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7 Abstract

Semiconductor device and manufacturing method thereof

BACKGROUND OF THE INVENTION

The present invention concerns a semiconductor

1ntégrated'circuit device technique and, more in particular,

it relates to a useful technique to be applied to portable

equipments such as portable telephones and handy type

personal computers, for which a trend of reduéing the size,

the weight and the thickness has

become vigorous.

Recently, a trend of reducing the size, the weight and

the thickness has'

along with improved function and performance for them.

become vigorous for electronic equipments

This

is greatly due to rapid increase of personal equipments such

as personal telephones or handy type personal computers in

recent years.

Further, man-machine interface functions are

increased in peréonally ﬁanipulated equipments, for which

‘easy 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

I
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.integrated circuit device technique and, nore in particular, it relates to
-a useful technique to be applied to portable equipnents such as portable

t el ephones and handy type personal conputers, for which a trend of
reduci ng the size, the weight and the thickness has beconme vi gorous.

- Recently, a trend of reducing the size, the weight and the thickness has
becone vigorous for electronic equipnments along with inproved function and

performance {pipd NedWe Theén h&d8T €8AtYnAYESLP, 2RI $hil BRI €ABE s@HePanIORAl
equi pnents such as personal tel ephones or handy type personal conputers in
' 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 promoted for proceeding the size reduction
6f the packages, and while makes mounting of the package
difficult abruptly.

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 Mﬁy 1, 1994, "Nikkel Microdevice"” p 96 - p 97,
issued on February 1, 1995 by Nikkei BPCO and "Electromnic
Material”™, p 22 - p 28, issued on April 1, 1995 (Heisel 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 substréte is disposed by way of an elastomef
(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.

_
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. recent years. Further, man-machine interface functions are increased in
personal | y mani pul ated equi pnents, for which easy handlability and
operability have been considered inportant nore and nore. It is
considered that the trend w |l becone nore and nore conspi cuous in
expected regular nmultinedia are. Under such a circunstance,
devel opnent for increasing the density and the integration degree of
sem conduct or 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 is 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
above 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 uniformly
and stably because of unevenness of the wiring pattefn on

the fiexible wiring substrate. That is, it may be considered
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-2-~ = chi ps have been made continuously, in which the side and the nunber
of electrodes for the sem conductor chips have been  increased, while the
si ze of the packages has been increased rapidly. Accordingly, narrow ng
for the pitch of termnal |eads has been pronoted for proceeding the size
reduction of the packages, and while makes nounting of the package
difficult abruptly. In view of the above, it has been proposed in
recent such problems that voids not filled with the elastomer are

formed near both sides of protrusions of the wiring pattern
upon coating or appending the elastomer on the flexible
wiring substrate and the step 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 thé wirings by way of a through
hole formed to the tape. Since the thickness of the tape is
relatively large, for example, as 50 gzm, if the pitch
between the bump 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 number 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
wiring substrate stably at a high accuracy, and making the
bonding step of a semiconductor chip stable thereby enabling
assembling at high yield.

Another object of the present invention is to provide a

technique of promoting increase for the number of pins in a

is Sheet Has Been Reﬂlaced 4
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years high density packages with supermultiple pins having the sane area
as that of the sem conductor chips and package techniques can be

menti oned, for exanple, as -described in Iliteratures such as "N kkei

M crodevice" p 98 - p 102, issued on May 1, 1994, "N kkei M crodevice" p
96 - p 97, issued on February 1, 1995 by N kkei BPCO and "El ectronic
Material", p 22 - p 28, issued on April 1, 1995 (Heisei 7) by Kogyo
Chosakai . Opgcsgap! e of the structures in such package techniques, for
exanple, as described in Fig. 6 of the "Electronic Material", has a
‘package structureannobjie@t of the present invention is to provide a

semiconductor integrated circuit device capable of obtaining
excellent electrical properties in view of noise resistance
by the adoption of a multible 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 elastic structural material and the semiconductor
chip, worsening of the flatness for the wiring substrate and
-1owering 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 bondingltool.

An object of the presént 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 thérebelow and further
improving the bondability by preventing contamination of
wirings.

An object of the present invention 1is to increase a

This Sheet Has Been Relilaced 5




a fiexible wiring substrate is disposed by way of an el astoner (elastic
material) on the surface of a sem conductor chip, |eads on one end of
wirings of the flexible wiring substrate are electrically connected with
bondi ng pads on the surface of the sem conductor chip, and bunp | ands on
the other end of the wirings of the flexible wiring substrate are electri-
cally connected with the sol der bunps.

bonding strength between wirings and a substrate material
and obtaining a stable notch cutting performance.

An 6bJect of the present invention is to suppress warp
of a wiring substrate and improve bondability with a bonding
material and constituté a package of excellent moisture
proofness and reliability.

An object of the present invention is to improve
groove-fillage of an elastic structural matérial, capable of
increasing the strength of a ﬁetal mask by using a plurality
of one side suspending portioﬁs and further 1mprovihg the
groove-fillage by the formation 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 tqol vertically by a
wiring design considering a bending stress ratio.

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

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

strucfural material and further avoid disadvantage such as
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-3- The package structure has an outer size about equal wth or
greater than that of a sem conductor chip by the size of a protection
frame optionally attached to the peri- phery of the chip, for which a
flexible wiring substrate forned with solder bunps is used. The wiring
pattern of the wring 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 DEvsIving cof vebds pmdxerfnmixygcom@oewsoic #traytaiel et chi ng

for the Cu foil. In this structure, the
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
iptegrated 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 novel features of
the present invention will become apparent by reading the
descriptions in the specification ﬁith reference to the
accompanying drawings.

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

That is, one of semiconductor integrated circuit devices
according 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
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flexible wiring substrate is bonded by an el astoner on the surface of the
sem conduct or chip and then the Au | eads are connected with the bonding
pads of the sem conductor chip. SUMVARY OF THE | NVENTI ON ' By the
way, according to the study nade by the present inventor on the package
structure as described above, the follow ng problens are considered. For
exanple, since the flexible wiring substrate in the package structure
described ghoseraas awehedexttirically tognneaddted veprtessrtexhdly t@minals

on the main surface of the semiconductor chip, and land
portions on the other end of the wirings of the wiring
substrate 5re electrically connected with bump electrodés,

_ wherein the wiring substrate has the wirings formed on the
main surface of a substrate base material (tape), and an
elastic structural material is disposed opposite 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 by way of a through hole disposed in an insula-
tion film formed on the wirings and having a thicknéss
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 the external terminals of the semi-
conductor chip by way of the wirings of the wiring substrate
are disposed to the inside, outside or both regions of the
inside and the outside to the outer circumference of the
semiconductor chip.

Further, in é 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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(Tape Carrier Package) in which a Cu wiring pattern is forned on the
surface of a polyimde tape, and an elastoner is forned to the wiring
substrate on the side of the wiring surface, it is difficult to nount the
el astoner uniformy and stably because of unevenness of the wiring pattern
on the flexible wiring substrate. That is, it nmay be considered
* 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 éﬁbstrate and the
end of the elastic structural material on the outer circum-
ferential side of the semiconductor integrated circuit device,
and a distance Ml 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:

ML > M2 > 0

Further, in a semiconductor integrated circuit device
of the 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 presént'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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such problens that voids not filled with the elastomer are forned near
both sides of protrusions of the wiring pattern upon coating or appendi ng
the el astoner on the flexible wring substrate and the step of bondi hg the
sem conductor chip can not be conducted stably since the size and the
shape of the el astoner are not stable. Further, bunp el ectrodes are
formed to the wiring substrate on the side of the tape., That is, the bunp

el ectrode i sircanmsautfed enipte teet hany ifiddn o lie ofeml adIREPT HIHP fiot med to

the tape. Since the thickness of the tape is L.
' 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 fhat 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 terminal end is connected with an opposed land
portion of the 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 invention, the elastic structural material is
formed within a range greater over the entire circumference
at least by more than fhe with of the protrusion at the
outer circumferential portion formed to the elastic struc-
tural material.

Further, in a semiconductor integrated circuit dgvice
of the present invention, when the elastic structural material
is 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

This Sheet Has Been Replaced
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relatively large, for exanple, as 50 [err]m if the pitch between the bunp
el ectrodes 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

el ectrode and the wring are not connected. Accordingly, there may be a
worry that increase for the nunber of pins of the package is restricted.
In view of the above, an object of the present invention s to provide a

seni conduct aré mereseddi ¢ Fermed gy & €T RQRLF2RE - noRAFLAGUART &Y asti ¢
structural naterial to 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 integrated circuit device
of the pfesent 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 eiternal 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 way of the stud bumps.

Further, in a semiconductor integrated circuit device
of the present invention, the connection structure between
the external termiﬁals 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 wiring substrate and the external
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Wi ring substrate stably at a high accuracy, and making the bonding step of
a seni conductor chip stable thereby enabling assenbling at high yield.
Anot her object of the present invention is to provide a technique of
pronoting increase for the nunber of pins in a

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 ﬁsing Al, solder or Au wire.

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

a =0l1/00
where o0 is bending strength caused at the end of the
substrate base material and o1l i§ maximum stress caused
to an intermediate portion between the end of the substrate
base material and the top end of fhe wirings, and such that
the lateral size is made constant particularly from a prede-
termined position, and the size and the shape of the wirings
are determined such that the bending stress ratio a is
from 1.2 to 1.5 in a case where the bending stress ratio «a

is represented by the following formula:
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package. ~ An object of the present invention is to provide a
sem conductor integrated circuit device capable of obtaining excellent
el ectrical properties in view of noise resistance by the adoption of a

nmul tiple wiring layer structure.: An object of the present invention
IS to prevent wiring fromcontamnation with ingredients of an elastic
structural material. An obj ect. of the esent inventionis to
prevent a sem condtictor Lo dl-fzr oml-llrﬁ&r@z % )ove the reliability of

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
is formed by using Cu as a cofe material; applying Au plating
on the surface and making at least one end connected with the
external electrodes of fhe 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 substrate 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
éomprises 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 baée material (tape), a
step of bonding a semiconductdr 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 ekternal terminals of the semicondﬁctor chip, a step of

This Sheet Has Been R laced - 13
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t he* sem conductor chip, as well as prevent connection failure between an
el astic structural material and the sem conductor chip, worsening of the
flatness for the wiring substrate and l|owering of reliability. An
object of the present inventionis to elimnate requirenent for a
soft-nodi fied special wire bonder and obtaining an effect of shortening
the tact tine upon bonding b¥éfurther sinplifying the trace of a bondi ng

t ool . Afovmingt anr 1pFRlpréeBnfiinyERLPBRT| $heg &BpvEuRSErEisReRRSEpON

di sconnection of wrings. An _obj ec th resent invention is.to
reduce danag%%ter¥gl og a main surfacg o% gﬂe wgr ngs, a step of ?orming

openings to the insulation film each at a position corres-
ponding to the other end of the wirings to be jolned with
the bump electrodes, and a step of forming the bump élec-
trodes being joined to 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 présent
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;

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

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

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

-tﬁé'semiconductor integrated circuit device in the Embodiment
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t o passivation or a sem conductor chip therebel ow and further inproving

the bondability by preventing contam nation of wrings. An obj ect of
the present invention is to increase a
- 6- bondi ng strength between wirings and a substrate mat eri al

1 according to the present invention;

Fig. 6 1s a cross sectional view for a main portion of
the éemiconductor integrated circuit device in the Embodiment 1
accofding to the present invention;

Fig. 7 is a cross sectional view for a main portion for
comparative 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 inveptdr;

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

Fig. 10 is a cross sectional view corresponding to the
window opening in Fig. 9;

Fig. 11 is a cross sectional 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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and*obtaining a stable notch cutting performnce. An object of the

present invention is to suppress warp of a wiring substrate and inprove

bondability with a bonding -material and constitute a package of excellent

noi sture proofness and reliability. . An object of the present

invention is to inprove groove-fillage of an elastic structural material,

capable of increasing the strength of a netal nmask bY using a plurality
R

of one side slespehti deviboetinnthenknbediment hpreePhe EetOgFBGVErﬁﬁﬁnﬁge

by the formation of a stopping damfor seal ant
invention;

Fig. 13 is a cross sectional view illustrating a tape .
warping after appending a sémiconductor 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
Eﬁbodiment 1 acéording to the bresent invention;

Fig. 15 is a cross sectional view taken along arrow B
in Fig. 14 of a semiconductor integrated circuif device in
the Embodiment 1 according to the preéent inventidn;

Fig. 16 is a cross sectional view taken along arfow 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
according 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 is.a plan view for explaining a notch lead and

a beam lead of a semiconductor integrated circuilt device in
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fl ow. An object of the present invention is to inprove the
bondability and prevent damages to a sem conductor chip in inner |ead
bondi ng techni que. An-obj ect of the present invention is to forma
suitable S-shaped configuration with no return of a bonding tool but by
merely driving done the bonding tool vertically by a wring design
considering a bending stress ratio. An obj ect of the present

i nventi on i stheo Emdehdlanarcte uk -aceantinoftariduk priesent i ingeepetose and
noder ate bonding damages to a sem conductor chip.

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

Fig. 21 is a plan view illustrating a beam lead of a
semiconductor integrated circuit device in the Embodiment 1

.according to the present invention;

Fig. 22 is a cross sectional view illustrating a lead
bonding portion 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 clrcuit 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 the portion
A in Fig. 22, of a semiconductor integrated circuit device
in the Embodiment 1 accofding to the present invention:

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

Fig. 26 is a plan view illustrating a bonding portion
for a bothway lead, of a semiconductor integrated circuit

device in-the Embodiment 1 according to the present invention;

Fig. 27 1s a plan view illustrating standard anchor

-\
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An -obj ect of the present invention is to suppress bleeding of |ow

nol ecul ar wei ght ingredients of a elastic structural material and further
avoi d di sadvant age such as - ' -7-

i nvol ving of voids upon formng the elastic structural material by surface
flattening.
wirings, of a semiconductor integrated circuit device in the
Embodiment 1 according to the present invention;

Fig. 28 is a plan view illustrating improved anchor
wirings, of a semiconductor integrated circuilt device in the
Embodiment 1 according to the present invention; |

Fig. 29 is a perspective view illustrating a structure
of a standard e;astomer, of a semiconductor integrated
circuit device in the Embodiment 1 according to the présent
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 illustrating a structure
of a wide elastomer, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 32 is a perspective view 1llustrating 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. 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 is a perspective view illustrating a structure

- 18 - ' ' This Sheet Has BeenR
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An ‘obj ect of the present invention is to inprove a fabrication accuracy
for hole diameter for connection of a bunp electrode in a method of

manuf acturing a sem conductor integrated circuit. An obj ect of the
present invention is to constitute a sem conductor package capabl e of
bondi ng bunp el ectrodes nore satisfactorily, reducing the arranging pitch
of bunp electrodes and having output termnals at a higher density in a
met hod of nefufthet wtiamglaa ds @hiasdonan &f e apranding & Fenlcprdugtor

chip, of a semiconductor integrated circuilt device in the
Embodiment 1 according to the present invention;

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

Fig. 36 is 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 printing, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

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

Fig. 40 is a plan view illustrating a metal mask 6f a
wide elastomer, of a semiconductor ihtegrated circuit device

in the Embodiment 1 according to the present invention;

. -
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These and ot her objects, as well as novel features of the present

invention will become apparent by reading the descriptions in the
specification with reference to the acconpanying draw ngs. Anmong t he
i nventions disclosed in the present applica- tion, outlines will be

expl ained sinply for typical exanples as follows. . That is, one of

sem conductor integrated circuit devices according to the. present

i nvention provi dédga pacisge otlascvievurld laysiiriedd ngo 2 Prdmteshdlarsy for

Io? t S%r 2} Sgt iCalc_rp?L%IrEalciet\;'l %ef Is%spve\ﬂlldcergl %vivc\iner qu.gas%:%?nsetrrs%t %fi Sé. dsi esﬁf)iocso%ddubé/tompy
integrated circuit deficé in the Embodiment 1 according to
the present invention;

_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 sectiohal viewlillustrating a bonding
portion by a standard lead bonding, of a semiconductor
integrated circuit device in the Embodiment 1 according to
the present invention;

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

Fig. 45 is a cross sectional view illustrating a lead
connection by using solder, of a semiconductor integrated
circuit device in the Embodiment 1 according to'fhe present
inventidn:

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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structural material on a nain surface of a sem conductor lchip, | ead
portions on one end of wirings of the wiring
- 8- substrate are electrically connected with external terminals on the
mai n surface of the sem conductor chip, and |and portions on the other end
of the wirings of the wiring
| integrated circuit device in the Embodiment 1 according to
the present invention;

Fig. 48 is a perspective 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
connection by using Al or soldering wire, of a semiconductor
integrated circuit device in fhe Embodiment 1 according to
the present invention;

Fig. 50 is a cross sectional view illusfrating a lead
connection by using 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 is a cross sectional view illustrating a
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substrate are electrically connected with bunp el ectrodes, wherein the

W ring substrate has the wirings forned on the nain surface of a substrate
base material (tape), and an elastic structural nmaterial is disposed
opposite to the main surface of the substrate base material.

Further, the bunp electrodes are fornmed on the side of the wrings.
Further, the bunp el ectrodes are connected with the wrings each by way of
a through hotenméspbsmedporthoni ofulead conmeé¢tiomf cpfred semibendnetays and

havi ng a thickness
T integrated circuit device in the Embodiment 1 according to
the present invention; |

Fié. 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 cross sectional view illustrating
a lead press contact portion, of a semiconductor integrated
circuit device in the Embodimenf 1 according to the present
invention;
| Fig. 58 is an enlargéd 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 cross sectional view illustrating a struc-
ture of a semiconductor integrated circuit device in an
Embodiment 2 according to the present invention;

Fig. 60 is a perspective view illustrating a structure
of a semiconductor integrated circuit 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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smat | er than that of the wiring base material. Further, the external
termnals of the sem conductor chip are disposed to a central portion or
an outer circum ferential - portion of the sem conductor chip, and the bunp
el ectrodes connected to the external termnals of the sem - conduetor chip
by way of the wirings of the wiring .substrate are disposed to the inside,
outside or both regions of the inside and the outside to the outer
ci rcunf er ence sEmidendusgiare eidact @f ¢higemicondudian Hartegnated ¢ kBhkbct or
integrated circuit device of the present invention, the size for the end
of the el astdevice in the Embodiment 3 according to the present invention;
Fig. 82 is a plan view illustrating a semiconductor
integrated circuit device in'the Embodiment 3 according to
_the present invention;
Fig. 63 is 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 crbss sectional view illustrating
a portion A in Fig. 83, of a semiconductor integrated circuit
device in the Embodiment 3 according to the present invention;
Fig. 85 is 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
integrated circuit device in the Embodiment 4 according to
the present 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. 89 is an enlarged cross sectional view illustra-

ting a portion A in Fig. 68, of a semiconductor integrated

'\
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structural nenber of the sem conductor chip on the side of

-9- the externals termnal and the end of the substrate base material of
the wiring substrate is determned based on the ingredients of the elastic
structural material. Further, in a sem conductor integrated circuit
devi ce '

circult device in the Embodiment 4 according to the present
inventidn;

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

Fig. 71.is a plan vieﬁ, as viewed from.the rear face of
a semiconductor chip, of a semiconductor integrated circuit
device in the Embodiment 5 according to the present invention;

Fig. 72 is a plan view iliustrating'a semiconductor
integrated circuit device in the Embodiment 5 according to
the present inventidn;

Fig. 73 is a cross sectional view illustrating a
semiconductorlintegrated circuit device in the Embodiment S
according 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 the present invention;

Fig. 75 is a plan view for explaining'a wiring structure
of a wiring substrate, of a semiconductor integrated circuit
dévice in the Embodiment 5§ according to the present invention;

Eig; 76lis 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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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

sem conductor. integrated circuit device, and a distance M between the end
of the sem conductor chip and the end of the substrate base material are-
determned wthin a range capable of satisfying the rel ationship:

ML > M2 > 0 circuitdevbee $ﬁu%1%@nP¥0ﬁH90P6?S?HPebF&?%HOEFrCU|t devi ce of

the present invention, the wirings of the wirin u? £
: Fig. 77 is a cross sectional view 1 ustrating 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 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
in 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, of 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 de#ice
in the Embodiment 1 according to the present invention; and

Fig. 81 is a cross sectional view illustrating a
modified example of a package structure, of the semiconductor
integrated 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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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 termnals of the sem conductor chip are displaced at | east by
nore than the w dth of the wrings. Further, .in a sem conduct or
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 substraie flrseinmiiaigsl of the wiring substrate. Further, in a

sem conductor integrated circuit device of the present invention, the size
for the end of an opening
Embodiment 1

Fig. 1 is a plan view illustrating a semiconductor
intégrated circuit device as an Embodiment 1 according to
the pfesent 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 illustrating a
step of assembling a semiconductor integrated circuit device,
Fig. 6 to Fig. 58, Fig. 76 to Fig. 81 are views for compara-
tive explanation between the feature of the semiconductor
integrated circuit 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 semiconductor integrated circuit device of an Eﬁbodiment
1 with réference 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

i



-10- in a surface protection filmon the sem conductor chip is
determ ned within such a range that the wirings do not interfere the
surface protection filmat |east- on the side of driving down a bondi ng
t ool when the bonding tool is driven down.

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 (wirihg substrate) 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 5
(bump electrodes) formed on a hain surface of the solder
resist 4 and connected the other end of the wirings by way
of openings in the solder resist 4, to constitute a package
sfructure in which the bonding portion-of the semicénductor
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.
Predetermined integrated circuits such as memory circuits
and logic circuits are formed to the semiconductor chip 1,
for example, on a semiconductor substrate such as made of
silicon and.the bohding 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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Further, in a sem conductor 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
termnal end is nmade greater. Particularly, the wiring portion on the side
of the notch termnal end is connected with an opposed |and portion of
the wirings, or extended longitudinally or late- rally in a vacant region
of the wirigggface adj ahensenicondsctare chdpndcbedng b sesdiedotimdo, bot
Further, in a sem conductor integrated circuit device
' longitudinal 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
flexible 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 9 (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 wirings 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

_~_—~____________ﬂ__
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of the present invention, the elastic structural material is formed within
a range greater over the entire circunference at |east by nore than the
with of the protrusion at the outer circiunferential portion fornmed to the

elastic struc- tural material. ' Further, in a sem conductor
integrated circuit device of the present invention, when the elastic
structural material . is fornmed by dividing so as not to be bonded on the

external tegHe NAlSffde tOE Bied eorelund Dér tdl p, awdcén cAut prating biyesphses
to which the divided elastic structural materials
formed further so as to cover the surface of the Ni plating
layer.

The solder fesist 4 is made of an insulation material
such as a light sensitive epoxy resin, and the solder bumps 5
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 ﬁortion connected.to the bump
lands.

The soldering bumps 5 are made of a material, for
examﬁle, 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
device is mounted, for example, as shown in Fig. 3 and Fig.
4, as a semiconductor integrated circuit device of a chip
size package 13, for example, DRAM, together with a semi-
conductor integrated 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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are opposed is formed in a groove-shape. Particularly, a plurality of
grooves are forned to each of the ends of the elastic structural material,
or a stepping damfor sealant flowis previously forned upon sealing step.
Further, in a sem conductor integrated circuit device of the present.

i nvention, the connection structure between

or a handy type personal computer by way'of external connec-
tion terminals 186.

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 having the leads 1i 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
f1lux and solder forming the solder balls 17 are provided.

The fiexible 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 forming 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 elastomerlz is formed by printing

to a thickness of 50 to 150 zm on the tape 9 of the flexible
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the-external termnals of the semiconductor chip and the wrings of the
W ring substrate are forned by previously formng a stud bunps to the

external terminal of the sem - conductor chip, and the external termnals
of the sem con- ductor chip and the wirings of the wiring substrate are
connected by way of the stud bunps. Further, in a sem conduct or

Integrated circuit device of the present invention, the connection
structure beimagiy dubstpdts ra) dmd rd sl adnd heysenm diesindéors de and t he

mnrlng substrate 1s fornmed by previously supplying solder so
coated and printed on the surface of the elastomer 2 (steps
501, 502). The elastomer 2 is not always printed but an
elastomer previously formed into a film-shape may be cut
into a predetermined shape and bondéd to the rear face of
the tape 9 by means of the adhesives 8.

Further, the leads 11 at one end of the wirings 10 of
the flexible wiring substrate 3 and the bonding pads 7 of
the semiconductor chip 1 are 5ligned such that their relative
positions coincide with each other, and the semiconductor
chip 1 is appended by adhesion to the elastomer 2 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 wiring substrate 3 in
a state appended by way of the elastomer 2 are turned upside
~down in the lead bonding step, the lead 11 is driven down on
the bonding 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 thermal 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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as to surround the wirings of the wiring substrate and the external
termnals of the sem conductor chip and the external termnals of the

sem conductor chip are connected by way of the sol der. Further, in a
sem conductor integrated circuit device of the present invention, the
connection structure between the external term nal of the sem conductor
chip and the wrings of the sem conductor substrate are fornmed by connec-

ting the wir{Rgs1@ddtNe ¥ rtRe FLERIBRE SwRPEnkNSuB¥ELaBal 3 are resin

' encapsulated, for example, by coatinglthe sealant.s 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 é package outer shape of CSP
(Chip Size Package or Chip Scale Package) (step 508).

Then, 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
wiringnsubstrate 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).

In the step of assembling the semiconductor package,
the order of the tape cutting step (step 5068) and the bump
attaching 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 disposed at the inside of the

outer circumference of the semiconductor chip 1 connected by
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-12- termnals of the semi conductor chip by way of the stud bunps by
using stud bunps of solder or Au ball so as to surround the wrings of the
wiring substrate from above. Further, in a sem conductor integrated
circuit device of the present invention, the connection structure between
the external termnals of the semiconductor chip and the wrings. of the

W ring substrate are forned by connecting the

‘way of the wirings 10 of the flexible wiring substrate from
the bonding pads 7.

Then, the feature of the package structure for the
semiconductor integréfed 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 prdcess 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 illustrating the surface wiring structure, Fig. 7 1is
a cross sectional view for a main portion 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 is 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 1is a so-
called surface wiring structure as shown in an eniarged

scale in Fig. 6, in which an elastomer 2 is bonded to a
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wirtngs of the wiring substrate and the external termnals of the

sem conductor chip by using A, solder or Au wire. . Further, in a
sem conductor integrated circuit device of the present invention, the
Wiring structure of the wiring substrate is forned narrowi ng the | ateral
size of the wrings fromthe end of the substrate base material of the
Wring substrate to the top end of the wirings, such that the bending

stress ratiQppy &i@%ﬁﬁﬁg&%t?ytrate 3 (64 "the WoEdE b£r4] tapebendbnothe

strength cause at 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 face wiring structure, as shown in Fig.
T, ih which an elastomer 2 is bonded on the side of wiring
10 and a solder bump 5 is formed on the side of a tape 9.
In Fig. 6; an Au plating 11a is formed, for example,.by an
electric field plating to the.surfaee of a lead 11 on one
end and on the surface of a land 12 on the other end of the
wiring 10.

