth embodiment according to the present invention will be
described in detail with reference to the drawings. A difference of the fifth
embodiment from the fourth embodiment is in thar thc buffer layer
comprises the plural metal layers and stress absorption layers which are
provided between solder balls and extemal electrode pads for allowing
relaxation 10 stress applied betwecn the flip-chip semiconductor device and
the circuit board. In the end user’s side, the flip-chip semiconductor device
18 mounted through the solder balls to the c;,ixcuit board which is not
illustrated. The solder balls have a small stand-off height which is
insufficient for 'rélaxation of the stress applied between the flip-chip
semiconductor device and the circuit board. The buffer layer as a first
substrate layer is provided between the solder balls and the external
electrode pads for relaxation of the stress applied between the flip-chip
semiconductor device and the circuit board.

FIG. 12 is a cross sectiopal elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which

a scmiconductor chip is mounted in a fifth embodiment according to the
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present invention. A semiconductor device 32 bas a multilayer
interconhection board 3. A flip-chip semiconductor chip 2 is flip-mounted
on the multilayer interconncction board 3, wherein a first surface of the
flip-chip semiconductor chip 2 is electrically connectcd through bumps 14
to a first surface of the multilayer mnterconnection board 3. A second
surface of the multilayer interconncction board 3 has arrays of external
electrode pads 17 on which 2 buffer layer 4 is formed. Solder balls 13 are
formed on a bottom surface of the buffer layer 4. The buffer layer 4
comprises plural metal buffer laycrs 11 which are in contact with the -
external electrode pads 17 and a stress absorption layer 12 in gaps between
the plural metal buffer layers 11. The buffer layer 4 is thus provided .
between the cxternal electrode pads 17 of the multilayer interconnection
board 3 and the solder balls 13. The buffer layer 4 comprising plural metal
buffer layers 11 and thc stress absorption layer 12 has a sufficient stand-off
height for relaxing the stress applied between the flip-chip semiconductor
device 32 and the circuit board not illustrated. Further, a supporting frame
25 is provided which extends on a peripheral region of the botrom surface
of the multilayer interconnection board 3. The stress absorption layer 12 is
provided on the bottom surface of the multilayer interconnection board 3
except under the external electrode pads 17 and the peripheral region of the
multilayer intcrconnection board 3. The stress absorption layer 12 is also
provided between the plural metal buffer layers 11 and the supporting

frame 25. The stress absorption layer 12 has a multilayer structure which

has physical properties absorbiug stresses and strains, The strcss absorption
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Jaycr 12 may be made of a siliconc resin material. Organic materials such
as epoxy based rcsins, silicone based resins, polyolefin based resins,
cyanate ester based resins, phenol based resins, naphthalene based resins
are also available for the stress absorption layer 12. The supporting frame
25 protects the multilayer interconnection board 3 and the buffer layer 4
comprising plurality of metal buffer layers 11 from mechanical stresses
when the product is handicd. Since the buffer layer 4 comprises the plural
metal buffer layers 11, the cxternal electrode pads 17 of the multilayer
interconnection board 3 are electrically connected through the plural metal
buffer layers 11 to the solder balls 13. A sealing rcsin material 31 is
provided over the fixst surface of the multilayer interconnection board 3 for-
sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the
solder balls 13 arc eclectically connectcd to each other through multilevel
interconnections of the multilayer intcrconnection board 3.

The buffer layer 4 comprising the plural metal buffer layers 11
and the stress absorption layer 12 has a higher rigidity than the multilayer
interconnection board 3, provided that the.buffer layer 4 buffers or relaxes
the stress appiied between the multilayer intercopnection board 3 and the
circuit board not illustrated.

As a modification, it is possiblc for increasing the buffcring

ability of the stress absorption layer 12 to eliminate the supporting frame
25.

The structure of the multilayer interconnection board 3 is the

same 2s in the fourth embodiment and as shown in FIG. 6.
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FIG. 13 is a bottom plane view illustrative of 2 bottom side of the
flip-chip semiconductor device shown in FIG. 12. The solder balls 13 are
aligned in matrix over the second surface or the bottom surface of the
multilayer interconnection board 3 of the semiconductor devicc 3. The
supporting frame 25 extends on the pcripheral region of the multilayer
interconpection board 3. The stress absorption layer 12 extends around the
plural metal buffer layers 11 and are surrounded by the supporting frame 25.
- A volume ratio of the plural metal buffer laycrs 11 to the stress absorption
layer 12 and the alignment of the plural metal buffer layers 11 depend upon
the specifications of the final product which comprises the semiconductor
chip 2, the multilayer interconnection board 3 and the circuit board not
illustrated.

FIGS. 14A through 14S arc fragmentary cross sectional elevation
views illustrative of a nove! method of forming a semiconductor device
baving a multilayer interconncction board on which a semiconductpf chip
is mounted in a fifth embodiment in accordance with the present invention.

With reference to FIG. 14A, a high rigidity plate 16 is prepared.
The high rigidity plate 16 may be made of any material having a high
rigidity. Mctals such as Cu-, Nj-, Al-, W-, Mo-, Au-, Ag- and Pt-based
metals, complex materials of differcnt metals and ceramics are available for
the high rigidity plate 16. |

With reference 1o FIG. 14B, an adhesive mctal layer of a metal
such as a Ti-basc alloy, a Cr-base alloy, 2 Mo-base alloy, and a W-base

alloy is formed on a first surface of the high rigidity plate 16 by a
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Sputtcﬁﬁg method. An electrode material layer of a metal such as Cu, Al,
and Ni is then formed on the adhesive metal Jayer by a sputtering method
to form lamiﬁations of the adhesive metal layer and the electrode material
layer. A tesist film is then applied on the laminations of the adhesive metal
layer and the electrode material layer. The resist film is then patterned by
an exposure and a subsequent development to form a rcsist pattern. A
selective wet etching process or a selective dry etching process to the
Jeminatiogs of the adhesive metal layer and the electrode material layer is
carried out by use of the resist pattern as a mask so as to pattern the
laminations of the adhesive metal layer and the electrode material layer,
whereby extemal electrode pads 17-1 are sclectively formed on the first
surface of the high rigidity plate 16. The used resist pattern is then
removed.

If a minimum pitch of the external electrode pads 17-1 is not sa
narrow, then it is possible as a modification that a resist is coated directly |
on the first surface of the high rigidity platc 16 and then patterned by an
exposure and a development to form a resist pattern before a selective
electroplating of mctal is then carried out by use of the rcsist pattern as a
mask, followed by removal of the used resist pattern.

With reference to FIG. 14C, an insulative resin thin film 18-1 is
then formed over the external electrode pads 17-1 and the first surface of
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise
a polyimide based resin thin film which may be formed by a spin coating

method, a chemical vapor deposition method or a physical vapor deposition
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method. In place of the polyimide. based resin, silicon dioxidc based
inorganic materials, and organic materials such as epoxy based resins,
s'ilicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based fesins, naphthalenc based resins are available for the
insulative resin thin film 18-1. If a fine pattern of not morc than 1.0
micrometer is required, it is preferable to usc the silicon dioxide based |
inorganic materials for utilizing diffusion processes of semiconductor.

With reference to FIG. 14D, the insulative resin thin film 18-1 is
selectively removed to form openings 19-1 in the insulative resin thin film
18-1 and over the external electrode pads 17-1. A resist film is applicd on
the insulative resin thin film 18-1 and then pattcrned by an exposurc and a
subsequent development to form a resist pattern on the insulative resin thin
film 18-1. If the insulative resin thin film 18-1 is made of a material which
is removable by a chemical etching process, the insulative resin thin film
18-1 is selectively removed by a wot etching by use of the resist pattern as
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If
the insulative resin thin film 18-1 is made of a material which is
unremovable by the chemical ctching process, the insulative resin thin film
18-1 is selectively removed by a dry etching by use of the resist patfem asa
mask to form the openings 19-1 in the insulative resin thin film 18-1. The
external electrode pads 17-1 are partially shown through the opcnings 19-1
formed in the insulative rcsin thin film 18-1. The used resist pattcm is then

removed.

With refcrence to FIG. 14E, an adhcsive metal thin film 213 is
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entirely formed which extends on the surface of the insulative resin thin
film 18-1 and the shown parts of the external clectrode pads 17-1 by a
séuttcrlng method. The adhesive metal thin film 212 may be made of a Ti-
based alloy, a Cr-based alloy, 2 Mo-based alloy, or a W-based alloy.
Subsequently, a metal electrode thin film 21b is also entirely formed on the
adhesive metal thin film 21a by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin
film 21a and the metal electrode thin film 21b form a metal thin film 21
which extends on the surface of the insulative resin thin film 18-1 and
within the openings 19-1 over the external electrode pads 17-1.

With reference to FIG. 14F, a resist film is entirely formed on the
metal thin film 21 and then patterned by an exposwre and a subsequent
devclopment to form a resist pattern over the metal thin film 21. The metal
thin film 21 s then patterncd by a wet ctching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact laycrs 23-1 in the
openings 19-1 and metal thin film interconnection layers 22-1 over the
insulative resin thin film 18-1, wherein the metal thin film interconnection
layers 22-1 are in contact directly with the metal thin film contact layers
23-1, so that the metal thin film interconnection layers 22-1 are electrically
connected through the metal thin film contact layers 23-1 to the external
elcctrode pads 17-1. The used resist mask is then removed. The external
electrode pads 17-1 sbown in FIG. 14F correspond to the first level

interconnection pattern 5-1 of the first interconnection layer 5 shown in
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FIG. 6. The insulative resin thin film 18-1 shown in FIG. 14F also
corresponds to the first level insulating layer 5-2 of the first intcrconnectibn
layer 5 shown in FIG. 6. The mctal thin film contact laycrs 23-1 shown io
FIG. 14F also corresponds to the first lovel contact layer S-3 of the first
interconnection laycf S. The metal thin film interconnection layers 22-1
shown in FIG. 14F also corresponds to the second level interconnection
pattern 6-1 of the second interconnection layer 6. o

If the pattern pitch of the metal thin film interconnection layers
22-1 is not so narrow, then it is possible as a modification that aftcr the
metal thin film 21 has been formed, then the resist patté.rn is-formed on the
metal thin ilm 21 so that a selective electroplating of metal such as Cu is
carried out by use of the resist patterxi as a mask to form Cu-plated patterns
over the metal thin film 21. The used resist mask is then removed. The
metal thin film 21 is then selectively etched by use of the Cu-plated
patterns as a mask thercby to form the metal thin film interconnection
layers 22-1 over the insulatjve resin thin film 18-1 and the metal thin film
contact layers 23-1 in the openings 19-1.

In accordance with the above described method and its
modification, it is possible that the thicknesses of the reéist film and the

‘metal thin film interconnection layers 22-1 are not more than 1

micrometers.

With reference to FIG. 14G, an insulative resin thin film 18-2 js

then formed over the metal thin film interconmection layers 22-1 and the

insulative resin thin film 18-1. The insulative resin thin film 18-2 may

133

et Has Been Replaced

\\\\\\\\ TS



T T Y o virLL

comprisc a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor dcposition method or a physical vapor
dcposition method. In place of the polyimidc based resin, silicon dioxidc
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resinﬁ, polyolefin based resins, cyanatc ester based resin_s,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-2. If a fine pattern of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxidc based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative tesin thin film 18-2 is selectively removed to form openings 19-2
in the insulative resin thin film 18-2 and over the metal thin film
interconnection layers 22-1. A resist film is applied on the insulative resin
thin film 18-2 and then patterned by an exposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-2.
If the insulative resin thin film 18-2 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-2 in the insulative resin thin film 18-2. If the
insulative resin thin film 18-2 is made of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-2 is
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19.2 in the insulative resin thin film 18-2. The metal
thin film interconncction layers 22-1 are partially shown through the

openings 19-2 formed in the insulative resin thin film 18-2. The used resist
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pattern is then removed. |
With reference to FIG. 14H, an adhesive metal thin film is
entirely formed which extends on the surface of the insulative resin thin
film 18-2 and the shown parts of the metal thin film interconnection laycrs
22-1 by a spultering rhethod. The adhesive metal thin film may be made of
a Ti-based alloy, a Cr-bascd alloy, 2. Mo-based alloy, or a W-based -alloy.
Subsequently, a metal electrode thin film is also entirely formed on the
adhesive metal thin film by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film
and the metal electrode thin film form a metal thin film which extends on
the surface of the insulative resin thin film 18-2 and within the openings
19-2 over the metal thin film interconnection layers 22-1. A resist film is
entirely formed on the metal thin film and then pattermed by an exposurc
and a subsequcnt development 1o form a resist pattern over the metal thin
film. The metal thin film is then pattemed by a wet etching or a dry etching
by use of the resist pattern as a mask to form metal thin film contact layers
23-2 in the openings 19-2 and metal thin film interconnection layers 22-2
over the insulative resin thin film 18-2, wherein the metal thin film
interconnection layers 22-2 are in contact directly with the metal thin film
contact layers 23-2, so that the metal thin film interconnection layers 22-2
are electrically connected through the metal thin film contact layers 23-2 to
the metal thin flm interconnection layers 22-1. The uscd resist mask is then

removed. The metal thin film interconnection layers 22-1 shown in FIG.
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14H correspond to the second lcvel interconnection pattern 6-1 of the
second interconnection layer 6 shown in FIG. 6. The insulative resin thin
film 18-2 shown in FIG. 14H also corresponds to the sccond level
insulating layer 6-2 of the second interconnection layer 6 shown in FIG. 6.
The metal thin film contact layers 23-2 shown in FIG. 14H also
corresponds to the second level contact layer 6-3 of the second
interconnection layer 6. The mctal thin film intcrconnection layers 22-2
shown in FIG. 14H also corresponds to the third level interconnection
pattern 7-1 of the third interconnection layer 7.

If the pattern pitch of the mcta] thin film intcrconnection layers
22-2 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated pattcrns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated pattcns as a
mask thereby to form the metal thin film interconnection layers 22-2 over
the insulative resin thin film 18-2 and the metal thin film contact layers 23-
2 in the openings 19-2.

In accordance with the above described method and its
modification, it is possible that the thicknesses of the resist film and the
metal thin flm interconnection laycrs 22-2 are not more than 1

micrometers.

With reference to FIG. 141, an insulative rcsin thin film 18-3 is
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-then formed over the metal thin film interconnection layers 22-2 and the
insulative resin thin film 18-2. The insulative resin .thin film 18-3 may
comprisc 2 polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-3. If a fine pattern of not more than 1.0
micrometer is required, it is preferable to usc the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The .
insulative resin thin film 18-3 is selectively removed to form openings 19-3
in the insulative resin thin film 18-3 and over the metal thin film
interconnection layers 22-2. A resist film is applied on the insulative resin
thin film 18-3 and then patterned by an exposurc and a subsequent
development to form a resist pattern on the insulative resin thin film 18-3,
If the insulative resin thin film 18-3 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-3
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the
insulative resin thin film 18-3 is made of a material which is unremovahle
by the chemical etching process, the insulative resin thin film 18-3 is
selectively removed by a dry etching by use of the resist pattern as a mask

to form the openings 19-3 in the insulative resin thin film 18-3. The metal
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thin film interconnection layers 2242_ arc partially shown through the
openings 19-3 formed in the insulative resin thin film 18-3. The used resist
pattern is then removed.

With reference to FIG. 147, an adhesive metal thin film is entirely
formed which extends on the surface of the insulative resin thin film 18-3
and the shown parts of the 'meta] thin film interconnection layers 22-2 by a
sputtcring method. The adhesive metal thin film may be made of 2 Ti-based
alloy, a Cr-based alloy, a Mo-based alloy, or a W-bascd alloy. Subsequently,
a meta] electrode thin film is also entirely formed on the adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
electroless plating method. The metal electrode thin film may be méde of
Cu, Al or Ni. Laminations of the adbesive metal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-3 and within thc openings 19-3 over the
metal thin film interconnection layers 22-2. A resist film is cntirely formed
on the metal thiﬁ film and then patterncd by an exposure and a subsequent
development to form a resist pattern over the metal thin film. The metal
thin film is then patterned by a wet etching or a dry etching by usc of the
- resist pattern as 2 mask to form metal thin film contact layers 23-3 in the
openings 19-3 and metal thin film intcrconnection fayers 22-3 over the
insulative resin thin film 18-3, whercin the metal thin flm interconncction
layers 22-3 are in contact directly with the metal thin film contact layers
23-3, so that the metal thin film interconnection layers 22-3 are clectrically

connected through the metal thin film contact layers 23-3 to the metal thin
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- film interconnectibn laycrs 22-2. The used resist mask is then removed.
The me.tal thin ﬁlm interconnection laycrs 22-2 shown in FIG. 14J
correspond to the third level interconnection pattern 7-1 of the third
interconnpection layer 7 shown in FIG, 6. The insulative resin thin film 18-3
shown in FIG. 147 also corresponds to the third level insulating layer 7-2 of
the third interconnection lziyer 7 shown in FIG. 6. The metal thin film
contact layers 23-3 shown in FIG. 147 also corresponds to the third level
contact layer 7-3 of the third interconnection layer 7. The metal thin film
interconnection layers 22-3 shown in FIG. 14) also corresponds to the
fourth level intcrconnection pattern 8-1 of the third interconnection layer 8.

If the pattern pitch of the metal thin film interconnection layers |
22-3 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattemn is formed on the
metal thin ﬁlm so that a sclective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mﬁsk to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form the metal thin film interconnecction layers 22-3 over
the insulative resin thin film 18-3 and the Iﬁetal thin film contact layers 23-
3 in the openings 19-3.

In accordance with the above described method and its
modification, it is possible that the thicknesses of the resist film and the

metal thin film interconnection layers 22-3 are not more than 1

micrometers.
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With reference to FIG. 14K, an insulative reéin thin film 18-4 is
then formed over the metal thin film interconnection layers 22-3 and the
insulative resin thin film 18-3. The insulative resin thin film 18-4 may
comprise a polyimidc based resin thin film which may be formed by a spin
coating method, a chémical vapor deposition method or a physical vapor
deposition method, In placé of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalenc based resins are available for the
insulative resin thin film 18-4. If a finc pattern of not more than 1.0
micromcter is required, it is preferable to usc the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-4 is selectively removed to form openings 19-4
in the insulative resin thin film 18-4 and over thc metal thin film
interconnection layers 22-3. A resist film is applicd on the insulative resin
thin film 18-4 and then patterned by an exposure and a subsequent
development to form a resist pattcrn on the insulative resin thin film 18-4.
If the insulative resin thin film 184 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 184
18 selectively rcmoved by a wet etching by use of the resist pattern as a
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the
insulative resin thin film 184 is madc of a material which is unrcmovable
by the chemical etching process, the insulative resin thin film 18-4 is

selectively removed by a dry etching by use of the resist pattern as a mask
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to form the openings 19-4 in the insulative rcsin thin film 18-3. The metal
thin film interconncction layers 22-3 are partially shown through the
openings 19-4 formed in the insulative rcsin thin film 18-4. The used resist
'pattem is then removed. _

With reference to FIG. 14L, an adhesive metal thin film is
ehtirely formed which extends on the surface of the insulative resin thin
film 18-4 and the shown parts of the metal thin film interconnection layers
22-3 by a sputtering method. The adhesive metal thin film may be made of
a Ti-based alloy, 2 Cr-based alloy, 2 Mo-bascd alloy, or a W-based alloy.

Subsequently, 2 metal electrode thin film is also entirely formed on the

adhesive metal thin film by a sputtering method, a chemical vapof_

deposition or an electroless plating method. The metal electrode thin film
may be made of Cu, Al or Ni, Laminations of the adhesive metal thin film
and the metal electrode thin film form a metal thin film which extends on
the surface of the insulative resin thin film 18-4 and within thc opcnings
19-4 over the metal thin film intcrconncetion layers 22-3. A resist film is

entirely formed on the metal thin film and then patterned by an exposure

and a subsequent development to form a résist pattern over the metal thin

film. The metal thin film is then patterned by a wet etching or a dry etching
by use of the resist pattern as a mask to form metal thin film contact layers
23-4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin
thin film 18-4, wherein the pad electrodes 22-4 are in contact directly with
the metal thin film contact layers 23-4, go that the pad electrodes 22-4 are

clectrically connecied through the meral thin film contact layers 23-4 to the
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metal thin film interconnection layers 22-3, The used resist mask is then
removed. The metal thin film interconnection layers 22-3 shown in FIG,
14L correspond to the fourth level interwnnecti.on pattern 8-1 of the fourth
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4
shown in F1G. 14L 5150 corresponds to the fourth level insulating layer 8-2
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film
‘contact layers 23-4 shown in FIG. 14L also corresponds to the fourth level
contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes
22-4 shown in FIG. 14L also corresponds to the fifth level interconnection
pattern 9-1 of the fifth interconnection layer 9.

If the pattern pitch of the pad electrodes 22-4 is not so nan'ow,‘
then it is possible as 2 modification that after thc metal thin film has becn
formed, then the resist pattern is formed on the metal thin film so that a
selective clectroplating of metal such as Cu 'is carried out by use of the
resist pattern as a mask to form Cu-plated patterns over the metal thin film.
The used resist mask is then removed. The metal thin film is then
selectively etched by use of the Cu-plated pattems as a mask thereby to
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the
metal thin film contact layers 23-4 in the openings 19-4.

In accordance with the above described method and its
modification, it is possible that the thicknesses of the resist film and the pad
electrodes 224 arc not more than 1 micrometers.

