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SPECIFICATION

Lq

TITLE OF THE INVENTION

Semiconductor device and manufacturing method thereof

BACKGROUND OF THE INVENTION

The preseﬁt invention concerns a semiconductor
integrated circuit device technique and, more in particular,
it relates to a useful téEhnique to be applied to bortable
equipments such as portable telephones and handy type
personal computers, for which a trend of reducing the size,
the weight and the thickness has become vigorous.

Recently, a trend of reducing the size, the welight and
the thickness has become vigorous for electronic equipments
along with improved function and performance for them. This
is greatly due to rapid increase of personal equipmén%s such
as personél teleﬁhones or handy type personal computers in
recent years. Further, man-machine interface functions are
increased in personally manipulated equipments, for which
-éasy handlability and operability have been considered
important more and more. It is considered that the trend
will become more and more conspicuous in expected regular
.multimedia are.

Under such a circumstance, development for increasing

the density and the integration degree of semiconductor
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chips have been made continuously, in which the side and the
number of electrodes for the semiconductor chips have been
increased, while the size of the packages has been increased
rapidly. Accordingly. narrowing for the pitch of terminal
leads has been prométed for proceeding the size reduction

of the packagps. and while makes mounting of the package
difficult abtuptly.

In view of the above, it has been proposed in recent
years high density packages with supermultiple pins having
the same area as that of the semiconductor chips and package
techniques can be mentioned, for example, as described in
literatures such as "Nikkei Microdevice” p 98 - p 102,
issued on May 1, 1994, “Nikkel Microdevice"” p 96 - p 97,.
issued on February 1, 1995 by Nikkei BPCO and "Electronic
Material”, p 22 - p 28, issued on April 1, 1995 (Heisei 7)
by Kogyo Chosakai. One example of the structures in such
package techniques, for example, as described in Fig. 6 of
the "Electronic Material”, has a package structure in which
a flexible wiring substrate i1s disposed by way of an elastomer
.(elastic”material) on the surface of a semiconductor chip,
leads on one end of wirings of the flexible wiring'substrate
are electrically connected with bonding pads on the surface
of the semiconductor chip, and bump lands on the other end
of the wirings of the flexible wiring substrate are electri-

cally connected with the solder bumps.



The package structure has an outer size about equal
with or greater than that of a semiconductor chip by the
size of a protection frame optionally attached to the peri-
phery of the chip, for which a flexible wiring substrate
formed with solder bumps 1s used. The wiring pattern of the °*
wiring substrate is made of a Cu foil applied with Au plating
on one side, the top ends of which to be connected with the
pad of the chip constitute a lead pattern only composed of
Au by the etching for the Cu foil. In this structure, the
flexible wiring substrate is.bonded by an elastomer on the
surface of the semiconductor chip and then the Au leads are

connected with the bonding pads of the semiconductor chip.

SUMMARY OF THE INVENTION

By the way, according to the study made by the present
inventor on the package structure as described above, the
following problems are considered. For example, since the
flexible wiring substrate in the package structure described
apove»has such a structure typically represented by TCP
(Tape Carrier Package) in which a Cu wiring pattern is
formed on the surface of a polyimide tape, and an elastomer
is formed to the wiring substrate on the side of the wiring
surface, it is difficult to mount the elastomer uniformiy
and stably because of unevenness of the wiring pattern on

the flexible wiring substrate. That is, it may be considered



such problems that volds not fllled with the elastomer are
formed near both sides of protrusions §f the wiring pattern
upon coating or appending the elastomer oh the flexible
wiring substrate and the steﬁ of bonding the semiconductor
chip can not be conducted stably since the size and the
shape of the elastomer are not stable.

Further, bump electrodes are formed to the wiring
substrate on the side of the tape. That is, the bump
electrode is connected with the wirings by way of a through
hole formed to the tape. Since the thickness of the tape is
relatively large, for example, as S0 gzm, if the pitch
between the buﬁp electrodes is smaller than the thickness of
the tape, the aspect ratio of the through hole is increased
to bring about a worry that the bump electrode and the
wiring are not connected. Accordingly, there may be a worry
that increase for the nﬁmber of pins of the package is
restricted.

In view of the above, an object of the present invention
is to-provide a semiconductor integrated circuit device
capable of mounting an elastic structural material to a
wirihg-substrate stably at a high accuracy, and making the
bonding step of a semiconductor chip stable thereby enabling
assembling at high yleld.

Another object of the present invention is to provide a

technique of promoting increase for the number of pins in a



package.

An object of the present invention is to provide a
semiconductor integrated circuit device capable of obtaining
excellent electrical properties in view of noise resistance
ﬁy the adoption of a multiple wiring layer structure. ’

An object of the present invention is to prevent wiring
from contamination with ingredients of an elastic structural
material.

An object of the present invention is to prevent a
semiconductor chip from injury, improve the reliability of
the semiconductor chip, as well as prevent connection failure
between an elaétic structural material and the semiconductor
chip, worsening of the flatness for the wiring substrate and
lowering of reliability. |

An object of the present invention is to eliminate
requirement for a soft-modified special wire bonder and
obtaining an effect of shortening the tact time upon bonding
by further simplifying the trace of a bonding tool.

An object of the pfesent invention is to solve a problem
"upon disconnection of wirings.

An object of the present invention is to reduce damages
to passivation or a semiconductor chip therebelow and further
improving the bondability by preventing contamination of
wirings.

An object of the present invention 1is to increase a
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bonding strength between wirlngs and a substrate material
and obtalning a stable notch cutting performance.

An object of the present invention is to suppress warp
of a wiring substrate and improve bondability with a bonding
material and constitute a package of excellent moisture
proofness and reliability.

An object of the present invention is to improve
groove-fillage of an elastic structural material, capable of
increasing the strength of a metal mask by using a plurality
of one side suspending portions and further improving the
groove-fillage by the formétion of a stopping dam for sealant
flow. -

An object of the present invention is to improve the
bondability and prevent damages to a semiconductor chip in
inner lead bonding technique.

An object of the present invention is to form a suitable
S-shaped configuration with no return of a bonding tool but
by merely driving done the bonding tool vertically by a
wiring design considering a bending stress ratio.

An object of the present invention is fo reduce occur-
rencé of cracks in wirings per se and moderate bonding
damages to a semiconductor chip.

An object of the present invention 1s to suppress
bleeding of low molecular weight ingredients of a elastic

structural material and further avoid disadvantage such as
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involvihg of volds upon forminé the elastic structural
material by surface flattening.

An object of the present invention is to improve a
fabrication accuracy for hole diameter for connection of a
bump electrode in a method of manufacturing a semiconductor
integrated circuit.

An object of the present invention is to constitute a
semiconductor package capable of bonding bump electrodes
more satisfactorily, reducing the arranging pitch of bump
electrodes and having output terminals at a higher density in
a method of manufacturing a semiconductor integrated circuit
device. |

These and other objects, as well as novél features of
the present invention will become apparent by reading the
descriptions in the specification with reference to the
accompanying drawings.

Among the inventions disclosed in the present applica-
tion, outlines will be explained simply for typical examples
as follows:.

That 1is, one of semiconductdr integrated circuit devices
accofding to the present invention provides a package struc-
ture applied to a semiconductor integrated circuit device in
which a wiring substrate is disposed by way of an elastic
structural material on a main surface of a semiconductor

chip, lead portions on one end of wirings of the wiring



substrate are electrically connected with external terminals
on the main surface of the semiconductor chip, and land
portions on the other end of the wirings of the wiring
substrate are electrically connected with bump electrodes,
wherein the wiring substrate has the wirings formed on the
main surface of a substrate base material (tape)., and an
elastic structural material 1s disposed opposife to the main
surface of the substrate base material.

Further, the bump electrodes are formed on the side of
the wirings.

Further, the bump electrodes are connected with the
wirings each b& way of a through hole disposed in an insula-
tion film formed on the wirings and having a thickness
smaller than that of the wiring base material.

Further, the external terminals of the semiconductor
chip are disposed to a central portion or an outer circum-
ferential portion of the semiconductor chip, and the bump
electrodes connected to fhe external terminals of the semi-
cqnduetor ehip by way of the wirings of the wiring substrate
are disposed to the inside, outsiqe.or both regions of the
inside and the outside to the outer circumference of the
semiconductor chip.

Further, in a semiconductor integrated circuit device
of the present invention, the size for the end of the elastic

structural member of the semiconductor chip on the side of
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the externals terminal and the end of the substrate base
material of the wiring substrate 1s determined based on
the ingredients of the elastic structural material.

Further, in a semiconductor integrated circuit device
of the present invention, a distance M2 between the end of
the substrate base material of the wiring substrate and the
end of the elastic structural material on the outer circum-
ferential side of the semiconductor integrated circuit device,
and a distance M1 between the end of the semiconductor chip
and the end of the substrate base material are determined
within a range capable of satisfying the relationship:

M1 > M2.> 0

Further, in a semiconductor integrated circuit device
of thie present invention, the wirings of the wiring substrate
are formed to such a shape that a portion fixed with the
substrate base material of the wiring substrate and a top
end portion connected to the external terminals of the
semiconductor chip are displaced at least by more than the
width.of the wirings.

Further, in a semiconductor integrated circuit device
of the present invention, the wirings of the wiring substrate
is formed as a cantilever structure fixed at one side to the
substrate base material of the wiring substrate.

Further, in a semiconductor integrated circuit device

of the present invention, the size for the end of an opening
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in a surface protection film on the semiconductor chip is
determined within such a range that the wirings do not
interfere the surface protection film at least on the side of
driving down a bonding tool when the bonding tool is driven
down. ’

Further, in a semiconductor integrated circuit device
of the present invention, the wirings of the wiring substrate
is formed such that an effective area of a wiring portion of
the wiring on the side of the notch terminal end is made
greater. Particularly, the wiring portion on the side of
the notch ferminal end is connected with an opposed land
portion of thé wirings, or extended longitudinally or late-
rally in a vacant region of the wirings, or adjacent wirings
are connected with each other.

Further, in a semiconductor integrated circuit device
of the present 1nvention,.the elastic structural material is
formed within a range greater over the entire circumference
at leaét by more than fhe with of the protrusion at fhe
outer: circumferential portion formed to the elastic struc-
tural material.

'Further, in a semiconductor integrated circuit device
of the present invention, when the elastic structural material
1s formed by dividing so as not to be bonded on the external
terminals of the semiconductor chip, each of the ends of

spaces to which the divided elastic structural materials
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are opposed Is formed in a groove-shape. Particularly, a
plurality of grooves are formed to each of the ends of the
elastic structural material, or a stepping dam for sealant
flow is previously formed upon sealing step.

Further, in a semiconductor lntegrated circuit device
of the present invention, the connection structure between
the external terminals of the semiconductor chip and the
wirings of the wiring substrate are formed by previously
forming a stud bumps to the external terminal of the semi-
conductor chip, and the external terminals of the semicon-
ductor chip and the wirings of the wiring substrate are
connected by ﬁay of the stud bumps.

Further, in a semiconductor integrated circuit device
of the present invention, the connection structure between
the external terminals of the semiconductor chip and the
wiring substrate is formed by previously supplying solder so
as to surround the wirings of the wiring substrate and the
external terminals of the semiconductor chip and the external
terminals of the semiconductor chip are connected by way of
the solder.

'Further, in a semiconductor integrated circuit device
of the.present invention, the connection structure between
the external terminal of the semiconductor chip and the
wirings of the semiconductor substrate are formed by connec-

ting the wirings of the wirlng substrate and the external
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terminals of the semiconductor chip by way of the stud bumps
by using stud bumps of solder or Au ball so as to surround
the wirings of the wiring substrate from above.

Further, in a semiconductor integrated circuit device
of the present invention, the connection structure between
the external terminals of the semiconductor chip and the
wirings of the wiring substrate are formed by connecting the
wirings of the wiring substrate and the external terminals
of the semiconductor chip by using Al, solder or Au wire.

.Further, in a semiconductor integrated circuit device
of the present invention, the wiring structure of the wiring
substrate is férmed narrowing the lateral size of the wirings
from the end of the substrate base material of the wifing
substrate to the top end of the wirings, such that the
bending stress ratio a 1is represented by: |

a = ¢l/c0
where ¢ 0 1s bending strength caused at the end of the
substrate base material and o1 is maximum stress caused
to an>intermediate portion between the end of the substrate
base material and the top end of the wirings, and such that
the iateral size is made constant partiéularly from a prede-
termined position, and the size and the shape of the wirings
are determined such that the bending stress ratio a« 1is
from 1.2 to 1.5 in a case where the bending stress ratio «

is represented by the following formula:
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¢ = bl x (L2 - L1)/(b2 x L2)

in which L1 is a taper length, L2 is a wiring length, bl is
a taper width and b2 is a wiring width.