In the reaf face wiring structure described above, a
through hole 12b for joining the bump 5 is formed, for
example, by punching out the tape 9 made of a material such
as a polyimide resin, whereas in the surface wiring structure
of the Embodiment 1, a soider resist 4 made of a material
such as a light sensitive epoxy resin is 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 9 of

X
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substrate base material and [err]1 is maxi mum stress caused to an

I nternmedi ate portion between the end of the substrate base material and
the top end of the wirings, - and such that the lateral size is nade
constant particularly froma prede- termned position, and the size and
the shape of the wirings are determ ned such that the bending stress ratio
ais froml.2to 1.5 in a case where the bending stress ratio a 1is

represent ed ¢h e iYl1OWNd dPrditistrate 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 um stably depending on the
coating condition, so that a smaller solder ball 17 can be
joined 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 ratio 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 16wered 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 semiconductor package
havihg output terminals 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 9, 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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-13- a=Dbl x (L2 - L1)/(b2 x L2) in which L1 is a taper |ength,

L2 is awring length, bl is a taper wdth and b2 is a wiring w dth.

Further, in a sem conductor-integrated circuit device of the present

i nvention, the wiring structure of the wiring substrate is formed by using

an el ectroconductive material as a core material and applying Au plating

on the surface. Further, the wiring structure of the wiring substrate
conduct assembling at higher yield.

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 stfucture of the flexible wiring
substrate 3, it is possible to use a flexible wiring 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 cénnected by way of
a via hole 22. Such a structure has a merit capable of
obtaining excellent electric characteristic, for example, in

view of the nbise resistance.

2. Optimization of tape eave to elastomer

In the technical explanation for optimization_of tape

-
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I's formed by using Cu as a core material, applying Au plating on the
surface and nmaking at | east one end connected with the external electrodes
of the chip into a S-shaped configurati on. Further, in a '
sem conductor integrated circuit device of the present invention, a
flattening insulation filmis formed to the wiring substrate on the side
-of the wirings and an elastic structural nmaterial is disposed on the insu-
lation fil mggve to fthlet RAastamdet,hed gaf odsufaagiliemieny iews driilastthact or

integrated circuit device according to the present invention
ting window openings, Fig. 10 is a cross sectional view
illustrating a window 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 portion 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 iﬁ 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 ih 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 window 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-
nafion to the lead li due to the bleeding ingredient and the

volatile ingredient of thé elastomer 2 is caused.

_
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A

conmprises a step of formng an elastic structural material on the rear
face of a wring substrate (tape side) in which wrings are fornmed on the
substrate base material (tape), a step of bonding a sem conductor chip to
the surface of the elastic structural naterial so as to oppose to the

W ring
ext er nal

substrate, a step of connecting one end of the wirings to the
termnals of the sem conductor chip, a step of '

On the other hand, if the size L1 is made larger, that
1s,_if the elastomer 1s excessively retracted from the edge
of the tape 9, the size L2 between the end of the elastomer
2 and the soider 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 6.

On the contrary, in the Embodiment 1, the problems can
be solved simultaneously by selecting the appropriate size
for L1 and disposing the end of the elastomer 2 at an optimal
position between the end of the tape 9 and the solder bump 5.

| That is, since the foregoing problems are present for
the window 6pening 23, the size is defined as below. For
example, in this embodiment, the printing accuracy of the
elastomer 2 is defined as about +100 gm. Accordingly,
if the size L1 is less than 100 gzm, since it is out of the
tape 9 by printing deviation, it must be greater than the
printing accuracy (100 gm) at the least.

Further, since there is no problem for the contamination
to the lead 11 by the bleeding ingredient or volatile ingre-
dient of the elastomer 2 if it 1is actualiy spaced apart by
about 300 gzm from the actual result, it is determined, for
example, as 300 zm at the minimum. However, a design with

the minimum value of about 100 zm is possible if the elastomer

i -



-14-- formng an’insulation filmthinner than the substrate base nmaterial
on a main surface of the wirings, a step of formng openings to the
insulation filmeach at a position corres- ponding to the other end of the
wirings to be joined with the bunp el ectrodes, and a step of formng the
bunp elec- trodes being joined to the other end of the wirings by way of
the wirings. BRI EF DESCRI PTI ON OF THE DRAW NGS

2 of less contamination and bleeding is 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 cén be filled with ease by selecting

an appropriate size L1 as the Embodiment 1.

3. Optimization for the outer size of package

In 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 portion 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 semiconductor chip.

For example, in the technique studied by the present
inventor, in Fig. 11, assuming a the distance between the
end of the semiconductor chip 1 on the outer circumferenﬁe
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.Ml < 0, since the outermost circumference of the
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Fig-1is a plan viewillustrating a sem conductor integrated circuit

device as an Enbodinment 1 of the present invention; Fig. 2is a
cross sectional view taken along line AAA" in Fig. 1 of the Enbodi nent 1
according to the present invention; Fig. 3 is a plan view

illustrating the state of nounting the sem conductor integrated circuit
device in the Enbodinent 1 according to the present invention to a

mounting substkage: 1s that of the semiconductor chip 1, there is a
great bossibility of inducing cracks to the semicoﬁductor
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 to the reliability and the sealing for preventing
this, although possible leads to increase of the steps.

(3) If M1 - Me < O, peripher#l 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 = 0, it is necessary to cut the elastomer 2 to
cause a problem in the difficulty of cutting.

On the contrary, in the Embodiment 1, the foregoing
problems can be overcome by determining the relationship for
the distance 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 is about 100 zm, it is desired to ensure more

than 100 zm for M2 in order that the cutting jig does not
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3

Fig.-4 is a cross sectional viewillustrating the state of nounting the
sem conductor integrated circuit device in the Enbodinent 1 according to
the present invention to a -nounting substrate; Fig. 5is a flow
chart illustrating a step of assenbling the sem conductor integrated
circuit device in the Enbodi nent '

reach the elastomer 2.

By the way, the cross sectional shape after forming the
elastomer 2 by printing. and hafdening the same by baking is
as shown in Fig. 12, and a peripheral portion tends to be
hiéher being pulled by a mask upon leaving a plate after
printing in a case of a material having a thixotropic pro-
perty which 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 éemiconductor 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 6f
the semiconductor chip 1 by determining as: M1 > M2. For
instance, since the width of the protrusion is about 200 um,
it is desired that (M1 - M2) is 240 pzm, and the distance Ml
is about 360 gm in view of the distance M2 = 100 zm for
the cutting property.

Cutting the tape 9 at the outer circumférence 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 the semiconductor chip 1.

As described above, in the Embodiment 1, it is possible
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1 according to the present invention; Fig. 6 is a cross sectiona
view for a nain portion of the sem conductor integrated circuit device in
t he Enbodi nent 1 according-to the present invention; Fig. 7is a
cross sectional view for a main portion for conparative explanation of the
sem conductor integrated circuit device of the Enbodinent 1 according to

the present invention and a sem conductor |ntegrated circuit devLie
studi ed by tHhe pwggéngragkéngognd chipping of the semiconductor chip 1

to improve 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 1lead

In the technical explanafion for the planer S-shaped
lead, Fig. 14 is a plan view illustrating a planer S-shaped
lead, Fig. 15 1is a cross sectional view taken along arrow B
'in Fig. 14, Fig. 16 1s a cross sectional view taken along
arrow A in Fig. 14, Fig. 17 is a cross sectional view illus-
trating a trace 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 is such a structure in which
the length of a lead 11 at one end of a wiring 10 is sub-
stantially made longer than 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 11 can be reduced.

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

is a linear notch lead or a beam lead as shown by the dotted

R
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Fig. 8is a cross sectional viewfor a main portion illustrating both face
wirings as a nodified enbodi nent of a sem conductor integrated circuit
device in the Enbodinment 1 -according to the present invention; Fi g.
9is aplan viewillustrating a wi ndow opening portion of a sem conductor
integrated circuit device in the Enbodinment 1 according to the present
I.nventi on; Fig. 10 is a cross sectional view corresponding to the
wi ndow openi hineniki Big9; 14, andFilg. ordéri soaformss segt (8nashapedwcbofi-
explaining the size of a wi ndow opening and an edge portion of the
' guration) enough to withstand thermal deformation as shown
by a fine line in Fig. 15 after bonding, it 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 regquire 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 omn
the tape 9 of the flexible wiring substrate 3.
As described above by forming the planer S-shaped lead
26, a'planer S-shaped lead 26 of a stable and suitable S~
shaped configuration 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. 16, although a
. straightened shape as shown in Fig. 15 is formed.
This can form the planer S-shaped lead 26 of the stable

S-shaped configuration with no requirement for a soft-
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sem conductor chip in a semconductor integrated circuit device in the

Enbodi nent 1 according to the present invention; Fig. 12 is a cross -
sectional view illustrating-a concave of an elastonmer after printing of a
- sem conduct or integrated - 16-

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 notéh 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 is a ﬁlan view illustrating a beam
lead.

For 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 bondiné 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 variled 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 substraté 3 and can not be plated.
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circuit device in the Enbodiment 1 according to the present invention;
Fig. 13 is a cross sectional viewillustrating a tape warping after
appendi ng a senm conductor chip in a semcon- ductor integrated circuit
device of the Enbodinent 1 accor- ding to the present invention;
Fig. 14 is a plan viewillustrating a planer S-shaped |ead of a
sem conductor integrated circuit device in the Enbodinent 1 according to
the present invendnothe contr&ry, 16 theaEwbodimsntt loasal shoew inkEdgal ong
arrow B
' 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 9 of the flexible wiring substrate 3
and the end as the cutting side formed with the notch 27 is

left open.

8. Passivation size for the ﬁeriphery of bonding pad

In the technical explanation for the size of the
passivation film 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 illustrating a lead bonding
portion, Fig. 24 is a cross sectional view illustrating a
tool landing 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
portion of a both way lead.

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

For examble, in the technique studied by the present

inventor, since the lead 11 1is once driven downwardly Jjust
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in ﬁig. 14 of a sem conductor integrated circuit device in the Enbodi nent

1 according to the present invention; Fig. 16 is a cross sectiona

view taken along arrow A in Fig. 14 in a sem conductor integrated circuit
device in the Enbodi ment 1 according to the present invention; Fi g.
17 is a cross sectional viewillustrating a trace of a bonding tool upon

formng a standard S-shaped lead in a sem conductor integrated circuit.
device in thgpb¥BogheeBEmicongaetairnghli® thetheasaispiaved 1@terally anidd-

18 is a cross sectional viewillustrating a trace of a bonding tool upon

form ng a pl ageinSdehepaddbeadardlyg 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 damageé by the first driving doWn, or
ingredients of the passivatiog 29 are deposited to contami-
nate the bqnding.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.zs on the side of the bonding rad 7 shown in
Fig. 22, Fig. 23, Flg. 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 gzm in an
example of a semiconductor chip 1, for_example, a memory.
For instance, since the size of the bonding pad 7 is 100 uzm
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 is desirably, for example, about

more than 125 um.
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sem conduct or Integrated circuit device in the Enbodinment -1 according to

the present invention; Fig. 19 is a plan view for explaining a notch
- lead and a beamlead of a sem conductor integrated circuit device in
-17- t he Enbodi nent 1 according to the present invention;

As described above, a suitable bonding property can be
attained without giving damages to the passivation 29 oﬁ fhe
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 opening 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 toql. 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 wifing, Fig. 27 is a plan view illustrating a standard
anchor wiring and Fig. 28 is a plan view i1llustrating 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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Fig. 20 is a plan viewillustrating a notch lead at the portion Ain Fig.
19 of a sem conductor integrated circuit device in the Enbodinent 1
according to the present invention; Fig. 21 is a plan view
illustrating a beam|ead of a sem conductor integrated circuit device in
the Enbodinent 1 according to the present invention; Fig. 22 is a
cross sectional viewillustrating a |lead bonding portion of a

seni conduct ofi a8 ¢ahtage BayCbet conyiaerelnthhe Engoderantislnaecendi ag to

the present invention; Fig. 23 is a plan viewillustrating a | ead

bondi ng 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 yielded 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_lo and the tape 9 can be
increased to obtain a stable cutting performaﬁce 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 wiring 11.

(2) Enlarged anchor wiring 82 is extended longitudinaliy

in a vacant spaée 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. In 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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portion of a semiconductor integrated circuit device in the Enbodinent 1
according to the present invention; Fig. 24 is a cross sectional view
illustrating, in an enlarged scale, a |anding position of a tool in the
portion A in Fig. 22, of a sem conductor integrated circuit device in the
Enbodi nent 1 according to the present invention; Fig. 25 is a cross
sectional viewillustrating a bonding portion inproved for the size of a
passi vati on gpenwade eflagtomer eepdetuee i ntegrated circuit device in the

Enbodi ment 1 according to the present invention; Fig. 26 is a plan

view illustrati ngla hhediteghpockiloexplanation for the wide elastomer
structure, Fig. 29 1s a perspective view illuétrating 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 is a
perspective view illustrating‘the state of appending a
semiconductor chip in the wide elastomer aﬁd Fig. 33 is a
cross sectional view illustrating the state of appending
a semiconductor chip in the wide elastomer.

In the technique studied by the present inventor, the
elastomer 2 is bbnded belng 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 wérping 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 smaller 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 cdntrary, 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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for ‘a bothway | ead, of a seniconductor integrated circuit device in the
Enbodi nent 1 according to the present invention; Fig. 27 is a plan
view illustrating standard anchor Wi rings, of a sem conductor
integrated circuit device in the

trusions 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 wide elastomer
34, warping of the flexible wiring substrate 3 can be
suppressed. |

Further, as shown in 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
rm 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 more 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, if 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 wide elastomer 34 along
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Enbodi ment 1 according to the present invention; Fig. 28 is a plan

view illustrating inproved anchor wrings, of a sem conductor integrated
circuit device in the Enbodinment 1 according to the present invention;
Fig. 29 is a perspective viewillustrating a structure of a standard

el astonmer, of a sem conductor integrated circuit device in the Enbodi nent
1 according to the present invention; Fig. 30 is a perspective view
i [l ustrating acwh @ty of in@ PN HAW ﬁtSﬁsﬂm@apf €4 e fing &!pacicdge

el astomer, of a sem conductor integrated circuit device in the Enbodi nent
1 outer shape. :

As described above, by using the wide elastomer 34
greater than the outer shape of the semiconduétor chip 1,
warping of the flexible wiring substrate 3 can be
suppressed,  and bondability of the semiconductor chip 1
éan 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 the 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.
386 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.sectional
view illustrating the concept of a metal mask 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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according to the present invention; Fig. 31 is a perspective view
Illustrating a structure of a w de elastoner, of a sem conduct or
integrated circuit device in the Enbodi mnent 1 according to the present
i nvention; Fig. 32 is a perspective viewillustrating a state of
appendi ng a sem conductor chip at a wide elastoner, of a sem cinductor
i.ntegrated circuit device in the Enbodinent 1 according to the present
invention; and Fifgg.483s 2 plamwsslaectllustratiaveg id Iinsttbig posistate of
appendlng a sem conductor chip at a wi de el astoner, of a

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 1s 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
printing area opening 38 of the metal mask 37 shown in Fig. 40,
a groove 40 (space) surrounded by walls of the semiconductor
chip 1 and the elastomer 2 1s 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 metal
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

.
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sem conduct or integrated circuit device in the Enbodinent 1 according to
the present invention; Flg 34 is a perspective viewillustrating a
structure - -19- of the standard
el astonmer after appending a sem conductor chip, of a sem conduct or
integrated circuit device in the
| 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. 381 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 exampie, the minimum value for the
width of the groove 40 defined by the strength of the sus-
pension portion 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 ﬂarrowing 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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Enbodi nent 1 according to the present invention; Fig. 35 is a cross
sectional viewillustrating a structure of a standard el astoner after
appendi ng the sem conductor chip, of a sem conductor integrated circuit
device in the Enbodinent 1 according to the present invention; Fi g.
36 is a perspective viewillustrating a structure of a w de el astoner
after appendi ng the sem conductor chip, of a sem conductor integrated
circuit devitoe imprdweedEnbthoentchdngingrthegvidth hef ptiksegtooveed®i on;
Fig. 37 is a cross sectional viewillustrating a struc-

although the number of the grooves 40 is increased.

Further, with an ailm 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 ébove,
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 38 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 fofming a stopping dam for the sealant

flow to the potting position 42.

10. Inner lead bonding fechnique

In the explanation for the igner lead bonding
technigue, 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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ture of a wide elastoner after appending the sem conductor chip, of a
sem conductor integrated circuit device in the Enbodinent 1 according to

the present invention; - Fig. 38 is a cross sectional viewillustrating
a concept of netal mask printing, of a sem conductor integrated circuit
device in the Enbodinent 1 according to the present invention; Fi g.
39 is a plan view illustrating a netal mask of a standard elastoner, of a

sem conduct @ $YHEHWRd EiFcutt aRgite- | 46 (HES EREYEP nRt toBR L oY BF g2 R Y
the present |mventioniy 111usfidkidQ 188 QbaRedbelh by USLIAY 001 GePELE!
Fig. 47 and Fig. 48 are cross sectional view and a perspective
view illustrating lead connection using solder or Au ball,
Fig. 49 is a cross sectional view illustrating connection by
using Al or solder wire and Fig. 50 is a cross sectional
view illustrating connection using an Au wire.

For example, in the teéhnique studied by the present
inventor, a lead 11 on which Au prlating is grown is directly.
driven to a bonding pad 7 and thermally press bonded by
supersonic waves. In this case, if the bonding condition is
poor or the shape 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.

Oon the contrary, in the Embodiment 1, the problems, for
example, of bondability 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 bonding 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 bondability is improved and,
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wi de el astoner, of a semiconductor integrated circuit device in the
Enbodi nent 1 according to the present invention;

- 20- Fig. 41 is a plan viewillustrating a printed shape for a
plurality of suspended wi de el astonmers, of a sem conductor integrated
circuit device in the Enbodinment 1 according to

further, damages are prevented by the stud bump 43.

Further, Fig. 45 and Fig. 46 are exampies 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 connectiﬁg the solder 44 with the |
bonding pad 7 of the semiconductor chip 1 using the tape 9
already 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 the 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 9 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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t he present invention; Fig. 42 is a plan viewillustrating a potting
position for groove-fillage of a wide el astoner, of a sem conductor
integrated circuit device in the Enbodinment 1 according to the present

i nventi on; Fig. 43 is a cross sectional view illustrating a bonding
portion by a standard | ead bonding, of a sem conductor integrated circuit
device in-the Enbodinent 1 according to the present invention; Fig.

44 is a crosbesbonidedaprevéeuslyusrr subsgauebsadi pgovidingokhey ®bendesdud
bunps, of a sem conductor integrated
' 11 of the tape 9 is in contact with the solder 44 when the
tape 9 is bonded to the semiconductor chip 1.
Fufther, 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 stﬁd bump such as a solder or Au ball 45.
Further, Fig. 49 shows 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 Al or solder wire 46.
Further, Fig. 50 shows 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 examples, 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 perspective view for explaining the lead design,

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

—_—
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circuit device in the Enbodinent 1 according to the present invention;

Fig. 45 is a cross sectional viewillustrating a |ead connection by using
sol der, of a sem conductor integrated circuit device in the Enbodi nent 1
according to the present invention; Fig. 46 is a plan view

illustrating a | ead connection wusing solder, of a sem conductor integrated
circuit device 1in the Enbodinent 1 according to the present invention;
Fig. 47 is aleadsaftectbomdingi efigl | 93tiatamgeyplandtory view illustra-
ting a relationship between a lead size and a bending stress
ratio and Fig. 76 to Fig. 80 are cross sectional views
illustrating the deformed shape of a lead in accordance with
the bending stress ratio.
For insfance, as explained also 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 éhown in Fig. 17, to laterally
displace the bonding tool 18, namely, a special bonding
tool trace 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, the bending stress ratio o« 1s 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 example of embodiment (1), the
bending stress ratio a = 1.26 at the size: taper 1ength L1
= 100 gm, wiring length L2 = 380 um, taper width bl = 865
gm, lead ﬁidth b2 = 38 um and lead thickness h = 18 um.
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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connection by using solder or Au ball, of a sem conductor

-21- integrated circuit device in the Enbodinent 1 according to the
present invention; . Fig. 48 is a perspective viewillustrating a | ead
connection by using solder or Au ball, of &a sem conductor

1.46 in the émbodiment.(S).

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

As described above, sinée the bending stress is concen-
trated to an intermediate porfion of the lead 11 upon wiring
dperation within the range of the bending stress ratio «
from 1.2 to 1.5, a moderately distorted satisfactory wiring
state is attained. On the other hand, if the bending stress
ratio ¢ 1is less than 1.2 as in the studied technique, since
the bending stress 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 satisfaétory wiring state.

Thenf Fig. 76 to Fig. 80 show the deformed shape of the
lead in accordance with the bending stress ratio « cqncretely.
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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integrated circuit device in the Enbodinent 1 according to the present

I nventi on; Fig. 49 is a cross sectional viewillustrating a | ead
connection by using Al or soldering wire, of a sem conductor integrated
circuit device in the Enbodi ment 1 according to the present invention;
Fig. 50 is a cross sectional viewillustrating a lead connection by using
an Au wire, of a sem conductor |ntegrated circuit device in the Enbodi nent
1 accordi ng Whrimg epesahlonatefitiorl-9, an expremelysshifEerpdcVivtngi ew

explalnlng a |l ead de5|g _
state is formed as shown in Fig T77. Accordingly, since

high repeating stresses are exerted on the lead 11 dufing
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 ¢ ¢ < 1.2 as in the technique studied by the present
inventof. a somewhat stiffened wiring state is formed as
shown in Fig. 78. Accordingly, since high repeating stressed
are exerted on the lead 11 during temperature cycle after
the wiring, fatigue life 1s 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 ¢ ¢ s 1.5 as in the 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.

Further, upon wiring operation at 1.5 < ¢ with
increased bending stress ratio, since the bending ratio is
concentrated only at the intermediate portion of the iead
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
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of a semconductor integrated circuit device in the Enbodinent 1 according

to the present invention; - - Fig. 52 is a perspective viewillustrating
nodi fication of |ead after-bonding, of a sem conductor integrated circuit
device in the Enbodinent 1 according to the present invention; Fig. 53
I's an explanatory viewillustrating a relation- ship between a |ead size

and a bending stress ratio, of a sem conductor integrated circuit device
in the Emboddweing Itemper? tRFR ?bﬁl%eaﬁFéééﬁirthehﬁl%hortenedFlg 54 is a

cross sectional viewillustrating a
: 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 £ a < 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 taﬁe by a stress ¢0 generated at
the tape end 48 of the lead 11 upon conducting the operation
of raising the lead 11 just above the bonding pad 7 by the
bonding tool 18. That is, the bending stress ratio « can
be represented by the following formula based on-the“size of

the lead 11 having a feature in the tapered shape:
a = o¢l/00 = bl x (L2 - Ll)/(bz x L2)

Ae described above, when the size and the shape of the

lead 11 are designed such that the bending.stress ratio «

is from 1.2 to 1.5, stable.and suitable S-shaped wiring
state can be formed by a simple driving down trace of a wire
bonder 1like 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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-22- connection portion of |ead connection, of a sem conductor
integrated circuit device in the Enbodinent 1 according to the present

i nventi on; Fig. 55 is an enlarged cross sectional viewillustrating
| ead bent portion, of a sem conductor integrated circuit

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 illustrating 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 1e5d. 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

This Sheet Has Been RTilaced

(AT T



device in the Enbodinent 1 according to the present invention; Fig. 56

Is an enlarged cross sectional viewillustrating a N -platingless |ead
bent portion, of a sem conductor inte- grated circuit device in the
Enbodi nent 1 according to the present invention; . Fig. 57 is an

enl arged cross sectional viewillustrating a |lead press contact portion,

of a sem conductor integrated circuit device in the Enbodi nent 1 according
to the presdmrdnessmndnthe brittieness axe anedutedgey vsbsg smcllonal
view illustrating a N -platingless |ead press contact portion, of a
seni con- 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 blating.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 smaller. On the other hand, if the surface of the iead
11 is free from the Ni plating 54 and, for example, formed
only with the Au plating 55 as shown in Fig. 58, 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 illustrating an.enlarged portion B in Fig. 54,
the lead 11 of a constitution comprising: Cu core 53 + Ni
plating 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_ll 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 is possible to suppress the
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ductor integrated circuit device in the Embodi ment 1 accor- ding to the
present invention; Fig.59 is a cross sectional viewillustrating a
~struc- ture of a sem conductor integrated circuit device in an Enbodi nment
2 according to the present invention; Fig. 60 is a perspective view
illustrating a structure of a-sem conductor integrated circuit device in
the Enbodinent 2 according to the present invention; Fig. 61 is a
plan view, RCGUENRRCE rofnthe ¢ragkiateterthe 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 stﬁdied 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 oﬁter shape size of the package, 4. Planer S-shaped
lead, 5. Beam lead, 6. Peripheral PIQ size of ﬁdnding 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 forming- S-
shaped configuration with no tool return and 12. NI-plating-
less lead.

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, the technical
items 2 to 12 are not limited to the surface wiring struc-

ture but the technique is applicable also to general package
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-23- a sem conductor chip, of a sem conductor integrated circuit device

i n"the Enbodi nent 3 according to the present invention; Fig. 62 is a
plan view illustrating a sem conductor integrated circuit device in the
Enbodi ment 3 according.to the present invention; Fig. 63 is a cross
sectional viewillustrating a sem -

structures such as rear face wiring structuré. Accordingly,
it can be expected to obtain the same effect as explained on
every items when the invention is applied 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.z is
greater than the outer shape of the semiconductor chip 1.
In a case where the elastomer ZIis smaller than the outer
shape of the semiconductof chip 1 as shown in Fig. 81,
improvement for the moisture proofness or the like can be
obtaihed 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 sectional 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 inventioh._

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

improving a rear face wiring structure. For instance, as
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conductor integrated circuit device in the Enbodi ment 3 according to the

present invention; Fig. 64 is an enlarged cross sectional view
illustrating a portion Ain Fig. 63, of a sem conductor integrated circuit
device in the Enbodi ment 3 according to the present invention; Fi g.

65 is a plan view for explaining a wiring structure of a wiring substrate,
of a sem conductor integrated circuit device in the Enbodi nent 3 according
to the preseshovmvbmtFbe: 59 andFFgg 660isia pl atirycéwreasompehedngram t he
rear face of a sem conductor chip a sem conductor._integrated circuit
devi ce as ancEaBtRMeRnt heh%ﬁ‘élauﬁ*g'r%ttlﬁelp%%mailhvaﬁmls ;on a main

surface of a semiconductor chip 1 and a flexible wiring
substrate 3 (wiring substfate) 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 compriées a
tape 9 (substrate base material) as a base material for the
flexible wiring substrate 3 aﬁd 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 1s composed of an insulation material
such as a light sensitive epoxy resin like 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 present 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 ié formed directly
on the main surface of the wirings 10 of the flexible wiring
substrate 3, low molecular weight ingredients of the elastomer

3 bleed directly to the lead 11 and if they bleed as far as
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Fig. 67 is a plan view illustrating a seniconductor integiated circuit
device in the Enbodi nent 4 according to the present invention; Fig.
68 is a cross sectional viewillustrating a sem - conductor integrated
circuit device in the Enbodinent 4 according to the present invention;
Fig. 69 is an enlarged cross sectional viewillustra- ting a portion Ain

Fig. 68, of a sem conductor integrated
the bonding point of the lead 11, it results in a problem of

extremely deteriorating the bondability (wire bonding
stress) by the contamination.

Further, compared 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 é
and the wirings 10, bleeding fends to be most violent at the
edge portion of the lead 1 together with the effect of the
surfacé tension.

