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MULTILAYER ~TERCONNECDON BOARD, SEMICONDUCTOR 

DEVICE HAVING THE SAME, AND METHOD OF FORMING THE 

SAME AS WELL AS METIIOD QF MOUNTING THE 

SEMICONDUTOR CHIP ON THE JNI'ERCONNECTION BOARD 

BACKGROUND OF THE INVENTION 

The present invention relates to an interconnection board, a· 

semiconductor device having an interconnection board, a method of 

forming tho interconnection board and a method of mounting the 

semiconductor chip on the interconnection board, and more particularly to 

a multilayer interconnection board for allowing a flip-chip semiconductor 

chip to be mounted thereon, a semiconductor device having a multilayer 

interconnection board, a metho~ of fonnirig 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 semiconductor chip 101 has a first swface 

which further has a predetermined area array of external tenn.inals not 
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illustrated on a peripheral area thereof and/or 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 mounted on a multilayer interconnection board. A 

multilayer interconnection board 103 has electrode pads which patterns 

conespond to patterns of the bumps 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 technique 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 use, for the multilayer interconnection 

board, a ceramic-based material having a small difference in linear 

expansion coefficient from silicon of the flip-chip semiconductor chip 1 Ql _ 

The use of the ceramic-based 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 technique 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 bumps between the semiconductor 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 teclmiquc using the organic material for the 

multilayer interconnection board is selected, then the multilayer 

interconnection board may be a 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 viem illustrative of build-up boards 

as the multilayer interconnection boards in sequential steps involved in a 

conventional fabrication method. 

Witli reference to FIG. 3A, a glass epoxy base material hoard 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 

patterned co form Cu-interconnection patterns 105 on both surfaces of the 
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glass epoxy base m~terial board 104. A penetrating bole is made to the 

glass epoxy base material board 104 by a drilling process and· then the 

penetrating hole is then plat.ed thereby to fonn a plated through hole 106 

which penetrates the glass epoxy base material board 104 and electrically 

connecting the Cu-interconnection patterns 105. An insulative tesin filler is 

filled to the plated through hole 106, whereby a core board 107 is 

completed. 

With reference to FIG. 3B, insulating resin material laycrs 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 the 

insulating resin material layers 108 by a photo-lithography focbnique or a 

laser beam process, so that a part of the Cu-interconnection patterns 105 is 

shown through tbe opening 109. 

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 a 

thickness in the range of 20 .. _40 micrometers or dry films are formed over 

the meta] thin film layers 110. The photo-resist films 111 or the dry films 

arc patterned by exposure and subsequent development processes thereby 

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

With :reference to FIG. 3E7 a selective Cu-electroplating 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 electric supply 

line, thereby to selectively ~orm interconnection patterns 112. 

With reference to FIG. 3F, the photo-resist patterns 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 patterns 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 multilaye.rs or the multilovcls 

of the interconnections to complete the build-up board or the multilayer 

interconnection board. 

The above second conventional technique using the organic 

material 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 

has a large difference in thermal expansion coefficient from the 

semiconductor chip, whereby 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 connection 

between the multilayer interconnection board and the semiconductor chip. 

The above multilevel interconnection patterns 105 and 112 over the glass 
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epoxy base material board 104 are so thick as to relax the stress applied 

between the multilayer interconnection board and the semiconductor chip 

due to the relatively large thermal expansion coefficient between the 
. . 

multilayer intercon~ection board and the semiconductor chip. The · 

necessary thickness of the above multilevel interconnection patterns 105 

and 112 is, for example, in the range of 10~30 micrometers. This further 

requires that the thickness of the photo-resis[ patterns 111 or the dry film 

patterns is, fot 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 minimum pitch of tbe above multilevel . 

interconnection patterns 105 and 112 is about 30 rnicromecers. 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 

interconnection board. 

Consequently, the multilayer 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 resin base 

material is inexpensive, the number of the multilayer interconnection 

boards obtained from a single large panel is small. This makes it difficult to 

further reduce the cost of the multilayer interconnection board. 

Further, when the insulating resin mateiial layers 108 are fonned 

over the both surfac~s of the glass epoxy base material board 104, the 
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multilayer interconnection 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 interconnection board and the circuit board due to a 

difference in thcnnal expansion coefficient between the multilayer . 

interconnection board and the circuit board, thereby deteriorating a 

reliability in connection between the multilayer interconnection board and 

the circuit board. 

In the above circumstances, it had been required to develop a 

novel multilayer interconnection board free from the above problems, as 

well as a 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. 

It 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 semiconductor chip. 

It is moreover object of the present invention to provide a novel 

interconnection board allowing a further increase m density of the 

interconnection board. 

It is still more o'Qjcct of the present invention to provide a novel 

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 

interconnection board free from a deterioration in reliability of connection 

between the interoonnection board and a circuit board. on which the 

interconnection board is mounted. 

It is another object of the present invention to provide a novel 

semiconductor device having an improved interconnection board free 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 having an impToved 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 interconnection 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 interconnection board 

allowing 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 improved interconnection board allowing 

a further increase in density of the intcrconn~ction board. 

It is still more ~bject of the present invention to provide a novel 

semiconductor device having an improved interconnection board allowing 

a further reduction in an external size of the interconnection board. 

lt is yet more object of the present invention to provide a novel 

semiconductor device having an improved interconnection board free from 

a deterioration in reliability of connection between the .inte.rconnectio.n 

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 for.ming an improved interconnection board which is 

inexpensive. 

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

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

.......... ········· ··-
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bend. 

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

novel method of forming an improved interconnection board allowing 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 

method of forming 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 novel 

method of for.ming 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 

deterioration in reliability of connection between 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 a 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 

method of mounting a semiconductor chip on an improved interconnection 

board which is 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. 

Jt is further more object of the present invention to provide a 

novel method of mounting a semiconductor chip on an improved 

interconnection board allowing a high reliability in connection between the 

interconnection board and a semiconductor chip. 

lt 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 novel 

method of mounting a semiconductor chip on 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 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 on which the interconnection 

board is mounted. 

The first present invention provides a semiconductor device 

comprising: an interconneccion board ; and a high rigidity plate securely 

fixed to the interconnection bocnd, the high rigidity plate being higher in 

rigidity than the interconnection board for suppressing the interconnection 

board from being bent. 
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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 

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 interconnectio1_1 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 scmic.onductor chip mounted on the first suiface 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 

layer 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 electrode~ and the buffer 

layer being capable of absorbing and/or relaxing a stress applied to the at 

least external 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 surface of the 

interconoection board ; external electrodes fixed to external electrode pads 
on the second surface of the interconnection board ; and a supporting layer 

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 du.ring fonnation of the interconnection 

board, the interconnection board remains securely fixed to a high rigidity 

plate being higher in rigidity than the interconnection board for suppressing 

the incerconncction board from being bent. 

The above and other objects, features and advantages of the 

present invention will be apparent from the following descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments according to the present inventjon 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 through 3F arc fragmentary cross sectional elevation 

views itlustrative of build-up boards as the multilayer interconnection 

boards in sequential steps involved in a conventional fabrication method. 

FIG. 4 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 first embodiment according to the 
·····--·-·········-
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present hwention. 

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. 7 A 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 present invention. 

FIGS. SA through SQ are fragmentary cross sectional elevation 

views illustrative of a novel method of fotming a semiconductor device 

having a multilayer interconnection board on which a semiconductor chip 

is mounted in a second embodiment in accordanc.e 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 elevation view illustrative of a 

semiconductor device having a multilayer interconnection board, on which 

a semiconductor chip is mounted in a fourth embodiment according to the 

pTesent invention. 
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FIGS. 11A through llS are fragmentary cross sectional elevation 

1iews illustrative of a novel method of forming a semiconductor device 

h.aving a multilayer interconnection board on which a semiconductor chip 

is mounted in a fourth embodiment in accordance with the present 

invention. 

FIG. 12 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 fifth embodbnent according to the 

present 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 semiconductor chip 

is mounted in a fifth embodiment in accordance with the present 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 elevation view illustrative of a 

semiconductor device having a multilayer interconnection hoard, on which 

a semiconductor chip is mounted in a seventh embodiment according to the 

present invention. 

FIG. 17 is a cross sectional elevation view ilJacitrative of a 
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semiconductor device having a multilayer interconnection board, on which 

a senliconductor chip is mounted in an eighth embodiment according to the 

present invention. 

FIG. 18 is~ fragmentaiy enlarged cross sectional elevation view 

illustrative of a solder ball bonded on an external electrode pad of a 

multilayer interconnection board and a partiaj. 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 illustrative of sequential steps 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 has already been fabricated in the sequential 

fabrication processes described with reference to FIGS. 7 A through 7Q 

described in the first embodiment of the present invention. 

FIG. 20 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 ninth embodiment according to the 

present invention. 

FIGS. 21A through 21 B are fragmentary cross sectional elevation 

views illustrative of sequential steps involved in a method 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 bee.a fabricated in the sequential 

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

FIG. 22 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 tenth embodiment according to the 

present invention. 

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 

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 fr~CTfllentary 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 twelfth embodiment in accordance 

with the present invention. 

FIG. 26 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 thirteenth embodiment according to 

the present invention. 

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

views illustrative of a novel method of fonning a semiconductor device 
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having a multilayer intercoimection 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 semiconductor chip is mounted in a fourteenth 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 embodimcn t according to 

the present invention. 

FIG. 30 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 sixteenth embodimenc according to 

the present invention. 

FlG. 31 is a cross sectional elevation view illustrative of a 

semiconductor device having a multilayer iitterconnection board, on which 

a semiconductor chip is mounted in a sixteenth embodiment according to 

the present invention. 

DISCLOSURE OF TilE INVENTION 

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 interconnection board for suppressing the interconnection 

board from being bent 

It is preferable that the interconnection board comprises a 

multilayer interconnection board having a multilevel interconnection 

structure. 

alloy. 

ceramic. 

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 

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

It is also preferable that a base material of the interconnection 

board is an organic fosulative material. It is further preferable that the 

organic material is a polymer 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 

interconnection board ; and a high rigidity plate secutely 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. 

It is preferable that the interconnection board compri$es a 

multilayer interconnection board having a multilevel interconnection 

structure. 
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alloy. 

ceramic. 

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 

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

It is also preferable that a base material of the interconnection 

board is an. organic material. It is further preferable that the organic 

material is a polymer resin material. 

It is also preferable that the at least semiconductor chip is bonded 

via bumps to the second surface of the interconnection board. It is also 

preferable to further comprise a scaling resin material provided on the first 

surface of the interconnection board for sealing the 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. 

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 

interconnection 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 swfacc 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 electrode, and the buffer 

layer being capable of absorbing and/or relaxing a stress applied to the at 

least external electrode to make the interconnection board free from 
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application of the stress. 

It is preferable that the interconnection board comprises a 

multilayer interconnection board having a multilevel interconnection 

structure. 

It is also preferable that the at least external electrode comprises 

plural external electrodes. 

lt is also preferable that the external electrode comprises a solder 

ball. 

It is also preferable that the external electrode comprises a pin 

electrode. 

It is also preferable that the external electrode comprises a coil­

spring electrode. 

It is also preferable that the external electrode comprises a 

generally column shaped electrode. It is further preferable that the 

generally column shaped electrode comprises a straight column shaped 

electrode which is uniform m 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 sectional area toward an intermediate level thereof. 

It is also preferable that the buffer layer comprises : plural 

generally column shaped electrically conductive layers, each ofwh.icb has a 

first end fixed to an external electrode pad of the interconnection board and 

a second end directly fixed the external electrode. lt is further preferable 
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that the plural generally column shaped electrically conductive layers are 

·made of a metal. 

It is .also preferable that the buffer layer comprises : plural 

generally column shal?ed electrically conductive layers, each of which has a 

first end fixed to an e>.."1:ernal electrode pad of the interconnection board and 

a second end directly fixed the extemal electrode ; and an stress absotption 

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 column shaped electrically conductive layers, and 

the stress abso:rption 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 preferable that the stress absorption layer is made of an 

organic insulative material. 

It is also preferable that the btiffcr 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 end directly fixed the external electrode ; a supporting plate 

having plural holes, into which the plural generally column shaped 

electrically condl1ctive layers with the externa1 electrodes are inserted, and 

the supporting plate extending in parallel to the second suxface of the 

interconnection hoard to form an inter-space between the supporting plate 
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and the second surface of the interconnection board ; and a supporting 

scaling resin material filling the inter-space and surrounding both che 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 further preferable that the supporting sealing resin material 

is lower in rigidity than the plural generaHy column shaped electrically 

conductive layers so that the supporting sealing resin material is capable of 

absorbing and/or relaxing 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 material. 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 pla[e having plural holes, into which the external electrodes 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 

plate and the second surface of the buffer layer ; and a supporting sealing 

resin material filling the inter-space and sunounding parts of the external 

electrodes so that the supporting sealing resin material is jn tightly contact 

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

It is also preferable that the at least semiconductor chip is bonded 

via bumps to the second surface of the interconnection board. It is further 

preferable that further comprising a sealing resin material provided on the 

first surface of the interconnection board for sealing tho 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 preferable that further comprising an under-fill resin 

material provided on the first surface of the interconnection board for 

sealing the at least semiconductor chip and the bumps. It is also preferable 

to further comprise : a stiffener extending on a peripheral region of the 

buffer layer ; and at least a heat spreader provided on the at least 

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 external electrode pads 

on the second surface of the interconnection board ; and a supporting layer 

on the second surface of the interconnection board for supporting the 

external electrodes. 

It is also preferable th.at the supporting layer further comprises : a 

supporting plate having plural holes, into which the external electrodes are 

inserted, and the supporting plate extending in parallel to the second 

surface of the buffer layer to fonn an inteT-space between the supporting 
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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 resin material is in tightly contact 

with the parts of the e.X.temal electrodes for supporting the external 

electrodes. 

It is also preferable that the at least semiconductor chip is bonded 

via bumps to the second surface of the interconnection board. It is further 

preferable that further comprising a sealing res.in material provided on the 

first surface of the interconnection board for · sealing the 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 

preferable to further comprise an under-fill resin material provided on the 

first surface of the interconnection board for sealing the at least 

semiconductor chip and the bumps. It is also preferable to further 

comprise : a stiffener extending on a peripheral region of the buffer layer ; 

and at least a heat spreader provided on the at least semiconductor chip and 

on the stiffener. 

It is also preferable that the external elec[rodes connected 

through plural generally column shaped electricaJJy conductive layers to 

external electrode pads on the second surface of the interconnection board, 

and the supporting layer further comprises : a supporting plate having 

plural holes, into which the plural generally column shaped electrically 

conductive layers with the extemal electTodes are inserted, and the 

supporting plate extending in parallel to the second surface of the 
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.. 
interconnection board to form an inter-space between th~ supporting plate 

and the second surface of the interconnection board ; and a supporting 

sealing resin material filling the inter-space and surrounding both the plural 

generally column sh.aped electrically conductive layers and parts of ~e 

extexnal 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 further preferable that the supporting sealing resin material 

is lower in rigidity than the plural generally co1umn shaped electrically 

conductive layers so that the supporting sealing resin material is capable of 

·absorbing and/or relaxing 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 material. 

It is also preferable that the external electrode comprises a solder 

ball. 

It is also preferable that the external electrode comprises a pin 

electrode. 

It is also preferable that the external ~lectrode comprises a coil­

spring electrode. 

It is also preferable that the external electrode comprises a 

generally column shaped electrode. 

It is also preferable that the generally column shaped electrode 
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comprises a straight column shaped electrode which is uniform m 

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 sectional area toward an intermediate level thereof. 

The fifth present invention provides a method of forming an 

interconnection board, wherein during formation of the interconnection 

board, the interconnection board remains securely fixed to a high rigidity 

plate being higher in rigidity than the interconnection board for suppressing 

the interconnection board from being bent. 

It is preferable that the interconnection board comprises a 

multilayer interconnection board having a multilevel interconnection 

structure. 

It is also preferable to further comprise the seep of : completely 

removing the high rigidity plate from the interconnection board, after the 

interconnection board is fabricated on the high rigidity plate. 

alloy. 

ceramic. 

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

le is also preferable that the high rigidity plate is made of an 

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

It is also preferable that a base material 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. 

lt is also preferable to further comprise the step of: selectively 

removing the high rigidity plate from the interconnection board to fonn 

plural generally col:iimn shaped electrically conductive .layers on the 

interconnection board, after. the interconnection board is fabricated on rhe 

high rigidity plate. 

It is also preferable to further comprise the step of ~ forming 

cxtemal electrodes on the plural generally column shaped electrically 

conductive layers so that the external electrodes are electrically connected 

through the plural generally co1umn shaped electrically conductive layers 

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 layers, which· fi11s gaps between the 

plural generally column shaped electrically conductive layers, so that the 

stress absorption layer surrounds the plural generally column shaped 

electrically conductive layers, whereby the stress absorption layer is in 

tightly contact with the plural generally column shaped electrically 

conductive layeTs. 

It is also preferable to further comprise the step of : fonning 

external electrodes on the plural generally column shaped electrically 

conductive layers so that the external electrodes are electrically connected 

through the plural generally column shaped electrically conductive layers 

to the interconnection board. 
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It is also preferable to further comprise the step of : forming a 

supporting plate having plural holes, into which the external electrodes are 

inserced, so that the supponing plate extends in parallel to the second 

surface of the bu:ffe~ layer to form an inter-space between the supporting 

plate and the second surface ·of the buffer layer; and fonning_ a supporting 

sealing resin ma[erial 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 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 rigidity plate ; forming a 

supporting plate having plural holes, into which the external electrodes are 

inserted, so that the supporting plare extends in parallel to the second 

surface of the buffer layer to form. an inter-space between the supponing 

plate and the second surface of the buffer layer ; and fonning a supportmg 

sealing resin 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 electrodes. 

