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LEAD FRAME, SEMICONDUCTOR PACKAGE HAVING THE SAME AND

METHOD FOR MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a lead frame having a

wiring film obtained by laminating an insulating film on a

lead pattern, a semiconductor package having a super multiple
pin structure in which a semiconductor element (chip) is
joined to the lead frame, and a method for manufacturing the

lead frame and the semiconductor package.

Lopy)

The following semiconductor device is proposed by the |

applicant of this application. That is, a lead frame in

which leads to be connected to electrodes of a semiconductor '

element at one end portions thereof are formed on one surface
side of an insulating film, and further the external
terminals connected to the other end portions of the leads
are formed on the other surface side of the insulating film,
is mounted on the semiconductor element, and a reinforcing
outer ring surrounding the semiconductor element is formed at
the outside of the semicondnétor element. ‘
However, in such a semiconductor device, it is
indispensable to fill sealing agent in a gap beiween the
outer ring and the semiconductor element after the outer ring
surrounding the semiconductor element is disposed and the

outer ring and the semiconductor element are positioned. The
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necessity of the positioning process obstructs the reduction

in the number of fabrication processes of the semiconductor
device. It is needless to say that this is a cause to
obstruct the cost-down of the semiconductor device.

A semiconductér'device which can solve the above problem
has been proposed. Fig. 1 shows such a semiconductor device,
wherein Fig. 1A is a plan view and Fig. 1B is an enlarged
cross-sectional view which is taken along B-B line.

In Figs; 1A and 1B, 1 represents a lead frame (film
circuit), and reference numeral 2 represents an insulating
film which serves as a base of the lead frame 1. 3
represents leads (wiring films) which are formed at one side
(lower side) of the inéulating film 2, and the tip portions
3a thereof are connected to electrode pads 5 of a
semiconductor element 4. The leads 3 are formed by forming
metal such as copper, nickel or the like by using as a mask
a resist having a negative pattern fo a pattern to be formed.

Reference numeral 6 represents ball-shaped outer
terminals formed on the end portions 3b of the leads 3 which
are located at the opposite side to the side which is.
connected to the electrode pads 5 of the semiconductor
element 4, and the outer terminals are formed of nickel and
soldering or gold. They are formed on a plane which is
opposite to the semiconductor element side of the base

(insulating film) 2, and connected to the end portions 3b of



3
the leads 3 through holes of the base 2.

Reference numeral 8 represents a reinforcing outer ring
which surrounds the semiconductor element 4, and it is formed
integrally with the outside of the main portion of the lead
frame through suspending portions 10. It has a laminate
structure comprising copper, aluminum, copper, nickel or the
like. The suspending portions 10 are formed of the same
layers as the leads 3, and thus they are formed of copper or
nickel, for example.

Accqrginq_tg tPe above lead frame, as shown in Fig. 1A,
the outer ring 8 is=formed integrally with the outer portion
of the main portion 15 of the lead frame through the
suspending portions 10. Therefore, as shown in Fig. 1B, the
ring 8 can be positioned to the semiconductor element 4 by
merely mounting the lead frame 1 on the semiconductor element
4. Accordingly, no special process is needed to dispose the
ring 8 in a predetermined positional relatibnship with the
semiconductor element 4.

Accordingly, the number of fabrication steps of- the
semiconductor device can be reduced,_ and thus the
manufacturing cost of the semiconductor device can be
reduced.

In the case of the lead frame described above, the width
of the suspending portions is narrow, and for example, it is

equal to about 18 to 25 micrometers. Therefore, there is a
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problem that it is liable to be deformed under application of

only a small impact during transportation or fabrication
process because the mechanical strength thereof is low.

Wwhen the suspending portions of the lead frame are
liable to be deformed as described above, the suspending
portions are broken in the worst case and the circuit portion
falls off, so that the yield is lowered. Further, when the
suspending portions of the lead frame are liable to be
deformed, the position precision between the circuit portion
and the outer ring is lowered, so that a trouble occurs in
the fabrication process.

Fig. 2 shows a semiconductor package which can be
mounted on a print wiring plate or the like through an
organic substrate having external connection terminals such
as solder balls or the like.