.Further, in the rear face wiring structure in which the
elastomer 2 is formed to an uneven surface of the wirings 10
caused between the portions with or without the wirings 16,
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
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-24: circuit device in the Enbodi nent 4 according to the present

I nvention; Fig. 70 is a plan view for explaining a wiring structure
of a wiring substrate, of a sem conductor integrated circuit device'in the-
Enbodi ment 4 according to the present invention; Fig. 71 is a plan

view, as viewed fromthe rear face of a sem conductor chip, of a

sem conductor integrated circuit
surface of the wirings 10 of the flexible wiring substrate,

the surface of the wirings 10 is flattened to avoid a dis--
advantage such as involving of volds upon forming the
elastomer 2.

Accordingly, in the semiconductor integfated circuit
device of the Embodiment 2, since the solder resist 56 is
formed on the wirings 10 of the flexible wiring-substrate 3
in the CSP semiconductor package technique based on the rear
face wiring structure, it 1is ﬁossible to prevent the
lowering of the bondability'while preventing contamination
to the lead 11 and can obtain a packége structure of high

reliability with no voids.

Embodiment 3

Fig. 61 is a plan view of a semiconductor integrated
circuit device as an Embodiment 3 according to the present
invention, as viewed from the rear face of é éemiconductor
chip, Fig. 62 is a plan view, Fig. 63 is a cross sectional
view, Fig. 63 is 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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device in the Enbodinent 5 according to the present invention; Fig.

72 is a plan viewillustrating a sem conductor integrated circuit device
in the Enbodi nent 5 according to the present invention; Fig. 73 is a
cross. sectional viewillustrating a sem conductor integrated circuit
device in the Enbodinent 5 according to the present invention; Fig.
74 is an enlarged cross sectional viewillustrating a portion Ain Fig.

73, of a sedbsyidu@ dadkasigiatstiruadtung 1of asing g rsemcarbirior thip
according to the present i nventi on; Fig. 75 is a plan view for

expl ai ni ng daniim whial gak 1s formed to té% 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 outér circumference of the semi-
conductor chip la. The Embodiment 3 also has a structure of
adopting the techniques from "1. Surface wiring struéture"
to "12. Ni-platingless lead"”, as well as the technical features
for each of the technical itemé for the rear face wiring solder
resist structure as exﬁlained in the Embodiment 2.

That is, the semiconductor integrated circuit device in
the Embodiment 3 is; for example, a 24 pin ball grid array
type semiconductor package structure, in which an elastomer
2a (elastic structural material), a flexible wiring substrate
3a (wiring substrate) having wirings 10a formed on a tape 9%a
and a solder resist 4a (insulation film) are disposed on a
main surface of a semiconductor chip la formed with a plurality
of bonding pads 7a (external terminals), solder bumps 5a
(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 6a.

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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of a wiring substrate, of a semiconductor integrated circuit device in the
Enbodi nent 5 according to the present invention; Fig. 76 is a cross
sectional view illustrating-the nodified shape of the |lead in accordance
with the bending stress ratio in a conparative explanation between the
sem - conductor integrated circuit device in the Enbodinent 1 according

to the-present invention and the sem conduct or
along the outer circumference of the semiconductor chip 1la.

The bonding pad 7a of the semiconductor chip la is connected
electrically with the solder bump 5a by way of the wiring
10a cf the flcxible wiring substrate 3a which is connected
at onc 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
5a. 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 T7a. |

Accordingly, also in the semiconductor integrated
circuit device of the Embodiment 3, excellent effects can be
obtained for each of'the technical items as explained for
the Embodiments 1 and 2 although there is 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 1a 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 invenfion
as viewed from the rear face of the semiconductor chip, Fig.
87 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 is a plan view for explaining the
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- 25- circuit device studied by the present inventors; Fig. 77 is a
cross sectional viewillustrating the nodified shape of the lead in
accordance with the bending- stress ratio, of the sem conductor integrated
circuit device in the Enbodinent 1 according to the present invention:
Fig. 78 is a cross sectional viewillustrating the nodified shape of the
| ead i n accordance with the bending stress ratio, of the sem conductor

i ntegrated ST¥cing sfeuclare of a wiring substrate.

The semiconductor integrated circuit device of the
Embodiment 4 adopts, instead of the semiconductor package of
the structure 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
structure 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-
nical items of the rear fgce 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 (wiring 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 1lb formed with a plura-
lity of bonding pads 7b (external terminals), solder bumps
5b (bﬁmp electrodes) are formed to an opening portion of the

solder resist 4b;'portions for forming bonding pads 7b are
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in'the Enbodi ment 1 according to the present invention; - Fig. 79 is a
cross sectional viewillustrating the nodified shape of the lead in
accordance with the bending- stress ratio, of the sem conductor integrated
circuit device i.n the Enbodinment 1 according to the present invention;
Fig. 80 is a cross sectional vieM/iIIustrating the nodified shape of the

lead in accordance Wit t e ben tress.rati o, of the sem.conductor
i ntegrated GERed JBMit&hs Bg '%Tb%ﬂ R 8 SHRROTE Hgln® %thb esent

e Lo, o onnn b e e O Mk R B
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 7Tb 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 bﬁmp 5b 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 5b. The solder
bumps 5b 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 semiconductor 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 1s increased compared with the

Embodiments 1 and 2.
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intégrated circuit device in the Enbodi nent 1 according to the present

i nventi on.

" DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present

invention will be described nore specifically by way of preferred
enbodi nents with reference

Embodiment 5

Fig. 71 1s a plan view of a semiconductor integrated
circuit device as an Embodiment 5 of the present invention
as viewed from thg rear face of the semiconductor chip, Fig.
72 is a plan view, Fig. 73 1is a cross sectioﬁal view, Fig. 74
is an enlarged cross sectional view illustrating a portion A
in Fig. 73 and Fig. 7$Iis a plan view for explaining the
wiring structure of a wiring substrate. In Flg. 75, a por-
tion such as the number of boﬁding pads and solder bumps are
omitted for simplification in order to make the arrangement
of wirings clearer.

The semiconductor integrated circuit device of the
Embodiment 5 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 andfz, a package
structure of using a peripheral pad structure semiconductor
chip 1c as shown in Fig. 71 to Fig. 75, in which solder
bumps 5¢ connected to the bonding pads of the semiconductor
chip 1lc are disposed both in inner and outer regions to the
semiconductor 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

face wiring solder resist structure as explained for the

Embodiment 2.

\
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-26- to the drawi ngs. Enbodi nent 1 Fig. 1is a plan view
Illustrating a sem conductor integrated circuit device as an Enbodi nent 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 viewillustrating a state of nounting a sem conductor
Integrated circuit device to a
That 1is, the semiconductor integrated circuit device in
the Embodiment 5 1s, for example, a 110 pin ball grid array
type semiconductor package structure in which an elastomer
2c (elastic structural material),.a flexible wiring substrate
3¢ (wiring substrate) having wirings 16c 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 fo én opening portion of the
solder reéist 4c, a portion of forming the bonding pads 7c
is covered with a sealant 6c and a support ring 57c is
disposed to the lateral sides of the semiconductor chip lec.
The semiconductor chip 1c¢ 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 l1lc. The bonding pad 7c of
the semiconductor chip 1c is electrically connected to the
solder bump 5c¢ by way of the wiring 10c of the flexible
wiring substrate 3c that is connected by a lead 1lc at one
end to the pad 7c and joined to the bump 5¢ at the bump land
12¢ at the other end of the wiring 10c. The solder bﬁmps 5c
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, énd disposed by being arranged in two rows in a square
_\
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nounting substrate, Fig. 5is a flowchart illustrating a step of
assenbling a sem conductor integrated circuit device, Fig. 6 to Fig. 58,
Fig. 76 to Fig. 81 are views for conpara- tive explanation between the
feature of the sem conductor integrated circuit device in the Enbodi ment 1
of the present invention and a sem conductor integrated circuit device as
a conparative exanpl e studied by the present inventor. Expla- nation for
the views aPatigd® &lso/dty theiiten 1e&kAnto be described later.

At first, explanation will be made to the constitution of a sem conductor
integrated circulACCRRAINEIS, dhefrmigaafuctor integrated circuit device

of the Embodiment 5 can also obtaln similar excellent effect
in each of the technical items as explained for the Embodi-
ments 1 and 2 although there is a différence 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 expiained with reference to the Embodiments 1 - 5 of
the invention, the present invention is not 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 - §
can be combined as required.

The number of the solder bumps as the external
connection 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

Sheet Has Been Reﬁaced

T




1. with reference to Fig. 1to Fig. 2. The sem conductor integrated
circuit device as the Enbodinent 1 of the present invention is in the form
of a 40 pin ball grid array type sem conductor package, conprising a
?ggiconductor chip 1 having a plurality of sem conductor

' circuits formed on the semiconduétor 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 resist, thefe 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 temperature
and resistance to the exposure of flux and éleaning solvent.

Advantageous effects obtained by typical examples among
those disclosed in the present invention are briefly.
explained below.

(1) Since the 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

- 78 - T
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el énents and a plurality of bonding pads forned on a main surface, and an
el astonmer 2 (elastic structural material) bonded on the main surface of
t he sem conductor chip excep- ting for the portions of form ng the bonding
pads, a flexible wring substrate 3 (wiring substrate) formed with wirings
connected at one end to the bondi ng pads of the sem conductor chip 1, a
sol der resist 4 (insulation filnm fornmed on a nain surface of the flexible

Wi ring substhakerinl afdimiastlc (Hhids Bk My idbreantl R BOWRFSA At f ace

of the solder resist 4 and connected the other end of thﬁ)mﬁriqgs py way
' ~a higher accuracy and stably to the substrate base material

in a #oidless manher and, since the size and the shape of
the elastic structural material are made stable, the bonding
step for the semiconductor chip 1s 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 ﬁiring'substrate into a multi-
wiring layer structure, excellent electric characteristic in
view of the noise resistance can be attained.

(3) Since external terminals of the semiconductor chip can
be dispbsed at the central portion or the peripheral portioén,
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) Since 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 subétrate based on the ingredients of the.

elastic structural material, variation in the height of the

M



of ©penings in the solder resist 4, to constitute a package structure in
whi ch the bonding portion of the sem conductor <chip 1 is covered by a

seal ant 6 such as a resin. - The sem conductor chip 1 has, for exanple,
a center pad structure as shown in Fig. 1 in which a plurality of bonding
pads 7 (external termnals) are formed in one rowto a central portion in
the longitudinal direction, and the bonding pads are arranged each at a
not-uniforn1bhmEr9&?9Frpﬂé§eﬁ§rﬁpﬁeéapﬁﬁégrgﬁeéscﬁﬁeﬁif§°@u@hea§iﬁﬁﬁﬁp}ty

circuits and logic.circuits are forned tqQ the sem conduct.or chiﬁ 1, for
exanpl e, on Ao%chiiddhBEctBe §8BLRR%: aUSeH RY¥ thHGeenfareed 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 ihgredients of the
elastic structural material.

(5) 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 the wiring sub-
strate and the end of the elastic structural material and
for the distance M1 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 semiconductér chip, so tﬁat a
possibility of inducing chip cracks is reduéed 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 reliébility. 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 flatness of the wiring substrate and

lowering of the reliability.

\. .
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silicon and the bonding pads 7 made of a material such as Al are disposed

as the external termnals for such circuits. The el astoner 2 i s nade
of an elastic material, for- exanple, a silicone resin, which is formed on
the main -28- surface of the

sem conductor chip 1 being bisected into both
(8) Since the planer S-shaped wiring can be obtained by
forming the wiring of the wiring substrate such that the
fixed portion with the substrate 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 configurﬁtion
can be formed for the lead with no requirement of a soft-
modified 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 the 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 size 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 plating 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 is set to a size within such

N



| onigi t udi nal ends of the chip 1 excepting for the portion fornmed with the
bondi ng pads 7 and bonded to the main surface of the chip 1 by way of
adhesives 8. The elastonmer 2 is provided for noderating stress
concentration to the soldering bunps 5 mainly caused by the difference of
heat expansion coefficients of the sem conductor chip 1 and the package
nounting substrate. The flexible wiring substrate 3 conprises, for
exanpl e, asashemgei&s Frlge wiring agees ratalnterfenatwithl the suefaegexi bl e
Wi ring substrate 3 (substrate base material) and
- 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 vacant 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 larger 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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Wi rings 10 bonded on the main surface of the tape 9 by adhesives 9', in

which |l eads 11 on one end of the wirings 10 are connected to the bonding
pads 7 of the sem conductor- chip 1, and bunp lands 12 on the other end are

connected wth the soldering bunps 5. In the flexible wiring substrate
the rear face of the tape 9 (on the side opposite to the surface forned
with the wirings 10) is bonded to the elastoner 2, and the sol der resist
is formed t datelomiaf sthe glaskic tsferugurgt material, tike wamelime of
constituting the flexible wiring substrate 3 _is nmade of a material, for
exanpl e, aIﬁm%ﬂwﬁqﬁpgegybﬁtggﬁpegs suppressed. Further, since 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
peripher& of the semiconductor chip, so that a package of
excellent ﬁoisture 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
terminals 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 portion 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
ends of the elastic structural material, the strength of the
groove-forming 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

3,
4
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mat'erial such as Cu is used as the core material for the wring 10. A
portion of the lead 11 as one end of the wring 10 is forned with an N
plating |layer so as to cover - - 29-
the surface of the core material, and an Au plating layer is fornmed
further so as to cover the surface of the NN plating
terminals of the semiconductor chip and connecting the
external terminals of the semiconductor chip and the wirings
of the wiring substrate by waj of the stud bumps, problems
for the bondability and damages can be solved in the inner
lead bon@ing.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 cﬁn be improved and damages can be suppressed in
the bonding technique. |
(18) By using the stud bumps, for example, made of solder
or Au so as to surround from 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 bondability can be improved and the
damages can be suppressed in the bonding technique.
(17) By connecting the wirings of the wiring substrate and
the external terminals of the semiconductor 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

—_—
This Sheet H.

LT



|.ayer . The solder resist 4 is made of an insulation material such as
a light sensitive epoxy resin, and the solder bunps 5 are forned on the
mai n surface of the wirings 10 of the flexible wiring substrate 3 by way
of the openings in the solder resist 4 for a predeterm ned range of the
wirings 10 excepting for the connection portion connected to the bunp

| ands. The soldering bunps 5 are nade of a material, for exanple, a

Pb(560% - Shining sebsbrate swch| thakdthe|skse 1s gradually narrowe

from the end of the substfate 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 1is from 1.2 to 1.5, since a suitable S-
shaped configuration can be formed b& merely driving down
the bonding tool vertically with no return of the bonding
tool, a lead of a stably shapéd configuration can be formed
without requiring a special soft;modified wire bonder and,
further, the tact time upon bonding can also be shortened
since the trace of the bonding tool can be simplified.

{19) By using the electroconductive material as a core
material for the wiring sfructure of the wiring substrate
and applying only Au plating to the surface, since both the
hardness 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,
cracks are less caused 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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mai'nly conposed of Pb - Sn, and connected to the bunp lands 12 of the
wirings 10 constituting the flexible wiring sub- strate 3. The sol der
bunps 5 are di sposed being -arranged each by two rows in the regions on
both side of the bonding pads 7 of the sem conductor chip 1. The
thus constituted sem conductor integrated circuit device is nounted, for

exanple, as shown in Fig. 3 and Fig. 4, as a sem conductor integrated
circuit devithkeotnsukat nsﬁﬂé"pa%%éﬁtﬁ e renr Lage wlrbrgnirsgkehtenwi t h

e g Bt L bl B S o RS RSk 2 Tral 8
structural material with the wiring can be prevented énd
contact of the elastic structural méterial to the roughened
the surface of the substrate base material can also be
prevented, so that bleeding of the low molecular weight.
ingredients of the elastic. structure material can be sup-
pressed and, further, the surface of the uneven wiring
surface can be flattened by céating the insulation film
making it possible to avoid disadvantages such as involving
of voids upon forming the elastic structural material.

(21) In the surface wiring structure, since the opening of
the insulation film is formed by defining the coatiﬁg 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 substrate of the rear
face wiring structure.

(22) By setting the thickness of the insulation film by
determining the coating condition 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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gl dss or epoxy on a nmenory card and can be retractably nounted to a

portabl e equi pnment such as a portabl e tel ephone
- 30- or a handy type personal conputer by way of external connec- tion
term nal s 16. For the function of the Enbodinent 1 of the present

(23) In the surface wiring structure, since the pitch for
the arrangement of the bump electrodes can be reduced as
compared with thé rear face wiring structure, it is possible

to constitute a semiconductor package having output terminals

at higher density.

_—

This Sheet Eac

Wi



|nvent|on line for the steps of assenbling the seniconduct or
package ,ulﬂﬁm on the basis of the process flow shown in Fig.5.
At first, g t he sem conduct or package, wrings 10 are
formed on the tape 9 the flexible wiring substrates having the |eads 11

formed by etchings portion of the wirings 10, the elastoner 2, the

sem conduct or chig 1 forned with a predetermned integrated circuits and
provi ded - wi WBAT hES pBh&IMEDPpdBS 7 as external terminals, the sealant 6

qux and solder forn1n older balls 17 are
gm&con uctor Pntegrate ci uXt Sevice in which a

wiring substrate is disposed by way of an elastic structural.
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and thé other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the wiriﬂg substrate éomprises an insulation tape
and wirings formed on the main surface thereof, and the
elastic structural material is disposed on the side of the
insulation tape, and the bump electrodes are formed on the

side of the wirings.

2. A semiconductor integrated circuit device as defined
in claim 1, wherein the external terminals of the semicon-
ductor chip are disposed to a central portion of the semi-

- conductor chip.

3. A semiconductor integrated circuit device as defined
in claim 1, wherein the bump electrodes are disposed to a
region inward to the outer circumference of the semiconductor

chip.

4. A semiconductor integrated circuit device as defined
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The erX|b te 3 can be prepared, for exanple, as typically
represente ‘l"l ﬂﬂle of a TAB (Tape Autonmatic Bondi ng) tape, by _
bondi ng a chie ol | * such as nade of Cu on the tape 9 made of a
pol yi m de resin by neans of an adhesive, formng a required pattern by
photoresist’ on the metal foil using photographic technique, then formng a
requiring wiring pattern 10 by etching (including also | eads 11) and,
furthler gp;ﬂrylcﬂgalm JAquFIrf-tilIhgihef cxtrmnak CerRinaks Qf theereof , for

exanpl e, an electric field plating nethod. for_ e I

el ast orer )ZISQmifQQHﬁ!tFW [ﬂrhrirﬁ ,q?rg: disgposed at the peripehery of >Yl';1rrp e, the

semiconductor chip.

5. 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 semiconductof chip, one end

of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semiconductor
chip, and the other end of the wirings of the wiring substrate
is electrically connected with bump electrodes, wherein a
distance M2 between the end of a substraté base material of

the wiring substrate and the end of the elastic structural
material and a distance M1l between the end of the semiconductor
chip and the end of the substrate base material on the outer
circumferential side of the semiconductor integrated circuif
device are determined within a range capable of satisfying

the relationship:

M1 > M2 > 0.

6. 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, one end
of wirings of the wiring substrate is electrically connected

with external terminals on the main surface of the semiconductor
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to*ath:,mlmﬂma 50 [err]mon the tape 9 of the flexible _
- 31- ﬂl I and a silicone type adhesives 8 are coated and
printed on tcheisurfage 0f the el astonmer 2 (steps 501, 502). The el astomer
2 is not always printed but an elastomer previously formed into a
fil mshape may be cut
chip, and the other end of the wirings of the wiring substrate
is electrically connected with bump electrodes, wherein the
Wiring of the wiring substrate is formed to such a shape
that a fixed portion to the substrate base material of the
wiring substrate and a top end connected to the external

terminal of the semiconductor chip are displaced at least by

more than the width of the wiring.

7. A semicénduétor integréted circuit device in which a
wiring substrate 1s disposed by way of an elastic structural
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on thg main surface of thé éemicon—
ductor chip, and the other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the wiring of the wiring substrate is formed such
that one end is fixed to the substrate base material of the

wiring substrate and the other end is made as a free end.

8. 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-

ductor chip, and the other end of the wirings of the wiring
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I nt-o a predeterm ned shape and bonded to the rear face of the tape 9 by
nmeans of m&““mﬂ “}ﬁi\e Further, the leads 11 at one end of the

W rings 1“‘““ Wi ring substrate 3 and the bondi ng pads 7 of
t he semni cortduét ot cﬁip 1 are aligned such that their relative positions

coincide with each other, and the sem conductor <chip 1 is appended by
adhesion to the elastoner 2 printed on the tape 19 of the flexible wring

where the —SURSARLYS ot E AR upeth Bl e, S ¢
wherein the end of an opening in a surface protection film
on the semiconductor chip is determined to a size within
such a range that the wiring does not interfere with the
surface protection film when a bonding tool is driven down-

wardly at least on the side of driving_dowﬁ the bonding

tool.

8. A'semicqnductor 1ntegréted circuit device in which a
wiring substrate is disposed by way of an elastic structural
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicoh-
ductor chip, and the other end of the wirings of the wiring
substrate is electrically éonnected with bump electrodes,
wherein the wiring of the wiring substrate is formed such
that an effective area of a wiring portion of the wiring is

made greater on the side of the notch terminal end.

10. A sémiconductor integrated circuit device as defined
in claim 9, wherein the wiring portion on the side of

the notch terminal end is connected with an opposed land
portion of the wiring or extended longitudinally or laterally
in a vacant region of the wirings, or adjacent wirings are

connected with each other.
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— )
3 are appen of the elastoner 2, the sem conductor chip 1 and the
tape 9 of t I!ﬂ ('Ei ”mmng substrate 3 in a state appended by way of

t he el ast onen side down in the | ead bonding step, the |ead
11 is driven down on the Bondi ng pad 7 of the semi conductor 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 bondi ng pad
7 are conneclbd faneﬁﬁmﬁﬁQQdQﬁﬂQirﬁﬂ?ﬁﬁr%ﬁeds%bé¢%bﬁl@eYhéﬁnﬁD phieh a
bonding (step 5 Successively, in the sealing step,,the | ead

bondi ng pofW#?ﬁP%ﬁsqqﬁﬁEﬁﬁﬁhhﬂ dh3posed hnevaenpt u%%%gt%ﬁiitﬁuﬁﬁﬂral

material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
substrate is electricaily connected with bump electrodes,
wherein the elastic structural material is formed within a
larger range over the entire circumference at least by more
.than the width of the protrusion at the outer circumferential

~portion formed to the elastic structural material.

12. 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein when the elastic structural material is forméd being
divided 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 are opposed is

formed into a grooved shape.

- 90 - This Sheet Has Been Reﬂl
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-32:._‘—;E;—TEEE_II—B?*Tﬁe flexible wiring substrate 3 are resin
encapsH!H,Hﬂmuml | e, by coating the sealant 6 such as nade of an
epoxy mnmenser 19 to thereby enhance the reliability at the
junction portloﬂ b&t ween the sem con-

- 13. A semicénductor integrated circuit device as defined

in claim 12 , wherein a stoppring dam for a sealant flow

is previously formed upon sealing step.

14. A semiconductor integrated circuit device in which a
wiring substrate is disposed by way of an elastic sfructural
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on thé main surface of the semicon-
ducfor chip, and the other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the connection structure of the wiring substrate is
determined for the size and the shape of the wiring such
that the lateral size of the wiring is gradually narrowed
from the end of the substrate base material of the wiring
substrate to the top end of the wiring, so as to provide a
bending stress ratio a from 1.2 to 1.5, the ratio being
represented as: |

a = 0l1l/0c0
where ¢ 0 is a bending strength caused at the end of the
substrate base material and ¢l is a maximum stress caused
to an intermediate portion between the end of the substrate

base material and the top end of the wiring.

15. A semiconductor integrated circuit device as defined
—
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duct or exible W ring substrate 3 (step 505) .
Subsequgnlmmllmi “ml:lntl ng step for the flexible wring substrate 3, the
outer edge portian 6 e tape 9 is cut along a position sonewhat outer to
t he edge of the sem conductor chip 1, to forma package outer shape of CSP
(Chip Size Package or Chip Scal e Package) (step 506). Then, in the
bunp attaching step of the solder bunp 5, the bunp 5 is forned by j oi ni ng
a sol der bal in1glagmt ke, wbereépoﬁhengoauﬁﬁtﬂandszzusturﬁe°®|ﬁhﬁgyixénsf
the flexible wring substrate to formthe bunp 5 _and, flnallﬁ

of the selecﬁubﬁtﬁﬁgenﬁﬁkﬂﬁﬁerpﬁéegt§Brthﬁs§éﬁﬁlPHS ghape of the wiring

such that the lateral size of the wiring is gradually narrowed
| from the end of the substrate base material of the wiring

substrate to the top end of the wiring, and has a constant

lateral size from a predetermined position so as to provide a

bending stress ratio « from 1.2 to 1.5, the ratio

being represented as:

@ =bl x (L2 - L1)/(b2 x L2)
where L1 is a tapered length, L2 is a wiring length, bl is a

taper width and b2 is a wiring width.

18. 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,

wherein the wiring étrucfure of the wiring substrate is
formed by using an electroconductive material as a core

material and applying Au plating on the surface.

17. A semiconductor integrated circuit device in which a

wiring substrate is disposed by way of an elastic structural

This Sheet Has Been Reﬂlaced :




T
sew1conductor" t he Enbodi nent 1 according to the present

I nvention is ﬂ,gmz,m%, 7, 508). In the step of assenbling the
semni conduct or *paékag der of the tape cutting step (step 506) and
the bunp attaching step (step 507) may be reversed. Thus, the

Enmbodi ment 1 has a semni conductor package structure - in which bonding'pads 7
are arranged concentrically 1in one rowto a central portion of the

sem conduct omaterpal ongadnahe suvrfaeepbofips semieonduypsesdchipy henensnde of

the outer circunference of the sem conductor chip 1 connected by
of wirings of the wiring substrate -is electrically connected

with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wiringé of the wiring
substrate is electrically connected with bump electrodes,
wherein the wiring substrate comprises an insulation tape

and wirings formed on the main surface therepf, an insulation -
film is formed on the side of the wirings and the elastic

structural material is disposed on the insulation film.

18. A method of manufacturing a semiconductor integrated
circuit device comprising:

a step of fofming an elastic structural material on the
rear face of a wiring substrate in which wirings are formed
on a substrate base material, a step of bonding a semiconductor
chip on the rear face of the elastic structural material
such that the lead portion of the wirings and external
terminals of the semiconductor chip coincide with each other
for the felative position, a step of connecting the lead
portion of the wirings to the external terminals of the
semiconductor chip, a step of resin-encapsulating the con-
nection portion between the external terminals of the semi-
conductor chip and the wirings, a step of cutting the sub-
strate base material of the wiring substrate slightly outward

to the outer circumference of the semiconductor chip, a step

-
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- 33 way of the mnrlnﬁs 10 of the erX|bIe Wi ring substrate from the

bondi ng paﬂm“” ||L“I|L“m the feature of the package structure for the
sem conduc

rcuit device of the Enbodinent 1 wll be
expl ai ned by conp: arlson W th the package structure
- of forming an insulation film on the main surfacelof the
wirings and a step of forming an opening to the insulation
film at a position in which the land portion of the wiring
and the bump electrode are joined and a step of forming the
bump electrode being joined to the land portion of the

wirings by way of the opening.

19. A method of mahufacturing a semiconductor integrated
circuit device as defined in claim 18, wherein the opening
in the insulation film is formed by defining a coating

range for the material of the insulation film in the step of

forming the insulation film.