It is also preferable to further c.omprise the step of : completely 

removing the high rigidity plate from the interconnection board, after the 

interconnection board is fabricated on the high rigidity 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 generally column shaped electrically conductive layers so that 

the external electrodes are electrically connected throu.gh the plural 

generally column shape~ electrjcally eonductive 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 conductive 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 material wbich fills the inter-space and 

sunounds both the plural generally column shaped electrically conductive 

layers and patts 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 extemal 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 interconnection board. 

It is also preferable to further comprise the step of : mounting at 

least a semiconductor chip on th~ interconnection board ; fonning at least a 

heat spreader on the at lea~t semiconductor chip; and completely removing 

the high rigidity plate from the interconnection board. ---- --- . 
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It is also preferable to further comprise the step of : mounting at 

lease .a semiconductor chip on the interconnection board ; and selectively 

removing the high rigidity plate from the intei:conncction board to form 

plural generally column shaped electrically conductive layers on the 

interconnection 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 selectively removing 

the high rigidity plate from the interconnection board to form plural 

generally column shaped electrically conductive layers on tho 

interconnection board. 

PREFERRED EM'.BODJMENT 

FIRST EMBODIMENT: 

A first embodiment according to the present invention will be 

described in detail with reference to the drawings. FIG. 4 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 first embodiment according to the present invention. A 

semiconductor device 32 has a multilayer interconnection board 3. A flip­

cbip 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 
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surface of the multilayer interconnection board 3. A second surface of the 

multilayer interconnection board 3 has arrays of external electrode pads 17 

on whi.ch solder balls 13 arc formed. A sealing resin material 15 is 

provided over the fir~t surface of the multilay~r interconnection board 3 for 

sealing the semiconductor chip 2 and the bumps 14. A heat conduc~ve 

adhesive layer 41 is provided on a second ~urface 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 connected to each other 

through multilevel interconnections of the multilayer interconnection board 

3. 

FIG. 5 is a plane view illustrative of a second surface of the 

muJtilayer interconnection board of the semiconductor device shown in 

FIG. 4. The solder balls 13 are aligned in matrix over the second suzfacc of 

the multilayer inter~onnection 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 interconnection 

board 3 comprises sequential laminations of mulliple interconnection layers, 

for example, first, second, third, fourth and fifth interconnection layers 5, 6, 

7, 8 and 9. The second interconnection layer 6 is laminated on the first 

interconnection layer 5. The third interconnection layer 7 is laminated on 

the second interconnection layer 6. The fourth interconnection layer 8 is 
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laminated on the third interconnection layer 7. The fifth interconnection 

layer 9 is laminated on the fourth interconnection layer 8. The first 

interconnection layer 5 is in the second surface 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· 

surlace side of the multilayer interconnection board 3. The bumps 14 are 

provided on the fifth interconnection layer 9. The first interconnection layer 

5 comprises 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 insuJating 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 firsc level contact layer 5-3 is in contact with a part of the first 

level interconnection pattern 5-1. The second interconnection ]ayer 6 

comprises a second level interconnection pattern 6-1, a second level 

insulating layer 6-2 and a second level 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 the second level 

contact layer 6-3 is selectively fonned in a top half region of the second 

level insulating layer 6-2, so that the second level contact layer 6-3 is in 

contact with a part of the second level interconnection 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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whereby the second level interconnection pattern 6-1 is electrically 

connected through the first level contact layer 5-3 to the first level 

interconnection pattern 5-1 of the first interconnection layer 5. The third 

interconnection 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 a bottom 

half region of the third level insulating layer 7-2 and the third level contact 

layer 7-3 is selectively fonned in a top half region of the third level 

insulating layer 7-2> so that the third level contact layer 7-3 is in contact 

with a part of the third level interconnection pattern 7-1. The thiTd 

interconnection layer 7 is laminated on the second interconnection layer 6, 

so that the third level interconnection pattern 7-1 is in contact with the 

second level contact layer 6-3 of the second interconnection layer 6, 

whereby the third level interconnection pattem 7-1 is electrically connected 

through the second level contact layer 6-3 to the second level 

interconnection pattern 6-1 of the second interconnection layer 6. The 

fourth interconnection layer 8 comprises a fourth level interconnection 

pattern 8-1, a fourth level insulating layer 8-2 and a fourth level contact 

layet 8-3, wherein the fourth level interconnection pattern 8-1 is selectively 

formed in a bottom half region 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 fourtb. 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 laminated on the third interconnection 
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.. layer 7, so that the fourth level interconnection pattern 8-1 is in contact 

with the third level contact layer 7-3 of the third interconnection layer 7, 

whereby the fourth level interconnection 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 layer 9 comprises a fifth level interconnection pattern 9-1 

and a fifth level insulating layer 9·2, wherein the fifth level interconnection 

pattern 9-1 is selectively formed in a bottom half region of the fifth level 

insulating layer 9-2. The fifth interconnection layer 9 is laminated on the 

fourth interconnection layex 8, so that the fifth level interco~ection pattern 

9-1 is in contact with the fourth level contact layer 8-3 of the fourth 

interconnection layer 8, whereby the fifth level interconnection pattern 9-1 

is electrically connected through the fourth level contact layer 8·3 to the 

fourth level interconnection pattern 8-1 of the fourth interconnection layer 

8. The above first, second third, fourth and fifth level interconnection 

patterns 5"'.l, 6-1, 7-1, 8-1 and 9-1 are connected to each other through 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 fonning a semiconductor device 

having a multilayer interconnection board on which a semiconductor chip 

~ mounted in a first embodiment in accordance with the pre.sent invention.. 

With reference to 11~1G. 7A, 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 
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metals, complex materials of different metals and ceramics ate available for 

the high rigidity plate 16. 

With reference to FIG. 7B, 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 ls 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, 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 resist 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 etching process to the 

laminations of the adhesive metal layer and the electrode material layer is 

canied out by use of the resist pattern as a mask so as to pattern the 

lam;nations of the adhesive metal layer and the electrode material layer, 

whereby external electrode pads 17·1 arc selectively formed on the first 

surface of the high rigidity plate 16. The used resist pattern is then 

removed. 

lf 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 a development to fonn 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 . 

.. ·- ············· 
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With reference to FIG. 7C, 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 

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 18-1. If a fine pattern of not more than LO 

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 insulatlve 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 res.in 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 pattern as 

a mask to fonn 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 
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,. mask to form the openings 19·1 int.he 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 FlG. 7E, 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 21 a 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 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. uminations of the adhesive metal thin 

film 2la and the metal electrode thin film 21 b form a mera.l 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 patterned by an exposure and a subsequent 

development to fonn 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 o! 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 meta) thin film interconnection 

layers 22-1 are in contact directly with the metal thin film contact layers 
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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 

electrode pads 17-1. The used_ resist mask is then removed. The external 

electrode pads 17·1 shown in FIG. 7F correspond to the first level 

interconnection pattern 5-1 of the first interconnection layer S shown in 

FIG. 6. The insulative resin thin film 18-1 shown in FIG. 7F also 

corresponds to the first 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. 7F 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. 7F 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 interconnection layers 

22-1 is not so narrow, then it is possible as a modification that after the 

metal thin film 21 has been fonned, 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 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 selectively etched by use of the eu ... platcd 

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 

·39 



•· metal thin 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 f onned 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 th.in 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, po1yolefin 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 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 

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 pattem 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 r~sin 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 
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by the chemical etching process, the insulativc 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 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 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 mad_e 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 method, a chemical vapor deposition or a.n 

electtoless 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 fonncd 

on the metal thin film and then patterned by an exposure and a subsequent 

development to fonn a resist pattcm 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 pattcm as a mask to fonn metal thin film contact layers 23-2 in the 

openings 19-2 and metal thin film interconnection layers 22·2 over the 
• I 

insulative resin thin fibn 18-2, wherein the metal thin film interconnection 
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,. layers 22·2 are in contact directly with the metal chin film contact l~yers 

23-2, so that the metal thin film interconnection layers 22-2 are electrically 

connected through the metal th.in 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. 7H 

correspond 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 conesponds to t~e second level 

contact layer 6-3 of the second interconnection layer 6. The metal thin film 

interconnection layers 22-2 shown in FlG. 7H 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 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 film so· that a selective electroplating of metal such as Cu is 

carried out by use of the resist pattem as a mask to form <:;;u-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 22-2 over 

the insulatlve 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 
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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 

micrometers. 

With reference to FIG. 71, 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 re.sin 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, 

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 se.ntlconductor. The 

insulative resin thin film_l8-3 is selectively r~moved to form. openings 19-3 

in the insulative resin thin film 1g .. 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 fonn a resist pattern on the insulative res.in 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 pauem as a 

mask to form the openings 19-3 in the insulative resin thin fihn 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 insulativc 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 interconn~ction 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. 71, an adhesive metal thin film is entirely 

formed which extends on the surlace 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-based alloy. Subsequently, 

a metal electrode thin film is also entirely formed on the adhesive metal 

thin film by a sputrering method, a chemical vapor deposition or an 

elcctroless 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 ex.tends 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 fanned 

on the metal thin film and then patterned by an exposure and a subsequent 

development to fonn 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 

openings 19-3 and metal thin film interconnection layers 22-3 over the 
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insulative resin thin film 18-3, wherein the metal thin fi]m interconnection 

layers 22-3 are in contact directly with the metal thln film contact layers 

23-3, so that the metal thin film interconnection layers 22-3 are electrically 

connected through the metal thin film contact layers 23-3 to the metal thin 

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

The metal thin film interconnection layers 22-2 shown in FIG. 11 

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. 11 also corresponds to the third level insulating layer 7-2 of 

the third interconnection layer 7 shown in FIG. 6. The ~etal thin film 

contact layers 23-3 shown in FIG. 11 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. 71 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 inte1connection 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 pattem 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 fonn 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. 
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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 interconnection layers 22-3 are not more than 1 

micrometers. 

With reference to FIG. 7K, 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 insufative resin thin film 18-4 may 

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

coating mechod, 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 18-4. 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 insulative resin thin film 18-4 and over the metal thin film 

interconnection layers 22-3. A resist film is applied on the insuJative resin 

thin film 18-4 and then pacterned by an exposure and a subsequent 

development to fonn a resist pattern on the insulative resin thin film 18-4. 

If the insulative resin thln 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 
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mask to fonn the openings 19-4 in the insulativc 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 resist 

pattern is then removed. 

With reference to FIG. 7~ 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 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-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 

electrolcss plating method. The metal elect.rode 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 surlace 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 

development to form a resist pattern over the metal thin film. The metal 

thin film is chen patterned by a wet etching or a dry etching by use of the 

resist pattem as a mask to form metal thin film contact layers 23-4 in the 
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•· 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, 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. 

The metal thin film interconnection layers 22-3 shown in FIG. 7L 

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. 7L also corresponds to the fourth level insulating layer g .. z. 
of the fourth interconnection layer 8 shown in FIG. 6. The metal thin film 

contact layers 23-4 shown in FIG. 7L also corresponds to the fourth level 

contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 

22-4 shown in FIG. 7L 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 narrow, 

then it is possible as a modification that after the metal thin film has been 

formed, then the resist pattern is fonned 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 pad electrodes 22-4 over the insulative resin thin film 18-4 and the 

metal thin film conbl.ct layers 23-4 in the openings 19-4. 

In accordance with the above described method and its 
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,, mo~ification, 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. 7M, 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. 7M 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 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 fust·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 fi]m 24. The 

solder resist film 24 is selectively removed to fonn 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 exposute and a 

subsequent development to form a resist pattern on the solder resist film 24, 

so that the solder resist .tilm 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 pattern. If the solder 
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~- resist film 24 is made of a photosensitive material, then the solder resist 

film 24 is diicctly patterned by an exposure and a subsequent development 

to form the openings 24a in the solder r~sist film 24. The electrode pads 22-

4 are partially shown through the openings 24a formed in ~e solder resist 

film 24. 

With reference to FIG. 7N, 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 tb.e 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 external electrode pads 17-1 and the pad electrodes 22-4 in order to 

improve· a bonding property between the extemal 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 

.in the plural unit multilayer interconnection boatds in the electrical 

characteristic test are then subjected to a mounting process for mounting 

semiconductor chips thereon. 

With reference to FIG. 70~ semiconductor chips 2 are mounted 

on the multilayer interconnection board 3, where.in 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 the multilayer interconnection board 3, so 

that the semiconductor chips 2 are olcctrically connected through t"~1e 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 are made of a metal based solder 

material such as Au or In, a flip-chip bonding utilizing a thenno­

compression bonding is available for bonding the plural bumps 14 to the 

electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 7P, an insulative resin material 31 is 

formed which coats side walls of lbe 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 prot~ct the 

semiconductor chips 2, the bumps 14 and the multilayer interconnection 

board 3. This coating process is carried ~ut by use of a resin injection 

technique involving a vacuum scaling technique or a transfer sealing 

technique. The insulativc resin material 31 may be made of one of epoxy 

resin materials, silicone resin materials, polyi.mide resin materials, 

polyolefin resin materials, cyanate ester resin materials, phenol resin 

materials and naphthalene resin materials. 

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

in contact directly with the external electrode pads 17-1 of the multilayer 
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interconnection board 3 to form a semi.conductor device 1 having the 

multilayer interconnection board 3 and the plural semiconductor chips 2 

mounted thereon. The solder balls 13 serve as external tcl'lllinals. 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 

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 semiconductor device 1 into plural unit semiconductor devices 32 or 

tl iP,-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· semiconductor chip 2. A heat 

spreader 42 is provided on the heat condudive adhesive layer 41 so that the 

heat spreader 42 is adhered 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 beat 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 

material such as a metal base materiai for example, Cu, AJ, W, Mo, Fe, Ni, 

and Cr, or Al203, AlN, S'iC, other ceramics such as mullite. The beat 

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, polyimidc 

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, AlN, 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. Jn this embodiment, the heat spreader 

42 is provided to improve the heat radiation characteristic of the flip-chip 

semiconductor device 32. 

Jn 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 connection 

between 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 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 11 .. 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 
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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 planarity to the multilayer interco.onection 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 multilayer interconnection board and . 

expansion of the multilayer 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 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 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 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 the multilayer 

interconnection board, then. the bottom surface of che multilayer 
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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 exter:nally applied stress. 

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 

interconnection board from being bent during the fabrication of the 

multilayer interconnection 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 interconnection 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 che multilayer interconnection board, the multilayer 
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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 

semicondu.ctor chips due to mechanical and thermal stresses applied to the 

multilayer interconnection board and the_ semiconductor chips. These 

processes will be described in detail m 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 

through the heat conductive adhesive layer to the semiconductor chips 

mounted on the multilayer interconnection board and before the solder 

balls are fonned. When the semiconductor chips are mounted on the 

multilayer interconnection 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 

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 mtiltilayer 

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 thcnnal stresses applied to the 

multilayer interconnection board and the semiconductor chips. These 

processes will be described in detail in the following second embodiment. 

Furthermore, in the end user's side, the above flip .. 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 stress applied between the 

above flip-:chip semiconductor device 32 and the circuit board. Other novel 

technique for solving this disadvantage will be described in the following 

fourth embodiment. 

Accordingly, it is possible 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 

fonned. 

SECOND EMBDDJMENT: 

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 semiconductor chip 

is mounted in a second embodiment in accordance with the present 

invention. 

With reference to FIG. 8-A. a high rigidity plate 16 is prepared. 

The high rigidity plate 16 may be made of any material having a high 

. 57 



.. ~· 

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. 

With reference to FlG. 8B, an adhesive metal layer of a metal 

such as a Ti-base alloy, a C~-base alloy, a Mo-base alloy, and a W-base 

alloy is foimed on a first surface of the high rigidity plate 16 by a 

sputtering method. An electrode 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 resist film is then pattemed by 

an exposure and a subsequent development co fonn 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 layeI ~ 

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 external electrode pads 17~1 arc ·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 a development to fom1 a resist pattern before a selective 

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

With reference to FIG. 8C, an insulative resin thin :fihn 18-1 is 

then formed over the external electrode pads 17-l 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 

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-i. 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. 

With reference to FIG. 8D, the iosulative resin thin film 18-1 is 

selectively removed to form openings 19-1 in the insulatlve resin thin film 

18-1 and over the external electrode pads 17-1. A re..~ist film is applied on 

the insulative resin thin film 18-1 and then .patterned by an exposure and a 

subsequent development to fonn 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 pattern as 

a mask to fonn the openings 19-1 in the insulative resin thin film 18-1. If 

the .U1swalive resin thln film 18-1 is made of a material which is 

umemovable 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 openings 19-1 in the insulative resin thin film 18~1. The 

external electrode pads 17-1 are partially shown ~ough the openings 19-1 

fonncd in the insulative resin thin film 18-1. The used resist-pattern is then 

removed. 

With reference to FIG. SE, 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 fibn 21b is also entirely formed on the 

adhesive metal thi.n film 21a by a sputtering method, a chemical vapor 

deposition or an clectroless plating method. The metal electrode thin film 

2lb may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 

film 2la 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. BF, a zcsist film is entirely formed on the 

metal thin film 21 and then pattemed 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 fonn 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 

.. '60 



------- - ---~, foo VI 1.r..,-------

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 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 external 

electrode pads 17-1 shown ixi FIG. SF correspond 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. SF also 

corresponds to the first level insulating layer 5-2 of the fust interconnection 

layer 5 shown in FIG. 6. The metal thin film contact layers 23-1 shown in 

FIG. 8F also corresponds to the first level contact layer 5-3 of the first 

interconnection layer S. The metal thin film interconnection layers 22-1 

shown in FIG. SF also conesponds to the second level interconnection 

pauem 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 fonned, 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 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 selectively etched by use of the Cu-plated 

pattems as a mask thereby to fonn the metal thin film interconnection 

layers 22 .. 1 over the insulative tes.in 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 thicknesses of the resist film and [he 

metal thin film interconnection layers 22-1 arc not more than 1 

micrometers. 

