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SPECIFICATION

TITLE OF THE INVENTION
Semiconductor Deviée,and Process for

Manufacturing the Same

TECHNICAL FIELD

The present inventibn.relates to a semiconductor
device and a process for manufacturiné it and, more
particularly, to a technique which is effective when
applied to a chip size packége (Chip Size Package:
CSP) tYpe semiconductor dévice having a semiconductor

chip packaged on a substrate through bump electrodes.

BACKGROUND ART

The BGA (Ball Grid Array) type LSI package,.in
which a sémiconductor dgvice'ié packaged in a flip
chip oﬁer.a substrate by using.ball-shaped bump
electfodes mounted over electrodes (or padé), is
freqﬁently_employed not only as the package for
packaging the logic LSI haﬁing many I/0 (Input/OQutput)
pins but also as the package for packaging the memory
LSI, because it can be equipped with many pins while
reducing the packaging area. |

The BGA, as disclosed in USP No. 5,216,278, for
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example, is provided with the_packagé structure in
which the chip is moﬁnted by the wire bonding method
over a package substrate 6f plastics'having bump
electrodes of a solider of Pb-Sn alloy.on its back
face and is sealed with a mold resin.

Thus, the BGA provides a structure in which there
are jointed different kinds of members having
different coefficients of thermal expansion such as
the semiconductor chip méde of_single'crystalline
silicon, the package substrate made of plastics (or
ceramics) or the bump electrédes'made of the Pb-Sn
alloy solder. As a result, if the semiconductor chip
is repeatedly subjected to the temperature cycle of
heating/cooling steps after thejBGA was packaged over
the printed-circuit bpard, the stress is cdncentrated
at the bump electrodes due to the differenée in the
thermal expansion_coefficients among the members.. |

This stress concentration may shorten the bump

‘lifetime to lower the electric connection reliability

or to cause the breakage of the bump elecfrddes, as
the case may be. _

This problem will not be actualized when the bump
electrodes have a relatively large diameter, because
the bump electrodes themselves have a stress abSorbing

ability of some extent. When the diameter of the bump
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electrodes is so small as that of the BGA having many
I/0 pins or the chip size package (CSP) reduced to
substantially the same size as that of the chip,
however, a serious problem arises to lower the stress
absorbing ability of the bump electrodés. In the
design of the BGA or especially the CSP, therefore,
design techniques_are required for making the
individual members of materials"having_approximate
thermal expansion coefficients or for'interposing such
a member in the gap_beﬁWeén the chip and the substrate

as will damp and absorb the stress to be applied to

. the bump electrodes.

Japanese Patent Laid-Open No. 102466/1996 has

disclosed a process in which the bump electrodes are .

formed in a grid shape in’the individual chip areas of
a semiconductor wafer and in which the wafer is then
divided into'multipie chips. 1In this process, first
of all, wires, as_connected'with pads formed in the
periphéral eége portion of.each'chip area of the

wafer, aré led inside of the chip area. Then, the

'~ wafer is coated all over its surface with a cover coat

of polyimide or the like.. This cover coat is opened

into a grid pattern to éxpose the wires to the

outside, and bump electrodes are formed thereover.'

After this, the wafer is diced along scribe lines and
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divided into multiple chips. According to this

manufacture process, the work of arranging the bump
electrodes in the grid.shape inside of the chip is
performed by a wéfér process so fhat the chips having
the bump electrodes can be mass-produced.

| Japanese Patent Laid-Open No. 283843/1989 has
disclosed a process in which the wafer is coated on
its surface (excepﬁing the area having the bump
electrodes) with a thermoplastic resin (e.g.,
polymethyl methacrylaté).for damping the stress to be
applied to the bump eleCtrddes and in which the wafer
is then diced and divided into multiple’ chips. This
process is advantageous in that the packaged chip can
be easily repaired and that no bubble is left in the
gap between the chip and the substrate, oﬁér'the
process in which thelgap between the chip and the
substrate is charged with a resin after the chiPIWas
packaged over the substrate thiough the bump
electrodes. ' |

JapaneéeuPatent Laid-Open No. 280458/1992 has

disclosed an LSI package in which the stress td be
generated.due to the difference in the thermal
expansion coefficient between the chip and the

substrate is absorbed and damped by means of a rubbery

elastomer (e.g., silcone rubber having a modulus of

-
~s
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elasticity of 100 MPa or less) having projections on
its sﬁrface, by sealing the chip with the tubbery

elastomer. Over the surface of the rubbery elastomer,

there are formed wires which are connected at their

ends with the pads of the chip and extended at their
other ends over the surfages'of the projections. When
this.package is to be mounted over the substrate, the

wires over the surfaces of the projections are

soldered to the electrodes of the substrate.

Japanese Patent Laid-Open No. 111473/1996 has
disclosed a BGA type package in which there is
interposed between a chip and bump electrodes an
elastomer of low elaSticity (e.g., syloxane polymer

having a glass transition temperature of -50 °C or

. less) for damping the stress to be generated due to

the difference in the thermal expansion coefficient
between the chip and the substrate. This elastomer is
adhered to the surface of the chip by means of aﬂ
adhesive, and the pads of the chip and the bump
electrodes are electrically éonnectéd tﬁrough
conductors which are buried in the elastomer.

"Nikkei Micro Device" (pp. 92 to 98), as issued
by Nikkei BP Co., Ltd. (in October, 1996), has
disclosed a (wafer level packaging) process in which

an elastic resin'layer and a polyimide subsfrate layer
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are laminated on the sﬁrface of a wafer so that bump
eiectrodes are connected over Cu wires fdrmed over the
polyimide substréte layer and in which the wafer is
then diced to manufacture muitiple chip size packages
(éSP). The pads of the wafer énd the wires of the
polyimide substrate layer are électricaliy connected
through leads or'bonding_wires which are buried in the
elastic resin layer of the chip surface. -

Japanese Patent Laid40pén No. 77138/1990 has
disclosed a techhiéue for damping the stress to be
applied to bump electrodes_of a chip, by connecting
the bump electrodes and the electrodes of'a substrate
through thin, helical wires (as called the "micro'
leads") having spring properties or a free
deformability in all'directions‘including ho;izontal
and vertical direction. The micro leads are formed by
lamihating a plurality of different kinds of metal
films over the substrate by the sputtering method, by
etching these metal films into helical patterns.éhd by
lifting off the metal film of the lowermost layer.

USP No. 5,476,211 has disclosed a technique in
which a wire is bonded at its two ends on a common pad
of a chip to form a looped brojection to package a
semiconductor chib over a substfate thrdugh the

projection. In another mode of this Laid-Open,
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moreover, the wire is bonded at its one end over the
pad and is then formed in its entirety into an S-shape
or a straight shape so that its other end side is
connected with fhe substrate. |

Japanese Patent Laid;Open No. 177434/1988 has
disclosed a packaging strﬁcture'in wﬂich helical,
conductive springs'are_formed altogether over an
insulating sheet and having a height no larger than
the minimum transverse size are sandwiched between a
bump electrode formed over the pad of a chip and a
substrate. The conductive sprinés are formed by
etching a Cu alloy Or.the like over a thin sheet
adhered to the insulating sheet of polyimide and are
fixed at their ends 6n the insulating sheet.
According to this packaging structure, thé individual
back faces of é plurality of chips can be aligned in
theirlheights even if a substrate has a warpage when
the chips are paékaged over the substrate. As a
result, all the chips can be_held in close_contact.

with a cooling plate'whén7this cooling plate is

‘arranged on the back faces of the chips.