20. A method of manufacturing a semiconductor integrated
circuit device as defined in claim 18, wherein the thickness
of the insulation film is set by determining the coating
condition for the material of the insulation film in the

step of forming the insulation film.
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This Sheet Has

i o



as the techhique studied by the present inventor including the structure

and the process.with reference to Fig. 6 to Fig. 58 successively. 1.
Surface Wring Structure (a-structure in which the el astonmer is forned
to the wiring substrate on the side of the tape and the bunp

el ectrodes are forned on the side of the wirings). In the

techni cal explanation for the surface wiring structure, Fig. 6 is a cross
sect i onal V|£b@TEACB.QEJﬁHE DISCLOSURE

A ball grid array type semiconductor package comprising
a-semiconductor chip fqrmed with bonding pads, an elastomer
" bonded to the semiconductor chip, a flexible wiring substrate
.bonded to the elastomer and formed with wirings connected at

one end to the bonding pads of the semiconductor chip, a
solder resist formed on the main surface of the flexible
wiring substrate and solder bump electrodes connected to the
other ends of the wirings, in which the elastomer is bonded
to the flexible wiring substrate on the side of the tape,
the solder resist is formed on the side of the wirings, and
the solder bump electrodes are connected with the wirings by

" way of fhe through holes formed in the solder resist.

—_—
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Fig. 7is a cross
rear face wiring
is fornmed on the side
view for a main portion
is bonded to a

2

trodes are fornmed to the wiring

The package structure of the

tape and the el astoner

call ed surface wiring structure as shown in an
in which an el astoner

and Fig. 8 is a cros9g g&8tional
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view for a nmain portion illustrating the
is a so-

portion illustrating the surface wiring structure,
scale in Fig. 6.

sect i onal
structure (a structure in which bunp el ec-

illustrating wirings on both surfaces.
Enbodi ment 1

substrate on the side of the

of the wrings)

enl ar ged
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- 34- flexible wiring substrate 3. on the side of a tape 9 (on the side
of a sem conductor chip 1) and a solder resist 4 and a bunp el ectrode 5
are formed on the side of wirings 10. On the contrary,. the technique
studied by the present inventor is a so-called rear face wiring structure,
as shown in Fig. ' '2/43

FIG. 2
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7, in which an elastoner 2 is bonded on the side of wiring 10 and a sol der
bump 5 is forned on the side of a tape 9. In Fig. 6, an Au plating 1la is

fornmed, for exanple, by an electric field plating to the surface of a | ead
11 on one end and on the surface of a land 12 on the other end of the

w ring 10. In the rear face wrim/g8ructure described above, a

t hrough hole 12b for joining the bunp 5 is forned, for exanple, by

punchi ng out the tape 9 nade of a matFJ& sudh as a polyimde resin,
whereas in the surface wiring structdr ,ﬁi t Enbodi ment 1, a sol der

resi st 4 mad | ~
' FLEXIBLE WIRING
SUBSTRATE - ELASTOMER 8
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such as a light sensitive epoxy resin is coated on the main surface of the
wiring 10, and a connection hole 12a of a desired size is forned at a
desired position by a photographic process such as exposure and

devel opnment, so that the follo- w ng advantages can be expected. (1)
Since the opening for the solder bunmp % y43formed by exposure and

devel opnent of the solder resist 4, the fabri- cation accuracy for the
hol e di ameter can be inproved com pared with a case of puncturing the

opening to the pape 9 of
FIG. 6
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- 35- the flexible wiring substrate 3 in the rear face wiring structure
by machining. (2) Wile the practically mnimmthickness of the tape 9

is about 50 [err]m the solder resist 4 can be coated to a thickness of
about 10 to 20 [err]mstably depending on the coating condition, so that a
smal l er solder ball 17 can be 3

FIG. 8
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j oi ned satisfactorily. For exanple, in a case of form ng a sol der
bunmp of about 30 [err]mdianeter which is |ess than the thickness of the
tape 9, the aspect ratio of the through hole is exces- sively large in the
rear face wiring structure to possibly cause connection failure. On the

ot her hand, the aspect ratio can be | gyeg3d to cope with such a problemin
the surface wiring structure. (3) Since the arrangenent pitch of the

sol der bunmps 5 can be nade snmaller in the surface wiring structure as
conpared wth the rear face wiring structure, a sem conductor package
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havi ng output termnals for the solder bunps at a higher density can be
constituted. (4) Since the elastoner 2 is disposed to the flat surface at
the back of the tape 9, the elastoner 2 can be nounted (coated or

. appended) in a voidless manner stably at a high accuracy. Further, since

the size and the shape of the elastoneyég3are stabilized, the bonding step
|'é, thereby enabling to

of the semconductor chip 1 is also sta




- 36- conduct assenbling at higher yield. As descri bed above, the
techni que of the rear face wring structure results in problens 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 wring
substrate 3 and the el astoner 2, where@/48ch problens can be sol ved by
adopting the surface wiring structure in '

FIG 16
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t he Enbodi nent 1. Further, in the wiring structure of the flexible
wiring substrate 3, it is possible to use a flexible wiring subst- rate 3
havi ng-a both face wiring structure, for exanple, as shown in Fig. 8, that
is, having two | ayered wirings on both surfaces of the tape 9, in addition
to the single face wring structure asg;,P’?wn in Fig. 6, and it can be
applied further wdely to three or nore yered wiring structures.

In the exanple of Fig. 8, a first wiring 20 is used as a signal wring
while the second wiring 21 is used as a ground plane, in which the second
wiring 21 and the bunmp 5

FIG. 17




or the first wiring 20 are electrically connected by way of a via hole 22.
Such a structure has a nerit capable of obtaining excellent electric
characteristic, for exanple, in view of the noise resistance. 2.
Optim zation of tape eave. to el astoner In the technical explanation
for optim zation of tape _
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- 37- eave to the elastonmer, Fig. 9 is a plane view illustra- ting w ndow
openings, Fig. 10 is a cross sectional view illustrating a wi ndow openi ng
in Fig. 9 and Fig. 11 is a cross sectional view for the explanation of the
size for the w ndow opening portion and the edge portion of the

sem conduct or chi p. The package ?i\rﬂ’ ture of the Enbodinent 1, as
showmn in Fig. 9, has a BGA (Ball Gid rdy) structure in which the
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sol der bunps 5 are arranged in a matrix on the main surface of the
flexible wring substrate 3. In this exanple, as shown in Fig. 10, the’
sem conductor 1 has a center pad arrangenent in which an wi ndow openi ng
portion 23 is dis- posed longitudinally at a central portion, and the
portion and the peripheral edge of thnggggconductor chip 1 are resin
capsul ated by the sealant 6 to attain a structure of high noisture
proofness and reliability in the final structure. By the way, in the
techni que studied-by the present inventor, then the end of the el astoner 2

(on the si_de of : FIG 23
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t he wi ndow opening 23 is brought closer to the edge of the tape 9, that

Is, if the size L1 between the end of the elastoner 2 of the sem conduct or
Chlp 1 on the side of the bonding pad 7 and the end of the tape 9 is
reduced, contam - nation to the |ead 11 due to the bl eeding ingredient and
the volatile i ngredi ent of the elastoqg/ggls caused.

FIG. 25
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- 38- On the other hand, if the size L1 is nade larger, that is, if
the el astonmer is excessively retracted fromthe edge of the tape 9, the
size L2 between the end of the elastomer 2 and the solder bunp 5 is
reduced and since the elastoner 2 is not present below the innernost

sol der bunmp 5, this may possibly worsens the variation in the height of
the solder bunmp 5 or widen the encapd¢l/a3on region for the w ndow
opening 23 making it difficult to fill the sealant 6. On the
contrary, in the Enbodi ment 1, the problens can

FIG. 27
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be sol ved sinmultaneously by selecting the appropriate size for L1 and

di sposing the end of the elastoner 2 at an optiml position between the
end of the tape 9 and the sol der bunp 5. That is, since the foregoing
probl ens are present for the wi ndow opening 23, .the size is defined as

bel ow. For exanple, in this enbodinent, the printing accuracy of the

el astomer 2 is defined as about +1001pe&i3I m Accordingly, if the size L1
is less than 100 [err]m since it is out of the tape 9 by printing
deviation, it must be greater than the printing accuracy (100 [err]m at
the | east. Further, since there is no problemfor the contam nation

12 <

324




to the lead 11 by the bleeding ingredient or volatile ingre- dient of the
elastonmer 2 if it is actually spaced apart by " about 300 [err]mfromthe
actual result, it is determned, for exanple, as 300 [err]mat the
m ni rum However, a design with the mininmmvalue of about 100 [err]mis
possible if the el astoner - 39-

16743
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2 of less contam nation and bleeding is used or a counter- neasure, for
exanpl e, cleaning of contam nation is taken. As descri bed above,
contam nation to the |l ead 11 caused by the bl eeding ingredients or
volatile ingredients of the elastonmer 2 can be prevented, the variation in
t he height of the solder bunps 5 can ? L de stable and the sealing region
of the w ndow openi ng 23 can be filleh h ease by selecting an
appropriate size L1 as the Enbodi nent 1. 3. Optimzation for the outer

FIG. 31
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In the technical explanation for the optimzation of the outer size of the
package, Fig. 11 is a cross sectional view for explaining the size of the
wi ndow openi ng and the edge portion of the sem conductor chip, Fig. 12 is

a cross sectional viewillustrating a concave of the elastomer after
printing and Fig. 13 is a cross sectiqgal3view illustrating a warp of a
tape after appendi ng a sem conductor chip. For exanple, in the

techni que studied by the present inventor, in Fig. 11, assuming a the
di stance between the end of the semi conductor chip 1 on-the outer
circunference of the package and the end of the tape 9 of the flexible

FIG. 33
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wWiring substrate 3 as ML and a di stance between the end of the elastoner 2

and the end of the tape 9 as M2, the fol- |ow ng problens are present:
(1) I'f ML < 0. since the outernost circunference of the
- 40- package is that of the sem conductor chip 1, there is a

- 19743
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great possibility of inducing cracks to the semi conductor chip 1 in the
assenbl ing step, upon insertion and withdrawal of a receptacle, during
tray transportation and the like. (2) If ML <0, M > 0, since the circuit
surface of the sem conductor chip 1 is exposed to the outside, a problem
Is caused to the reliability and the%gge¢3ng for preventing this,

al t hough possible leads to increase of the steps. (3) If ML - Me < O,
peri pheral protrusions of the elastoner 2 after printing showmnm in Fig. 12
interferes the bonding portion of the sem conductor chip 1 as shown in
Fig. 13 to

FIG. 37
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cause bonding failure upon appendi ng, worsening of flatness for the
flexible wiring substrate 3 and reduction of the reliability.” (4) If M
=0, it is necessary to cut the elastomer 2 to cause a problemin the
difficulty of cutting. On the contrary, in the Enbodinent 1, the
foregoing -problens can be overcone bé determning the relationship for

the di stance between the end of the séh/dehduct or chip 1 or the end of the
el astomer 2 and end of the tape 9 as: ML > M > 0 That is, in the
explanatory view for the size illustrating the edge portion of the package

in Fig. 11, since the cutting
FIG. 39
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error
about
order
-41-

after

in the tape cutting step for determning the final
100 [err]m it is desired to ensure nore

that the cutting jig does not

reach the el astoner
formng the

outer shape is

than 100 [err]mfor M in

2. By the way, the cross sectional shape
22/43
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el astomer 2 by printing and hardening the sane 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
thi xotropic pro- perty which is higher to sonme extent. For exanple, if the
sem conductor chip 1 is appended undgéiéaﬁbcondition as M < M in which
the end of the sem conductor chip is r than the.end of the el astoner
2, a problemthat the surface of the tape 9 warps conform ng the cross
sectional shape of the elastonmer 2 is caused as shown in Fig. 13.

FIG. 43
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In order to prevent this, it is effective to escape a high peripheral
portion of the elastonmer 2 to the outside of the sem conductor chip 1 by
determning as: ML > M2. For instance, since the width of the protrusion
is about 200 [err]m it is desired that (M - M) is 240 [err]m and the
distance ML is about 360 [err]min vpgw$ the distance M2 = 100 [err]m
for the cutting property. Cutting the tape 9 at the outer
circunference as described above provides advantages that the outer shape
error is reduced, -and peripheral jigs such as a receptacle or a tray my
not be changed for the change of the size to

FIG. 45




sone extent of the sem conductor chip 1. ' As descri bed above, in the
Enbodi ment 1. it is possible -42-
to avoi d cracking and chipping of the sem conductor chip 1 to inprove the
cutting margin in the cutting step. Further,
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the circuit surface of the sem conductor chip 1 can be entirely disposed
bel ow the elastoner 2 to provide a nerit of inproving the noisture
proofness and elimnating the requirenent for sealing to the outer
circunferential portion. 4. Pl aner S-shaped | ead In the techni cal
expl anation for the planer S-shaped lead, Fig. 14 is a plan view
illustrating a planer S-shaped |ead,26¥§43 15 is a cross sectional view
taken along arrow B in Fig. 14, Fig. 16 is a cross sectional viewtaken
along arrow Ain Fig. 14, Fig. 17 is a cross sectional viewillus-

FIG. 49
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trating a trace of a bonding tool upon form ng-a standard S-shaped |ead
and Fig. 18 is a cross sectional viewillustra- ting a trace of a bonding
tool upon form ng a planer S-shaped 1 ead. The S-shaped configuration
is such a structure in which the length of a |lead 11 at one end of a
wiring 10 is sub- stantially nade Iong?r [}?an a linear distance between a-
pad 7 of a chip 1 and an edge portion f% of a tape 9, so that stresses
on the lead 11 can be reduced. For exanple, in the techni que of
form ng a standard -

FIG. 57




S-shaped | ead 24 studied by the present inventor, the lead is a linear
notch | ead or a beam|ead as shown by the dotted
- 43- line in Fig. 14, and in order to forma sag (S-shaped confi -
guration) enough to withstand thernmal deformation as shown by a fine line
in Fig. 15 after bonding, it is necessary _for
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such a notion as along a special bonding tool trace 25 of once driving
down the lead 11 just above the sem conductor <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 Enbodinent 1, the
foregoing problemcan be solved by pr@@#4i3hg the lead 11 of the wiring 10
not a |inear shape but as a planer S-shaped |l ead 26 of a S-shaped
configuration in which the base portion of the wring 10 and the bondi ng
portion at the top end are pre- viously displaced at |east by nore than

the width of the F/G 54
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| ead 11 as shown in Fig. 14, upon formng the wiring 10 on the tape 9 of
the flexible wiring substrate 3. As descri bed above by forming the

pl aner S-shaped |lead 26, a planer S-shaped |ead 26 of a stable and
suitable S shaped configuration can be fornmed by a bonding tool trace 25
by sinply driving down a usual wire bonder as shown in Fig. 18, since a
sag due to the original planer S-shap¥l/4Fonfiguration.is formed as shown
in Fig. 16, although a straightened shape as shown in Fig. 15 is forned.
This can formthe planer S-shaped |ead 26 of the stable

FIG. 57




S-shaped configuration with no requirenment for a soft-
- 44- nodi fi ed special wre bonder and, further, an effect for shortening

the tact time upon bonding can al so be expected since the bonding tool
trace 25 can also be sinplified. '
| 31743
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5. Beam | ead In the technical explanation for the beamlead, Fig. 19
Is a plan view for explaining a notch lead and " a beamlead, Fig. 20 is a
plan view illustrating a notch lead in a portion A of Fig. 19 and Fig. 21
is a plan view illustrating a beam |ead. For exanple, in the

techni que studied by the present inventor, as shown in Fig. 20 which is an
enlarged view for the lead 11 in Fi@ZJiéB alead 11 is formed with a notch
27, for exanple, of a V-shaped cut at a cutting portion. A portion
slightly inside of the notch 27 is driven downwardly

FIG. 61

FIG. 62
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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 nmanufacturing step for the flexible

Wi ring substrate 3 failing to cut upon bondi ng. Further, even if it
can be cut, it may be considered to Igg3such a problemthat the lead is
cut at a portion different fromthe desired notch 27, or the notch is too
narrow and di sconnected before the plating step of the flexible wiring
substrate 3 and can not be pl ated.

FIG. 63

1 PORTION A

NS

—6a

33
ba 53

FIG. 64




-45-

substrate 3

On the contrary, in the Enbodinent 1 as shown in Fig. 21, the
probl em upon cutting the lead 11 as descri bed above can be overcone by
making the | ead as a cantilever beam structure, nanely, a so-called beam
|l ead 28 in which one end is fixed to the tape 9 of the flexible wiring

34743
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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 passivation filmat the periphery of the
bonding pad, Fig. 22 is a cross sectional viewillustrating a | ead bondi ng
portion, Fig. 23 'is a plan view illust3ggt4y®g a | ead bonding portion, Fig.
24 is a cross sectional viewillustrating a tool |anding point at the
portion in Fig. 22 in an enlarged scale, Fig. 25 is a cross sectional view
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bondi ng portion inproved for the size of the passivation opening and Fig.
26 is a plan viewillustrating a bonding portion of a both way | ead.

In a nmenory chip typically represented by DRAM or the |ike, a passivation
film29 nade of a polyimde type resin is fornmed on the chip for
preventing soft errors caused by a ;;%%‘%'3 - For exanple, in the

techni que studied by the present inventor, since the lead 11 is once
driven downwardly j ust

FIG. 68
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- 46- above the sem conductor chip 1 then displaced laterally and again
driven downwardly on the bonding pad 7 of the sem con- 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 problemthat
t he passivation 29 on the senicondwgiyhghip 1 or the sem conductor chip 1
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t her ebel ow under goes danmages by the first driving down, or ingredients of
the passivation 29 are deposited to contam - nate the bonding portion on
the |l ower surface of the lead 11 to worsen the bondability. On the
contrary, in the Enbodinent 1, the foregoing problems can be solved by
extending the distance L3 fromthe 38 [n? edge of the bonding pad 7 to
the edge of the passi- vation film29 on The side of the bonding pad 7
shown in Fig. 22, Fig.. 23, Fig. 24 such that the paSS|vat|on opening 30
1S enlarged and the |ead 11 does not interfere with the

FIG. 71

- L—1c
_-/
/_57C
Lt
C
/60000000000 0\| g
OQ000000000 O |
OO looooOof Jlo©O
ool looooo| oo |3
ool |[ooooo| lloo
OO0 0000 O |
OO O000O0| lloo
e Xeo) 0000 O Joo
ooN__, oo}l
O0000000O000 O
\goooooooooog/
= _

o~
m



passivation film 29 at |east on the side of driving down the bonding tool
18 to nake an i nprovenent as shown in Fig. 25. That is, in Fig. 24,
the size L3 is about 25 [err]min an exanple of a sem conductor chip 1,
for exanple, a nenory. For instance, since the size of the bonding. pad 7
is 100 [err]m square and the size of the top end of the bonding tool 18 is
equal with or less than that, a retrad9i/dem arount L3 of the passivation 29
in Fig. 25 is desirably, for exanple, about nore than 125 [err]m

FIG. 73
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chip 1 or the sem conductor chip 1 or wthout
t he passivation 29 to the

11 to cause
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Further, also in a case where the | eads 11 extend from both directions,
the problem can al so be coped simlarly by enlarging the distance from:the
openi ng edge of the bonding pad 7 to the edge of the passivation 29 on the
side of the bonding pad 7 at |east on the side of driving down the

bondi ng tool. Enl argenent between the edges caused no problemeven if
applied to the opposite side to suchb&d Bxtent as not. exposing the circuit
surface of the sem con- ductor chip 1. 7. I nprovenent of anchor wiring

FIG. 76
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In the technical explanation for the inprovenent of the anchor wiring,
Fig. 27 is a plan view illustrating a standard anchor wiring and Fig. 28
is a plan view illustrating an inproved anchor w ring. For exanpl e,
in the technique studied by the present inventors, in a pattern of a
standard anchor wiring 31 on the tergknﬂ& end of a notch as shown in Fig.
27, if the notch 27 is formed greate th% a desi gned 'val ue, such a

FIG. 78
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- 48- di sadvant age 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 yielded
and the portion of the standard anchor wiring 31 is peeled fromthe tape
9. On the contrary, in this Enbod3pegy 1, the bonding strength
between the wiring 10 and the tape 9 can be -
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increased to obtain a stable cutting performance of the notclﬂ??}@ﬂ'} -
provi ding an enlarged anchor wiring 32 for enlarging the effectiye_area In
the portion for the anchor. wWiring at the termnal end as shown 1o y g. 28.
That:is, an inproved exanple for the enlarged anchor wrings 32 are shown

in Fig. 28. (1) An enlarged anchor wiring 32 isgeonnected to a bunp |and
12 to an opposing wiring 11. (2) Enlaﬁégh ancho mAREHgAGENEmeSHEEHEd SG
longitudinally in a vacant space of the wrings ﬂﬂﬁkmmumwn:pquGM.u>pquﬁﬁg
& Claim(s) : paged@6. to paged ¥

SPECIFICATION | tghyraying(s)  paged . to géged i

@ Abstract  : paged 9B to paged =

TITLE OF THE INVENTION | DATE OF RECEIPT .{2/06/T+

Semiconductor device and manufacturing method thereof

BACKGROUND-OF THE INVENTIOM

The present invention concerns a semiconductor
integrated circuit device technique and, more in particular,
it relates to a useful technique to be applied to portable
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 weight and
the thicknéss_has become vigorous for electronic equipments
along with improved function and performance for them. This
is greatly due to rapid increase of personal equiﬁménts such
as personal telephones or handy type personal computers in
recent years. Further, man-machine interface functions are
increased in personally manipulated equipments, for which
easy handlability and operability have been considered
important more and more. It is coﬁsidered 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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(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. In each of the exanples, 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 increasingythe effective area for the portion
of the enlarged anchor wrings 32. —

chibs 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 tefminal

leads has been promoted for proceeding the size reduction

of the packages, and while. makes mounting of the package

difficult abruptly.

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 Méy 1, 1994, "Nikkei 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 (Helsei 7)

by Kogyo Chosakai. One example of the structures in such

package techniques, for example, as described in Fig. 8 of

the "Electronic Material”, has a package structure in which

a.flexible wiring substrafe 1s 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.
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-49- 8. Wde elastomer structure In the technical explanation for
the w de elastonmer structure, Fig. 29 is a perspective viewillustrating a
structure of a standard el astoner, Fig. 30 is a perspective vVview
illustrating the state of appending a sem conductor <chip in a standard
el astonmer, Fig. 31 is a perspective viggt Illustrating the structure of a
w de el astoner, Fig. 32 is a —
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 is 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
appve~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 uniformly
and stably because of unevenness of the wiring pattern on

the flexible wiring substrate. That 1is, it may be considered
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perspective view illustrating the state of appending a sem'conductor chip
in the wide elastoner and Fig. 33 is a cross sectional viewillustrating
the state of appending a sem conductor chip in the w de el astoner.

In the technique studied by the present inventor, the elastoner 2 is
bonded bei ng bisected on both sides of _g_ bonding pad 7 of a semi conduct or
chip 1 and, in a structure wusing a standard elastomer 33 as shown in Fig.
29 and Fig. 30, it is considered that warping occurs in the flexible

Wi ring substrate undergoing the effect of peripheral protru- sions in a
structure $%CMMPE9P¥¢ESsﬁh#hcﬁObﬂsth@tefb%f%@ewiQh the elastomer are

formed near both sides of protrusions of the wiring pattern
upon coating or appending the elastomer on the flexible
wiring substrate and the step 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 50 zm, 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 number of pins of the package is
restricted.

In view of the above, an object of the present invention
ie to:provide a semiconducter integrated circuit device
capable of mounting an elastic stfuctural material to a
wiring substrate stably at a high accuracy, and making the
bonding step of a semiconductor chip stable thereby enabling
assembling at high yield.

Another object of the present invention is to provide a

technique of promoting increase for the number of pins in a

RS AL s we Sy carimmme T

REFLACEMERT SHEET

1 2JUN 1997

|




Is smaller than that of thé sem conductor chip 1 as shown in Fig. 13 and
that the warping brings about a problem for exanple, upon formng the
sol der bunmps 5 and nmounting of the substrate. On the contrary, in
the structure of a wide elastonmer 34 greater than the outer shape of the
sem conductor chip 1 of the enbodjnen[sgs shown in Fig. 31, the periphera
pr o- =

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
by the adoption of a multiple wiring layer structure.

An object of the present invention is t§ 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 elastic 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 wife bonder and
obtaining an effect of shortening the tact time uﬁon bonding
by further simplifying the trace of a bonding tool.

An object of the present 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 therebélow and further
improving the bondability by preventing contamination of
wirings. |

An object of the present invention 1is to increase a

{REPLACEMENT SHEET
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- 50- trusions of the wi de elastoner 34 are out of the sem conductor

chip as shown in Fig. 32 and Fig. 33 after appending the sem conductor
chip 1 and since the sem conductor chip 1 is bonded substantially to a
flat portion of the wide elastoner 34, warping of the flexible wiring
substrate 3 can be suppressed. Further, as shown in Fig. 33, since a
mgﬂe coating area of an adhesive 8 caﬁipe taken, a portion in which the
adhesi ve

bonding strength between wirings and a substrate material
and obtaining a stable notch cutting performance.

An object of the present invention 1s 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 forﬁ.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 to reduce occur-
rence of cracks in wirings per se and moderate bonding
damages to a semiconductor chip.

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

structural material and further avoid disadvantage such as
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8 is not prevail and |eft unbonded is reduced, and since the  adhesive is
bled uniformy to the periphery of the semcon- ductor chip 1 to form an
adhesive bleeding 35, it is possible to constitute a package of excellent
noi sture proofness and reliability wthout applying peripheral sealing.
That is, the width of the protrusions at the periphery of the w de
elastonmer 34 is, for exanple, about 200 fo 300 [err]mwhile different
dependi ng on t he physi cal property of the material and, accordingly, the
wi de elastoner 34 is fornmed over a larger range for the entire
ci rcunf erepneodtring of voids upon forming the elastic structural
" material by surface flattening.
An object of the present invention is to improve a
fabrication accuracy for hole diémeter 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 ftferminals at a higher density in
a method of manufacturing a semiconductor integrated circuit
device.
These and other objects, as well as novel features of
the present invention will become apparent by reading the
descriptions in the specification with :eference to the
accompanying drawings.
Among the inventions disclosed in the present applica-
tion, outlines will be explained simply for typical examples
as follows
That is, one of semiconductor- integrated circuit devices
according to the present invention provides a package struc-
ture applied to a semiconductor integrated circuit device in
which a wirlng substrate is disposed by way of an elastlc

structural material on a main surface of a semiconductor

chip, lead portions on one end of wirings of the wiring
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| east by nore than the protrusion width than-the chip size of the
sem conductor chip 1 as shown in Fig. 3 in the Enbodinent 1.
Further, while the flatness is inproved by formng the w de elastonmer 34
| arge enough, if the tape 9 is to be cut just at the outer circunference
of the sem conductor chip 1, the tape 9 is cut together with the w de
el astoner 34 al ong 12:
substraté 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 is disposed opposite 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 by way of a through hole disposed in an insula-
tion film formed on the wirings and having a thickness
smaller than fhat 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 the external terminals of the semi-
cqndue%or c¢hip by way of the wirings of the wiring substrate
are disposed to the inside, outside 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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a cutting line 36, and it is necessary to define a package outer shape.
As described above, by using the wi de el astoner 34 greater than the outer
shape of the sem conductor chip 1, warping of the flexible wiring
substrate 3 can be suppressed, and bondability of the sem conductor chip 1
can be made stable to inprove the nnlstyre proofness and the reliability
of the package.
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.
Furthér, 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 M1l 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:
ML >M2 > 0
Further, in a semiconductor integrated circuit device
of the 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 semiéonductor 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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9. Goove-filling technique of el astoner In the technical explanation
for the groove-filling technique of the elastoner, Fig. 31, Fig. 32 are
perspective views illustrating the structure of the w de el astoner and

the state of appending the sem conductor chip as described above, Fig. 34
is a perspective view illustrating the_ structure after appending a

sem conductor chip by a standard ela§ﬂé§er, Fig. 35 is a cross sectional
view thereof, Fig. 36 is a perspective viewillustrating a structure after

appendi ng a sem conductor chip by a wide el astoner, Fig. 37
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 doﬁn 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 terminal end is connected with an opposed land
portion of the 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 presen? invention,.the elastic structural material 1is
formed within a range greater over the entire circumference
at least by more than fhe with of the protrusion at the
opter:circﬁmferential portion formed to the elastic struc-
tural material.