Further, in a semiconductor integrated circuit device
of the present invention, the wiring structure of the wiring
substrate is formed by using an electroconductive material as
a core material and applying Au plating on the surface.

Further, the wiring structure of the wiring substrate
ié formed by using Cu as a core material, applying Au plating
on the surface and making at least one end connected with the
- exXternal electrodes of the chip into a S-shaped configuration.

Further, in a semiconductor integrated circuit device
of the present invention, a flattening insulation film is
formed to the wiring substréte on the side of the wirings
and an elastic structural material is disposed on the insu-
lation film. |

Further, a method of manufacturing a semiconductor
integrated circuit device according to the present invention
comprises a step of forming an elastic structural material
on the rear face of a wiring substrate (tape side) in which
wirings are formed on the substrate base material (tape), a
step of bonding a semiconductor chip to the surface of the
elastic structural material so as to oppose to the wiring
substrate, a step of connecting one end of the wirings to

the external terminals of the semiconductor chip, a step of
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forming an insulation film thinner than. the substrate base
material on a main surface of the wirings, a step of forming
openings to the insulation film each at a position corres-
ponding to the other end of the wirings to be joined with
the bump eléctrodes. and a step of forming the bump elec-
trodes being joined tb the other end of the wirings by way

of the wirings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view illustrating a semiconductor
integrated circuit device as an Embodiment 1 of the present
invention; -

Fig. 2 is a cross sectional view taken along line A-A’
in Fig. 1 of the Embodiment 1 according to the present
invention; | i

Fig. 3 is a plan view illustrating the state of
mounting the semiconductor integrated circuit device in the
Embodiment 1 according to the present invention to a mounting
substrate;

Fig. 4 1s a cross sectional view illustrating the state
of mdunting the semiconductor integrated circuit device in
the Embodiment 1 according to the present invention to a
mounting substrate;

Fig. 5 is a flow chart illustrating a step of assembling

the semiconductor integrated circuit device in the Embodiment
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1 according to the present invention;

Flg. 8 1s a cross sectlional view for a main portion of
the semiconductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 7 1s a cross sectional view for a main portion for
comparﬁtive explanation of the semiconductor integrated
circuit device of the Embodiment 1 according to the present
invention and a semiconductor integrated circuit device
studied by the present inventor;

Fig. 8 is a cross sectional view for a main portion
illustrating both face wirings as a modified embodiment of a
semiconductor integrated circuit device in the Embodiment 1
according to the present invention; |

Fig. 9 is a plan view illustrating a window opening
portion of a semiconductor integrated circuilt device in the
Embodiment 1 according to the present invention;

Fig. 10 is a cross sectional view corresponding to the
window opening in Filg. 8;

Fig. i1 is a cross secticnal view for explainiﬁg the
size of a window opening and an edge portion of the
semiconductor chip in a semiconductor integrated circuit
device in the Embodiment 1 according to the present
invention;

Fig. 12 is a cross sectional view illustrating a concave

of an elastomer after printing of a semiconductor integrated
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circult device In the Embodiment 1 according to the present
invention;

Fig. 13 is a cross sectional view illustrating a tape
warping after appending a semiconducfor chip in a semicon-
ductor integrated circuit device of the Embodiment 1 accor-
ding to the present invention;

Fig. 14 is a plan view illustrating a planer S-shaped
lead of a semiconductor integrated circuit device in the
Embodiment 1 according to the present ihvention;

Fig. 15 1is a cross sectional view taken along arrow B
in Fig. 14 of a semiconductor integrated circuit device in
the Embodimenthl according to the present invention;

Fig. 18 is a cross sectional view takén along arrow A
in Fig. 14 in a semiconductor integrated circuit device in
the Embodiment 1 according to the present invention;

Fig. 17 is a cross sectional view illustrating a trace
of a bonding tool upon forming a standard S-shaped lead in a
semiconductor integrated circuit device in the Embodiment 1
agcording to the present invention;

Fig. 18 is a cross sectional view illustrating a trace
of a bonding tool upon forming a planer S-shaped lead in a
semiconductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 19 1s‘a plan view for eiplaihing a notch lead and

a beam lead of a semiconductor integrated circuit device in
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the Embodiment 1 according to the present invention;

Fig. 20 is a plan view 1llustrating a notch lead at the
portion A in Fig. 19 of a semiconductor integrated circuilt
device in the Embodiment 1 according to the present invention;

Fig. 21 1s a plan view illustrating a beam lead of a )
semiconductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 22 1is a cross sectional view illustrating a lead -
bonding poftion of a semiconductor integrated circuit device
in the Embodiment 1 according to the present invention;

Fig. 23 is a plan view illustrating a lead bonding
portion of a semiconductor integrated circuit device in the
Embodiment 1 according to the present invention;

Fig. 24 is a cross sectional view illustrating, in an |
enlarged scale, a landing position of a tool in ﬁhe portion
A in Fig. 22, of a semiconductor integrated circuit device
in the Embodiment 1 according to the preéent invention;

Fig. 25 is a cross sectional view illustrating a bonding
portion improved for the size of a passivation opening, of a
semiconduétdr integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 28 is a plan view illustrating a bonding portion
for a bothway lead, of & semiconductor integrated circuit

device in the Embodiment 1 according to the present invention;

Fig. 27 1s a plan viéﬁ 1llustrating standard anchor
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wirings, of a semiconductor integrated circult device in the
Embodiment 1 according to the present invention;

Fig. 28 is a plan view illustratiﬁg improved anchor
wirings, of a semiconductor integrated circult device Iin thé.
Embodiment 1 according to the present invention;

Fig. 29 is a perspectivé view illustrating a structure
of a standard elastomer, of a semiconductor integrated
circuit device in the Embodiment 1 according to the'present
invention; .

Fig. 30 is a perspective view illustrating a state of
appending a semiconductor chip at a standard elastomer, of a
semiconductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 31 is a perspective view illustréting a structure
of a wide elastomer, of a seﬁiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 32 is a perspective view illusfrating a state of
appending a semiconductor chip at a wide elastomer, of a
sgmicenductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 33 is a cross sectional view illustrating a state
of appending a semiconductor chip at a wide elastomer, of a
semiconductor integrated circuit device in the Embodiment 1

according to the present invention;

Fig. 34 1s a perspective view 1llustrating a structure
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of the standard elastomer after appending a semiconductor
chip, of a semiconductor integrated circuit device in the
Embodiment 1 according to the present invention;

Fig. 35 is a cross sectional view iliustrating a
structure of a standard elastomer after appending the
semiconductor chip, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present
invention;

Fig. 36 i1is a perspective view illustrating a structure
of a wide elastomer after appending the semiconductor chip,
of a semiconductor integrated circuit device in the Embodiment
1 according to‘the present invention;

Fig. 37 is a cross sectional view illustrating a struc-
ture of a wide elastomer after appending the semiconductor
chip, of a semiconductor integrated circuit device in the
Embodiment 1 according to the present invention;

Fig. 38 is a cross sectional view illustrating a concept
of metal mask printipg. of a semiconductor inteérated circuit
device in the Embodiment 1 according to the present invention;

Fig. 39 is a plan view illustrating a metal mask of a
standard elastomer, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 40 1s a plan view illustrating a metal mask of a.
wide elastomer, of a semiconductor integrated circuit device

in the Embodiment 1 accordiﬁg to the present invention:
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Flg. 41 i1s a plan view illustrating a printed shape for
a plurality of suspended wide elastomers, of a semiconductor
integrated circuit device in the Embodiment 1 according to
the present inventilon;

Fig. 42 is a plan view illustrating a potting position
for groove-fillage of a wide elastomer, of a semiconductor
integrated circuit device in the Embodiment 1 according to
the present invention;

Fig. 43 is a cross sectional view illustrating a bonding
portion by a standard lead bonding, of a semiconductor
integrated circuit device in the Embodiment 1 according to
the present in%ention;

Fig. 44 is a cross sectional view illustrating a bonding
portion by usiné stud bumps, of a semiconductor integrated
circuit device in the Embodiment 1 according to the present
invention;

Fig. 45 is a cross sectional view iilustrating a lead
connection by using soldef, of a semiconductor integrated
circuit device in the Embodiment 1 according to the present
invention;

Fig. 46 is a plan view illustrating a lead connection
using solder, of a semiconductor integrated circuit device
in the Embodiment 1 according to the present invention;

Fig. 47 is a cross sectional view illustrating a lead

connection by using solder or Au ball, of a semiconductor
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integrated circuit device in the Embodiment 1 according to
the present invention:

Fig. 48 is a perspeétive view illustrating a lead
connection by using solder or Au ball, of a semiconductor
integrated circuit device in the Embodiment 1 according to
the present invention;

Fig. 49 is a cross sectional view illustrating a lead
connectibn by using Al or soldering wire, of a semiconductor
integrated circuit device in the Embodiment 1 according to
the present invention;

Fig. 50 is a cross sectional view i1llustrating a lead
connectién by ﬁsing an Au wire, of a semiconductor integrated
circuit device in the Embodiment 1 according to the present
invention;

Fig. 51 is a perspective view explaining a lead design,
of a semiconductor integrated circuit device in the
Embodiment 1 according to the present invention;

Fig. 52 is a perspective view illustrating modification
of lead after bonding, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 53 is an explanatory view illustrating a relation-
ship between a lead size and a bending stress ratio, of a
semiconductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 54 1is a cross sectional view illustrating a
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connection portion of lead connectien, of a semlconductor
integrated circuit device in the Embodiment 1 according to
the present invention;

Fig. 55 is an enlarged cross sectional view illustrating
a lead bent portion, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 56 is an enlarged cross sectional view illustrating
a Ni-platingless lead bent portion, of a semiconductor inte-
grated circuit device in the Embodiment 1 according to the
present invention;

Fig. 57 is an enlarged crdss sectional view illustrating
a lead press éontact portion, of a semiconductorlintegrated
circuit device in the Embodiment 1 according to the present
invention; |

Fig. 58 is an enlarged cross sectional view illustrating
a Ni-platingless lead press contact portion, of a semicon-
ductor integrated circuit device in the Embodiment 1 accor-
ding to the present invention;

Fig. 59 is a crosé sectional view illustrating a struc-
ture of a-semiconductor integrated circuit device in an
Embodimenﬁ 2 according to the present invention;

Fig. 60 is a perspective view illustrating a structure
of a semiconductor integrated circult device in the
Embodiment 2 according to the present invention;

Fig. 61 is a plan view, as viewed from the rear face of
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a semiconductor chip, of a semiconductor integrated clrcult
device in the Embodiment 3 according to the present invention;

Fig. 62 1s a plan view illustrating a semiconductor
integrated circuit device in the Embodiment 3 according to
~the present inventionﬁ-

Fig. 83 ié a cross sectional view illustrating a semi-~
conductor integrated circuit device in the Embodiment 3
according to the present invention;

Fig. 64 is an enlarged cross sectional view illustrating
a portion A in Fig. 63, of a semiconductor integrated circuit
device. in the Embodiment 3 according to the present invention:

Fig. 65 ié a plan view for explaining a wiring structure
of a wiring substrate, of a semiconductor integrated circuit
device in the Embodiment 3 according to the present invention;

| Fig. 66 is a plan view, .as viewed from the rear face of
a semiconductor chip, of a semiconductor integrated circuit
device as an Embodiment 4 according to the present invention;

Fig. 87 is a plan view illustrating a semiconductor
1ptegrated-circuit device in the Embodiment 4 according to
the preseht invention;

Fig. 88 is a cross sectional view illustrating a semi-
conductor integrated circuit device in the Embodiment 4
according to the present invention;

Fig. 69 is an.enlarged-cross sectional view 1llustra-

ting a portion A in Fig. 68, of a semiconductor integrated
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circult device in the Embodiment 4 according to the present
invention;

Fig. 70 is a plaﬂ view for explaining a wiring structure
of a wiring substrate, of a semiconﬁuctor integrated circuit )
device in the Embodiment 4 according to the present invention

Fig. 71 is a plan view, as viewed from the rear face of
a semiconductor chip, of a semiconductor integrated circuit
device in the Embodiment S according to the present invention;

Fig. 72 is a plan view illustrating a semiconductor
integrated circuit device in the Embodiment 5 according to
the present invention;

Fig. 73 ié a cross sectional view illustrating a
semiconductor integrated circuit device in the Embodiment 5
aécording to the present invention;

Fig. 74 is an enlarged cross sectional view illustrating
'a portion A in Fig. 73, of a semiconductor integrated circuit
device in the Embodiment 5 according to fhe present invention;

Fig. 75 is a plan view for explaining a wiring structure
oﬁ a wiring substrate, of a semiconductor integrated circuit
device in the Embodiment 5 according to the preéent invention;

Fig. 78 is a cross sectional view illustrating the
modified shape of the lead in accordance with the bending
stress ratio in a comparative explanation between the semi-
conductor integrated circuit device in the Embodiment 1

according to the present invention and the semiconductor
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circult device studied by the present inventors;

Fig. 77 is a cross sectional view illustrating the
modified shape of the lead in aécordance with the bending
stress ratio, of the semiconductor integrated circuit device,
in the Embodiment 1 according to the present invention;

Fig. 78 is a cross sectional view illustrating the
modified shape of the lead in accordance with the bending
stress ratio, of the semiconductor integrated circuit device
. 1n the Embodiment 1 according to the present invention;

Fig. 79 is a cross sectional view illustrating the
modified shape of the lead in accordance with the bending
stress ratio, 6f the semiconductor integrated circuit device
in the Embodiment 1 according to the present invention;

Fig. 80 is a cross sectional view illustrating the
modified shape of the lead in accordance with the bending
stress ratio, of the semiconductor integrated circuit device
in the Embodiment 1 according to the bresent invention; and

Fig. 81 'is a cross sectional view illustrating a
modified example of a package structure, of the semiconductor
integ;ated circuit device in the Embodiment 1 according to

. the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be described more

specifically by way of pfeferred embodiments with reference
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to the drawlngs.