Japanese Patent Laid-Open No. 129772/1997 has
disclosed a chip scale package in which the step of
assembling a package after a wafer was divided into

chips is eliminated by using the back face and side
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faces of a chip as a portion of the package and by
using a passivation film covering the element forming
face of the chip as a portion of the package. This.

package is manufactured by covering the individual

'chip areas of the wafer with a two-layered passivation

film and by arranging electrodes for connecting bump
electrodes thefeover.in a grid shape. The individual
electrodes-are.electrically'éonnected with the
éorresponding pads through through holes, which are

formed by opening the upper passivation film, and

through wires which are formed over the lower

passivation film. The wafer is subjected in this
state to tests for its function or a burn-in test,
before being divided into-éhipé by dicing. After
this, the bump electrodes are connected with the
electrodes of each chip.

Japanese Patent Laid-Open No. 250498/1996 has
disclosed a technique in which bump electrodes are
formed at predetefmined positions of wires led out
from pads without being restricted by the position .or
spacing of the pads. The wires led out from the pads
are covered on their surfaces with a layer insulating
layer of photosensitive polyimide so that the buﬂp
electrodes afe formed thfough a conductive iayer oﬁer

the wires which are exposed from the openings formed
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in the layer insulating lafer. According to this
structure, the bump electrodes can be formed to an
arbitrary height so that the buﬁp lifetime can be
prolonged by suppressing'the thermai fatigue of the
bump electrodes, as might otherwise be caused due to
the difference in the-thermal expansion coefficients
between the chip and thé.substrate. |

We have examined in varioué ﬁanners-both the
semiconductor device of the prior art, in which the -

semiconductor chips are flip-chip packaged over the

substrate by using the aforementioned bump eléctrodes,_

and the process for manufacturing the semicoﬁductor
device, -and have found 6ut a novel CSP structure
having a structure capable of effectively damping and
absorbing the stress, as might otherwise be
concéntrated on the bump electrodes due to the
differenée in the thermal expansion coefficients
between the chip and the substrate, and a process for
manufacturing the CSP structure at a reasonable cost.

An object of the invéntion is to provide both a
CSP type semiconductor device having a structure

capable of effectively damping and absorbing the

stress, as might otherwise be concentrated on the bump

electrodes, which are the junctions of the

semiconductor chip and the substrate, due to the
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difference between the thermal expansion coefficients
of‘the'two, and a technique for manufacturing the -
semiconductor aevice at a reasonable cost. |

The aforementiohed and other objects and novel
features of the inventioh.will become apparent from
the following description to be made with referehce to

the accompanying drawings.

DISCLOSURE OF THE INVENTION

The representatives of the invention disclosed

herein will be briefly summarized in the following.

' According to the invehtion, there is provided a
semiconductor device in which an elastomer of low
elasticity for damping and absorbing a stress, as
might otherwise Ee concentrated on bump electrodes, is
formed over the principal face of a semiconductor chip
and in which wires connected with pads are led out to
over the upper face of the elastomer through.through
holeéﬁiormed-in the elastomer and are'¢onnected at
their one-end portions with the bump electrodes.

There is prpvided another seﬁiconductor device, in
which the wires, as led out to upper face of the |

elastomer are formed in a curved pattern so that the

- stress to be concentrated on the bump electrodes may

be absorbed and damped by the elastic deformhtion of

- 10 =
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the elastomer and bylthe extension and contraction of
the wires. |

According.to the invention, there is further
provided a process for manufacturing a semiconductor
device, in which the step of assemblihg a package ‘is

eliminated by performing the steps up to the

‘connections of the bump electrodes with the wires'by a

wafer process, by performing a testing of the burn-in
in this state and.éubSequently by dicing and dividing
the ﬁafe: into chips.

The summary of the_invention, as disclosed
herein, will be itemized in the following.
1. Ih a semiconductor device of the invention, an
elastomer layer is formed over a'plurality of
semiconductor élementé and boﬁdiﬁg pads, which are
formed over a plurality 6f chip areas of-the principal
face of a semiconductor wafer, and bump electrodes are

electrically connected at their one-end portions with

© said bonding pads through through holes opened in said

elastomer and at their other end portions with wires
arranged over said elastomer layef.

2. The semiconductor device of the invention is a
chip size péckage type semiconductor device:having
semicqnductor chips obtained by dividing the chip area

of the semiconductor wafer.

- 11 -
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3. In the semiconductor device'of the invention, a
protective layer is formed on the side faces of said
semiconductor chip. | \

4. In the semiconductor device of the invention,

said wires are formed over one face of an insulating

'tape jointed to the upper face of said elastomer

layer, and said wires énd-said.bonding pads are
electrically connected'through Au bumps jointed to the
upper faces of said bonding pads.

5. In the semiconductor device of the invention, a

plurality of stages of Au bumps are jointed over said

bonding pads. |

6. 1In the semiconductor device of the invention,
said Au bumps are:sealed with a resin filled in thel
through holes of said elastomef layer. o

7. In the semiconductor device of the invention,
said elastomer layer is made of either a
photosensitive‘resist applied to the principal face of

said semiconductor wafer or a photosensitive film

“adhered to the principal face of said semiconductor

wafer.

8. In the semiconductor device of the invention,
said elastomer layer has.a modulué of elasticity of 1
to 5,000 MPa. |

9. In the semiconductor device of the invention,

- 12 -
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said eléstomer layer has a’modﬁlus of elasticity of 1
to 1,000 MPa. |

10. 'In the semiconductor device of the invention,
said elasfomer layer has a modulus of elasticity of
about 1 to 500 MPa.

11. In the semiconductor device.of.the invention,
said elastomer layer has a film thickness of 0;005 to
0.15 mm.

12. In the semiconducto;{device of the invention,
said elastomer layer haé a film thickness of'0.01 to
0.1 mm.

13. 1In thé semiconductor device of.the invention,
said elastomer layer has a film thickness of 0.02 to
0.1 mm. | |

14. 1In the semiconductor device of the invention,

said bump electrodes have a spacing larger than that

of said bonding pads.

'15. 1In the semiconductor device of the invention,

said elastomer layer has an undulated surface.

16. In the semiconductor device of the invention,

said elastomer layer in the vicinity of said bump

electrodes have slits.
17. 1In the semiconductor device of the invention, the
wires arranged over said elastomer layer are formed at

least partially to have a qurved pattern.

- 13 -
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- 18. In the semiconductor device of the invention, the

wires arranged over sald elastomer 1ayer are formed at
least partlally to have a plurality of wires.

19. In the semiconductor device of the invention, the

- wires arranged over said elastomer layer are oriented

at a iight angle with respect to the direction joining
the bump electrodes connected with said wiresland the
center of said chip area, and the wires arranged at
the peripheral edge portion of said chip area are
longer than the wires arranged at the center portion

of said chip area.

 20. A process for.manufactnring a semiconductor

device of the invention, comprising:
(a) forming an elastomer layer over a plurality of
semiconductor elements and bonding pads,.which are

formed in a plurality of chip areas of the pr1n01pal

face of a semlconductor wafer;

(b) forming through holes over said bonding pads'or
the electrode wires which ére eléctriéally connected
With said bonding pads, by opening said elastomer
layer;

(c) forming wires to-be-electrically:COnnected at
their one-end portions with said bonding pads_through
said through holes and to be arranged at their other

end portions over éaid elastomer layer; and

- 14 -
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(d) ‘connecting bump electrodes with the other end

- portions of the wires arranged over said elastomer

layer.