With reference to FIG. 14M, a solder resist film 24 is then

formed over the pad clecrodes 22-4 and the insulative resin thin film 18-4
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in order to protect the multilayer intcrconnection board 3 having the pad
electrodes 24. The solder resist film 24 shown in FIG. 14M corresponds to
the fifth level insulating layer 9-2 of the fifth interconnection layer 9 shown
in FIG. 6. The solder resist film 24 may comprise an organic insulating film
such an epoxy iesiri film containing an inorgamnic filler such as fine powders
of silicon dioxidc. Altemativ_eiy, the solder resist film 24 may be made of a
material .which has a large resistivity to external chemical stress, and a large
resistivity to a Flux cleaning solution or an Au plating solution as wel.l.as a
high adhesiveness 10 a sealing material such as an under-fill material. If the

above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 184

are highly resistive to the chemical and chemical stresses, it is possible as a

modification to eliminate thc formation of the solder resist film 24. The

~ solder resist film 24 is selectively removed to form openings 24a in the

solder resist film 24 and over the pad electrodes 22-4. If the solder resist

film 24 is made of a non-photosensitive matcrial, a resist film is applied on

the solder resist film 24 and then patterncd by an exposure and a
subsequent development to form a resist pattern on the solder resist film 24,

so that the solder resist film 24 is sclectively removed by a wet etching by

use of the resist pattern as a mask to form thc openings 24a in the solder

resist film 24, followcd by removal of the used resist pattern, If the soldcr
resist film 24 is wade of a photosensitive material, then the solder resist
film 24 15 durectly patterned by an exposure and a subsequent development
to form the openings 242 in the solder resist film 24. The electrode pads 22-

4 are partially shown through the openings 24a formed in the solder resist
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film 24.

With rcference to FIG. 14N, 2 resist film is entirely applied on a
bottom surface of the high rigidity plate 16 and then patterned by an
eprs‘ure and a subsequent development to form a resist pattern on the
bottomn surface of the high ﬁgidiiy plate 16. The high rigidity plate 16
comprising the metal plate is then selectivcly etched by use of the resist
pattern as a mask so as to form gaps 26 except under the external electrode
pads 17-1 and peripherai regions of the unit multilayer interconnection |
boards to be used for the flip-chip semiconductor device, and thus 50 as to
leave the high Iigidity. plate 16 under the external clectrode pads 17-1 and
peripheral regions of the unit multilayer interconnection boards to be used -
for the flip-chip semiconductor device, whereby plural metal layers 11 arc

formed on the external electrode pads 17-1 and supporting frames 25 on the
| peripheral regions of the unit multilayer interconnection boards, wherein
the plural metal layers 11 and the supporting frames 25 are defined by gaps
26. Thc gaps 26 reach the bottom surface of the multilayer intercounection
board 3 so that the plural metal layers 11 and the supporting frames 25 are
completely separated by the gaps 26. Each of the plural metal layers 11 is

in the form of column or pillar.

If the thickness of the high rigidity plate 16 comprising the metal
plate is thick, for example in the range of S00 micrometers to 3 millimeters,
it is difficult to realize a highly accuratc sclective etching by use of the
resist pattern because the necessary time for etching the high rigidity plate

16 comprising the metal plate is so long as possibly causing that a part of
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the resist pattern is etched during the etching process. For this reason, if the
thickness of the high rigidity plate 16 comprising the metal plate is thick,
for example in thc range of 500 micrometers to 3 millimeters, then it is
preferable that the high rigidity plate 16 comprising the metal plate is first
sclectively etched by a depth in the range of more than a -half of the
thickness of the high rigidiiy plate 16 to less than the thickness of the high
rigidity plate 16 by a laser beam machining, an electric discharge
machining or a selective cutting, whereby plural columns 11a are formed
under the external electrode pads 17-1 and plural columns 252 under the
peripheral regions of the unit multilayer interconnection boards, whercin
the plural columns 11a and the plural columns 25a are defined by gaps 26a.
The gaps 26a do .not rcach thc bottom surface of the multilayer
interconnection board 3 so that the plural columps 11a and the columns 25a
are partially separated by the gaps 26a. Subscquently, an ctching process is
then carried out by use of the resist pattern as 2 mask so as to increasc the
depth of the gaps 26a so that the gaps 26 reach the bottom surface of the
multilayer interconnection board 3 except under the external electrode pads
17-1 and peripheral regions of the unit multilayer interconnection boards to
be used for the flip-chip semiconductor device, and thus so as to leave the
high rigidity plate 16 under the external electrode pads 17-1 and petipheral
tcgions of the unit multilayer interconnection boards to be used for the flip-
chip semiconductor device, whereby plural metal layers 11 are formed on
the external electrode pads 17-1 and supporting frames 25 on the peripheral

regions of the unit multilayer interconnection boards, wherein the plural
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metal layers 11 and the supporting frames 25 are defined bj gaps 26. The
gaps 26 reach the bottom surface of thc multilayer interconnection board 3
so that the plural mctal layeré 11 and the supporting frames 25 are
completely separated by the gaps 26. Each of the plural metal layers 11 is
in the form of column or pillar.
With reference to FIG. 140, an jnsulative stress absorption resin
is provided to completely fill the gaps 26 between the plural metal layers 11
and the supporting frames 25 to form stress absorption layers 12 between
the plural metal laycrs 11 and the supporting frames 25, The stress
absorption layers 12 protects the plural metal layers 11 and the multilayer
interconnection board 3 from mechanical and chemical stresses. The
insulative siress absorption resin is provided to completely fill the gaps 26
by a spin coating mecthod or a transfer sealing technique. If the bottom
surfaces of the plural metal layers 11 are coated with the insulative stress
absorption resin, then the insulative stress absorption " resin coating the
bottom surfaces of the plural metal layers 11 arc rémoved, for example by a
chemical mechanical polishing method or any available removal method,
. 5o that the bottom surfaces of the plural metal layers 11 are shown. The
plural metal layers 11 of the buffer layer 4 are then subjected to an
electroless plating for plating laminated Ni and Au layers or laminated Zn,
Ni and Au layers on the plural metal layers 11 and the pad electrodes 22-4
in order to improve a bonding property between the plural metal layers 11
and also a bonding propesty betwcen the pad electrodes 22-4 and the

bumps 14 of the semiconductor chip 2. As a result, the multilayer
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interconnection board 3 is completed, which mmérises plural unit |
multilaycr interconnection boards.

With reference to FIG. 14P, semiconductor chips 2 arc mounted
on the multilayer interconnection board 3, wherein the semiconductor chips
2 have the plural bumps 14, and the plural bumps 14 are made into contact
with the electrode pads 22-4 of the multilayer interconnection board 3, so
that the semiconductor chips 2 are electrically connected through the plural
bumps 14 to the multilayer interconnection board 3. If the bumps 14 are
made of a metal based soldes material such as Sn or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux is available for bonding the
plural bumps 14 to the clectrode pads 22-4 of the multilayer
interconnection board 3. If the bumps'14 are made of a metal bascd solder
material such as Au or In, a flip-chip bonding utilizing a thermo-
compression bonding is available for bonding the plural bumps 14 to the
electrodc pads 22-4 of the multilayer interconnection board 3.

With reference to FIG. 14Q, an insulative resin matcrial 31 is
formed which coats side walls of the semiconductor chips 2, an inter-space
between the semiconductor chips 2 and the multilayer interconnection
board 3 around the bumps 14 and the surface of the solder resist film 24 of
the multilayer interconnection board 3 in order to protect the
semiconductor chips 2, the bumps 14 and the multilayer interconnection
board 3. This wath:g process is carricd out by use of a resin injection
tcchnique involving a vacuum sealing technique or a transfer sealing

technique. The insulative resin material 31 may be made of one of epoxy
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resin materials, silicone resin materials, polyimide resin materials,
polyolefin resin materials, cyanate ester resin materials, phenol resin
materials and naphthalene resin matcrials.

With rcfcrence to FIG. 14R, solder balls 13 are formed which are
in contact dircctly with the bottoms of the plural metal layers 11 of the
buffer layer 4 to form a semiconductor device 1 having the multilayer
interconnection board 3 and the plural semiconductor chips 2 mounted
thereon. The solder balls 13 serve as external terminals. The solder balls 13
may be made of 8 metal based material such as Sn or Pb. The solder balls
13 may also be free of lead. The solder balls 13 may be made of an
electrically conductive malerial having a low melting point, a high heat-
conductivity and a rapid solidity as well as a large surface tension so that
the electrically conductive material becomes in the form of balls. Since the
plural metal layers 11 of the buffer layer 4 are electrically conductive, the
external electrode pads 17-1 and the solder balls 13 are eclectically
connected through the plural metal layers 11 of the buffer layer 4.

With refercnce to FIG. 14S, the_ semiconductor device 1 is then
diced by use of a dicing blade to divide the semiconductor dcvice 1 into
plural unit seﬁicondmtor devices 32 or flip-chip semiconductor devices 32,

cach of which comprises the multilayer interconnection board 3 and the

single scmiconductor chip 2 mounted thereon.

The flip-chip is usually applied to a high speed logic device
having a large number of pins, for which reason the heat radiation from the
semiconductor chip 2 is important. In this embodiment, the heat spreader
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42 is' providcd to improve the heat radiation characteristic of the flip-chip
semiconductor device 32,

In accordant with the prescnt invention; the basc material of the
multilayer interconnection board is not largely different in thermal
expansion coefficient from the scmiconductor chip to reduce a stress
appliecd between the ﬁulﬂayer interconnection board and the
scmiconductor chip, thereby keeping a high reliability in connection
between the multilayer interconnection board and the sermiconductor chip.

The reduction in stress applicd between the multilayer interconnection

6/ 3y

board and the semiconductor chip makes it unnecessary to increase the

thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
for stress relaxation, but makes it possible that the thicknesses of the
multilevel interconmections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for
example, not more than 1 micrometer. A metallization technique for the
semiconductor wafcr and an apparatus therefor are utilized for allowing the
resist films and the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24

to be patterned finely, thereby permitting a further shrinkage of the

~ interconnection patterns.

Further, the multilayer interconnection board remains adhered or
fixed to the high rigidity plate such as the metal plate during when the
multilayer interconnection board is formed, so that the high rigidity plate
provides or ensures a high plaparity to the multilayer interconnection board.
Even the high rigidity plate is different in lincar expansion coefficient from

the multilayer interconnection board, the high rigidity plate suppresses
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gencration of internal stress in the multilayer interconnection board and
expansion of the multilayer intcrconnection board, so that the high rigidity

platc suppresscs the multilaycr interconnection board from being bent,

whereby the multilayer interconnection board is free from any-

misalignment in pattcrning the insulating layers and the interconnection
layers, resulting in a high yield of the flip-chip semiconductor device.

As described above, the high rigidity plate is nccessary or
important for kecping the multilayer interconnection board to have the bigh

planarity until the multilayer interconmection board is complected.

Norwithstanding, the high rigidity plate is not necessarily needed to the

final product, for example, the flip-chip semiconductor device, for which
reason as described above, after the multilayer interconnection board has
been completed, then the high rigidity plate is removed. After the high
rigidity plate is removed from the bottom surface of thc multilayer
interconnection board, then the bottom surface of the multilaycr
interconnection board is shown, for which reason the bottom or first
insulating layer of the multilayer interconnection board may preferably be
made of an insulating material such as an organic material which has a
flexibility to an externally applied stress.

Accordingly, the single multilayer interconnection board is
adhered or fixed to the one side of the high rigidity platc to form an
asymmetric structure. The high rigidity plate preveats the multilayer
interconnection board from being bent during the fabrication of the

multilayer interconnection board. It the multilayer intcrconnection boards

J/ v
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are adhered or fixed to both surfaces of the high rigidity plate, then it is
necessary tb form through holes in the high rigidity plate. In accordance
with the present invention, however, it is unnecessary to form such the
through holes in the high rigidity platc, whereby there are raised no
problem with defect of the final product due to dusts generated in forming
the through holes in the higﬁ rigidity plate nor problem with increase in the
manufacturing cost due to additional process for forming the through holes
in the high rigidity plate.

In the above embodiment, the high rigidity plate is removed after

the multilayer interconncction board is completed and before the

semiconductor chips are mounted on the multilayer interconnection board.

It is, however, possible to remove the high rigidity plate from the
multilayer interconnection board after the semiconductor chips have been
mounted on the multilayer interconnection board. When the semiconductor
chips are mounted on the multilayer interconnection board, the multilayer
interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity plate suppiesscs varions strains of
the entire or part of the multilayei interconnection board and the
semiconductor chips due to mechanical and thermal stresscs applied to the
multilaycr interconnection board and the semiconductor chips.

It is, also, possible. to remove the high rigidity plate from the
multilaycr interconnection board after the heat spreader has been adhered

through the heat conductive adhesive layer to the semiconductor chips
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mounted on the multilayer interconnection board and before the solder
balls are formed. When the semiconductor chips are mounted on the
multilayer interconncction board and then the heat spfeader are then
adhered through the heat conductive adhcsive layer to the semiconductor
chips mounted on the multilayer interconnection board, the multilayer
interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity platc suppresses various strains of
the entire 6: part of the multilayer intcrconnection board and the
semiconductor chips due to mechanical and thermal stresses applied to the
multilayer interconnection board and the semiconductor chips.
Furthermore, in the end user’s side, the above flip-chip
- semiconductor device 32 is mounted through the solder balls 13 to a circuit
board which is not illustrated. The solder balls 13 have a small stand-off
height which is insufficient for relaxation of the stress applied between the
above flip-chip semiconductor device 32 and the circuit board. The buffer
laycr 4 is formed on the external electrode pads 17 of thc multilayer
interconnection board 3. Solder balls 13 are formed on the bottom surface
of the buffer layer 4. The buffer layer 4 comprises plurality of metal buffer
layers 11 which are in contact with the external electrode pads 17. The
buffer layer 4 is thus provided betwecen the external electrode pads 17 of
the multilayer interconnection board 3 and the solder balls 13. The buffer
layer 4 comprising plural metal buffer layers 11 has a sufficient stand-off

height for relaxing the stress applied between the flip-chip semiconductor
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device 32 and the circuit board not illustrated due to a difference in thermal

expansion coefficient between the flip-chip semiconductor device 32 and
the circuit board. The buffer layer 4 further contributes to suppress the
multilayer interconnection board 3 from being bent. Further, the supporting

frame 25 is provided which extends on a peripheral 1egion of the bottom

 surface of the multilayer interconnection board 3. The supporting frame 25

protects the .multilayer interconnection board 3 and the buffer layer 4
comprising plurality of metal buffer layers 11 from mechanical stresses

when the product is handled. Since the buffer layer 4 comprises the plural

1L/ 3d

metal buffer layers 11, the external electrode pads 17 of the multilayer

interconnection board 3 are electrically connected through the plural metal
buffer laycrs 11 to the solder balls 13.

The stress is likely to be concentrated to joint parts between the
plural meta] buffer laycrs 11 of the buffer lJayer 4 and the external electrode

pads 17 of thc multilaycr interconmection board 3. The buffer layer 4

- comprising the plural metal buffer layers 11 and the stress absorption layer

12 has a higher rigidity than the multilayer interconnection board 3,
provided that the buffer layer 4 buffcrs or relaxes the stress concentration
between the multilayer interconnection board 3 and the circuit board not
illustrated. The stress absorption layers 12 protects the plural metal layers

11 and the multilayer interconnection board 3 from mechanical and

chemical stresses.

SIXTH EMBODIMENT :
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A sixth cmbodiment according to the present invention will be

“described in detail with reference to the drawings. A difference of the sixth

embodiment from the fifth embodiment is in that the heat conductive
adhesive laycr and the heat spreader are further provided.

FIG. 15 is a cross sectional elevation vicw illustrative of a

INVANIV

scmiconductor device having a multilayer interconnection board, on which

a semiconductor chip is mounted in a sixth embodiment according to the
present invention. A semiconducior device 32 has a multilayer
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted

on the multilayer interconncction board 3, wherein a first surface of the

flip-chip semiconductor chip 2 is electrically connected through bumps 14

to a first surface of the multilayer interconnection board 3. A second
surface of the multilayer interconncction board 3 has arrays of external
electrode pads 17 on which a buffer layer 4 is formed. Solder balls 13 arc
formed on a bottom surface of the buffer layer 4. The buffer layer 4
comprises plural metal buffer layers 11 which are in contact with the
external clectrode pads 17 and a stress absorption layer 12 in gaps between
the plural metal buffer layers 11. The buffer layer 4 is thus provided
betwcen the external electrode pads 17 of the multilayer interconnection
board 3 and the solder balls 13. The buffer layer 4 comprising plural metal
buffer layers 11 and the stress absorption layer 12 has a sufficient stand-off
height for relaxing the stress applied between the flip-chip semiconductor
device 32 and the circuit board not illustrated, Further, a supporting frame

25 is provided which extends on a peripheral region of the bottom surface
154
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of the multilayer interconnection board 3. The stress absorption layer 12 is
provided on the bottom surface of the multilaycr interconnection board 3
cxcept under the external electrode pads 17 and the peripheral region of the
multilayer interconncction board 3. The stress absorption layer 12 is also
provided between the plural metal buffer layers 11 and thc supporting
frame 25. The stress absorption layer 12 has a multilayer structure which
has physical propcrties absorbing stresses and strains. The stress absorption
layer 12 may be made of a silicone resin material. Organic materjals such
as epoxy based resins, silicone based resins, polyolefin based resins,
cyanaté cster based resins, phenol based resins, naphthaleﬁe based resins
are also available for the stress absorption layer 12. The supporting frame
25 protects the multilayer interconnection board 3 and the buffer layer 4
comprisirig plurality of metal buffer layers 11 from mechanical stresses

when the product is handled. Since the buffer layer 4 comprises the plural

metal buffer layers 11, the cxternal electrode pads 17 of the multilayer

interconnection board 3 are electrically connected through the plural metal
buffer layers 11 to thc solder balls 13. A sealing resin material 31 is

provided over the first surface of the multilayer interconnection board 3 for
sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the
solder balls 13 are eclectically connected to each other through multilevel
interconnections of the mulﬁlaycr interconnection board 3. A heat
conductive adhesive layer 41 is provided on a top surface of the

semiconductor chip 2. A heat spreader 42 is provided on the heat

conductive adhcsive layer 41 so that the hcat spreader 42 is adhered
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through the heat conductive adhesive layer 41 to the top surface of the
semiconductor chip 2. A heat generated- in the semiconductor chip 2 is
conducted through the heat conductive adhcsive layer 41 to the heat
spreader 42 for causing a heat radiation from the heat spreader 42. The heat
spreader 42 may be made of a heat conductive material such as a metal
base material, for cxample, Cu, Al, W, Mo, Fe, Ni, and Cr, or Al203, AIN,
SiC, other ceramics such as mullite. The heat conductive adhesive layer 41
may bc made of a resin based material containing a heat conductive

material, wherein the resin based material may be one of epoxy resin

materials, silicone resin materials, polyimide resin materials, polyolefin

resin materials, Cyanate ester resin materials, phenol resin materials and
naphthalcne resin materials, whilst the heat conductive material may be one
of Ag, Pd, Cu, Al, Ay, Mo, W, diamond, Al203, AIN, and ceramic
materials such as mullite, BN and SiC.

The buffer layer 4 comprising the plural metal buffer layers 11
and the stress absorption layer 12 has a higher rigidity than the m;altilayer
interconnection board 3, provided that the buffer layer 4 buffers or relaxes
the stress applied between the multilayer interconnection board 3 and the
circuit board not Hlustrated.

As a modification, it is possible for increasing the buffering

ability of the stress abéorption layer 12 to climinate the supporting frame
2. |

The structure of the multilayer interconnection board 3 is the

same as in the {ourth cmbodiment and as shown in FIG. 6.
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The flip-chip is usually applicd io a high speed logic device
having a largc number of pins, for which reason the hcat radiation from the
semiconductor chip 2 is important. In this embodiment, the heat spreader
42 is provided to improve the heat radiation characteristic of the flip-chip
semiconductor device 32. |

In accordant with the present invention, the base material of thc
multilayer interconnection board is not largely different in thermal
expansion coefficient from the scmiconductor chip to reducc a stress
applied between the multilayer interconnection board and the

semiconductor chip, thereby keeping a high reliability in comnection

R L B
LA RV I BV i,

betwecn the multilayer intcrconnection board and the semiconductor chip.

The reduction in stress applied between the multilayer interconnection
board and the semiconductor chip makes it unnecessary to increase the
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
for stress relaxation, but makes it possible that the thicknesses of the
multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for
example, not more than 1 micrometcr. A metallization technique for the
semiconductor wafer and an apparatus therefor are utilized for allowing the
resist films and the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
to bc patterned finely, thereby permitting a further shrinkage of the
Interconnection pattcrns.

Further, the multilayer intcrconnection board remains adhered or

fixed to the high rigidity plate such as the metal plate during when the
multilayer interconnection board is formed, so that the high rigidity plate
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provides or ensu-res a high planarity to the multilayer interconncction board.
Even the high rigidity plate is different in linear expansion coefficient from
the multilayer interconnection board, the high rigidity plate suppresses
generation of intemal stress in the multilayer interconnection board and
expansi;)n' of the mﬁltilayer interconnection board, so that the high rigidity
plate Supprcssbs the fnultﬂaycr interconncction board from being bent,
whereby the multilayer interconnection board is free from any
misalignment in patterning the insulating layers and thc interconnection
layers, resulting in a high yield of the flip-chip semiconductor device,

As described above, the high rigidity plate is necessary or
important for keeping the multilayer interconnection board to have the high
plaparity until the multilayer interconnection board is completed.
Notwithstanding, the high rigidity platc is not necessarily needed to the
final product, for example, the flip-chip semiconductor device, for which
reason 'as described above, after the multilayer interconnection board has
been completed, then the high rigidity plate is removed. After the bigh
nigidity plate is removed from the bottom surface of the multilayer
interconnection board, then the bottom surface of the multilayer
interconnection board is shown, for which reason the bottom or first
insulating layer of the multilayer interconnection board may preferably be
made of an insulating matcrial such as an organic material which has a
flexibility to an extemnally applied stress.

Accordingly, the single multilayer interconnection board is

adhered or fixed to the one side of the high rigidity plate to form an
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asymmetric structure. The high rigidity plate prevents the -multilaycr
interconnection board from being bent during the fabrication of the
multilayer iﬂterconnection board. If the multilayer interconnection boards
are adhered or fixed to both surfaces of the high rgidity plate, then it is
necessary to form through _holes in the high rigidity plate. In accordance
with the present invention, howcver, it is unnecessary to form such the
through holes in the high rnigidity plate, whereby there are raised no
problem with defect of the final product due to dusts gcncrated in forming

the through holes in the high rigidity plate nor problem with increase in the

manufacturing cost due to additional process for forming the through holes

in the high rigidity plate.