Embodiment 1

Fig. 1 1s a plan view illustrating a semiconductor
integrated circuit device as an Embodiment 1 according to
the present invention, Fig. 2 is a cross sectional view
taken along line A-A' in Fig. 1, Fig. 3 and Fig. 4 are plan
view and a cross sectional view illustrating a state of
mounting a semiconductor integrated circuit device to a
mounting substrate, Fig. 5 is a flow chart illﬁstrating a
step of assembling a semiconductor integrated circuit device,
Fig. 8 t§ Fig. 58, Fig. 76 to Fig. 81 are views for compara-
tive explanation between the feature of the semiconductor
integrated éircuit device in the Embodiment 1 of the present
invention and a semiconductor Integrated circuit device as a
comparative example studied by the present_inventor. Expla-
nation for the views are made on every technical items to be
described later.

At first, explanatidn will be made to the constitution
of a semiéonductor integrated circuit device of an Embodiment
1 with reference to Fig. 1 to Fig. 2.

The semiconductor integrated circuit device as the
Embodiment 1 of the present invention is in the form of a 40
pin ball grid array type semiconductor package, comprising a

semiconductor chip 1 having a plurality of semiconductor



27~

elements and a plurality of bonding pads formed on a main
surface, and an elastomer 2 (elastic structural material)
bonded on the main surface of the semiconductor chip excep-
ting for the portions of forming the bonding pads, a flexible.
wiring substrate 3 (wiring substqate) formed with wirings
connected at one end to the bonding pads of the semiconductor
chip 1, a solder resist 4 (insulation film) formed on a main
surface of the flexible wiring substrate 3, and bumps S

(bump electrodes) formed on a main surface of the solder
resist 4 and connected the other end of the wirings by way
of opeﬁings in the solder resist 4, to constitute a package
structure.in which the bonding portion of the semiconductor
chip 1 is covered by a sealant 6 such as a resin.

The semiconductor chip 1 has, for example, a center pad
structure as shown in Fig. 1 in which a plurality'of bonding
pads 7 (external terminals) are formed in one row to a
central portion in the longitudinal direction, and the
bonding pads are arranged each at a not-uniform interval.
Predeterminnied integrated circuits such as memory circuits
and logic.circuits are formed to the semiconductor chip 1,
for example, on a semiconductor substrate sﬁch és made of
silicon and the bonding pads 7 made of a material such as Al
are disposed as the external terminals for such circuits.

.The elastomer 2 is made of an elastic material, for

example, a silicone resin, which is formed on the main
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surface of the semlconductor chip 1 being bisected into both
longltudinal ends of the chip 1 excepting for the portion
formed with the bonding pads 7 and bonded to the main surface
of the chip 1 by way of adhesives 8. The elastomer 2 is
provided for moderating stress concentration to the soldering:
bumps 5 mainly caused by the difference of heat expansion
coefficients of the semiconductor chip 1 and the package
mounting substrate.

The flexible wiring substrate 3 comprises, for example,
as shown in Fig. 2, a tape 9 as a basic material of the
flexibie wiring substrate 3 (substrate base material) and
wirings 10 bonded on the main surface of the tape 9 by
adhesives 9', in which leads 11 on one end of the wirings 10
are connected to the bonding pads 7 of the semiconductor
chip 1, and bump lands 12 on the other end are connected
with the_soldering bumps 5. In the flexible wiring substrate
3, the rear face of the tape 8 (on the side opposite to the
surface formed with the wirings 10) is bonded to the elastomer
2, and the'solder resist 4 is formed to the main surface of
the wirinés 10.

The tape 9 constituting the flexible wiring substrate 3
is made of a material, for example, a polyimide resin, and a
material such as Cu is used as the core material for the
wiring 10. A portion of the lead 11 as one end of the

wiring 10 is formed with an Ni plating layer so as to cover
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the surface of the core material, and an Au plating layer is
formed further so as to cover the surface of the N1 plating
layer.

The solder resist 4 is made of an insulation material
such as a light senéitivé epoxy resin, and the solder bumps &-
are formed on the main surface of the wirings 10 of the
flexible wiring substrate 3 by way of the openings in the
solder resist 4 for a predetermined range of the wirings 10
excepting for the connection portion connected to the bump
lands..

The solde;ing bumps 5 are made of a material, for
example, a Pb(560%) - Sn(40%) solder or an alloyed solder
mainly composed of Pb - Sn, and connected to the bump lands
12 of the wirings 10 constituting the flexible wiring sub-
strate 3. The solder bumps 5 are disposed béing arranged
each by two rows in the régions on both side of the bonding
pads 7 of the semiconductor chip 1.

The thus constituted semiconductor integrated circuit
deviceé is mounted, for example, as shown in Fig. 3 and Fig.
4, as a sémiconductor integrated circuit device of a chip
size package 13, for example, DRAM, together with a semi-
conductor iﬁtegrated circuit device of QFP type package 14
to a mounting substrate 15 which is made, for example, of
glass or epoxy on a memory card and can be retractably

‘mounted to a portable equipment such as a portable telephone
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or a handy type personal computer by way of external connec-
ﬁion terminals 16.

For the function of the Embodiment 1 of the present
invention, the outline for the steps of assembling the .
semiconductor package will be explained on the basis of the
process flow shown in Fig. 5.

At first, before assembling the semiconductor package,
wirings 10 are formed on the tape 9, the flexible wiring
substrates haviﬁg the leads 11 formed by etchings portion of
the wirings 10, the elastomer 2, the semiconductor chip 1
formed with a.predetermined integrated circuits and provided
with the bonding pads 7 as external terminals, the sealant 6
flux and solder forming the solder balls 17 are provided.

The flexible wiring substrate 3 can be prepared, for
example, as typically represented by the technique of a TAB
(Tape Automatic Bonding) tape, by bonding a thin metal foil
such as made of Cu on the tape 9 made of a polyimide resin
by means of an adhesive, forming a required pattern by
photoresist on the metal foil using photographic technique,
then.forﬁing a requiring wiring pattern 10 by etching
(including also leads 11) and, further, applying Ni-Au
plating treatment to the surface thereof, for example, by an
electric field plating method.

Then, for example, the elastomer 2 is formed by printing

to a thickness of 50 to 150 pgm on the tape 9 of the flexible
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wiring substrate 3, and a silicone type adhesives 8 are
coated and printed on the surface of the elastomer 2 fsteps
501, S02). The elastomer 2 is not always printed but an
elastomer previously formed into a film-shape may be cut
into a predetermined shape and bonded to the rear face of
the tape ¢ by means of the adhesives 8.

Further, the leads 11 at one end of the wirings 10 of
the flexible wiring subsﬁrate 3 and the bonding pads 7 of
the semiconductor chip 1 are aligned such that their relative
positions coincide with each other, and the semiconductor
~chip llis appegded by adhesion to the elastomer z.printed on
the tape 19 of the flexible wiring substrate 3 (step 503).

Then, they are turned upside down in a state‘where the
semiconductor chip 1 and the tape 9 of the wiring substrate
3 are appended by way of the elastomer 2, the semiconductor
chip 1 and the tape 9 of the flexible wi;ing substrate 3 in
a state appended by way of thé elastomer 2 are turned upside
down in the lead bonding step, the lead 11 is driven down on
the bénding pad 7 of the semiconductor chip 1 while being
deformed'into a S-shaped configuration by a bonding tool 18
as shown by the cross section in Fig. 2, and the lead 11 and
the bonding pad 7 are connected, for example, by a method of
supersonic thermél press bonding (step 504)

Successively, in the sealing step, the lead bonding

portion of the bonding pad 7 of the semiconductor chip 1 and
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the lead 11 of the flexlble wirlng substrate 3 are resin
encapsulated, for example, by coating the sealant 6 such as
made of an epoxy resin from a dispenser 19 to thereby enhance
the reliability at the junction portion between the semicon- .
ductor chip 1 and the flexible wiring substrate 3 (step 505).

Subsequently, in the cutting step for the flexible
wiring substrate 3, the outer edge portion of the tape 9 is
cut along a position somewhat outer to the edge of the
semiconductor chip 1, to form a package outer shape of CSP
(Chip Size Packagé or Chip Scale Package) (step 5086).

Tﬁen, in the bump attaching step of the solder bump 5,
the bump 5 is formed by joining a solder ball 17 to the
corresponding bump land 12 of the wirings 10 of the flexible
wiring substrate 3 to form the bump 5 and, finally, by way
of the selection and marking, the step of assembling the
semiconductor package in the Embodiment 1 according to the
present invention is finished (step 507; 508).

Iﬁ the step of assembling the semiconductor package,
the order of the tape cutting step (step 508) and the bump
attachiné step (step 507) may be reversed.

Thus, the Embodiment 1 has a semiconductor package
structure in which bonding pads 7 are arranged concentrically
in one row to a central portion of the semiconductor chip 1,
and the solder bumps 5 are dispésed at the inside of the

outer circumference of the semiconductor chip 1 connected by
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way of the wirings 10 of the flexible wiring substrate from
the bonding pads 7.

Then, the feature of the package étructure for the
semiconductor integrated circuit device of the Embodiment 1
will be explained by comparison with the package structure
as the technique studied by the present inventor including
the structure and the process with reference to Fig. 6 to

Fig. 58 successively.

1. Surface Wiring Structure (a structure in which the
elastomer is formed to the wiring substrate on the side
of the tape and the bump electrodes are formed on the
side of the wirings).

In the'technical explanation for the surface wiring
structure, Fig. 6 is a cross sectional view for a main
portion illuétrating the surface wiring structure, Fig. 7 is
a cross sectional view for a main portién illustrating the
rear face wiring structure (a structure in which bump elec-
trodes are formed to the wiring substrate on the side of the
tape_and.the elastomer 1s formed on the side of the wirings)
and Fig. 8 is a cross sectional view for a main portion
illustrating wirings on both surfaces.

The package structure of the Embodiment 1 is a so-
called sﬁrface wiring structure as shown in an enlarged

scale in Fig. 6, in which an elastomer 2 is bonded to a
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flexlible wiring substrate 3 on the side of a tape 9 (on the
side of a semiconductor chip 1) and a solder resist 4 and a
bump electrode 5 are formed on the side of wirings 10. On
the contrary. the technique studied by the present inventor
is a so-called rear facé wiring structure, as shown in Fig.

7, in which an elastomer 2 is bonded 6n the side of wiring

10 and é solder bump 5 is formed on the side of a tape 9.

In Fig. 6, an Au plating 1la is formed, for example, by an

. electric field plating to the surface of a lead 11 on one

end and on the surface of a land 12 on the other end of the
wiring.ld.

In‘the rear face wiring structure described above, a
through hole 12b for joining the bump 5 is formed, for
-example, bj punching out fhe tape S made of a material spch
as a polyimide resin, whereas in the surface wiring stgucture
of the Embodiment 1, a solder resist 4 made of a material
such as a light sensitive epoxy resin Ié coated on the main
surface of the wiring 10, and a connection hole 12a of a
desired size is formed at a desired position by a photographic
process such as exposure and development, so that the follo-
wing advantages can be expected.

(1) Since the opening for the solder bump 5 is formed by
exposure and development of the solder resist 4, the fabri-

cation accuracy for the hole diameter can be improved com-’

pared with a case of puncturing the opening to the tape 8 of
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the flexible wiring substrate 3 In the rear face wiring
structure by machining.