21. A process for manufacturing a semiconductor
device of the invention,_compfising:

(a) forming an elastomer layer over a plurality of
seminonductor elements and bonding pads, which are
formed in a plurality of_chip areas of the principal
face of a'semiéonductor'wafer; -

(b) forming throngh holes over said bonding pads or
the electrode wireé which are eiectrically connected
with said bonding pads,. by'opening said elastomer
layer} _

(c) Jjointing an insulating tape having-wires on its
one-face to the-upper:face of said elastomer 1ayer to
connect the_oné-end pdrtions of éaid wires and said
bonding pads electrically through said through holes;
and | | | |
(d) connecting bump electrodes with the other end
portions of the wires arranged over said elastomer
layer.

22. The semiconductor device ménufacturing process of
the-invention further compriéing: dicing and dividing
the chip areas of said semiconductor wafer into

semiconductor chips. .

- 15 =
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23. The sémiconductorldevicé manufacturing process of
the invention further comprisihg: making a test prior
to dicing and dividing éaid chip areaslintq-said
semiconductor chips, to classify said plurality of
chip areas into non;aefective and defectivé ones.

24. The semiconductor device manufactﬁring'proceés of
the invention further comp:ising: formihé a fuse using
at leaSt a portion of the wires arranged pvér said
elastomer layer, to blow the fuse of the chip areas
which~are'determined to be defective by said testing.
25. The semiconductor device manufacturing process of _
the invention further domp;isihg: forming slits in fhe
principal'face or back féce_of said semiconductor
wafer at the boundary of said chip areaé, and forming
protective layers in said slits.

26. A process for manufacturing a semiconductor

~ device of the invention, comprising:

(a) forming a plurality of semiconductor elements and
a plurality of bonding pads over the individual
principal planes of a plurality of chip areas defined
by scribe lines; |

(b) forming'an.elaétomer layer over the principal
faces of said plurél chip areas;

(c) "forming through holes in said elastomer layer at

positions, as correSponding to said plurality of

- 16 -
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bonding pads, individually in said plurality of chip
areas; | | |

(d) forming such conductive layers individuélly'in |
said.plurality of chip areas'which are formed at their
6ne-end portions over said elastomer layer and

connected'at their other end portions with the

. corresponding ones of said bonding pads through said

through holes;
(e) forming bump electrodes individually in said

plurality of chip areas as which are connected_with

the one-end portidns of said conductive layers; and

(£) cutting said semiconductor wafer along said

scribe lines to form over its principal face a
plurality of semiconductor chips having sai& elastomer
layers, said conductive 1ajers and said bump
eleétrodes.

27. A semiconductor'deviCe maﬁufacturing process of-
the invention, wherein said elastomer layer is formed
of a photosensitive film, and said through holes are
formed by the photclithography_technique and the
etching technique. |

28. A semiconductor device manufacturing proéess of
the invention, wherein the step (d) of forming said
conductive layers includes: forming Au bump electrodes

over said bonding pads; and forming a wiring layer

- 17 -
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over said Au bump electrodes.

29. A semiconductor device manufacturing'process of

" the invention, wherein the step (d) of forming said

conductive layers includes; forming a metal layer all
over the surface of said elastomer layer including the
insides of said through holes; and forming a wiring

layer by patterning said metal layer.

BRIEF DESCRIPTION OF THE DRAWINGS_

Fig. 1 is a perspéctiVe view-of'a semiconductor
device according to one embodiment of the ihvention;
| Fig. 2 is a section of the seﬁicohductor device;

Eig. 3 is a secﬁion of the semiconductor device
packaged over a substréte;

Fig. 4 is a perspectivé view showing the uppér

face of an insulating tape or a member constructing

- the semiconductor device;

Fig. 5 is a perspective view showing the lower
face of the same insulating tape;
Fig. 6 is a top plan.viéw showing a prdceés-for

manufacturing a semiconductor device according to one

. embodiment of the invention;

Figs. 7 to 18 are sections showing the process
for manufacturing the semiconductor device according

to the embodiment of the invention;

- 18 -
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Fig. 19 is an overall flow diagram showing the
process for manufacturing the semiconductor device
according to the embodiment of the invention;

Figs. 20 to 23 are sections of semiconducter

- devices according to other embodiments of the

invention;

Fig. 24 is a perépective view of a semiconductor
device according to another embodiment of the
invention; .

Fig. 25 is a secfion of the semiconductor device
according to said another embodiment of the invention;

Fig. 26 is a perspective view of a semiconductor
device according to another embodiment of the
invenfion; '

Fig. 27 is a section of the éemiconductor device
according to said another embodiment of the invention;
Fig. 28 presents top plan views showing the |
patterns of wires or membefs constructing the

semiconductor deviée;

'Fig. 29 is a top-plan view showing a process for
manufacturing the semiconductor-device according to
said another embodiment of the invention;

Figs. 30 to 38 are sections'showing the process

for manufacturing the semiconductor device according

to said another embodiment of the invention;

- 19 -
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Figs. 39 and 40 are sections showing

.semiconductor devices according to other embodiments

of the invention;

Fig. 41 is a top plan view showing a
semiconductor device according to another embodiment
of the invention;

Fig. 42 is a section showiﬁg the semiconductor
device according to said another embodiment of the
inventidn;

Fig. 43 is é section showing a semiconductor
device according to another embodiment of the
invention;

Figs. 44 to 48 are sections showing a process for

‘manufacturing the semiconductor device according to

said another embodiment of the invention;

Figs.'49 to 51 are sectibns.showing semiconductor
device according to other embodiments of the
invention;

Fig. 52 is an enlarged top plan view showing a
wiring of a semiconductor device aécording to another
embodiment of the invention;

Figs. 53 and 54 are sections showing methods of
testing the semiconductor device according to other
embodiments of the inﬁention; |

Fig. 55 is a top plan view showing a

- 20 -
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semiconductor device according to another embodiment
of the invention;

Fig. 56 is an enlarged top plan view showing a
wiring of the semiconduétor device according to
another embodiment of the invention} and

Figs. 57 and 58lare sections showing.wiring of
semiconductor devices according to other embodiments

of the invention.

BEST MODE FOR CARRYING OUT_THE.INVENTION

The invention will be described in detail in

- connection with its embodiments with reference to the

accompanying drawings. Here, throughdut the drawings
for explaining the embodiments, the members having
identical_fﬁnctions will_be desiénated by the common
reference numerals, and their repeated descripﬁion

will be omitted.

Embodiment 1

Fig. 1 is a perspective view showing a CSP kghip
Size package) according to this embodiment; Fig. 2 is
a section'of the CSP; and Fig. 3 is a section of the
CSP which is packaged over a printed-circuit board,

The CSP of this embodiment is constructed to.
mainly include: a semiconductor chip 1; an eléstomer 2

cévering the principal face (or element forming face)

- 21 -
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of the semiconductor chip 1; an insulating tape'3
overlying the elastomer 2; a plurality of wires 4
formed bn one face (or loﬁer face) of the insulating
tape 3; énd solder bumps 5 connected with the ong—end'
portions of those wires 4.