Further, in a semiconductor integrated circuit device

. of the present invention, when the elastic structural material
is 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




a cross sectional thereof, Fig. 38 is a cross sectional view
lustrating the concept of a netal mask printing, Fig. 39 is a plan view
lustrating a netal mask of a standard elastonmer, Fig. 40 is a plan view
lustrating a netal mask of a wide elastoner, Fig. . 41'is a plan view
I

S
I
I
I
| lustrating a printed shape of an mI%g_elastoner havi ng plural suspension

on——

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 1s préviously formed upon sealing step.

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 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 way of the stud bumps.

Further, in a semiconductor integrated circuit device
of the present invention, the connection structure between
the external perminals 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
tgrmiﬁals 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 wiring substrate and the external
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-52- and Fig. 42 is a plan viewillustrating a potting position for
groove-filling of the w de el astoner. For exanple, in the structure
of a standard el astonmer 33 shown in Fig. 34 and Fig. 35 in the technique
studied by the present inventor, when an el astonmer 2 is constituted by

printing using a metal mask 37 as shown in Fig. 38, in the structure of
the standard el astonmer 33 shown in Fing?ﬂ and Fig. 35, since a suspended

portion 39 is always present at a printing area opening 38 of the netal
mask 37 shown in Fig. 40,
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 formed narrdwing the lateral size of the wirings
from the end of the substrate base material of the wiring
substrate to the top end of the wiringé, such that the
bending stress ratio a - is reéresented by:

¢ = 0l1l/00

where o0 is bending strength caused at the end of the
substrate base material and ¢1 is maximum stress caused

tp anfintefﬁediate portion between the end of the substrate
base material and the top end of the wirings, and such that
the lateral size is made_constant particularly 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 a

is represented by the following formula:

- AT
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a groove 40 (space) surrounded by walls of the sem conductor chip 1 and
the elastonmer 2 is left below the tape suspended portion.

Accordi ngly, when the wi ndow opening 23 is resin- encapsulated in a
structure in which the groove 40 is Ieft in the space defined with the

sem conductor chip 1 and the el astoner since the sealant 6 | eaks

t hrough the groove 40, it is necessarjEio previously seal the portion by a
nmet hod such as separate potting and then seal the wi ndow opening 23

a = bl x (L2 - L1)/(b2 x L2)
in which L1 1s a taper ‘length, L2 1s 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
is formed by using Cu as a core material, applyiﬁg Au plating
on the surface and making at least one end connected with the
external electrodes of the chip into a S-shaped configuration.

Further, in a semicénductor 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 elastié structural material is disposed on the insu-
lation film.

Further, a method of manufacturing a semiconductor
integrated circuit device according to the present invention
éqmprfses 4 step of forming'an elastic structural matérial
on the rear face of a wiring Substrate (tape side) in which
wirings are formed on the substrate baée material (tape), a
step of bonding a semiconductor chip to the surface of the
elastic structural materiai 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

&EM@WN?S&@ET
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As descri bed above, the concept of the printing by the netal mask 37 is to
formthe elastonmer 2 for a desired range to a desired thickness, by
positioning and di sposing a metal mask 37 having a printing area opening
38 at a predetermned position of a flexible wiring substrate 3 as a
printed matter, only to the printed p9££i°” as shown in Fig. 39 in
-53- -
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 electrodes, and a step of forming the bump elec-

trodes being joined to 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; |

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 mounting'the semiconductor integrated circuit device in

~the Embodiment 1 according to the present invention to a
mounting substrate;

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

the semiconductor integrated circuit device in the Embodiment
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.the case of the standard el astomer 33 and as shown in Fig. 40 in the case
of the wi de el astoner 34. . Accordingly, in the Enbodinent 1, the w de
el astoner 34 described above shown in Fig. 31 is printed by the netal mask
37 as shown in Fig. 40, in which a groove 40 surrounded by the walls of
t he sem conductor chip 1 and the el astomer 2 can be narrowed by printing
the elastonmer 2 having a restricted sﬁﬁﬁénsion portion 39 for the printing
area opening 38 of the netal nmask 37. For exanple, the mninumvalue for
the w dth of the groove 40 defined by the strength of the sus-

1 according to the present invention;

Flg. 6 1s a cross sectional view for a main portion of
" the semiconductor integrated circuit device in the Embodiment 1
according to the present invention; .

Fig. 7 is a cross sectional view for a main portion for
comparative éxplanation 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 bdth face wirings és 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 circuif device in the
Embodiment 1 according to the present invention;

Fig. 10 is a cross sectional view corresponding to the
window opening in Fig. 9;

Fig. 11 is a cross sectional 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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pension portion 39 of the metal mask 37 is about 200 [err]m Furt her,
in a case of a structure in which the sem con- ductor chip is appended by
coating the adhesive 8 on the main surface of the elastonmer 2, if the
adhesive 8 is coated in a sufficient anount as shown in Fig. 36 and Fig.

37, an excessive adhesive 8 fill the gr($ve 40 by the pres- sure upon
appendi ng to nake the mﬁndOM/openlng cl osed space, so that the
wi ndow openi ng 23 can be seal ed wi t hout appl yi ng sealing. . Furt her,

the groove-fillage can be inproved by
circuit device in the Embodiment 1 according to the present

invention;

Fig. 13 is a cross sectional view illustrating a tape
warping after appending a semiconductor 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 is a cross sectional view taken along arrow B
in Fig. 14 6f a semiconductor integrated circuit device in
the Embodiment 1 according to the present invention;

Fig. 168 is a cross sectional view taken 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
semicénductor integrated circuit device in the Embodiment 1
according 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 is'a plan view for explaining a notch lead and

a beam lead of a semiconductor integrated circuit device in
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restricting.the suspension portion 39 of the netal mask 37 thereby
narrowi ng the groove.40 but this results in a side effect of |owering the
strength of the nmetal mask 37. Then, by providing a plurality of
suspensi on positions on one side as shown in Fig. 41, the strength of the

metal mask 37 can -54-
-17-

——

the Embodiment 1_accopd1ng to the present invention;

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

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

Fig. 22 is a cross sectional view illustrating a lead
bonding portion 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 semicdnductor 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 the portion

A in Fig. 22, of a semiconductor integrated circuit device
in the Embodiment 1 according to the present invention;

Fig. 25 is a cross sectional view illustrating a bonding
pqrtioh imﬂroved for the size of a passivatibn opening, of a
semiconductor integrated circuit device in the Embodiment 1
according to the present invention;

Fig. 26 is a plan view illustrating a bonding portion
for a bothway lead, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 27 is a plan view illustrating standard anchor

=
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be i nmproved w thout changing the width of the groove 40 although the
nunmber of the grooves 40 is increased. Further, with an ai m of
i nproving the groove-fillage, as shown in Fig. 42, when resin, adhesive or
the like is potted, for exanple, to the potting position 42 of the groove
40 of the elastomer 2 to forma stopping dam for the sealant flow just
bef ore appendi ng the sem conduct or chiﬁ_ﬂj the groove-fillage can be
i mproved further. Further, also in a case of filling by potting
before sealing the wi ndow opening 23 after appendi ng and bonding of the
sem conductwdrricigsny &< ian stelmd conduditgure isttediradedbadaecult device in the

' Embodiment 1 according to the present invention;

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

Fig. 29 is a perspective 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 illustrating a structure
of a wide elastomer, of a semiconductor integrated circuit
device in the Embodiment 1 according to the present invention;

Fig. 32 1s a perspective view illustrating a state of
‘appending a semiconductor chip at a wide elastomer, of a
semicenducfor 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 is a perspective view illustrating a structure
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the sealing performance can be inproved outstandingly by restricting the
wi dth of the groove 40. As descri bed above, the groove-fillage can be
i nproved, particularly, by restricting the suspension portion 39 of the
nmetal mask 37 thereby narrowi ng the groove 40 of the elastoner 2 and,
further, the groove-fillage can be inproved further by previously formng
a stopping damfor the sealant flow t@3he potting position 42. 10.
| nner | ead bondi ng t echni que

of the standard elastomer after appending a semilconductor

chip, of a semiconductor integrated circuit device in the

Embodiment 1 according to the.present invention;

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

Fig. 36 is a perspective view illustrating a structure
of a wide elastomer after appending the semiconductor chip,
of a semicoﬁductor 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 printing, of a semiconductor integrated circuit
device in fhe 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 is a plan view illustrating a metal mask of a

wide elastomer, of a semiconductor integrated circuit device

in the Embodiment 1 according to the present invention;




In the explanation for the inner |ead bonding technique, Fig. 43 is a

cross sectional viewillustrating a bonding portion by a standard | ead
bonding, Fig. 44 is a cross sectional viewillustrating a bonding portion
by using - 55- a stud bump, Fig. 45

and Fig. 46 are cross sectional vieM/aggo_

Fig. 41 is 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 invention;

Fig. 42 is a plan view illustrating a potting posifion
for groove-fiilage 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 invention;

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

Fig. 45 is a cross sectional view illustrating a lead
connection by using solder, of a semiconductor integrated
c;rcuft device in the Embodiment 1 according to the present
inventidn;

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 1s a cross sectional view illustrating a lead

connection by using solder or Au ball, of a semiconductor
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a plan view illustrating | ead connection by using soldering, Fig. 47 and

Fig. 48 are cross sectional view and a perspective viewillustrating |ead
connection using solder or Au ball, Fig. 49 is a cross sectional view

il lustrating connection by wusing Al or solder wire and Fig. 50 is a cross
sectional viewillustrating connection f§ing an Au wire. For

exanple, in the techni que studied by thﬁ_present I nventor, a lead 11 on
which Au plating is grow is directly driven to a bonding pad 7 and
thermally press bonded by supersonic waves. In this case, if the bonding
condi tion ilategseitedr cilteudifagevitet Ao FbedEmyoddalents i acicoaddggatte, it

the present 1nvention:

Fig. 48 1s a perspective 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
connection 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 illustrating a lead
connection by using 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 semicondpctor integrated circuit device in the
Embodiment 1.$ccording to the present invention;

Fig. 52 is a perspective view illustrating modification
of lead affer 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 1s a cross sectional view illustrating a
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is considered to bring about a problemthat the bonding strength is |ow or
the bonding pad for a portion therebel ow undergoes damages. On the
contrary, in the Enbodinent 1, the problens, for exanple, of bondability
or damages caused by the bonding condition and the shape of the bonding
tool 18 described above can be overco by adopting the foll ow ng nmeans
for the bonding state. That is, 2B g. 44 shows an exanple of using a
stud bunp 43. This exanple has a feature of using a sem conductor

connection portion of lead cdnnection. of a semliconductor
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 cross sectional view illustrating
a lead press contact portion, of a semiconductor -integrated
circuit device in the Embodiment 1 according to the present
invention;

Fig. 58 is an enlarged cross sectionél 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 cross sectional view illustrating a struc-
ture of a semiconductor integrated circuit device in an
Embodiment 2 according to the present invention;

Fig. 60 is a perspective view illustrating a structure
of a semiconductor integrated circuit 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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chip 1 having the stud bunp 43 forned previously by a plating nethod or a
bal |l bonding nethod to a bonding pad 7 of the sem conductor chip 1, and
the bondability is inmproved and, ' - 56-
further, damages are prevented by the stud bunp 43. Further, Fig. 45
and Fig. 46 are exanpl es of connection_23_

‘a semiconductor chip, of a semlconductor integrated circult
device in the Embodiment 3 according to the present invention;
Fig. 62 is a plan view illustrating a semiconductor
integrated circuit device in the Embodiment 3'according to

the present invention;

| Fig. 63 1s 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 is 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 circuif
device as an Embodiment 4 according to the present invention;

Fig. 67 is a plan view illustrating a semiconductor
iptegfatedfcircuit device in the Embodiment 4 according to
the present invention;

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

Fig. 69 is an enlarged cross'sectional view illustra-

ting a portion A in Fig. 68, of a semiconductor integrated
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for the lead 11 using a sol der 44-show ng a connection state of
surrounding the lead 11 with the solder 44. This exanple concerns a

techni que of a connection structure of connecting a bonding pad 7
conprising Al or the |ike of the sem conductor .chip 1 and an el ectrode of
a tape 9 such as TAB as a CSP substratg. A met hod of feedi ng the sol der 44
in this exanple includes a nmethod of nectlng the solder 44 with the
bondi ng pad 7 of the sem conductor chip 1 using the tape 9 already in
which the solder 44 is already present so as to surround the |ead 11.

For the calrextitodevdideodn ithe Empesilmemte 4 Bgcormgdng to the present

invention;

Fig. 70 is a plan view for explaining a wiring strncture
of a wiring.substrate, of a semiconductor integrated circuit
device in the Embodiment 4 according to the preeent.invention;

Fig. 71 is a plan viem, as viewed from the rear face of
a semiconductor chip, of a semiconductor integrated circuit
device in the Embodiment 5 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 is a cross sectional view jillustrating a
semiconductor integrated circuit device in the Embodiment 5
according to the present invention;

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

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

Fig. 76 is a cross sectional view illustrating the
modifled 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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shape of the solder 44 provided to the tape 9 such as TAB is nade as flat
as possible at the surface in contact with the bonding pad 7 of the

sem conductor chip 1 in the connection nethod by pressurizing and heating
using a bonder. Further, in a connection nethod using a reflow furnace,
sol der paste or flux is present to th gnwface of the bonding pad 7 of
the sem conductor chip 1 so as to be igiébntact with the solder 44 of the
tape 9 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
circult device studied by the present inventors;

Fig. 77 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 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
in the Embodiment 1 acéording 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, of 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 Embodiﬁent 1 according to the present invention; and

Fig. 81 is a cross sectional view illustrating a
mgdiffed eXample of a package structure, of the semiconductor
integrated 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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t he bonding pad 7 of the sem conductor chip 1 by printing or wusing a
syringe. In this case, the tape 9 such as TAB may

-57- be bonded previously or subsequently providing that the |ead 11 of
the tape 9 is in contact wwth the solder 44 when the tape 9 is bonded to
t he sem conductor chip 1. 26

a—

to the drawings.

Embodiment 1

Fig. 1 is 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 illustrating a
step of assembling a semiconductor integrated circult device,
Fig. 6 to Fig. 58, Fig. 76 to Fig. 81 are views for compara-
tive explanation between the feature of the semiconductor
integrated circuit device in the Embodiment 1 of the present
inventiﬁn andja semiconductor integrated éircuit device as a
comparative g;amble studied by the present inventor. Expla-
nation for thé views are made on every technical items to be
described later.

At first, explanatidn will be made to the constitution
of a semiconductor integrated circuit device of an Embodiment
1 with réference 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
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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

sem conductor chip 1 by using a stud bunp such as a solder or Au ball 45.
Further, Fig. 49 shows an exanple of connecting a wiring 10 of a flexible
W ring substrate 3 and a bonding pad 7 o a sem conductor chip 1 by using
an Al or solder wire 46. Further, -Fig.250 shows an exanpl e of connecting a
wiring 10 of a flexible wiring substrate 3 and a bonding pad 7 of a

sem conductor chip 1 by using an Au wire 47. In the connec- tion exanples,

t he connecéi@ien s aited! £b Notabyeyeyr BorddEng 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 substrate) 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_s, and bumbs 5
(bump electrddes) formed on a main surface of the solder
resist 4 and connected the other end of the wirings by way
of openings 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 l-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 6ne row to a
central portion in the longitudinal direction, and the
bonding pads are arranged each at a not-uniform interval.
Predet;rminéd integrated circuits such as memory circuits
and logic circuits are formed to the semiconductor chip 1,
for example, on a semiconductor subsfrate such as 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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i nner | ead bondi ng such as TAB but under the concept .of a usual wre

bondi ng. 11. Lead design techni que capable of formng S-shape wth no
tool return In the explanation for the |ead design techni que capable
of form ng an S-shape with no tool return, Fig. 17 is a cross sectional
view illustrating a trace of a bonding gol upon form ng a standard

S-shaped | ead expl ai ned previously, FI$ 51 is a perspective view for

expl ai ning the | ead design,
surface of the semiconductor chlp 1 being bisected into both
longitudinal 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
flexible wiring substrate 3 (substrate base material) and
Wirings 10 bonded on the main surface of the tape ¢ 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 9 (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 wirings 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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Fig. 52 is a perspective viewillustrating deformation of a

- 58- | ead after bonding, Fig. 53 is an explanatory viewillustra- ting a
rel ati onship between a |l ead size and a bending stress ratio and Fig. 76 to
Fig. 80 are cross sectional views illustrating the deforned shape of a

| ead in accordance with -29-

the surface of the core material, and an Au plating layer is
formed furthéf so as to cover the surface of the Ni plating
layer.

The solder resist 4 is made of an insulation material
such as a light sensitive epoxy resin, and the solder bumps S
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 ﬁortion connected to the bump
lands.

The soldering 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. Thé solder bumps 5 are.disposed béing arranged
each by two ﬁows in the régions on both side of the bonding
pads 7 of the semiconductor chip 1.

The thus constituted semiconductor integrated circuit
devicé is ﬁounted, for example, as shown in Fig. 3 and Fig.
4, as a semiconductor infegrated circuit device of a chip
size package 13, for example, DRAM, together with a semi-

| conductor integrated circuilt device of QFP type package 14
to a mounting substrate 15 which 1is made, for example, of |
glass or epoxy 6n a memory card and can be retractably

mounted to a portable equipment such as a portable telephone
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the bending stress ratio. For i nstance, as explained also in the
teqhnlqug for the planer S-shaped lead 26 in the technique studied by the
present inventor, it is necessary for formng the S-shaped configuration
of the lead 11 shown in Fig. 17, to laterally displace the bonding tool
18, namely, a special bonding tool trage 25 including tool return is
required. - On the contrary, in th nbodiment 1, if the size of a
lead 11 shown in 51 is defined, for exanple, as shown in Fig. 53, the-
bending stress ratio a is within a desired range of from1l.2 to 1.5 and a
sui t abl e Soghaprdndgntiger persanal computer by way of external connec-
tion 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 having 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
photo%esié% on the metal foil using photographic technique,
then forming 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 elastémer 2 1s formed by printing

to a thickness of 50 to 150 gm on the tape 9 of the flexible
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for the lead 11 as shown in Fig. 52 can be formed by nmerely 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 exanple, in the exanple of enbodinment (1), the
bending stress ratio a = 1.26 at the size: taper length L1 = 100 [err]m
wiring length L2 = 380 [err]m taper wid&h bl =65 J[err]m lead wwdth b2 =
38 [err]mand | ead thickness h = 18 [rerr]m In the same nanner, the ratio
is 1.25 in the enbodinent (2), 1.26 in the enbodinment (3), 1.31 in the
enbodi mrentwi{din@nsubstrate 3, and a silicone type adhesives 8 are
coated and printed on the surface of the elastomer 2 (steps
501, 502). 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 9 by means of the -adhesives 8.
Further, the leads 11 at one end of the wirings 10 of
the flexible wiring substrate 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 1 is appended by adhesion to the elastomer 2 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 wiring substrate 3 in
a state appended by way of the 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 belng
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 thermal 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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-59-

techni que, at the size: taper length L1

280
| ead

1.46 in the enbodi nent (5). On the contrary, in the studied

100 [err]m wring

length L2 =

[err]m taper width bl = 60 [err]m |lead width b2 = 38 [err]m and
thickness h = 18 [err]m the bending stress ratio a is 1.02, '

-32-

the lead 11 of the flexible wiring substrate 3 are resin

encapsulated, for exampie, by coating the sealant 6

such as

made of an epoxy resin from a dispenser 19 to thereby enhance

the reliabiliﬁy at the junction portion between the

semicon-

ductor chip 1 and the flexible wiring substrate 3 (step 505).

Subsequently, in the céutting 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 Package or Chip Scale Package) (step 5086).

Then, in the bump attaching step of the solder
the bump 5 is formed by joining a solder ball 17 to
corresponding bump land 12 of the wirings 10 of the

wiring substrate 3 to form the bump 5 and, finally,

bump 5,
the
flexible

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).

In the step of assembling the semiconductor package,

the otder of the tape cutting step (step 506) and the bump

attaching step (step 507) may be reversed.

Thus, the Embodiment 1 has a semiconductor package

structure in which bonding pads 7 are arranged concentrically

in ohe row to a central portion of the semiconductor chip 1,

and the solder bumps 5 are disposed at the inside of the

outer cifcumference of the semiconductor chip 1 connected by -

........
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for exanple, in the exanple (1) and 1.13 exanple (2) which is out of the
range of 1.2 to 1.5. As descri bed above, since the bending stress is
concen- trated to an internediate portion of the lead 11 upon wring
operation within the range of the bending stress ratio a from1l.2 to 1.5,
a noderately distorted satisfactory wirigg state is attained. On the other

If the bending stress ratio a i ss than 1.2 as in the studied

techni que, since the bending stress is concentrated to the tape end 48 of

lead 11, it results in a stiffened state. Further, if the ratio

exceeds 1. wajt her bidiwigr ivigee 90 iof adrec diiexdibac evilning substrate from

the bonding pads 7.

Then, the feature of the package structure 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 illustrating the surface wiring structure, Fig. 7 is
a cross sectional view for a main portion 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 is formed on the side of the ﬁirings)
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 surface wiring structure as shown in an enlarged

scale in Fig. 6, in which an elastomer 2 is bonded to a
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to the internmediate portion of the lead 11 to result in a state of a small
radi us of curvature which can not be said to be a satisfactory wiring
state. Then, Fig. 76 to Fig. 80 show the deforned shape of the |ead
in accordance with the bending stress ratio a concretely. At first, when
the bonding tool 18 is nmerely driven do vertically to the |l ead of the

initial shape before wiring shown in FE§. 76, since the bending stress is
concentrated to the tape end 48 of the lead 11, for exanple, in the

flexible wiring substrate 3 on the slide of a tape 9 (6n 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 contrafy{_the technique studied by the present inventor
is a so-called rear face wiring structure, as shown in Fig.
T, in which an elastomer 2-is bonded on the éide of wiring
10 and a 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 10.

In the rear face wiring structure described above, a
through hole 12b for joining the bump 5 is formed, for
example, by punching out the tape 9 made of a material such
as a polyimide resin, whereas in thé surface wiring structure
of the Embodiment 1, a solder resist 4 made of a material
such as a light sensitive epoxy resin is 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 fdr the hole diameter can be improved com- |

pared with a case of puncturing the opening to the tape 9 of

4 2 JUN 1997,




- 60- Wiring operation at a < 0.9, an extrenely stiffened wiring state is
formed as shown in Fig. 77. Accordingly, since high repeating stresses are
exerted on the lead 11 during tenperature cycle after wiring, the fatigue
life is extremely shortened. Furt her, since the bending stress is
concentrated to 35 '

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 ugm stably depending on the
coating condifion, so that -a smaller solder ball 17 can be
joined satisfactorily.

For example, in a case 6f forming a solder bump of
about 30 ym diameter which is less than the thickness of
the tape 9, the aspect ratio 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 thé surface wiring structure as compared
with the rear face wiring structure, a semiconductor package
having output terminals for the solder bumps at a higher
density cah be constituted.

(4) Since the elastomer 2 1s disposed to the flat surface
at the back of the tape 9, 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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the tape end 48 of the lead 11 in the wiring operation at 0.9 [err] a <
1.2 as in the technique studied by the present inventor, a sonewhat
stiffened wiring state is formed as shown in Fig. 78. Accordingly, since
hi gh repeating stressed are exerted on the |ead 11 during tenperature
cycle after the wiring, fatigue life ig_shortened. On the contrary,
since the bending stress is concen- traled to an internediate portion of
the lead 11 during wring operation at 1.2 [err] a J[err] 1.5 as in the
Enbodi ment 1, - a noderately distorted wiring state as shown in Fig. 79 is
forned. Aceonduegl vssembténgoalti pighepestiehd.stresses are

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 bondabilif& between the wirings 10 of the flexible
wiring substr;te 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 flexiblé wiring 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 wiriﬁg while the second Wiring 21 is used as a
ground plane, in which the second wiring 21 and the bump 5
or thé first wiring 20 are electricaliy connected by way of
a via hole 22. Such a structure has a merit capable of
obtaining excellent electric characteristic, for example, in

view of the nolse resistance.

2. ‘Optimization of tape eave to elastomer

In the technical explanation for optimization of tape
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exerted on the lead 11 during tenperature cycle after the wring, the
fatigue life is increased. Further, upon wiring operation at 1.5 < a
with increased bending stress ratio, since the bending ratio is
concentrated only at the internediate portion of the lead 11, a wiring
state with a small radius of curvatureﬂgi_shomn in Fig. 80 is forned
Accordingly, since the initial strength—of the bent portion is | owered,
the fatigue life

eave to the elastomer, Fig. 9 is a plane view 1llustra-
ting window openings, Fig. 10 1s a cross sectional view
illustrating a window 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 portion 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 thelmain 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 presént
inventor, when the end of the elastomer 2 (on the side of
the window opening 23 is brouéht 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 elastomer 2 is caused.
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-61- during tenperature cycle after wiring is shortened. As a
result, an optinmal wiring state wwth the npderately distorted wring shape
is formed when the bending stress ratio is set within a range: 1.2 [err] a
[err] 1.5 as in the Enbodinment 1, and the tenperature cycle life of the

| ead 11 can be increased. The bepding stress ratio a is defined as a
val ue forned _ -

On the other hand, 1f the size L1 is made larger, that
.is, i1f the elastomer 1s excessively retracted from the edéé
of the tape 9, the size L2 between the end of the elastomer
2 and the solder bump 5 1s reduced and since the elastomer 2
is not present below the innermost solder bump S5, 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 6.

On the contrary, in the Embodiment 1, the problems can
be solved simultaneously by selecting the appropriate size
for L1 and disposing the end of the elastomer 2 at an optimal
position between the eﬁd of the tape 9 and the solder bump S.

That 1s, since the foregoing problems are present for
the window épening 23, the size is defined as below. For
example, in this embodiment, the printing accuracy of the
elastomer 2 1s defined as about +100 zm. Accordingly,
if the size L1 is less than 100 gm, since it ié out of the
tape 9 by printing deviation, it must be greater than the
printing accuracy (100 zm) at the least.