With reference to FIG. 8G, an insulative resin thin film 18-2 is 

then fonned over the metal thin film interconnection layers 22-1 and the 

insulativc resin thin film 18-1. The insula~ve resin thin film 18-2 may 

comprise a polyimide based resin thin film which.may be fo1D1cd 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 

insulativc resin thin film 18-2. 1f a fine pattem 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 Iemoved to form openings 19-2 

in the insulative resin tbin 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 insulativc 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 thln 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 tbe insulative resin thin film 18-2. If the 
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insulativc resin thin film.18-2 is made of a material which is unremovabl~ 

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 opening~ 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 

pattern is then removed. 

With reference to FIG. SH, 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 tb.in film interconnection layers 22-1 by a 

sputtering method. The adhesive mecal 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 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 fi.Jm 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 pattemcd by an cxposute and a subsequent 

development to form a resist pattern over the metal thin film. The metal 

thin film is then patterned by a wet etcbing or a dry etching by use of the 

resist pattern as a mMk to form metal thin film contact layers 23-2 in the 

openings 19 .. 2 and metal thin film interconnection layers 22-2 over the 
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insulative resin thin film 18 .. 2, wherein the mf'.-tal thin :fi.lm 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 t_he 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 

correspond 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. SH also corresponds to the second level insulating layer 6-2 

of the second interconnection !ayer 6 shown in F1G. 6. The metal thin film 

contact layers 23-2 shown in FIG. SH 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. SH a1so conesponds to the third 

level 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 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 

earned 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·platcd 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. 

. 64 



.•. 

ln 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 

micrometers. 

With reforence to FIG. 81, 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 1s .. 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 polyimidc 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 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 layers 22-2. A resist film is applied on the insulative resin 

thin 'ftlm 18-3 and thell; patterned by an exposure and a subsequent 

development to form a resist pattern on the insulative resin thin film 18-3. 

If the insulative resin th.in film 18-3 is made of a material which is 

removable by a chemical etching process. the insulative resin thin film 18M3 

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

65 



~· 

mask to form the openings 19-3 in the insu1ativc resin thin film 18-3. If the 

insulative resin thin film 18-3 is made of a material which is umcmovable 

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 ~n 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. BJ, an adhesive metal thin film is entirely 

fonncd 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-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 18-3 and within the openings 19-3 over the 

metal thin film interconnection layers 22-2. A resist film is entirely fanned 

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 metal 

thin film is then patterned by a wet etching or a dry etching by use of the 

resist pattem as a mask to foon metal thin film contact layers 23-3 in the 
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openings 19·3 and met~ 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 interconnection layers 22-3 are electrically 

connected through the metal thin film contact layers 23-3 to the metal thin 

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

The metal thin film interconnection layers 22-2 shown in FIG. SJ 

correspond to the third level interconnection pattern 7-1 of the third 

interconnection layer 7 sbow.n in F1G. 6. The insulative resin thin film 18-3 

shown in FIG. BJ also corresponds to the third level insulating layer 7-2 of 

the third interconnection layer 7 show.a in FIG. 6. The metal thin film 

contact layers 23-3 shown in FIG. 8J also corresponds to the third level 

contact layer 7-3 of the third interconnection layer 7. The metal thin film 

interconnection layers 22-3 sh~wn in FIG. SJ 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 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-
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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 the 

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

micrometers. 

With reference to FIG. BK, an in_sulative 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 

comprise a polyimide based resin thin film which may be fonned 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 arc available for the 

insu]ative 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 

insulati"Ve 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 applied on the insulative resin 

thin film 184 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 thln. film 18-4 is made of a material which is 

Temovable by a chemical etching process, the insulative resin thin :film 18-4 
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is selectively removed by a wet etching by use of the resist pattern as a 

. mask to fonn the openings 19-4 in the insulative 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 insulativc resin thin film 18-3. The metal 

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

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

patt(.'.m 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 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-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 

elec:troless 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 sutface 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 

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 

... 
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resist pattern as a mask to fonn 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 arc in contact directly with th.e 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. 

The metal thin ftlm interconnection layers 22-3 shown in FIG. SL 

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. SL also conesponds 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. BL also corresponds to the fourth level 

contact layer 8-3 of the fourth interconnection layer 8~ The pad electrodes 

22-4 shown in FIG .. 8L also conesponds 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 narr_ow, 

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 

select;vely etched hy 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. 
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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 pad 

electrodes 22-4 are not more· than 1 micrometers. 

With ref~cnce to FIG. SM, a solder tesist film 24 is then fonned 

over the pad electrodes 22-4 and the insulativc resin thin film 18-4 in order 

to protect the multilayer interconnecrion board 3 having the pad electrodes 

24. The solder resist film 24 shown in FIG. 8M 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. Altematively, 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 _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 co eliminate the formation of the solder resist film ·24_ Tb.e 

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 fi]m 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 selectively removed by a wet etching by 

use of the resist pattern as a mask to form the opening..c; 24a in the solder 
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resist film 2A, follow~d 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 patterned by an exposure and a subsequent development 

to form the opening~ 24a in the solder resist film 24. The electrode pads 22-

4 are partially shown through the openings 24a fonncd in the solder resist 

film 24. 

With reference to FIG. 8N, 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 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 boaTd 3. If the bumps 14 are 

made of a metal based solder material such as Sn or Pb, a flip-c~ip 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 are made of a metal 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 to the 

electrode pads 22-4 of the multilayer interconnection board 3. 

With reference 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 electrodes 224 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 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 pro~rty between the pad cfoctrodes 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 multila ycr 

interconnection boards. 

With reference to FIG. BP, 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 orde~ to protect the 

semiconductor chips 2, the bumps 14 and the multilayer interconnection 

board 3. This coating process is canied 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 made of one of epoxy 

resin materials, silicone resin materials, poly1mide resin materials, 

polyolefin resin materials, cyanate ester resin materials, phenol resin 

materials and naphthalene resin materials. 

With reference to FIG. 8Q, solder balls 13 are formed which are 

in contact directly with the external 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 
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solder ball_s 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 

made of an electrically conductive material having a low melting point, a 

high heat conducti~ity 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 semiconductor device 1 into plural unit semiconductor devices 32 or 

flip-chip semiconductor devices 321 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 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 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 

material such as a metal base material, for example, Cu, Al, W, Mo, Fe. Ni, 

and Cr, or Al203, AIN, SiC, other ceramics sucn as mullite. The heat 

conductive adhesive layer 41 may be 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, polyitnide 

resin materials, polyolefin resin materials, cyanate ester resin materials, 
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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 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 connection 

between 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 multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 

for stress rela"ation, but makes it possible that the thicknesses of the 

multilevel interconnections 17-1, 2-1, 22-2, 22-3 and 24 are th.in, 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 finely, thereby pennitting a further shrinkage of the 

interconnection patterns. 

. 75 



Further, the multilayer incerconncction board remains adhered or 

fixed to the high rigidity plate such as the metal plate during when the 

multilayer interconnection board is fonned, so that the high rigidity plate 

provides or ensures a high planarity to the mu1tilayer interconnection board. 

Even the high rigidity plate is different in linear expansion coefficient from 

the multi1ayer interconnection board, the high rigidity plate suppresses 

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 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 the flip-chip semiconductor device. 

As described above, the high rigidity plale is necessary or 

important for keeping the multilayer interconnection board to have the high 

planarity until the multilayer interconnecrion 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 multilayer interconnection board has 

been completed, then the high rigidity plate is removed. After the high 

rigidity plate is removed from. the bottom sutface 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 externally applied stress. 

Accordingly; the single multilayer interconnection board is 

adhered or fixed to the one side of the high rigidity plate to form an 

asymmetric stn1cture. The high rigidity plate prevents the multilayer 

interconnection board 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 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 tbe 

manufacruring cost due to additional process for fonning 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 arc 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 

interoonnection 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 . 
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Accordingly,. it is possible to remove the high rigidity pl~te from 

the multilayer interconnection board any times after the multilayer 

interconnection board has been completed and before the solder balls are 

fonned. 

TIIIRD 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 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. 9A through 9P are fragmentary cross sectional elevation 

views illustrative of a novel method of funning a semicm1ductor device 

having a multilayer interconnection boaTd 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 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. 

'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 layer of a metal such as Cu, Al, 

and Ni is then fonned on lhe adhesive metal layer by a sputtering method 

to form laminations of the adhesive metal layer and the electrode material 

layer. A resist film i~ 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 developmei:it 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 

canied 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 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 a development to form a resist pattem before a selective 

electroplating of metal is then carried out by use of the resist pattem as a 

mask, followed by removal of the used resist pattern. 

With reference to FIG. 9C, an insulative resin thin f'llm 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 polyimidc based ·resin, silicon dioxide based 

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

silicone based resins, po\yolcfin based resins, cyanate ester based resins, 

phenol based resins, naphthalene based resins 8lC available for the 

insulative resin thiri film 18-1. 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. 

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 patt~ned by an exposure and a 

subsequent development to fonn a resist pactem on the insulative resin thin 

film 18-1. If the insulative tesin 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 pattern as 

a mask to fonn the openings 19-1 in the insulacive resin thin fiJm 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 

mask to form tbe openings 19·1 in the insulative resin thin film 18-1. The 

extemai electrode pads 17-1 aro partially shown through the openings 19-1 

formed in the insulative resin thin film 18-1. The used resist pattom is then 

removed. 

With reference to FIG. 9E1 an adhesive meLal thin film 21a is 
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entirely fanned 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-~ased alloy, a Mo-based alloy, or a W-based alloy. 

Subsequently, a metal electr~de 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 the adhesive metal thin 

film 21a and the metal electrode thin film 2lb 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. 

Vlith reference to FIG. 9F, a resist film is entirely formed on the 

· metal thin film 21 and then patterned by an exposure and a subsequent 

development to fonn a resist pattern over the metal thin film 21. The metal 

chin 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 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 

electrode pads 17-1. The used resist mask 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 interconnection 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 interconnection 

layer S shown in FIG. 6. The metal thin film contact layers 23-1 shown in 

F1G. 9F also corre~ponds to the first level contact layer 5-3 of the firsr 

interconnection layer 5. Th~ metal thin film interconnection layers 22-1 

shown in FIG. 9F also corresponds to the second level interconnection 

pattern 6· 1 of the second interconnection layer 6. 

If the paltcrn pitch of the metal thin film interconnection layers 

22-1 is not so nanowJ then it is possible as a modification that after the 

metal thin film 21 has been fonncd, then the res;st pattern is formed on the 

metal thin film 21 so that a selective electroplating of metal such as Cu is 

canied 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 selectively etched by use of the Cu-plated 

pattems as a mask thereby to fonn the metal thin fi1m interconnection 

layers 22,.1 over the insuJative 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 layers 22-1 are not more than 1 

micrometers. 

With reference to FIG. 9G, an insu1ative resin thin film 18-2 is 

then formed over the metal thin film interconnection layers 22 .. 1 and the 

iDsulative resin thin film 18-1. The insulative resin thin film 18-2 may 
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comprise a polyimide based resin thin film which may be fonned by a spin 

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

deposition method. In place of the polyimidc based resin, siHcon 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 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 fibn 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 fonn a resist pattern on the insulative resin thin f'tlm 18-2. 
-· 

If the insulative resin thin film 18-2 is made of a material whicb is 

removable by a chemical etching process, the insulative resin thin film 1s .. 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 

insulatlve tesin 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 thln 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 
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pattern is then removed. 

With reference to FIG. 9H, an adhesive metal thin film is entirely 

formed which extends on the surface of the insulativc resin thin film 18-2 

and the sbown 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 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 

electro less 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 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 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 fiJm 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. 9H 
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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 interc~nnecti.on layer 6 shown iri FIG. 6. The metal tb.in film 

contact layers 23-2 shown in FIG. 9H 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. 9H 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 interconnection layers 

22-2 is not so narrow, then it is possible as a modification that after the 

metal thin film has been fonned, 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 22-2 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 film interconnection layers 22-2 are not more than 1 

micrometers. 

With reference to FIG. 91, an insulativc 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. ~ place of the polyimide based resin, silicon dioxide 

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

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

phenol based resins, naphthalene based resins are available for the 

insulative tcsin 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 layers 22-2. A resist film is applied on the insulative resin 

thin film 18-3 and then pa~terned by an exposure and a subsequent 

development to form a resist pattcm on che insulative resin thin film 18-3. 

If the insulativc 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 remo\led 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 th'in 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 layers 22-2 are partially shown through the 
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openings 19-3 formed in the insulative resin thin film 18 .. 3. The used resist 

pattern is then removed. 

With reference to FIG. 9J, an adhesive metal thin film is entirely 

formed which extends on the suiface 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 

alloy1 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 method, a chemical vapor deposition or an 

eleccroless 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 insulativc resin thin film 18~3 and within the openmgs 19-3 over the 

metal thin film interconnection layezs 22-2. A resist film is entirely f ormcd 

on the metal thin film and then patterned by an exposute and a subsequent 

development to fonn 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 fo 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 tho metal thin film contact layers 

23-3, so that the metal thin :film interconnection laye:rs 22-3 are electrically 

connected through the metal thin film contact layers 23-3 to the metal thin 

film interconnection layers 22-2. The used resist mask is then removed. 
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The metal thin film interconnection layers 22-2 shown in FIG. 9J 

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. 91 als.o corresponds to the third level insulating layer 7-2 of 

the third interconnection layer 7 shown in FIG. 6. The metal tbio film 

contact layers 23·3 shown in FIG. 9J 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. 9J also corresponds to the fourth 

level interconnection pattern 8-1 of the third interconnection layer 8. 

If the pauem 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 011t 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 iilterconnectio~ layers 22-3 over 

the insulati.ve resin thin film 18-3 and the metal thin film contact layers 23-

3 io 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. 

With reference to F1G. 9K, an insulative resin thin film 18-4 is 
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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 m~thod, 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, polyolefm based resins, cyanate ester based resins, 

phenol based resins, naphthalene 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 based 

inorganic materials for utilizing diffusion processes of semiconductor. The 

insulativc zesin 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 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. 

H 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 

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

by the chemical etching process, the insulativc 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 
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thin film interconnection layers 22-3 are partially shown through the 

openings 19-4 foxmed 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 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-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 18-4 and within the openings 19-4 over the 

metal thin film interconnection layers 22-3. A resist film is entirely fanned 

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 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 arc 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 intcrcooncction layers 22-3. The: used resUit mask is then removed . 

. ... ... " . . ... ~ .... _ 
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The metal thin film i.nterconncction layers 22 .. 3 shown in FIG. 9L 

correspond to the fourth level interconnection pattern 8-1 of the fourth 

interconnection layer 8 shown jn 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 interconnection layer 8 shown in FIG. 6. The metal thln 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 electrodes 

22-4 shown in FIG. 9L 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 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 pattems 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 fllm 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 possiolc that the thicknesses of lbe 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 i.nsulative 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 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 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:r 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 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 pattern as a mask to form the openings 24a in the solder 

Tesist 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 patterned by an exposure and a subsequent development 

to fonn the openings 24a in the solder resist film 24. The electrode pads 22-

4 are partially shown through the openings 24a fonned in the solder resist 

film 24. 
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With reference to FIG. 9N, 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 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 solder material such as Sn or Pb, a flip-chip bonding 

utilizing a beat re-flow process using Bux is 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 utilizing a thermo- · 

compression bonding is available for bonding the plural bumps 14 to the 

electrode pads 22·4 of the m~lcilayer interconnection 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 earned out by use of a resin injection 

technique mvolving a vacuum. sealing technique or a transfer sealing 

technique. The insulative resin material 31 may be made of one of epoxy 

resin materi.als. silicone resin materials, polyimide resin materials, 

polyole:fin resin materials, cyanate ester resin materials, phenol resin 
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materials and naphthalene resin materials. 

With reference to FIG. 9P, a heat conductive adhesive layer 41 is 

provided on a top surlace of the semiconductor chip 2. A heat spreader 42 

is provided on the .beat conductive adhesive · 1ayer 41 so that the heat 

spreader 42 is adhered th.rough 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 spreader 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 be 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 naphtJlalcne 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 mullite, BN and SiC. 

With reference back to FIG. 4, 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 ate 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 external electrode pads 17-1 and the pad electrodes 22-4 in order to 

improve a bonding property between the external electrode pads 17 • l 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. 

Solder balls 13 are fonned which are in contact directly with the 

external 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 setve 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 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 semiconductor device 1 into 

plural unit semiconductor devices 32 or flip-chip semiconductor devices 32, 

each of which comprises the multilayer interconnection board 3 ancl the 

single semiconductor 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 

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 interconnection board is not largely different in thennal 

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 connection 

between 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 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 micrometer. A metallization technique for the 

semiconductor wafer and an apparatus therefor are ~tilized for allowing the 

resist films and the multilevel interconnectlons 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 planarity to the multilayer interconnection board. 

Even the high rigidity plate is different in linear expansion coefficient from 

the multilayer interconnection board, the high rigidity plate suppresses 

generation ol internal stress in the multilayer interconnection board and 
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expansion of the multilayer 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 la~ers and the 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 

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 deyice, 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 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 

flexibility to an excemally applied stress. 

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 

interconnection board 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 

.... 97 



··-··---····-·----------

necessary to fonn through holes in the high rigidity plate. In accordance 

with the present invention, however, it is unnecessary to fonn 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 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 multilaye1 

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 

semiconductor chips due to mechanical and thermal stresses applied to the 

multilayer interconnection board and the semiconductor chips. 