The semiconductor chip 1 is made of single‘
crystalline silicon having a thickness of about 0.28
to .0.55 mm, for example, and a surface protecting film

(or passivation film) 6, as made of an insulating film

such as a silicon oxide film or a silicon nitride

film, is formed over the principal face of the
semiconductor éhip 1. In the peripheral edge portion
of thg semiconductor chip 1, there are formed a
plurality of bonding pads 7. These bonding pads 7 are
arfanged in one line élong the four sides of the
semiconductor chip 1, and Au.bumps 8 for connedting
the bonding pads 7 and the wires 4 electrically are

jointed to the surfaces of the individual bonding pads

7.

The elastomer 2 covering_the-principal face of
the semiconductor chip 1 is made, for example, of a

photoresist of low elasticity applied to the principal

- face of the semiconductor chip 1 or a photosensitive

film of low elasticity-lamihated on the principal face

of the semiconductor chip 1, and is given a film

- 22 -
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'thiékhess of aboﬁt_o.oos.to 0.15 mm, preferably about
0.01 to 0.1 mm, or more preferably about 0.02 to 0.1
mm. On the other hand, the longitudinal x transverse
size of this elastomer 2 is equal to those of the
semiconductor chip_l.'

The elastomer 2 is-construqted of a single-layer'
structure of a high molecular elastomer such as —
silicone rubber, epoxy, polyimidé, urethane or
fluorine-contained eIastomér; or a laminated structufe
having two to three laminated layers of such
éiastomers. This elastomer 2 is-forﬁed to damp the
stress, as caused due to the différence in the
coefficient of thexﬁgl expansion between the
semiconductor chip 1 and the packaging substrate, and
to protect the chip surface, and is given'a modulus of
elasticity of about 1 to 5,000 MPa, preferably about 1
to 1,000 MPa or more preférably about 1 to 500 MPa.

In the peripheral edge portion of the elastomer

2, there are formed a plurality of through holesllo.

These through holes 10 are positioned to correspond to

the bonding pads 7 which are formed in the principal

face of the semiconductor chipll. In other words, the

‘through holes 10 are formed just over the correspond-

ing boﬁding pads 7, and the Au bumps 8 are érranged in

the through hoies 10.

- 23 -
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The insulating tape 3, as arranged over the

'elastomer 2, is made of a resin such as polyimide,

glass epoxy or polyester and is given a thickness of

about 0.05 to 0.125 mm and a longitudinal x'transverse

.size equal to that of the semiconductor chip 1. This

insulating tape 3 is jointed by'means'of an adhesive

" to the upper face of thé elastomer 2. The wires 4, as

formed on one face of the insulating tape 3, are
formed by etching an electrolytic copper foil (or
rolled copper foil) adhered to the insulating tape 3,
and is plated with Au/Ni, fdr example,'on the surfaces
of their two end portions. ' '

Fig. 4 is a perspective Qiew showing the upper
face of the insulating tape 3, and Fig. 5'is a
pe?spective view_shqwing the lower'face. In the
peripheral edge portion of the insulating tape 3, as
shown in Fig. 4, there are formed a plurality of
openings 9a. Iheée openings 95 are positioned to
correspond to the bonding pads 7 of the semiconductor
chip 1 and the through holés 10 of the elastomer 2.
In the central portion of the insulating tapel3, on
the other hand,'there aré-formed.the same number of
openings 9b as that of the openings 9a. The openings’
9b are arranged longitudinaliy-and transversely ih a

grid shape. As shown in Fig. 5, there afe formed in

- 24 -
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the lower face of the insulating tape 3 the same
number of wires 4 as that of the openings 9a and 9b.
Each wire 4 is extended at its one end portion into

the corresponding opening 9a and at its other end

portion into the corresponding opening 9b.

As shown in Figs. 1 and 2, the one-end portions
of the wires 4 are electrically connected with the Au
bumps 8 through the through holes 10 fﬁrmed in the
éiastomer 2. The through holes 10 are filled therein
with a sealer 11 for protéctiﬂg the connected portions
between the wires 4 and the Au bumps 8. This sealer
11 is made of an epoxy resin, for examplé. With the

other end portions of the individual wires 4, on the

.other hand, there are electrically'connected the

spherical solder bumps 5. Thesé-solder bumps 5 are
made of a Pb-Sn eutectic alloy, a solder of high

melting point or an Au-plated Ni alloy and are given a

'diameter of about 0.25 to 0.7 mm.

The CSP thus far describéd-may be packaged in a
flip—chip-over.the printed-circuit board by
temporarily fixing, as shown in Fig. 3, the solder
bumps 5 on foot prints (or electrodes) 411 of the
printed-circuit board 40 by means of a solder paste or
flux and subsequently by causing the solder bumps 5 to

reflow in a heating furnace.

- 25 ~
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.Since the CSP of the aforémentioned embodiment
has the elastomer 2 sandwiched between the
semiconductor chip 1 and the solder bumps 5, the
stress, as generated due to the difference in the

thermal expansion coefficient between the

semiconductor chip 1 and the printed-circuit board 40,

can be damped and absdrbed_by the elastic deformation
of the elastomer 2. This.ptolongs the température
cycle lifetime of the solder bumps 5 so that the

connection reliability between the CSP and the

printed-circuit board 40 can be ensured for a long

time. As a result, the printed-circﬁit_board 40 for
packaging the CSP of this embodiment need not be made
of sﬁch an expensive matefial as is designed to have a
coefficient of thermal expansion approximate that of

the semiconductor chip 1 but can be made of an

inexpensive material (e.g., a glass ‘epoxy resin)

- having a higher thermal expansion coefficient than

that of the semiconductor chip 1.
In the CSP of this embodiment, moreover, the

elastomer 2 is formed over the principal face of the

semiconductor chip 1, and the insulating tape 3 is

jointed to the upper face of the elastomer 2, so that
the elastomer 2 and the insulating tape 3 function as

protective layers for protecting the principal face of
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the semiconductor chip 1. Thus, the semiconductor

.chip 1 need not be provided;bh its principal face with

a separate protective layer of a polyimide resin or an
epoxy resin but can be packaged.és it is over the
printed-circuit board 40.

Next, a process for manufacturing_the CsSP thus
constructed will.be described in the order of steps

with reference to Figs. 6 to 18. Fig. 6 is a top plan

view showing the entirety of a semiconductor wafer,

and Figs. 7 to 18 are sections taken along line A - A'
of Fig. 6.

First of all, there is prévided a semiconductor
wafer 50A which is made of single crystalline silicon,
as shown in Figs. 6 and 7. In each chip area 1A of
the principal face of the semiconductor wafer 504,
there is formed in advénce a not—showh LSI by the
well-known wafer procéss in which an oxidation, an ion

implantation, a diffusion, an insulated film

deposition, a conductive film deposition and a

photolithography are combined. Moreover, the

paésivatioh film 6 at the peripheral edge portion of

.each chip area 1A is opened to expose a portion of the

uppermost layer wires to the outside thereby to form

the bonding pads 7. This uppermost layer wires are

made of an Al alloy film, for example.
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Next, as shoﬁn in Fig. 8, the Aﬁ bumps é are
connected to theiupper faceslof the bonding pads 7 of
each chip area 1A. The connections of the Au bumps 8
are performed by the ball bonding method of working
the leading ends éf'Au wires into balls.

Next, as shown in Fig. 9, the elastomer 2 is

formed by spin-coating (or laminating by means of an.