Further, since there is no problem for the contamination
to the lead 11 by the bleeding ingredient or volatile ingre-
dient of the elastomer 2 if it is actually spaced apart by
‘about 300 pm 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 gm is possible if the elastomer
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by dividing the stress [err] 1 generated at the corner 49 of the lead 11
on the side of the tape by a stress [err] generated at the tape end 48 of
the |l ead 11 upon conducting the operation of raising 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 jiyaf(ﬂ | owi ng formul a based on the
size of the lead 11 having a feature i17_the tapered shape: a =
[err]l/[err]O = Dbl x (L2 - L1)/(b2 x L2) : As descri bed above, when
the size and the shape of the Ilead 11 are designed such that the bending
stress ratRoof less contamination and bleeding is used or a counter-

measure, for example, cleaning of contamination 1s 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 package
In the technical explanation for the optimization of
the outer size of the package, Filg. 11 is a cross sectional
. view for explaining the size of the window opening and the
edge portion of the semiconductor chip, Fig. 12 is a cross
sectional viéw 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 semiconductor chip.

For example, in the technique studied by the present
inventor, in Fig. 11, assuming a the distance. between the
end of the 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 elastoméer 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

4 2 JUN 1997

masmant

B v
———




Is from1l.2 to 1.5, stable and suitable S-shaped wiring state can be
formed by a sinple driving down trace of a wwre bonder like that in the
technique for the planer S-shaped |ead 26 described above. Accordingly,
since no special soft-nodified wire bonder is required and the bondi ng
tool trade 25 can also be sinplified,_gh effect of shortening the tact
ti me upon bondi ng can al so be expected.___,

package 1s 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 ML < 0, M2 > 0, since the circuit surface of the
semiconductor{chip 1 is exposed to the outside, a problem is
caused to the reliability and the sealing for preventing
this, although possible leads 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 =5p, it is necessary to cut the elastomer 2 to
cause a problém in thé difficulty of cutting.

On the contrary, in the Embodiment 1, the foregoing
problems can be overcome by determining the relationship for
the distance between the end of the semiconductor chip 1 or
the end of the elastomer 2 and end of the tape 9 as: ML > M2 > 0
That is, in the explanafory 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 is about 100 zm, it is desired to ensure more

than 100 zm for M2 in order that the cutting jig'does not




- 62- 12. Ni-platingless |ead In the technical explanation for
the N -platingless lead, Fig. 54 is a cross sectional viewillustrating a
connection portion for the | ead connection, Fig. 55 is an enlarged cross
sectional viewillustrating a bent portion of a lead, Fig. 56 is an

enl arge cross sectional vieM/iIIustra-_4&Lng a bent portion of an

Ni -platingless lead, Fig. 57 is an

reach the elastomer 2.

By the way, the cross sectional 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 which 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 semicondﬁctor chip 1 by determining as: M1 > M2. For
instance, since the width of the protrusion is about 200 am,
it is desired that (M1 - M2) is 240 zm, and the distance Ml
is about 360 zm in view of the distance M2 = 100 gzm for
the cutting property. |

Cutting 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 the semiconductor chip 1.

As described above, in the Embodiment_l. it is possible
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enl arged cross sectional viewillustrating a press contact portion of a.

| ead and Fig. 58 is an enlarged cross sectional viewillustrating a
press-contact portion of the Ni-plating- |ess |ead. For exanple, in
the techni que studied by the present inventor, in a case of a cross
sectional structure of a lead 11 in whi Ni -plating is applied to a

surface and an Au plating is applied futiher to the surface as a Cu core
|l ead instead of a pure Au lead, since the N -plating layer is hard and
brittle, if it is intended to obtain the S-shaped

to avoid cracking and chipping of the semiconductor chip 1
to improve 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, Fig. 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 sectional view taken along
arrow A in Fig. 14, Fig. 17 is.a cross sectional view illus-
trating a trace of a bonding tool upon forming a standard
S-shaped lead and Fig. 18 is a cross sectional view illustra-
ting a trace}qf a bonding tool upon forming a planer S-shaped
lead.

The S-shaped configuration is such a structure in which
the léngtﬁ.of a lead 11 at one end of a wiring 10 is sub-
stantially made longer than 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 11 can be reduced.

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

is a linear notch lead or a beam lead as shown by the dotted
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| ead configuration, it is considered to result in a problem of causing
crack 51 at the bent portion of the |ead 11 as shown in Fig. 55, or a
bonding pad 7 or a portion therebelow suffers froma damage 52 as shown in
Fig. 57. The Ni- plating is formed as a barrier layer for preventing Cu
atons fromdiffusing to the Au platingﬂfﬁjface. On the contrary, in
t he Enbodi ment 1, since both the .

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, it is necessary for
such a motion as along a special bonding tool trace 25 of
onée driving down the 1eéd 11 just above the semiconductor
chip 1, lateraliy 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 diSp;aced at least by more than' the width of the
lead 11 as sﬁbwn in Fig. 14, upon forming the wiriné 10 on
the tape 9 of the flexible wiring substrate 3.

As déscribed above by forming the planer S-shaped lead
26, a planér S-shaped lead 26 of a stable and suitable S-
shapea cod%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. 16, although a
straightened shape as shown in Fig. 15 is formed.

' This can form the Planer S-shaped lead 26 of the stable

S-shaped configuration with no requirement for a soft-
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- 63- hardness and the brittleness are reduced by using an N -
platingless lead 11 in order to obtain the S-shaped configu- ration, the

crack 51 is less formed to the | ead per se and, in addition, the damage 52
. to the sem conductor chip 1 as the counter-bonding face can al so be
noder at ed. That is, in the connecfjpon 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

modified speclal 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 téchnical explanétion 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 is a plan view illustrating a beam
lead.

For 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
manuficturing 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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as an enlarged portion Ain Fig. 54, the crack 51 is liable to be caused
as the radius of curvature in the bent portion is smaller. On the other
hand, if the surface of the lead 11 is free fromthe N plating 54 and,
for exanple, formed only with the Au plating 55 as shown in Fig. 56, the
‘crack 51 is less fornmed to the bent pogtion of the lead 11 even if the

radi us of curvature is identical with { in Fig. 55. : Further, also
in a press-contact portion of alead 11 in Fig. 57 illustrating an

enl arged portion Bin Fig. 54, the lead 11 of a constitution conpri sing:
Cu core 53 + N oOnpltaki RenT4atyAu ipl ahien Embod imethandgeasSZhiown ilablFdg.o be

21, the problem upon cutting the lead 11 as described abo#e
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 9 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
passivation film 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 illustrating a lead bonding
portion, Fig. 24 is a cross sectional view illustrating a
fool landing point at the portion in Fig. 22 in an enlarged
scale, Fig. 25 1s 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
pprtién of'é both way lead.

In a 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 pre#enting soft errors caused by
a -rays.

For example, in the technique studiéd by the present

inventor, since the lead 11 is once driven downwardly just
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caused at the periphery of a bonding pad 7. On the other hand, if the
surface of the lead 11 is free fromthe NN plating 54 and, for exanple,
formed only with the Au plating 55 as shown in Fig. 58, the damage 52 is
| ess caused even in a case of bonding under the sane | ead bondi ng

condi ti on.

As descri bed above, it_hg_possible to suppress the

——

above the semiconductor chip 1, then displaced latefally 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'iﬁ Fig. 25.

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

more than 125 gzm.
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- 64- occurrence of the crack 51-'to the lead 11 and noderate the damage
52 to the sem conductor chip 1 while obtaining the S-shaped configuration,
by constituting the lead 11 such that only the plating | ayer, for exanple,
an Au plating is formed to the core material of the Cu core 53.

Therefore, according to the seniconductB% integrated circuit device in the
Enbodi ment 1, excellent effects can be - 0btai ned as al ready expl ai ned
successi vel y by conparison wth the package structure studied by the
present inventor,

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 opening 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
anchoi wifing, Fig. 27 is a plan view illustrating a standard
anchor wiring and Fig. 28 is 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 wvalue, sﬁch a
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in the CSP package techni que of substantially the identical size with that
of the sem conductor chip, in each of the technical itens, nanely, 1.
Surface wiring structure, 2. Eave optim zation of the tape to the

el astoner, 3. Optimzation of outer shape size of the package, 4. Pl aner

S-shaped |lead, 5. Beam |l ead, 6. Perip?Egal Pl Q size of bonding pad, 7.

| nprovenent of anchor wiring, 8. Wde e[3Stonmer structure, 9. Elastoner

groove-fillage technique, 10. Inner |ead bonding technique, 11. Lead
desi gn techni que capable of formng S- shaped configuration with no tool

return and4kZadbhnRbaki Rdy bkee®nk¥@dred 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 yielded and the portion of the.
standard anch@r wifing 31 is peeled from the tape 9.

On the cbntrary, 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 examplé for the enlarged anchor
wirings 32 are shown in Fig. 28.

(1) An enlarged anchor wiring 32 ié 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
vacang spaée of the wirings 1l1.

(4) Adjacent extended anchor wirings 32 are connected with
each other. In'each of the exambles, the cutting performance
of the notch 27 can be stabllized 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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In the Enbodi nent 1, although expl anati ons have been mnade for the draw ngs
and the contents of the technique on the prem se of the surface wring

structure, the technical itenms 2 to 12 are not limted to the surface
wWiring struc- ture but the technique is applicable also to general package
-65- ' .

_49_

8. Wide elastomer structure

In the technical explanation for the wide elastomer
structure, Fig. 29 1is a perspective view 1llustrating a
structure of'é 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 is a
perspective view illustratinglthe_state of appending a
semiconductor chip in the wide elastomer and Fig. 33 is a
cross sectional view illustrating the state 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 strucfure
using a stan&ard 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 sdﬁllef'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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structures such as rear face wiring structure. Accordingly, it can be
expected to obtain the sane effect as explained on every itens when the
invention is applied to the general package structure. ' The package
structure of the Enbodinment 1 (Fig. 1, Fig. 2) is showm to a case-in which
the elastoner 2 is greater than the Ogéﬁ% shape of the sem conductor chip
1. In a case where the elastoner 2 is | l'er than the outer shape of the
semi conductor chip 1 as shown in Fig. 8I, inprovenent for the noisture
proofness or the |like can be

trusions of the wide elastomer 34 are out of the semlconductor
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 wide elastomer
34, warping o? the flexible wiring substrate 3 can be
suppressed. |

Further, as shown in 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 p;oofness 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
gm 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
1east:by d;re 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, if 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 wide elastomer 34 along




obtained by form ng a package structure in which the lateral sides of the
sem conductor chip 1 and the elastoner 2 are covered with the seal ant 6.
Enbodi ment 2 Fig. 59 and Fig. 60 are a cross sectional view and a
perspective view illustrating a rear face wiring solder resist structure
in the sem conductor integrated circuit.. device of Enbodi nent 2 according
to the present invention. The senf%%ﬁductor i ntegrated circuit device

———

of the Enmbodinent 2 is a ball grid array type sem conductor package

a cutting line 36, and it 1s necessary fo define a package
outer shape.

As described above, by using the wide elastomer 34
greater thaﬁithe oﬁter shape of the semiconductor chip 1,
warping of thg_flexible wiring sﬁbstrate 3 can be
suppressed,'a;d bondability 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 illustrafing the structure of the 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 1s a cross sectional view thereof, Fig.
36 is a perspective view illustrating a structure after
appenéing g semiconductor chip by a wide elastomer, Fig. 37
is a cross sectional thereof, Fig. 38 is a cross sectional
view illustrating the concept of a.metal mask printing, Fig.
39 is a plan view illustrating a metal mask of a standard
elastomer, Fig. 40 is a plan view l1llustrating a metal mask
of a wide elastomer, Fig. 41 is a plan view illustrating a

printed shape of an wide elastomer having plural suspension




i ke that the Enbodinent 1, and it is different fromthe Enbodiment 1 in
that this is a technique not based on the surface wiring technique but a
t echni que based on and for inproving a rear face wiring structure. For

I nstance, as - - 66- shown in Fig. 59

and Fig. 60, in a structure cbnpriéing_gg_

a—

and Fig. 42 is a plan view illustrating a potting position
for-groové—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 1s 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
printing area opening 38 of the metal mask 37 shown in Fig. 40,
a groove 40 (space) surrounded by walls of the semiconductor
chip 1 and the elastomer 2 is left below the tape suspended
portion.

Accordingly, when thé 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 8 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
openiﬁg 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 positioniné 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
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el astomer 2 (elastic structural material) bonded on a main surface of a
sem conductor chip 1 and a flexible wiring substrate 3 (wring substrate)
bpnded to a main syrface of the elastoner 2, a solder resist 56
(insulation film is formed on the rear face of the flexible wring
substrate 3. That is, the erX|bI§§vmr|ng substrate 3 conprises a
tape 9 (substrate base naterlal) as a kase 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 ajmestcase 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. Fdr example, the minimum value for the
width of the groove 40 defined by the strength of the sus-
pension portion 39 of the metal mask 37 is about 200 gm.
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 éufficient 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 6péning'23 can be sealed
without applying sealing.
Further, the groove-fillage can be improved by
restricting the suspension portion 39 of the metél 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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The sol der resist 56 is conposed of an insulation material such as a |ight
sensitive epoxy resin like that in the Enbodinent 1. The feature of
t he package structure of the sem con- ductor integrated circuit device in
the Enmbodinent 2 will be explained including the structure and the process
In conpa- rison with the package structyre as t he techni que studi ed by
the present inventor. ~ For instancg. in the rear face wiring structure
shown in Fig. 7, in the Enbodinment 1 as the technique studied by the
present inventor, since the elastoner 2 is forned directly

be improved without changing the width of the groove 40

although the number of the grooves 40 is increased.

Further, with an aim of 1mproving the groqve-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‘fhe 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,
particulgrly; 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 lead 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 1llustrating a bonding portion by using
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on the main surface of the wirings 10 of the flexible wiring substrate 3,
| ow nol ecul ar wei ght ingredients of the elastomer 3 bleed directly to the
lead 11 and if they bleed as far as

-67- t he bonding point of the lead 11, it results in a problem of
extrenely deteriorating the bondabilityééydre bondi ng '

a stud bump, Fig. 45 and Fig. 46 are cross sectional view and
a plan view illustrating lead connectibn by using soldering,
Fig. 47 and Fig. 48 are cross sectlional view and a perspective
view illustfating 1eaq connection using solder or Au ball,
Fig. 49 is a cross sectional view illustrating connection by
using Al or solder wire and Fig. 50 is a cross sectional
view 1llustrating 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 bonding pad 7 and thermally press bonded by
supersonic waves. In this case, if the bonding condition is
poor or the shape 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
undergbes damages.

On the contrary, in the Embodiment 1, the problems, for
example, of bondability or damages caused by the bonding
condition aﬁd the shape of the bonding tool 18 described
apovefcan be overcome by adopting the following means for
the boﬁding 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 bondability is improved and,
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stress) by the contam nati on. Further, conpared 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 |eads 11 suffers fromviolent :
bl eeding since the surface of the tape 9 is roughened also wth an ai m of
| nproving the bondability between the [ggg 9 and the wirings 10, bleeding
tends to be nost violent at the edge p ion of the lead 1 together with
the effect of the surface tension. Further, in the rear face wiring
structure in which the

further, damages are prevented by the stud bump 43.

Further, Fig. 45 and Fig. 46 are 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
already 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 the 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 9 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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elastomer 2 is formed to an uneven surface of the wirings 10 caused
bet ween the portions with or without the wirings 10, voids are liable to’
be left, for exanple, in the gap between the wirings which nay cause a

worry in view of the reliability. On the contrary, in the Enbodi nent
2, since the solder resist 56 is formgd, on the wirings 10 after form ng
the wrings 10 in the manufacturing s for the flexible wring

substrate 3, direct contact of the elastoner 2 with the wrings 10 can be
prevented. In the sane manner, contact of the elastoner 2 to the roughened

surface of ghadrdmai aneanolﬁl@odae sub\ejiiet: 1 yTird vdall ngu ppiags Shiel dedidng of
the Tow 11 of the tape 9 is in contact with the solder 44 when the

tape 9 is bonded to the semiconductbr 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 a$ a solder or Au ball 45.

Furfher, Fig. 49 shows 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 Al or solder wire 46. .
Further, Fig. 50 shows 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 examples, 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 explalined previously,
Fig. 51 is a perspecfive view for explaining the lead design,

Fig. 52 is a perspective view illustrating deformation of a
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nmol ecul ar wei ght ingredients of the elastoner 2. Further, by coating
the sol der resist 56 to the uneven .

- 68- surface of the wirings 10 of the flexible wiring substrate the
surface of the wirings 10 is flattened to avoid a dis- advantage such as
I nvol ving of voids upon formng the _5g-

lead after bonding, Fig. 53 is an explanatory view 1llustra-
ting a relationship between a lead size and a bending stress
ratio and Fig. 76 to Fig. 80 are cross sectional views
illustrating the deformed shape of a lead in accordance with
the bending stress ratio. |

For instance, as explained also 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
tooi trace 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, the bending stress ratio ¢ is within a desired
range of froﬁ 1.2 to 1.5 and a suitable S-shaped configuratibn
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 a = 1.26 at the éize: taper length L1
= 100 gzm, wiring length L2 = 380 zm, taper width bl =.85
uzm, lead width b2 = 38 um and lead thickness h = 18 gm.

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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2. Accordingly, in the sem conductor integrated circuit

devi ce of the Enbodiment 2, since the solder resist 56 is forned on the
wirings 10 of the flexible wiring substrate 3 in the CSP sem conductor
package techni que based on the rear face wiring structure, it is possible
to prevent the Ilowering of the bondabjéé;y whi l e preventing contam nation
to the lead 11 and can obtain a package_Structure of high reliability with

no voi ds.

1.46 in the embodiment (5).

On the contrary, in the studied technique, at the size:
taper length L1 = 100 gzm, wiring length L2 = 286 pm,
taper width b; = 60 gzm, lead width b2 = 38 pym and lead
thickness h =‘18 um, the bending stress ratio a 1is 1.02,
for example, in the example (1) and 1.13 example (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 the bending stress ratio «
from 1.2 to 1.5, a moderately distorted satisfactory wiring
state is attained. On the other hand, if the bending stress
ratio a 1is less than 1.2 as in the studied techniqﬁe, since
the bending stress is concentrated to the tape end 48 of the
Jead 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.

Then, 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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Enbodi ment 3 "Fig. 61 is a plan view of a sem conductor integrated
Circuit device as an Enbodi ment 3 according to the present invention, as
viewed fromthe rear face of a sem conductor chip, Fig. 62 is a plan view
Fig. 63 is a cross sectional viewFig. 63 is an enlarged cross sectional
view for por- tion-Ain Fig. 63 andlﬁéh_65 Is a plan view for a ...
explaining the wiring structure of the—wiring substrate. A
sem conductor integrated circuit device in the Enbodiment 3 adopts,
i nstead of the sem conductor package of the structure in which the bonding
pad is forwédinpogpenatihs at « < 0.9, an extremely stiffened wiring
state 1s formed as shown in 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 s @ < 1.2 as in the technique studied by the present
inventor, a somewhat stiffened wiring state is forhed as
shown in Fig. 78. Accordingly, since high repeating stressed
are exerted on the lead 11 during temperature cycle after
the wiring, fatigue life is shortened.
On the contrary, since the bending stress 1is concen-
trated to an intermediate portion of the lead 11 during
wiring operafion'at 1.2 g a ¢ 1.5 as in the 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.
Further, upon wiring operation at 1.5 < «¢ 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 1s lowered, the fatigue life




center of the chip as in the Enbodiments 1 and 2 descri bed

- 69- above, a packaging structure of using a sem conductor 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 bunps 5a connected to the bonding pads to the

sem conductor chip la are disposed -61-

during temperature cycle after wiring 1s 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 g a 5 1.5 as in
the Embodiment 1, and the temperature cycle life of the lead
11 can be incfeased.

The bending stress ratio a 1s defined as a value formed
by dividing the stress ¢ 1 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 the lead 11 upon conducting the operation
of raising 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:
¢ = o¢1/c0 = 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 «
is from 1.2 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. Acéordingly, 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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to a region inward of the outer circunference of the sem - conductor chip
| a. The Enbodi ment 3 al so has a structure of adopting the techniques from
"1l. Surface wiring structure" to "12. N -platingless |ead", as well as the
technical features for each of the technical itens for the rear face
wiring solder resist structure as explained in the Enbodi ment 2.

That is, the sem conductor integrated QLECUit device in the Enbodi nent 3
is, for exanple, a 24 pin ball grid array type sem conductor package
structure, in which an elastomer 2a (elastic structural material), a
flexible wiring substrate

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
enlafged 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 seétional viewhillustrating a press contact
portion of a lead and Fig.'58 is an enlarged cross sectional
view illustrating a press-contact portion of the Ni-plating-
less lead.

For example, in the technique studied Ey 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 éonfi%uration, 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

a2
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3a (wWiring substrate) having wirings 10a fornmed on a tape 9a and a sol der
resist 4a (insulation film are disposed on a nain surface of a

sem conductor chip la forned with a plurality of bonding pads 7a (externa
term nals), solder bunps 5a (bunp electrodes) are forned to an openi ng of
the solder resist 4a, and a portion fog.form ng the bonding pads 7a and

| ateral sides of the elastoner 2a and t flexible wiring substrate 3a are
covered with a seal ant 6a. The sem conductor chip | a has a peripheral
pad structure, for exanple, as shown in Fig. 65, in which a plurality of
bondi ng padtaridness dmd nack et It lemesgaerte radwspdirey pedireg ran 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 donnection 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 smaller. 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. 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 illustrating an-enlarged portion B in Fig. 54,
fhe lead 11 of a constitution comprising: Cu core 53 + Ni
platiﬁg 54"+ Au plating 55, a damage 52 is liable to be
caused at the periphery of a bonding pad 7. On the 6ther
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 is possible to suppress the




-70- al ong the outer circunference of the seniconductor chip la. The
bondi ng pad 7a of the sem conductor chip la is connected electrically with
t he sol der bunp 5a 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 -64-
occurrence of the crack 51 ‘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 §3.

- Therefore, according to the semiconductor integrated
circuit device in the Embodiment 1, excellent effects can be
obtained as already explained successively by éomparison
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 paékage, 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 forming S-
shaped contiguration with no tool return.and 12. NI-plating-
less lead.

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, the technical

items 2 to 12 are not limited to the surface wiring struc-

ture but the technique 1is applicable also to general package
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bunmp | and 12a
sol der bunps

regi on i nward
Accordi ngly,

Enbodi ment 3,
Itens as expl
difference in
pads. Particu
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at the other end of the wiring 10a to the bunp 5a. The
5a are di sposed being arranged as 6 row x 4 colum in a
to the arrangenment for the bonding pads 7a.
al so in the sem conductor integrated circuit device of the
excel l ent effects can be bt ai ned for each of the technical
ained for the Embodi nents82-and 2 al though there is a

t he sem conduct or package structure as the fan-in peripheral
larly, in the fan-in package structure, a CSP

ructures such as rear face wiring structure. Accordingly,
can be expected to obtain the same effect as explained on
ery items when the invention is applied to the generai
ckage structure.

The package structure of the Embodiment 1 (Fig. i.
g. 2) is shown to a case  in which the elastomer 2 is

eater 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

ob

si

tained by forming a package structure in which the lateral

des of the semiconductor chip 1 and the elastomer 2 are

covered with the sealant 8.

Embodiment 2{

pe

re

Fig. 59 and Fig. 60 are a cross sectional view and a
rspective view illustrating a rear face wiring solder

sist structure in the semiconductor integrated circuit

devic% of'hmbodiment 2 according to the present invention.

The semiconductor integrated circuit device of the

Embodiment 2 is a ball grid array type semiconductor package

11

ke that the Embodiment 1, and it is 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
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structure package about at the sane size as the sem conductor chip la can
be attained like that in the Enbodinents 1 and 2. Enbodi nent 4

Fig. 66 is a plan view of a sem conductor integrated circuit device as an
Enbodi nent 4 of the present invention as viewed fromthe rear face of the
sem conductor chip, Fig. 67 is a plan view, Fig. 68 is a cross sectional
view, Fig. 69 is an enlarged cross secﬁﬁpnal viewillustrating a portion A
in Fig. 68 and Fig. 70 is a plan view for explaining the

shown in Fig. 59 and Fig. 60, in a structure comprising an
elastomer 2 (elastic structural material) 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 combrises 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 like that in the
Embodiment 1.

The featdre of the package structure of the semicon-
ductor integrated circuit device in the Embodiment 2 will be
explained inciuding the structure and the process in compa-
rison with the package structure as the technique studied by
the pfeseﬁ% invéntor.

For instance, in the rear face wiring structure shbwn
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 fléxible wiring
substrate 3, low molecular weight ingredients of the elastomer

3 bleed directly to the lead 11 and if they bleed as far as

i .-
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-71- wWiring structure of a wiring substrate. The sem conduct or
integrated circuit device of the Enbodi nent 4 adopts, instead of the
sem conduct or package of the structure in which the bunp el ectrodes are
di sposed in the chip area as in the Enbodinments 1 and 2, a package
structure of using a sem conduct or chipsgp of a peri pheral

the bonding point of the lead 11, it results in a problem of
extremely deteriorating the bondability (wire bondihg
stress) by the contamination.

Further, compared 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 aléo
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 tension.

Further, in the rear face wiring structure in which thé
elastomer 2 is formed to an uneven surface of the wirings 10
caused between 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
wirinés 10 in the manufacturing step for the flexible wiring
substrate 3, direct contact of the elastomer 2 with the
wiringé 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
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pad structure as shown in Fig. 66 to Fig. 70, in which bunps 5b connected
to the bonding pads of the sem conductor chip Ib are disposed to a region
outward to the outer circunference of the sem conductor chip Ib. This
Enbodi ment 4 also has a structure of adopting the technique from"1.
Surface wiring structure” to "12. N -platingless |lead", as explained in

the Enbodinent 1, as well as the featyles for each of the tech- nical
items of the rear face wiring solder resist structure explained for the
Enbodi ment 2 respectively. That is, the sem conductor integrated

circuit dewur®ace of the wirings 10 of the flexible wiring substrate,
the surface of the wirings 10 is flattened to avoid a dis-
advantage such as involving of volds upon forming the
elastomer 2.

Accordingly, in the semiconductor integrated circuit
device of the'Embodiment 2; since the solder resist 56 is
formed on the wirings 10 of the flekible wiring substrate 3
in the CSP semiconductor package technique based on the rear
face wiring structure, it is possible to prevent the
lowering of the bondability while preventing contamination
to the lead 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
circuit 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:'SS is 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

€ ra e
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t he Enbodi-nent 4 is, for exanple, in a 80 pin ball grid array type
sem conductor type package structure in which an elastaner 2b (elastic
structural material), a flexible wiring substrate 3b (wring substrate)
having wirings 10b formed on a tape 9b, and a solder resist 4b (insulation
film are disposed on a main surface of a sem conductor chip Ib forned
wth a plura- |ity of bondi ng pads 755E5Xternal term nal s), solder bunps
5b (bunp el ectrodes) are formed to an opening portion of the solder resist
4b, portions for form ng bonding pads 7b are

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 Sa 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 struéture"
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 circuit device in
the Embodiment 3 is, for example, a 24 pin ball grid array
type semiconductor 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_(€nsu1ation film) 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'klecﬁrodes) 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 6a.

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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-72- covered with the seal ant 6b, and a support ring 57b is disposed to
the lateral side of the sem conductor chip ILb to constitute a package
structure. The sem conductor chip Ib has a peripheral pad structure,
for exanple, as shown in Fig. 70, and a plurality of bonding pads 7b are
formed being arranged in a square pattefqn along the outer circunference of
t he sem conductor chip |Ib. The —_—

along the outer circumference of the semiconductor chip la.