Accordingly, it is possible to remove the high rigidity place from 

the multilayer interconnection board any times after the multilayer 

interconnection board has been completed and before the solder balls are 

fonncd. 

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 multi.layer interconnection board and before the solder 

balls are formed. When the semiconductor chips arc mounted on the 

multilayer interconnection board and then the heat spreader are then 

adhered through the peat conductive adhesive layer to the semiconductor 

chips mounted on the multilayer incerconnection board, the multilayer 

interconnection board still remains adhered or fixed to the high rigidity 

plate, so that in order to ensme or keep the high planarity of the multilayer 

interconnection board, the high rigidity plate suppresses various strains of 

the entire or patt 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. 

FOURTH EMBODIMENT: 

A fourth embodiment according to the present invention will be 

described in detail with reference co the drawings. A difference of the 

fourth embodiment from the :fi.tst embodiment is in further providing a 

buffer layer as a first substrate layer betWeen solder balls and external 

electrode pads for allowing relaxation to stress applied between the flip­

chip semiconductor device and the circuit board. In the end user's side, rhe 

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 !or relaxation of the stress applied between 

the flip~hip 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 electrode 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 chip is mounted in a fourth 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, 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 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 

comprises plurality of metal buffer layers 11 which are in contact with the 

external electrode pads 17. 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 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. 

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 electrode pads 17 

of th~ multilayer interconnection board 3 are electrically connected through 

rhe plural metal buffer layers 11 to the solder balls 13. A sealing resin 

material 31 is pr?vided over the first Surface of the multilayer 

interconnection 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 pro~ided on the 

heat conductive adhesive layer 41 so that the beat 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 

connected to each other through multilevel interconnections of the 

multilayer interconnection board 3, 

The structure of the multilayer interconnection board 3 is the 

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

FIGS. llA through llS arc 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 fourth embodiment in accordance with the present 

invention. 

With reference to FIG. llA, 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 .. , AJ .. , W-, MC>4-, 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. llB, 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 

sputtering method. An electrode 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 resist film is then patterned by 

an exposure and a subsequent developmenr 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 

carried out by use of the resist pattem as a mask so as to pattern the 

laminarions of the adhesive metal layer and the electrode material layer, 

w~ereby external electrode pads 17-1 are selectively fonned on the first 

surface of the high tigidity 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 a 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 patter.a.. 

With reference to FIO. llC, an insulative resin thin film 18-1 is 

then formed over the external electrode 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 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 18-1. If a fine pattern of not more than LO 

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

inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. llD, the insulative resin thin f"tlm 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. lf 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 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 

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

mask to form the openings 19-1 in the insulative resin thin film 18·1. The 

exter.oal 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 pattern is then 

removed. 

With reference to FIG. llE~ 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 aHoy, a Mo-based alloy, or a W-based alloy. 

Subsequently, a metal electrode thin film 2lb 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 

2lb may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 

film 21a and the metal electrode thin film 2lb 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. llF, a resist film is entirely fonned on the: 

metal thin film 21 and then patterned by an exposure and a subsequent 

development to fonn a resist pattern over the metal thin film 21. The metal 

thin film 21 is then patterned by a wee etching or a dry etching by use of the 

resist pattern as a mask to foxm metal thin film contact layers 23-1 in the 

openings 19·1 and metal thin film interconnection layers 22-1 over the 

insulati.ve 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 
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electrode pads 17-1. The used resist mask is then removed. The external 

electrode pads 17-1 shown in FIG. llF correspond to the first level · 

interconnection pattern 5-1 of the first interconnection layer 5 shown in 

FIG. 6. The insulative resin thln film 18·1 shown in FIG. llF also 

corresponds to the first 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. llF 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. llF 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 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 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 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 layers 22-1 are not more than 1 

micrometers. 
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With reference to FlG. llG, an insulative resin thin film 18-2 is 

then formed over the metal thin fihn 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 funned 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 res.ins, 

phenol based resins, ·naphthalene based resins are available for the 

insulativc resin thin film 18-2. If a fine pattern of not more than 1.0 

micrometer is required., it is preferable to use tb.e silicon dioxide based 

inorganic materials for utilizing diffusion processes of semiconductor. Tue 

insulative resin thin film 18-2 is selectively removed to form openings 19·2 

in the insulative res.in 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 panerned by an exposure and a subsequent 

development to form a resist pattern on the insuJative 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 

.insulaLive resin thin film 18-2 is made of a material which is umemovable 

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 
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to form the openings 19-2 in the insulative resin thin f'tlm 18-2. The metal 

thin film interconnection layers 22-1 are partially shown through the 

openings 19-2 fonned in the insulativc resin thin film 18-2. The used resist 

pattern is then removed. 

With reference to FIG. llll, an adhesive metal thin film is 

entirely formed which extends on the surlace 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 ftlm 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 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 formetl on the metal thin film and then patterned by an exposure 

and a subsequent development to fonn 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 metal thin film interconnection layers 22-2 

over the insulative resin thin film 18-2, wherein the metal thm 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 
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are electrically connected through the metal thin film contact layers 23A2 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. 

IlH correspond 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. llH also co:rM§ponds. to the second level. . .. -~3. ·. -~ . . 

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. llH 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. llH 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 interconnection layers 

22-2 is not so narrow, then it is possible as a modification that after the 

metal thin film has been fonncd, then the resist pattern is formed on the 

metal thin fi.Jrn 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· chen selectively etched by use of the Cu-plated patterns as a 

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

the insulativc 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 po5sible that the thicknesses of the resist film and the 
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metal thin film interconnection layers 22-2 are not more than 1 

· micrometers. 

With reference to FIG. 111, an insulative resin thin film 18-3 is 

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

insulativc resin thin film 18-2. The insulative resin thin film 18-3 may 

comprise a polyimidc based resin thin film which may be fonned 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 otganic 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 use the silicon dioxide based 

inorganic materials for utilizing diffusion processes of semicondu.ctor. The 

insulative resin thin film 18-3 is selectively removed to fol11l 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 tesin 

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. 

II 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 
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hy the chemical etching proces.s, the insulative resin thin film 18-3 1s 

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 layers 22-2 arc partially shown through the 

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

pattern is then removed. 

With reference to FIG. llJ, an adhesive metal thin film is entirely 

formed which extends on the sunace of the insulative resin thin fihn 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-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 

c]ectroless plating method. The metal electrode thin film may be made of 

Cu, AI 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 

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 

r~sist pattern as a mask to form metal thin film contact layers 23 .. 3 in the 

openings 19-3 and metal thin film interconnection layer~ 22-~ over the 

insulative resin thin film 18-3, wherein the metal 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 electrically 

connected through the metal thln film contact layers 23 .. 3 t~ the metal thin 

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

The metal thin film interconnection layers 22-2 shown in FIG. llJ 

correspond to the third level interconnection pattern 7-1 of the third 

interconnection layer 7 shown in FIG. 6. The insulativc resin thin film 18-3 

shown in FIG. llJ also corresponds to the thfrd 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. 111 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. llJ also co.rresponds 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 selective electroplating of metal such as Cu is 

carried out by use of the resist patte.m as a mask to form Cu-plated pattems 

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 insulativc 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 
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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. 

With reference to FIG. 11.K, 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 
~. 

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,· 

phenol based resins, naphthalene 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 based 

inorganic materials for utilizing diffusion processes of semiconductor. The 

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

removable by a chemical etching process1 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 insulativc resin thin film 18-4. If the 
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insulative resin thin film 18-4.is made of a material which is unremovablc 

by the chemical etching process, the insulative resin thin film 18-4 is 

selectively removed by a dry etching by use of the resist pattem 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. llL, an adhesive metal thin film is 

entirely formed which extends on the surface of the insulativc 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, a Cr-based alloy, a Mo-based alloy, or a W-based alloy. 

Subsequently, a metal electrode thin film is also entirely fanned on the 

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

deposition or an clcctroless 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 suiface 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 development to form a resist pattern over the metal thin 

film. The metctl thin film is then patterned by a wet etching or a dry etching 

by use of the resist pattern as a mask to fonn metal thin film contact layers 

23·4 in the openings 19·4 and pad electrodes 22 .. 4 over rhe 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 

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. 

llL 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. llL 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. llL also corresponds to the fourth level 

contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes . 

22-4 shown in FIG. llL also conesponds to the fifth level interconnection 

pauem 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 

fonncd, 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 

fonn the pad electrodes 22-4 over the insulative resin thin film 1 g .. 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 reference to FIG. llM, a solder resist film 24 is then 

formed over the pad electrodes 22-4 and the insulative resin thin fibn 18-4 

in order to protect the multilayer interconnection board 3 having the pad 

electrodes 24. The solder resist film 24 shown in FIG. llM 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 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 undcr .. 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 resist film 24 is selectively removed to form openings 24a in the 

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

rcsisL film 24, followed by removal of the used resist parrem. If the solder 

resist film 24 is made of a photosensitive material, then the solder resist 
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film 24 is directly patterned by an exposure and a subsequent development 

to form the openings 24a in the solder resist film 24. The elecLrode pads 22-

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

film24. 

With reference to F1G. llN, a resist film is entirely applied 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 

pattern as a mask so as to form gaps 26 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 

peripheral regions of the unit multilayer interconnection boards to be used 

for the flip-chip semiconductor device, whereby plural metal layers 11 are 

fonned on the external electrode pads 17-1 and supporting frames 25 on the 

_peripheral regions of the unit multilayer ~terconnection boards, wherein 

the p1ural metal layers 11 and the supporting frames 25 are defined by gaps 

26. The gaps 26 reach the bottom surface of the multilayer interconnection 

board 3 so that the plural metal layeTS 11 and the supporting frames 25 are 

completely separated by the gaps 26. Each of the plural metal layers 11 is 

in the fonn of column or pillar. 

With reference to FIG. 110, if the thickness of the high rigidity 

plate 16 comprising the metal plate is thick, for example in the range of 500 
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micrometers to 3 millimeters, it is difficult to realize a highly accurate 

selective 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 the rcsist·pattem 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 the rang~ of 500 

micrometers to 3 millimeters, then it is preferable that the high rigidity 

plate 16 comprising the metal plate is first selectively etched by a depth in 

the range of more than a half of the thickness of the high rigidity 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 lla are formed under the external electrode pads 17-1 and 

plural columns 25a under the peripheral regions of the unit multilayer 

interconnection boards, wherein the plural columns lla 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 11a and the columns 25a are partially separated by the gaps 26a. 

Subs~quently, an etching process is then carried out by use of the resist 

pattern as a mask so as to increase 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 peripheral regions of the unit 
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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 

metal layers 11 and the supporting frames 25 are defined by gaps 26. Th.e 

gaps 26 reach the bottom surface of the multilayer interconnection board 3 

so th.at 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_ 

With reference to FIG. llP, 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 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 solder material such as Sn or Pb, a flip-cbip bonding 

utilizing a heat re-flow process using Flux is available for bonding the 

plural bumps 14 to the electrode ,t>~ds 22-4 of the multilayer 

interconnection board 3. If the bumps 14 are made of a metal based solder 

material such as Au or ln, 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 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 laycxs or 
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laminated Zn, Ni and Au layers on the plural metal layers 11 and the pad 

electrodes 22-4 in order to improve a bo~ding property between the plural 

metal layers 11 and also a bonding property between the pad electrodes 22-

4 and the bumps 14 of the semiconductor chip _2. As a result, the multiJayer 

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

confir.med unitS in the plural unit multilayer interconnection boards in the 

electrical characteristic test arc then subjected to a mounting process for 

mounting semiconductor chips thereon. 

With reference to FIG. llQ, 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 mu1ti1ayer interconnection 

board 3. This coating process is carried 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 made of 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. 

With reference to FIG. llR, solder baJls 13 are fonned 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 multilayer 

interconnection board 3 and the plural semiconductor chips 2 mounted 

thereon. The solder balls 13 serve as external tenninals. 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 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. 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 reference to FIG. llS, 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 co FIG. 10, a heat conductive adhesive layer 

41 is provided on a top surface of tb.e semiconductor chip 2. A heat 

spreader 42 js 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 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 1 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 

contai~ing a heat conductive material, wherein the resin based material 

may be one of epoxy resin materials, silicone resin materials, polyimidc 

resin materials, polyolcfm resin materials, cyanate ester resin materials, 

phenol resin materials and naphthalene resin materials, whilst the heat 

conductive material may be one of Ag, Pd, C~ Al, Au, Mo, W, diamond~ 

Al203, AlN, 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 matexial 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 connection 

belWeen the multilayer intetconnection 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 tbat the thicknesses of the 
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multilevel ~terconnections 11 .. 1, 2-1, 22-2, 22-3 and 24 arc thjn, 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 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 Chae 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 high rigidity plate suppresses 

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 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 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 h1terconncction 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 multilayer interconnection board has 
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been completed, then the high rigidil:y plate is removed .. After the high 

rigidity plate is remove.d 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 insrilating 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 plate to form an 

asymmetric structure. ~e high rigidity plate prevents the multilayer 

interconnection board from being bent during the fabrication of the· 

multilayer interconnection board. lf 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 plate. In accordance 

with the present invention, however, it is unnecessary to fonn such the 

through holes in the high rigidity plate, whereby there are raised no 

problem with defect of tb.e final product due to dusts generated in fonning 

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 inLerconnecti.on 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 
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multilayer interconnection board after tb.e 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 tp.e 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 

Lhe entire or part of the multilayer interco1U1cction board and the 

semiconducto1 chips due to mechanical and thennal stresses applied to the 

multilayer interconnection board and the semiconductor chips. 

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

multilayer interconnection board after the heat spreader has been adhered 

through the beat conductive adhesive layer to the semiconductor chips 

mounted on the multilayer interconnection board and before the solder 

balls are fonned. When the semiconductor chips are mounted on the 

multi.layer 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 fixed to the high rigidicy 

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 thennal stresses applied to the 

multilayer interconnection board and the semiconductor chips. 

Furthcilllore, in the end user1s 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 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 

layer 4 is formed on the external electrode pads 17 of the 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 between the external elcccrode 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 difference in thermal 

expansion coefficient between the flip-chip semiconductor device 32 and 

the circuit board. The buffer layer 4 furrher 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 

sutface of the multilayer interconnection board 3. The supporting f.rame 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 

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 likely to be concentrated to joint parts between the 

plural :metal buffer layers 11 of the buffer layer 4 and the extcmal electrode 

pads 17 of the multilayer interconnection board 3. Other novel technique 

for solving this disadvantage will be provided in the follow.ing fifth 

embodiment. 

flFlll EMBQDTMENT ~ 

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 that the buffet layer 

comprises the plural metal layers and stress absorption layers which are 

provided between solder balls and extemaJ electrode pads for allowing 

relaxation to stress applied between the flip .. chip semiconductor device and 

the circuit board. In the end user's side, the tlip-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 de\lice and the circuit b~ard. The buffer layer as a first 

substrate layer is provided between the solder balls and the extemal 

electrode pads for relaxation of the stress applied between the flip-chip 

semiconductor device and the circuit board. 

FIG. 12 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 fifth embodiment according to the 
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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 external 

electrode pads 17 on which a buffer layer 4 is fonned. Solder balls 13 are 

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 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 cxremal electrode pads 17 of the multilayer incerconnection 

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 

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 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 properties absorbing stresses and strainS. The strc.s~ absorption 
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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 absm:ption 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 

interconnection 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 interconnection board 3 fot· 

sealing the semiconductor chip 2 and the bumps 14. The bumps 14 and the 

solder balls 13 arc eclectically connected to each other through multilevel 

interconnections of the multilayer interconnection board 3. 

The buff er layer 4 comprising the plural metal buffer layers 11 

and the stress absorption layer 12 bas a higher rigidity than the multilayer 

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 illustrated. 

As a modification, it is possible for increasing the buffering 

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

25. 

The structure of the multilayer interconnection board 3 is the 

same as in the fourth embodiment and as shown in FIG. 6. 
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FIG. 13 is ·a bottom plane view illustrative of a 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 interconne~tion board 3 of the semiconductor device 3. The 

supporting frame 25 extends on the peripheral region of the multilayer 

interconnection board 3. The stress absorption layer 12 extends around the 

plural metal buffer layers 11 and ate surrounded by the supporting frame 25. 

A volume racio of the plural metal buffer layers 11 to the stress absorption 

layer 12 and the alignment of the plural metal buffer layers 11 depend upon 

rhe 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 novel method of forming a semiconductor device 

having a multilayer interconnection board on which a semiconductor 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. 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. 

With reference to FIG. 14B, an adhesive metal layer of a metal 

such as a Ti-base alloy, a Cr-base alloy7 a Mo-base alloy, and a w ... base 

alloy is formed on a first surface of che high rigidity plate 16 by a 

-------
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sputtering method. An electrode 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 i~ 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 

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 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 suTface of the high rigidity plate 16 and then patterned by an 

exposure and a development to form a resist panem 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. 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 basetl res.in 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 dioxide based 

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

silicone based resins, polyolcfin 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 

micrometex is required, it is preferable to use 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 fonn 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 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 insulacive resin thin film 

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

_mask to form the openings 19-1 in the insulative resin thin fi]m 18-1. The 

external electrode pads 17-1 are partially shown th.rough the openings 19-1 

formed in the insulative resin thin film 18-1. The used resist pattern is then 

removed. 

With reference to FIG. 14E, an adhesive metal thin film 2la is 
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entirely fanned 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 fi1m 21a may be made of a Ti­

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

Subsequently, a metal electrode chin fibn 21b is a~so entirely formed on the 

adhesive metal thin film 21a by a sputtering method, a chemical vapor 

deposition or an elcctroless plating method. The metal electrode thin film 

2lb may be made of Cu, Al ox 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 extemal electrode pads 17-l. 