- adhesive) the photosensitive resist.(or-film) of low

elasticify to the principal face of the semiconducto:
wafer 50A. Next, as shown in Fig. 10, a photo mask 20
is used to expose a predetermined area of the
elastomer 2 selectively, and the elastomer 2 is
developed to form the through hoies 10 just over the
bonding pads 7, as shown in Fig. 11, tﬁereby to expose
the Au bumps 8. Here, the thfough holes 10 cén also
be formed by using the method of irradiating the
elastomer 2 with.a laser beam having a fine spot
diameter. .

Next, as shown in Fig. 12, the insulating tapé 3

is adhered to the'upper facé'bf the elastomer 2 by

means of an adhesive. At this time, the openings 9a.

of the insulating tape 3 and the one-end portions of
the wires 4 are accurately positioned over the through
holes 10 of the elastomer 2. In order to ensure the

close contact between the elastomer_2 and the insulat-
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ihg tape 3, moreover, the inéulating tape 3 is applied

to the upper face of the elastomer 2 to bury the wires

4 in the elastomer 2 thereby to hold the upper face of

the wires 4 and the upper face of the elastomer 2 at a
substantially identical level.

| ﬁext, as shown in_Fig. 13, the wires 4 and the Au
bumps 8 are electrically connected by applying a
bonding tool 21, which has been heated to about 500 °C
’ fd one end portion of the wiré 4 through the opening
9a of the insulating tape 3. After this, as shown in
Fig. 14, the sealerlll is poﬁred into the through
holes 10 of the elastomer 2 through the openings 9a of
the insulating tape 3 and is then thermally set.

Next, as shown in Fig. 15, the solder bumps 5 are
connected to the other end portions of the wires 4, as
exéésed to the insides of the openings 9b of the
insulating tape 3. In order to connect the solder -
bumps 5 and wires 4, the solder bumps 5, which have
been shaped.into spherical shapes, are temporarily
soldered to the surfaces of the wires 4 by means of a
solder paste or flux and are then made to reflow in a
heating furnace. . |

Next, the chip area ié ié tested (for the
electric charécteristics and the burn-in) in this

state. For this testing, there is provided a test jig
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17 which has a thin film shape, as shown in Fig. 16.
This test jig 17 is constructed to have substantially
the same size as that of the semiconductof wafer 50a
and has a number of probes 18 on its oﬁe face. As
shown in Fig. 17, the testing is performed to apply
the probes 18 of the test jig 17 to the solder bumps 5
of the chip area 1A thereby to select between the non-
defective chip area 1A aﬁd the defective chip. area 1A.
Next, as shown in Fig. 18, a dicing tape 22 is
adhered to the back face of'the semiconductor wafer
50A. After this, the boundary (or scribe lines) of
each chip area 1A is diced aﬁd divided into the
semiconductor chip 1 éo'that the aforementioned CSP
shown in Figs. 1 and 2 is completed. Fig. 19 is an
entife'flow chart of the proceés'for manufacturing the
CSP. |
Thus, in the process for manufacturing the CSP of
this embodiment, all the'stepé to connect the Au bumps
8 to the upper faces of the bonding pads 7 of ihe chip

area 1A and to test the solder bumps 5, as connected

with the wires 4 of the insulating tape 3, by applying

the probe 18 to the solder bumps 5 are performed in
the wafer process (i.e., the so-called "pre-process”).
After this, the semiconductor wafer 50A is diced to

produce the semiconductor chip 1 of the CSP structure
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from the chip area 1A. Specifically, this

semiconductor chip 1 is covered at its principal face

~ with the elastomer 2 and the insulating tape 3 at the

time of dicing the semiconductor wafer 50A and is

divided by selection into the non—defective products
and the defective products. As a result, the
semiconductor chip 1 can be packaged as it is as the
CSP over .the printed-circuit board 40. This |
substantially eliminates such'paékaging prodeSs (or
the so-called "post-process") of the semiconductor
chip 1 as haé been pérformed in the prior art after
the dicing of the semiconductor wafer 50A..

Here in the CSP shown in Figs. 1 and 2, the wires
4 are arranged on the lower face side of the
insulating tape 3 which is adhered to the ﬁpper face
of the elastomer 2 but may be arranged on the upper
face sidé of the insulatihg tape 3, for example, as
shown in Fig. 20. Thus, the contact area between the
elastomer 2 and the insulating tape 3 is enlarged to
improve their contact thereby to eliminate the works
for burying the wires 4 in the elastomer 2. In this
modification, the surfaces of the wires 4 excepting
the ares (or.terminal portions), with which the solder

bumps 5 are connected, are coated with a solder resist

. 16.
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In another mode of the CSP, moreoyer,'the
insulating tape 3 having a modulus'of elasticity
capable of damping the stress to be generated between
the chips and the substraté may be adhered directly to

the principal face of the semicbnductor chip 1, as in

Fig. 21. In this case, the elastomer 2 can be

eliminated to reduce the numbers of parts of and

manufacture steps of the CSP. Sinqe the elastomer 2
is not used, moreover, the flatness of the principal
face of the semiconductor chip 1 is accordingly
improved to reduce the dispersion in the height of the
solder bumps 5 to be'connectéd with the wires 4
thereby to further improve the connection reliability
between the CSP and the printed-circuit board 40.

In place of the means for using the insulating
tape 3 having thé wires 4, the wires 4 méy be formed
directly over the surface of the elastomeflz,'for
example, as shown in Fig. 22. In order to form the
wires 4, the elastomer 2 is formed over the principal

face of the semiconductor chip 1 by the aforementioned

~method, for example, and a metal film is then

deposited over the surface of the elastomer 2 by the
electroless plating or deposition method. Next, the
metal film is patterned by'using the photolithography

technique. In this case, too, the numbers of the
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parts of and manufacture steps of the CSP .can be
reduced as in the foregoing mode, and the flatness of
the chip surface can be improved.

in still another mode of the CSP, the Au bumps 8
to be connecfed on the bonding pads 7 may be given a

multistage structure, for example, as shown in Fig.

23, Then, the diameter of the Au bumps 8 in the

height direction can be effectively increased to give

a stress absorbing ability of some extent to the Au

.bumps 8 themselves.

" In still another mode of the CSP, as shown in
Fig. 24 (presenting a perspective view) and Fig. 25
(presenting a section), the surface of the elastomer 2

(énd/or the insulating tape 3) may be undulated to

'make the wires 4 extendible. Then, a portion of the

stress to be applied to the solder bumps 5 can be

.damped and absorbed by the exténsion/contraction of

the wires 4 theréby'to further improve the connection
reliability between the CSP and the printed-circuit
board 40. | |
Embodiment 2

Fig. 26 is a perspecfive view showing a_cSP
according to this embodiment, and Fig. 27 is a section
of this CsP.

~In the CSP of this embodiment, the principal face

- 33 -



10

15

20

25

of the semiconductor chip 1 is coated with the

elastomer 2, and wires 12 are formed over the upper

- face of the elastomer 2. This elastomer 2 is made of

a photosensitive resist (or film) of low elasticity
similar to that empioyed in the foregoing Embodiment

1, and the wires 12 formed over the upper face of the

| elastomer 2 are electrically connected at their one-

end portions with the bonding bads 7 of the.
semiconductor chip 1 throuéh ;hrbugh holes 13 formed
in the elastomer.z. Thé othei end portions of thé
wires 12 are connected to the solder bumps 5 similar
to those of the Embodiment 1. Here, the bonding padé
7 are arranged not in thé peripheral edge portion of
the principal face of the semiconductor chip 1 but,
like the solder bumps 5, in a grid'shapé in the
central portion of the principal-face of the
semiconductor chip 1.

| As shown in Fig. 26, the wires 12 over the upper
face of the elastomer 2‘are not in a straight'pattern

but in an arcuate pattern in their paths from the

through holes 13 to the terminal portions (with which

the solder bumps 5 are connected). As shown in Fig.