In the above embodiment, the high rigidity plate is removed aftcr
the multilayer interconnection board is completed and before the
semiconductor chips are mounted on the multilayer interconnection board.

It is, however, possiblc to remove the high rigidity plate from the
multilayer interconnection board after the semiconductor chips have been
mounted on the multilayer interconncction board. When the semiconductor
chips are mounted on the multilayer intcrconnection board, the multilayer
interconnection board still rcmains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity plate suppresses various strains of
the entire or part of the multilayer interconnection board and the
semiconductor chips due to mechanical and thermal stresses applicd to the

multilayer interconnection board and the semiconductor chips.
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It is, also, possible to remove the high rigidity pia:e fro_m the
multilayer interconnection board after the heat spreader has been adhered
through the heat conductive adhcsive layer to the -semicoxiductor chips
mounted on the multilayer interconnection board and before the solder
balls are formed. When the semiconductor chips. are mounted on the
multilayer interconnection board and then the hcat spreader are then
adhered through the heat conductive adhesive layer to the semiconductor
chips mounted on the multilayer 'intcrconnecﬁon board, the multilayer
interconnection board still remains adhered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
intcrconnection board, the high rigidity plale suppresses various strains of |
the entire or part of the multilayer interconncction board and the
semiconductor chips due to mechanical and thermal stresses applied to the
multilayer interconnection board and the semiconductor chips.

Furthermore, in thc;.- end user’s sidc, the above flip-chip
semiconductor device 32 is mounted through the solder balls 13 to a circuit
board which is not illustrated. The solder balls 13 have a small stand-off

height which is insufficient for relaxation of the stress app]iéd between the
above flip-chip semiconductor device 32 and the circuit board. The buffer
laycr 4 is formed on the external electrode pads 17 of the multitayer
mterconnection board 3. Solder balls 13 arc formed on the bottom surface
of the buffer layer 4. The buffer layer 4 compriscs plurality of metal buffer

layers 11 which are in contact with the external electrode pads 17. The

13/ JU

buffer layer 4 is thus provided between the external clectrode pads 17 of
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- the multilayer interconncction board 3 and the solder balls 13. The buffer
laycr 4 comprising plural metal buffer layers 11 has a sufficient stand-off
height for relaxing the stress applied between the flip-chip semiconductor
- device 32 and the circuit board not illustrated due to a difference in thermal
expansion coefficicnt betwe_eﬁ the flip-chip semiconductor device 32 and
the circuit board. The buffer layer 4 further contributes to suppress the
multilayer interconnection board 3 from being bent. Further, the supporting
frame 25 is provided which extends on a peripheral region of the bottom

surface of the multilayer interconnection board 3. The supporting frame 25

protects the multilayer interconncction board 3 and the buffer layer 4 .

comprising plurality of metal buffer layers 11 from mechanica] stresses
when the product 1s handlcd. Since the buffer layer 4 comprises the plural
metal buffer layers 11, the external electrode pads 17 of the multilayer
interconnection board 3 are electrically connccted through the plural metal
buffer layers 11 to the solder balls 13.

The stress is likely to be concentrated to joint parts between the
plural metal buffer layers 11 of the buffcr layer 4 and the external electrode
pads 17 of the multilayer interconnection board 3. The buffer layer 4
comprising the plural metal buffer layers 11 and the stress absorption layer
12 has a higher rigidity than the multilayer interconncction board 3,
providcd that the buffer layer 4 buffers or relaxes the stress concentration
between the multilayer intercopnection board 3 and the circuit hoard not
illustrated. The stress absorption laycrs 12 protects the plural metal layers

11 and the multilayer interconnection board 3 from mechanical and
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chemical stresses.

SEVENTH EMBODIMENT .

| A seventh _embodiment according to the present invention will be
described in detail with reference to the drawings. A difference of the
seventh embodiment from r.h-e sixth embodiment is in that, in place of the
sealing resin material 31, an under-fill resin layer and a stiffener are further
provided.

FIG. 16 is a cross sectional elevation view illustrative of a
semiconductor device having a multilaycr interconnection board, on which
a semiconductor ¢hip is mounted in a seventh embodiment according to the
present invention. A semiconductor devicc 32 has a multilayer
interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted
on the multilaycr interconnection board 3, wherein a first surface of the
flip-chip semiconductor chip 2 is clectrically connected through bumps 14
to a first surface of the multilayer interconnection board 3. A second
surface of the multilayer interconnection board 3 has arrays of external
electrode pads 17 on which a buffer layer 4 is formed. Solder balls 13 are
formed on a bottom surface of the buffer layer 4. The buffer layer 4
compriscs plural metal buffer layers 11 which are in contact with the

external electrode pads 17 and a stress absorption laycr 12 in gaps between

the plural metal buffer layers 11. The buffer layer 4 is thus provided
berween the external electrodc pads 17 of the multilayer interconncction

board 3 and the solder balls 13, The buffer layer 4 comprising plural metal
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buffer layers 11 and the stress absorption layer 12 has a sufficient stand-off
height for relaxmg the stress applied between the flip-chip semiconductor
device 32 and the circuit board not illustrated. Funhcr, a supporting frame
25 is provided which extends on a peripheral region of the bottom surface
of the multilaycr interconnection board 3. The stress absorption layer 12 is
. provided on the bottom surface of the multilaycr interconnection board 3
except under the external electrode pads 17 and the peripheral region of the
multilayer interconnection board 3. The stress absorption layer 12 is also
provided between the plural metal buffer layers 11 and the supporting
- frame 25. The stress absorption layer 12 has a multilayer structure which
has physical propertics absorbing stresses and strains. The stress absorption
layer 12 may bc made of a silicone resin material. Organic materials such
as epoxy based rcsins, silicone based resins, polyolefin based resins,
cyanate ester baséd resins, phenol based resins, naphthalene based zesins
are also available for the stress absorption layer 12. The supporting frame
25 protects the multilayer intcrconnection board 3 and the buffer layer 4
comprising plurality of metal buffcr layers 11 from mechanical stresscs
when the product is handled. Since the buffer layer 4 comprises the plural
metal buffer laycrs 11, the external electrode pads 17 of the multilayer
‘interconnection board 3 are electrically connected through the plural metal
buffer layers 11 to the solder balls 13. In place of the sealing resin material,
an under-fill resin laycr 43 is provided over the first surface of the
multilayer interconnection board 3 for sealing the semiconductor chip 2

and the bumps 14. The bumps 14 and the solder balls 13 are eclectically
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connected to each other through multilevel interconncctions of the
multilayer interconnection board 3. The under-fill resin layci 43 may be
made of one of epoxy resin material;s, silicone sesin materials, polyimide
resin matcrials, polyolefin resin materials, cyanate cster resin materials,
phenol resin materials and naphthalene resin materials. A heat conductive
adhesive layer 41 1s provided on a top surface of the scmiconductoi chip 2.
Furthes, a stiffener 44 is adhered through an adhesive 45 on 2 peripheral
region of the first surface or the upper surface of the multiyecar
interconnection board. A heat spreader 42 is provided on the heat

conductive adhesive layer 41 and on an adhesive applied on the top of the

L e VS WV

stiffener 44 so that the heat spreader 42 is adhercd through the heat

conductive adhesive layer 41 to the top surface of the semiconductor chip 2.

and also adhered through the adhesive 45 to thc stiffener 44. A heat
gencrated in the semiconductor chip 2 is conducted through the heat
conductive adhesive layer 41 to the heat spreader 42 for causing a heat
tadiation from the beat spreader 42, The heat spreader 42 may be made of 2
heat conductive material such as a metal base material, for example, Cu, Al,
W, Mo, Fe, Ni, and Cr, or Al203, AlN, SiC, other ceramics such as mullite.
The heat conductive adhesive layer 41 may be made of 2 resin based
matcrial containing a heat conductive material, wherein the resin based
material may be one of epoxy resin materials, silicone resin materials,
polyimide resin materials, polyolefin resin materials, cyanate ester resin
materials, phenol resin matcrials and naphthalcne resin materials, whilst the

heat conductive material may be one of Ag, Pd, Cu, Al, Ay, Mo, W,
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-diamond, Al203, AIN, and ccramic materials such as mullite, BN and SiC.

In this embodiment, no injection method nor transfer sealing
method is used for forming the insulative sealing resin and in place the
under-fill resin 43 is used which is the majorit‘y technique of the flip-chip
semiconductor device. No further specific equipment is needed.

The under-fill resin 43 partially coats the top surface or the ﬁrsr
surface of the multilayer interconnection board 3. In order to ensurc a
sufficiently high planarity of the multilayer interconnection board 3, the
stiffener 44 is provided which extends on the periphcra.l region of the top
surface or the first surface of the multilayer interconnection board 3. The |
stiffener 44 may be made of any metal or any ceramic.

The buffer laycr 4 comprising the plural metal buffer layers 11
and the stress absorption layer 12 has a higher rigidity than the multilayer
interconnection board 3, provided that the buffer 1ayer 4 buffers or relaxes
the stress applied between the multilayer interconnection board 3 and the
circuit board not illustrated.

As a modification, it is possible for increasing the buffering
ability of thc stress absorption layer 12 to eliminate the supporting frame
25.

The structure of the multilayer inierconnection board 3 is the
same as in the fourth embodiment and as shown in FIG. 6.

The flip-chip is usually applied to a high speed logic device
having a large nuwmber of pins, for which reason the heat radiation from the

semiconductor chip 2 is important. In this embodiment, the heat spreader
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42 is provid_ed to improve the heat radiation characteristic of the flip-chip

- semiconductor device 32.

In accordant with the present invention, the base material of the
multilayer interconnection board is not largely different in thermal
expanéion coefficient from thc scmiconductor chip to reduce a stress

applied between  the multilayer interconnection board and the

~ semiconductor chip, thereby keeping a high reliability in conmection

between the multilayer interconnection board and the semiconductor chip.
The reduction in stress applied between thc multilayer interconnection
board and the semiconductor chip makes it unnecessary to increase the
thicknesses of the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
for stress relaxation, but makes it possible that the thicknesses of the
multileve] interconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for
example, not more than 1 micrometer. A metallization technique for the
semiconductor wafer and an apparatus therefor are utilized for allowing the
resist films and the multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24
to be patterned fincly, thereby permitting a further shrinkage of the
intcrconnection patterns.

Further, the multilayer interconnection board remains adhered or
fixed to the high rigidity plate such as the metal plate during when the
multilayer intcrconnection board is formed, so that the high rigidity plate
provides or ensures a high planarity to the multilayer interconnection board.
Even the high rigidity plate is different in linear expansion coefficient from

the multilayer interconnection board, the bigh rigidity plate suppresses
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generaﬁoﬁ of internal stress in thc multilayer intercommection board and
cxpansion of the multilayer interconnection board, so that the high rigidity
plate suppresses the multilayer interéonnection board from being ‘bent,
whereby the multilayer intcrconmection board is free from any
misalignment in pattcrning the insulating layers and the interconnection
layers, resulting in a high yiel.d of the flip-chip semiconductor device.

As described above, the high rigidity plate is necessary or
important for keeping the multilayer interconnection board to have the high
planarity until the multilayer interconnection board is completed.
Notwithstanding, the high rigidity plate is not nccessarily nceded to the
final product, for example, the flip-chip semiconductor device, for which
reason as described above, after the multilayer interconmection board has
been completed, then the high rigidity plate is removed. After the high
rigidity plate is removed from the bottom surface of the multilayer
interconnection board, then the bottom surface of the multilayer
interconnection board is shown, for which reason the bottom or first
insulating layer of the multilayer intcrconnection board may preferably be
made of an insulating material such as an organic material which has a
flexibility to an externally applicd strcss.

Accordingly, the single multilayer interconnection board is
adhered or fixed to the one side of the high rigidity plate to form an
asymmetric structure. The high rigidity plate prevents the multilayer
intcrconnection board from being bent during the fabrication of the

multilayer interconnection board. If the multilayer interconnection boards
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are adhered or fixed to both surfaces of the high rigidity plate, then it is
necessary to form through holes in the high rigidity platc. In accordance
with the present invention, however, it is unnecessary to form such the
through holes in the high rigidity plate, whercby there arc raised no
problem with defect of the final product due to dusts gencrated in forming
the through holes in the high rigidity plate nor problem with increase in the
manufacturing cost due to additional process for forming the through boles
in the high rigidity plate.

Tn the above embodiment, the high rigidity plate is removed after
the multilayer interconncction board is completed aﬁd before the
scmiconductor chips are mounted on the multilayer interconnection board.

It is, however, possiblc to remove the high rigidity plate from the
multilayer interconnection board after the scmiconductor chips have been -
mounted on the multilayer interconncction board. When the semiconductor

chips are mounted on thc multilayer intcrconnection board, the multilayer

intcrconnection board still remains adhered or fixed to the high rigidity

plate, so that in order to ensure or keep the high planarity of the multilayer
interconuection board, the high .rigidity plate suppresscs various strains of
the entire or part of the multilayer interconnection board and the
semiconductor chips due to mechanical and thermal stresses applied to the

multilayer interconnection board and the semiconductor chips.

It is, also, possible to remove thc high rigidity plate from the

multilayer interconnection board after the heat spreader has been adhered

through the heat conductive adhesive layer to the scmiconductor chips
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mounted on the multilayer interconnection board and before the solder
balls are formed. When the scmiconductor chips are mounted on the
multilayer interconncction board and then the heat spreader are then
adhered through the heat conductive adhesive layer to the semiconductor
chips mounted on the multilayer interconnection board, the multilayer
interconncction board still remains adbered or fixed to the high rigidity
plate, so that in order to ensure or keep the high planarity of the multilayer
interconnection board, the high rigidity platc suppresses various strains of
the entire or part of the multilayer interconnection board and the
semiconductor chips due to mcchanical and thermal stresses applied to the
multilayer interconnection board and thc semiconductor chips.

- Furthcrmore, in the end user’s side, the above flip-chip
semiconductor device 32 is mounted thfough the solder balls 13 to a circuit
board which is not illustrated. The solder balls 13 have a small stand-off
heightwwhich 1s insufficient for relaxation of the stress applied between the
above flip-chip semiconductor device 32 and the circuit board, The buffer
layer 4 is formed on the external clectrode pads 17 of the multilayer
interconncction board 3. Solder balls 13 are formed on the bottom surface
of the buffcr layer 4. The buffer layer 4 comprises plurality of metal buffer
layers 11 which are in contact with the exteral electrode pads 17. The
buffer layer 4 is thus provided between the cxternal electrode pads 17 of
the multilayer interconncction board 3 and the solder balls 13. The buffer
layer 4 comprising plural metal buffer layers 11 has a sufficient stand-off

height for relaxing the stress applicd between the flip~chip semiconductor
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device 32 and the cireuit board not illustrated due to a difference in thermal
expansion coefficient between the flip-chip semiconductor device 32 and
the circuit board. The buffer layer 4 further contributes to suppress the
multilayer interconnection board 3 from being bent. Further, the supporting
frame 25 is provided which extends on a peripheral region of the bottom
surface of the multilayer interconnection board 3. The supporting frame 25
protects the multilayer interconnection board 3 and the buffer layer 4
comptising plurality of metal buffer layers 11 from mechanica] stresscs

when the product is handled. Since thc buffer layer 4 comprises the plural

metal buffer layers 11, the external electrode pads 17 of the multilayer

interconnection board 3 are electrically connected through the plural metal

buffer layers 11 to the soldcr balls 13.
The stress is likely to be concentrated to joint parts between the
- plural metal buffer layers 11 of the buffer layer 4 and the extemal clectrode
pads 17 of the multilayer interconnection board 3. The buffer laycr 4
comprising the plural metal buffer layers 11 and the stress absorption laycr
12 has a higher rigidity than the multilayer inferconnection board 3,
provided that the buffer layer 4 buffers or relaxes the stress concentration
between the multilayer interconnection board 3 and the cirenit board not
illustrated. The stress absorption layers 12 protects the plural metal layers

11 and the multilayer interconnection board 3 from mechanical and

chemical stresses.

EIGHTH EMBODIMENT :_
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An eighth embodiment according to the present invention will be
“described in detail with reference to the drawings. A difference in the
eighth embodiment from the first embodiment is in that a supporting layer
is provided, surrounding each of the solder balls for supporting the soldcr
balls to increase 2 bonding strength between the solder balls and external
electrode pads of the multﬂaycr interconnection board. FIG. 17 is a cross
sectional elevation view illustrative of a semiconductor device having a
multilayer interconnection board, on which a semiconductor chip is
mounted in an eighth embodiment according to the present invention. A

| semiconductor device 32 has a multilayer interconnection board 3. A flip-
chip semiconductor chip 2 is flip-mounted on the multilayer.
interconncction board 3, whercin a first surface of the flip-chip
semiconductor chip 2 is electrically connected through bumps 14 to a first
surface of the multilayer interconnection board 3. A second surface of the
multilayer interconnection I_Jbard 3 has arrays bf external clectrode pads 17
on which solder balls 13 are formed. A sealing resin matcrial 15 is
provided over the first surface of the multilayer interconnection board 3 for
scaling the semiconductor chip 2 and the bumps 14. The bumps 14 and the
solder balls 13 are eclectically connected to each other through multilevel
interconnections of the multilayer interconmection board 3. In this
embodiment, in order to increase a bonding strength between the solder
balls 13 and the external electrode pads 17 of the multilayer
intcrconnection board 3, a supporting layer 59 is provided on the second
surface or the bottom surface of the multilayer interconnection board 3 so
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that the supporting layer 59 surrounds the solder balls 13 for supporting the
solder balls 13 to increase the bonding stability between the solder balls 13
and the external electrode pads 17 of the multilaycr interconnection board 3.
The supporﬁng layér 59 comprises a supporting plate 51 and a supporting
sealing resin material 54. The supporting plate 51 extends in parallel to the
second surface or the bottdm surface of the multilayer interconnection
board 3, whercin the supporting plate 51 has an array of solder ball
insertion holes 52 having a diameter which is slightly larger than a diameter
of the solder balls 13, so that the solder balls 13 are inserted in the solder

ball insertion holes 52 and surrounded by the supporting plate 51, The

supporting plate 51 is so provided as to form an inter-space between the |

supporting plate 51 and the bottom surface or the second surface of the
multilayer interconnection board 3. The supporting plate 51 further has a
resin injection hole 53 for allowing a resin material into the inter-space
between the supporting plate 51 and the bottom surface or the second
surface of the muliilayer interconnection board 3. The supporting plate 51
may be made of a high rigidity material. Insulating materials and
conductive materials are also available for the supporting plate 51,
provided that the material has the high rigidity. The resin material is
injected through the resin injection hole 53 of the supporting plate 51 into
the inter-space betwecn the supporting plate 51 and the bottom surface or
the second surface of the multilayer interconnection board 3, thercby to
form the supporting sealing resin material 54 in the inter-space between the

supporting plate 51 and the bottom surface or the second surface of the
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multilaycr interconnection board 3. The supporting sealing resin rpateria]
54 is tightly contact with upper portions of the solder balls 13 for
supporting the solder balls 13 to increasc the bonding stability betwecn the
solder balls 13 and fhe external electrode pads 17 of the multilayer
interconnection board 3. The supporting plate 51 defines a height or a
thickness of the supporting séa.ling resin material 54, wherein the thickness
of the supporting scaling resin material 54 1s defined to be smaller than the
height of the solder balls 13 so that the tops of the solder balls 13 project
from the solder ball insertion holes 52 of the supporting plate 51 and from

the bottom surface of the supporting sealing resin material 54.

FIG. 18 is a fragmentary enlarged cross sectional elevation view

illustrative of a solder ball bonded on an extemal electrode pad of a
multilayer intexconnection board and a partial supporting layer around the
solder ball as encompassed by a circle line marked with “A” in FIG. 17.
The solder ball 13 is bondcd on the external electrode pad 17 of the
multilayer interconnection board 3. The supporting plate 51 is so provided
as to form the inter-space between the supporting plate 51 and the bottom
surface or the s;econd surface of the multilayer interconnection board 3. The
resin aterial is injected through the resin injection hole 53 of the
supporting plate 51 into the inter-space between the supporting platc 51 and

the bottom surface or the second surface of the multilayer interconnection

board 3, thereby to form the supporting sealing resin material 54 in the

inter-space between the supporting plate 51 and the bottom surface or the

second surface of the multilayer interconnection board 3. The supporting
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sealing resin material 54 is tightly contact with upper portions of the solder
balls 13 for supporting the salder balls 13 to increase the bonding stability
between the solder balls 13 and the external electrode pads 17 of the
multilayer interconncction board 3. The supporting plate 51 defines a
hejght or a thicknes's of the supporting sealing résin material 54, wherein
the thickness of the supporting sealing resin material 54 is defined to be
smaller than the height of the solder balls 13 so that the tops of the solder
balls 13 project from the solder ball insertion holes 52 of the supporting

plate 51 and from the bottom surface of the supporting sealing resin
material 54. |

As described above, the eighth embodiment is different from the

first embodiment only in further providing the supporting layer 59 for
supporting the soldcr balls 13 to increase the bonding stability between the
solder balls 13 and the external electrode pads 17 of the multilayer
interconnection board 3. The above semiconductor device may be
fabricated by further pmviding the supporting layer 59 to the sequential
fabrication processes described with reference to FIGS. 7A through 7Q in
the first embodiment, for which reason the following descriptions will
focus on the further fabrication processes for forming the supporting layer
59 on the flip-chip scmiconductor device 32 fabricated in the sequential
fabrication processcs described with reference to FIGS. 7A through 7Q in
the first embodiment.

FIGS. 19A through 19B are fragmentary cross sectional elevation

views illustrative of sequential steps involved in a method of forming a
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supporﬁng layer on a flip-chip scmiconductor device in an eighth
embodiment in accordance with the present invention, wherein the flip-chip
semiconductor device has already becn fabricated in the sequcntial
fabrication processes described with reference to FIGS. 7A through 7Q
described in the first embodiment of the present invention.