With reference to FIG. 14F, a resist film is entirely formed on the 

metal thin film 21 and then patterned by an exposure and a subsequent 

development to fonn a resist pattern over the metal thin film 21. The metal 

thin film 21 is then patterned by a wet etching or a chy 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 meral 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 

~3-1, so that the metal thin film interconnection !aye.rs 22-1 are 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 external 

electrode pads .17-1 shown 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 th.in film 18-1 shown in FIG. 14F also 

corresponds to the first 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. 14F 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. 14F also corresponds to the sec.and level int~rconnection 

pattern 6-1 of the second interoonnection 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 fanned, then the resist pattern is-fonned on the 

metal thin film 21 so that a seleccive 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 selectively etched by use of the Cu-plated 

patterns as a mask thereby to fonn the metal thin film interconnection 

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

contact layers 23-1 in rhe 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 layers 22-1 are not more than 1 

micrometers. 

With reference to PIO. 14GJ an insulativc resin thin film 18-2 is 

then formed over tb.e 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 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 p1ace of the polyimidc based resin, silicon dioxide 

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

silicone based resins, polyofofin based resins, cyanate ester based resins> 

phenol based resins, naphthalene based resins are available for the 

insulative resin thln film 18-2. 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 1s .. 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 pattem on the insulative resin thin film 18-2. 

If the insulative resin th.in 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 hy use of the resist pattern as a 

mask to fonn 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 re.~in thin film 18·2. The metal 

thin film interconnection layers 22-1 are partially shown through the 

openings 19-2 formed in the 1nsulativc resin thin film 18-2. The used resist 
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pattern is then removed. 

With reference to FIG. 14a 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 b_e 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 fozmed on the 

adhesive metal th in film by a sputtering method, a chemical vapor 

deposition or an electroless plating method. The metal electrode thin film 

may be made of Cu, AI 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 fonned 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 metal thin film is then patterned by a wet etching or a dry etching 

by use of the resist pattern as a mask to fonn 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 tll.m 18-2, wherein the metal thin fi]m 

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 film interconnection layers 22·1. The used resist mask is then 

removed. The metal thin film interconnection layers 22·1 shown in FIG. 

·135 



~· 

14H correspond to the second level interconnection pattern 6-1 of the 

second ·inter-connection layer 6 shown in FIG. 6. The insulative resin thin 

film 18-2 shown in FIG. 14H 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. 14H 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. 14H 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 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 film so th.at a selective electroplating of metal such as Qi is 

canied out by use of the resist pattern as a mask to fonn 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 fonn the metal thin film interconnection layers 22-2 over 

the insulative resin thin film 1s .. 2 and the metal thin film contact layers 23-

2 in the openings 19-2. 

In accordance wi[h 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 

micrometers. 

With reference to PIG. 141, an insulative resin 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 insulativc 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 ~ethod 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 f"tlm 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 layers 22 .. 2. A resist film is applied o.n the insulative resin 

thin film 18-3 and then patterned by an exposure and a subsequent 

development to fonn 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 

i.nsulative resin thin film lB-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 



thin film inte1connection layers 22·2 arc partially shown through the 

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

pattern is then removed. 

With reference to FIG. 14J, 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 tb.e 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 metaJ 

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 18-3 and within the openings 19-3 over the 

metal thin film interconnection layers 22-2. A resist film is entirely fomed 

on the metal 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 23-3 in che 

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 thln film contact layers 

23-3, so that the metal thin film interconnection layers 22-3 are electrically 

connected through the metal thin film contact layers 23-3 to the metal thin 
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film interconnection layers 22-2. The used resist mask is then removed. 

The metal thin film interconnection layers 22-2 shown in FIG. 14J 

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.14J also corresponds t6 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. 14J also corresponds to the third level 

contact layer 7-3 of the third interconnection layer 7. The metal thin film 

interconnection layers 22-3 show.n in FIG. 14J also corresponds to the 

fourth level interconnection pattem 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 fanned 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 fonn Cu-plated patterns 

over the metal thin film. The used resist mask is then remo'1ed. The metal 

thin film is then selectively etched by use· of the Cu-plated patterns as a 

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

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

3 in the openings 19-3. 

In accordance with tile above desCii.bed method and its 

modification, it is possib]e 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 resin thin film 18-4 is 

rhen fonncc.i over the metal thin film interconnection layers 22-3 and the 

insulative resin thin film 18-3. The insulative resin th.in fi\m 18-4 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 resin1 silicon dio~ide 

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 18-4. 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 

insu1ative 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 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 resin thin film 18-4 is made of a material which is 

removable by a chemical etching process, the in.Sulative 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 insulativc resin thin film 18-4. If the 

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

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 resin thin film 18-3. The metal 

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

openings 19-4 formed in the insulativc resin thin film 18-4. The used resist 

pattern is then removed. 

With reference to FIG. 14L, 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 meta1 thfo film interconnection layers 

22-3 by a sputtering method. Th.e 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 metal electrode thin film js also entirely formed on the 

adhesive metal thin film by a spunering 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 18-4 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 development to fonn 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 

23-4 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-A., co tna.t the pad elecb-odes 22..A. a.Te 

electrically connected through the metal 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 interconnection pattern 8-1 of the fourth 

interconnection layer 8 shown in FIG. 6. The insulative resin thin film 18-4 

shown in FIG.14L 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. 14L also corresponds to the fourth level 

contact layer s ... 3 of the fourth interconnection laye~ 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 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 fonn 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 

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

metal thin film contact layers 23-4 in lhe 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 22-4 arc not more than 1 micrometers. 

With reference to FIG.· 14M, a solder resist film 24 is then 
f unn~d over lhe pad electrodes 22-4 and the insulative resin thin film 18-4 
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in order to protect the multilayer interconnection board 3 having the pad 

electrodes 24. The solder resist filrn 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 resin film containing an inorganic filler such as fine powders 

of silicon dioxide. Altemativ_ely, 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 cleanmg solution or an Au plating solution as well as a 

high adhesiveness to a sealing material such as an undet .. 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 fonnation of the solder resisr 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 

fiJm 24 is made of a non .. photosensitive material, a resist film is applied on 

the solder Tesist film 24 and then patterned by an exposure and a 

subsequent development to form a resist pattem on the solder resist film 24, . 
so that the solder r~sist 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 pattern. 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 tbe openings 2Aa in the solder resist film 24. The electrode pads 22-

4 are partially shown through the opcnin~s 24a formed in the solder resist 
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film 24. 

With reference to FIG. 14N, a resist film is entirely applied on a 

bottom surface of the high rigidity plate 16 and then pattemcd by an 

exposure and a subsequent development to fotDl a resist pattern on the 

bottom surlace of the high rigidity plate 16. The high rigidity plate 16 . 

comprising the metal plate is then selectively 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 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 

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 fayers 11 and the supporting frames 25 are defined by gaps 

26. The gaps 26 reach the bottom sutface of the multilayer intercouoection 

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. 

lf the thickness of the high rigidity plate 16 compris1ng the metal 

plate is thick, for example in the range of 500 micrometers to 3 millimeters, 

it is difficult to realize a highly accurate selective etching by use of the 

resisr pattern because the necessary time for etching the high rigidity plate 

16 comprising the metal plate is so long as possibly causing that a pan 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 the range of 500 micrometers to 3 millimeters, then it is 

preferable that the high rigidity plate 16 comprising the metal plate is fiTSt 

selectively etched by a depth in the range of more than a half of the 

thickness ~fthe high rigidity 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 lla are formed 

under the external electrode pads 17-1 and plural columns 25a under the 

peripheral regions of the unit multilayer interconnection boards, wherein _ 

the plural columns lla 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 lla and the columns 25a 

are partially separated by the gaps 26a. Subsequently, an etching process is 

then carried out by use of the resist pattem as a mask so as to increase the 

depth of the gaps 26a so that the gaps 26 reach the bottom surface of rhe 

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 Wlder the extemal electrode pads 17-1 and peripheral 

regions of rhc 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 aud supporting frames 25 on the peripheral 

regions of the unit multilayer interconnection boards
7 wherein the plural 
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metal layers 11 and the supporting frames 25 arc defined by gaps 26. The 

gaps 26 reach the bottom surface of the multilayer interconnection board 3 

so that the plural metal layers 11 and the supporting frames 25 are 

completely separated by the gaps 26. Each of t~e plural metal layers 11 is 

in the form of columD. or pillar. 

With reference to FIG. 140, an fosulativc stress absorption resin 

is provided to completely fill the gaps 26 between the plural metal layers 11 

and the supporting frames 25 to fonn stress absorption layers 12 between 

the plural metal layers 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 stress absorption resin is provided to completely fill the gaps 26 

by a spin coating method or a transfer sealing cechnique. If the bottom 

surfaces of the plural metal layers 11 are coated with the insulative stress 

absorption resin, then the insulacive stress absorption resin coating the 

bottom swfaces of the plural metal layers 11 are removed, for example by a 

chemical mechanical polishing method or any available removal method, 

so that the bottom surfaces of the plural metal layers 11 are shown. The 

plural metal layers 11 of the buffer layeT 4 are then subjected to an 

electrolcss 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 becween the plural metal layers 11 

and also a bonding property between the pad electrodes 22-4 and the 

bumps 14 of the semiconductor chip 2. As a result. th.e mltltilayer 
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interconnection board 3 is completed, which Comprises plural unit 

multilayer 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 pJural 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 ate electrically connected through the plural 

bumps 14 to the multilayer interconnection board 3. If the bwnps 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 are made of a metal based solder 

material such as Au or In, a flip-chip bonding utilizing a thermo­

compression bonding is available for bonding tho plural bumps 14 to the 

electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 140, an insulative resin material 31 is 

formed which coats side walls of the semict:>nductor chips 2, an inter-space 

between the semiconductor chips 2 and the multilayer interconnection 

board 3 a.round the bumps 14 and the surface of che 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 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 materials. 

With reference to FIG. 14R, solder balls 13 are fonned which are 

in contact directly with the bottoms of the plural metal layers 11 of the 

buffer layer 4 to form a semicondu.ccor device 1 having the multilayer 

interconnection board 3 and the plural semiconductor chips 2 mounted 

thereon. The solder balls 13 serve as external tenninals. 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 ~e 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 bal1s. 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 reference to FIG. 14$, 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. 

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 provided to improve the heat radiation characteristic-of the flip-chip 

semiconductor device 32. 

In accordant with the pr~scnt 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 connection 

between 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 multilevel interc;;onnecrions 11 .. 1, 2-1, 22~2, 22-3 and 24 

for stress relaxation, but makes it poss~le chat the thicknesses of the 

multilevel intetconnections 17-1, 2-1, 22-2, 22-3 and 24 are thin, for 

example, not more than 1 micrometer. A metal1ization 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 pennitting 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 fonncd, 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 high rigidity plate suppresses 
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generation of internal sncss in the multilayer interconnection board and 

expansion of the multilayer 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 pattcming 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 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 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 the multi.layer 

interconnection board, thon 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 materiai such as an organic .material which has a 

flexibility to an externally applied stress. 

Accordingly, the single multilayer interconnection board is 

adhered or f'axed to the 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 interconnection board. If tbe multilayer interconnection boards 
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are adhered or fixed to both surfaces of the high rigidity plate, then it is 

necessary ro form through holes in the high rigidity plate. ln acoordance 

with the present invention, however, it is unnecessary to fonn such tb.e 

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 interconnection 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 pl.ate 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. 

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

multilayer interconnection board after the heat spreader has been adhered 

through the heat conductive adhesive layer to the semiconductor chips 

151 



······ ........... . 

•· 

mounted on the multilayer interconnection board and before the solder 

balls are fonned. When the semiconductor chips are mounted on the 

multilayer interconnection board and then the heat spreader are then 

adhered through the heat conductive adhesive layer to the semiconductor 

chips mo'UDted 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 boatd, the high rigidity plate suppresses various strains of 

the entire or part of the multilayer i:ntcrcounection 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 

layer 4 is formed on the extemal electrode pads 17 of the 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 between 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 suffici~t stand-off 

height for relaxing the stress applied between the ilip-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. FurtheT, 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 A 

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 

interconnection board 3 are electrically connected 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 buffer layer 4 and the external electrode 

pads 17 of the multilayer interconnection boa.rd 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 buffets 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 'EMBO'QIMElfi : 
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A sixth embodiment according to the present invention will be 

· dc~cribed in detail with reference to the drawings. A difference of the sixth 

embodiment from the fifth embodiment is in that the heat conductive 

adhesive layci' and the heat spreader are furtheT ptovidcd. 

FIG. 15 is a er.ass 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. 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 

smface of the multilayer interconnection board 3 has arrays of external 

electrode pads 17 on which a buffer layer 4 is fonncd. Solder balls 13 are 

fonncd 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 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 metal 

buffer layers 11 and the stress absoiption 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 
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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 interconnection board 3. The stress absorption layer 12 is also 

provided between the plural metal buffer layers 11 and the supporting 

frame 25. Th~ 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 absozption 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 

interconnection 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 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 multilayer 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 adhesive layer 41 so that the heat spreader 42 is adhered 

155 



\, 

NU. ~'UJ P. l 5/5U 

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 adhesive layer 41 to the beat 

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 example, Cu, Al, W, Mo, -Fe, N~ and Cr, or Al203s AJN, 

SiC, other ceramics such as mullite. The beat conductive adhesive layer 41 

may be 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 

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 buffer layer 4 comprising the plural metal buffer layers 11 
' 

and the stress absoxption layer 12 has a higher rigidity than the multilayer 

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 illustrated. 

As a modification,. it is possible for increasing the buffering 

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

25. 

The stxucture of the multilayer interconnection board 3 is the 

same as in the fourth embodiment and as shown in FIG. 6. 
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.. 
The flip-chip is usuall.y 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 ch~acteristic 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 chermal 

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 connection 

between 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 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 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, 22M2, 22-3 and 24 

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

interconnection pattcms. 

Further, the multilayer interconnection board remains adhered or 

fixed to the high rigidity plate sucli as the metal plate during when the 

multilayer interconnection board is formed, so that the high rigidity plate 
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provides or ensures a high p_lanarity to the multilayer interconnection board. 

Even the high rigidity plate is different in linear expansion coefficient from 

the multilayer interconnection board, the h;gh rigidity plate suppresses 

generation of internal stress in the multilayer interconnection board and 

expansion of the multilayer interconnection board, so that the high rigidity 

plate suppresses the mulcilayer 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 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 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. Afrer the high 

rigidity plate is removed from the bottom surface of the multilayer 

interconnection boa:rd, 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 

flexibility to an externally applied stress . 

.Accordingly, the single muldl.ayer interconnection board is 

adhered or fixed to the one side of the high rigidity plate to fonn an 
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asymmetric structure. The high rigidity plate prevents the ·multilayer 

interconnection board 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 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 boles 

in the high rigidity plate. 

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

the multilayer interconnection 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 ooard. When the semiconductoT 

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 mu1tilayer 

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 applied to the 

multilayer interconnection board and the semiconductor chips. 
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It is, also, possible to remove the high rigidity 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 interco1U1ection board and before the solder 

balls are formed. When the semiconductor chips · are mounted on the 

multilayer interconnection 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 

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 

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 solde.r balls 13 to a circuit 

board which is not illustrated. The solder .balls 13 have a small stand-off 

height whlcb is insufficient for relaxation of rhe stress applied between the 

above flip-chip semiconductor device 32 and the circuit board. The buffer 

layer 4 is formed on the external electrode pads 17 of the multilayer 

interconnection board 3. Solder balls 13 arc formed on the bottom surface 

of the buffer layer 4. The buffer layer 4 comprises plurality of metal buffer 

la.yen; 11 which are in contact with the external electrode pads 17. The 

buffer layer 4 is thus provided between the external electrode pads 17 of 
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the multilayer interconnection board 3 and the soJder 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 difference in thermal 

expansion coefficient betw~en the flip-chip semiconductor device 32 and 

[he 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 multilaye.r interconm:ction board 3 and the buffer layer 4 . 

comprising plUiality of metal buffer layers 11 from mechanical stresses 

when the produc[ is handled. Since the bu.ffer 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. 

The stress is likely to be concentrated to joint parts between the 

plural metal buffer layers 11 of the buffer layer 4 and the external electrode 

pads 17 of the multilayer interconnection board 3. The buffer layer 4 

comprising the plural met.al 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 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 
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chemical stresses. 

SEVENTH EMBODIMENT; 

A seventh !!111bodiment according to the present invention will be 

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

seventh embodiment from the sixth embodiment is in that, in place of the 

sealing resin material 31, an under-till resin layer and a stiffener are further 

provided. 

FIG. 16 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 seventh 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, 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 external 

electrode pads 17 on which a buffer layer 4 is fonned. Solder balls 13 are 

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 electrode pads 17 and a stress absotption 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 metal 
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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 boatd 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 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 properties absorbing stresses and strains. The stress absotption 

layer 12 may be made of a silicone resin material. Organic materials such 

as epoxy based resins, silicone based resins, polyolcfin based resins, 

cyanate ester based resins, phenol based resins,, naphthalene based resins 

are also available for the stress absoxption 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 

·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 layer 43 is provided over the first surface of the 

multilayer interconnection board 3 for sealing the semiconductor chip 2 

and I.he bumps 14. TI1e bumps 14 and the solder balls 13 are eclectically 
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connected to each other through multilevel interconnections of the 

multilayer interconnection board 3. The undez-fill resin layer 43 may be 

made of one of epoxy resin materials, silicone resin materials, polyimide 

resin materials, polyole.fin resin materials, cyanate ester resin materials, 

phenol resin materials and naphthalene resin materials. A heat conductive 

adh~sive layer 41 is provided on a top surface of the semiconductor chip 2. 