27, moreover, the wires 12 are coated, on their _
surfaces excepting the terminal'portions, with the

solder resist 16. Still moreover, the semiconductor
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chip 1 is coated on its'side'faces with the:sealer 14
of an epoxy resin so that a foreign substance such as
moisture is hard to enter the chip ihside from the .
outside thréugh the side facés;

According to the Csp bf-this embodiment in which
fhe wires 12 over the upper face of the elastomer 2
are given the arcuate pattern, the stress to be

generated between the chip and the substrate is

absorbed and damped not by the elastic deformation.of

the elastomer 2 but also the extension/cohtraction of

the wires 12 so that the connection reliability

 between the CSP and the substrate is further improved.

Since.the wires 12 are given the stress absorbing
ability, moreover, the connection reliability between
the CSP and the substrape can be ensured even if the
elastomer 2 is thinned (to have a lower stress

absorbing abilitY), so that a thin CSP can be

‘realized.

In the CSP of this embodiment thus constructed,

the Au bumps 8 are not bonded to the uppgr faces of

‘the bonding pads 7 of the semiconductor chip 1 so that

no strong impact is applied to the bonding pads 7 in.
the course of the manufacture process. This makes it
possible to arrange the bonding pads 7 in any .area of

the principal face of the semiconductor chip 1
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inéluding the element forming area. Since no
consideration need be given to.the height of the Au
buﬁps-s when the elaétomer 2 is to be formed over the
principal face of the semiconductor chip 1, moreovef,
the elastomer 2 can be éasily made thin.

Here, the wires 12 can take not only the ércuate
pattern, as shown at (a) in Fig. 28, but also any
curved pattern such as_an S-shaped pattern, as shown
at (b) in Fig. 28, or an L-shaped pattern, as shown at
(c) in Fig. 28. If the wires 12 are formed at their
curved portions of a plurality of fine wiring
patterns, as shown at (d) in FiQ. 28, the
extendibility of the curved portions is further
improved, and thé wiring resistance is reduced. Even
if one wire is brokeﬁ, moreo#er, the conduction can be
retained through the remaininggﬁires. When the

adjoining fine wires are then connected at some points

into a mesh pattern, still moreover, the increase in

the wiring resistance can be minimized even if the
fine wires are broken at one point.

Next, a process for manufacturing the CSP of this

- embodiment will be described in the order of its steps

with reference to Figs. 29 to 38. Fig. 29 is a top
plan view showing the entirety of the semiconductor

wafer, and Figs. 30 and 31 are sections showing about
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one chip area of the semiconductor wafer.

First of all, there is provided a semiconductor
wafer 50B which is made of single crystalline silicon,
as shown in Fig. 29. -In each chip area 1B of the
principal face of the.semiconductor wafer 50B, there
is formed in advance a not-showh LSI. At the central
portion of'each chip area 1B, moreover, there are
fofmed in a grid shape a plurality of bonding pads 7
which are made of an Al alioy £ilm, for-exémple. |

Next, as shown in Fig. 30, the elastomer 2 is
formed by spin-coating (or. laminating by means.of_an
adhesive) the_photosensitive_resist (or film) of low
elasticity to the principal face of the semiconductor
wafeﬁ 50B. After this, as shown in.Fig. 31, the |
boundary (or scribe linés) between back face side of
the semiconductor wafer 50B and the chip area 1B is
etchéd'to form slits 15 reaching the elastomer 2.

Next, the insides of the slitS'ls are charged with a

- sealer 14 from the back face side thereby to insulate

the adjoining chip areas 1B electrically. This seéler
14 acts as a protective layer for the side faces of
the semiconductor chip 1 after the chip areas 1Blé;e
diced and divided at a'subséquent step into |
semiconductor chips 1.

As shown in Fig. 32, a photo mask 25 is used to
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- expose a predetermined area of the elastomer 2

selectively, and the elastomer 2 is developed to form
the through holes 13, as shown in Fig. 33, thereby to
expose the bonding pads 7. If the elastomer 2 in the

vicinity of the scribe lines is removed together, the

. final step of dicing is facilitated.

Next, as shown in Fig. 34, a plated layer 12A of
Au or Cu is deposited on the surface of the elastomer
2 including the insides of the through holes 13 and is

then patterned by the.etching treatment uéing a

‘photoresist film as the mask to form the wires 12

. which are connected at_théir one-end portions with the

bonding pads 7 and extended at their other end
portions over the upper face of the elastomer 2
through the through holes 13, as shown in Fig. 35. At
this time, the wireé 12 over the upper face of the
elastomer 2 are formed in the cuived patferns, as
shown in Fig. 26 or 28.

Next, as shown in Fig; 36, the surface of fhe
elastomer 2-includin§ the insides of the through holes
13 is coated with the solder resist 16 so that the
surfaces of thé wires.12-excepting the terminal
portions, with which thé.solder bumps 5 are connected,
are coated with the solder resist 16. On the other

hand, the solder resist 16, as buried in the through
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holes 13, functions as'a.sealer for brotecting the
conneétion portions between the bbnding pads 7 and the
wires 12. | |

Next, as shown in Fig. 37, the solder bumps 5 are
connected to the end pottions.of the wires 12. 1In
order to connect the solder bump 5, the solder bumps
5, which have been shaped into spherical shapes, as in
the foregoing Embodiment 1,-may'be temporarily
soldered to the wires 12 by means of a solder paste or
flux and then made to reflow in a heating furnace.

Next, the testing.(for the electric

characteristics and the burn-in) is performed in this

~ state to select between the non-defective chip area 1B

and the defective chip area 1B. After this, as shown

in Fig. 38, the dicing tape 22 is adhered to.the back

face of the semiconductor wafer 50B, and the boundary

. (or scribe lines) of each chip area 1B is diced and

divided into the semiconductor chip 1 so that the CSP
of this embodiment is completed. |
Here, in the CSP shown in Figs. 26 and 27, the
thiough ﬁoles 13 are arranged just over thé bohding
pads 7. As shown in'Fig..39, however, the through
holes 13 may be arranged in areas apart from the
bonding pads 7 so that wires 19 formed over the

surface protecting film (or passivation film) 6 may be
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lead from the bonding pads 7 to the through holes 13.

In place of the means for forming the wires 19 over
the surface protecting fiim 6, on the other hand, the
through holes 13 may be formed.in the elaétomer 2 and
the surface protecting_film-G apart from the bonding
péds 7, as shown in Fig; 40, so that wires 23, as
formed of the conductive. film (e.g., an Al alloy film) -
belonging to the same layer as the bonding pads 7, may
be lead to the ﬁhrough holes 13. ﬁere in these modes,
as in the Embodiment ‘1, there can be employed the
semiconductor chip 1 in which the bonding pads 7 are
arranged in the peripheral edge portion.