In Fig. 2, a semiconductor chip 51 is mounted on the
surface of a multilayered organic wiring bo-ard 50 which is
formed of orgahic material and comprises two to six layers.
The electrode pads 50 of the semiconductor chip 51 and wiring
films 52 are connected to each other by a wire bonding method
using gold wires 53 or the like.

Solder balls (external connection terminals) 55 which
are electrically connected through through holes to the
wiring films 52 on the obverse surface are provided on the

back surface of the multilayered organic wiring substrate 50,



-

5
and the solder balls 55 are exposed from the open portion of
a solder resist film 56 to the outside. The semiconductor
chip 51 as well as the gold wires 53 is sealed by sealing
resin 57.

In the semiconductor package 58 thus constructed, the
solder balls 55 formed on the back surface are connected to
the print wiring plate 59. The multilayered organic wiring
board 50 is usually called as Ball Grid Array (BGA) because
a number of solder balls 55 are arranged in a grid form, and
the semiconductor package 58 using the multilayered organic
wiring board 50 is called as BGA package.

However, in the above-described semiconductor package 58
as described above, the electrode pads of the semiconductor
chip 51 and the wiring film 52 of the multilayered organic
wiring substrate 50 are connected to each other by the wire
bonding, and thus there is a limitation in the shortening of
the wiring pitch. In other cases, for. example, in a
semiconductor package which is called as TCP (Table Carrier
Package), a copper foil which is attached ohto an insulating
film base is etched to form leads, and thus there is such
restriction that the leads are narrowed due to side etching.
Therefore, there is also a limitation in the muitiple-pin

design.

SUMMARY OF THE INVENTION

The present invention has been implemented to solve the
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above problems of the prior arts, and has a first object to

provide a novel lead frame which can prevent the suspending
portions from being deformed by merely improving the
structure of the suspending portions, and a method of
manufacturing the lead frame.

A second object of the present invention is to enhance
the reliability of a semiconductor package by preventing the
breaking and failure of leads due to environmental stréss.

A third object of the present invention is to provide a
semiconductor package which can facilitate the resin
injection from the back surface of the chip even when the
size of the outer ring is small.

A fourth object of the present invention is to provide
a semiconductor package in which the chip size can be reduced
without reducing the number of external connection terminals.

In order to attain the above objects, according to a
first aspect of the present invention, a- lead frame is
charaéterized in that reinforcing portions for reinforcing
fhe suspending portions are provided on the suspending
portions which support a ring surrounding a semiconductor
element.

Accordingly, according to the lead frame .described
above, the suspending portions are reinforced because the
reinforcing portions are provided on the suspending portions,

so that the suspending portions can be prevented from being
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deformed.

Accofdingly, there is no possibil;ty that the suspending
portions are broken and the circuit portion falls off, and
the positional precision between the circuit portion and the
outer ring is enhanced, so that no trouble occurs in the
fabrication process.

A lead frame manufacturing method according to the
present invention is a method for manufacturing the lead
frame of claim 1, and is characterized by comprising the
steps of forming on one surface side of the laminate plate
wiring films and suspending portions by the surface layer
thereof or another metal layer formed on the surface layer
and forming an insulating film, forming external terminals so
as to be connected to other end portions of the wiring films,
and at the samé time forming reinforcing portions on the
suspending portions, and performing a selective etching so as
to penetrate through the laminate plate, ahd performing a
selective etching on the layer at the other surface side of
the laminate plate to form a ring of the layer.

Accofdingly, according to the manufacturing method of
the present invention, the laminate plate of three or more
layers is used as a base, and a ring is formed in piace of an
outer lead by applying a lead frame forming technique of
forming an inner lead at one side and forming an outer lead

by the surface layer at the other side, and the reinforcing
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portions are formed simultaneously with the external

terminals, thereby obtaining a lead frame with a ring.
Therefore, the lead frame as described above can be easily
obtained by directly using the lead frame manufacturing
technique which has been already developed.

According to another aspect of the present invention, in
a lead frame of the present invention, the laminate area of
the insulating film is further extended toward the extension
end side beyond the lead bending position when the plural
leads extending frdm the wiring film are connected to the
electrode pads of the semiconductor chip.