With reference to FIG. 19A, the supporting plate 51 is provided
which extends in parallel to the second surface or the bottom surface of the
multilayer interconnection board 3, wherein the supporting plate 51 has the
array of solder ball insertion holes 52 having a diamc_ter which is slightly

Jarger than a diameter of the solder balls 13, so that the solder balls 13 are

inserted in the solder ball insertion holes 52 and surrounded by the

supporting platc 51, thereby to form an inter-space between the supportifxg
plate 51 and the bottom surface or the second surface of the multilayer
interconnection board 3. The suppomng plate 51 further has a resin
injection hole 53 for allowing a resin matcnal into the inter-space bctween
the supporting plate 51 and the bottom surface or the second surface of the
multilayer interconnection board 3.

With reference to FIG. 19B, a rcsin material is injected through

the resin injection hole 53 of the supporting plate 51 into the inter-space

between the supporting plate 51 and the bottom surface or the second |

surfacc of thc multilayer interconnection board 3, thereby to form the
supporting sealing resin material 54 in the inter-space between the
supporting platc 51 and the bottom surface or the second surface of the

multiayer interconnection board 3. The supporting sealing resin material
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54 is tightly contact with upper portions of the solder balls 13 for
supporting the solder balls 13 to increase the bonding stability between the

solder balls 13 and the extcrnal clectrode pads 17 of the multilayer

 interconnection board 3.

In accordance with this embodiment, the supporting layer 59,
which comprises the suppoﬁing'plate 51 and the supporting sealing resin
material 54, is provided on the second surface or the bottom surface of the
multilayer intcrconnection- board 3 so that the supporting layer 59

surrounds the solder balls 13 for supporting the solder balls 13 to increase

the bonding stability between the solder balls 13 and the external electrodc

pads 17 of the multxlayer interconnection board 3.

NINTH EMBODIMENT -

A ninth embodiment according to the present invention will be
described in detail with reference to the drawings. A difference in the ninth
embodiment from the fifth embodiment is in that a supporting layer is
provided, surrounding cach of the solder balls for supporting the solder
balls to increase a bonding strength between the solder balls and external
clectrodc pads of the multilayer interconncction board. FIG. 20 is a cross
sectional elevation view illustrative of a semiconductor device having a
multilayer interconnection board, on which a scmiconductor chip is
mounted in a ninth embodiment according to the present invention. A
scmiconductor device 32 has a multilayer interconnection board 3. A flip-

chip semiconductor chip 2 is flip-mounted on the multilayer
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interconnection board 3, whercin a first surface of the flip-chip
semiconductor chip 2 is clectrically connected through bumps 14 to a first
surface of the multilayer interconnection board 3. A .second surface of the
multilayer intercormection board 3 has arrays of external elcctrode pads 17.
A sealing rcsin material 31 is provided over the first surface of the
multilayer intcrconnection .anrd 3 for sealing the semiconductor chip 2
and the bumps 14. The bumps 14 and the solder balls 13 are cclectically
connected to each other through multilevel interconnections of the
multilayer interconnedion board 3. A second surface of the multilayer
intcrconnection board 3 has arrays of extemal electrode pads 17 on which a.
buffer layer 4 is formed. Sol.der balls 13 are formed on a bottom surfacc of
the buffer layer 4. The buffer layer 4 comprises plural metal buffer layers
11 which are in contact with the external electrodc pads 17 and a stress
absorption layer 12 in gaps between the plural metal buffer layers 11, The
buffer layer 4 is thus provided betwcen the external electrode pads 17 of
the multilayer interconnection board 3 and the solder balls 13. The buffer
layer 4 comprising plural metal buffer layers 11 and the stress absorption
layer 12 has a sufficient stand-off height for relaxing the stress applied
betwcen the flip-chip semiconductor device 32 and the circuit board not
illustrated. Further, a supporting frame 25 is provided which extends on a
peripheral region of the bottom surface of thc multilayer interconnection
board 3, The stress absorption layer 12 is provided on the bottom surface of
the multilayer interconnection board 3 except under the cxternal electrode

pads 17 and the peripheral region of the multilayer interconnection board 3.
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The stress -absorétion layer 12 is also provided between the p_luraI metal
buffer layers 11 and the supporting frame 25. The strcss absorption layer 12
has a multilayer structure which has physical properties absorbing stresses
and strains. The stress absorption layer 12 may be made of a silicone resin
matcrial. Organic materials such as epoxy based resins, silicone bascd
resins, polyolefin based resins, cyanate ester based resins, phenol bascd
resins, naphthalenc based resins arc also available for the stress absorption
laycr 12. The supporting frame 25 protects the multilayer interconnection
board 3 and the buffer layer 4 comprising plurality of metal buffer layers 11
from mechanical stresses when the product is handled. Since the buffcr
layer 4 comptises the plural metal buffer layers 11, the external electrode
pads 17 of the multilayer interconnection board 3 are elcctrically connected
throngh the plural metal buffer Jayers 11 to the solder balls 13. A sealing
resin material 31 is provided over the first surface of the multilayer
interconnection board 3 for sealing the semiconductor chip 2 and theé
bumps 14. The burnps 14 and the solder balls 13 are eclectically connected

to each other through multilevel intertonncctions of the "multilayer

interconnection board 3.

In this embodiment, in order to increase a bonding strength
between the solder balls 13 and the plural metal buffer Jayers 11 of the
buffer layer 4, a supporting layer 59 is provided on the bottom surface of
the buffer layer 4 so that the supporting layer 59 surrounds the solder balls
13 for supporting the solder balls 13 to increase the bonding stability

between the solder balls 13 and the plural metal buffer layers 11 of the
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buffer layer 4. The supporting layer 59 comprises a supporting plate 51 and
a supporting sealing resin material 54. The supporting.plate 51 extends in
parallel to the bottom surface of the buffer layer 4, wherein the supporting
plate 51 has an array of solder ball insertion holes 52 having a diameter
which is slightly larger than a diameter of the solder balls 13, so that the
solder balls 13 are inserted in the solder ball insertion holes 52 and
surrounded by the supporting plate 51. The supporting plate 51 is so
provided as to form an inter-space between the supporting plate 51 and the
bottom surface or the buffor layer 4. The supporting plate 51 further has a
resin injection hole 53 for allowing a resin material into the intcr-space
between the sﬁpporting plate S1 and the bottom surface of the buffer layef
4. The supporting plate 51 may be made of a high rigidity material.
Insulating materials and conductive matcrials are also available for the
supporting plate 51, provided that the material has the bhigh rigidity. The
resin material is injected through the lresin injection hole 53 of thc
supporting plate 51 into the inter-space between the supporting plate 51 and
the bottom surface or the second surface of the multilayer interconnection
board 3, thereby to form the supporting sealing resin matcrial 54 in the

intcr-space between the supporting plate 51 and the bottom surface or the

second surfacc of the multilayer interconnection board 3. The supporting
scaling resin material 54 is tightly contact with upper 'ponions of the solder
balls 13 for supporting the solder balls 13 to increase the bonding stability
between the solder balls 13 and the plural metal buffer layers 11 of the
buffer layer 4. The supporting platc 51 defines a height or a thickness of the
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supporting scaling resin material 54, wherein the thickness of the
supporting sealing resin material 54 is defined to be smallcr than the height
of the solder balls 13 so that the tops of the solder balls 13 project from the
solder ball insertion holes 52 of the supporting platc 51 and from the
bottom surface of the supporting sealing resin material 54.

As described abdve, the ninth embodiment is different from the
fifth embodiment only in further providing the supporting layer 59 for
supporting the solder balls 13 to increase the bonding stability between the
solder balls 13 and thc plural metal buffer layers 11 of the buffer layer 4.

The above semiconductor device may be fabricated by further providing

the supporting layer 59 to the sequential fabrication processes described

with reference to FIGS. 14A through 14S in the fifth embodiment, for

which reason the following descriptions will focus on the further

fabrication processes for forming the supporting layer 59 on the flip-chip
semiconductor device 32 fabricated in the sequential fabrication processes

described with reference to FIGS. 14A through 14S in the fifth
embodiment.

FIGS. 21A through 21B are fragmentary cross scctional elevation
views illustrative of sequential steps involved in a method of forming 2
supporting layer on a flip-chip semiconductor device in an ninth
embodiment in accordance with the present invention, wherein the flip-chip
semiconductor device has already been fabricated in the sequential
fabrication processes described with reference to FIGS. 14A through 14S

described in the fifth embodiment of the present invention.
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With refercnce to FIG. 21A, the supporting plate 51 is provided
which extends in parallel to the bottom surface of the buffer layer 4,
WIxerein the supporting plate 51 has the array of solder ball inscrtion holes
52 baving a diameter which is slightly larger than a diameter of the solder
balls 13, so that the solder balls 13 arc inserted in the solder ball insertion
holes 52 and surrounded by.thc supporting plate 51, thereby to form an
inter-space between the supporting plate 51 and the bottom surface or the
second surface of the buffer layer 4. The supporting plate 51 further has a
resin injection hole 53 for allowing a resin material into the inter-space
between the supporting plate 51 and thc bottom surface or the second
surface of the multilayer intcrconnection board 3.

With reference to FIG. 21B, a resin material is injected through
the resin injection holc 53 of the supporting plate 51 into the inter-space
between the supporting plate 51 and the bottom surface or the second
surface of the multilayer interconnection board 3, thereby to form the
supporting scaling resin material 54 in the inter-space between the
supporting plate 51 and the bottomn surface of the buffer layer 4. The
supporting sealing resin material 54 is tightly contact with upper portions
of the solder balls 13 for supporting the solder balls 13 to increasc the
bonding stability between the solder balls 13 and the plural metal buffer
layers 11 of the buffer layer 4.

In accordance with this embodiment, the supporting layer 59,
which comprises the supporting plate 51 and the supporting sealing reﬁn

material 54, is provided on the second surface or the bottorn surface of the
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mﬁltilaycr interconnection board 3 so that the supporting layer 59
surrounds the solder balls 13 for supponiﬁg the solder balls 13 to increase
the bonding stability between the solder balls 13 and the plural metal buffer
laycrs 11 of the buffer layer 4.

JENTH EMBODIMENT ;.

A tenth embodiment according to the present invention will be
described in detail with reference to the drawings. A difference in the teath
embodiment from the ninth embodiment is in that a heat spreader is further

provided for promoting a heat radiation from the semiconductor chip. FIG

22 is a cross sectional elevation view illustrative of a semiconductor device

baving a multilaycr interconnection board, on which a semiconductor chip
is mounted in a tenth embodiment according to the present invention. A
semiconductor device 32 has a multilayer interconnection board 3. A flip-
chip semiconductor chip 2 is flip-mounted on the multilayer
interconuection board 3, whercin a first surface of the flip-chip
semiconductor chip 2 is electrically connected through bumps 14 to a first
surface of the multilayer interconnection board 3. A second surface of the
multilayer interconnection board 3 has arrays of external electrode pads 17.
A scaling resin material 31 is provided over the first surface of the
multilayer interconnection board 3 for sealing the semiconductor chip 2
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically
connected fo each other through multilevel interconncctions of the

multilayer interconnection board 3. A second surface of the multilayer
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interconnection board 3 has arrays of extcrnal electrode pads 17 on which 2
buffer layer 4 is formed. Solder balls 13 arc formed on a bottom surface of
the buffer layer 4. The buffer Jayer 4 comprises plural metal buffer layers
11 which are in contact with the external clectrode pads 17 and a stress
absorption layer 12' in gaps between the plural metal buffer layers 11. The
buffer layer 4 is thus provided between the external electrode pads 17 of
the multilayer interconnection board 3 and the solder balls 13. The buffcr
layer 4 comprising plural metal buffer layers 11 and the stress absorption
layer 12 has a sufficient stand-off height for relaxing the stress applied
between the flip-chip semiconductor device 32 and the circuit board not
illustrated. Further, a supporting frame 25 is provided which extends on a
peripheral region of the bottom surface of the multilayer interconnection
board 3. The stress absorption layef 12 is provided on the bottom surface of
-the multilayer interconnection board 3 except under the external electrode
pads 17 and the peripheral region of the multilayer interconnection board 3.
The strcss absorption layer 12 is also provided between the plural metal
buffer layers 11 and the supporting frame 25. The stress absorption layer 12
has a multilayer structure which has physical properties absorbing str;sscs
and strains. The stress absorption ]ayér 12 may be made of a silicone resin
material. Organic materials such as epoxy based resins, silicone based
resins, polyolefin bascd resins, cyanate ester based resins, phenol based
resins, naphthalene based resins are also available for the stress absorption
layer 12. The supporting frame 25 protects the multilayer interconnection

board 3 and the buffer layer 4 comprising plurality of metal buffer layers 11
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from mechanical stresses when the product is handled. Since the buffer |
layer 4 comprises the plural metal buffer layers 11, the external electrode
pads 17 of the multilayer interconnection board 3 are electrically connected
through the plural metal buffer layers 11 to the solder balls 13. A scaling
resin material 31 is provided over the first surface of the multiliyer
interconnection board 3 for sealing the semiconductor chip 2 and the
bumps 14. The bumps 14 .and the solder balls 13 are eclectically connected
to cach other through multilevel interconnections of the multilayer
interconnection board 3. In order to increase a bonding strength between
the solder balls 13 and the plural metal buffer layers 11 of the buffcr layer 4,
a supporting layer 59 is provided an the bottom surface of the buffer layer 4
so that the supporting layer 59 surrounds the solder balls 13 for supporting
the solder balls 13 to increase the bonding stability between the solder balls
13 and the external electrode pads 17 of the multilayer interconuection
board 3. The supporting layer 59 comﬁrises a supporting plate 51 and a
supporting sealing resin material 54. The supporting plate 51 extends in
parallel to the bottom surface of the buffer layer 4, wherein the supporting
plate 51 has an array of solder ball insertion holes 52 having a diameter
which is slightly larger than a diameter of the solder balls 13, so that the
solder balls 13 are inscrted in the solder ball insertion holes 52 and
surrounded by the supporting plate 51. The supporting plate 51 is so
provided as to form an inter-space between the supporting plate 51 and the
bottom surface or the buffer layer 4. The supporting plate 51 further has a

resin wyection hole 53 for allowing a resin material into the inter-space
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between the supporting plate 51 and the bortom surface or the second
surface of the multilayer interconnection board 3. The supporting plate 51
may be made of a high rigidity material, Insulating materials and
conductive materials are also available for .the supporting plate 51,
provided that the ﬁateriﬂ has the high rgidity. The resin material is
injected through the resin injection hole 53 of the supponmg plate 51 into
the inter-space betwcen the supporting plate 51 and the bottom surface or
the sccond surface of the multilayer interconnection board 3, thereby to
form the supporting sealing resin material 54 in the inter-space between the

supporting plate 51 and the bottom surface or the second -surface of the

multilayer interconnection board 3. The supporting sealing resin material -

S4 is tightly contact with upper portions of the solder balls 13 for
supporting the solder balls 13 to increase the bonding stability between the
solder balls 13 and the plural metal buffer layers 11 of the buffer layer 4.
The supporting plate 51 defines a height or a thickness of the supporting
sealing resin matcrial 54, whérein the thickness of the supporting scaling
resin matenal 54 is defined to be smaller than the height of the solder balls
13 so that the tops of the solder balls 13 project from the solder ball
insertion holes 52 of the supporting platc 51 and from the bottom surface of
the supporting sealing resin matcrial 54. |

In this embodiment, a heat conductive adhesive layer 41 is
provided on a second surface of the semiconductor chip 2. A heat spreader
42 is provided on the heat conductive adhesive layer 41 so that the heat

spreader 42 is adhered through the heat conductive adhesive layer 41 to the

71835
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second surface of the semiconductor chip 2. The bumps 14 and the solder
balls 13 are eclectically connected to each other through mnultilevel
interconnections of the multilayer interconnection board 3. A heat
generated in the semiconductor chip 2 is conducted through the heat
conductive adhesive layer 41 to thé heat spreader 42 for causing a heat
radiation from the heat spreader 42. The heat sprcader 42 may be made of a
heat conductive material such as a metal base material, for example, Cu, Al,
W, Mo, Fe, Ni, and Cr, or Al203, AlN, SiC, other ceramics such as mullite.
The heat conductive adhesive layer 41 may be made of a resin based
material contaiming a heat conductive material, wherein the resin bascd
matcrial may be one of epoxy resin materials, silicone resin materials,
polyimide resin materials, polyolefin resin materials, cyanate ester resin
materials, phenol resin materials and naphthalene resin materials, whilst the
heat conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W,
diamond, A1203, AIN, and ¢ceramic materials such as mullite, BN and SiC.

ELEVENTH EMBODIMENT -

An cleventh embodiment according to the present invention will
be described in detail with reference to the drawings. A diffcrence in the
cleventh embodiment from the tenth embodiment is in that in place of the
sealing resin material, an under-fill resin material and a stiffener are further
provided. FIG. 23 is a cross sectional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in an eleventh embodiment according to

186 is Sheet Has Been Replaced

T

I/ Ju

’I‘j .



M A L L L L

the present invention. A semiconductor device 32 has a multilayer
interconnection boafd 3. A flip-chip scmiconductor chip 2 is flip-mounted
on the multilayer interconncction board 3, wherein a first surface of the
flip-chip scmiconductor chip 2 is electrically connccted through bumps 14
to a first surfacc of | the multilayer interconnection board 3. A sccond
surface of the multilayer interconnection board 3 has arrays of external
electrode pads 17. The bumps 14 and the solder balls 13 are eclectically
connected to each other through multilevel intercomnections of the
multilayer interconnection board 3. A second surface of the multilayer
interconnection board 3 has arrays of external electrode pads 17 on which a
buffer layer 4 is formed. Soldér balls 13 are formed on a bottom surface of
the buffer layer 4. The buffer layer 4 comprises plural metal buffer Jayers
11 which are in contact with the external electrode pads 17 and a stress
absorption layer 12 in gaps between the plural metal buffer layers 11. The
buffer layer 4 is thus provided between the external electrode pads 17 of
the multilayer interconnection board 3 and the solder balls 13. The buffer
layer 4 comprising plural meta] buffer layers 11 and the stress absorption
Jayer 12 has a sufficient stand-off height for relaxing the stress applied
between the flip-chip semiconductor device 32 and the circuit board not
illustrated. Further, a supporting frame 25 is provided which extends on a
peripheral region of the bottom surface of the multilayer interconnection
board 3, The stress absorption layer 12is provided on the bottom surface of
the multilayer interconncction board 3 except under the extemal electrode

pads 17 and the peripheral region of the multilayer interconnection board 3.

187

“his Sheet Has Been Replac

[T




The stress absorption layer 12 is élso provided between thc plural metal
buffer layers 11 and the supporting frame 25. The stress absorption layer 12
has a multilayer structure which has physical properties absorbing stresses
and strains. The stress absorption layer 12 may be made of a silicone resin
material. Organic materials such as epoxy based resins, silicone based
resins, polyolefin based resins, cyanate ester based resins, phenol based
resins, naphthalene based resins are also available for the stress absorptioh
layer 12. The supporting frame 25 protects the multilayer interconnection
board 3 and the buffer layer 4 comprising plurality of metal buffer layers 11
from mechanical stresses when the product is handled. Since the buffer
layer 4 comprises-the plural metal buffer layers 11, the external electrode
pads 17 of the multilayer intcrconnection board 3 are electrically connected
through the plural metal buffer layers 11 to the solder balls 13. In place of
the sealing resin material, an under-fill resin layer 43 is provided over the
first surface of the multilayer interconncction board 3 for sealing the
semiconductor chip 2 and the bumps 14. The buraps 14 and the solder balls
13 are eclectically conmnected to each other through multilevel
interconnections of the multilayer interconnection board 3. The under-fill
resin laycr 43 may be made of one of epoxy resin matcrials, silicone resin
materials, polyimide resin materials, polyolefin resin materials, cyanate
esler resin matcrials, phenol resin materials and naphthalene resin materials.
A heat conductive adhesive layer 41 is provided on 2 top surface of the
semiconductor chip 2. Further, a stiffener 44 js adhered through an

adhesive 45 on a peripheral region of the first surface or the upper surface
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of the multiyear interconnection board. A heat spreader 42 is provided on
thc heat conductive adhesive layer 41 and on an adhesive applied on the top
of the stiffener 44 so that the heat spreader 42 is adhered through the heat
conductive adhesive layer 41 to the top surface of the semiconductor chip 2
and also adhered through the adhesive 45 to the stiffener 44. A heat
generated in the semiconductor chip 2 is conducted through the heat
conductive adhesive layer 41 to the heat spreader 42 for causing a heat
radiation from the heat spreader 42. The heat spreader 42 may be made of 2
heat conductive material such as a mctal base material, for example, Cu, Al,

W, Mo, Fe, Ni, and Cr, or Al203, AIN, SiC, other ceramics such as mullite.