(2) While the practically minimum thickness of the tape 9
is about 50 zm, the solder resist 4 can be coated to a
thickness of about 10 to 20 pgm stably depending on the
coating condition, so that a smaller solder ball 17 can be
Jjoined satisfactorily.

For example, in a case of forming a solder bump of
about 30 pgm diameter which is less than the thickness of
the tape 9, the aspect ratlo of the through hole is exces-
sively large in the rear face wiring structure to possibly
cause connection failure. On the other hand, the aspect
ratio can be léwered to cope with such a problem in the
surface wiring structure.

(3) Since the arrangement pitch of the solder bumps 5 can
be made smaller in the surface wiring structure as compared
with the rear face wiring structure, a éemiconductor package
.having output terminalé for the solder bumps at a higher
density can be constituted.

(4) Since the elastomer 2 is disposed to the flat surface
at the back of the tape 8, the elastomer 2 can be mounted
(coated or appended) in a voidless manner stably at a high
accuracy. Further, since the size and the shape of the
elastomer 2 are stabilized, the bonding step of the

semiconductor chip 1 is also stable, thereby enabling to
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conduct assembling at higher yleld.

As described above, the technique of the rear face
wiring structure results in problems such as in the formation
of the opening to the tape 9 of the flexible wiring substrate
3 and bondability between the wirings 10 of the flexible .
wiring substrate 3 and the elastomer 2, whereas such problems
can be solved by adopting the surface wiring structure in
the Embodiment 1.

Further, in the wiring structure of the flexible wiring
substrate 3, it is possible to use a flexible wiriné subst-
rate 3 having a both face wiring structure, for example, as
shown in Fig. 8, that is, having two layered wirings on both
surfaces of the tape 9, in addition to the single face
wiring structure as shown in Fig. 6, and it can be applied
further widely to three or more layered wiring structures.

In the example of Fig. 8, a first wiring 20 is used as
a signal wiring while the second wiring 21 is used as a
ground plane, in which the second wiring 21 and the bump 5
or the first wiring 20 are electrically connected by way of
a via holé 22. Such é structure has a merit capable of
obtaining excellent electric characteristic, for example, in

view of the noise resistance.

2. Optimization of tape eave to elastomer

In the technical explanation for optimization of tape
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eave to the elastomer, Flg. 9 1s a plane view lllustra-
ting window openings, Fig. 10 iIs a cross sectional view
illustrating a wihdow opening in Fig. 9 and Fig. 11 is a
cross sectional view for the explanation of the size for
the window opening portion and the edge poftion of the
semiconductor chip. |

The package structure of the Embodiment 1, as shown in
Fig. 9, has a BGA {(Ball Grid Array) structure in which the
solder bumps 5 are arranged in a matrix on the main surface
of the flexible wiring substrate 3. In this example, as
shown in Fig. 10, the semiconductor 1 has a center pad
arrangement in which an window opening portion 23_is dis-
posed longitudinally at a central portion, and the portion
and the peripheral edge of the semiconductor chip 1 are
resin capsulated by the sealant 6 to attain a structure
of high moisture proofness and reliability in the final
structure. |

By the way, in the technique studied by the present
inventor;, when the end of the elastomer 2 (on the side of
the winddw opening 23 is brought closer to the edge of the
tape 9, that is, if the size L1 between the end of the
elastomer 2 of the semiconductor chip 1 on the side of the
bonding pad 7 and the end of the tape 9 is reduced, contami-
nation to the lead 11 due to the bleeding ingredient and the

volatile ingredient of the elastomef 2 1s caused.
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On the other hand, 1f the size L1 1is made larger, that
is, 1f the elastomer 1is excessively retracted from the edge
of the tape 9, the size L2 between the end of the elastomer
2 and the solder bump 5 is reduced and since the elastomer 2
is not present below the innermost solder bump 5, this may ‘
possibly worsens the variation in the height of the solder
bump 5 or widen the encapsulation region for the window
opening 23 making it difficult to fill the sealant §.

On the contrary, in the Embodiment 1, the problems can
be solved simultanecusly by selecting the appropriate size
for Ll.and disposing the end of the elastomer 2 at an optiﬁal
position between the end of the tape 9 and the solder bump 5.

That is, since the foregoing problems are present for
the window spening 23, the size is defined as below. For
example, in this embodiment, the printing accuracy of the
elastomer 2 is defined as about +100 zm. Accordingly,
if the size L1 is less than 100 xzm, since it is out of the
tape 9 by printiné deviation, it must be greater than the
printing accuracy (100 um) at the least.

,Furfher. since there is no problem for the contamination
to the lead 11 by the bleeding ingredient or wvolatile ingre-
dient of the elastomer 2 if it is actually spaced apart by
about 300 gm from the actual result, it is determined, for
example, as 300 gm at the minimum. However, a design with

the minimum value of about 100 zm is possible if the elastomer
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2 of less contamination and bleeding 1s used or a counter-
measure, for example, cleaning of contamination is taken.

As described above, contamination to the lead 11 caused
by the bleeding ingredients or volatile ingredients of the .
elastomer 2 can be prevented, the variation in the height of
the solder bumps 5 can be made stable and the sealing region

of the window opening 23 can be filled with ease by selecting

an appropriate size L1 as the Embodiment 1.

3. Optimization for the outer size of péckage

Iﬁ the technical explanation for the optimization of
the outer size of the package, Fig. 11 is a cross sectional
view for explaining the size of the window opening and the
edge portioh of the semiconductor chip, Fig. 12 is a cross
sectional view illustrating a concave of the elastomer after
printing and Fig. 13 is a cross sectional view illustrating
a warp of a tape after appending a semiéonductor chip.

For example, in the technique studied by the present
inventor, in Fig. 11, assuming a the distance between the
"end of tﬁe semiconductor chip 1 on the outer circumference
of the package and the end of the tape 9 of the flexible
wiring substrate 3 as M1 and a distance between the end of
the elastomer 2 and the end of the tape 9 as M2, the fol-
lowing problems are present:

(1) If M1 < 0, since the outermost circumference of the



package 1ls that of the semiconductor chip 1, there is a.
great possibility of inducing cracks to the semiconductor
chip 1 in the assembling step, upon insertion and withdrawal
of a receptacle, during tray transportation and the like.
(2) If M1 < 0, M2 > 0, since the circuit surface of the
semiconductor'chip 1 is exposed to the outside, a problem is
caused fo the reliability and the sealing for preventing
this, althoﬁgh possible 1leads to increase of the steps.

(3) If ML - Me < 0, peripheral protrusions of the elastomer
2 after printing shown in Fig. 12 interferes the bonding
portion of the semiconductor chip 1 as shown in Fig. 13 to
cause bonding failure upon appending, worsening of flatness
for the flexible wiring substrate 3 and reduction of the
reliability.

(4) If M2 = d. it is necessary to cut the elastomer 2 to
cause a pfoblem in the difficulty of cutting.

On the contrary, in the Embodiment 1, the foregoing
problems can be overcome by determining thé relationship for
the distaﬁbe between the end of the semiconductor chip 1 or
the end of the elastomer 2 and end of the tape 9 as: M1 > M2 > 0
That is, in the explanatory view for the size illustrating
the edge portion of the package in Fig. 11; since the cutting
error in the tape cutting step for determining the final
outer shape 1is about 100 zm, 1t is desired to ensure more

than 100 gzm for M2 in order that the cutting Jjig does not
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reach the elastomer 2.

By the way, the cross sectlional shape after forming the
elastomer 2 by printing and hardening the same by baking is
as shown in Fig. 12, and a peripheral portion tends to be
higher being pulled by a mask upon leaving a plate after
printing in a case of a material having a thixotropic pro-
perty whigh is higher to some extent. For example, if the
semiconductor chip 1 is appended under the condition as Ml
< M2 in which the end of the semiconductor chip is smaller
than the end of the elastomer 2, a problem that the surface
of the.tape 9 warps conforming the cross sectional shape of.
the elastomer 2 is caused as shown in Fig. 13.

In order to prevent this, it is effective to escape a
high- peripheral portion of the elastomer 2 to the outside of
the semiconductor chip 1 by determining as: ML > M2. For
instance, since the width of the protrusion is about 200 zm,
it is desired that (M1 - M2) is 240 gzm, and the distance M1
is about 380 ugm in view of the distance M2 = 100 gm for
the cutting property.

_ Cutfing the tape 9 at the outer circumference as
described above provides advantages that the outer shape
error is reduced, and peripheral jigs such as a receptacle
or a tray may not be changed for the change of the size to
some extent of ﬁhe semiconductor chip 1.

As described above, in the Embodiment 1, it is possible
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to avoid cracking and chipping of the semiconductor chip 1
to ilmprove the cutting margin in the cutting step. Further,
the circuit surface of the semiconductor chip 1 can be
entirely disposed below the elastomer 2 to provide a merit
of improving the moisture proofness and eliminating the

requirement for sealing to the outer circumferential portion.

4. Planer S-shaped lead

In the technical explanation for the planer S-shaped
lead, Filg. 14 is a plan view illustrating a planer S-shaped
lead, Fig. 15 is a cross sectional view taken along arrow B
in Fig. 14, Fig. 16 is a cross sectiqnal view taken along
arrow A in Fig. 14, Fig. 17 is a cross sectional view illus-
trating a frace of a bonding tool upon forming a standard |
S-shaped lead and Fig. 18 is a cross sectional view illustra-
ting a trace of a bonding tool upon forming a planer S-shaped
lead.

The S-shaped configuration 1s such a structure in which
the féngtﬁ of a lead 11 at one end of a wiring 10 is sub-
stantially made longer thgn a linear distance between a pad
7 of a chip 1 and an edge portion 11b of a tape 9, so that
stresses on the lead li can be reduced.

For example, in the technique of forming a standard
S-shaped lead 24 studied by the present inventor, the lead

1s a linear notch lead or a beam lead as shown by the dotted
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line in Fig. 14, and in order to form a sag (S-shaped confi-
guration) enough to withstand thermal deformation.as shown

by a fine line in Fig. 15 after bonding, 1t is necessary for
such a motion as along a special bonding tool trace 25 of
once driving down the lead 11 just above the semiconductor °
chip 1, laterally displacing and then again driving down it
onto the bonding pad 7 which may require an exclusive wire
bonder.

On the contrary, in the Embodiment 1, the foregoing
problem can be solved by preparing the lead 11 of the wiring
10 not a linear shape but as a planer S-shaped lead 26 of a
S-shaped configuration in which the base portion of the
wiring 10 and the bonding portion at the top end are pre-
viously displaced at least by more than the width of the
lead 11 as shown in Fig. 14, upon forming the wiring 10 on
the tape 9 of the flexible wiring substrate 3.

As described above by forming the planer S-shaped lead
28, a planer S-shaped lead 26 of a stable and suitable S-
shaped cqﬂ%iguration can be formed by a bonding tool trace
25 by simply driving down a usual wire bonder as shown in
Fig. 18, since a sag due to the original planer S$-shaped
configuration is formed as shown in Fig. 18, although a
straightened.shape as shown in Fig.-ls is formed.

This can form the planer S-shaped lead 268 of the stable

S-shaped configuration with no requirement for a soft-
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modified special wire bonder and, further, an effect for
shortening the tact time upon bonding can also be expected

since the bonding tool trace 25 can also be simplified.

5. Beam lead

.In the technical explanation for the beam lead, Fig. 19
is a plan view for explaining a notch lead and a beam lead,
Fig. 20 is a plan view illustrating a notch lead in a portion
A of Fig. 19 and Fig. 21 1is a plan view illusfrating a beam
lead.

Fér example, in the technique studied by the present
inventor, as shown in Fig. 20 which is an enlarged view for
the lead 11 in Fig. 19, a lead 11 is formed with a notch 27,
for example; of a V-shaped cut at a cutting -portion. A
portion slightly inside of the notch 27 is driven downwardly
by a bonding tool 18 upon bonding, to cut the lead 11 at the
portion of the notch 27. . However{ the width of the notch 27
changes due to varied etching for the wiring 10 in the
manufacturing step for the flexible wiring substrate 3
failing to cut upon bonding.

Further, even if it can be cut, it may be considered to
cause such a problem that the lead is cut at a portion
different from the desired notch 27, or the notch is too
narrow and disconnected before the plating step of the

flexible wiring substrate 3 and can not be plated.
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On the contrary, in the Embodiment 1 as shown in Fig.
21; the problem upon cutting the lead 11 as described above
can be overcome by making the lead as a cantilever beam
structure, namely, a so-called beam lead 28 in which one end
is fixed to the tape 89 of the flexible wiring substrate 3 ‘
and the end as the cutting side formed with the notch 27 is

left open.