In the lead frame thus constructed, when the plural
leads extending from the wiring film are connected to the
electrode pads of the semiconductor chip, a part of the
insulating film is bent together with each lead, whereby the
bending position of each lead is reinforced by the insulating
film. |

Further, according to another aspect of the present
invention, a semiconductor package includes a semiconductor
chip having plural electrode pads which are formed at the
peripheral edge portion on the surface of the chip, a wiring
film which is disposed and fixed to the surface side of the
semiconductor chip and in which an insulating film is
laminated on a lead pattern, plural leads which are extended

from the wiring film whose extension end is .connected to the
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electrode pads of said semiconductor chip by a predetermined

bending shaping process, the bending position of the
extension end being located inside of a laminate area of the
insulating film, and sealing resin for sealing a peripheral
area of the semiconductor chip which contains a boundary
portion between the plural leads and the insulating film.

In the semiconductor package thus constructed, the
bending position of the plural leads extending from the
wiring film is reinforced by the insulating film, and the
reinforced portion is embedded integrally with the leads in
the sealing resin. Therefore, even when an environmental
stress due to a temperature cycle or the like is applied to
the bending position of the leads, the breaking of the leads
can be prevented by £he reinforcing effect of the insulating
film.

According to another aspect of the present invention, a
semiconductor package includes a semicondudtor chip having
plural electrode pads formed at the peripheral edge portion
thereof, a wiring film which is disposed at the surface side
of the semiconductor chié and formed by laminating an
insulating film on a lead pattern, an external conhection
terminal which is formed on the wiring film so as to project
therefrom, plural leads which extend from the wiring film and
whose éxtension ends are connected to the electrode pads of

the semiconductor chip, an outer ring which is provided so as
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to surround the semiconductor chip and has an open portion

which is outwardly opened at the back surface side of the
semiconductor chip and formed on the inner peripheral surface
thereof, and sealing resin filled between the semiconductor
chip and the outer ring.

In the semiconductor package thus constructed, the
outwardly-opened open portion are formed on the inner
peripheral surface f the outer ring surrounding the
semiconductor chip so as to be located at the chip back
surface side. Therefore, the broad resin injection port at
the back surface side of the chip can be secured at the gap
portion between the semiconductor chip and the outer ring,
whereby even when the size of the outer ring is small, the
resin injection from the back surface side of the chip can be
readily performed.

Further, according to another aspect of the present
invention, a lead frame includes a wiring' film which is
formed by laminating an insulating film on a lead pattern, an
external connection terminal formed on the wiring f£ilm so as
to project therefrom, plural leads.which are extended from
the wiring film and whose extension ends serve as connection
portions to the electrode pads of the semiconductor-chip, and
an outer ring which is provided at the outside of the wiring
film and has an open portion for accommodating the

semiconductor chip therein, an outwardly-opened open portion
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being formed on the peripheral surface of the open portion so

as to be located at the back surface side of the
semiconductor chip.

In the lead frame thus constructed, when the
semiconductor chip is accommodated at the open portion of the
outer ring in a package fabrication process, the broad resin
injection portion at the chip back surface side can be
secured because the outwardly-opened open portion is formed
on the inner peripheral surface of the open portion of the
outer ring.

Still further, according to another aspect of the
present invention, a semiconductor package includes a
semiconductor chip having plural electrode pads at the
peripheral edge portion on the surface thereof, a wiring film
which is formed so as to be disposed at the surface side of
the semiconductor chip, designed in a structure having an
insulating film laminated on a iead patﬁern, the outer
dimension of the film being set to be larger than the outer
dimension of said semiconductor chip, and has a film open
portion . along the peripheral edge poftion of the
semiconductor chip, the inside from the film open portion
being set as a first wiring area while the outside from the
film open portion is set as a second wiring érea, plural
external connection terminals which are formed on the wiring

film from the first wiring area over the second wiring area
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so as to be projected, plural leads which extend from the
first wiring area and the second wiring area to the film open
portion, and whose extension ends are connected to electrode
pads of the semiconductor chip, an outer ring which is
provided so as to surround the semiconductor chip, and
sealing resin filled between the semiconductor chip and the
outer ring. |

In the semiconductor package thus constructed, the
wiring area of the wiring film is extended to the second
wiring area disposed at the peripheral portion of the chip as
well as the first wiring area disposed on the semiconductor
chip, and the external connection terminals are formed over
the first and second wiring areas. Therefore, the number of
the external connection terminals on the wiring film is
restricted by the chip size, so that the chip size can be
reduced without reducing the number of external connection
terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A is a plan view of a semiconductor lead, and
Fig. 1B is a cross-sectional view which is taken aléng A-A
line.