The heat conductive adhesive layer 41 may be made of a resin based |

material containing a heat conductive material, wherein the resin bascd
material may be one of epoxy tesin materials, silicone rcsin materials,
polyimide resin materials, polyolefin resin matcrials, cyanate eéter 7esin
materials, phcnoi rcsin matcrials and nabhthalene resin materials, whilst the
heatr conductive materiai may be one of Ag, Pd, Cu, Al, Ay, Mo, W,
diamond, Al203, AIN, and ceramic materials such as mullite, BN and SiC.
The bumps 14 and the solder balls 13 are cclectically connected to each
other through multilevel interconnections of the multilayer interconnection
board 3. In order to increase a bonding strength between the solder balls 13
and the plural metal buffer Jayers 11 of the buffer laycr 4, a supporting
layer 59 is provided on the bottom surface of the buffer layer 4 so that the
supporting layer 59 surrounds the solder balls 13 for supporting the solder

balls 13 to increase the bonding stability between the solder balls 13 and
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the external electrode padsl 17 of the multilayer intcrconnection board 3.
The supporting Jayer 59 comprises a supporting plate 51 and a supporting
sealing resin material 54. The supporting plate 51 extends in parallel to the
bottom surface of the buffer laycr 4, whercin the supporting plate 51 has an
array of solder ball insertion holes 52 having a diameter which is slightly
larger than a diametcr of the solder balls 13, so that the solder balls 13 are
inserted in the solder ball insertion holes 52 and surrounded by the
supporting plate 51. The supporting plate 51 is so provided as to form an
inter-space between the supporting plate 51 and the bottom surface or the

buffer layer 4. The supporting plate 51 further has a resin injection hole 53

for allowing a resin material into the inter-space between the supporting

plate 51 and the bottom surface or the second surface of the multilayer
interconnection board 3. The supporting plate 51 may be made of a high
rigidity material. Insulating materials and conductive materials are also
available for the supporting plate 51, provided that the material has the high
rigidity. The resin material is injected through the resin injection hole 53 of
the supporting plate 51 into the inter-space between the supporting plate 51
and the bottom surfacc or the second surface of the muliilayer
interconnection board 3, thereby to form the supporting sealing resin
material 54 in the inter-space between the supporting plate 51 and thc

bottom surface or the second surface of the multilayer interconncction

board 3. The supporting sealing rcsin material 54 is tightly contact with

upper portions of the solder balls 13 for supporting the solder balls 13 to |

increase the bonding stability between the solder balls 13 and the plural
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metal buffer layers 11 of the buffer layer 4. The supporting plate 51 defines
a height or a thickness of the supporting sealing resin méterial 54, wherein
the thickness of the supporting sealing resin material 54 is defincd to be
smaller than the height of the solder balls 13 so that the tops of the solder
balls 13 project from the solder ball insertion holes 52 of the supporting

platc 51 and from the boftom surface of thc supporting sealing resin
material 54.

TWELFTH EMBODIMENT

A twelith embodiment according to the present invention will be
described in détail with reference to the drawings. A difference in the
welfth embodiment from the ninth embodiment is in that plural metal
coluron electrodes are bonded by an adhesive to external electrode pads of
a multilayer interconnection board and a stress absorption resin layer 12’ is
also provided to fill gaps between the plural metal column electrodes, In
the above ninth embodiment, the plural metal electrode layers are formed
by selective ctching to the metal platc. In this embodiment, the mctal plate
or the high rigidity plate is once bompletely removed and then the plural
mcta] column electrodes are bonded by an adhesive to exteral clectrode
pads of a multilayer interconnection board.

FIG. 24 is a cross sectional elevation view illustrative of a

semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in a twelfth embodiment according to the

present invention. A semiconductor device 32 has a multilayer
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interconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted
on the multilayer interconnection board 3, wherein a first surface of the
flip-chip semiconductor chip 2 is electrically connccted through bumps 14
to a first surface of the multilayer interconnection board 3. A second
surface of thc multilayer interconnection board 3 has arrays of external
electrode pads 17. A sealing resin material 15 1s provided over the first
surface of the multilayer interconnection- board 3 for sealing the
semiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls

13 are cclectically connected 1o each other through multileve)

A7V

interconnections of the multilayer interconnection board 3. A second -

surface of the multilayer interconnection board 3 has arrays of extemnal
electrode pads 17 on which a buffer layer 4’ is formed. Solder balls 13 are
formed on a bottom surface of the buffer layer 4’. The buffer layer 4
comprises plural metal column-shaped buffer layers 11’ which arc bonded
by an adhesive 61 in to the external electrode pads 17 and a strcss
absorption layer 12’ in gaps between the plural metal column-shaped buffer
layers 11°. The buffer layer 4’ is thus provided between fhe external
electrode pads 17 of the multilayer interconnection board 3 and the solder
balls 13. The buffer layer 4’ comprising the plural metal column-shaped

buffer layers 11’ and the stress absorption layer 12 has a sufficient stand-off

height for relaxing the stress applied between the flip-chip semiconductor

device 32 and the circuit board not illustrated. The stress absorption Jayer
12’ is provided on the bottom surface of the multilayer interconnection

board 3 except under the extemal electrode pads 17 and the peripheral
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region of the multilayer interconnection board 3. The stress absorption
layer 12’ has a multilayer structure which has physical properties absorbing
stresses and strains. The stress absorption layer 12° may be made of a
silicone resin material. Organic materials such as cpoxy based resins,
silicone based resins, polyolefin based resins; Cyanate ester based T€sins,
phenol based resins, naphthalenc bascd rcsins are also available for the
stress absorption. layer 12°. Since the buffer layer 4’ comprises the plural
metal column-shaped buffer laycrs 11°, the external electrode pads 17 of
the multilayer interconnection board 3 are electrically connected through
the plural metal column-shaped buffer layers 11° to the solder balls 13. A
sealing resin material 31 is provided over the first surface of the multilayer |
interconnection board 3 for sealing the semiconductor chip 2 and the
bumps 14, The bumps 14 and the solder balls 13 are eclectically connected
to cach other through multilevel interconnections of the multilayer
interconnection board 3. |
In this embodiment, in order to increase a bonding strength
between the solder balls 13 and the plural metal column-shaped buffer
layers 117 of the buffer layer 4°, a supporting layer 59 is provided on the
bottom surfacc of the buffer layer 4 so that the supporting layer 59
- surrounds the solder balls 13 for supporting the solder balls 13 to increase
the bonding stability between the solder balls 13 and the plural metal
column-shaped buffer layers 11° of the buffer layer 4°. The supporting layer
59 comprises a supporting plate 51 and 2 supporting sealing resin material

54. The supporting plate S1 extends in parallel to the bottom surface of the
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buffer layer 4°, whercin fhe supporting plate 51 has an array of solder ball
insertion holes 52 having a diameter which is slightly larger than a diameter
of the solder balls 13, so that the solder balls 13 are inserted in the solder
ball insertion holes 52 and surrounded by thc supporting platc 51. The
supporting plate 51 is so provided as to form an inter-space between the
supporting plate 51 and thé bottom surface or the buffer layer 4°. The
supporting plate 51 further has a resin igjection hole 53 for allowing 2 resin
material into the inter-spacc between the supporting plate 51 and the
bottom surface or the second surface of the multilayer interconncction
board 3. The supporting plate 51 may be made of a high rigidity material.
Insulating materials and conductive rmaterials are also availablc for the |

supporting plate 51, provided that the material has the high rigidity. The
resin material is injected through thc resin injection hole 53 of the
supporiing plate 51 into the inter-space between the supporting plate 51 and
the bottom surfacc or the second surfacc of th'e' multilaycr interconnection
board 3, thereby to form the supporting sealing resin material 54 in the
inter-space between the supporting plate 51 and the boftom surface of the
buffer layer 4°. The supporting sealing resin matcrial 54 is tightly contact
with upper portions of the solder balls 13 for supporting the solder balls 13
10 increase the bonding stability between the solder balls 13 and the plural
metal buffer layers 11 of the buffer layer 4. The supporting plate 51 defines
a height or a thickness of thc supporting sealing resin matesial 54, wherein
the thickness of the supporting sealing resin material 54 is defined to be
smaller than the height of the solder balls 13 so that the tops of the solder
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balls 13 project from the solder ball inscrtion holes 52 of the supporting
plate 51 and from the bottom surfacc of the supporting scaling resin
material 54.

FIGS. 25A through 25U are fragmentary cross sectional
elevation views illustrative of 2 novel mcthod of forming a semiconductor
device having a multiiayer intcrconnection board on which a
semiconductor chip is mounted in a twelfth embodiment in accordance

with the present invention.

With reference to FIG. 254, a high rigidity plate 16 is prepared.

The high rigidity plate 16 may be made of any material baving 2 high

rigidity. Metals such as Cu-, Ni-, Al-, W-, Mo~, Au-, Ag- and Pt-based
metals, complex materials of diffcrent metals and ceramics are available for
the high rigidity platc 16.

With reference to FIG. 25B, an adhesive mctal layer of a metal
such as a Ti-base alloy, a Cr-base alloy, 2 Mo-base alloy, and a W-base
alloy is formed on a first surface of the high rigidity plate 16 by a
sputtering method. An elcctrode material layer of a metal such as Cu, Al,
and Ni is then formed on the adhesive metal layer by a sputtering method
to form laminations of the adhesive metal layer and the clectrode material
layer. A resist film is then applied on the laminations of the adhesive metal
layer and the electrode matcrial layer. The resist film is then pattemed by
an cxposure and a subsequent development to form a resist patiern. A
sclective wet eiching process or a selective dry etching process to the

laminations of the adhesive metal layer and the electrode material layer is
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carried out by usc of thc resist pattern as a mask so as to pattern the
Jaminations of the adhesive mctal. layer and the electrode material layer,
whereby external electrode pads 17-1 are selectively formed on the first
surfacc of the high rigidity plate 16. The used rcsist patiern is then
removed.

If a minimum pitch of the external electrode pads 17-1 is not so
narrow, then it is possible as a modification that a resist is coated directly
on the first surface of the high rigidity plate 16 and thep patterned by an
exposme and a development to form a resist pattem before a selective
electroplating of metal js then carried out by use of the rcsist pattern as a
mask, followed by removal of the used resist pattern.

With reference to FIG. 25C, an insulative resin thin film 18-1 is
then formed over the external electrode pads 17-1 and the first surface of
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise
a polyimide based resin thin film which may bc formed by a spin coating
method, a chemical vapor deposition method or 2 physical vapor deposition
method. In place of the polyimide based resin, silicon dioxide based
inorganic materials, and organic materials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins arc available for the
insulative resin thin film 18-1. If a fine pattern of not more than 1.0
micrometer js required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor.

With reference to FIG. 25D, the insulative resin thin film 18-1 is
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selectively removed to form openings 19-1 in the insulative resin thin film
18-1 and over the external electrode pads 17-1. A resist film is applied on
the insulative resin thin film 18-1 and then patterned by an exposure and a
subsequent development to form a resist pattern on the insulative resin thin
' film 18-1. If the insulative rcsin thin film 18-1 is made of 2 material which
is removable by a chemical erching process, the insulative resin thin film
18-1 is selectively removed by a wet etching by use of the resist pattern as
a mask to form the openings 19-1 in the insulative resin thin film 18-1. If
~ the insulative resin thin film 18-1 is made of 2 material which is
unremovable by the chemical etching process, the insulative resin thin film
18-1 is selectively removed by a dry etching by use of the resist pattern as a
mask to form thc openings 19-1 in the insulative resin thin film 18-1. The
external electrode pads 17-1 are partially shown through the openings 19-1
formed in the insulative resin thin film 18-1. The used resist pattern is then
removed.

With reference to FIG. 25E, an adhesive metal thin film 21a is
cntircly formed which extends on the surface of the insulative resin thin
film 18-1 and the shown parts of the cxternal electrode pads 17-1 by a
sputtering method. The adhesive metal thin film 212 may be made of a Ti-
based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subsequently, a metal electrode thin film 21b is also entirely formed on the
adhesive metal thin film 21a by a sputtering method, a chemical vapor
deposition or an clectroless plating method. The metal electrode thin film

21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin
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film 21a and the metal clectrode thin film 21b form a metal thin film 21
which extends on the surface of the insulative resin thin film 18-1 and
within the opcnings 19-1 over the external electrode pads 17-1.

With reference to FIG. 25F, a resist film is entirely formed on the
metal thin film 21 and then patterned by an exposure and a subsequent

- devclopment to form a resist pattern over the metal thin film 21. The metal

thin film 21 is then patterned by a wet etching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact layers 23-1 in the -
openings 19-1 and metal thin film interconnection layers 22-1 over the
insulative resin thin film 18-1, wherein the metal thin film interconnection
laycrs 22-1 are in contact directly with the metal thin film contact layérs
23-1, so that the metal thin film interéonnection layers 22-1 are electrically
conunected through the metal thin film contact layers 23-1 to the external
electrode pads 17-1. The used resist mask is then rcmoved. The external
elcctrode pads 17-1 shown in FIG. 25F comespond to the first level
interconnection pattern 5-1 of the first interconnection layer 5 shown in
FIG. 6. The insulative resin thin film 18-1 shown in FIG. 25F also
corresponds to the first leve] insulating layer 5-2 of thc first interconnection
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in
FIG. 25F also corresponds to the first Icvel contact layer 5-3 of the first
intcrconnection layer 5. The metal thin film interconnection layers 22-1
shown in FIG. 25F also cdnesponds to the second leve] interconnection
pattern 6-1 of the second intcrconnection layer 6.

If the pattern pitch of the metal thin film interconnection layers
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22-1 is not S0 narrow, then it is possible as a modification that after the
metal thin film 21 has been formed, then the resist pattern is formed on the
metal thin film 21 so that a selective electroplating of metal such as Cu is
cartied out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film 21. The used resist mask is then removed. The
metal thin film 21 is theﬁ selcctively etched by use of the Cu-plated
patterns as a mask thereby to form the metal thin film interconnection

layers 22-1 over the insulative resin thin film 18-1 and the metal thin film

contact layers 23-1 in the openings 19-1.

In accordance with the abovc described method and its

modification, it is possib_le that the thicknesses of the resist film and the
mctal thin film interconnection layers 22-1 are not more than 1
micrometcrs.

With reference to FIG. 25G, an insulative resin thin film 18-2 is
then formed over the metal thin film interconnection layers 22-1 and the
insulative resin thin film 18-1. The insulative resin thin film 18-2 may
comprise a polyimide based resin thin film which may bc formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
deposition method. In place of the jaolyimide bascd resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,
siliconc based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-2. If a fine panerm of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide bascd
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inorganic materials for utilizing diffusion processes of semiconductor. The

insulati\)e resin thin fili 18-2 is sclectively removed to form openings 192

- in the insulative resin thin film 18-2 and over. the metal thin film
interconnection layers 22-1. A resist film is applied on the insulative resin
thin film 182 and then patterned by an exposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-2.
If the insulative fesin thin film 18-2 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattern as a

mask to form the openings 19-2 in the insulative resin thin film 18-2. [f the

insulative resin thin film 18-2 is made of a material which is unremovable

by the chemical etching process, the insulative resin thin film 18-2 is
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-2 in the insulative resin thin film 18-2. The metal
th-i.n film interconnection layers 22-1 are partially shown through the
openings 19-2 formed in the insulative resin thin film 18-2. The used resist
pattern is then removed.

With refcrence to FIG. 25H, an adhcsive metal thin film is
entirely formed which cxtends on the surface of the insulative resin thin
film 18-2 and the shown parts of the metal thin film interconnection layers
22-1 by a sputtcring method. The adhesive metal thin film may be made of
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-bascd alloy.
Subsequently, a metal electrode thin film is also entirely formed on the

adhesive metal thin film by a sputtcring method, 2 chemical vapor
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deposition or an cléctrolcss plating method. The metal electrode thin film
may be made of Cu, Al or Ni, Laminations of the adhesive metal thin film
and the metal electrode thin film form a metal thin film which extends on
the surface of the insulative resin thin film 18-2 and within the openings
19-2 over the metal thin film interconnection layers 22-1. A rcsist film is
entirely formed on the metal thin film and then pattcrned by an exposure
and a subsequent development to form a resist pattern over the metal thin
film. The metal thin film is then patterncd by a wet etching or a dry etching
by use of the resist pattern as a mask to form metal thin film contact layers
23-2 in the openings 19-2 and metal thin film interconnection layers 22-2
over the insulative resin thin film 18-2, wherein the metal thin film
interconnection layers 22-2 are in contact directly with the metal thin film
contact layers 23-2, so that the metal thin film intcrconnection layers 22-2
are electrically connected through the metal thin film contact layers 23-2 to
the metal thin film interconnection layers 22-1. The used resist mask is then
tremoved. The metal thin film interconnection layers 22-1 shown in FIG.
25H comrespond to the second level interconnection pattern 6-1 of the
second interconncction layer 6 shown in FIG. 6. The insulative resin thin
film 18-2 shown in FIG. 25H also corresponds to the second level
insulating layer 6-2 of thc sccond interconncction layer 6 shown in FIG. 6.
The metal thin film contact layers 23-2 shown in FIG. 25H also
corrcsponds to the sccond level contact layer 6-3 of the second
mterconnection layer 6. The mctal thin film interconnection layers 22-2

shown in FIG. 25H also corresponds to the third level interconnection
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pattern 7-1 of the third interconncction layer 7.

If the pattern pitch of the metal thin film interconncction layers
22-2 is not so narrow, then it is possible as a modification that after the
meta] thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated pattems as a

oask thereby to form the metal thin film interconnection layers 22-2 over

~ the insulative resin thin film 18-2 and the mctal thin film contact layers 23-

2 in the openings 19-2.

In accordance with the above described method and its
modification, it is possible that the thicknesses of the resist film and the
metal thin film interconnection layers 22-2 arc pot more than 1
micrometers. |

With reference to FIG. 25], an insulative resin thin film 18-3 is
then formed over the metal thin film interconnection layers 22-2 and the
insulative resin thin film 18-2. The insulative resin thin film 18-3 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
dcposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resius,

silicone based resins, polyolcfin based resins, cyanate ester based resins,

- phenol based resins, naphthalene based resins are available for the
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insulative resin thin film 18-3. If a finc pattern of not more than 1.0
micrometer is requircd, it is preferable to use the silicon dioxide based
inbrganic materials for utilizing diffusion processcs of semiconductor. The
insulative resin thin film 18-3 is selectively removed to form openings 19-3
in the insulative resin thin film 18-3 and over the metal thin film
interconnection layers 22-2. A resist film is applied on the insulative resin
‘thin film 18-3 and then patterned by an exposure and a subscquent
development to form a resist pattern on the insulative resin thin film 18-3.
If the insulative resin thin film 18-3 is made of a material which is
removable by a chemical etching process, the insulative resin thin film 18-3
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-3 in the insulative resin thin film 18-3. If the
tnsulative resin thin film 18-3 is made of a material which is unremovable
by the chemical ctching process, thé insulative resin thin film 18-3 is
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-3 in the insulative resin thin film 18-3. The metal
thin film intercomection layers 22-2 arc partially shown through the
openings 19-3 formed in the insulative resin thin film 18-3. The used resist
pattern is then removed.
With reference to FIG. 253, an adhesive metal thin film is cntirely
formed which extends on the surface of the insulative resin thin film 18-3
and the shown paris of the metal thin {ilm interconnection layers 22-2 by a
sputtering method. The adhesive metal thin film may be made of 2 Ti-bascd

alloy, a Cr-based alloy, a Mo-based alloy, or a2 W-based alloy. Subsequently,
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a mctal electrode thin film is also entirely formed on the adbesive metal
thin film by a sputtering mcthod, a chcmical vapor deposition or an
electroless plating method. The metal electrode thin film may be.madc of
Cu, Al or Ni. Laminations of the adhesive mctal thin film and the metal
electrode thin film form a metal thin film which extends on the surface of
the insulative resin thin film 18-3 and within the openings 19-3 over the
mcta] thin film intcrconnection layers 22-2. A resist film is entirely formed
on the metal thin film and then patterned by an exposure and a subsequent
devclopment to form a resist pattcrn over the metal thin film. The metal
thin film is then pattemed by a wet etching or a dry etching by use of the
resist pattern as a mask to form metal thin film contact layers 23-3 in the -
openings 19-3 and metal thin film interconnection layers 22-3 over the
insulative resin thin film 18-3, wherein the metal thin film interconnection
layers 22-3 are in contact directly with the metal thin film contact layers
23-3, so that the metal thin film intcrconnection layers 22-3 are electrically
connected through the metal thin film contact laycrs 23-3 to the metal thin

film interconnection laycrs 22-2. The used resist mask is then removed.

The metal thin film intcrconnmection layers 22-2 shown in FIG. 25)
correspond to the third level intcrconnection pattern 7-1 of the third
interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3
shown in FIG. 257 also corrcsponds to the third level insulating layer 7-2 of
the third interconncction layer 7 shown in FIG. 6. The metal thin film
contact layers 23-3 shown in FIG. 25J also corrcsponds to the third level
contact layer 7-3 of the third interconnection layer 7. The metal thin film
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intcrconnection layers 22-3 shown in FIG. 25J also corresponds fo the
fourth level interconnection pattern 8-1 of the third interconnection layer 8.

If the pattern pitch of the metal thin film interconnection layers
22-3 is not so narrow, then it is possiblc as 4 modification that after the
metal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a sélective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film, The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated patterns as a

mask thereby to form the metal thin film interconnection layers 22-3 over

the insulative resin thin film 18-3 and the metal thin film contact layers 23-

3 in the openings 19-3.

In accordance with the above describcd method and its
modification, it is possible that the thicknesses of the resist film and the
meta] thin film interconnection layers 22-3 are not more than 1

micrometers.

-With reference to FIG. 25K, an insulative resin thin film 18-4 is
then formed over the metal thin film interconnection laycrs 22-3 and the
insulative resin thin film 18-3. The insulative rcsin thin film 18-4 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
dcposition method. In place of the polyimide based resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy based resins,

silicone based resins, polyolefin based resins, cyanate ester based resins,
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phenol based resins, naphthalene based rosins are available for the

insulative resin thin film 18-4. If a fine pattern of pot more than 1.0

micrometer is required, it is preferable to use the silicon dioxide based

inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-4is selectiirely removed to form openings 19-4
in the insulative resin tﬁin film 18-4 and over thc metal thin film
interconnection layers 22-3. A resist film is applied on the insulative resin

thin film 18-4 and then patterned by an exposure and a subsequent
development to form a resist pattern on the insulative resin thin film 18-4.
If the insulative tesin thin film 18-4 is made of a material which is
removable by a chemical etching process, the insulative rcsin thin film 18-4
is selectively femoved by a wet etching by usc of the resist pattern as a
mask to form the openings 19-4 in the insujative resin thin film 18-4. If the

insulative resin thin film 18-4 is made of a material which is unremovable

by the chemical etching process, the insulative resin thin film 18-4 is-
selectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-4 in the insulative resin thin film 18-3. The metal

thin film interconnection layers 22-3 are partially shown through the

openings 19-4 formed in the insulative resin thin film 18-4. The used rcsist

pattem is then removed.