6. Passivation size for the periphery of bonding pad

In the technical explanation for the size of the
passifation fi;m at the periphery of the bonding pad, Fig.
22 is a cross sectional view illustrating a lead bonding
portion, Fig. 23 is a plan view 1llustrating a lead bonding
portion, Fig. 24 i1s a cross sectional view illustrating a
tool lénding point at the portion in Fig. 22 in an enlarged
scale, Fig. 25 is a cross sectional view illustrating a
bonding portion improved for the size of the passivation
opening and Fig. 26 is a plan view illustrating a bonding
portibn of a both way lead.

In é memory chip typically represented by DRAM or the
like, a passivation film 29 made of a polyimide type resin
is formed on the chip for preventing soft errors caused by
o -rays.

For example, in the technique studied by the present

inventor, since the lead 11 is once driven downwardly just
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above the semiconductor chip 1, then displaced laterally and
again driven downwardly on the bonding pad 7 of the semicon-
ductor chip 1 as shown by the bonding tool trace 25 in the
bonding sequence as shown in Fig. 22, Fig. 23 and Fig. 24,
it may be considered to such a problem that the passivation
29 on the semiconductor chip 1 or the semiconductor chip 1
therebelow undergoes damages by the first driving down, or
ingredients of the passivation 29 are deposited to contami-
nate the bonding portion on the lower surface of the lead 11
to worsen the bondability.

On the contrary, in the Embodiment 1, the foregoing
problems can be solved by extending the distance L3 from the
opening edge of the bonding pad 7 to the edge of the passi-
vation film 29 on the side of the bonding pad 7 shown in
Fig. 22, Fig. 23, Fig. 24 such that the passivation opening
30 is enlarged and the lead 11 does not interfere with the
passivation film 29 at least on the side of driving down the
bonding tool 18 to make an improvement as shown in Fig. 25.

That 'is, in Fig. 24, the size L3 is about 25 gm in an
example of a semiconductor chip 1, for example, a memory.
For instance, since the size of the bonding pad 7 is 100 zm
square and the size of the top end of the bonding tool 18 is
equal with or less than that, a retraction amount L3 of the
passivation 29 in Fig. 25 1s desirably, for example, about

more than 125 um.
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As described above, a sultable bonding property can be
attained without giving damages to the passivation 29 on the
semiconductor chip 1 or the semiconductor chip 1 or without
deposition of ingredients of the passivation 29 to'the
bonding portion at the lower surface of the lead 11 to cause
contamination.

‘Further, also in a case where the leads 11 extend from
both directions, the problem can also be coped similarly by
enlarging the distance from the openiné edge of the bonding
pad 7 to the edge of the passivation 29 on the side of the
bonding pad 7 at least on the side of driving down the
bonding tool. Enlargement between the edges caused no
problem even if applied to the opposite side to such an

extent as not exposing the circuit surface of the semicon-

ductor chip 1.

7. Improvement of anchor wiring

In the technical explanation for the improvement of the
anchor w;fing, Fig. 27 is a plan view illustrating a. standard
anchor wiring and Fig. 28 1s a plan view illustrating an
improved anchor wiring.

For example, in the technique studied by the present
inventors, in a pattern of a standard anchor wiring 31 on
the terminal end of a notch as shown in Fig. 27, if the

notch 27 is formed greater than a designed value, such a
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disadvantage may be considered that the lead is not cut at
the portion of the notch 27 but the bonding strength between
the wiring 10 and the tape 9 ahead of the notch in the
standard anchor wiring 31 is ylelded and the portion of the -
standard anchor wiring 31 is peeled from the tape 9.

On the contrary, in this Embodiment 1, the bonding
strength between the wiring 10 and the tape 9 can be
increased to obtain a stable cutting performance of the
notch 27 by providing an enlarged anchor wiring 32 for
enlarging the effective area in the portion for the anchor
wiring at the terminal end as shown in Fig. 28.

That is, an improved example for the enlarged anchor
wirings 32 are shown in Fig. 28.

(1) An enlarged anchor wiring 32 is connected to a bump

land 12 to an opposing #iring 11.

(2) Enlarged anchor wiring 32 is extended longitudinally

in a vacant space of the wirings 11.

(3) Enlarged anchor wiring 32 is extended laterally in the
vacant space of the wirings 11.

(4) Adjacent extended anchor wirings 32 are connected with
each other. 1In each of the examples, the cutting performance
of the notch 27 can be stabilized by the increase of the
adhesion strength between the wiring 10 and the tape 9 by
increasing the effective area for the portion of the enlarged

anchor wirings 32.
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8. Wide elastomer structure

In the technical explanation for the wide elastomer
structure, Fig. 29 is a perspective view illustrating.a
structure of a standard elastomer, Fig. 30 is a perspective =«
view illustrating the state of appending a semiconductor
chip in a standard elastomer, Fig. 31 is a perspective view
illustrating the structure of a wide elastomer, Fig. 32 1s'a
perspective view illustrating the state of appending a
semiconductor chip in the wide elastomer and Fig. 33 is a
cross sectional view illustrating the stafe of appending
a semiconductor chip in the wide elastomer. _

In the technique studied by the present inventor, the
elastomer 2 is bonded being bisected on both sides of a
bonding pad 7 of a semiconductor chip 1 and, in a structure
using a standard elastomer 33 as shown in Fig. 29 and Fig.
30, it is considered that warping occurs in the flexible
wiring substrate undergoing the effect of peripheral protru-
'sions in a structure in which the surface of the elastomer 2
is sﬁhllef than that of the semiconductor chip 1 as shown in
Fig. 13 and that the warping brings about a problem, for
example, upon forming the solder bumps 5 and mounting of the
substrate.

On the contrary, in the structure of a wide elastomer
34 greater than the outer shape of the semiconductor chip 1

of the embodiment as shown in Fig. 31, the peripheral pro-
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truslions of the wide elastomer 34 are out of the semiconductor
chip as shown in Fig. 32 and Fig. 33 after appending the
semiconductor chip 1 and since the semiconductor chip 1 is
bonded substantially to a flat portion of the widé elastomer ¢
34, warping of the flexible wiring substrate 3 can be
suppressed.

Further, as shown 1n Fig. 33, since a wide coating area
of an adhesive 8 can be taken, a portion in which the adhesive
8 is not prevail and left unbonded is reduced, and since the
adhesive is bled uniformly to the periphery of the semicon-
ductor chip 1 to form an adhesive bleeding 35, it is possible
to constitute a package of excellent moisture proofness and
reliability_without applying peripheral sealing.

That is, the width of the protrusions at the periphery
of the wide elastomer 34 is, for example, about 200 to 300
um while different depending on the physical property of
the material and, accordingly, the wide elastomer 34 is
formed over a larger range for the entire circumference at
least by dore than the protrusion width than the chip size
of the semiconductor chip 1 as shown in Fig. 3 in the
Embodiment 1.

Further, while the flatness is improved by forming the
wide elastomer 34 large enough, 1f the tape 9 is to be cut
Just at the outer circumference of the semiconductor chip 1,

the tape 9 is cut together with the wilde elastomer 34 along
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a cutting line 36, and it is necessary to define a package
outer shape.

As described above, by using the wide elastomer 34
greater than the outer shape of the semiconductor chip 1,
warping of the flexible wiring substrate 3 can be
suppressed, and bondabilitj of the semiconductor chip 1
can be made stable to improve the moisture proofness and

the reliability of the package.

9. Groove-filling technique of elastomer

In the technical explanation for the groove-filling
technique of the elastomer, Fig. 31, Fig. 32 are perspective
views illustrating the structure of thé wide elastomer and
the state of appending the semiconductor chip as described
above, Fig. 34 is a perspective view illustrating the
strucfure after appending a semiconductor chip by a standard
elastomer, Fig. 35 is a cross sectional view thereof, Fig.
36 is a perspective view illustrating a structure after
appending a semiconductor chip by a wide elastomer, Fig. 37
is a cross sectional thereof, Fig. 38 is a cross sectionali
view illustrating the concept of a metal mésk printing, Fig.
39 is a plan view illustrating a metal mask of a standard
elastomer, Fig. 40 is a plan view illustrating a metal mask
of a wide elastomer, Fig. 41 is a plan view illustrating a

printed shape of an wide elastomer having plural suspension
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and Flg. 42 1s a plan view 1lllustrating a potting position
for groove-filling of the wide elastomer.

For example, in the structure of a standard elastomer
33 shown in Fig. 34 and Fig. 35 in the technique studied by .
the present inventor, when an elastomer 2 is constituted by
printing using a metal mask 37 as shown in Fig. 38, in the
structure of the standard elastomer 33 shown in Fig. 34 and
Fig. 35, since a suspended portion 39 is always present at a
printiné area opening 38 of the metal mask 37 shown in Fig. 40,
a groove 40 (space) surrounded by walls of fhe semiconductor
chip 1 and the elastomer 2 is left below the tape suspended
portion.

Accordingly. when the window opening 23 is resin-
encapsulated in a structure in which the groove 40 is left
in the space defined with the sémiconductor chip 1 and the
elastomer 2, since the sealant 6 leaks through the groove
40, it is necessary to previously seal the portion by a
method such as separate potting and then seal the window
opening 23

As described above, the concept of the printing by the
metal mask 37 is to form the elastomer 2 for a desired range
to a desired thickness, by positioning and disposing a metai
mask 37 having a printing area opening 38 at a predetermined
position of a flexible wiring substrate 3 as a printed

matter, only to the printed portion as shown in Fig. 39 in



the case of the standard elastomer 33 and as shown in Fig.
40 in the case of the wide elastomer 34.

Accordingly, in the Embodiment 1, the wide elastomer 34
described above shown in Fig. 31 is printed by the metal mask
37 as shown in Fig. 40, in which a groove 40 surrounded by
the walls of the semiconductor chip 1 and the elastomer 2 can
be narrowed by printing the elastomer 2 having a restricted
suspension portion 39 for the printing area opening 38 of
the metal mask 37. For example, the minimum value for the
width of the groove 40 defined by the strength of the sus-
pensioﬁ portiqn 39 of the metal mask 37 is about 200 zm.

Further, in a case of a structure in which the semicon-
ductor chip is appended by coating the adhesive 8 on the
main surface of the elastomer 2, if the adhesive 8 is
coated in a sufficient amount as shown in Fig.” 36 and Fig.
37, an excessive adhesive 8 fill the groove 40 by the pres-
sure upon appending to make the window opening 23 to a
closed space, so that the window opening 23 can be sealed
without applying sealing.

Further, the groove-fillage can be improved by
restricting the suspension portion 39 of the metal mask 37
thereby narrowing the groove 40 but this results in a side
effect of lowering the strength of the metal mask 37. Then,
by providing a plurality of suspension positions on one side

as shown in Fig. 41, the strength of the metal mask 37 can
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be improved without changing the width of the groove 40
although the number of the grooves 40 iIs increased.

Further, with an aim of improving the groove-fillage,
as shown in Fig. 42, when resin, adhesive or the like is
potted, for example, to the potting position 42 of the
groove 40 of the elastomer 2 to form a stopping dam for the
sealant flow just before appending the semiconductor chip 1,
the groove-fillage can be improved further.

Further, also in a case of filling by potting before
sealing the window opening 23 after appending and bonding of
the semiconductor chip as in the technique studied above,
the sealing performance can be improved outstandingly by
restricting the width of the groove 40.

As described above, the groove-fillage can be improved,
particularly, by restricting the suspension portion 39 of
the metal mask 37 thereby narrowing the groove 40 of the
elastomer 2 and, further, the groove-fillage can be improved
further by previously forming a stopping dam for the sealant

flow to the potting position 42.

10. Inner lead bonding technique

In the explanation for the inner leéd bonding
technique, Fig. 43 is a cross sectional view illustrating
a bonding portion by a standard lead bonding, Fig. 44 is a

cross sectional view illustrating a bonding portion by using
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a stud bump, Fig. 45 and Flg. 46 are cross sectlonal view and
a plan view illustrating lead connection by using soldering,
Fig. 47 and Fig. 48 are cross sectlional view and a perspective
view illustrating leaq connection using solder or Au ball, .
Fig. 49 is a cross sectional view illustrating connection by
using Al or solder wire anq Fig. 50 is a cross sectional

view illustfating connection using an Au wire.

For example, in the technique studied by the present
inventor, a lead 11 on which Au plating is grown is directly
driven to a bdnding pad 7 and thermally press bonded by
supersonic waves. In thils case, if the bonding condition is
poor or the shépe of the bonding tool 18 is inadequate, it
is considered to bring about a problem that the bonding
strength is low or the bonding pad for a portion therebelow
undergoes damages.