Fig. 2 is a cross-sectional view of a BGA package;

Figs. 3A and 3B show a first embodiment of a lead frame
according to the present invention, wherein Fig. 3A is a plan

view and Fig. 3B is a cross-sectional view which is taken
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along A-A line of 3B;

Fig. 4 is a cross-sectional view showing a semiconductor
device in which a lead frame shown in Figs. 3A and 3B is
installed to a semiconductor device;

Figs. 5A to 5H are cross-sectional views showing a
manufacturing method of a semiconductor package according to
the present invention in the process order.

Figs. 6A to 6H are cross-sectional views showing an
mount method of the lead frame of the present invention on
the semiconductor element.

Fig. 7 is a cross-sectional view showing a modification
of the lead frame shown in Figs., 3A and 3B.

Fig. 8 is a plan view showing another modification of
the lead frame shown in Figs. 3A and 3B.

Fig. 9 1is a partially enlarged view showing a
semiconductor package having a super multiple pin structure;

Figs. 10A to 10H are cross-sectional Qiews showing a
method for manufacturing a lead frame according to another
embodiment of the present invention;

Figs. 11A to 11D are cross-sectional views showing a
process for manufacturing a semiconductor package according
to another embodiment of the present invention; |

Fig. 12 is a partially enlarged view showing the

semiconductor package according to the embodiment of present

invention.
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Figs. 13A and 13B are cross-sectional views showing
another embodiﬁent of the semiconductor package according to
the present invention;

Figs. 14A to 14D are cross-sectional views showing a
process for manufacturing another embodiment of the lead
frame;

Figs. 15A to 15D are cross-sectional views showing a
subsequent process for manufacturing the lead frame of Figs.
14A to 14D;

Figs. '16A to 16D are cross-sectional views showing a
method for manufacturing a semiconductor package having the
lead frames shown in Figs. 14A to 15D of the present
inventiqn;

Fig. 17 is a cross-sectional view showing another
embodiment of the semiconductor package of the present
invention; .

Fig. 18 is a bottom view of the main part of the
embodiment of the semiconductor package according to the
present invention;

Figs. 19A to 19D are cross-sectional views showing a
process of manufacturing another embodiment of the lead frame
of the present invention;

Figs. 20A to 20D are cross-sectional views showing a

subsequent process of manufacturing the lead frame of the

embodiment;
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Figs. 21A to 21D are cross-sectional views showing a

process for manufacturing the semiconductor package having
the lead frame of Figs. 19A to 20D; and

Fig. 22 is a cross-sectional view showing another
embodiment of the semiconductor package according to the
present invention.

Fig. 23 shows a cellular phone in which a semiconductor
device on a circuit board is installed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

Figs. 3A and 3B show a first embodiment according to
the present invention, wherein Fig. 3A is a plan view and
Fig. 3B is an enlarged cross-sectional view which is taken
along B-B line of Fig. 3A.

In these figure, reference numeral 1 répresents a lead
frame (film circuit), and reference numeral 2 represents an
insulating film which serves as a base of the lead frame 1.
Reference numeral 3 represents leads which are formed at one
side (lower side) of the insulating film 2, and the tip
portions 3a thereof are connected to electrode pads 5 of a
semiconductor element (semiconductor chip) 4. The leads 3
are formed by forming metal such as copper, nickel or the

like by using as a mask a resist having a negative pattern to
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a pattern to be formed.

Reference numeral 6 represent ball-shaped outer
terminals formed on the end portions 3b of the leads 3 which
are located at the opposite side to the side which is
connected to the electrode pads 5 of the semiconductor
element 4, and the outer terminals are formed of nickel and
soldering or gold. They are formed on a plane which is
opposite to the semiconductor element side of the base
{insulating film) 2, and connected to the end portions 3b of
the leads 3 through holes of the base 2.