With reference to FIG. 251, an adhesive metal thin film is
entirely formed which extends on she surface of the insulative resin thin
film 18-4 and the shown parts of the metal thin film interconncction layers

22-3 by a sputtering method. The adhesive meta! thin film may be made of
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a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.
Subsequently, 2 metal electrode thin film is also entirely formed on the
adhesive metal thin ﬁhﬁ by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
may bc made of Cu, Al or Ni. Laminations of the adhcsive metal thin film
and the metal electrode thin film form 2 metal thin film which extends on
the surface of the insulative resin thin film 18-4 and within the openings
19-4 over the mectal thin film interconnection layers 22-3. A resist film is
entirely formed on the metal thin film and then patterned by an exposure
and a subsequent development to form a resist pattern over the metal thin
£ilm, The metal thin film is then patterned by a wet etching or a dry ctching
by use of the resist pattern as a mask to form metal thin film contact layers
23-4 in the openings 19-4 and pad electrodes 22-4 over the insulative resin
thin film 18-4, wherein the pad elcctrodes 224 are in contact directly with
thc metal thin film contact layers 23-4, so thaf the pad electrodes 22-4 are
electrically connected through the metal thin film contact layers 23-4 to the
metal thin film interconnection layers 22-3. The used resist mask is then
removed. The metal t]nn film interconnection layers 22-3 shown in FIG.
25L correspond to the fourth level interconnection pattern 8-1 of the fourth
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4
shown in FIG. 25L also corresponds to thc fourth level insulating layer 8-2
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film
contact laycrs 23-4 shown in FIG. 25L also corresponds to the fourth level

contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes
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224 shown ih FIG. 25L also corrcsponds to the fifth level interconnecﬁon
pattern 9-1 of the fifth interconncction la yér 9.

If the pattern pitch of the pad electrodes 22-4 is not so narrow,
then it is possible as a modification that after the metal thin film has been
formed, then the resist pattcm is formed on the metal thin film so that a
selective clectroplating of inctal such as Cu is carried out by use of the
resist pattem as a mask to form Cu-plated patterns over the metal thin film.
The used resist mask is then removed. The metal thin film is then
selectively etched by use of the Cu-plated pattez.'n.s as a mask thereby to
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the
metal thin film contact layers 23-4 in the openings 19-4.

In accordance. with the above described method and its
modification, it is possible that the thicknesses of the resist film and the pad
elecirodes 22-4 are not more than 1 micrometers.

With refercnce to FIG. 25M, a solder resist film 24 is then
formed over the pad electrodes 22-4 and the insulative resin thin film 18-4

in order to protcct the multilayer interconnection board 3 having the pad
clectrodes 24. The solder resist film 24 shown in FIG. 25M comresponds to
the fifth level insulating layer 9-2 of the fifth intcrconnection layer 9 shown
in FIG. 6. The solder resist film 24 may comprise an organic insulating film
such an epoxy resin film containing an inorganic filler such as fine powders
of silicon dioxide. Altemnatively, the solder resist film 24 may be made ofa -
material which has a large resistivity to external chemnical stress, and a large
resistivity to a Flux cleaning solution or an Au plating solution as well as a
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high adhesivencss to a sealing material such as an under-fill material. If the
above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 18-4
are iﬁghly yesistive to the chemical and chemical stresses, it is possible as a
modification to climinate the formation of the solder resist film 24. The
solder resist film 24 is selectively removed to form openings 24a in the
solder resist film 24 and over the pad electrodes 22-4. If the solder resist
film 24 is made of a non-photosensitive material, a resist film is applied on
the solder resist film 24 and then pattemed by an exposure and a
subsequent development to form a resist pattern on the solder resist film 24,
so that the solder resist film 24 is sclectively removcd by a-wect etching by
usc of the resist pattern as a mask to form the openings 24a in the solder
resist film 24, followed by removal of the used resist pattemn. If the solder
resist film 24 is made of a photosensitive material, then the solder resist
film 24 is directly pattcrﬁed by an exposure and a subsequent development

1o form the openings 24a in the solder resist film 24. The electrode pads 22-

- 4 are partially shown through the 6penings 24a formed In the solder resist

film 24.

With reference to FIG. 25N, the high rigidity plate 16 is
completely removed by an etching process, whereby the multilayer
interconnection board 3 remains. The external electrode pads 17-1 in the
first interconnection layer 5 and the pad electrodes 22-4 in the fifth
interconnection layer 9 are then subjected to an clectroless plating for
plating laminated Ni and A layers or Jaminated Zn, Ni and Au layers on

the externa] electrode pads 17-1 and the pad electrodes 224 in order to
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improve a bonding property between the extcmal electrode pads 17-1 and
also a bonding property between the pad electrodes 22-4 and the bumps 14
of the serniconductor chip 2. As a result, the multilayer interconnection
board 3 is cdmplctcd, which comprises plural unit multiiayer
interconnection boards. A test for electrical characteristics of the multilayer
interconnection board 3 is then made, so that only qualityfconﬁrmed units
in the plural unit multilayer interconnection boards in the electrical
characteristic test are then subjected to a mounting process for mounting
semiconductor chips thereon.

With reference to FIG. 250, semiconductor chips 2 arc mounted
on the multilayer interconnection board 3, wherein the semiconductor chips )
2 have the plural bumps 14, and the plural bumps 14 are made into contact
with the electrode pads 22-4 of the multilayer interconncction board 3, so
that the semiconductor chips 2 are electrically connected through the plural
bumps 14 to the multilayer interconnection boérd 3. If the bumps 14 are
made of a metal based solder material such as Sn or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux is available for bonding the
plural bumps 14 10 the electrode pads 22-4 of the multilayer
intexrconncction board 3. If the bumps 14 are made of z metal based solder
material such as Au or In, a flip-chip bonding utilizing a thermo-
compression bdndi.ng is available for bonding the plural bumps 14 to the
clectrode pads 22-4 of the multilayer interconnection board 3.

With reference to FIG. 25P, an insulative resin material 31 is

formed which coats sidc walls of the semiconductor chips 2, an inter-space
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between the semiconductor chips 2 and the maltilayer intercopncction
board 3 around the bumps 14 and the surface of the soldcr resist film 24 of
the multilaycr interconnection board 3 in order to protect the
semiconductor chips 2, thc bumps 14 and the multilayer interconnection
board 3. This coating process is carried out by use of a resin injection
techniquc involving a vacuhm sealing technique or 2 tramsfer sealing
technique. The insulative resin material 31 may be made of one of epoxy
resin materials, siliconc resin materials, polyimide resin materiéls,
polyolefin resin materials, cyanate ester resin materials, phenol resin
materials and haphthalene resin materials.
With reference to FIG, 25Q, plural metal column-shaped buffer

layers 117 are bonded by an adhesive 61 in to the external electrode pads 17
of the multilayer interconnection board 3. It is preferablc to select an
adhesive material which is high in wettability to both the plural metal
column-shaped buffer layers 11’ and the external electrode pads 17.

~ With reference to FIG. 25R, an insulative stress absoxption resin
is provided to completely fill the gaps 26 between the plural metal column-
shapcd buffer laycrs 117 to form stress absorption layers 12° between the
plural metal column-shaped buffer layers 11°. The stress absorption layers
12’ protects the plural metal column-shaped buffer layers 11° and the
multilayer intcrconncction board 3 from mechanical and chemical stresses.
The insulative stress absorption resin is provided to completely £ill the gaps
26 by a spin coating method or a transfer sealing technique. If the bottom

surfaces of the plural metal column-shaped buffer layers 11° are coared
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with the insulative stress absorption resin, then the insulative stress
absorption resin cbating the bottom surfaces of the plural metal column-
shaped buffer layers 11 are remox}ed, for example by a chemical
mechanical polishing method or any available removal method, so that the
bottom surfaces of the plural metal column-shaped buffer Jayers 11° are
shown. The plural metal column-shaped buffer layers 117 of the buffer
layer 4 are then subjected to an electroless plating for plating laminated Ni
and Au layers or laminatcd Zn, Ni and Au layers on the plural metal
column-shaped buffer layers 117 and the pad electrodes 22-4 in order to
improve a bonding property between the plural metal column-shaped buffer
laycrs 117 and also a bonding property between the pad electrodes 22-4 and
the bumps 14 of the scriconductor chip 2. As a result, the multilayer
interconnection board 3 is completed, which comprises plural unit
multilayer interconnection boards.

With reference to FIG. 258, solder balls 13 are formed which are
in contact directly with the bottoms of the plural metal column-shaped
buffer layers 11’ of the buffer layer 4’ to form a semiconductor device 1
having the multilaycr interconnection board 3 and the plural semiconductor
chips 2 mounted thereon. The solder balls 13 serve as extemnal terminals.
The solder balls 13 may be made of a meta] bascd material such as Sn or
Pb. The solder balls 13 may also be free of lead. The solder balls 13 may be
made of an electrically conductive material having a low melting point, a
high heat conductivity and a rapid solidity as well as a large surface tension

so that the clectrically cbnductive material becomes in the form of balls.
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Since the plural mectal column-sﬁaped buffer layers 11’ of the buffer fayer
4’ arc clectrically conductive, the exteral electrode pads 17;1 and the
solder balls 13 are eclectically connected throngh the plural metal column-
~ shaped buffer layers 11’ of the buffer layer 4°. .
With reference to FIG. 25T, a supporting platc 51 is provided
which extends in paralle] to the bottom surface of the buffer layer 4,
wherein the supporting plate 51 has the array of soldcr ball insertion holes
52 having a diameter which is slightly larger than a diameter of the solder
balls 13, so that the solder balls 13 are inserted in the solder ball insertion
holes 52 and surrounded by the supporting plate 51, thereby to form an
inter-space between the supporting plate 51 and the bottom surface or the
- sccond surface of the buffer layer 4°. The supporting plate 51 further has a
resin injection hole 53 for allowing a resin material into the inter-spacce

between the supporting plate 51 and the bottom surface or the second
surface of thc multilayer interconnection board 3.

With reference to FIG. 25U, a resin material is injected through
the resin injection hole 53 of the supporting plate 51 into the inter-space
between the supporting plate 51 and the bottom surface of the buffer layer
4’, thereby to form the supporting sealing resin material 54 in the inter-
space between the supporting plate 51 and the bottom surface of the buffer
laycr 4°. The supporting sealing resin material 54 is tightly contact with
upper portions of the solder balls 13 for supporting the solder balls 13 to
increase the bonding stability between the solder balls 13 and the plural
meta] column-shaped buffer layers 11° of the buffer layer 4°.
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In accordance with this embodiment, the plural metal column-
shaped buffor layers 11’ are bonded by the adhesive 61 to the external
electrode pads 17 of the multilayer interconnection board 3 aftei the high
rigidity plate 16 of the metal plate has completely been removed from the
bottom surface or the second surface of the multilayer interconnection
board 3. It is unnccessary to sclectively etch the high rigidity plate 16 of the

metal plate, whereby it is impossible to cause any in-plane variation in

etching to the high rigidity plate 16.

THIRTEENTH EMBODIMENT :

A thirteenth embodiment according to the present invention will
be described in detail with reference to the drawings. A difference in the
thirteenth embodiment from the twelfth erobodiment is in that a supposting
layer S9 is provided in gaps betwecn the plural metal column-shaped buffer
layers 11’ in place of the stress absbrption layer 12°.

FIG. 26 is a cross scctional elevation view illustrative of a
semiconductor device having a multilayer interconnection board, on which
a semiconductor chip is mounted in a thirteenth embodiment according to
the present invention. A semiconductor device 32 ‘has a multilayer
intcrconnection board 3. A flip-chip semiconductor chip 2 is flip-mounted
- on the multilayer interconncction board 3, wherein a first surface of the
flip-chip semiconductor chip 2 is electrically connected through bumps 14
to a first surface of the multilayer interconnection board 3. A second

surface of the multilayer interconnection board 3 has arrays of exterpal
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clectrode pads 17. A sealing resin material 15 is provided over the first |

surface of the multilayer interconnection board 3 for scé.ljng the
scmiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls
13 ére eclectically connected to cach other through multilevel

interconnections of the multilayer interconnection board 3. A sealing resin

material 31 is provided over the first surface of the multilayer-

interconnection board 3 for scaling the semiconductor chip 2 and the
bumps 14. A second surface of the multilayer interconnection board 3 has
arrays of external clectrode pads 17 on which a buffer layer 4’ is formed.

Solder balls 13 are formed on a bottom surface of the buffer layer 4’. The

buffer layer 4’ comprises plural mctal column-shaped buffer layers 11’

which are bonded by an adhesive 61 in to the external electrode pads 17
and a supporting layer 59° in gaps 26 between the plural metal column-
shaped buffer layers 11°. The buffer layer 4° is thus provided between the
external electrode pads 17 of the multilayer interoonnecﬁo_h board 3 and the
solder balls 13. The buffcr layer 4’ comprising the plural metal column-
shaped buffer layers 11’ and the supporting layer 59° has a sufficient stand-
off height for relaxing the stress applied between the flip-chip
semiconductor device 32 and the circuit board not illustratcd. The
supporting layer 59° is provided on the bottom surface of the multilayer
intcrconnection board 3 cxcopt under the extemal electrode pads 17. Since
the buffer layer 4’ comprises the plural metal column-shaped buffer layers
17°, the external electrode pads 17 of the multilayer interconnection board

3 are electrically connected through the plural metal column-shaped buffer
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layers 117 to the solder balls 13. The supporting layer 59 is provided on the
bottom surface of the buffer layer 4’ so that the suppomng layer 59
surrounds upper parts of the solder balls 13 for supporting the solder balls
13 to increasc the bonding stability between the solder balls 13 and the
plural mctal column-shaped buffer layers 11’ of the buffer layer 4°. The
supporting layer 59 comprises a supporting plate 51 and a supporting
sealing resin material 54. The supporting plate 51 extends in parallel to the
bottom surface of the buffer layer 4’. The supporting plate 51 may be made
of a high rigidity material. Insulating materials and conductive materials
are also available for the supporting plate 51, provided that the material has
the high rigidity. The supporting sealing resin material 54 is filled in the
gaps 26 between the plural metal column-shapcd buffer layers 11° of the
buffer layer 4’. The supporting sealing resin material 54 is tightly contact
with upper portions of the solder balls 13 for supporting the solder balls 13
to increase the bonding stability between the solder balls 13 and the plural
metal column-shaped buffer layers 11° of the buffer layer 4’. The
supporting plate 51 defincs a height or a thickness of the supporting sealing
resin material 54, wherein the thickness of the supporting sealing resin
material 54 is so defined that the upper portions of the solder balls 13 arc
tightly contact with the supporting sealing resin material 54, so that the tops
of the solder balls 13 project from the supporting scaling resin material 54.
FIGS. 27A through 27R are fragmentary cross sectional elevation
vicws illustrative of a novel method of forming a semiconductor device

having a multilayer interconnection hoard on which a semiconductor chip
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is m-ounted' in a thirtccnth cmbodiment in accordance with the present
invention.

* With reference to FIG. 27A, a high rigidity platc 16 is preparcd.
The high rigidity pléte 16 may be made of any material having a high
rigidity. Metals such as Cu-, Ni-, Al-, W-, Mo-, Au-, Ag- and Pt-based
moetals, complex materials of different metals and ceramics are available for
the high rigidity plate 16,

With reference to FIG. 27B, an ad.hesive. metal layer of a metal
such as a Ti-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base
alloy is formed on a first surfacc of the high rigidity plate 16 by a
sputtering method. An eicctrode material layer of a metal such as Cu, Al, |
and Ni is then formed on the adhesive metal layer by a sputtering method
to form laminations of the adhesive metal layer and the electrode material
layer. A resist film is then applied on the laminations of the adhesive metal
layer and the electrode material layer. The r_eﬁst film is then patterned by
an exposure and a subsequent development to form a resist pattern. A
selective wet etching process or a selective dry ctching process to the
laminations of the adhesive metal layer and the electrode material layer is
carried out by usc of the resist pattern as 2 mask so as to pattemn the
lamioations of the adhesive metal layer and the electrode material layer,
whereby extemnal clectroae pads 17-1 are selectively formed on the first
surface of the high rigidity plate 16. The used resist pattern is then

removcd.

If 2 minimum pitch of the extemal electrode pads 17-1 is not so
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narrow, then it is possible as.a modification that a resist is coated directly
on the first surface of the high rigidity plate 16 and then p#tterned by an
exposure and a development to form a resist pattern before a selective
.electroplaxing of metal is then carried out by use of the resist pattern as a
mask, followed by removal of the used resist pattern.

| With reference to FIG, 27C, an insulative resin thin film 18-1 is
then formed over the external elcctrodc pads 17-1 and the first surface of
the high rigidity plate 16. The insulative resin thin film 18-1 may comprise
a polyimide based resin thin film which may be formed by 2 spin coating |
method, a chemical vapor deposition method or a physical vapor deposition
method. In place of the polyimide based resin, silicon dioxide based
inorganic materials, and organic matcrials such as epoxy based resins,
silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol bascd resins, naphthalenc bascd rcsins are available for the
insulative resin thin film 18-1. If 2 fine pattern of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
Inorganic materials for utilizing diffusion processes of semiconductor,

With reference to FIG. 27D, the insulative resin thin film 18-1 is
selectively removed to form openings 19-1 in the insulative resin thin film
18-1 and over the external electrode pads 17-1. A resist film is applied on
the insulative resin thin film 18-1 and then paﬁemcd by an exposure and 2
subsequent development to form a resist pattern on the insulative resin thin
film 18-1. If the insulative resin thin film 18-1 is made of a materia] which
is removable by a chemical ctching process, the insulative resin thin film
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18-1 is selectively removed by a wet etching by use of the resist pattern as
a mask to form the o;ﬁcnings 19-1 in the insulative resin thin film 18-1.
the insulative resin thin film 18-1 is made of a material which is
unremovable by the chcn‘li'cal etching process, the insulative resin thin film
18-1 is selectively removed by a dry etching by usc of the resist pattern as a
mask to form the openings 19-1 in the insulative resin thin film 18-1. The
external electrode pads 17-1 arc partially shown through the openings 19-1
formed in the insulative resin thin film 18-1. The used resist pattemn is then

removed.

With refcrence 10 FIG. 27E, an adhesive metal thin film 21a is

entirely formed which extends on the surface of the insulative resin thin |

film 18-1 and the shown parts of the external electrode pads 17-1 by a

sputtering method. The adhesive metal thin film 21a may be made of a Ti-

~ based alloy, a Cr-based alloy, a Mo-based alloy, or a W-based alloy.

Subsequently, a metal electrode thin film 21b is also entircly formed on the
adhesive metal thin film 21a by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
21b may be made of Cu, Al or Ni. Laminations of the adhesive metal thin
film 21a and the metal electrode thin film 21b form a metal thin film 21
which extends on the surface of the insulative resin thin film 18-1 and
within the openings 19-1 over the external electrode pads 17-1.

With reference to FIG. 27F, a resist film is cntirely formed on the
metal thin film 21 and then patterned by an exposure and a subsequent

development to form a resist pattern over the metal thin film 21. The metal
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thin film 21 is then patterned by a wet erching or a dry etching by use of the
Tesist pattem as a mask to form metal thin film contact layers 23-1 in the
openings 19-1 and metal thin film interconnection layers 22-1 over the
insulative resin thin film 18-1, wherein the metal thin film interconnection
layers 22-1 are in céntact dircctly with the meta] thin film contact layers
23-1, so that the metal thin film interconnection laycrs 22-1 arce clectrically
connccted through the metal thin film contact layers 23-1 to the external
clectrode pads 17-1. The used resist mask is then removed. The external
electrtode pads 17-1 shown in FIG. 27F correspond to the first level
intcrconnection pattern 5-1 of the first interconnection layer 5 shown in
F1G. 6. The insulative resin thin film 18-1 shown in FIG. 27F also -
corresponds to the first Ievel insulating layer 5-2 of the first interconnection
layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in
FIG. 27F also corresponds to the first level contact layer 5-3 of the first
interconnection layer 5. The metal thin film interconnection layers 22-1
shown in FIG. 27F also corresponds 1o the second level interconnection
pattern 6-1 of the second interconnection layer 6.

If the pattern pitch of the metal thin film interconncction layers
22-1 is not so narrow, then it is possible as a modification that after the
metal thin film 21 has been formed, then the resist pattcm is formed on the
metal thin film 21 so that a selective electroplating of metal such as Cu is
carried out by use of the resist pattern as a mask to form Cu-plated pattemns
over the metal thin film 21. The used resist mask is then removed. The

metal thin film 21 is then selectively etched by use of thc Cu-plated
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patterns as a mask thereby to form the motal thin film mterconnection
layers 22-1 over the insulative resin thin film 18-1 and the metal thin film
contact layers 23-1 in the openings 19-1.

In accordance with the above described method and its
modification, it is possible that the thicknesscs of the resist film and the
mctal thin film intcrconnection layers 22-1 are not more than 1
micrometers.

 With reference to FIG. 27G, an insulative resin thin film 18-2 is
then formed over the metal thin film interconnection layers 22-1 and the

insulative resin thin film 18-1. The insulative resin thin film 18-2 may

comprise a polyimide based resin thin film which may be formed by a spin -

coating method, a chemical vapor deposition method or a physical vapor

deposition method. In place of the polyimide based resin, silicon dioxide

bascd inorganic materials, and organic materials such as epoxy based resins,

silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-2. If a fine pattern of not more than 1.0
micrometer is required, it is preforable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of semiconductor. The
insulative resin thin film 18-2 is selectively removed to form openings 19-2
in the insulative resin thin film 182 and over the metal thin film
interconnection layers 22-1. A resist film is applied on the insulative resin
thin film 18-2 and then patterned by an exposure and a subsequent

development to form a resist pattern on the insulative resin thin film 18-2.
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If the insulative resin thin film 18-2 is made of a material which is

- removable by a chemical ctching process, the insulative resin thin film 18-2
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the opehings 19-2 in the insulative resin thin film 18-2. If the
insulative resin thin' film 18-2 is made of a material which is unremovabje
by the chemical ctching p}ocess, the insulative resin thin film 18-2 is
selectively removed by a dry etching by use of the resist pattern as a2 mask
to form the openings 19-2 in the insulative resin thin film 18-2. The metal
thin film interconnection layers 22-1 are partially shown through the
openings 19-2 formed in the insulative resin thin film 18-2. The used resist
pattcrn is then removed.