Funher, a stiffener 44 is adhered through an adhesive 45 on a peripheral 

region of the first surf ace or the upper surface of the multiyoar 

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 

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 

Tadiation from the beat spreader 42. The beat spreader 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 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 naphthalene resin materials, whilst the 

heat conductive material may be one of Ag, Pd, Cu, Al, Au,. Mo. w. 
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. diamond, Al203, AlN, and ceramic materials such as mullite, BN and SiC. 

In this embodiment, no injection method nor transfer sealing 

method is used for forming the insulativc sealing resin and in place the 

under-fill resin 43 i~ used which is the majority 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 first 

surface of the multilayer intercoDnection board 3. In order to ensure a 

sufficiently high planarity of the multilayer interconnection board 3, the 

stiffener .44 is provided which extends on the peripheral region of the top 

surface ot the first surface of the multilayer interconnection board 3. The 

stiffener 44 may be made of any metal or any ceramic. 

The buffer layer 4 comprising the plural metal buffer layers 11 

and the stress absorption Jayer 12 has a higher rigidity than the multilayer 

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 illustrated. 

As a modification, it is possible for increasing the buffering 

ability of the stress absorption layer 12 to elimin~te the supporting frame 

25. 

The structure of the multilayer interconnection board 3 is the 

same as in th.; fourth embodiment and as shown in FIG. 6. 

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

having a laige nlll1\l)CT 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 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 interco~ection board is not largely different in thermal 

expansion coefficient from tho semiconductor chip to reduce a stress 

applied between . the multilayer interconnection board and the 

semiconductor · chip, thereby keeping a high reliability in connection 

between the multilayer interconnection board and the semiconductor chip. 

The reduction in stress applied between the multilayer interconnection 

board .and tbe 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 tban 1 micrometer. A metallization technique fot 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 re.mains adhered or 

fixed to the high rigidity plate such as the metal plate during when the 

multilayCT 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 

the multilayer interconnection board, the high rigidity plate suppresses 
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geneTation of internal stress in the multilayer interconnection board and 

expansion of the multilayer interconnection boar~, 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 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 the multilayer interconnectioo board is completed. 

Notwithstanding, tho 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 rhe high 

rigidity place is removed from the bottom surface of the multilayer 

interconnection board, then the bottom surface of the multilayer 

interconnection boaTd is shown, for which reason the bottom or first 

insulating layer of the multilayer interconnection board m~y preferably be 

made of an insulating material such as an oiganic 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 plate to form an 

asymmetric structure. The high rigidity plate prevents the multilayer 

interconnection 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 fonn through holes in the high rigidity plate. In accordance 

with the presenl invention, however, it is unnecessary to fonn such the 

through boles in the high rigidity plate, whereby there arc raised no 

problem with defect of the final product due to dusts generated in forming 

the th.rough boles in the high rigidity plate nor problem with increase in the 

manufacturing cost due to additional process for fonning the through holes 

in the high rigidity plate. 

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

the multilayer interconnection 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 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. 

lt is, also, possible to remove the high rigidity plate 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 solder 

balls are formed. When the semiconductor chips are mounted on the 

multilayer interconnection board and then the heat spreader are then 

adhered through tb~ 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 rigi~ity 

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 mllltilayer interconnection board and the 

semiconductor chips due to mechanical and thermal stresses applied to the . 

multilayer interconnection board and the semiconductor chips. 

Furthennore, 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 tho circuit board. The buffer 

layer 4 is fonned on the external electrode pads 17 of the multilayer 

interconnection board 3. Solder balls 13 are fonned 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 between 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 Ior 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 benr. 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 

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 

interconnection board 3 are electrically connected 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 buffer 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 interconnection board 3, 

provided that the buffer layer 4 buffers or relaxes the stress concentration 

between the multilayCI interconnection board 3 and the circuit board not 

illustrated. The stress absorption layers 12 protects the plural metal layers 

11 and the multilayer interconnec1ion board 3 from mechanical and 

chemical stresses. 

EIGHTH EMBODIMENT : 



~· 

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 eacb of the solder balls for supporting the solder 

balls to increase a bonding strength between the solder balls and external 

electrode pads of the multilayer 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 

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 external electrode pads 17 

on which solder balls 13 are fanned. A sealing resin material 15 is 

provided over the first surface of the multilayer interconnection board 3 fo.r 

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 interconnection board 3. In this 

embodimen~ in order to increase a bonding strength between the solder 

balls 13 and the external electrode pads 17 of the multilayer 

interconnection 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 multilayer interconnection board 3. 

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 

second surface or the bottom surface of .the multilayer interconnection 

board 3, 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 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 surlace 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 bas 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 surface or 

the sec.and surlace of che multilayer interconnection board 3, thereby to 

t"orm 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 

·112 



~ u- 1 1 i u', ,-. u-
..i. v •. (.. u 1 Cl•I• 

\ti I "1''1' r. jl./ :JU 

,, 
multilayer interconnection board 3. 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 external electrode pads 17 of the multilayer 

interconnection board 3. The supporting plate 51 defines a height or a 

thickness of the supporting scaling resin 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 

1hc 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 

inultilayer interconnection board and a partial supporting layer around the 

solder ball as encompassed by a circle line marked with t'A:' in FIG. 17. 

'The solder ball 13 is bonded 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 second surface of the multilayer interconnection board 3. 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 surface or the second surface of the multilayer interconnection 

board 3, thereby to fonn the supporting sealing resin materlal 54 in the 

inter-space between the supporting plate 51 and the bottom surface or the 
second surface of the multilayer in~erconnection 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 solder balls 13 to· increase. the bonding stability 

between the solder balls 13 and the extemal . electrode pads 17 of the 

multilayer interconnection board 3. Tho supporting plate 51 de.fines a 

height or a thickness of the supporting sealing resin 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 swface of the supporting sea1ing 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 solder 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 providing the supporting layer 59 to the sequential 

fabrication proces.ses described with reference to FIGS. 7A through ?Qin 

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 semiconductor device 32 fabricated in the sequential 

fabrication processes described with reference ro FIGS. 7 A 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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supporting layer on a flip-chip semiconductor device in an eighth 

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. 7A rhrough 70 

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 diameter which is slightly 

I argcr than a diameter of the solder balls 13, so that the solder balJs 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 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 che inter-space between 

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

multilayer interconnection board 3. 

With reference to FIG. 19B, 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 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 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 extern.al electrode pads 17 of che multilayer 

interconnection hoard 3. 

In accordance with this embodiment, the supporting layer 59, 

which comprises the supporting plate 51 and the supporting sealing resin 

material 54, is provided on the second surface or the bottom surface of the 

multilayer interconnection 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 electrode 

pads 17 of the multilayer 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 each of the solder balls for supporting the solder 

balls to increase a bonding strength between tbe solder balls and external 

electrode pads of the multilayer interconnection board. FIG. 20 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 nmth embodiment according to the present invention. A 

semiconductor device 32 has a multilayer interconnection board 3. A flip­

chip semiconductor chip 2 is .tlip·mountcd on the multilayer 
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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 Sllrfacc of the 

multilayer interconnection board 3 has arrays of external electrode pads 17. 

A sealing resin material 31 is provided over the fiist 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 

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 fonned. Solder balls 13 are 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 electrode pads 17 and a stress 

absorption layer 1~ 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 metal buffer layers 11 and the stress absorption 

layer 12 has a sufficient stand-off height for telaxing the stress applied 

between the flip .. chip semiconductor device 32 and the circuit bo~d 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 12 is provided on the bottom sUifcice of 

the multilayer interconnection board 3 except under the external electrode 

pads 17 and the peripheral region of the multilayer interconnection board 3. 
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The stress absorption layer 12 is also provided between the plural metal 

buffer layers 11 and the supporting fram_e 25. The stress absotption layer 12 

has a multilayer strucmre 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 arc 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 stTesses 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 sealing 

resin material 31 is provided over the fust 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 ·multilayer 

interconnection board 3. 

In this embodiment, in order to increase a bonding strength 

between the solder balls 13 and the plural metal buffer layers 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 surlace 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 thai:i 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 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 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 

resin material is injected through the resin inje~tion hole 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 fonn the supporting sealing resin material 54 in the 

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

seco.o.d surface of the multilayer interconnection board 3. The supporting 

scaling resin material 54 is tightly contact with upper portions of the solder 

balls 13 for supporting the solder balls 13 to increase the ho.a.ding 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 
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supporting sealing resin 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 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 the plmal 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 fabricat~d in the sequential fabrication processes 

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

embodiment. 

FIGS. 21A through 21B are fragmentary cross sectional elevation 

views illustrative of sequential steps involved in a method of fonning a 

supporting layer on a flip-chip semiconductoT 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- l4A through 14S 

described in the fifth embodiment of the present invention. 
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With reference to FIG. 21A, the supporting plate 51 is provided 

which extends in parallel to the bottom surface of the buffer layer 4, 

wherein the supporting plate 51 has the array of solder ball insertion holes 

52 having a diameter which is slightly larger than a diametet of the solder 

balls 13, so that the solder balls 13 arc inserted in the solder ball insertion 

holes 52 and surrounded by the supporting plate 51, thereby to form an 

inter·space between the supporring plate 51 and the bottom surface or the 

second surface of the buffer layer 4. The supporting plate 51 further has a 

resin injection bole 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. 

With reference to FIG. 21B, 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 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 bottom swface of tbe 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 bUffer 

layers 11 of the buffer layer 4. 

In accordance with this embodiment, the supporting layer 59, 

which c:ompri.ses the supporting plate 51 and the supporting sealing resin 

material 54, is provided on the second surface or the bottom surlace of the 
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multilayer interconnection board 3 so that ·the supporting layer 59 

siirrounds 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. 

J'E'NIH EMBODIMENT: 

A tenth embodiment according to the present invention will be 

described in detail with refe1ence to the drawings. A difference in the tenth 

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 

having a multilayer interconnection board, on which a semiconductor chip 

is mounted in a tenth embodiment according to the present invention. A 

semiconductor .device 32 has a mulcilayer interconnection board 3. A flip­

chip semiconductor chip 2 is flip-mounted on the multilayer 

interconnection board 3; wherein a first suttace 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 elcctTode pads 17. 

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 Co each other through multilevel interconnections of the 

multilayer interconnection boaru 3. A second surface of the multilayer 
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interconnection board 3 has arrays of external electrode pads 17 on which a 

buffer layer 4 is f~rmed. Solder balls 13 arc fonned 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 electrode pads 17 and a stress 

absorption layer 12 in gaps between the plural metal buffer layers 11. The 

buffer lay~r 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 metal buffer layers 11 and the stress absorption 

layer 12 bas a sufficient stand-off height for relaxing the stress applied 

between the flip-chip semiconductor device 32 and the circuit board nor 

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 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 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 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 absoxption 

layer 12. The supporting frame 25 protects the multilayer interconnection 

board 3 and the buffer layer 4 comprising plur.c1.lity of metal burrer layers l.l 
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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 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 multilayer 

interconnection board 3. In order to increase a bonding strength between 

the solder balls 13 and the plural metal buffer layers 11 of tbe buffer layer 4, 

a supporting layer 59 is provided on the bottom surface of the buffer layer 4 · 

so that the supporting layer 59 sunounds 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 interconnection 

board 3. 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 bas 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 a'> 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 intet-space 

__ ... -··--·· ... 
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between t~e supporting plate 51 and the bottom surface or the second 

S\J\rface of the multilayer interconnection board 3. The supporting plate 51 

may be made of a high rigidity material. Insulating materials and 

cC>nductive materials are also available for . the supporting plate 51, 

pi~ovided that the material has the high rigidity .. The resin material is 

ir1jected through the resin injection hole 53 of the supporting plate 51 into 

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

the second surface of the multilayer interconnection board 3s thereby to 

form the supporting sealing resin material 54 jn 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 

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 buffer layers 11 of the buffer layer 4. 

The supporting plate 51 defines a height or a thickness of the supporting 

sealing resin material 54, wherein the thickness of the supporting scaling 

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. 

In th.is 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 
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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 multilevel 

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 the heat spreader 42 for causing a heat 

radiation from the heat spreader 42. The heat spreader 42 roay be made of a 

heat conductive material such as a metal base material, for example, Cu, Al, 

W, Mo, Fe, Ni, and Cr, or A1203, AlN, 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 based 

1naterial may be one of epoxy resin. materials, silicone resin materials, 

poly.imide 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, AlN, and ceramic materials such as mullite, BN and SiC. 

J~LEVEN1H EMBODIMENT : 

An eleventh embodiment according to the present invention will 

be dcscribc.d in detai.1 with reference to the drawings. A difference in the 

<:leventh 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 
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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 sutfacc of the multilayer interconnection board 3. A second 

surface of the multilayer intetconncction board 3 has auays of external 

electrode pads 17. The bumps 14 and the solder balls 13 are eclectically 

connected to each other through multilevel interconnections 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 comprises plural metal buffer layers 

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 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 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 interconnection board 3. 
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Tue 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 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 re~ins, 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 handled. S~ce the buffer 

layer 4 comptises ·the plural metal buffer layers 11, the external electrode 

pads 17 of the multilayer intCiconnectlon board 3 are electrically connected 

through the plural metal buffer layexs 11 to the solder balls 13. In.place of 

the sealing res.in material1 an under-fill resin layer 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 balJs 

13 are eclectically connected to ea~h other through multilevel 

interconnections of the multilayer interconnection board 3. The under-fill 

resin layer 43 may be made of "One of epoxy resin materials, silicone resin 

materials, polyimide resin materials, polyolc.fin resin materials, cyanate 

esler resin materials, phenol resin materials and naphthalene resin materials. 

A heat conductive adhesive layer 41 is provided on a top surface of the 

semiconductor chip 2. Furthet, a stiffener 44 is adhered through an 

adhesive 45 on a peripheral region of the first smface or the upper surface 
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of the multiyear 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 stiffener 44 so that the beat 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 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 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 artd naphthalene resin materials, whilst th~ 

heat conductive material may be one of Ag, Pd, Cu, Al, Au, Mo, W, 

diamond, Al203, AIN, and ceramic materials such as mullite, BN and SiC. 

The bumps 14 and the solder balls 13 are eclectically 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 layers 11 of the buffer layer 4, a supporcing 

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 pads 17 of the multilayer intcrconnecrion board 3. 

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 

boltom surlace of tbq buffer layer 4, wherein the supporting plate 51 has an 

array of solder ball insertion holes 52 having a diameter which is slighrly 

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 

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. lnsulating materials and conductive materials are also 

available for the supporting pJate 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 surface or the second surface of the multilayer 

interconnection board 31 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 suiface of the multilayer interconnection 

board 3. 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 
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roetal buffer layers 11 of the buffer layer 4. The supporting plate 51 defines 

a height or a thickness of the supporting sealing resin 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 s9 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. 

TIYEI,Flll EMBODIMENT~ 

A twelfth embodiment according to the present invention will be 

described in detail with reference to the drawings. A difference in the 

twelfth embodiment from the ninth embodiment is in that plural metal 

column electrodes are bonded by an adhesive co 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 Din~ embodiment, the plural metal electrode layers are formed 

by selective etching to the metal plate. In this embodiment, the mc~al plate 

or the high rigidity plate is once completely removed and then the plural 

metal column electrodes are bonded by an adhesi~e to external electrode 

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, wheiein 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 in.terconnection board 3 has arrays of external 

electrode pads 17. 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 solder balls 

13 are eclectically connected to each other through multilevel 

interconnections of the multilayer interconnection board. 3. A second 

surface of the multilayer .interconnection board 3 has arrays of e"temal 

electrode pads 17 on which a buffer layer 4' is formed. Solder balls 13 are 

fonned 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 stress 

absorption layer 12' in gaps between the plural metal colunm~shaped 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 the plural metal column-shaped 

buffer layers ll 1 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 layer 

12' is provided on the bottom surface of the multilayer interconnection 

board 3 except under the extcmal 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 bas 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, polyolefi.n based resins, cyanate ester based resins, 

phenol based resins, naphthalene based resins are also available for the 

stress absorption layer 12'. Since the buffer layer 4' comprises the plural 

metal column-shaped buffer layers 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 arc eclectically connected 

to each 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 plu~ metal column-shaped buffer 

layers ll 1 of the buffer layer 4' 1 a supporting Jayer 59 is provided on the 

bottom sutfacc 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 bet\Veen the solder balls 13 and the plural metal 

column-shaped buffer layers 11' of lhe 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 smface of rhe 
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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 

supponing plate 51 and che bottom surface or the buffer layer 4'. The 

supporting plate 51 further has a resin injection bole 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 SI 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 surface or the second surface of the multilayer interconnection 

board 3, rhereby to fonn the supporting sealing· resin material 54 in the 

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

buffer layer 4'. The supportia.g 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 buffer layers 11 of the buffer layer 4. The supporting plate 51 defmes 

a height or a thickness of the supporting sealing resin 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 
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balls 13 project from the solder ball insertion holes 52 of the supporting 

plate 51 and from the bottom swfacc of the supporting scaling resin 

material 54. 

FIGS. 25A through 25U 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 twelfth embodiment in accordance 

with the present invention. 

With reference to FIG. 25A, 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-:1 Ni-, Al·, W-, Mo-, Au-, Ag- and Pt-based 

metals, complex materials of different metals and ceramics arc available for 

the high rigidity plate 16. 

With reference to FIG. 25B, 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 

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

and Ni is then formed on the adhesive metal layer by a sputtering method 

to fonn 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 resist 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 etching process Lo the 

laminations of ~e adhesive metal layer and the electrode material layer is 
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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 external electrode pads 17-1 are selectively fonned on the first 

surface of the high rigidity plate 16. The used resist pattern is then 

removed. 