Reference numeral 8 represents a reinforcing outer ring
which surrounds the semiconductor element 4, and it is formed
integrally with the outside of the main portion of the lead
frame through suspending portions 10. It has a laminate
structure comprising copper, aluminum, copper, nickel or the
like. The suspending portions 10 are formed of the same
layers as the leads 3, and £hus they are formed of copper or
nickel, for example. As compared with the prior art, the
suspending portions 10 are designed to have a larger width.
This is because reinforcing portions are formed on the
suspending portions ds described later.

Reference numeral 17 represents reinforcing portions
provided on the suspending portions 10 and they are formed of
the same material as the ball-shaped external terminals 6 for

example, nickel and soldering or gold. The reinforcing
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portions 17 are provided to reinforce the suspending portions
10 and are formed simultaneously with formation of the
external terminals 6.

As shown in Figs. 3A and 3B, in the lead frame of this
embodiment, the outer ring é is integrally formed on the
outer portion of the main portion 15 of the lead frame
through the suspending portions 10 on which the reinforcing
portions 17 are provided. Therefore, when the lead frame 1
is merely mounted on the semiconductor element 4 to position’
the outer ring 8 to the semiconductor element 4 as shown in
Fig. 4, the outer ring is positioned to the semiconductor
device 4 without deforming the suspending portions 10.

Accordingly, there is no possibility that the suspending
portions are broken and the circuit portion falls off, and
the positional precision between the circuit portion and the
outer-ring'is enhanced; so that no trouble occurs in the
fabrication process.

Fig. 4 is a cross-sectionél view showing a semiconductor
device in which the lead frame shown in Figs. 3A and 3B is
mountéd on a semiconductor element. 1In Fig. 3, reference
numeral 4 represents a semiconductor element (semicbnductor
chip, for example), reference nuﬁeral 5 represents-electrode
pads thereof, and reference numeral 7 represents a buffer
formed of silicone grease or adhesive agent, for example, and

it ‘is interposed between the 1lead frame 1 and the
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semiconductor element 4. Reference numeral 9 represents
sealing agent for sealing and fixing between the outer ring
8 and the semiconductor element 4 and between the outer ring
8 and the lead frame 1.

Next, the manufacturing method of the lead frame 1
according to the present invention will be described along
the process order with reference to Figs. 5A to 5H. The
manufacturing mefhod is an application of the lead frame
manufacturing technique for using a metal laminate plate
having a three-layer structure as a base and forming outer
leads at one side while forming inner leads at the other side .
(the technique as introduced in Japanese Laid-open Patent
Application No. Hei -7-211834, Japanese Laid-open Patent
Application No. Hei-7-147364 uses the lead frame
manufacturing technique), and it is characterized in that the
leads 3 and the suspending portions 10 of the lead frame 1
are formed in place of the inner leads and the outer ring is
formed in place of the outer leads.

(A) First, the metal laminate late having the three-
layer structufe is prepared as shown in Fig. b5A. The
laminate plate 11 comprises a copper layer 12 of 150
micrometers in thiékness which serves as the ring 8, an
aluminum layer 13 of 3 micrometers in thickness which serves
as an etching stopper, and a 2-micrometer plating base layer

14 of copper or nickel, which are overlaid on one another.
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In place of aluminum, nickel may be used for the etching
stopper

(B) Next, as shown in Fig. 5B, the leads 3 and the
suspending portions 10 are formed on the plating back layer
14. The leads 3 and the suspending portions 10 are formed by
coating a resist having a negative patter to a pattern to be
formed thereon, and plating the layer 14 as the base with
copper (or nickel) (for example, plating thickness is set to
30 micrometers) by using the resist as a mask.

(C) Next, as shown in Fig. 5C, an etching is selectively
performed on the metal laminate plate 11 from both the
surfaces thereof so as to penetrate through the laminate
plate 11, thereby forming a lead frame in which plural lead
frames are integrally linked to one another.

(D) Next, as shown in Fig. 5D, an insulating film 2 is
selectively formed on the surface at the lead forming plane
side of the laminate plate 11.