On the contrary, in the Embodiment 1, the problems, for
example, of bpndability or damages caused by the bonding
condition aﬁd the shape of the bonding tool 18 described
above»can be overcome by adopting the following means for
the bondiﬁg state.

That is, Fig. 44 shows an example of using a stud bump
43. This example has a feature of using a semiconductor
chip 1 having the stud bump 43 formed previously by a plating
method or a ball bonding method to a bonding pad 7 of the

semiconductor chip 1, and the bondébility is improved and,



further, damages are prevented by the stud bump 43.

Further, Fig. 45 and'Fig. 48 aré examples of connection
for the lead 11 using a solder 44 showing a connection state
of surrounding the lead 11 with the solder 44. This example,
concerns a technique of a connection structure of connecting
a bonding pad 7 comprising Al or the like of the semiconductor
chip 1 and an electrode of a tape 9 such as TAB as a CSP
substrate. A method of feeding the solder 44 in this example
includes a method of connecting the solder 44 with the
bonding pad 7 of the semiconductor chip 1 using the tape 9
alread& in which the solder 44 is already present so as to
surround the lead 11.

For the connection method, it is desirable that the
shape of the solder 44 provided to thé tape 9 such as TAB is
made as flat as possible at the surface in contact with the
bonding pad 7 of the semiconductor chip 1 in the connection
method by pressurizing and heating using a bonder. Further,
in a connection method using a .reflow furnace, solder paste
or flux is' present to the surface.of the bonding pad 7 of
the semiconductor chip 1 so as to be in contact with the
solder 44 of the tape ¢ such as TAB.

Then, in the case of feeding the solder 44 by using the
solder paste, the solder paste is present to the surface of
the bonding pad 7 of the semiconductor chip 1 by printing or

using a syringe. In this case, the tape 9 such as TAB may
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be bonded previously or subsequently providing that the lead
11 of the tape 9 is in contact with the solder 44 when the
tape 9 is bonded to the semiconductor chip 1.

Further, Fig. 47, Fig. 48 show a connection technique
having a feature of connecting a lead 11 of a tape 9 such as
TAB onto a bonding pad 7 of a semiconductor chip 1 by using
a stud bump such as a solder or Au ball 45.

Further, Fig. 49 shows an example of connecting a wiring
10 of a flexible wiriné substrate 3 and a bonding pad 7 of a
semiconductor éhip 1 by using an Al or solder wire 486.
Furthef, Fig.‘so shoﬁs an example of connecting a wiring 10
of a flexible wiring substrate 3 and a bonding pad 7 of a
semiconductor chip 1 by using an Au wire 47. In the connec-
tion examplés, the connection is enabled not by way of the
inner lead bonding such as TAB but under the concept of a

usual wire bonding.

11. Lead design technique capable of forming S-shape with no
tool return
.In the explanation for the lead design technique capable
of forming an S-shape with no tool return, Fig. 17 is a
cross sectional view illustrating a trace of a bonding tool
upon forming a standard S-shaped lead explained previously,
Fig. 51 is a perspecfive view for explaining the lead design,

Fig. 52 1s a perspective view illustrating deformation of a



lead after bonding. Flg. 53 is an explanatory view illustra-
ting a relationship between a lead size and a bendlng stress
ratio and Fig. 76 to Flg. 80 are cross sectional views
illustrating the deformed shape of a lead in accordance with ,
the bending stress ratio.

For instance, as explained aléo in the technique for
the planer S-shaped lead 26 in the technique studied by the
present inventor, it is necessary for forming the S-shaped
configuration of the lead 11 shown in Fig. 17, to laterally
displace the bonding tool 18, namely, a special bonding
tool tface 25 including tool return is required.

On the contrary, in the Embodiment 1, if the size of a
lead 11 shown in 51 is defined, for example,'as shown in
Fig. 53, thé bending stress ratio ¢ is within a desired
range of from 1.2 to 1.5 and a suitable S-shaped configuration
for the lead 11 as shown in Fig. 52 can be formed by merely
driving down the bonding tool 18 vertically with no tool
return. In Fig. 52, are shown a tape end 48, a corner 49 on
the side of the tape and a corner 50 on the side of the chip.

For example, in the examplé of embodiment (1), the
bending stress ratio ¢ = 1.28 at the size: taper length L1
= 100 gm, wiring length L2 = 380 gm, taper width bl = 85
#m, lead width b2 = 38 zm and lead thickness h = 18 zm.
In the same manner, the ratio is 1.25 in the embodiment (2),

1.26 in the embodiment (3), 1.31 in the embodiment (4) and
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1.468 1n the embodiment (5).

On the contrary, in the studied technique, at the size:
taper length L1 = 100 gm, wiring length L2 = 280 zm,
taper width bl = 60 zm, lead width b2 = 38 zm and lead ,
thickness h = 18 gm, the bending stress ratio a 1is 1.02,
for example, in the example (1) and 1.13 exémp;e (2) which
is out of the range of 1.2 to 1.5.

As described above, since the bending stress is concen-
trated to an intermediate portion of the lead 11 upon wiring
operation within the range of fhe bending stress ratio «
from 1;2 to 1.5, a moderately distorted satisfactory ﬁiring
state is attained. On the other hand, if the bending stress
ratio ¢ 1is less than 1.2 as in the studied tecﬁniqﬁe, since
the bending.sﬁress is concentrated to the tape end 48 of the
lead 11, it results in a stiffened state. Further, if the
ratio exceeds 1.5, the bending stress is concentrated only
to the intermediate portion of the lead 11 to result in a
state of a small radius of curvature which can not be said
to be’a satisfactory wiring state.

Thenf Fig. 76 to Fig. 80 show the deformed shape of the
lead in accordance with the bending stress ratio ¢ concretely.
At first, when the bonding tool 18 is merely driven down
vertically to the lead of the initial shape before wiring
shown in Fig. 76, since the bending stress is concentrated

to the tape end 48 of the lead 11. for example, in the
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wiring operation at a < 0.9, an extremely stiffened wiring
state is formed as shown 1n Fig. 77. Accordingly, since

high repeating stresses are exerted on the lead 11 during
temperature cycle after wiring, the fatigue life is extremely
shortened.

Further, since the bending stress is concentrated to
the tape end 48 of the lead 11 in the wiring operation at
0.9 g ¢ < 1.2 as in the technique studied by the present
inventor, a somewhat stiffened wiring state is formed as
shown in Fig. 78. Accordingly, since high repeating stressed
are exérted on the lead 11 during temperatufe cycle after
the wiring, fatigue life is shortened.

On the contrary, since the bending stress is concen-
trated to an intermediate portion of the lead 11 during
wiring operation at 1.2 g ¢ g 1.5 as in phe Embodiment 1,

a moderately distorted wiring state as shown in Fig. 79 is
formed. Accordingly, since no high repeating stresses are
exerted on the lead 11 during temperature cycle after the
wiring, the fatigue life is increased.

_Furfher, upon wiring operation at 1.5 < a with
increased bending stress ratio, since the bending ratio is
concentrated only at the intermediate portion of the lead
11, a wiring state with a small radius of curvature as shown
in Fig. 80 is formed. Accordingly, since the initial

strength of the bent portion is lowered, the fatigue life



during temperature cycle after wiring is shortened.

As a result, an optimal wiring state with the
moderately distorted wiring shape is formed when the bending
stress ratio is set within a range: 1.2 s ¢ 5 1.5 as in .
the Embodiment 1, and the temperature cycle life of the lead:
11 can be increased.

The bending stress ratio a 1s defined as a value formed
by dividing the stress o1 generated at the corner 49 of the
lead 11 on the side of the tape by a stress ¢ 0 generated at
the tape end 48 of ﬁhe lead 11 upon conducting the operation
of raiéing the lead 11 just above the bonding pad 7 by the
bonding tool 18. That is, the bending stress ratio a« can
be represented by the following formula based on the size of

the lead 11 having a feature in the tapered shape:
¢ = o0l1l/00 = bl x (L2 - L1)/(b2 x L2)

'Aé described above, when the size and the shape of the
lead 11 are designed such that the bending~stress ratio «a
is from 172 to 1.5, stable and suitable S-shaped wiring
.state_can be formed by a simple driving down trace of a wire
bonder like that in.the technique for the planer S-shaped
lead 26 described above. Accordingly, since no special
soft-modified wire bonder is required and the bonding tool
trade 25 can also be simplified, an effect of shortening the

tact time upon bonding can also be expected.
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12. Ni-platingless lead

In the technical explanation for the Ni-platingless
lead, Fig. 54 is a cross sectional view illustrating a
connection portion for the lead connection, Fig. 55 is an
enlarged cross sectional view illustrating a bent portion of
a lead, Fig. 56 is an enlarge cross sectional view illustra-
ting a bent portion of an Ni-platingless lead, Fig. 57 is an
enlarged cross sectional view-illustrating a press contact
portion of a lead and Fig. 58 is an enlarged cross sectional
view iilustrating a press-contact portion of the Ni-plating-
less lead.

For example, in the technique studied By the present
inventor, in a case of a cross sectional structure of a lead
11 in which Ni-plating is applied to a surface and an Au
plating is applied further to the surface as a Cu core lead
instead of a pure Au lead, since the Ni;plating layer is
hard and brittle, if it is intended to obtain the S-shaped
lead configuration, it is considered to result in a problem
of causing crack 51 at the bent portion of the lead 11 as
shown in Fig. 55, or a bonding pad 7 or a portion therebelow
suffers from a damage 52 as shown in Fig. 57. The Ni-
plating is formed as a barrier layer for preventing Cu atoms
from diffusing to the Au plating surface.

On the contrary. in the Embodiment 1, since both the
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hardness and the brlttleness are reduced by using an Ni-
platingless lead 11 in order to obtain the S-shaped configu-
ration, the crack 51 is less formed to the lead per se and,
in addition, the damage 52 to the semiconductor chip 1 as
the counter-bonding face can also be moderated.

That is, in the connection state of the lead 11 as
shown in Fig. 54, in the lead.having a constitution of Cu
core 53 + Ni plating 54 + Au plating 55 as shown in Fig. 55
as an enlarged portion_A in Fig. 54, the crack 51 is liable
to be caused as the radius of curvature.in the bent portion
is smailer. On the other hand, 1if the surface of the lead
11 is free from the Ni plating 54 and, for example, formed
only with the Au plating 55 as shown in Fig. 56, the crack
51 is less formed to the bent portion of the lead 11 even if
the radius of curvature is identical with that in Fig. 55.

Further, also in a press-contact portion of a lead 11
in Fig. 57 i1illustrating an-enlarged portion B in Fig. 54,
fhe'lead 11 of a constitution comprising: Cu core 53 + Ni
platihg 54' + Au plating 55, a damage 52 is liable to be
caused at the periphery of a bonding pad 7. On the other
hand, if the surface of the lead 11 is free from the Ni
plating 54 and, for example, formed only with the Au plating
55 as shown in Fig. 58, the damage 52 is less caused even in
a case of bonding under the same lead bonding condition.

As described above, it 1s possible to suppress the
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occurrence of the crack S1 to the lead 11 and moderate the
damage 52 to the semiconductor chip 1 while obtaining the
S-shaped configuration, by constituting the lead 11 such
that only the plating layer, for example, an Au plating is
formed to the core material of the Cu core 53.

Therefore, according to the semiconductor integrated
circuit device in the Embodiment 1, excellent effects can be
obtained as'already explained successively by comparison
with the package structure studied by the present inventor,
in the CSP package technique of substantially the identical
size with that of the semiconductor chip, in each of the
technical items, namely, 1. Surface wiring structure, 2. Eave
optimization of the tape to the elastomer, 3. Optimization
of outer shape size of the package, 4. Planer S-shaped
lead, 5. Beam lead, 6. Peripheral PIQ size of bonding pad,

7. Improvement of anchor.wiring, 8. Wide elastomer structure,
9. Elastomer groove-fillage technique, 10. Inner lead bonding
technique, 11. Lead design technique capable of formihg-s-
shaped configuration with no tool return and 12. NI-plating-
less 1ead;

In the Embodiment 1, although explanations have been
made for the drawings and the contents of the technique on
the premise of the surface wiring structure, tﬁe technical
items 2 to 12 are not limited to the surface wiring struc-

ture but the technique is applicable also to general package



-65-

structures such as rear face wiring structure. Accordlngly,
it can be expected to obtain the same effect as explained on
every ltems when the invention is épplied to the general
package structure.