If a minimum pitch of che 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 pattemed by an 

exposure and a development to form a ·resist pattern before a selective 

electroplating of metal is then earned out by use of the resist 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 sui:face 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 

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

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

silicone based resins, polyole:fin 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 is require~ it is preferable to use the silicon dioxide based 

inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FIG. 250, 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 electxode pads 17-1. A resist film is applied on 

the insulativc resin thin film 1s .. 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 we of the resist pattern as 

a mask to form the openings 19-1 in the insulative re.sin 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 

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 openings 19-1 

formed in the insulative resin thin film 18-1. The used resist pattern is then 

removed. 

With reference to F1G. 2SE, 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 2lb is also entirely formed on the 

adhesive metal thin film 21a by a sputtering method, a chemical vapor 

deposition or an clcctroless 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 electrode thin film 21b fonn 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. 25F, 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 pattemed by a wer 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 rhin film interconnection layers 22-1 over the 

insulative resin thin film 18-1, wherein the metal thin film interconnection 

layers 22-1 ate 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 fihn 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. 25F cor1espond 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 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. 25F 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. 25F also corresponds to the second level interconnection 

pattern 6-1 of the second interconnection layer 6. 

H the pattern pitch of the metal thin film interconnection layers 
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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 

earned 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 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 layers 22-1 are not more than 1 

micrometers. 

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 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 18-2. If a fine pattern of not more than 1.0 

.micrometer is required, it is preferable to use the silicon dioxide based 
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inorganic materials for· utilizing diffusion processes of semiconductor. The 

insulative resin thin film 18-2 is selectively removed to fonn openings 19-2 

in the insulativc 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 insulativc resin thin film 18-2. lf the 

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

by the chemical etching process, the insulalive resin thin film 18-2 is 

selectively removed by a dry etching by use of the resist pattern as a mask 

to fonn the openings 19-2 in the insulative resin thin film 18-2. The metal 

thin film interconnection layers ZZ.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. 25H, 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 metho~. The adhesive metal thin film may be made of 

a Ti-based alloy, a Cr-ba~~u. alloy, a Mo·based alloy, or a W-bascd alloy. 

Sub~equently, a metal electrode thin film is also entirely formed on the 

adhesive metal thin film by a sputtering method, a chemical vapor 
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deposition or an elcctrolcss 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 foim a metal thin film which extends on 

the surface of the insulative resin thin film 1 ~-2 and within the openings 

19-2 over the metal thin film interconnection layers 22-1. A resist film is 

entirely fo~ed on the metal thin film and then patterned by an exposure 

and a subsequent development to fonn 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 foIDJ. 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 film interconnection layers 22-1. The used resist mask is then 

removed. The metal thin film interconnection layers 22-1 shown in FIG. 

25H correspond to the second level interconnection pattern 6-1 of the 

second inleTconncction 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 the second interconnection layer 6 shown in FlG. 6. 

The metal thin film contact layers 23-2 shown in FIG. 25H also 

corresponds to the second level contact layer 6-3 of the second 

interconnection layer 6. The metal thin film interconnection layeIS 22-2 

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

If the pattern pitch of the metal 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 fonned, 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 fonn Cu-plated patterns 

over the metal thin film. The used resist mask is then removed. The roetal 

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 22-2 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 film interconnection layers 22-2 arc not more than 1 

.micrometers. 

With reference to FIG. 251, an insulative resin thin film 1g .. 3 is 

then fanned 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, polyolcfm based resins, cyanate ester basi:;d resins, 

phenol based resins, na'Phtha\ene based resins are available for the 
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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 insulativc 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 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 1 g .. 3 

is selectively remoyed by a wet etching by use of the resist pattern as a 

mask co 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 tesist 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 ar~ 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. 25J, 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-based alloy, or a W-based alloy. Subsequently, 
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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 

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 filni 18-3 and within the openings 19-3 over the 

metal thin film interconnection layers 22-2. A resist film is entirely forme.d 

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 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 · 

openings 19-3 and metal thin film interconnection layers 22-3 over the 

insulative resin thin film 18-3, wherein the metal th.in film interconnection 

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 electrically 

connected through the metal thin film contact layers 23-3 to the metal thin 

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

The metal thin film interconnection layers 22·2 shown in FIG. 2SJ 

correspond to the third level interconnection panem 7-1 of the third 

interconnection layer 7 shown in FIG. 6. The insulative resin thin fiJm 18-3 

shown in FIG. 25J 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. 25J also corresponds to the third level 

contact layer 7-3 of the third interconnection layer 7. The metal thin film 
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interconnection layers 22-3 shown in FIG. 2SJ 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 

meta] 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 fonn 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 fi1m 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 is possible that the chicknesses of the resist film and the 

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

micrometers. 

·With reference to FIG. 251<., an insulative resin thin film 18·4 is 

then fanned 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 spi.n 

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, 
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phenol based resins, naphthalene based r~sins 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 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 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 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 

insuJative 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 resist 

pattern is then removed. 

With reference to FIG. 25L, an adhesive metal thin film is 

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

film 18-4 and the shown pans of the metal thin film interconnection layers 

22-3 by a sputtering method. The adhesive metal 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; 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. T~e 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 fonn a metal thin film which extends on 

the surface of the insuJative resin chin film 184 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 development to fonn 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 pattcm 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, 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. The metal thin film interconnection layers 22-3 shown in FIG. 

25L concspond 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 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. 25L also corresponds to the fourth level 

contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 
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22-4 shown in FIG. 25L also corresponds to the fifth level interconnection 

pattern 9-1 of the fifth interconncctio~ layer 9. 

If the pattern pitch of the pad electrodes 22-4 is not so nanow, 

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 electxoplating 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 patcems 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 

eleclrodes 22-4 are not more than 1 micrometers. 

With reference to FIG. 25M, a solder resist film 24 is then 

formed over the pad electrodes 22-4 and the io.sulativc resin thin film 18-4 

in order to protect the multilayer interconnection board 3 having the pad 

electrodes 24. The solder resist film 24shownin1'.IG. 25M 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 comprise an organic insulating 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 
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high adhesiveness to a sealing material such as an undcr·fill material If the 

above fiTSt 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 

solde1 resist film 24 is selectively removed to form openings 24a in the 

solder resist film 24 and ovct 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 exposu.te 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 pattern. If the solder 

resist film 24 is made of a photosensitive material, then the solder resist 

film 24 is directly patterned by an exposu1e 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 fonned 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 clcctrolcss 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 
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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 

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 mu1tilayer 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 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 are made of a. metal based solder 

material such as Au or In, a. flip-chip bonding utilizing a thermo­

compression bonding is availab1e for bonding the plural bumps 14 to the 

electrode pads 22-4 of the multilayer interconnection board 3. 

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

formed which coats side walls of the semiconductor chips 2, an inter-space 
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between the semiconductor chips 2 and the multilayer interconnection 

board 3 around the bumps 14 and the sulface of the solder resist film 24 of 

the multilayer interconnection board 3 in order co 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 technique 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 ester resin materials, phenol resin 

materials and naphthalene resin materials. 

With reference to FIG. 25Q, plural metal column-shaped buffer 

layers 11' are bonded by an adhesive 61 in to the external electrode 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 external electrode pads i 7. 

With reference to FIG. 25R, an insu1ative stress absotption resin 

is provided to completely fill the gaps 26 between the plural metal colurnn­

shapcd buffer layers 11' to form stress absoxpti9n 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 interconnection board 3 from mechanical and chemical stresses. 

The insulative stress absorption resin is provided to completely fill the gaps 

26 by a spin coating method or a transfer sealing technique. If the bottom 

8ur.faccs of the. plural metal column-shaped burrer layers 11 • are coated 
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with the insulative stress absorption resin, then the insulativc stress 

absorption resin coating the bottom surfaces of the plural metal column­

shaped buffer layCIS 11' are removed, 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 layers 11' are 

shown. The plural metal calumn-shaped buffer 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 

column-shaped buffer layers 11 ~ and the pad electrodes 22-4 in order to 

improve a bonding property between the plural metal column-shaped buffer 

layers 11' 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. 

With reference to FIG. 25S, solder balls 13 are fonned 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 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 baUs 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. 
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Since the plural metal column-shaped buffer 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 column­

shaped buffer layers 11' of the buffer layer 4'. . 

With reference to FIG. 25T, a supporting plate 51 is provided 

which extends in parallel to the bottom surface of the buffer layer 4', 

wherein the supporting place 51 has the 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 mserted in the solder ball insertion 

holes 52 and surrounded by the supporting plate 51, thereby to form an 

interwspace between th~ 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 supporci~g plate 51 and the bottom surface or the second 

surface of the multilayer interconnection board 3. 

With reference to FIG. 25U, a resin material is injected through 

che 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 layor 

4', thereby to form the supporting sealing resin material 54 in the inter­

space between the supponing plate 51 and the bottom 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 

increase the bonding. stability between the solder balls 13 and the plural 

metal column-shaped buffer layers 11' of the buffer layer 4, . 
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Jn accordance· with this emb.odiment, the plural metal column­

shaped buffer layets 11' are bonded by the adhesive 61 to the external 

electrode pads 17 of the multilayer interconnection board 3 after 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 unnecessary to selectively 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. 

THIRTEENfH 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 embodiment is in that a supporting 

layer 59 is provided in gaps between the p1ural metal column-shaped buffer 

layers 11' in place of the stress absorption layer 12'. 

FIG. 26 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 thirteenth 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, wherein a first surface of the 

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

to a fust sutface of the multilayer interconnection board 3. A second 

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

surface of the multilayer interconn~ction 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 Qther 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 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 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

shapcd buffer layers 11 '. The buffer layer 4' is thus provided between the 

external electrode pads 17 of the multila ye:r interconnection board 3 and the 

solder balls 13. The buffer layer 4' comprising the plural metal column­

shaped buffer layers 11 1 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 illustrated. The 

supporting layer 59' is provided on the bottom surface of the multilayer 

interconnection board 3 except under the external electrode pads 17. Since 

the buffer layer 4' comprises the plural metal column-shaped buffer layers 

11 ', the extemaJ electrode pads 17 of the multilayer interconnection board 

3 are electrically connected through the plural metal column-shaped buffer 
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layers 11' to the solder balls 13. The supporting layer 59 is provided on the 

bottom surface of the buffer layer 4' so that the supporting layer 59 

suTTounds upper parts of the solder balls 13 for supporting the solder balls 

13 to increase the boncling 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 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 avai1able for the supporting plate 51, provided that the .material has 

the high rigidity. The supporcing sealing resin material 54 is filled in the· 

gaps 26 between the plural metal column-shaped 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 supponing the soJder 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 defines 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. 27 A through 27R are fragmentary cross sectional elevation 
views illusLrdtive of a novel method of fonning a semiconductor device 

having a multilayer interconnection hoard on which a semiconductor chip . 
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.. 
is mounted in a thirteenth embodiment in accordance with the present 

invention. 

With reference to FIG. 27 A, 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. 

With reference to FIG-. 27B, an adheaive metal layer of a metal 

such as a TI-base alloy, a Cr-base alloy, a Mo-base alloy, and a W-base 

aJJoy is formed on a first surface of the high rigidity 'plate 16 by a 

sputtering merhod. An electrode 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 

layeI and the electrode material layer. The resist film is then patterned by 

an exposure and a !>'Ubsequent 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 

carried out by use of the resist pattern as a mask . so as to pattem the 

laminations of the adhesive metal layer and the electrode material layer, 

whereby external electrode pads 17-1 are selectively formed on che first 

surface of the high rigidity plate 16. The used resist pattern is then 

removed. 

If a minimum pitch of the extetnal 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 fust 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 pattern as a 

mask, followed by removal of the used resist pattern. 

With reference to F1G. 27~ 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 fonncd 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~ na~htbalenc based resins are available for the 

insulative resin thin film 18-1. If a fine pattern of not more than 1.0 

micrometer is requiredJ it is preferabJe to use the silicon dioxide b.ased 

inorganic materials for utilizing diffusion processes of semiconductor. 

With reference to FlG. 27D, the insulative resin thin filin 18-1 is 

selectively removed to fonn 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 re.~in thin 

film 18-1. If the insu1ative resin thin film 18-1 is made of a materia~ which. 

is removable by a chemical etching 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 openings 19~1 in the insulative resin thin film 18-1. H 

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 
I 

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

mask to form the openings 19-1 in the insulative rc:sin thin film 18 .. 1. The 

external electrode pads 17-1 arc partially shown through the openings 19-1 

formed in the insulative 1esin thin film 18-1. The used resist pattern is then 

removed. 

With reference to 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 2lb 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 

2lb may be made of Cu, Al or Ni. Laminations of the adhesive metal thin 

film 21a and the metal electrode thin film 21 b form a metal thin fihn 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 entirely formed on the 

metal thin film 21 and then patterned by an exposure and a subsequent 

development to fonn a resist pattern over the metal thin film 21. The metal 
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.thin film 21 is then patterned by a wet etching or a dry etching by use of the 

resist pattern as a mask to fo:rm 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 chin film interconnection 

layers 22· 1 are in contact directly with the metal thin film contact layeIS 

23-1, so that the metal 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 external 

electrode pads 17-1 shown in FIG. 27F correspond to the first level 

interconnection pattern 5-1 of the first interconnection layer 5 shown in 

FIG. 6. The insulati.ve resin thin film 18-1 shown in FIG. 27F also · 

corresponds to the first level insulating layer S-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 to the second level interconnection 

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 fanned, then the resist pattern is formed on the 

metal thin film 21 so that a selective electroplating of metal such as Cu is 

earned out by use of the resisl 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 
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.. 
patterns as a mask thereby to form the metal thin film interconnection 

layers 22-1 over the insulative resin thin film 18wl 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 layers 22-1 are not more than 1 

micrometers. 

With reference to FIG. 27G, an insu1ative 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 polyim.ide 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 

insulativc 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 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 in:sulative resin 

thin fi1m 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 etching.process, the insulativc resin thin film 18-2 

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

mask co form rhe openings 19-2 jn 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 interconnection layers 22-1 are partially shown through the 

openings 19-2 formed in the insulativc resin thin film 18-2. "The used resist 

pattern is then removed. 

With reference to FIG. 27H, an adhesive metal thin film is 

entirely fanned which extends on the sur.face of the insulative resin thin 

film 18-2 and the shown parts of the metal thin film interconnccti.o? 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 a W-bascd alloy. 

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

adhesive metal thin film by a sputtering method, a chemicaJ 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 surlace 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 lhe metal thin film and then patterned by an exposure 
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and a subsequent development to form a resist pattern over the metal thin 

film. The metal thin fllm is then patterned by a wet etching or a dry etching 

by use of the tesist 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 film interconnection layers 22-1. -pie used resist mask is then 

removed. The metal thin film interconnection layers 22-1 shown in FIG. 

27H correspond 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. 27H also couesponds 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. 27H also 

corresponds to the second level contact layer 6-3 of the second 

interconnection layer 6. The metal thin film inte1connection layers 22 .. 2 

shown in FIG. 27H 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 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 pattem is foIJDed 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 fonn Cu-plated patterns 
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·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 22-2 over 

the insulative resin ~in ftlm 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 

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

metal ·thin film interconnection layers 22·2 are not more than 1 

micrometers. 

• ' .J .J/ .Ju 

With refe.rence to FIG. 27!, an insulativc 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 i.asulative 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. Io 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 patcern 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 layers 22-2. A resist film is applied on the insulative resin 
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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 insuJative 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 tliin 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 layers 22r2 aie partially shown through the 

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

pattcm is then removed. 

With reference to FIG. 27J, 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-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 deposirion 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 oo the surface of 

the insulative resin thin film 18-3 and within the openings 19-3 over the 
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metal thin fihn interconnection layers 22·2. 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 film. The metal 

thin film is then patterned by a wet etching or a dry etching by use of the 

resist pattcm 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 interconnection layers 22-3 arc electrically 

connected through che metal thin film contact layers 23-3 to ~he metal thin 

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

The metal thin film interconnection layers 22-2 shown in F1G. 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 F1G. 27J also corresponds to the third level insulating layer 7-2 of 

the third interconnection layer 7 shown in FIG. 6. The metal thin f"tlm 

contact layers 23-3 shown in FIG. 271 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 FIO. 27J 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 selective electroplating of metal such as Cu is 
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carried out by use of the resist pattern as a mask to fonn Cu.plated patterns 

over the metal thin film. The used resist mask is then removed. The meta1 

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 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. 

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

then fonncd over the metal thin film interconnection layets 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 me~od or a physical vapor 

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

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

silicone based resins, polyole:fin based resins, cyanate ester based resins, 

phenol based resins, naphthalene based resins are available for the 

iru,-ulative 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 materia1s for utilizing diffusion processes of semiconductor. The 

insulative resin thin film 1g .. 4 is selectively removed to form openings 19-4 

· in the insulative resin thin film 18-4 and over the metal thin film 
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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 a subsequent 

development to form a resist pattern on the insulative resin thin fi1m 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 fonn the openings 19-4 in the insulative resin thin film 184. If the 

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

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 fonn the openings 19-4 in the insulativc 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. 27L, an adhesive metal thin film is 

entirely formed which extends on the surface of the insularive 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, 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 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 1g .. 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 development to fonn 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 

23-4 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, 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. The metal thin film interconnection layers 22-3 shown in FIG. 

27L 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. 27L 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. 27L also corresponds to che fourth level 

contact layer 8-3 of the fourth interconnection layer 8. The pad electrodes 

22-4 shown in FIG. 27L also corresponds to rhe 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 narrow, 

then it is possible as a modification that afler the metal thin film has been 

fonned, then the resist pattern is formed on the metal thin film so that a 

selective electroplating of metal such as Cu is canied out by use of the 
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resist pattern as a mask to fonn 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 

fonn 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 22-4 are not more than 1 micrometers. 