(E) Next, as shown in Fig. 5E, soldering balls 6 serving
as the external terminals are formed on the surfaces of the
leads 3 by using the inéulating film 2 as a mask. At the
same time, the reinforcing portions 17 fbf reinforcing the
suspending portions 10 are formed on the suspending.portions
10. The soldering balls 6 and the reinforcing portions 17
are formed by nickel plating (for example, the thickness is

set to 80 micrometers) and soldering or gold plating (for
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example, the thickness is set to 30 micrometers).

(F) Next, as shown.in Fig. 5F, the thick copper layer
located on the back surface side of the laminate plate 11 is
subjected to a selective etching treatment to remove an
inside portion thereof which is located inwardly from a
portion 8 which will serve as the outer ring. In this step,
the aluminum layer 13 remains except for the portion which is
removed in the selective etching treatment of Fig. 5C.

(G) Next, as shown in Fig. 5C, the plating base layer 14
serving as the base and the aluminum layer 13 serving as the
etdhing stopper are etched by using the leads 3, 3, .. and
the suspending portions 10 (in Fig. 5, no suspending portion
10 appears) as a mask, whereby the leads 3 and the suspending
portions are independent of one another, and at this stage
these are kept not to be electrically short-circuited to one
another. 15 represents the main portion of the lead frame.
The main portion 15 is apparently illustrated as being
separated from the outer ring 8 in Fig. 56. However, this is
because the suspending portions 10 do not appear in the
cross-sectional views of Figs. 5A to SH, aqd actually the
main portion 15 is integrally linked to the outer ring 8
through the suspending portions 10. |

(H) Next, as shown in Fig. 5H, bumps 16 are formed at
the end portions 3a of the respective leads 3 as necessary.

In the case of the lead frame 1 shown in Figs. 3A and 3B, no
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bump is provided, and thus this process is unnecessary.
However, in a modification shown in Fig. 7 which will be
described later, bumps are provided, and when a lead frame of
the modification is manufactured, the bumps are formed in
this process. There is a case where the bumps are formed at
the semiconductor element 4 side.

According to this method, the lead frame manufacturing
method in which by using the laminate metal plate of the
three-layer structure as a base, the outer leads are formed
at one side and the inner leads are formed at the other side,
can be directly practically usable to manufacture the lead
frame according to the present invention.

In this embodiment, the leads are formed by growing the
plating film by using as a mask the resist film which is
selectively formed on the plating base film. However, the
leads may be formed by forming the layer 14 of copper or
nickel at a larde thickness and patterning fhe layer 14 by
the selective etching treatment.

Figs. 6A to 6D show the installation of the lead frame
1 to the semiconductor element in the procegs order.

(A) First, the lead frames 1 in the lead frame shape are
positioned to the semiconductor elements 4 arranged while
buffer 7 is interposed therebetween as shown in Fig. 6A.

(B) Next, as shown in Fig. 6B, the tip portions 3a of

the respective leads 3 are connected to the electrode pads 5
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of the semiconductor element (chip) 4 by single point
bonding, for example.

(C) Next, as shown in Fig. 6C, sealing agent 8 such as
epoxy resin, silicone resin or the like is injected and
sealed between the semiconductor element 4 and the lead frame
1/the outer ring 8 with a dispenser or the like by potting to
fix the semiconductor elemeﬂt 4 and the lead frame 1/the
outer ring 8.

(D) Next, an undesired portion of the lead frame in
which the plural lead frames 1 are integrally linked to one
another is cut out to separate the lead frames 1 from one
another as shown in Fig. 6D, thereby obtaining a
semiconductor device which has the lead frame 1 as an
intermediate circuit board and has the external terminals 6
of ball .grid array shape connected to the respectivé
electrodes of the sémiconductor element 1 and the reinforcing
portions 17 on the intermediate circuit board, and whiph is
reinforced by the outer ring 8.