With reference to FIG. 27H, an adhesive metal thin film is
entirely formed which extends on the surface of the insulative resin thin
film 18-2 and thc shown parts of the metal thin film interconnection layers
22-1 by a sputtering method. The adhesive metal thin film may be made of
a Ti-based alloy, a Cr-based alloy, a Mo-based alloy, or a2 W-bascd alloy.
Subsequently, a metal electrode thin film is also entirely formed on the
adhesive metal thin film by a sputtcring method, a chemical vapor
deposition or an electrolcss plating method. The metal electrode thin film
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film
and the metal electrode thin film form a metal thin film which extends on
the surface of the insulative resin thin film 18-2 and within the openings
19-2 over the metal thin film interconnection layers 22-1. A resist film is

entirely formed on the metal thin film and then pattemed by an exposurc
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and a subsequent development to form a resist pattem over the metal thin
film. The metal thin film is then patterned by a wet etching or a dry etching
by use of the resist pattemn as a mask to form metal thin film contact layers
23-2 in the openings 19-2 and meta] thin film interconnection layers 22-2
over the insulative resin thin film 18-2, wherein the metal thin film
interconnection layers 22-2 are in contact directly with the metal thin film
contact layers 23-2, so that the meta; thin film interconnection layers 22-2
are electrically connected through the metal thin film contact layers 23-2 to
the metal thin film interconnection layers 22-1. The vsed resist mask is then
removed. The mctal thin film interconnection layers 22-1 shown in FIG.
27H correspond to the sccond level interconnection pattern 6-1 of the |
second interconnection layer 6 shown in FIG. 6. The insulative resin thin
film 18-2 shown in FIG. 27H also comwesponds to the second level
insulating layer 6-2 of the second intcrconnection layer 6 shown in FIG., 6.
The metal thin film contact layers 23-2 shown in FIG. 27H also
corresponds to the second level contact layer 6-3 of the second
interconnection layer 6. The metal thin film interconnection layers 22-2
shown in FIG. 27H also corresponds to the third lcvcl intcrconncction
pattern 7-1 of the third interconnection layer 7.

If the patter pitch of the metal thin film interconnection layers
22-2 is not so narrow, then it is possible as a modification that after the
mctal thin film has been formed, then the resist pattern is formed on the
metal thin film so that a selective electroplating of metal such as Cu is

carricd out by use of the resist pattcrn as a mask to form Cu-plated pattcrns
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over the metal thin film. The used resist mask is then removed. The metal

thin film is then selectively ctched by use of the Cu-plated pattems as a
mask thercby to form the metal thin film interconnection layers 22-2 over
the insulative resin thin film 18-2 and the metal thin film contact layers 23-
2 in the openings 19-2.

In accordance with the éb'ove described method and its
modiﬁéﬁtion, it is possible that the thicknesses of the resist film and the
metal thin film interconnection layers 22-2 are not more than 1

micrometcrs.

With reference to FIG. 271, an insulative resin thin film 18-3 is

then formed over the metal thin film interconnection layers 22-2 and the -

insulative resin thin film 18-2. The insulative rcsin thin film 18-3 may
comprise a polyimide based resin thin film which may be formed by 2 spin
coating method, a chemical vapor deposition method or a physical vapor

deposition method. In place of the polyimide.based resin, silicon dioxide

based inorganic matcrials, and organic matcrials such as epoxy based resins,

silicone based resins, polyolefin based resins, cyanate ester based resins,
phenol based resins, naphthalene based resins are available for the
insulative resin thin film 18-3. If a fine pattern of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide based
inorganic materials for utilizing diffusion processes of scmiconduétor. The
insulative resin thin film 18-3 is selectively removed to form openings 19-3
in the insulative resin thin film 18-3 and over the metal thin film

interconnection layers 22-2. A resist film is applied on the insulative resin
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thin film 18-3 and then pattemed by an exposure and a subsequent |
development to form a resist pattern on the insulative resin thin film 18-3.
If the insulative resin thin film 18-3 is made of a material which is
removable by a chemical etching proccss, the insnlative resin thin film 18-3
is selectively rcmovéd by a wet etching by use of the resist pattern as a
mask to form the openings 19-3 in the insulative resin thin film 18-3, If the
insulative resin thin film 18-3 is made of a material which is unremovable
by the chemical etching process, the insulative resin thin film 18-3 is
selectively removed by a dry etching by use of the resist pattern as a xizask
to form the openings 19-3 in the insulative resin thin film 18-3. The metal
thin film interconnection layers 22-2 are partially shown through the
openings 19-3 formed in the insulative resin thin film 18-3. The used resist-
pattcrn is then removed.

With reference to FIG. 277, an adhesive metal thin film is entirely
formed which extends on the surface of‘ the insulative resin thin film 18-3
and the shown parts of the metal thin film interconnection layers 22-2 by a
sputtering method. The adhesive metal thin film may be made of a Ti-based
alloy, a Cr-based alloy, a Mo-bascd alloy, or 2 W-based alloy. Subsequently,
a metal electrode thin film is also entirely formed on thc adhesive metal
thin film by a sputtering method, a chemical vapor deposition or an
electroless plating method. Thec metal electrode thin film may be made of
Cu, Al or Ni. Laminations of the adhesive metal thin film and the metal
electrode thin film form a metal thin film which ¢xtends on the surface of

the insulative resin thin film 18-3 and within the openings 19-3 over the
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metal thin film intcrconnection layers 22-2. A resist film is entirely formed
on the metal thin film and then patterned by an eprsure and a subsequent
development to form a resist pattcmn over the metal thin film. The metal
thip film is th_en patterned by a wet etching or a dry etching by use of the
resist pattern as a mask to form mctal thin film contact layers 23-3 in the
opcnings 19-3 and metal thin film intercoﬁnection layers 22-3 over the
insulative resin thin film 18-3, wherein the metal thin film interconncction
layérs 22-3 are in contact directly with the metal thin film contact layers
23-3, so that the metal thin film interconnection layers 22-3 arc electrically
connected through the metal thin film contact layers 23-3 to the metal thin
~ film interconnection layers 22-2. Thc used resist mask is then removed.
The mctal thin film jnterconnection layers 22-2 shown in FIG. 271
correspond to the third level interconnection pattern 7-1 of the third
~ interconnection layer 7 shown in FIG. 6. The insulative resin thin film 18-3
shown in FIG. 27) also corresponds to the third level insulating laycr 7-2 of
the third interconnection layer 7 shown in FIG. 6. The metal thin film
contact layers 23-3 shown in FIG. 277 also corresponds to the third level
contact layer 7-3 of the third interconnection layer 7. The metal thin film
interconnection layers 22-3 shown in FIG. 27) also comesponds to the
fourth level interconnection pattern 8-1 of the third interconnection laycr 8.

If the pattcrn pitch of the metal thin film interconnection layers
22-3 is not so narrow, then it is possible as a modification that after the
metal thin film has been formed, then the resist pattern is formed on the

metal thin film so that a selective electroplating of metal such as Cu is
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carried out by use of the resist pattern as a mask to form Cu-plated patterns
over the metal thin film. The used resist mask is then removed. The metal
thin film is then selectively etched by use of the Cu-plated patterns as a
mask thereby to form thc mectal thin ﬁlnﬁ intcrconnection layers 22-3 over
the insulative resin thin film 18-3 and the metal thin film contact layers 23-
3 in the openings 19-3.

In accordance with the above described method and its
modification, it 15 possible that thc thicknesses of the resist film and the

metal thin film interconnection layers 22-3 are not more than 1

micrometers.

With reference to FIG. 27K, an insulative resin thin film 18-4 is

then formed over the metal thin film interconnection layers 22-3 and the
insulative resin thin film 18-3. The insulative resin thin film 184 may
comprise a polyimide based resin thin film which may be formed by a spin
coating method, a chemical vapor deposition method or a physical vapor
dcposition method. In place of the polyimide bascd resin, silicon dioxide
based inorganic materials, and organic materials such as epoxy basead resins,
silicone based rcsins, polyolefin based resins, cyanatc ester based resins,
phenol based rtesins, naphthalenc based resins are available for the
insulative resin thin film 18-4. If a fine pattern of not more than 1.0
micrometer is required, it is preferable to use the silicon dioxide bascd
inorganic materials for utilizing diffusion processes of semiconductor. "Lhe

insulative resin thin film 18-4 is selectively removed to form openings 19-4

in the insulative rcsin thin film 18-4 and over the metal thin flm
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interconnection layers 22-3. A resist film is applied on the insulative resin
thin film 18-4 and then patterned by an exposure and 2 subsequent
development to form a resist pattern on the insulative resin thin film 18-4.
If the insﬁlative resin thin film 18-4 is made of a material which is
rcmovable by a chemical ctching process, the insulative resin thin film 18-4
is selectively removed by a wet etching by use of the resist pattern as a
mask to form the openings 19-4 in the insulative resin thin film 18-4. If the
insﬁla:ive tesin thin film 18-4 is made of 2 matexial which is unremnovable
by the chemical etching process, the insulative resin thin film 18-4 is
sclectively removed by a dry etching by use of the resist pattern as a mask
to form the openings 19-4 in the insulative resin thin film 18-3. The metal |
thin film interconnection layers 22-3 are partially shown through the
openings 19-4 formed in the insulative resin thin film 18-4. The used resist
pattern is then removed.

| With reference to FIG. 271, an adhesive metal thin film is
entirely formed which extends on the surface of the insulative resin thin
film 184 and the shown parts of the metal thin film interconnection layers
22-3 by a sputtering method. The adhesive metal thin film may be made of
a Ti-based alloy, a Cr-based alloy, a Mo-bascd alloy, or a W-based alloy.
Subsequently, a mctal electrode thin film is also entircly formed on the
adbesive metal thin film by a sputtering method, a chemical vapor
deposition or an electroless plating method. The metal electrode thin film
may be made of Cu, Al or Ni. Laminations of the adhesive metal thin film

and the metal electrode thin film form a metal thin film which extends on
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the surface of the insulative resin thin film 18-4 and within the opcnings
19-4 over the meta] thin film interconnection layers 22-3. A resist film is
entirely formed on the metal thin film and then pattemecd by an exposure
and a subéequent deveclopment 1o form a resist pattern over the metal thin
film. The metal thin film is then pattcrned by a wet etching or a dry etching
by use of the resist pattemn as 5 mask to form metal thin film contact layers
23-4 in the openings 19-4 and pad elcctrodes 22-4 over the insulative resin
thin film 18-4, wherein the pad electrodes 22-4 are in contact directly with
the metal thin film contact layers 23-4, so that the pad electrodcs 224 are
electrically connected through the metal thin film contact layers 23-4 to the
metal thin film interconnection layers 22-3. The used resist mask is then
removed. The metal thin film interconnection layers 22-3 shown in FIG.
| 27L correspond to the fourth level interconnection pattemn 8-1 of the fourth
interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4
shown in FIG. 27L also corresponds to the fourth level insulating layer 8-2
of the fourth intcrconnection layer 8 shown in FIG. 6. 'I‘he. metal thin film
- contact layers 23-4 shown in FIG. 27L ‘also corrcsponds to the fourth level
contact layer 8-3 of the fourth interconncction layer 8. The pad electrodes
22-4 shown in FIG. 27L also corresponds to the fifth level interconnection
pattcrn 9-1 of the fifth interconncctjon layer 9.
If the pattemn pitch of the pad electrodes 22-4 is not so narrow,
then it is possible as a modification that afller the metal thin film has been
formed, then the resist pattefn is formed on the metal thin film so that a

selective electroplating of metal such as Cu is carmried out by usc of the
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Tesist pattern as a mask to form Cu-plated patierns over the.metal thin film.
The used resist mask is then removed. The metal thin film is then
sclectively etched by use of the Cu-plated pattems as a mask thereby to
form the pad electrodes 22-4 over the insulative resin thin film 18-4 and the
metal thin film contact layers 23-4 in the openings 19-4.

In accordancc with the above described method and its
modification, it is possible that the thicknesses of the resist film and the pad
~ electrodes 22~4 are not more than 1 micrometers. |

With reference to FIG. 27M, a solder resist film 24 is then
formed over the pad electrodes 22-4 and the insulative resin thin film 18-4
in order to protect the multilayer interconnection board 3 having the pad -
electrodcs 24. The solder resist film 24 shown in FIG. 27M corresponds to
the fifth level insulating layer 9-2 of the fifth interconnection laycr 9 shown
in FIG. 6. The solder resist film 24 may comprisc an organic insulating film
such an epoxy resin film containing an inorganic filler such as finc powders
of silicon dioxide. Alternatively, the solder resist film 24 may be made of 2
material which has a large resistivity to external chemical stress, and a large
resistivity to a Flux cleaning solution or an Au plating solution as well as a
high adhesiveness to 2 sealing material such as an under-fill material. If the
above first to fourth insulative resin thin films 18-1, 18-2, 18-3 and 18-4
arc highly resistive to the chemical and chemical siresses, it is possible as a
modification to eliminate the formation of the solder resist film 24. The
solder resist film 24 is selectively rcmoved to form openings 24a in the

solder resist film 24 and over the pad electrodes 22-4. If the solder resist

"~ 7230
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film 24 is made of a non-photosensitive material, a resist film is applied on
the solder resist film 24 and then patierned by an exposure and a
subsequent development to form a resist pattern on the solder resist film 24,
so that the solder resist film 24 is selectively removed by a wet etching by
use of the resist pattern as a mask to form the openings 24a in the solder
resist film 24, followed by removal of the used resist pattemn. If the solder
resist film 24 is made of a photosensitive material, then the solder resist
film 24 is directly patterned by an exposure and a subsequent development
to form the openings 24a in the solder resist film 24. The electrode pads 22-
4 are partially shown through the openings 24a formed in the solder resist
film 24,

With refercnce to FIG. 27N, the high rigidity plate 16 is
completely removed by an etching process, whereby the multilayer
interconnection board 3 remains. The external electrode pads 17-1 in the
first interconnection layer 5 and the pad electrodes 22-4 in the fifth
interconnection layer 9 are then subjected to an electroless plating for
plating laminated Ni and Au layers or laminated Zn, Ni and Au layers on
the external electrode pads 17-1 and the pad electrodes 22-4 in order to
improve a bonding property between the external electrode pads 17-1 and
also a bonding property between the pad electrodes 22-4 and the bumps 14
of the semiconductor chip 2. As a result, the multilayer interconnection
board 3 is completed, which comprises plural unit multilayer
Interconnection boards. A test for electrical characteristics of the multilayer

interconnection board 3 is then made, so that only quality-confirmed units
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in the plural unit multilayer interconnection ‘boards in the electrical
characteristic test are then subjccted to a mounting-process for mounting
scmiconductor chips thercon. '

With reference to FIG. 270, semiconductor chips 2 are mounted
on the multilayer interconnection board 3, wherein the semiconductor chips
2 have the plural bumps 14, a'nd-the plural bumps 14 are made into contact
with the electrode pads 22-4 of the multilayer interconnection board 3, so
that the semiconductor chips 2 are electrically connccted through the plural
bumps 14 to the mﬁltﬂayer interconnection board 3. If the bumps 14 are
made of a metal based solder matcrial such as Sn or Pb, a flip-chip bonding
utilizing a heat re-flow process using Flux js available for bonding the
plural bumps 14 to the electrode pads 22-4 of the multilayer
interconnection board 3. If the bumps 14 are made of a metal based solder
material such as Au or In, a flip-chip bonding uﬁlizing a thermo-
compression bonding is available for bonding the plural burmps 14 to the
electrode pads 22-4 of the multilayer interconnection board 3.

With reference to FIG. 27P, an insulative resin material 31 is
formed which coats side walls of the semiconductor chips 2, an inter-spacc
between the semiconductor chips 2 and the multilayer interconnection
board 3 around the bumps 14 and the surface of the solder resist film 24 of
the multilayer intcrconncction board 3 in order to protect the
semiconductor chips 2, the bumps 14 and the multilayer interconnection
board 3. This coating process is carmied out by use of a resin injection
technique involving a vacuum sealing technique or a transfer sealing
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tcchniciue, The insulative resin material 31 may be made of one of epoxy
resin matcrials, silicone resin materials, polyimide rcsin materials,
polyolefin resin matérihls, Cyanale ester resin materials, phenol resin
materials and naphthalene resin mateﬁals;

With reference ﬁo FIG. 27Q, plural metal column-shaped buffer
layers 11’ are bonded by an adhesive 61 in to the external clectrode pads 17
of the multilayer interconnection board 3. It is preferable to select an
adhesive material which is high in wettability to both the plural metal
column-shaped buffer layers 11° and the extemal clectrode pads 17.

With reference to FIG. 27R, the supporting layer 59° comprising
the supporting plate 51 and the supporting sealing rcsin material 54 is
formed in gaps 26 between the plural mectal colummn-shaped buffer layers
11°. Namely, the supporting plate 51 is provided which extends in parallel
to the bottom surface of the buffer laycr 4°. The supporting seaiing resin
material 54 is filled in the gaps 26 between the plural metal column-shaped
buffer laycrs 11° of the buffer layer 4°. The supporting sealing resin
matcrial 54 is tightly contact with upper portions of the solder balls 13 for
supporting the solder balls 13 to increase the bonding stability betwcen the
solder balls 13 and the plural metal column-shaped buffer layers 11’ of the
buffer layer 4°. The supporting plate 51 defines a height or a thickness of
the supporting scaling resin matcrial 54, wherein the thickness of the
supporting sealing resin matcrial 54 is so defined that the upper portions of
the solder balls 13 are tightly contact with the supporting sealing resin

matcrial 54, so that the tops of the solder balls 13 project from the
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supporting sealing resin material 54. In accordance with this embodiment,
the plural metal column-shaped buffer layers 11’ are bonded by the
adhesivc 61 to the external elcctrode pads 17 of the multilayer
 interconnection board 3 after the high rigidity plate 16 of the metal plate
bas completely been removed from the bottom surface or the second
surface of the multilayer intercomnection board 3. It is unnecessary to
selectively etch the high rigidity plate 16 of the metal plate, whereby it is
impossible to cause any iJi-plane variatibn in etching to the high rigidity
plate 16.

Furthes, the supporting layer 59’ comprising the supporting plate
51 and the supporting sealing resin material 54 is formed in gaps 26
between the plural metal column-shaped buffer layers 11°, so that the upper
portions of the solder balls 13 are tightly contact with the supporting
scaling resin material 54, so that the tops of the solder balls 13 project from
the supporting sealing resin material 54. The supporting sealing resin
material 54 is also tightly contact with upper portions of the solder balls 13
for supporting the solder balls 13 to incyease the bonding stability between
the solder balls 13 and the plural metal column-shaped buffer laycrs 11° of
the buffer layer 4°. |

In this cmbodiment, no proccss for forming the stress absorption
layer 12’ nor subsequent proccss for removing a part of the stress
absorption layer 12’ from the surfaces of the solder balls 13 are required,
thereby reducing the number of the ncccssary fabrication processes as
comparcd to thc twclfth embodiment. The support platc 59° of this

1234
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cmbodiment is much thicker than that of the twelfth embodiment. This
means that the amount of the injected supporting sealing resin matcrial 54
is much larger. Even if a large pressure is applied to the supporting layer
59°, then the sdpporting layer 59° keeps a high planarity of its surface,
thereby ensuring that the tops of the solder balls 13 are projccted from the
plar;er surface of the supporting layer 59°.

A fourteenth embodiment according to the prescnt invention will
be described with reference to the drawing. A differcnce in the fourtcenth
embodiment from the first embodiment is in that in place of the solder balls, -
external pin clectrodes are provided which are in contact with external
elcctrode pads of the multilayer interconnection and further that the heat
spreader is not provided. FIG. 28 is a cross sectional clevation view
illustrative of a semiconductor device having a multilayer interconnection
board, on which a semiconductor chip is mounted in a fourtcenth
embodiment according to the present invention. A semiconductor device 32
has a multilayer interconnection board 3. A flip-chip semiconductor chip 2
is flip-mounted on the multilayer interconnection board 3, whercin a first
surface of the flip-chip semiconductor chip 2 is electrically connccted
through bumps 14 to a first surface of the multilayer interconnection board
3. A second surface of the multilaycr intcrconnection board 3 has arrays of
external electrode pads 17 on which external pin electrodes 71 are provided.

A scaling resin material 15 is provided over the first surface of the
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imﬂtilayer intcrconnection board 3 for sealing the semiconductor chip 2
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically
connected to each other thxough" multilevel interconncctions of the
multilayer interconnection board 3. The external pin electrodes 71 are
much higher in ﬂexii:ility or stress-absorbility than the solder balls. In this
embodiment, in placc of the solder balls, the external pin electrodes 71 arc
provided which are much higher in flexibility or strcss-absorbility than the
solder balls for highly absorbing a stress applied between the multilayer

interconnection board 3 and a circuit board not illustrated.

FIETEENTH EMBODIMENT :

A fifteenth embodiment according to the present invention will
be described with refcrence to the drawing. A difference in the fiftecnth
embodiment from the first embodiment is in that in place of the solder balls,
external coil-spring electrodes are provided which are in contact with
extcrnal electrode pads of the multilayer interconnection and further that
the heat spreader is not provided. FIG. 29 is a cross sectional elevation
view illustrative of a semiconductor decvice having a multilayer
interconmnection board, on which a semiconductor chip is mounted in a
fifteenth embodiment according to the present invention. A semiconductor
device 32 has a multilayer interconnection board 3. A flip-chip
scmiconductor chip 2 is flip-mounted on the multilayer interconnection
board 3, wherein a first surfacc of the flip-chip semiconductor chip 2 is

clectrically connected through bumps 14 to a first surface of the multilayer
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: 'interconnection board 3. A second surface of the multilayer interconnection
‘board 3 has arrays of extcrnal electrode pads 17 on which external coii—
spring clectrodes 717 arc provided. A sealing resin material 15 is provided

- over the first surface of the multilayer interconnection board 3 for sealing
the semiconductor chip 2 and the bumps 14. The bumps 14 and the sblder
balls 13 are eclectically comnected to each other througﬁ multilevel
interconnections of the multilayer interconnection board 3. The eXternal
coll-spring clectrodes 71° are much higher in flexibility ox stﬁessﬁbserbility
‘than the solder balls. In this embodiment, in place of the solder balls, the
external coil-spring electrodes 71” are provided which are much higher in
flexibility or stress-absorbility than the solder balls for highly absorbing a

stress applicd between the multilayer interconnection board 3 and a circuit

board not ﬂlustrated.