The bonding pad 7a of the semiconductor chip la is connected

electrically with the solder bump 5a 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

5a. The solder.bumps 5a are disposed being arranged as 8

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 is 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.

Embodfment:4

Fig. 66 is ﬁ plah 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.
67 is a plan view, Fig. 68 is a cross sectional view, Fig. 69
is an enlarged éross sectional view illustrating a portion A

in Fig. 68 and Fig. 70 is a plan view for explaining the

posnsotiinian
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bondi ng pad 7b of the seniconduct or bhip I b is connected electrically with

the sol der bunp 5b by way of the wiring 10b of the flexible wiring

substrate 3b which i's connected at one end of the lead 11b with the pad 7b

and joined at the bunp land 12b at the other end with the bunp 5b. The

- sol der bunps 5b are di sposed by being_giganged in two rows in a square

pattern to a resin outward to the arrangeénent of the bonding pads 7b of

t he sem conductor chip |b. Accordi ngly, the sem conductor integrated

circuit device of the enmbodinment 4 can al so obtain excellent effects for
wiring structure of a wiring substrate.

The semiconductor Ilntegrated circuit device of the
Embodiment 4 adopts, instead of the semiconductor package of
the structure 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
structure of adopting the technique from "1. Surface wirihg
structure” to "12. Ni-platingless lead", as explained in the
Embodiment 1, as well as the features for each of the tech-
nical items 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 (etastie structural material), a flexible wiring substrate
3b (wiring 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

5b (bump electrodes) are formed to an opening portion of the

solder resist 4b, portions for forming bonding pads Tb are
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each of the technical itens as explained for the Enbodi nents 1 and 2

al t hough having a difference as a sem conductor package structure of
fan-out peripheral pad. Particularly, the fan-out package structure can
provi de a package structure corresponding to multi-pin arrangenents

al t hough the size of. the sem conductor _package is increased conpared with
the Enbodinents 1 and 2. - =72

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 1lb 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 5b 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 5b. The solder
bumps Sb are disposed by being arranged in two rows in a
square pattern to a resin outward to the arrangement of the
bon&ing pads 7b of thg semiconductor chip 1b.

Accordingly. the'sémiconductor 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 al%hough having a difference as a semiconductor
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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- 73- Enbodi ment 5 Fig. 71 is a plan view of a sem conduct or
integrated circuit device as an Embodinent 5 of the present invention as
viewed fromthe rear face of the sem conductor chip, Fig. 72 is a plan
view, Fig. 73 is a cross sectional view, Fig. 74 is an enlarged cross

sectional viewillustrating a portion A_in Fig. 73 and Fig. 75 is a plan
¥gem/for explaining the wring strucfQEE of a wiring substrate. 1In Fig.
, a por-

Embodiment 5

Fig. 71 is a plan view of a semiconductor integrated
circuit device as an Embodiment 5 of the present 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 view 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 arrangement
of wirings clearer.

The semiconductor integrated circuit device of the
Embodiment 5 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 psing a peripheral pad structure semiconductor
chip 1c as shown in Fig. 71 to Fig..75. in which solder
bumps 5c¢ connected to the bonding pads of the semiconductor
chip ic aré disposed both in inner and outer regions to the
semiconductor chip lc. This Embodiment 5 also has a struc-
ture adopting the technique from "1. Surface wiring"” to "12.
Ni-platingless lead” as expiained for the Embodiment i, as
well as features for each of the technical items of the rear
face wiring solder resist structure as explained for the

Embodiment 2.




tion such as the nunber of bonding pads and sol der bunps are onmtted for
sinplification in order to make the arrangenent of wrings clearer.

The sem conductor integrated circuit device of the Enbodinment 5 adopts,

i nstead of the sem conductor package of the structure in which bunp

el ectrodes are disposed in the area of_the chip as in the Enbodi ments 1
and 2, a package structure of using a f&ipheral pad structure

sem conductor chip 1c as shown in Fig. 71 to Fig. 75, in which sol der
bunps 5c connected to the bonding pads of the sem conductor chip 1lc are
di sposed bot h i IThamelrs anchowalicaydwnsort dritegrated circuit device in

the Embodiment 5 is, for example, a 110 pin ball grid array
type semliconductor package structure in which an elastomer
2¢ (elastic structural material), a flexible wiring substrate
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 covered with a sealant 6c.and a support'ring 57c is
disposed to the lateral sides of the semiconductor chip lc.
The semiconductor chip 1c has'a peripheral pad structure,
for example, as shown in Fig. 75 (actﬁal arrangement in Fig.
72) in which.a pluraiity-of bonding pads 7c¢ are formed by
being arranged in a square pattern along the outer circumfe-
rence of the semiconductor chip lc. The bonding pad 7c¢ of
the semiconductor chip lec is electrically connected to the
solder bump Sc by way of the wiring 10c of the flexible
wiring substrate 3c that is connected by a lead 1lc at one
end to the pad 7c and joined to the bump Sc at the bump land
12c at the other end of the wiring 10c¢c. The solder bumps 5Sc
are arranged as.s row x 5 column in a region inward of thé
arrangement of the bonding pads 7c¢ of the semiconductor chip

lc, and disposed by being arranged in two rows in a square
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sem conductor chip 1c. This Enbodinent 5 also has a struc- ture adopting
the technique from"1. Surface wring" to "12. N -platingless |ead" as
expl ai ned for the Enbodinment 1, as well as features for each of the
technical itens of the rear face wiring solder resist structure as
expl ai ned for the Enbodi nent 2. 75

—

pattern also in the outer reglion.

| Accordingly, the semiconductor integrated circuit device
of the Embodiment 5 can also obtain similar excellent effect
in each of the technical items as explained for the Embodi-
ments 1 and 2 althdugh 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 pfesent inventor has
been explained with reference to the Embodiments 1 - 5 of
the invention, the present invention is not 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
connection terminals of the semiconductor péckage 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




-74- That is, the sem conductor integrated circuit device in the
Enbodinent 5 is for exanplé, a 110 pin ball grid array type sem conductor
package structure in which an elastoner 2c (elastic structural naterial),
a flexible wiring substrate 3c (wiring substrate) having wirings 10c
formed on a tape 9c, and a solder resist 4c (insulation film on a main
surface of a sem conductor chip 1c forﬁﬂﬁ:mﬁth a plurality of bonding pads
7c (external term nals), solder bunps 5¢c (bunp electrodes) are fornmed to
an opening portion of the

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 resist, 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 resistancé to the exposure of flux and c¢leaning solvent.
| Advantageous effects obtained by typical examples among
those disclosed in the present invention are briefly
explained below. _

-(;) Sincef%he elastic structural material is disposed on
the flat surface on the rear faqe_éf 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 sufface of the

wirings formed on the main surface of the substrate base
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sol der resist 4c, a portion of form ng the bonding pads 7c is covered with
a seal ant 6¢ and a support ring 57c is disposed to the |ateral sides of

t he sem conductor chip |c. The sem conductor chip 1c has a peri pheral
pad structure, for exanple, as shown in Fig. 75 (actual .arrangenent in
Fig. 72) in which a plurality of bondLﬁﬂTpads 7c are fornmed by being
arranged in a square pattern along the er circunfe- rence of the

sem conductor chip 1c. The bonding pad™7c of the seniconductor chip 1c is
el ectrically connected to the solder bunp 5¢c by way of the wiring 10c of

the f1exiblhg oW 5hn0cREPS1£3EE 58 ch1Bbul81°RAREEYRY BnbkCRdubtEadheone
a higher accuracy and sfably to the substrate base material
in a voidless manner and, since the size and the shape of
the elastic structural material are made stable, the bonding
step for the semiconductor chip 1s also stable thereby
enabling assehbling 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 noise resistance can be attained.
(3) Since external terminals of the semiconductor chip can
be disposed at the central pbrtion 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) S}ncexthe 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 the ingredients of the

elastic structural material, vafiation in the height of the

3 i e e e e e,
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end to the pad 7c and joined to the bunp 5c at the bunp land 12c at the
other end of the wiring 10c. The sol der bunps 5¢c are arranged as 6 row x 5
colum in a region inward of the arrangenent of the bonding pads 7c of the
sem conductor chip 1c, and di sposed by being arranged in two rows in a

squar e . - 75-
-78-

bump electrodes is not caused, it is free from the difficulty
for filling the éealant‘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 material.
(5) 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 the wiring sub-
strate.and the end of the elastic structural material and
for the distance Ml between the end of the semiconductor
chip and the end of the substrate base material at the outer
circumference of the semiconductor integréted circuit device
within a range: M1 > M2 > 0, the outermost circumference |
of the package is not of the semiconductér 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 i; no£ exposed to the outside thereby enabling to improve
the reliability. Fufther. since the peripheral protrusions
of the elastic structural material after printing do not
interfere with the bonding porfion of the semiconductor chip,
it is possible to prevent bonding failure upon appending,
worsening of the flatness of the wiring substrate and

lowering of the reliability.

Iyl
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pattern also in the outer region. Accordi ngly, the sem conductor
integrated circuit device of the Enbodinment 5 can also obtain simlar
excellent effect in each of the technical itens as explained for the
Enbodi - nents 1 and 2 although there is a difference as the sem con-
duct or package structure. Particularly, in the fan-in/out package
structure, a package structure capabléﬁﬁi’coping wth multi-pin
arrangenents can be adopted although the size of the sem conductor package
is enlarged conpared with the Enbodinents 1 and 2.

(8) Since the planer S-shaped wirlng can be obtained by
forming the wiring of the wiring substrate such that the
fixed portion with the substrate 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 SFshaped configura-
tion can be obtained by a simple driving down trace of a
usual wire bdnder. so that a stable S-shaped configuration
can be formed for the lead with no requirement of a soft-
modified 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 the 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 ih notched wirings
that cutting is impossible upon bonding due to the variation
of thé’sizé of the notches and, even if it can be cut, it
may be cut at a portion different from the desired notch, or
i1t is cut before plating 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 is set to a size within such
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VWhile the invention made by the present inventor has been explained with
reference to the Enbodinents 1 - 5 of the invention, the present invention.
restricted only to those enbodinments but it will be apparent that.
nodi fications are possible within a range as not departing
gi st thereof. For exanple, the techniques in the Enbodinents 1 - 5 can be
conbi ned as required. The nunberiii:the sol der bunps as the external
connection termnals of the sem conductor package and the

i s not
vari ous

the external termnals of the sem conductor

a range as the wiring does not interfere with the surface
protection film when tﬁe bonding tool 1is drivén 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 protectibn film are deposited to the bonding
porfion 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 vacant 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

> a

_1n a larger 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 theiappending the semil-

conductor chip and it is bonded substantially on the flat

t he

bondi ng pads as
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chip electrically connected with the solder bunps are not restricted only
to those explained in the enbodi nents, but they nmay be properly nodified

depending on or in accordance wth the specification of the packages such
as integrated - 76-

_81_

portion of the elastic structural material, the warplang of
the wiring substrate 1s-suppressed. Further, since a large
coating area for the adhesive can be taken a not bonded

- portion caused by the insufficient prevalling 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 6f forming the elastic structural_material
being divided such that it is not bonded on the external
terminals 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 portion 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) 1If a pluralitj of grooves are formed to each of the
egds 6} thé elastic structural material, the strength of the
groove—forming 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

qu— e g, i e,
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circuits forned on the sem conductor chip. ' Further, re
materials, for exanple, for the elastomer as the elastic st
material, the tape for the flexible wiring substrate as the

gar di ng the
ructural
W ring

substrate, the wring and | ead plating, the solder resist as the

insulation filmand the solder bunp as_ the bunp el ectrode,

Is also applicable in a case of using'dfﬁpr_naterials havi ng
properti es. For exanple, as the solder resist, there c
mentioned a resin mxture conprising an acrylic resin and an

the resin m xture descri bed above with addition

the invention
respective
an be
epoxy resin, -

terminals of the semiconductor chlp 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 bondability and damages can be solved in the inner

lead bonding technique, the bondability is improved by the

stud bumps and, further, démages 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 technique.

(16) By using the stud bumps, for example, made of solder

or Au so as to surround from 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 bondability can be improved and the

damages can be suppressed in the bonding technique.

(;7) :By cbnnecting the wirings of the wiring substrate and

the external terminals of the semiéonductor'chip by using

an Al, solder or Au wire, the problem, for example, of

bondability or damages can be solved and it is possiblé 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

DL ACEMENT SHEET

4.2 JUN 557

BT
oo s S

oot + il

e



of a filler, melamne, acryl, polystyrol and polyimde, as well as |
polyurethane and silicone and It Is necessary that they have a property of
wi t hstandi ng the soldering tenperature and resistance to the exposure of
flux and cl eani ng sol vent. Advant ageous effects obtai ned by typical
exanpl es anong those disclosed in the gresent I nvention are briefly
expl ai ned below. (1) Since the el astit®$ 3tructural material is di sposed on
the flat surface on the rear face of the substrate base material by
adopting the surface wiring structure in which

wiring substrate such that the size is'gradually narrowed
from the end of the subétrate base mgterial of the wi:ing
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 ¢« is from 1.2 to 1.5, since a suitable S-
shaped configuration can be formed by merely driving down
the bonding tbol 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,
-further, the tact time upon bonding can also be shortened
since the trace of the bonding tool can be simplified.

(19) 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
hardness 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 caused to the lead itself, as well as damages
to the sémiconductor chip as the counter bonding f;ce 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 elastic structural material is disposed on the rear face of the
substrate base material of the wiring substrate, and the insulation film
i's formed on the main surface of the wrings forned on the main surface of
t he substrate base -77- mat eri al ,
the elastic structural material can beszpunted at

e—

the insulation film, since the rear face wiring insulation
film structure can be obtained, direct contact of the elastic
stfuctural material with the wiring can be prevented énd
contact of the elastic structural material to the roughened
the surface of the substraté base material can also be
prevented, so.that bleeding of the low molecular weight
ingredients of the elastic structure material can be sup-
pressed and, further, the surface of the uneven wiring
surface can be flattened by céating the insulation film
making it possible to avoid disadvantages such as involving
of void§ upon 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 substrate of the rear
face wiring structure.

(22) ;By sétting the thickness of the insulation film by
determining the coating condition 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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a higher accuracy and stably to the substrate base material 1in a voidless
manner and, since the size and the shape of the elastic structural
material are nmade stable, the bonding step for the sem conductor chip is
al so stable thereby enabling assenbling at higher yield. (2).Since the
signal wiring |layer and the power source ground wiring |ayer can be
separated into different layers by nmek@hy the wirings of the wiring
substrate into a multi- wring |ayer structure, excellent electric
characteristic in view of the noise resistance can be attained.

(23) In the surface wiring structure, since the pitch 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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(3) Since external termnals of the sem conductor chip can be disposed at -
t he cent+al—pertioen—or—the peripheral portion, @ and the bunp el ectrodes
connected to the exte termnals can be disposed to the inside, outside
or both o llllm l! “l“ lm!'tward to the outer circunference of the
senicondu applicable to package structures of various
types and varlatlons (4) Since the ea%e-of the substrate base materi al
can be optimzed relative to the elastTc structural material by setting
the size between the end of the elastic structural material of the

sem conductor chip on the side of the ex-
WHAT IS CLAIMED IS:

1. A semiconductor:integrated circuit device in which a
wiring substrate is disposed by way of an élastic structural
material on a maln surface of a semiconductor chip, one end
of wirings of the wiring substrate is electricaliy connected
with external terminals on;the main surface of the semicon-
ductor chip, and the other end of the wirings of the wirihg
substrate is electrically connected with bump electrodes,
wherein the wiring substrate comprises an insulation tape
and wirings formed on the main surface thereof, and the
elastic structural material is disposed on the side of the
insulation tape, and the bump electrodes are formed on the

side of the wirings.

2. A semiconductor integrated circuit device as defined
in claim 1, wherein the external terminals of the semicon-
ductor chip are disposed to a central portion of the semi-

conductor chip.

H L]
»

3. A semiconductor integrated circuit device as defined
in claim 1, wherein the bump electrodes are disposed to a

region inward to the outer circumference of the semiconductor

chip.
4. A semiconductor integrated circuit device as defined
—’——’——/ y/ S g N
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ternal ternmnals and the end of the substrate base material of the wrings

~substrate based on the ingredients of the elastic structural materi al

\lgﬁiripatei ggt Ir gdtegei Qeing[]t chsteg,e it is free fromthe di ffl“lll““‘l““l“““l‘m“

-87-
in claim 1, whereln the external terminals of the
semiconductor chip are'disposed at the periphery of the

semiconductor chip.

5. A semiconductor integrated circuit device in which a
wiring substrate is disposéd'by way of an elastic structural
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semiconductor
chip, and the other end of the wirings of the wiring substrate
is electrically connected with bump electrodes, wherein a
distance M2 between the end of a substrate base material of
the wiring substrate and the end of the elastic structural
material and a distance M1l between the end of the semiconductor
chip and the end of the substrate base material on the outer
circumferential side of the semiconductor'integrated circuit
deviée are.determined within a range capable of satisfying
the relationship:

; Ml-; M2 > 0.

6. A semiconductor integrated circuit device in which a
wiring substrate 1s disposed by way of an elastic structural
material on a main surface of a semiconductor chip, one end
of wirings of the wifing substrate is electrically cénnected

with external terminals on the maln surface of the semiconductor
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for fillTng the seatant—eaused by the enlarged sealing region for the

~openi ng lc structural material an it is possible to prevent

" contamin {!!nﬂmlﬂ@i, i&ﬂl’caused by the bl eeding ingredients or evaporative
i ngredien ic structural material. (5) Since the outer shape

size of the package can be opti- mzed _by setting the relation for the

di stance M2 between the end of the sub@8Tate base material of the wiring

sub- strate and the end of the elastic structural material and for the

di stance ML between the end of the sem conductor chip and the end of the

substrate base material at the outer
chip, and the other end of the wirings of the wiring substrate

is electrically connectéd with bump electrodes, wherein the.
wiring of the wiring substrate is formed to such a shape
that a fixed portion to the substrate base material of the
wiring substrate and a top end connected to the external
terminal of the semiconductor chip are displaced at least by

more than the width of the wiring.

7. 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the éemicon-
ductor chip, and the other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the wiring of the wiring substrate is formed such
that one end is fixed to the substrate base mate:ial of the

wiring substrate and the other end is made as a free end.

> L}
>

8. 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; one end
of wirings of the wiring éubstrate is electrically connected
with external terminals on the main surface of the semicon-

ductor chip, and the other end of the wirings of the wiring
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circunference of the sem conductor integrated circuit device wthin a
range: ML > M2 > 0, the outernost circunference of the package is not of
t he seniconﬂ hat a possibility of inducing chip cracks is
reduced dur mlﬁmuﬂnw lmﬂm step, withdrawal . and insertion of receptacles
and tray tréansportath os, and the circuit surface of the sem conductor
-chip is not exposed to the outside théﬁﬁby enabling to i nprove the
reliability. Further, since the peripheral protrusions of the elastic

structural material after printing do not interfere with the bondi ng

portion of the sem conductor chip,
substrate is electrlcal;y connected with bump electrodes,

whereln the end of an dpening in a surface protection fllm
on the semiconductor chip is determined to a size within
such a range that the wiring does not interfere with the
surface protection film when a bonding tool is driven.down-
wardly at least on the sidé of driving down the bonding

tool.

9. 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
substrate 1s electrically connected with bump electrodes,
wherein the wiring of the"wiring substrate is formed such
that an effective area of a wiring portion of the wiring is

made greater on the side of the notch terminal end.

>
> »

10. A semiconductor integrated:circuit device as defined
in claim 9, wherein the wiring portion on the side of

the notch terminal end 1s connected with an opposed land
portion of the wiring or extended longitudinally or laterally
in a vacant region of the wirings, or adjécent wirings are

connected with each other.

iin’it??‘nm/mmﬁt/ _ |
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it is possible to prevent bonding failure upon appending, worsening of the
flatness of the wring substrate and |owering of the reliability.

-79- 'W“meﬂmmﬂ"mlmer S-shaped wiring can be obtained by formng
the wri [ substrate such that the
. * [ L M S *
-90-

11. A semlconductor lntegrated circult device 1ln whlich a
wiring éubstrate is disposed by way of an elastic structural
material on a maln surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other:end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the elastic structural material 1s formed within a
larger range over the entire circumference at least by more
than the width of the protrusion at the outer circumferential

portion formed to the elastic structural material.

12. A semiconductor integrated circuit device in which a
wiring substrate 1s disposed by way of an elastic structural
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor»chip. and the other end of the wirings of the wiring
sgbstfate fs electrically connected with bump electrodes,
wherein when the elastic structurai material is formed being
divided 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 are opposed is

formed -into a grooved shape.
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connect e 0 the external te

di spl aced
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trace of a

usum

AN

onﬁlgura-
W re bonder,
-be formed for the lead with no requirement of a soft-
wi re bonder and further the tact tine upon
since the bondlng Roo

in claim 12

trace

rate base materi al

and top end portion

rmnal of the sem con- ductor chip are:
han the width of the wiring, a stable and

be formed because a sag due to the original

tion can be obtained by a sinple driving down
so that&-stable S-shaped configuration
nodi fi ed speci al
bondi ng can al so be shortened

emlconductor integrated circuit device as deflned

, wherein a stopping dam for a sealant flow

is previously formed upon seallng step.

14.

A semiconductor integrated circuit device in which a

wiring substrate is disposéd by way of an elastic structural

material on a main surface of a semiconductor chip, one end

of wirings of the wiring substrate is electrically connected

with external terminals on the main surface of the semicon-

ductor chip,

and the other end of the wirings of the wiring

substrate is electrically connected with bump electrodes,

wherein the connection structure of the wiring substrate is

determined for the size and the shape of the wiring such

that the lateral size of the wiring is gradually narrowed

from the end of the substrate base matetial of the wiring

substrate to the top end of the wiring, so as to provide a

bending stress ratio « from 1.2 to 1.5, the ratio being

represented as:

>

a =

cl/c0

where ¢0 is a bending strength caused at the end of the

substrate base material and ¢l is a maximum stress caused

to an intermediate portion between the end of the substrate

base material and the top end of the wiring.

15.

A semiconductor integrated circuit device as defined

This Sheet Has Been Reﬂ
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can al inplified. (7) Since the beamw ring can be attained by
formng the wring W ring substrate as a cantil ever structure

whi ch |imm” end to the substrate base material, it is possible
to overcd® "ﬂ@ﬁ?aw’s as in notched wirings that cutting is inpossible
upon bondi n§ dbe K O's variation of the size of the notches and, even if
It can be cut, it my be cut at a porprn different fromthe desired
notch, or it is cut before plating step for the wiring substrate because

of the excessively narrowed portion, failing to deposit plating.

in claim 14, whereln the connection structure of the wiring
substrate 1is determined-for the size and shape of the wiring
such that the lateral size of the wiring 1s gradually narrowed
from the end of the substrate base material of the.wiring
substrate to the top end of the wiring, and has a constant
lateral size from a predetérmined position so as to provide a
bending stress ratio a from 1.2 to 1.5, the ratio
being represented as;'

¢ = bl x (L2 - L1)/(b2 x L2)
where L1 is a tapered length, L2 is a wifing length, bl is a

taper width and b2 is a wiring width.

16. A sémiconductor integrated circuit device in which a
wiring substrate is disposed by way of an elastic structural
material oﬁ a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
spbstéﬁte?is electrically connected with bump electrodes,
wherein the wiring structure of the wiring substrate is
formed by using an electroconductive materlal as a core

material and applying Au plating.on the surface.

17. A semiconductor integrated circuit device in which a

wiring substrate is disposed by way of an elastic structural

e e | REPLACENENT SHEET
This Sheet Has Bee: : 7

TN




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

sen1CQEQ;ELQL_,th,PS*ser"to a size within such .
range as th ring does not interfere with the surface
pr ot ect I\m\“““‘“““ﬁ K\)m bonding tool is driven down, it is

-93-
material on a main surface of a seﬁiconductor chip, one end
of wirings of the wiriné substrate 1s electrically connected
with external terminals on the main surface of the ;emicon-
ductor chiﬁ. and the other end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the wiring substrate comprises an insulétion tape

and wirings formed on the main surface thereof, an insulation
film is formed on the side_of the wirings and the elastic

structural material is disposed on the insulation film.

18. A method of manufacturing a semiconductor integrated
circuit device comprisingi

a step of forming an elastic structural material on the
rear face of a wiring substrate in which wirings are formed
on a substrate base material, a step of bondingla semiconductor
chip on the rear face of the elastic structural material
such that the lead portion of the wirings and exterhal
terminals of the semiconductor chip coincide with each other
fgr th; reiative position, a step of connecting the lead
portién of the wirings to the external terminals of the
semiconductor chip, a step of resin-encapsulating the con-
nection portion between the external terminals of the semi-
conductor chip and the wirings, a step of cutting the sub-

strate base material of the wiring substrate slightly outward

to the outer circumference of the semiconductor chip, a step

This Sheet Has Been Re; m
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possibIe—%e—overfﬁﬁﬁ’?ﬁ@gadelen1that the surface protection filmor the
sem conduct Q “ ul from damages (on the sem conductor chip) by the
driving d “m i“m \ “ dients of the surface protection filmare
deposited LbOH I f1ig * portion on the | ower surface of the |lead to cause
contam na- tion and worsen the bondability. (9) Since the effective area
of the wired portion can be enlarged B “connecting the wiring on the notch

termnal end of the wiring substrate to an opposing |and portion of the
wiring, longitudinally or laterally-extending the wiring in the vacant

regions of Jlhe whihB98n0hns8R8%3bhN211RCoRkRECRRIN surface of the
wirings and a step of forming an opening to the insulation
film at a position in which the land portion of the wiring
and the bump electrode are joined and a step of forming the
‘bump electrodé being joined to the land portion of the

wirings by way of the opening.

19. A method of manufactdring a semiconductor integrated
circuit device as defined in claim 18, wherein the opening
in the insulation film is formed by defining a coating

range for the material of the insulation film in the step of

forming the insulation film.

20. A method.of manufacturing é semiconductor integrated
circuit device as defined in claim 18, wherein the thickness
of the insulation film is set by determining the coating
condition for the material of the insulation film in the

step of forming the insulation film.

>
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wWirings 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 materi al

structure c¢an be attained by forming the elastic structural material in a

| arger range over the entire circunference at |east by nore than the with
of the protrusions on the outer circunfe- rence forned to the elastic
structural material as conpared w th td% -outer shape size of the

sem conductor chip, protru- sions on the periphery of the elastic
structural nenber are

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

| ‘A ball grid array type semiconductor_package comprising
a semiconductor chip formed with bonding pads, an elastomer
bonded to the semiconductor chip, a flexible wiring substrate
bonded.to the elastomer and formed with wirings connected at
one end to the bonding pads of the semiconducfor chip, a |
solder resist formed on the main surface of the flexible
wiring substrate and solder bump electrodes connected to thé
other ends of the wirings, in which the elastomer is bonded
to the flexible.wiring substrate on the side of the tape,
the solder resist is formed on the side of the wirings, and
thelsolder bump electrodes are connected with the wirings by

way of the through holes formed in the solder resist.