The package structure of the Embodiment 1 (Fig. 1,
Fig. 2) is shown to a case in which the elastomer 2 is
greater than the outer shape of the semiconductor chip 1.
In a case where the elastomer 2 is smaller than the outer
shape of the semiconductor chip 1 as shown in Fig. 81,
improvement for the moisture proofness or the like can be
obtainéd by forming a package structure in which the lateral
sides of the semiconductor chip 1 and the elastomer 2 are

covered with the sealant 6.

Embodiment 2

Fig. 59 and Fig. 60 are a cross sectionai view and a
perspective view illustrating a rear face wiring solder
resist structure in the semiconductor integrated circuit
device of ‘Embodiment 2 according to the present invention.

The éemiconductor integrated circuit devicé of the
Embodiment 2 is a ball grid array type semiconductor package
like that the Embodiment 1, and it 1s different from the
Embodiment 1 in that this is a technique not based on the
surface wiring technique but a technique based on and for

improving a rear face wiring structure. For instance, as



shown in Flg. 59 and Flg. 680, in a structure comprising an
elastomer 2 (elastic structural materlal) bonded on a main
surface of a semiconductor chip 1 and a flexible wiring
substrate 3 (wiring substrate) bonded to a main surface of
the elastomer 2, a solder resist 56 (insulation film) is
formed on the rear face of the flexible wiring substrate 3.
That is, the flexible wiring substrate 3 comprises a
tape 9 (substrate base material) as a base material for the
flexible wiring substrate 3 and wirings 10 bonded to the rear
face of the tape 9 in which the rear face of the wiring 10
is bonded by way of the solder resist 56 to the elastomer 2.
The solder resist 56 is composed of an insulation material
such as a light sensitive epoxy resin 1ike.that in the
Embodiment 1.

The feature of the package structure of the semicon-
ductor integrated circuit device in the Embodiment 2 will be
explained including the structure and the process in compa-
rison with the package structure as the technique studied by
the ptresent inventor.

For instance, in the rear face wiring structure shown
in Fig. 7, in the Embodiment 1 as the technique studied by
the present inventor, since the elastomer 2 is formed directly
on the main surface of the wirings 10 of the flexible wiring
substrate 3, low molécular weight ingredients of the elastomer

3 bleed directly to the lead 11 and if they bleed as far as
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the bonding polnt of the lead 11, 1t results in a problem of
extremely deteriorating the bondability (wire bonding
stress) by the contamination.

Further, compéred with the direct plating surface of .
the read 11, the surface of the tape 9 in which the wirings
10 are etched out between the leads 11 suffers from violent
bleeding since the surface of the tape 9 is roughened also
with an aim of improving the bondability between the tape 9
and the wirings 10, bleeding tends to be most violent at the
edge portion of the lead 1 together with the effect of the
surface tensiqn.

Further, in the rear face wiring structure in which the
elastomer 2 is formed to an uneven surface of the wirings 10
caused betwéen the portions with or without the wirings 10,
voids are liable to be left, for example, in the gap between
the wirings which may cause a worry in view of the reliability.

On the contrary, in the Embodiment 2, since the solder
resist 56 is formed on the wirings 10 after forming the
wirings 10 in the manufacturing step for the flexible wiring
substrate.3. direct contact of the elastomer 2 with the
wirings 10 can be prevented. In the same manner, contact of
the elastomer 2 to the roughened surface of the tape 9 can
also be prevented. This can suppress bleeding of the low

molecular weight ingredients of the elastomer 2.

Further, by coating the solder resist 56 to the uneven



-68-

surface of the wirings 10 of the flexible wiridg substrate,
the surface of the wirings 10 is flattened to avold a dis-
advantage such as involving of voids upon forming the
elastomer 2.

Accordingly., in the semiconductor integrated circuit
device of the Embodiment 2, since the solder reslist 56 is
formed on the wirings 10 of the flexible wiring substrate 3
in the CSP semiconductor package technique based oﬁ the rear
face wiring structure, it is possible to prevent the
lowering of the bondability while preventing contamination
to thellead 11_and can obtain a package structure of high
reliability with no voids.

Embodiment.3

Fig. 81 is a plan view of a semiconductor integrated
circuif device as an Embodiment 3 according to the present
invention, as viewed from the rear face of a semiconductor
chip, Fig. 62 is a plan view, Fig. 63 is a cross sectional
view,’ Fig.' 83 1s an enlarged cross sectional view for por-
tion A in.Fig. 63 and Fig. 65 is a plan view for a explaining
the wiring structure of the wiring substrate.

A semiconductor integrated circuit device in the
Embodiment 3 adopts, instead of the semiconductor package of
the structure in which the bonding pad is formed about at the

center of the chip as in the Embodiments 1 and 2 described
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above, a packaging structure of using a semiconductor chip
la in which a pad is formed to the periphery of the chip as
shown in Fig. 61 to Fig. 65 and in which bumps 5a connected
to the bonding pads to the semiconductor chip la are disposed,
to a region inward of the outer circumference of the semi-
conductor chip la. The Embodiment 3 also has a structure of
adopting the techniques from "1. Surface wiring structure”
to "12. Ni-platingless lead”, as well as the technical features
for each of the technical items for the rear face wiring solder
resist structure as explained in the Embodiment 2.

That is, the semiconductor integrated circult device in
the Embodiment 3 is, for example, a 24 pin ball grid array
type semicoﬁductor package structure, in which an elastomer
2a (elastic.structural material), a flexible wiring substrate
3a (wiring substrate) having wirings 10a formed on a tape 9a
and a solder resist 4a (insulatfon f£ilm) are disposed on a
main surface of a semiconductor chip la formed with a plurality
of bonding pads 7a (external terminals), solder bumps 5Sa
(bump*electrodes) are formed to an opening of the solder
resist 4a; and a portion for forming the bonding pads 7a and
lateral sides of the elastomer 2a and the flexible wiring
substrate 3a are covered with a sealant 8a.

The semiconductor chip la has a peripheral pad structure,
for example, as shown in Fig. 65, in which a plurality of

bonding pads 7a are formed being arranged in a square pattern
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along the outer clrcumference of the semiconductor chip 1la.
The bonding pad 7a of the semiconductor chip la 1s connected
electrically with the solder bump S5a by way of the wiring
10a of the flexible wiring substrate 3a which is connected
at one end of the lead 1la to'the pad 7a and joined at the
bump land 12a at the other end of the wiring 10a to the bump
S5a. The solder bumps 5a are disposed being arranged as 6
row X 4 column in a region inward to the arrangement for the
bonding pads 7a. |

Accordingly, also in the semiconductor integrated
circuit device of the Embodiment 3, excellent effects can be
obtained for each of the techhical items as explained for
the Embodiments 1 and 2 although there 1s a difference in
the semiconductor package structure as the fan-in peripheral
pads. Particularly, in the fan-in package structure, a CSP
structure package about at the same size as the semiconductor

chip la can be attained like that in the Embodiments 1 and 2.

Embodiment: 4 _

Fig..66 is a plan view of a semiconductor integrated
circuit device as an Embodiment 4 of the present invention
as viewed from the rear face of the semiconductor chip, Fig.
867 is a plan view, Fig. 68 is_a cross sectional view, Fig. 69
is an enlarged cross sectional view illustrating a portion A

in Fig.. 68 and Fig. 70 1s a plan view for explaining the
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wiring structure of a wiring substrate.

The semliconductor integrated circuit device of the
Embodiment 4 adopts, instead of the semiconductor package of
the struéture in which the bump electrodes are disposed in
the chip - area as in the Embodiments 1 and 2, a package
structure of using a semiconductor chip 1b of a peripheral
pad structure as shown in Fig. 66 to Fig. 70, in which bumps
5b connected to the bonding pads of the semiconductor chip
1b are disposed to a region outward to the outer circumference
of the semiconductor chip 1b. This Embodiment 4 also has a
structﬁre of adopting the technique from "1. Surface wiring
structure” to "12. Ni-platingless lead”, as explained in the
Embodiment 1, as well as the features for each of the tech-
nicallitems of the rear face wiring solder resist structure
explained for the Embodiment 2 respectively.

That is, the semiconductor integrated circuit device in
the Embodiment 4 is, for example, in a 80 pin ball grid array
type semiconductor type package structure in which an elastomer
2b (elastic structural material), a flexible wiring substrate
3b (wiriné substrate) having wirings 10b formed on a tape 9b,
and a solder resist 4b (insulation film) are disposed on a
main surface of a semiconductor chip 1b formed with a plura-
lity of bonding pads 7b (external terminals), solder bumps
Sb (bump electrodes) are formed to an opening portion of the

solder resist 4b, portions for forming bonding pads 7b are
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covered with the sealant 6b, and a support ring 57b is
disposed to the lateral side of the semiconductor chip 1b to
constitute a package structure.

The semiconductor chip 1b has a peripheral pad structure:
for example, as shown in Fig. 70, and a plurality of bonding -
pads 7b are formed being arranged in a square pattern along
the outer circumference of the semiconductor chip 1b. The
bonding pad 7b of the semiconductor chip 1b is connected
electrically with the solder bump S5b by way of the wiring
10b of the flexible wiring substrate 3b which is connected
at one end of the lead 11b with the pad 7b and joined at the
bump land 12b at the other end with the bump Sb. The solder
bumps S5b are disposed by being arranged in two rows in a
square pattern to a resin outward to the arrangement of the
bonding pads 7b of the semiconduétor chip 1b.

Accordingly, the semiconductor integrated circuit device
of the embodiment 4 can also obtain excellent effects for
each of the technical items as explained for the Embodiments
1 and>2 although having a difference as a sem;conductor
package structure of fan-out peripheral pad. Particularly,
the fan-out package structure can provide a package structure
corresponding to multi-pin arrangements although the size of

the semiconductor package is increased compared with the

Embodiments 1 and 2.
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Embodiment S

Fig. 71 is a plan view of a semiconductor integrated
circuit device as an Embodiment § of the presént invention
as viewed from the rear face of the semiconductor chip, Fig.'
72 is a plan view, Fig. 73 is a cross sectional view, Fig. 74
is an enlarged cross sectional viéw illustrating a portion A
in Fig. 73 and Fig. 75 is a plan view for explaining the
wiring structure of a wiring substrate. In Fig. 75, a por-
tion such as the number of bonding pads and solder bumps are
omitted for simplification in order to make the arrangemeﬁt
of wirings clearer.

The semiconductor integrated circuit device of the
Embodiment S adopts, instead of the semiconductor package.of
the structure in which bump electrodes are disposed in the
area of the chip as in the Embodiments 1 and 2, a package
structure of using a peripheral pad structure semiconductor
chip ic as shown in Fig. 71 to Fig. 75, in which solder
bumps Sc connected to the bonding pads of the semiconductor
chip 1c ar®e disposed both in inner and outer regions to the
semicondﬁctor chip lc. This Embodiment 5 also has a struc-
ture adopting the technique from "1. Surface wiring" to "12.
Ni-platingless lead” as explained for the Embodiment 1, as
well as features for each of the technical items of the rear
Tace wiring solder resist structure as explained for the

Embodiment 2.



-74-

That 1s, the semliconductor lntegrated circult device in
the Embodiment 5 is, for example, a2 110 pin ball grid array
type semiconductor package structure in which an elastomer
2c (elastic structural material), a flexible wiring substratq
3¢ (wiring substrate) having wirings 10c¢ formed on a tape .
9c¢, and a solder resist 4c (insulation film) on a main
surface of a semiconductor chip 1c formed with a plurality
of bonding pads 7c¢ (external terminals). solder bumps 5c¢
(bump electrodes) are formed to an opening portion of the
solder resist 4c¢, a portion of forming the bonding pads 7c¢
is covéred with a sealant 8¢ and a support ring 57c¢ is
disposed to the lateral sides of the semiconductor chip 1c.

The semiconductor chip lc has a peripheral pad structure,
for example; as shown in Fig. 75 (actual arrangement in Fig.
72) in which a plurality of bonding pads 7c are formed by
being arranged in a square pattern along the outer circumfe-
rence of the semiconductor chip 1lec. . Thé bondiné pad Tc of
the semiconductor chip 1lc¢ is electrically connected to the
solder bump Sc by way of the wiring 10c of the flexible
wiring sﬁbstrate 3c that is connected by a lead 1llc at one
end to the pad 7c and joined to the bump 5c¢ at the bump land
12¢ at fhe other end of the wiring 10c. The solder bumps Sc
are arranged as 6 row x 5 column in a region inward of the
arrangement of the bonding pads 7c of the semiconductor chip

lc, and disposed by being arranged in two rows in a square



-75-

pattern also in the outer reglon.