SIXTEENTH EMBODIMENT -

A sixteenth embodiment according to the present invention will
be described with reference to the drawing. A difference in the sixteenth
embodiment from the first embodiment is in that in place of the solder balls,
extcrnal column electrodes arc provided which are in contact with cxternal
electrode pads of the multilaycr interconnection and further that the heat
spreader is not provided. FIG. 30 is a cross sectional elevation vicw
illustrative of a semiconductor device having a multilayer interconnection

board, on which a semiconductor chip is mounted in a sixteenth

embodiment according to the present invention. A semiconductor device 32
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has a multilayer interconnection board 3. A flip-chip semiconductor chip 2

is flip-mounted on the multilayer interconnection board 3, wherein a first
surface of the flip-chip scmiconductor chip 2 is electrically connected
through bumps 14 to a first surface of the multilayer interconnection board
3. A second surface of the multilayer interconnection board 3 has arrays of

external clectrode pads 17 on which external column elcctrodes 717’ are

providcd. A sealing resin material 15 is provided over the first surface of |

the multilayer interconnection board 3 for scaling the semiconductor chip 2
and the bumps 14. The bumps 14 and the solder balls 13 are eclectically
connected to each other through multilevel intcrconnections of the
multilayer interconncction board 3. The external column electrodes 71°” are
not higher in flexibility or stress-absorbility than the pin electrodes or the
coil-spring electrodcs, but much higher in rigidity than the pin elcctrodes or
the coil-spring electrodes. Further, the external column elcctrodes 71°
ensures the p]anérity of the muliilaycr interconnection board 3 when the
multilayér interconnection board 3 is mounted on a circuit board not
iJlustrated. The external column electrodes 71°° provide a large stand-off

height, whereby 2 reliability in mounting the multilayer interconmection

board 3 on the circuit board is improved.

SEVENTEENTH FMBODIMENT :
A seventeenth embodiment according to the present invention
will be described with reference to the drawing. A difference in the

seventeenth embodiment from the first embodiment is in that external

[
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center-pinched column electrodes are provided which are in contact with
external electrode pads of the multilayer interconnection and further that
the heat spreader is not provided. FIG. 31 is 2 cross sectional elevation
view illustrative of a semiconductor device having a multilayer
interconnection board, on which a semiconductor chip is mounted in a
sixteenth embodiment accordin'g to the present invention. A semiconductor
device 32 has a multilayer interconnection board 3. A flip-chip
semiconductor chip 2 is flip-mounted on the multilayer interconnection
board 3, wherein a first surface of the flip-chip semiconductor chip 2 is
electrically connected through bumps 14 to a first surface of the multilayer
interconnection board 3. A second surface of the multilayer interconnection |
board 3 has arrays of extcmal electrode pads 17 on which external ccnter-
pinched column electrodes 71A are provided. Bach 6f the external center-
pinched column electrodes 71A varies in horizontal cross sectional area in
a vertical direction or a longitudinal direction, so that thc horizontal cross
sectional area becomes minimum at its center position or at an intermediate
height whilst the horizontal cross sectional area becomes increascd toward
the top and bottom thereof. Namely, each of the external center-pinched
colurnn electrodes 71A  is pinched at its center position or at an
intermediatc beight. A sealing rcsin material 15 is provided over the first
surfacc of the multilayer interconnection board 3 for sealing the
semiconductor chip 2 and the bumps 14. The bumps 14 and the solder balls
13 are eclectically connected to each other through multilevel

intcrconnections of the multilayer intcrconnection board 3. The cxternal
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center-pinched column electrodes 71A are higher in flexibility or stress- |

absorbility than the external straight column electrodes 71°’ and further
higher in ngidity than the pin electrodes or the coil-spring electrodes.

In this embodiment, in place of the solder balls, the external
centes-pinched column electrodes 71A are provided which are much higher
in flexibility or strcss-absorbility than the solder balls for highly absorbing
a stress applied between the multilayer interconnection board 3 and a
circult board not illustrated. Further, the external ccntc'r-pinched column
electrodes 71A ensures the planarity of the multilayer interconmection

board 3 when the multilayer interconnection board 3 is ‘mounted on a

circuit board not illustrated. The external center-pinchcd column electrodes

71A provide a Jarge stand-off height, whereby a reliability in mounting the
multilayer interconnection board 3 on the circuit board is improved.
Whereas modifications of the present invention will be apparent
1o a person having ordinary skill in the art, to Which the invention pertains,
it is to be understood that embodiments as shown and described by way of
illustrations are by no means intended to be considered in a limiting sense.
Accordingly, it is to be intended to cover by claims all modifications which

fall within the spirit and scope of the present invention.
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What is claimed is :

1. =~ Ascmiconductor device comprising :

an interconnection board ; and

a high rigidity plate securcly fixed to said interconnection board,
said high rigidity platc being higher in rigidity than said interconnection

board for suppressing said intcrconnection board from being bent.

2. The semiconductor device as claimed in claim 1, wherein said
interconnection board comprises a multilaycr interconnection board having

a multilevel interconnection structure.

3. The semiconductor device as claimed in claim 1, wherein said

high rigidity plate is made of a metal.

4, The semiconductor device as claimed in claim 1, wherein said

high rigidity plate is made of an alloy.

5. The semiconductor device as claimed in claim 1, wherein said

high rigidity plate is madc of a ceramic.

6. _The semiconductor device as claimed in claim 1, wherein a base

material of said interconnection board is an organic insulative materal.

This Sheet Has Been Rep

HIIIIHIIIIHIHHIHIII 24

U/ 2V

L



e P T U Vi dviewiy Ny g

FLUVVVVDY il uvbv.vTuY v vy o,

7. The semiconductor device as claimed in claim 6, wherein said

organic material is a polymer resin material.

8. A semiconductor device comprising

an interconnection board having first and second surfaces ;

at lcast a semicoﬁductor chip mounted oun said first surface of
said interconnectjon board ; and

a high rigidity plate securcly fixcd to said second surface of said
interconnection board, said high rigidity plate being higher in rigidity than

said interconncction board for suppressing said interconnection board from

being bent.

9. The semiconductor device as claimed in claim 8, wherein said

interconnection board comprises a multilayer interconnection board having

a multilevel interconnection structure.

10. The semiconductor device as claimed in claim 8, wherein said

high rigidity platc is made of a mctal.

11. The semiconductor device as claimed in claim 8, wherein said

high rigidity plate is madc of an alloy.

12. The semiconductor dovice as claimed in claim 8, wherein said

high rigidity plate is made of a ceramic.
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13. ‘The semiconductor device as claimed in claim 8, wherein a base

material of said interconnection board is an organic material.

14. The semiconductor device as claimed in claim 13, wherein said

organic material is a polymcr resin material.

15. The semiconductor device as claimed in claim 8, wherein said at
least semiconductor chip is bonded via bumps to said second surface of

said interconnection board.

16. The semiconductor device as claimed in claim 15, wherein
further comprising a sealing resin material provided on said first surface of

said interconnection board for sealing said at least semiconductor chip and

said bumps.

17. The semiconductor device as claimed in claim 16, further

comprising at least a heat spreader provided on said at Jeast semiconductor

chip.

18. A semiconductor device comprising :

an intcrconnection board having first and second surfaces ;
at least a semiconductor chip mounted on said first surface of

said intcrconnection board ; and
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a buffer layer héving a first surface in contact with said second
surface of said interconnection board and also said buffer layei having a
second surface on which at least an external electrode is provided, and said
buffer layer having at least an electrical confact between said
interoonnéction board and said at least cxternal electrode, and said buffer
layer being capable of absorbing and/or relaxing a stress applied to said at

least cxternal electrode to make said interconnection board free from

application of said stress.

19. The scmiconductor device as claimed in claim 18, wherein said

intcrconnection board comprises a multilayer interconnection board having

a multilevcl interconnection structure.

20. The semiconductor device as claimed in claim 18, wherein said

at Jeast cxtemal electrode comprises plural external electrodes.

21. The semiconductor device as claimed in claim 18, wherein said

external clcctrode comprises a solder ball.

22. The semiconductor device as claimed in claim 18, wherein said

external electrode comprises a pin electrode.

23. The semiconductor device as claimed in claim 18, wherein said

extcrnal electrode comprises a coil-spring electrode.
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24. The semiconductor device as claimed in claim 18, wherein said

cxternal electrode compriscs a generally column shaped electrode,

25. The semiconductor device as claimed in claim 24, wherein said
gencrally column shaped electrode comprises a straight column shaped

clectrode which is uniform in horizontal cross sectional area from a bottom

to a top thereof.

26. The semiconductor device as claimed in claim 24, wherein said
generally column shaped clectrode comprises a center-pinched column

shaped clectrode which decreases in horizontal cross sectional area toward

an intermediate level thereof.

27. The scmiconductor device as claimcd in claim 18, wherein said

buffer layer comprises :

plural generally column shaped electrically conductive layers,

each of which has a first ecnd fixcd to an external electrode pad of said

interconnection board and a second end directly fixed said external

electrodc.

28. . The semiconductor device as claimed in claim 27, wherein said

plural generally column shaped electrically conductive layers are made of a

metal.
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29. | The semiconductor device as claimed in claim 18, wherein said
buffer layer comprises :

plural generally column shaped electrically conductive layers,
each of which has a first end fixed to an external clectrode pad of said
interconnection board and ‘a second end directly fixed said cxtcrnal
electrode ; and

an stress absorption layer filling gaps between said plural
generally column shapéd electrically conductive layers, and said stress
absorption layer being lbwer in rigidity than said plural generally column
shaped electrically conductive layers, and said stress absorption layer
surrounding said plural generally column shaped electrically conductive
layers so that said stress absorption layer is in tightly contact with said

plural generally column shaped electrically conductive layers.

30. The semiconductor device as claimed in claim 29, wherein said

plural generally column shaped electrically conductive layers are made of a

metal.

31. The semiconductor device as claimed in claim 29, wherein said

stress absorplion layer is made of an organic insulative material.

32. The semiconductor device as claimed in claim 18, wherein said

buffer layer compriscs :
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plural generally column shaped electrically conductive layers,
cach of which has a first end fixed to an extemal electrode pad of said
interconnection board and a second end directly fixed said external
electrode ; .

a supporting plate having plural holes, into which said plural
generally column shaped cldctﬁcally conductive layers with said external
elcctrodes are inserted, and said supporting plate extending in paralle] tb
said second surface of said intcrconnection board to form an inter-space
between said supporting plate and said second surface of said
_interconncction board ; and

- a supporting sealing resin material filling said inter-spacc and
surrounding both said plural generally column shaped electrically
conductive layers and parts of said external electrodes so that said
supporting sealing resin material is in tightly contact with said plural
generally column shaped electrically conductive layers and said parts of

said external clectrodes for supporting said external electrodes.

33. The semiconductor device as claimed in claim 32, wherein said
supporting scaling resin material is lower in rigidity than said plural
generally column shaped electrically conductive layers so that said
supporting scaling resin material is capable of absorbing and/or relaxing a

stress applied to said external electrodes.

34. The semiconductor device as claimed in claim 32, wherein said
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plural generally column shaped electrically conductive layers' are made of a

metal.

3s. The semiconductor device as claimed in claim 32, wherein said

supporting sealing resin material is made of an organic insulative material.

36. The semiconductor device as claimed in claim 18, further

comprising a supporting layer on said second surface of said buffer layer

for supporting said external electrode.

37. The semiconductor device as clairﬁed in claim 35, wherein said
supporting layer further comprises :

a supporting plate having plural holes, into which said extemal
electrodes arc inserted, and said supporting plate cxtending in parallel to
said second surface of said buffer layer to forma an inter-space between said
supporting plate and said second surface of said buffer layer ; and

a supporting sealing resin material filling said inter-space and
surrounding parts of said external electrodcs so that said supporting sealing

resin material is in tightly contact with said parts of said external electrodcs

for supporting said cxternal electrodes.

38. The semiconductor device as claimed in claim 18, wherein said
at least semiconductor chip is bonded via bumps to said second surface of

said interconnection board.
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39. The semiconductor device as claimed in claim 38, wherein
further comprising a sealing resin material provided on said first surface of

said interconnection board for sealing said at least semiconductor chip and

said burmaps.

40, The semiconductor device as claimed in claim 39, _furthcr

comprising at lcast a heat spreader provided on said at least semiconductor

chip.

41, The semiconductor device as claimed in claim 38, wherein
further comprising an under-fill resin material provided on said first surface

of said intercopnection board for sealing said at least semiconductor chip

and said burnps.

42. The semiconductor device as claimed in claim 41, further

comprising :

a stiffener extending on a peripheral region of said buffer layer ;
and

at least a hcat sprcader provided on said at least semiconductor

chip and on said stiffcncr. | crmicond
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-at .Icast a semiconductor chip mounted on said first surface of
said interconnection board ;
external elcctrodes fixed to cxtcrnal electrode pads on said
second surface of said interconnection board ; and |
a supporting layer on said second surface of said interconnection
board for supporting said external elcctrodes,
44, The semiconductor d;rice as claimed in claim 43, wherein said
supporting laycr further comprises : |
a supporting plate having plural holes,. into which said external
electrodes arc inserted, and said supporting plate extending in parallcl to
said second surface of said buffer layer to form an inter-space between said
supporting plate and said second surface of said buffer layer ; and
a supporting sealing resin material filling said inter-space and
surrounding parts of said external electrodes so that said supporting sealing
rcsin material is in tightly contact with said parts of said external electrodes

for supporting said external clectrodes.

45. The semiconductor device as claimed in claim 43, wherein said

at Jeast semiconductor chip is bonded via bumps to said second surface of

said interconnection board.

46. The semiconductor device as claimed in claim 4S5, wherein

further comprising a scaling resin material provided on said first surface of
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said interconnection board for sealing said at least semiconductor chip and

said bumps.

47. The semiconductor device as claimed In claim 46, further

comprising at least a heat spfeadcr provided on said at least semiconductor

chip.

48. Thc semiconductor device as claimed in claim 45, wherein
further comprising an under-fill resin matetial provided on said first surface

of said interconnection board for sealing said at least semiconductor chip

and said bumps.

49, The semiconductor device as claimed in claim 48, further
comprising :
a stiffener extending on a peripheral region of said buffer layer ;

and

at least a heat spreader provided on said at least scmiconductor

chip and on said stiffener.

50. The semiconductor device as claimed in claim 43, wherein said
external electrodes connected through plural generally column shaped
electrically conductive layers to external electrode pads on said second

surface of said interconncction board, and said supporting layer further
COMpIISes &
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a. supporting plate having plural holes, into which said plural
generally column shaped electrically conductive layers with said external
electrodes are inserted, and said suppbning platc cxtending in parallel to
said second surface of said interconnection board to form an inter-space
between said supporting plate and said second surface of said
interconnection board ; and

a supporting sealing resin material filling said inter-space and
surrounding both said plural generally column shaped electrically
condhctive layers and parts of said external electrodes so that said
supporting sealing rcsin material is in tightly contact with said plural

~ generally column shaped electrically conductive layers and said parts of

said external electrodes for supporting said external electrodes.

51. The semiconductor device as claimed in claim 50, wherein said
supporting sealing resin material is lower in rigidity than said plural
generally column shaped electrically conductive layers so that said

supporting sealing resin material is capable of absorbing and/or relaxing a

stress applied to said cxtcmal elcctrodcs.

52. The semiconductor device as claimed in claim 50, wherein said

plural generally column shaped electrically conductive layers are madé. of a

metal.

S3. The semiconductor device as claimed in claim SO, wherein said
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supporting scaling resin material is made of an organic insulative material,

54, The semiconductor device as claimed in claim 43, whereip said

extemnal electrode comprises a solder ball.

55. The semiconductor device as claimed in claim 43, wherein said

external electrodc comprises a pin electrode.

56. The semiconductor device as claimed in claim 43, wherein said

external electrode comprises a coil-spring electrode.

57. The semiconductor device as claimed in claim 18, wherein said

external electrode comprises a gencrally column shaped electrode.

58. The semiconductor device as claimed in claim 24, wherein said
generally column shaped electrode comprises a straight column shaped

electrode which is uniform in horizontal cross sectional area from a bottom

to a top thereof.

59. The scmiconductor device as claimed in claim 24, wherein said

generally column shaped electrode comprises a center-pinched column

shaped electrode which decreases in horizontal cross sectional area toward

an intermediate leve] thereof.
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60. A method of forming an interconnection board, wherein during
formation of said interconnection board, said intercomncction board
remains securely fixed to a high rigidity plate being higher in rigidity than
said interconnection board for suppressing said interconnection board from

being bent.

61. Thc method as claimed in claim 60, wherein said

interconnection board comprises a multilayer interconnection board having

a multilevel interconuection structure.

62. The method as claimed in claim 60, further comprising the step

of : completely removing said high rigidity plate from said interconncction

board, after said interconnection board is fabricated on said high rigidity

plate.

63. The method as claimed in claim 62, wherein said high rigidity

plate is made of a metal.

64. The method as claimed in claim 62, wherein said high rigidity
plate is made of an alloy.
65.

The method as claimed in claim 62, wherein said high rigidity
plate is made of a ceramic.

19713
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66. The method as claimed in claim 62, wherein a base material of

said interconnection board is an organic insulative material.

67. The method as claimed in claim 66, wherein said organic

material is a polymer resin matcrial.

68. The method as claimed in claim 60, further comprising the step
of : selectively removing said high rigidity plate from said interconnection
board to form plural generally column shaped electrically conductive layers

on said interconncction board, after said interconnection board is fabricated

on said high rigidity plate.

69. The method as claimed in claim 68, further comprising the step
of : forming external electrodes on said plural generally column shaped
electrically conductive layers so that said external electrodes . arc
electrically connected through said plural generally column shaped

electrically conductive layers to said interconnection board.

70. The method as claimed in claim 68, further comprising the step
of : forming an stress absorption layer being lower in rigidity than said
plural generally column shaped electrically conductive layers, which fills
gaps between said plural generally column shaped electrically conductive
layers, so that said stress absorption layer surrounds said plural generally

column shaped clcctrically conductive layers, whereby said stress

255 This Sheet Has Been R

o T
O



WT VAT

[SAVAVAV

absorption layer is in tightly contact with said plural generally column

shaped electrically conductive laycrs.

71. The method as claimed in claim 70, further comprising the step

of : forming external electrodes on said plural generally column shaped -

electrically conductive layers so that said external electrodes are
electrically connected through said plural geperally column shaped

electrically conductive laycrs to said interconnection board.

72. The method as claimed in claim 71, further comprising the step
of :

forming a supporting plate having plural holes, into which said
external clectrodes are inserted, so that said supporting plate extends in

parallel to said second surface of said buffer layer to form an inter-space

“berween said supporting plate and said second surface of said buffer layer ;

and

forming a supporting sealing rcsin material which fills said inter-
spacc and surrounding parts of said external electrodes so that said
supporting sealing resin material is in tightly contact with said parts of said

external electrodes for supporting said extemal electrodes,

73. The method as claimed in claim 60, further comprising the step
of :

completely removing said high ngidity plate from said
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interconncction bbaid, after said interconnection board is fabricatcd on said
high rigidity plate ; |

forming a supporting plate having plural holes, into which said
external electrodes are inserted, so that said supporting plate extends in
parallc] to said second surface of said buffer layer to form an inter-space
between said supporting plafe and said second surface of said buffer layer ;
and

forming a supporting sealing resin material which fills said inter-

space and surrounding parts of said external electrodes so that said

iU/ 1

supporting sealing resin material is in tightly contact with said parts of said

externa] electrodes for supporting said cxtcmal electrodes.

74. The method as claimed in claim 60, further comprising the step
of;

complctciy removing said high rigidity plate from said
interconnection board, after said interconnection board is fabricatcd on said
high rigidity plate ; |

bonding plural generally colurmn shaped clectrically conductive
layers to said interconnection board via an adhesive ; and

forming external electrodes on said plural generally column
shaped electrically conductive layers so that said external electrodes are

clectrically connected through said plural geverally column shaped

electrically conductive laycrs to said inferconnection board.
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75. The method as claimed in claim 74, further comprising the step
of :

forming a supporting plate having plural holes, into which said
plural generally column shaped electrically conductive layers with said
cxternal electrodes are inserted, 'and said supporting platc extending in
parallel to said second surface of said interconnection board to form an
inter-space between said supporting plate and said sccond surface of said
intcrconnection board ; and

forming a supporting sealing resin material which fills said inter-
space and surrounds both said plural generally column shaped electrically
conductive layers and parts of said extemal electrodes so that said -
supporting sealing resin material is in tightly contact with said plural
generally column shaped electrically conductive layers and said parts of

said external electrodes for supporting said extemnal electrodes.

76. The mcthod as claimed in claim 60, further comprising the step
of :

mounting at least a semiconductor chip on said interconnection
board ; and

completely removing said high rigidity platc from said

interconnection board.

77. The method as claimed in claim 60, further comprising the step

of :
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mounting at least a semiconductor chip on said interconnection

board ;
forming at least a heat spreader on said at least scmiconductor
chip ; and

completely 1emoving said high ngidity plate from said

intcrconnection-board.
78.  The method as claimed in claim 60, further comprising the step
of :

mounting at least a semiconductor chip on said interconnection
board ; and

selectively removing said high rigidity plate from said
interconnection board to form plural generally column shaped electrically

conductive layers on said interconnection board.

79. The method as claimed in claim 60, further comprising the step
of :

mounting at least a semiconductor chip on said intcrconnection

board ;

forming at lcast a heat spreader on said at least semiconductor
chip ; and

sclcéﬁvc!y removing said high rigidity plate from said
interconnection board fo form plural generally column shaped electrically

conductive layers on said interconnection board.
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