Figures 2 and 6

S A b
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out of *t he sen1condupgqr chi di ng the sen1 pvlonductor chlp'
and it | g=bewe ehrome it _@l mﬂ -Egmniﬂ portion of ¢
) J i batical | ey ubs o

I'S
el.astic s
suppregse d.‘“‘FU‘"T‘H‘é'r‘“,‘”f“s" Fdela | arge coati ng Qi o
taken a rlotl bqsrgAN 1999 _ A :paged... to paged ..
. . - | BClaim(s) : paged 6, 1o paged 9%
~ -86- BRDrawing(s) :paged ... to paged ..,
- O Abstract  : paged /1o paged -
WHAT IS CLAIMED IS: - L_DATE OF RECEIPT.J£/0)/99..
1. A semiconductor integrated circuit'devicé in which a

wiring substrate is disposed by way of an elastic structural
materlal on a maj‘n surface of a semiconductor chip, one end
of wirings of the wiring substrate is electriﬂcall_y connected
witl'; external terminals on the main surface of tfxe semicon-
ductor chip, and the other end of the wirings of the wiring

substrate is electrically connected with bump electrodes,

wherein the wiring substrate comprises an insulation tape

and wiri'ngs formed on thé main surface thereof, and the
elastic structural material is disposed on the side of the
insulation tape, and the bump electrodes are formed on the

side of the wirings.

2. A semiconductor integrated circuit device as defined
in claim 1, wherein the external terminals of the semicon-
ductor chip_ are disposed to a central portion of the semi-

conductor chip.

3. A semiconductor integrated circuit device as defined
in claim 1, wherein the bump electrodes are disposed to a
region inward to the outer circumference of the semiconductor

chip.

4. A semiconductor integrated circuit device as defined
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portlon caused

fd ci ent prevalllng of the adhe5|ve s | ess
fecds out uniformy to the periphery of the
a package of excellent noisture rroofness

,A_‘\ﬁ_ it;",ii?
refiabililty can b ii-} tuted with out applying per E““iwilm |||'| M
(11) In 8 oasé A he elastic structural materi

i b

chi p, -wh

structura : L EL.L Qo

mask

on the external terminals of thé sen1conductor
dlof the spa8®s at which the divided el astic
pposed is formed as a grooved shape, the netal

in claim 1, whereln the external termlnals of the
semiconductor chip are disposed at the perlphery of the

semiconductor chip.

S. A semiconductor integrated circuit device in which a
wiring substrate is dispdsgd by way of an elastic strugtural
material on a main surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with exterﬁal termiqals on the main surface of the.semiconductor
chip, and the other.end of the wirings of the wiring substrate
is electrically connected with bump electrodes, wherein a
distance M2 between the end of a substrate base material of
the wiring substrate and the end of the elastic structufal
material and a distance M1 between the end of the semiconductor
chip and the énd of the subétféte base material on the outer
circumferential side of the semiconductof'integrated circuit
device are determined within a range capable of satisfying
the relationship: | |

S ML S M2 > 0.

6. A semiconductor'integrafed circuit device'in which a.
wiring substrate is disposed by way of én elastic structural
material on a main surface of a semiconductor chip, one end

of wirings of the wiring substrate is electrically conﬁected

with external terminals on the main surface of the-éemiconductor

e
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suspen5|on Qortlon gan be restricted to narrow the groov __the elastic’
structura-¢@- QRN SN Al QEECEE! groove-fillage tech- nique of the el asti

struct ur §REREERENISN. BEZERbt the groove- fillage of the H‘ﬂm
mat eri al & i ppr i( 12) If a plurality of grooves ”M’G’ Wﬂt[
' »0

astic structural material, the St rengt

_______ { §an be inproved.  (13) VMen a stopping dam for
sealant filow1s previously] formed to-8Be grooves at each of the ends of
t he spacds_ at...ubi.ch-tha-gidvi ded structural materials are opposed, the
gr oove- flllage in the seallng step can further be inproved.

chip, and the other end of the wirlngs of the wirlng substrate
1s electrically connected with buhp electrodes, wherein the
wiring of the wiring substfate is formed to such a shape

that a fixed portion to the substrate base material of the
wiring substrate and a top end connected to the external
terminal of the semiconductor chip are displaced at least by

more than the width of the wiring.

T. A semiconducter 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the éemicon-
ductor chip, and the other end of the wirings of the wiring
substrate is giectrically connected with bump electrodes,
wherein thé wiring of the wiring substrate is formed such
that one end is-fixed to the substrate bése material of the
wiring substrate and the other end is made as a free end.

8. 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 semicondﬁctor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring

T
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:stud bunps-to the ext er nal

AEE “?ﬁ1conﬂnctordchhp and connecting the—external
torC|pan tevmrlngs n
hurme? oo ere”' " TNy
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(14) By previapske
.82~ ??’? il
termnal § ¢gF—tte s

substrat q [

substrate Ls electrlcally connected wlth bump eleccrddes.
whereln the end of an opening in a surface pratection fllm
on the semiconductor cnip is determined to a size within
such a range that the wiring does not interfere with the
‘surface protection film when a bonding tool is driven down-
wardly at least on the side of driving down the bonding

tool.

g. A semiconduceor 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, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wiringe of the wiring
substrate is electrically connected with bump electrodes,
wherein the wiring of the wi:ing substrate is formed such
that an effective area of a wiring portion of the wiring is

made greater on the side of the notch terminal end.

>
»

10. A semiconductor integrated circuit device as defined
in claim 9, wherein the wirinz portion on the side of

the notch terminal end is connected with an opposed land
portion of the wiring or extended longitudinally or laterally
in a vacant region of the wirings, or adjacent wirings are

connected with each other.

This Sheet Has Beenllﬂilaced
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for t IREPRAGE N KA danages can be sol ved in the |nﬁer——Fead—bend+ng—_.*

t echni Jopn oV W abtyl ijfty is inproved by the . stud bunp further,
damaggs fca f ntged. (15) By supplying the sol der F ﬂ tl &Mﬂlﬁl y
surro &m%s off the wiring substrate and connec "

term aI - idlorjduct or chip and the external tern1na|s of tHRe

sem c nductor Chlp by . of the solder, bondability can be inproved and
danmages=eart 5ed in the bondigog technique. (16) By using the

stud bunps, for exanple made of solder or Au so as to surround from above
- the wirings of the wring - : '

-11. . A semlconductor integrated circult device lan which a
wiring substrate is disposed by way of an elastlc structural

_ material on a main surface of a semiconductor chip. one end
of wirings of the wiring substrate 1s electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other.end of the wirings of the wiring
substrate is electrically connected with bump electrodes,
wherein the elastic structural material 1s formed within a
larger range over the entire circumference.at least by more
than the width of tﬁe protrusion at the outer circumferential

portion formed to the elastic structural material.

12. A semiconductor integrated circuit device in which a
wiring substrate is disposed by way of an elastic structural
material on a'ﬁain surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected

- with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring

.sgbstfate {s electrically connected with bump electrodes,
wherein when the elastic structural material is formed being
divided 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 are opposed is

formed ihto a grooved shape.

R S _ . \
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SU THERT Fing the wirings of the wiring SUbStra’W

gx -p1”¢ - of the Zenigonﬂuctgr chip by b. of the stud bunps,
el RS (75 o, Gt oo bt 11111111 il

and |the external fefmnals of the sem conductor chip by using can‘Al

soljder or Au’ MAre “the problem for exanple, of bondability or danages can
ossible to attat®leconnection by the concept of a,
usual Wre bondlng not by the inner |ead bonding such as TAB.

13. A semiconductor lntegrated circult device as deflned
in claim 12 |, whereln a stopplng dam for a sealant flow

1s previously formed upon sealing step.

14. A semiconductor integrated circuit device in which a
wiring substrate 1is disbosed by wa} of an elastic structural
material dn.a main surface of a sémiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and th; other end of the wirings of thé wiring
substrate is electrically.connected with bump electrodes,
wherein the connection structure of the wiring substrate is
determined for the size and the shape of the wiring such
that the lateral size of the wiring is gradually narrowed
from the end of the substrate base haterial of the wiring
substrate to the top end of the wiring, so as to provide a
bending stress ratio ¢ from 1.2 to 1.5, the ratio being |
represented as: |

¢ = ¢l/c0
where ¢0 is a bending strength caused at the end of the
subétrate basé material and o1 is a2 maximum stress caused
to an intermediate portion between the end of the substrate

base material and the top end of the wiring.

15. A semiconductor integrated circuit device as defined

—_—
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lateral size of the wiring of the ~—  ———— "
. J§=:';;mm; wg:n- ate such that the size is gradually Tﬂ' m t he
' HES BLv it &t {base material of the wiring substra I,ﬂ"@” WEMI
: in e
posf t ogé%&ﬁ%tu c

| ateral 'size -is made constant from& pf
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in claim 14, whereln the connection structure of the wiring
substratelis determined for the size and shape of the wiring
such that the'lateral size of the wiring is gradually narrowed
from the end of the substrate base material of the wiring

- .substrate tolthe top end of the wiring, and has a constant
lateral size from a'prede;ermined position so as to provide a
bending stress ratio « from 1.2 to 1.5, the ratio
being represented as:

@ = bl x (L2 - L1)/(b2 x L2)

where L1 is a tapered length, L2 is a wiring length, bl is a

taper width and b2 is a wiring width.

18. | A semiconductor.integra;ed circuit device in which a
wiring substrate is disposed by way of an elastic structural
material on a'haiq surface of a semiconductor chip, one end
of wirings of the wiring substrate is electrically connected
with external terminals on the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
spbstfate-is electrically connected with bump electrodes,
wherein 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.

17. A semiconductor integrated circuit device in which a

wiring substrate is disposed by way of an elastic structural

is Sheet Has Beén Replaced
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fale of the wiring such that the bending 70 a
Zince a suitable S- shaped configuration can bﬁl ﬂmged

) ‘ the bonding tool vertically wt gm&
)] elad] of a stably shaped configuration uI“H
{ speci al soft-nodified wire bonder and, cfur"ther the
nfy can al so be shortened since the trace of the

vﬁ; nplified. (19)-9By using the el ectroconductive
material for the wiring structure of the wiring

substrate

material on a maln surface of a semiconducter_chip. one end
of wirings of the wiring substrate is electrically connected
with external terminals oﬁ the main surface of the semicon-
ductor chip, and the other end of the wirings of the wiring
substrate is electrically cennected with bump electrodes,
whefein.the wiring substrate comprises an insulation tape
and wirings formed on the main surface thereof, an insﬁlation
film is formed on the side of the wirings and the elastic
structural material is disposed on the insuletion film.

18. A method of manufacturing a semiconductor integrated
circuit device comprising:

a step of forming an eiastic structural material on the
rear face of a wiring substrate in which wirings are formed
on a substrate base material, a step of bonding a semiconductor
chip on the fear face of the elastic structural material
such that the lead portion of the wirings and external
terminals of the semiconductor chip coincide with each other
for the relative position, a step of connecting the lead
portion of the wirings to the external terminals of the
semiconductor chip, a step of resin-encapsulating the con-
nection portion between the external terminals of the semi-
conductor chip and the wirtngs, a step of cutting the sub-
strate base material of the wiring substrate slightly oufward

to the outer circumference of the semiconductor chip, a step

This Sheet Has Been Rerlaced .
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‘h~plat|ng to the surface since both the_-haﬁdhess and

t hgRBFLACES 3‘m"‘jlWe | ead are | owered as conpared with a case of
B VT Ng : bet ween the core material of the
: pl 4ting, cracks are |ess caused toﬂm‘ml‘u"”mn"l
weljl [ “t® fhe seniconductor chip as the counter bortdi mg face can
0 tee—npderates £20) By forming the wirings on thé-rear face of-the
suastrate base naterfal of the wiring <Mbstrate, forming the insulation

fil7r e rea of the wirings and di sposing the elastic structure
“material on the rear face of : _

of forming an Lnsulation flim on the maln surface of the
wirlings and a step of formlng.an openiné to the lnsulacion
film at a position in whigh the land portion of the wiring .
and the bump electrode are joined and a step of’forming the
bump electrode being joined to the land portion of the

wirings by way of the opening.

19. A method of manufacturing a'semiconduétbr infegrated
circuit device as dgfined in claim 18, wherein the opening
in the inéulation film is formed by defining a coating

range for the material of the insulation film in the step of

forming the insulation film.

20. A method.of manufacturing a semiéonductor.integrated
circuit device as defined in claim 18, wherein the thickness
of the insulation film is set by determining the coating
condition for the material of the insulation film in the

step of forming the insulation film.
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2l(new). A semiconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof: : _

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 formed on said insulating tape, 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 terfilnal of said external terminals;

an insulating film formed over said top surface of said
1nsulat1ng tape, said insulating film ccverlng said first portions
of said leads and -having openings exposing a portion of said
second portion of each-of said leads; and

a plurality of bump electrodes formed on said £first
portions of said leads, said bump electrodes being electrically
connected to said leads via said openings of said insulating £ilm,

wherein said elastic film is disposed at a side c¢f said rear
surface of said insulating tape, and wherein said insulating tape
is thinner than said insulating tape.

22 (new). A semiconductor device according to claim 21, wherein no
leads are formed on said rear surface of said insulating tape.

23(new). A semiconductor device .according to claim 22, wherein
said insulating film is made of a solder resist.

24{new). A semiconductor device according to claim 21, wherein
each of said first portions of said leads has a slender portion
and a land portion which is continuous with said slender portion
and is wider than said slender portion, and wherein said bump
electrodes are formed on said land portions of said leads.

25(new). A semiconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof;

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:

* [ L [, ] S *
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r ey TR ‘eedi ng of the | ow nol ecul ar wei ght
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a plurallty of leads formed under ‘said Lnsulatlng tape,
each of said leads having a first portion formed on said rear
surface of said insulating tape and a second portion electrically
connected to a correspondlng external terminal of said external
terminals:

. -an insulating £ilm formed on said rear surface of said
_insulating tape, said insulating film covering sald fxrst portlons
of said leads; and

a plurality of bump _electrodes formed on said €first
portions of said leads, said .bump electrodes belng electrlcally
connected to said first portions of said leads via openings formed
in said insulating film,

‘wherein said elastic film is dzsposed at a side of said rear
surface of said insulating tape, and wherein said Lnsulatlng tape
is thicker than said leads.

26 (new) . A semiconductor device according to claim 25, wherein no
leads are formed on said top surface of said insulating tape.

27(new). A semiconductor device according to claim 25, wherein
said insulating film is made of a solder resist.

28 (new). A semiconductor device according to claim 25, wherein
each of said first portions of said leads has a slender portion.
and a land portion which is continuous with said slender portion
and is wider than said slender portion, and whersin said bump
electrodes are formed on said land portions of said leads.

29(new). A semiconductor device comprising:.

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof;

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

an insulating tape formed on said elastlc film;

, a plurality of leads formed on a surface of said insulating
tape, each of said leads having a first portion formed on said
surface of said insulating tape and a second portion extending
outwardly from said insulating, each of said second portions being
electrically connected to a corresponding external terminal of

said external terminals: and

e a plurality of bump electrodes formed on said first
portions of said leads and being electrically connected to said
‘leads,

wherein a length of said second portion of each of said leads
is longer than a distance from an end of said insulating tape to a
corresponding ' external terminal of said external terminals in a
straight line, and wherein each of said leads is made of copper

lead coated with gold-plating.
- T e
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3l(new). A semiconductor device accordlng to claim 28, .- wherein
said gold-plating is performed to a surface of said copper lead
exposed from said :.nsulat:.ng tape.

32(new). A method of producing a semiconductor device including

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
- surface thereof;

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

an insulating tape be:.ng formed on said elastic film and
being spaced from said external terminals at a predetermined
distance:

a2 plurality of leads formed on a surface of said insulating
tape, each of said leads having a first portion formed on said
surface of said insulating tape and a second portion extending
outwardly from said insulating, each of said second portions being’
electrically connected to a corresponding external terminal of
said external terminals; and

a plurality of bump electrodes formed on said first
portions of said leads and being electrically connected to said
leads, said method comprising the steps of:

a) disposing said insulating tape with said leads over said
main surface of said semiconductor chip via said elastic £film,
each of said leads having said second portion which is longer than
said ©predetermined <distance and extends in a direction
substantially parallel to said main surface of said semiconductor
chip in a substantially straight line;

b) moving an end portion of said second portion of each of said
leads to the vicinity of the corresponding external terminal of
said external terminals by a bonding tool:;

c): bonding said end portion of said second portlon to the
corresponding external terminal of said external terminals by said
bonding tool to electrically connect each other.

33(new). A semiconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof:;

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

an insulating tape formed on said elastic film;

2 plurality of leads formed on said insulating tape, each
of said leads having. a first portion formed on a surface of said
insulating tape and a second portion extending outwardly from said
insulating, each of said second portions being electrically

connected to a corresponding external terminal of said external
terminals; and e
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~a plurality of bump electrodes formed on said first
portions of said leads and being electrically connected to said
leads,
wherein. said elastic fllm is disposed at both sides of said
external terminals to expose said external terminals, wherein said
leads include a first group of leads formed on said elastic film
at one side of said external terminals and a second group of leads
formed on said elastic film at the other side of said external
. terminals, and wherein each of said first and second groups of
leads is terminated at the vicinity of said external terminals.

34 (new). A semiconductor device comprising: '

a semiconductor chip having a plurality. of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof, said semiconductor chip including ‘a protective
film formed on said main surface to cover said semiconductor
elements and to have an opening to expose said external terminals;

an elastic film formed on said main surface of said
seniconductor chip:

an insulating tape formed on said elastic film:

a plurality of leads formed on said insulating tape, each
of said leads having a first portion formed on a surface of said
insulating tape and a second portion extending outwardly from said
insulating, each of said second portions being electrically
connected to a corresponding external terminal of said external
terminals; and

a plurality of bump electrodes formed on said first
portions of said leads and being electracally connected to said
leads,

wherein said opening of said protective film is formed wider
than the tip of said second portion of each of said leads in a
direction to fade away outwardly from an end of said elastic film.

35(new). A semiconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof;

‘an elastic f£ilm formed on said main surface of said
semiconductor chip:

an insulating tape formed on sald elastic film;

‘a plurality of leads formed on said insulating tape, each
of said leads having a first portion formed on a surface of said
insulating tape and a second portion extending outwardly from said
insulating, each of said second portions being electrically
connected to a corresponding external terminal of said external
terminals:;  and

a plurality of bump electrodes formed on said first
portions of said leads and being electrically connected to said

leads,
%* [ L M S *
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wherein said elastic film is disposed at both sides of said -
external terminals toc expose said external terminals, '

wherein said leads include a first group of leads formed on
said elastic film at one side of said external terminals and a
second group of leads formed on said elastic film at the other
side of said external terminals,

wherein each of said first group of leads has a first slender
portion and a first land portion which is continuous with said
first slender portion and is wider than said first slender portion,

wherein said first slender portion extends from said first
land portion toward said elastic film at the other side of said
external terminals,

wherein each of said second group of leads has a second
slender portion and a second land portion which is continuous with
said second slender portion and is wider than said second slender
portion,

wherein said second slender portion extends from said second
land portion toward said elastic rllm at the one side of said
external terminals,

wherein first lead ends are formed on said elastic £film at the
other side of said external terminals, said first lead ends being
continuous with said first slender portions and being disposed at

" the positions opposing to the tips of said first group of leads,

wherein second lead ends are formed on said elastic film at
the one side of said external terminals, said second lead ends
being continuous with said second slender portions and being
disposed at the positions opposing to the tips of said second -
group of leads,

wherein said £irst group of leads and said FJ.rst lead ends ar
cut off each other between elastic films at both sides of sald
external terminals to contact the tips of said second portions of
said first group of leads with said external terminals, and

wherein said second group of leads and said second lead ends
are cut off each other between said elastic films at both sides of
said < external terminals to contact the tips of said second
portions of said second group of leads with said external
" terminals. '

36(new). A semiconductor device according to claim 35,
wherein said first lead ends are connected with each other.

37(new). A semlconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external termlnals formed in a main
surface thereof:;

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

an insulating tape formed on said elastic film, an end
portlon of said insulating tape belng disposed to space from said

T
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, wherein a length of said second portion of each of said leads
is longer than the predetermined distance, and wherein said second
portion of each of said leads includes a portion which is
gradually and outwardly becomes narrower in the vicinity of the
end portion of said insulating tape.

38(new). A semiconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof:

an elastic film formed over said maln surface of said
semiconductor chip: .

an insulating tape formed over said elastic film;

a plurality of leads formed over said elastic film, each of
said leads having a first portion formed between said insulating
tape and said elastic £film, and a second portion electrically
.connected to a corresponding external terminal of said external
terminals; and

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

wherein said insulating tape is larger than said elastic film.

39(new). A semiconductor device according' to claim 38, wherein
said plurality of leads is formed on said insulating f£ilm.

40 (new) . A semiconductor dev1ce accordxng to claim 39, further
comprising:

said elastic film having an edge surface, sald edge surface
faces near said external terminals, and said insulating tape
having an end portion, said end portion faces near said external
terminals,

wherein said end portion of said insulating tape 1is
protruded from said edge surface of said elastic film. '

41 (new). A semiconductor device comprising:

a semiconductor chip having a main surface, a rear surface
and a peripheral surface which is between said main and rear
surfaces, a plurality of semiconductor elements and a plurality of-
external terminals formed on said main surface;

an elastic film formed over said main surface of said
semiconductor chip, said elastic £film having a peripheral

circumference;
'.'__I*-C.LHS*
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nsulatlng t ape, said” alating filmcovering said first

portions of sald | eads and havi ng openi ngs exposing a portion of said flrst
portion of each of said |eads;
_ _ a plurality . of leads formed over said elastlc f£ilm, each of
said leads having a first portion formed on a top surface of said
elastic film and a sgecond portion electrically connected to a
. corresponding external terminal of said external terminals:; and N
a plurality of bump electrodes formed on said first
portions of said leads, '
wherein a part of said peripheral circumference of said
elastic £ilm is outside of said peripheral surface of said
semiconductor chip. : - :

42(new). A semiconductor device according to claim 41, further
comprising:
an insulating tape formed over said elastic film;
said plurality of leads formed over said insulating £film,
each of said first portion formed on said top surface of said
insulating:
wherein said insulating tape is larger than said elastic £ilm.

43(new). A semlconductor device accordlng to claim 42, further
comprising:

said elastic £ilm havzng an edge surface, said edge surface
faces near said external terminals, and said insulating tape
having an end portion, said end portion faces near said external
tarminals, _ :

wherein said end portion of said insulating tape 1is
protruded from said edge surface of said elastic film.

44 (new) . A semiconductor device comprising: _
a semiconductor chip having a plurality of semiconductox

elements and a plurality of external terminals formed along a

peripheral area in a main surface of said semiconductor chip:

an elastic film fo:med over said main surface of said
semiconductor chip:

a plurality of leads: formed over said elastic £film, each of
said leads having a first portion formed on said elastic film and
a - second portion electrically connected to a corresponding
external terminal of said 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 to an .area of an inside surrounded with said
external terminals.

4S(new). A semlconductor dev1ce according to claim 44, further
comprising:
an insulating tape formed over said elastic film:
said plurality of leads formed over said insulating film,
each of said first portion formed on said top surface of said
insulating:
£l wherein said insulating tape is larger than said elastic
ilm. . . -

O
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4 . .

46 (new) . A semiconductor device according to claim 45,
~wherein said insulating tape has protruded over the all
circumference of said elastic film.

»

47 (new) . A semiconductor device comprising:

. a4 semiconductor chip having a plurality of semiconductor
' elements and a plurality of -external terminals formed in a main
surface thereof: R - o ' :

a support member disposed to lateral sides of  said
semiconductor chip: o '

an insulating tape formed over said support member:

a plurality of leads formed over said insulating tape, each
of said leads having a first portion formed on said insulating
tape, 'and a second portion electrically connectad to a
corresponding external terminal of said external terminals: and

a plurality of bump electrodes formed on said first
portions of said leads.

48 (new). A semiconductor device according to claim 47, further
‘comprising: : _ '

an elastic film formed over said support member,

wherein said insulating tape is larger than said elastic
film.

43(new). A semiconductor device according to claim 47, further
comprising: ; . : '

sealing material covered said external terminals and said
second portion of said plurality of leads. ) T

50(new). A method of manufacturin a semiconductor device
comprising the steps of: _ '

preparing a semiconductor chip having a plurality of
semiconductor elements and a plurality of external terminals
formed in a main surface thereof:

bonding a elastic film on said main surface of said
samiconductor chip, said elastic film having an insulating tape
which is adhered with one surface opposing to the semiconductor
chip bonded surface, and a plurality of leads formed on said
insulating tape, each of said plurality of 1leads being
electrically connected to a corresponding external terminal of
said external terminals: '

cutting said elastic film together with said insulating
tape along an entire circumference of said semiconductor chip.

Sl(new). A method of manufacturing a semiconductor device
according to claim 50, wherein said elastic film is cut so that an
outer periphery of said elastic film protrudes than ~an outer
periphery of said semiconductor chip. -_—
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SEMICONDUCTOR DEVICE-AND MANUFACTURING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

‘A ball grid array type semiconductor packége comprising
a semic@nductor.chip formed with bondin;.pads. #n elastomer
bonded to the semicdnductor chip, a flexible wiring substrate
bonded to the elastomer #nd formed with wirings connected at
one end to the bonding pads of the semiconducfor chip, a
solder resist formed on the main surface of the flexiﬁle
wiring substrate and-solder bump electrodes-connected to the
other ends of the wirings, in which the elastomer is bonded
to the flexible wiring substrate on the side of the tape,
the solder resist is formed on the side of the wirings, and

the solder bump electrodes are connected with the wirings by

way of the through holes formed in the solder resist.

'Figures 2 and 6
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1. A semiconductor deﬁice comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof; '

an elastic film formed on said main surface of said
semiconductor chip, said elastic film having an edge surface whlch
faces and is near said external terminals:;

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, said insulating tape having an end
portion which faces and being near said external terminals;

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 via said openings of said insulating film,

wherein said end portion of said insulating tape is between
said external terminal and said edge surface cof said elastic film.

2. A semiconductor device according to claim 1, wherein
said insulating tape is larger than said elastic film.

3. . A semiconductor device according to claim 2, wherein
said external terminals are disposed to a central portion of said
semiconductor chip.

4. A semiconductor device according to claim 2, wherein
said bump electrodes are disposed to a region inward to an outer
circumference of said semiconductor chip.

5. A semiconductor device according to claim 1, wherein no
leads are formed on said rear surface of said insulating tape.

6. A semiconductor device according to claim 1, 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 openings exposxng a portion of said first
portion of each of said leads.
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wherein said insulating film is thinner than said insulating

tape.

7. A semiconductor device according to claim 6, wherein

said insulating film is made of a solder resist.
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Claims:-

1. A semiconductor device comprising:

a semiconductor chip having a plurality of semiconductor
elements and a plurality of external terminals formed in a main
surface thereof: '

an elastic film formed on said main surface of said
semiconductor chip, said elastic film having an edge surface which
faces and is near said external terminals:;

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, said insulating tape having an end
portion which faces and being near said external terminals;

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 end portion of said insulating tape is
between said external terminal and said edge surface of said elastic
£ilm. .

2. A semiconductor device according to claim 1, wherein
said insulating tape is larger than said elastic £ilm. ’

3. A semiconductor device according to claim 2, wherein
said external terminals are disposed to a central portion of said
semiconductor chip.

4. A semiconductor device according to claim 2, wherein
said bump electrodes are disposed to a region inward to an outer
circumference of said semiconductor chip.

5. A semiconductor device according to claim 1, wherein no
leads are formed on said rear surface of said insulating tape.

6. A semiconductor device according to claim 1, 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 openings exposing a portion of said first
portion of each of said leads:;