With reference to FIG. 27M, a solder resist film 24 is then 

fanned over the pad electrodes 22-4 and the insulativc resin. thin film 18-4 

in order to protect the multilaye·r interconnection board 3 having the pad 

electrodes 24: The solder resist film 24 shown in FIG. 27M 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. Alcematively, 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 a.S well as a 

high adhesiveness to a sealing material such as an under-fill material. If the 

above :fiISt to fourth insulative re.sin thin films 18~1, 18-2, 18-3 and 18-4 

are highly resistive to che 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 
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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 patterned by an exposure and a 

subsequent development to form a resist pattern on the solder resist film 24, 

so that the solder resist fil~ 24 is selectively removed by· a wet etching by 

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

resist film 24, followed by removal of the used resist pattern. If the solder 

resist film 24 is ma.de of a photosensitive material, then the solder resist 

film 24 is directly patterned by an exposure and a subsequent developmen c 

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

4 are partially shown tluough the openings 24a formed in the solder resist 

film 24. 

With reference 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 elcctroless 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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m the plural unit multilayer interconnection boards in the electrical 

characteristic test are then subjected to a mounting process for mounting 

semiconductor chips thereon. 

i. ~ l i ,JU 

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, 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 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 are made of a metal 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 to the 

electrode pads 22-4 of the multilayer interconnection board 3. 

With reference to FIG. 27P, an insulativc 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 canicd out by use of a resin injection 

technique involving a vacuum sealing technique or a transfer sealing 
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technique. The insulative resin material 31 may be made of one of epoxy 

resin materials, silicone resin materials, polyimidc resin materials, 

polyolefin resin materials, cyanate ester resin materials, phenol resin 

materials and naphthalene resin materials. 

With reference to FIG. 270, plural metal column-shaped buffer 

layers 11' are bonded by an adhesive 61 in to the extemal electrode pads 17 

of the multilayer interconnection board 3. It is preferable to select an 

adhesive material which is high in wettability to both tho plural metal 

column-shaped buffer layers 11' and the external electrode pads 17. 

I, 'i c..t JU 

With reference to FIG. 27R, the supporting layer 59' comprising 

the supporting plate 51 and the supporting sealing resin material 54 is 

formed in gaps 26 between the plUial metal colunm-shaped buffer layers 

11 '. Namely, the supporting plate 51 is provided which extends in pa:rallel 

to the bottom surface of the buffer layer 4'. The supporting sealing resin 

material 54 is filled in the gaps 26 between the plural metal column-shaped 

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 defines a height or a thickness of 

the supporting scaling 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 are tightly contact with the supporting sealing resin 

material 54, so that the tops of the solder balls 13 project from the 
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supporting sealing resin material 54. ln accordance with this embodiment, 

the plural metal column-shaped buffer layers 11' are bonded by the 

adhesive 61. to the external electrode pads 17 of the multilayer 

interconnection board 3 after the high rigidity viate 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 unnecessary to 

selectively 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. 

Further, 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 increase the bonding stability between 

the solder balls 13 and the plural metal column-shaped buffer layers 11" of 

the buffer layer 4". 

In this embodiment, no process for fonning the stress absorption 

layer 121 nor subsequent process for removing a part of the stress 

absorption layer 12' from the surfaces of the solder balls 13 are required, 

thereby reducmg the number of the necessary fabrication processes as 

compared to the twelfth embodiment. The support plate 59' of this 
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embodiment is much thicker than that of the twelfth embodiment. This 

means that the amount of the injected supporting sealing resin material 54 

is much larger. Even if a large pressure is applied to the supporting layer 

59'. then the supporting layer 59' keeps a hi~h planarity of its surface, 

thereby ensUring that the tops of the solder balls 13 are projected from the 

planer surface of the supporting layer 59'. 

FOURTB'BNm EMBODIMENT ; 

A fourteenth embodiment according to the present invention will 

be described with reference to the drawing. A difference in the fourteenth 

embodiment from the first embodiment is in that in place of the solder baJls, 

external pin 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. 28 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 fourteenth 

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, 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 multilayct interconnection board 3 has arrays of 

external electrode pads 17 on which external pin electrodes 71 are provided. 

A s~aling resin material 15 is provided over the first surface of the 
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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 

multilayer interconnection board 3. The external pin electrodes 71 are 

much higher in flexibility or stress-absorbility than the solder balls. In this 

embodiment, in place 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. 

E[ETBENTH EMBODIMENT : 

A fifteenth embodiment according to the present invention will 

be descn'bcd with reference to the drawing. A difference in the fifteenth 

embodiment from the first embodiment is in that in place of the solder balls~ 

external cofi .. spring 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. 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. 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 

clcctricaHy 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 extcmal electrode pads 17 on which external coil­

spring electrodes 71' 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 solder 

balls 13 are eclectically connected to each other through multilevel 

interconnections of the multilayer interconnection board 3. The external 

coil-spring electrodes 71' are much higher in flexibility or stress-absorbility 

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 applied between the multilayer interconnection board 3 and a circuit 

board not illustrated. 

SIXTEEN'JJI 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, 

external column electrodes arc provided which are in contact with external. 

electrode pads of the multilayer interconnection and further that the heat 

spreader is not provided. 1'1G. 30 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 sixteenth 

embodiment according to the present invention. A semiconductor device 32 

Rep~aced 
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has a multilayer jnterconnection 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 intercon.ncction board 3 has arrays of 
. . 

exrernal electrode pads 17_ on which external column electrodes 71" are 

provided. A sealing resin materia115 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 interconnection board 3. The external column electrodes 71" are 

not higher in flexibility or stress-absorbility than the pin electrodes or the 

coil-spring electrodes, but much higher in rigidity than the pin electrodes or 

the coil~spri.og electrodes. Further, the external column electrodes 71" 

ensures the planarity of the multilayer interconnection board 3 when the 

multilayer interconnection board 3 is mounted on a circuit board not 

illustrated. The external column electrodes 71'' provide a large stand-off 

height, whereby a reliability in mounting the multilayer interconnection 

board 3 on the circuit board is improved. 

SEVENTEENTH EMBODIMENT; 

A seventeenth embodiment according to the pre.~ent invention 

will be described with rcfetence to the drawing. A difference in the 

seventeenth embodiment from the first embodiment is in that external 

·-238 



.. 

....... ..I ..... ,;. .... .. • ., • ., ..... 

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 a cross sectional elevation 

view illustrative of a semiconductor device having a multilayer 

interconnection board1 on which a semiconducto.r chip is mounted in a 

sixteenth 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, wherein a first surface of the flip-chip semicondllctor 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 on which external ccnter­

pinched column electrodes 71A are provided. Each of the external ccntcr­

pinched column electrodes 71A varies in horizontal cross sectional area in 

a vertical direction or a longitudinal direction, so that the horizontal cross 

sectional area becomes minimum at its center position or at an intermediate 

height whilst the horizontal cross sectional area becomes increased toward 

the top and bottom thereof. Namely, eacli of the external center-pinched 

column electrodes 71A. is pinched at its center position or ar an 

intennediatc height 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 solder balls 

13 are eclectically connected to each other through multilevel 

interconnections of the multilayer interconnection board 3. Tue external 
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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 rigidity than the pin electrodes or the coil-spring electrodes. 

In this embodiment, in place of the solder balls, the external 

center-pinched column electrodes 71A are provided which are much higher 

in flexibility or stress-absorbility than the solder balls for highly absorbing 

a stress applied between the multilayer interconnection board 3 and a 

circuit board not illustrated. Further, the external center-pinched column 

electrodes 71A ensures the planarity of the multilayer interconnection 

board 3 when the multilayer interconnection board 3 is ·mounted on a 

circuit boazd not illustrated. The external center-pinched column electrodes 

71A provide a large 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 

to 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. A semiconductor device comprising : 

an interconnection board ; and 

i~V. ':JI LI! r. :JU/ JU 

a high rigidity plate securely fixed to said interconnection board, 

said high rigidity plate being higher in rigidity than said interconnection 

board for suppressing said interconnection board from being bent. 

2. The semiconductor device as claimed in claim 1, wherein said 

interconnection board comprises a multilayer interconnectiqn 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 made of a ceramic. 

6. The semiconductor device as claimed in claim 1, wherein a base 

material of said interconnection board is an organic insulative material. 
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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 least a semiconductor chip. mounted on said first swface of 

said interconnection board ; and 

a high rigidity plate securely fixed to sa1d second surface of said 

interconnection board, said high rigidity plate being higher in rigidity than 

said interc.onncction 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 plate is made of a metal. 

11. The semiconductor device as claimed in claim 8, wherein said 

high rigidity plate is made of an alloy. 

12. The semiconductor device as claimed in claim 8, wherein said 

high rigidity plate is made of a ceramic. 
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13. . The semiconductor devic~ 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 polymer resin material. 

15. The semiconductor device as claimed ill 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 fust 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 least semiconductor 

chip. 

18. A semi.conductor device comprising: 

an interconnection board having first and second surfaces ; 

at least a semiconductor chip mounted on said first surface of 

said interconnection board ; and 
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a buffer layer having a first surface in contact with said second 

surface of said interconnection board and also said buffer layer having a 

second surface on which at least an external electrode is provided, and said 

buffer layer having at least an electrical contact between said 

interconnection board and said at least cxtemaJ electmde, and said buffer 

layer being capable of absorbing and/or relaxing a stress applied to .said at 

least external electrode to make said interconnection board free from 

application of said stress. 

19. The semiconductor device as claimed in claim 18, wherein said 

interconnection board comprises a multilayer interconnection board having 

a multilevel interconnection structure. 

20. The semiconductor device as claimed in claim 18, wherein said 

at least external electrode comprises plural external electrodes. 

21. The semiconductor device as claimed in claim 18, wherein said 

external electrode 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 

external electrode comprises a coil-spring electrode • 
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24. The scmiconductot device as claimed in claim 18, wherein said 

external electrode comprises a generally column shaped electrode. 

25. 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. 

26. The semiconductor device as claimed in claim 24~ wherein said 

generally column shaped electrode comprises a center-pinched column 

shaped electrode which decreases in horlzontal cross sectional area towatd 

an intermediate level thereof. 

27. 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 electrode pad of said 

interconnection board and a second end directly fixed said external 

electrode. 

28. .. The semiconductor device as claimed in claim 27, wherein said 

plur-dl generally column shaped electrically conductive layers are made of a 

metal. 
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29. The semiconductor device as claimed in claim 181 wherein said 

buffer layer comprises: 

plural generally column shaped electrically conductive layers, 

each 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 ; and 
.. 
an stress absorption layer filling gaps between said plural 

generally column shaped electrically conductive layers, and said stress 

absorption layer being lower 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 absorption layer is made of an organic insulative material. 

32. The semiconductor device as claimed in claim 18, wherein said 

buffer layer comprises : 

... 246 

111111111111111111111111111111 
* C L M S * 



· .. 

plural generally column shaped electrically conductive layers, 

each 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 electrically conductive layers with said external 

electrodes are inserted, and said supporting plate extending in paxallel to 

said sec.ond 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 

conduc::tive layers and parts of said external elect!odes so that said 

supporting sealing resin material is m tightly contact with said plural 

generally column shaped electrically conductive layers and said parts of 

said external. electrodes 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 

supponing scaling resin material is capable of absorbing and/or relaxing a 

stress applied to said external electrodes. 

34. Tho semiconductor device as claimed in clo.im 32, wherein said 
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plural generally column shaped electrically conductive layers are made of a 

metal. 

35. The semiconductor device as claime4 in claim 32, wherein said 

supporting sealing resin material is made of an organic insulative material. 

36. The semiconduc,tor 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 claimed in claim 35, wherein said 

supporting layer further comprises : 

a supporting plate having plural boles, into which said extemal 

electrodes are inserted, and said supporting plate extending in parallel 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 

resin material is in tightly contact with said paTts of said external electrodes 

for supporting said external electrodes. 

38. The semiconductor device as claimed in claim 18, wherein said 

at least s~miconductor 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 bumps. 

40. The semiconductor device as claimed in claim 39, further 

comprising at least 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 interconnection board for sealing said at least semiconductor chip 

and said bumps. 

42. Tue semiconductor device as claimed in claim 41, further 

comprising : 

a stiffeneT extending on a peripheral region of said buffer layer ; 

and 

at least a heat spreader provided on said at least semiconductor 

chip and on said stiffener. 

43. A semiconductor device com.prising : 

an interconnection board having first and second surfaces ; 
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. at least a semiconductor chip mounted on said first surface of 

said interc.onnection board ; 

external electrodes fixed to cxtcmal 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 electrodes. 

--~· •. ·.: ... 

44. The semiconductor device as claimed in claim 43, wherein said 

supporting layer further comprises : 

a supporting plate having plural holes, into which said external 

electrodes arc inserted, and said supporting plate extending in parallel to 

said second surface of said buffer layer to fonn 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 th.at said supporting sealing 

resin material is in tightly contact with said parts of said external electrodes 

for supporting said extemal electrodes. 

45. The semiconductor device as claimed in claim ·43, wherein said 

at least semiconductor chip is bonded via bumps to said second swface of 

said interconnection board. 

46. The semiconductor device as claimed in claim 45J 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. 

4 7. The semiconductor device as claimed in claim 46, further 

comprising at least a heat spreader provided on said at least semiconductor 

chip. 

48. The semiconductor device as claimed in claim 45, wherein 

further comprising an under-fiJl resin material provided on said fitst 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 semiconductor 

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 interconnection board, and said supporting layer further 

comprises~ 
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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 supporting plate extending 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 

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 electrodes for supporting said external electrodes. 

5 L 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 external electrodes. 

52. The semiconductor device as claimed in claim 50, wherein said 

plural generally column shaped electrically conductive layers are made of a 

metal. 

53. The semiconductor device as claimed in claim 50, wherein said 
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supporting scaling resin material is made of an organic insulative matc:ial. 

54. The semiconductor device as claimed in claim 43, wherein said 

external electrode comprises a solder ball. 

55. The semiconductor device as claimed in claim 43, wherein said 

external electrode 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 generally 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 semiconductor 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 level thereof. 
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60. A method of forming an :interconnection board, wherein during 

formation of said interconnection board, said interconnection ·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. The method as claimed in claim 60, wherein said 

interconnection board comprises a multilayer interconnection board having 

a multilevel interconnection structure. 

62. The method as claimed in claim 60, further comprising the step 

of : completely removing said high rigidity plate from said interconnection 

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. 
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66. The method as claimed in claim 62, wherein a base material of 

said interconnection board is an organic insulativc material. 

67. The method as claimed in claim 66, wherein said organic 

:rµaterial is a polymer resin material. 

68. The method as claimed in claim 60, further comprising the step 

of : selectively removing said high rigidity plate from said interconnection. 

board to fonn plural generally column shaped electrically conductive layers 

on said interconnection 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 plmal generally column shaped 

electrically conductive layers to said interco;nnection 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 electrically conductive layers, whereby said stress 

255 

I lllllll II/Ill lllll lllll II lllI 
* C L M s * 



·' ..,, .,J I "'tJ .1 I l .Ji L .,J ·:_,,;-; ·•;;·v ;. ... ·c.,; ij"\; ~,;·· .:· "'t • V I 

•· 

absorption layer is in tightly contact with said plural generally column 

shaped electrically conductive laycxs. 

71. The method as claimed in claim 70, further comprising the step 

of : forming ex.temal electrodes on said plural generally column shaped · 

electrically conductive layers so that said external electrodes aTe 

electrically connected through said plural generally column shaped 

electrically conductive layers 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 electrodes are inserted, so that said supporting plate extends in 

parallel 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 

forming a supporting sealing resin material which fills said inter­

spacc and surrounding parts of said external electrodes so th~t said 

supporting sealing res.in material is "in tightly contact with said parts of said 

external electrodes for supporting said external electrodes. 

73. The method as. claimed in claim 60, further comprising the step 

of: 

completely removing said high rigidity plate from said 
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interconnection board, after said inte1connection boa.rd is fabricated on said 

high rigidity plate ; 

forming a supporting plate having plutal holes, into which said 

external electrodes are inserted, so that said supporting plate extends m 
parallel to said second sUiface of said buffer layer to fonn an inter-space 

between said supporting plate 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 

supporting sealing resin material is in tightly contact with said parts of said 

external electrodes for supporting s~id cxtcmal electrodes. 

74. The method as claimed in claim 60, further comprising the step 

of; 

completely removing said high rigidity plate from said 

interconnection board, after said interconnection board is fabricated on said 

high rigidity plate ; 

bonding plural generally column shaped electrically 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 

electrically connected through said plural generally column shaped 

electrically conductive layers to said interconnect.ion 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 

external electrodes are inserted, and said supporting plate extending in 

parallel to said second surlace of said intercolUlection board to form an 

inter-space between said supporting plate and said second surface of said 

interconnection board ; and 

fonning a supporting sealing resin material which fills said inter­

space and surrounds both said plural generally column shaped electrically 

conductive layers and pares of said external electrodes so that said 

supponing 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 external electrodes. 

76. The method as claimed in claim 60, furcher comprising the step 

of: 

mounting at least a semiconductor chip on said interconnection 

board; and 

completely removing said high rigidity plate 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 semiconductor 

chip; and 

completely removing said high rigidity plate from said 

interconnection· 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 interconnection 

board; 

fonning at least a heat spreader on said at least semiconductor 

chip; and 

selectively removing said high rigidity plate from said 

interconnection board to form plural generally column shaped electrically 

conductive layers on said interconnection board . 
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