Accordingly, the semiconductor 1nte§rated circuit device
of the Embodiment 5 cén also obtain similar excellent effect
in each of the technical items as explained for the Embodi-
ments 1 and 2 although there is a difference as the semicon-
ductor package structure. Particularly, in the fan-in/out
package structure, a package structure capable of coping
with multi-pin arrangements can be adopted although the size
of the semiconductor package is enlarged compared with the
Embodiments 1 and 2. |

While the invention made by the present inventor has
been explained.with reference to the Embodiments 1 - 5 of
the invention, the present invention is ﬁot restricted only
to those embodiments_but it will be apparent that various
modifications are possible within a range as not departing
the gist thereof.

For example, the techniques in the Embodiments 1 - 5
can be combined as required.

The number of the solder bumps as the external
connectioﬁ terminals of the semiconductor package and the
bonding pads as the external terminals of the semiconductor
chip electrically connected with the solder bumps are not
restricted only to those explained in the embodiments, but
they may be properly modified depending on or in accordance

with the specification of the packages such as integrated
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circuits formed on the semiconductor chip.

Further, regarding the materials, for example, for the
elastomer as the elastic structural material, the tape for
the flexible wiring substrate as the wiring substrate, the
wiring and lead plating, the solder resist as the insulation
film and the solder bump as the bump electrode, the invention
is also applicable in a case of using other materials having
respective properties.

For example, as the solder resiét. there can be
mentioned a resin mixture comprising an acrylic resin and an
epoxy resin, the resin mixture described above with addition
of a filler, melamine, acryl, polystyrol and polyimide., as
well as polyurethane and silicone and it is necessary that
they have a property of withstanding the soldering témperature
and resistance to the exposure of flux and cleaning solvent.

- Advantageous effects obtained by typlical examples among
fhose disclosed in the present invention are briefly

explained below.

(;) Sincgfthe elastic structural material is disposed on
the flat surface on the rear face of the substrate base
material by adopting the surface wiring structure in which
the elastic structural material is disposed on the rear face
of the substrate base material of the wiring substrate, and
the insulation film is formed on the main surface of the

wirings formed on the main surface of the substrate base
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material, the elastic structural material can be mounted at

a higher accuracy and stably to the substrate base material
in a voidless manner ahd, since the size and the shape of

the elastic structurél material are made stable, the bonding ,
"step for the semiconductor chip 1is also stable thereby
enabling assembling at higher yield.

(2) Since the signal wiring layer and the power source
ground wiring layer can be separated into different layers

by making the wirings of the wiring substrate into a multi-
wiring layer structure, excellent electric characteristic in
view of the no;se resistance can be attained.

{3) Since external terminals of the semiconductor chip can
be disposed at the central portion or the peripheral portion,
and the bump electrodes connected to the external terminals
can be disposed to the inside, outside or both of the regions .
outward. to the.outer circumference of the semiconductor
chip, it is applicable to package structures of various
types and variations.

(4) 8ince'the eave of the substrate base material can be
optimized relative to the elastic structural material by
setting the size between the end of the elastic structural
material of the semiconductor chip on the side of the ex-
ternal terminals and the end of the substrate base material
of the wirings substrate based on tﬂé ingredients of the

elastic structural material, variation-in the height of the



-78-

bump electrodes is not caused, 1t Is free from the difficulty
for filling the sealant caused by the enlarged sealing

region for the opening of the elastic structural material an
it is possible to prevent contamination of wirings caused by .
the bleeding ingredients or evaporative ingredients of the.
elastic structural materlal.

(S5) Since the outer shape size of the package can be opti-
mized by setting the relation for the distance M2 between

the end of the substrate base material of fhe wiring sub-
strate and the end of the elastic structural material and
for thé distance Ml between the end of the semiconductor -
chip and the end of the substrate base material at the outer
circumference of the semiconductor integrated circuit device
within a range: M1 > M2 > 0, the outermost circumference

of the package is not of the semiconductor chip, so that a
poésibility of inducing chip cracks is reduced during assem-
bling step, withdrawal and insertion of receptacles and tray
- transportation, and the circuit surface of the semiconductor
chip is not exposed to the outside thereby enabling to improve
the reliaﬁility. Further, since the peripheral protrusions
of the elastic structural material after printing do not
interfere with the bonding portion of the semiconductor chip,
it is possible to prevent bonding failure upon appending,
worsening of the flétness of the wiring substrate and

lowering of the reliability.
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(8) Siﬁce the planer S-shaped wiring can be dbtained by
forming the wiring of the wiring substrate such that the
fixed portion with the éubstrate base material and top end
portion connected to the external terminal of the semicon-
ductor chip are displaced at least by more than the width of
the wiring, a stable and suitable S-shaped lead can be formed
because a sag due to the original planer S-shaped configura-
tion can be obtained by a simple driving down trace of a
usual wire bonder, so that a stable S-shaped configuration
can be formed for the lead with no requirement of a soft-
modifiéd special wire bonder and further the tact time upon
bonding can also be shortened since the bonding tool trace
can also be simplified.

(7) Since ﬁhe beam wiring can be attained by forming the
wiring of the wiring substrate as a cantilever structure
which is fixed at one end to the substrate base material, it
is possible to overcome such problems as in notched wirings
that cutting is impossible upon bonding due to the variation
of the sizeé of the notches and, even if it can be cut, it
may be cut at a portion different from the desired notch, or
it is cut before ﬁlating step for the wiring substrate
because of the excessively narrowed portion, failing to
deposit plating. | |

(8) Since the end of the opening of the surface protection

film on the semiconductor chip 1is set to a size within such
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a range as the wiring does not interfere with the surface
protection film when the bonding tool is driven down, it is
possible to overcome the problem that the surface protection
film or the semiconductor chip suffers from damages (on the
semiconductor chip) by the driving down, and the ingredients
of the surface protection film are deposited to the bonding
portion on the lower surface of the lead to cause contamina-
tion and worsen the bondability.

(9) Since the effective area of the wired portion can be
enlarged by connecting the wiring on the notch terminal end
of the.wiring substrate to an opposing land portion of the
wiring, longitudinally or laterally extending the wiring in
the facant regions of the wirings or connecting the adjacent
wirings to each other, it is possible to increase the bonding
strength between the wiring and the substrate base material
and obtain stable notch cutting performance.

(10) Since the wide elastic structural material structure
can be attained by forming the elastic structural material
in a iarggi range over the entire circumference at least by
more than the with of the protrusions on the outer circumfe-
rence formed to the elastic structural material as compared
with the outer shape size of the semiconductor chip, protru-
sions on the periphery of the elastic structural member are
out of the semiconductor chip after the appending the semi-

conductor chip and it is bonded substantially on the flat
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portion of the elastic structural material, the Qarplng of
the wiring substrate ls suppressed. Further, slnce a large
coating area for the adhesive can be taken a not bonded
portion caused by the insufficient prevailing of the adhesive
is less formed and the adhesive bleeds out uniformly to the
periphery of the semiconductor chip, so that a package of
excellent moisture proofness and reliability can be consti-
tuted with out applying peripheral sealing.

(11) In a case of forming the elastic structural material
being divided such that it is not bonded on the external
terminﬁls of the semiconductor chip, when each of the end of
the spaces at which the divided elastic structural materials
are opposed is formed as a grooved shape, the metal mask
suspension ﬁortion can be restricted to narrow the groove of
the.elastic structural material in the groove-fillage tech-
nique of the elastic structural material, so that the groove-
fillage of the elastic structural material can be improved.
(12) If a plurality of grooves are formed to each of the
egds 6f thé elastic structural material, the strength of the
groove-fofming metal mask can be improved.

(13) When a stopping dam for sealant flow is previously
formed to the grooves at each of the ends of the spaces at
which the divided structural materials are opposed, the
groove-fillage in the sealing step can further be improved.

(14) By previously forming stud bumps to the external
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terminals of the semiconductor qhip and connecting the
external terminals of the semiconductor chip and the wirings
of the wiring substrate by way of the stud bumps, problems
for the bondabllity and damages can be solved in the inner
lead bonding technique, the bondability is improved by the
stud bumps and, further, damages can be prevented.

(15) By supplying the solder so as to previously surround
the wirings of the wiring substrate and connecting the
external terminals of the semiconductor chip and the external
terminals of the semiconductor chip by way of the solder,
bondability can be improved and damages can be suppressed in
the bonding technidue.

(18) By using the stud bumps, for example, made of solder
or Au so as to surround frém above the wirings of the wiring
substrate and connecting the wirings of the wiring substrate
and the external terminals of the semiconductor chip by way
of the stud bumps, the bondabiiity can be improved and the
damages can be suppressed in the bonding technique.

(17) *By gbnnecting the wirings of the wiring substrate and
the external terminals of the semlconductor chip by using

an Al, solder or Au wire, the problem, for example, of
bondability or damages can be solved and it is possible to
attain connection by the concept of a usual wire bonding not
by the inner lead bonding such as TAB.

(18) By forming the lateral size of the wiring of the
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wiring substrate such that the size 1s gradually narrowed
from the end of the substrate base material of the wiring
substrate to the top end of the wiring and the lateral size
is made constant from a predetermined position, and setting
the size and the shape of the wiring such that the bending
stress ratio a« 1s from 1.2 to 1.5, since a suitable S-
shaped configuration can be formed by merely driving down
the bonding tobl vertically with no return of the bonding
tool, a lead of a stably shaped configuration can be formed
without requiring a special soft-modified wire bonder and,
furthef. the tact time upon bonding can also be shortened
since the trace of the bonding tool can be simplified.

(18) By using the electroconductive material as a core
material for the wiring structure of the wiring substrate

- and applying only Au plating to the surface, since both the
hafdness and the brittleness of the lead are lowered as
compared with a case of applying Ni-plating between the core
material of the conductive material such as Cu and Au plating,
qracké are’ less cauéed to the lead.itself. as well as damages
to the semiconductor chip as the counter bonding féce can
also'be moderated.

(20) By forming the wirings on the rear face of the
substrate base material of the wiring substrate, forming

the insulation film on the rear face of the wirings and

disposing the elastic structure material on the rear face of
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the lnsulation film, since the rear face wirlng insulation
film structure can be obtained, direct contact of the elastic
structural material with the wiring can be prevented énd
contact of the elastic structural material to the roughened
the surface of the substrate base material can also be
prevented, so that bleeding of the low molecular weight
ingredienfs of the elastic stru;ture material can be sup-
pressed and, further, the surface of the uneven wiring
surface can be flattened by céating the insulation film
making 1t possible to avoid disadvantages such as involving
of voidé ﬁpon forming the elastic structural material.

(21) In the surface wiring structure, since the opening of
the insulation film is formed by defining the coating range
of the insulation film material, the fabrication accuracy
for the hole diameter can further be improved as compared
with a case of forming the opening by machining to the
substrate base material of the wiring sﬁbstrate of the rear
face wiring structure.

(22) ~By setting the thickness of the insulation film by
dete:miniﬁg the coating éondition_for the insulation film
material in the surface wiring structure, since the film can
be coated stably at a further reduced thickness and the bump
land disposed at a higher density with a small diameter can
be formed as compared with the substrate base material,

smaller bump electrode can be joined more satisfactorily.
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(23) In the surface wiring structure, slince the pltch for
the arrangement of the bump electrodes can be reduced as
compared with the rear face wiring structure, it is possible

to constitute a semiconductor package having output terminals

at higher density.
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A "

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed along a
peripheral area in a main surface of said semiconductor chip;

an elastic film formed on said main surface of said
semiconductor chip:; !

an insulating tape formed on said elastic film, said
insulating tape having a top surface and a rear surface which is
opposite to said top surface; . :

a plurality of leads, each of said leads having a first
portion formed on said top surface of said insulating tape and a
second portion electrically connected to a corresponding external
terminal of said plurality of external terminals; -and

a plurality of bump electrodes formed on said first portions
of said leads, ' :

wherein said elastic film and said plurality of bump
electrodes are formed in an area of an inside surrounded by said
peripheral area of said semiconductor chip,

wherein said insulating tape is larger than said elastic film.

2. . A semiconductor device according to claim I,
further comprising: : :

an insulating £film formed over said top surface of said
insulating tape, said insulating film covering said first portions
of said leads and having operiings exposing a portion of said first
portion of each of said leads, said bump electrodes are formed on
said first portions of said leads  wvia said openings of said
insulating film,

wherein said insulating film is thinner than said insulating
tape. '

3. A semiconductor device according to claim 2,

wherein said insulating tape has protruded over the all
circumference of said elastic f£ilm.

4. A semiconductor device according to claim 1, further
comprising:
an end portion between said top surface and said rear surface
of said insulating tape, said end portion faces near said external
terminals, )
wherein said plurality of leads are bent at said end portion
of said insulating tape.

5. A semiconductor device according to in claim 4. wherein the.

bump electrodes are arranged at a region inward to said peripheral{
area of said semiconductor chip.