In another mpde of the CSP, moreover, slits 27
may be formed in the elastomef 2.neér the terminal
portions-to be connected with the solder bumps 5, as
shown in Fig. 41 (presenting a top plan'view) and Fig.
42 (presenting a section).  Thus, the elastomer 2 in
the vicinity of the terminals portions is made liable
-to'elastically deform by the extension/contraction of
the slifs 27 so that the stress to be applied to the
solder bumps 5 can be further reduced. At this time,
the sliﬁs 27 are paired across each terminal portion,
éé'shown, such that one of them is arranged at the
center side of the chip whereas the éther is arranged

at the opposite side. Moreover, the longitudinal
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direction of each slit 27 is oriented to intersect the

direction joining the terminal portion and the center

portion of the semiconductor chip 1 at a right angle.

Thus, it is possible to effectively damp the stress
component which is caused by the expansinn and
shrinkage of the semiconductor chip 1 in the direction
joining the terminal portion and the chip center
portion.

In the case of the CSP in which an insulating
tape 30 is laminated on'thé.upper.face of the
elastomer 2, as shown in Fig. 43, wires 33,.as fonmed
over the insulating tape 30, may be formed in the
nurved pattern, as shown in Fig. 28. | .

‘The CSP shown in Fig. 43 is manufactured by the
following process, for éxample.' First of all, as
shown in Fig. 44, the Au bumps 8 are connected to the
upper faces of the bonding pads 7 of the seminonductor
wafer 50B. After this, the elastomer 2 is spin-coated
(or laminated with an adhesive) to the principal faée
of the semiCOndnctnr wafen 50B. Independently of
this, there is provided the insulating tape 30, as
shown in Fig. 45. The wireé,33,'as formed over one
face (or upper face) of the insulating tape 30, are
connected at their one-end portions with tnrough holes

31 which are opened in the insnlating tape 30. In the
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" insides of these through holes 31, moreover, there is

formed a plated layer 32 which is partially protruded

to the lower face side of the insulating tape 30. The

wires 33 are coated, on their surfaces_excepting the
areas (or terminal.portions) with which the_solder
bumps 5 are connected at a later step, with the soldér
resist 16. _

Next, as shown in Fig. 46, the insulating tape 30
is laminated on the upper face of the elastomer 2 by
means of an adhesive to éléctrically connect the Au
bumps 8 over the bonding pads 7 énd the élated ;ayer
32 in the through holes 31. After this, as shown in
Fig. 47, the solder bumés 5 are. connected with the |
one-end portions (or terminal portions) of the wires
33 formed over the upper face of the insuléting tape
30. |

Next, the testing (for the electric
characteristics and the burn-in) is performed in this

state. After this, as shown in Fig. 48, the dicing

tape 22 is adhered to the back-face of the

semiconductor wafer 50B. Nekt, the boundary {(or
scribe lines) of each chip area 1B is diced and
divided into a plurality of semiconductor chips 1 to:
manufacture the CSP shown in Fig. 43.

In another mode of the CSP; as shown in at (a) in
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Fig. 49, slits 34 may be formed in the elastomer 2. at
the boundary of the chip area 1B and charged therein
with a sealer 35 made of a harder resin than that of

the elastomer 2. As shown at (b) in Fig. 49, the

sealer 35 functions as the protective layer for the

side faces of the semiconductor chip 1 after the

| boundary of the chip area 1B was diced. Because made

harder than the elastomer 2, the sealer 35 also has a
function fo prevent the elastomer 2 frem being
excessively deformed at the aicing time.

In still anotheerode'of_the éSP, as shown at (a)
in Fig. 50, the slits 34 may be made so deep that
their bottems may reach the inside of fhe'

semiconductor wafer 50B. Then, it is possible to

- enhance the function of the sealer 35 to protect the:

side faces of the semiconductor chip 1. At this time,

the sealer 35 is made hard (as shown at (b) in Flg.

50) to 1eave the side faces of the semlconductor chip

1 by etchlng the semiconductor wafer 50B
anisotropically to give the slits 34 a 1afger diameter

at their bottom portions than that in the vicinity of

the wafer surface.

In still another mode of the CSP, as shown at (a)
in Fig. 51, the slits 34 may be formed in the

semiconductor wafer 50B at the boundary of the chip
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area 1B. After this, as shown at (b) in Fig. 51, the
elastomer 2 may be.applied to the-principal face of
the semiconductor wafer 50B including the insides of
the slits 34. Then, the elastomer 2 can be utilized
as the layer for protecting the side faces of the
semiconductor chip 1, as shown at (¢) in Fig. 51,

thereby to eliminate the step of charging the insides

of the slits 34 with a sealer of a resin.

In still another mode of the CSP, as shown in

Fig. 52, the wires 12, as formed over the upper face

of the elaétomer or over one face of the insulating
tape, may be used at least partially as a fuse 36.
Then, the defective chip area, where a defect of short
circuit is found out by the electric characteristic
test, can be eliminated by blowing the que 36, as
formed in the defective chip area, before or during
the burn-in.

In place of the aforementioned means for
utilizing the wires 12'as the fuse 36,'moréover, the
conduction pins of the tester or the'burn-inldevice
can be kept away from the contact with the solder
bumps 5 thereby to eliminate the defectivé chip area
1B, either by scraping off the solder bumps 5 of the
chip area 1B, of which the defect of a short circuit

is found out by the electric characteristic test, as
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shown in Fig. 53, or by coating the'surfaces 6f the be
of the chip area 1B, as found qut defective, with an’
insulating layer 37 of a resin, as shown in Fig. 54.
Fig. 55 shows a mode, in which the wires 12

formed oﬁer the elastomer 2 are oriented to intersect
at a right angle the direction joining the solder
bumps 5 connected with the wires 12 and the center of
the semiconductor chip 1 and in which the wires 12

arranged in the peripheral edge portion of the

" semiconductor chip 1 aré longer than the wires 12

arranged at the central portion of the semiconductor
chip 1. Then, the stress td'be'applied to the solder
bumps 5 due to the relative positional displacement
between the solder bumps 5 and the wires 12 is
homogenized to equalize the connection lifetimes of
the solder bumps 5 all over the dhip thereby to
improve the connection reliability of the solder bumps
5. |

In this mode, the wires 12 need not always_have
the étraight pattern, but, as in Fig. 56, their
components, as taken in the direction perpendicular to
the chip center direction, may become 1ongef, when
éccumﬁlated, in proportion to the distance from the .
chip center.

Although our invention has been specifically
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~ described on the basis of its embodiments, it should

not be limited thereto but can naturally be modified

in various manners without departing from the gist

thereof.

As shown in Fig. 57, for example, the wires 12 to

be formed over the elastomer 2 jointed to the

principal face of the semiconductor chip 1 may be made

to have a multi-layered structure. In this

modification, moreover, the wires 12 for the power

supply and the wires 12 for the signals may be

“arranged in the different layers of the elastomer 2 so

as to reduce the noises. When the insulating tape 3
is jointed to the upper face of the elastomer 2,
moreover, an insulating tape 3 with the wires 33
formed on its two faces; may be used as shqwn-in Fig.

58.

INDUSTRIAL APPLICABILITY

According to.the invention, ‘it is_possible to
manufacture at a low cost thé CSP which can, by using
the elastic deformation.of the elastomer or the
extension/contraction of the wireé, damp and absorb
the stress to be appiied'to_the bump electrodes due to
the.differenée in the coefficient of thermal expansion

between the semiconductor chip and the substrate.
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" This makes it possible to provide a CSP which is
suitably used in a small, light-weight electronic
device such as a portable information terminal device

including a portable telephone, PDA and HPC.
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CLAIMS.

1. A semiconductor-device characterized: -in that an

elastomer layer is formed over a plurality of

. semiconductor elements and bonding pads, which are

formed over'a plurality of chip areas of the principal
face of a semiconductor wafer; and in that bump

electrodes are electrically'connected at their one-end

portions with said bonding pads through through holes

opened in said elastomer and at their other end

portions with wires arranged over said elastomer

- layer.

2. A chip size package type semiconductor device

comprising semiconductor chips obtained by dividing

"the chip area of said semiconductor wafer as set forth
- in Claim 1.

3. A semiconductor device as set forth in Claim 2,

characterized in that a protective layer is formed on
the side faces of said semiconductor chip.
4. A semiconductor device as set forth in Claim 1,

characterized: in that said wires are formed over one

' face of an insulating tape jointed to the upper face

of said elastomer laYet; and in that said wires and
said bdndiﬂg pads are electrically connected through

Au bumps jointed over said bonding pads.

O AR A EEELEN
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5. A semiconductor -device as set forth in Claim 4,
characterized in that a plurality of stages of Au
bumps are jointed to the upper faces of said bonding
pads. | _

6. A semiconductor device as set forth in Claim 4,
characterized'in that said Au bumps are sealed with a
resin filled in the thrdugh holes of said elastémer
layer.

7. A semiconductor device as set forth in Claim 1,
characterized in that said elastomer layer is made of
either a photosensitive resist applied to the
principal face of said semiconductor wafer or a
photosensitive film adhered to fhe principal face of
said semiconductor wafer.

8. A semiconductor deviée as set forth in Claim 1,
characterized in that said elastomer layer has a
modulus of elasticity of 1 to 5,000 MPa.

9. A semiconductor device as set forth in Claim i,
characterized in that said.elastbmer layer has a

modulus of elasticity of 1 to'1,000 MPa.

10. A semiconductor device as set forth in Claim 1,

characterized in that said elastomer layer has a
modulus of elasticity of about 1 to 500 MPa.
11. A semiconductor device as set forth in Claim 1,

characterized in that said elastomer layer has a film

[
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thickness of 0.005 to 0.15 mm.

"12. A semiconductor device as set forth in Claim 1,

10

characterized in that said elastomer layer has a film

thickness of 0.01 to 0.1 mm.

'13. A semiconductor device as set forth in Claim 1,

characterized in that said elastomer layer has a film
thickness of 0.02 to 0.1 mm. |
14. A semiconductor device as set forth in Claim 1,
characterized in that said bump electrodes have a
spacing larger than that of said bonding pads.

15. A semiconductor device as set forth in Claim 1,
characterized in that said elastomer layer has an

undulated surface.

-16. A semiconductor device as set forth in Claim 1,

15

20

25

—_—

characterized in that said elastomer layer in the

vicinity of said bump electrodes have slits.

17. A semiconductor device as set forth in Claim 1,
characterized in that the wires arranged over said
elastomer layer are formed.at least partially to have
a curved pattern.

18. A semiconductor device as set forth in Claim 1,
characterized in that the wires arranged over said
elastomer layer are formed at least partially to have
a plurality of wires.

19. A semiconductor device as set forth in.Claiﬁ 1,

—
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characterized: in that the wires arranged over said
elastomer layer are oriented at a_fight angle with
respect to the diréction jbining the_bﬁmp electrodes
connected with said wires and the center of said chip
area; and in that the wires arranged at the peripheral
edge portion of said chip area are longer than the
wires arranged at the center portion of said chip
area. |

20. A process for manufacturing a semiconductor

.device, comprising:

(a) forming an elastomer layer over a plurality of
semiconductor elements and bonding pads; which are
formed in a pluraiity of chip areas of the principal
face of a semicondu¢tor_wafer;

(b) forming through:holés'over said bonding pads or
the electrode wires which are electrically connected
with said bonding pads, by opening éaid-élastbmer
layer; | |

(c) .forming-wires to be electrically connected.at
their one-end portions'with said bonding pads through
said throughfhbles and to be arranged at their other
end portions over said elastomer layer; and

(d) connecting bump_electrodes with-thé other end
portioqs of the wires arfanged over said elastomer

layer.

- 51 -
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21. A process for manufacturing a semiconductor
device, comprising: | |

(a) forming an elastomer layer over a plurality of
sémiconductor elements and bonding pads,'which are
formed in a plurality of chip areas of the principal
face of a semiconductor wafer;

(b) forming through holes over said bonding'pads or

the electrode wires which are electrically connected

with said bonding pads, by opening said elastomer

layer;

(¢) Jjointing an insuléting tape having wires on its
one face to the upper face of said elastomer layer to
connect the one-end portions of said wires and said
bonding pads electrically through said through holes;

and

- (4) connectihg bump electrodes with the other end

portions of the wires arranged over said elastomer

layer.

. 22. A semiconductor device manufacturing process as

set forth in Claim 20 or 21, further comprising:

dicing and dividing the chip éreas of said

‘semiconductor wafer into semiconductor chips.

23. A semiconductor device manufacturing process as

~ set forth in Claim 22, further comprising: making a

test prior to dicing and dividing said chip areas into

///_.
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said semiconductor chips, to cléssify said plurality
of chip areas into non-defective and defective ones.
24. A semiconductor device manufacturing piocess as
set forth in Claim 22, fﬁfﬁher éomprisihg: forming a
fuse using'at'least a portion of the ﬁires arranged

. over said elastomer layer, to blow the fuse of the
chip areas which are determined to be defective by
said tésting. |
25. A semiconductor device'manufacturing'prbcess as
set forth in Claim 20 or 21, further comprising:
formihg slits in the principal fé#é or back face of
said semiconductor wafer at the boundary of said chip
areas, and fotming protective layers in said slits.
26. A process fér manufacturing a semicbnducto£
device, comprising:

_ (é) ' forming a plurality of semiCOnduétor elements and
a plurality of bonding pads over the individual
prinéipal planes of a plurality of chip areas defined
by scribe lines; |
(b) forming an elastomer layer over the principal
faces of said plurality of chip areas;

(c¢) forming through holes .in said elastdmef 1ayef at
positions, as corresponding'to said plurality of
bonding pads, individuallj in said plurality of chip

areas;
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' (d) forming such conductive layers individually in

said plurality of chip aréas which are formed at their
one-end portions over said elastomer layer and
connected at their other end portions wifh the
corresponding'ones oflsaid bonding pads through said
through holes;

(e) forming bump electrodes individually in said

plurality of chip areas_which are éonnected with the

one-end portions of said conductive layers; and

(f) cutting said semiconductor wafer along said
scribe lines to form over its principal face a
plurality of semiconductor chips.havihg said elastomer
layers, said conductive layers and said bump
electrodés.

27. A semiconductor device ﬁanufacturing process as
set forth in Claim 26, characierized: in that said
elastomer layer is formed of a photosensitive film;
and in that said through holes are fbrmea by'the
photolithography technique and the etching technique.
28. A semicon&ucﬁqr device manufacturing process as
set forth in Claim 26,_characterized in that the step

(d) of forming said conductive layers includes:

'formihg Au bump electrodes over said bonding pads; and

forming a wiring layer over said Au bump electrodes.

29. A semiconductor device manufacturing process as



set forth in Claim 26, characterized in that the step
(d) of forming said conductive layers includes:
-forming a metal layer all over the surface of said
elastomer layer including the insides of said through
holes; and forming a wiring lafer bf patterning said

metal layer.
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