According to the fabrication method described above, the
outer ring 8 is integrally formed with the lead frame 1
through the suspending portions 10 on which the reinforcing
portions 17 are provided. Therefore, by positioniné the lead
frame 1 to the semiconductor element 4, the outer ring 8 is
automatically positioned to the semiconductor element 4. In

addition, the suspending portions 10 are not deformed.
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Fig. 7 is a cross-sectional view showing a modification

of the 1lead frame shown in Figs. 3A and 3B. This
modification is different from the embodiment of Figs. 3A and
3B merely in that the tip portions 3a of the respective leads
3 are bonded to the electrode pads 5 through metal bumps 16
formed on the semiconductor element 4.

The shape of the reinforcing portions 17 and the
suspending portions 10 are not limited to the above ones.
The suspending portions 10 may be formed not in a linear
shape, but in a rectangular shape, and the reinforcing
portions 17 each having a large area are formed to enhance
the strength.

In the above-described embodiments, the suspending
portions 10 are provided at the four corners of the lead
frame 1, however, the present invention is not limited to
this style. For example, the suspending portions may be
provided at the intermediate portions betweeh the sides.

According to the above embodiments, the reinforcing
portions are provided on the suspending portions, and thus
the suspending portions are reinforced, "so that ﬁhe
deformation of the suspending portions can be prevented.

Accordingly, the suspending portions are not broken and
the circuit portion does not fall off. Further, the
positional precision between he circuit portion and the outer

ring is enhanced, and thus no trouble occurs in the
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fabrication process.

Further, according to the above-described manufacturing
method, the laminate plate of three or more layers is used as
a base, and the ring is formed in place of outer leads by
applying a lead frame forming technique of forming inner
leads at one side and forming outer leads by the surface
layer at the other side; and the reinforcing portions are
formed simultaneously with the external terminals, thereby
obtaining a lead frame with a ring. Therefore, the lead
frame can be easily obtained by directly using the lead frame
manufacturing technique which has been already developed.

When the super multiple pin structure as described
above is implemented, the strength of the leads 9 themselves
are necessarily weakened. Therefore, when a temperature
cycle test or the like is performed, there is a case where a
stress is applied to the bending position L of the lead 9 for
which the edge of the adhesive layer 14 is used as a fulcrum
as shown in Fig. 9, and thus the lead 9 is broken at that
position.

The following embodiments can avoid the above drawback.

The embodiments of the lead frame and the semiconductor
package will be described in detail together with the
manufacturing procedure thereof with reference to the:-
accompanying drawings.

First, in the manufacturing process of the lead frame,

A

This Sheet Has Been Reﬂlaced
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as show in Figs. 10A to 10H, a metal base 101 comprising a
laminate plate having a three-layered structure is prepared.
The metal base 101 is formed by forming an aluminum £ilm 103
of about 4.5 pum in thickness on the surface of a substrate 2
of copper or copper alloy and about 150 um in thickness
(hereinafter referred to as copper substrate), for example,
by the deposition method, and further forming a nickel film
104 of about 1 to 2 um in thickness thereon.

The copper substraté 102 does not serve as leads, but it
will be finally cut off excluding the portion corresponding
to the outer ring (described 1later), however, it |is
indispensable to form a very fine lead pattern. The aluminum
film 103 corresponds to an etching stop film to prevent the
surface side of the metal base 1 from being etched when the
copper substrate 2 is etched in the subsequent process. The
nickel film 104 corresponds to the base for the
electroplating to form the lead pattern on thé surface of the
metal base 101, that is, the plating base film.

As the metal base 1, a chrome film of about 0.5 uym in
thickness may be formed as an adhering film between the
aluminum film 103 and the nickel film 104 to enhance
adherence between the aluminum film 103 and the nickel film
104. As the plating base film may be formed a thin film of
copper in place of the nickel film 104.

Subsequently, as shown in Fig. 10B, plural lead patterns
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5 of copper are formed on the surface of the metal base 101,
that is, the surface of the nickel film 104 by the selective
plating method. The selective plating is performed by
selectively coating a resist pattern on the surface of the
metal base 101, and then performing copper electroplating
with the resist pattern as a mésk. _

In this process, the lead patterns 105 which are
excellent in .film quality and finely patterned can be
obtained.

Subsequently, as shown in Fig. 10C, the metal base 101
is subjected to the selective etching from both the surfaces
thereof to form slits S to define the outer shape of the lead
frame every chip and holes (not shown) to facilitate the
manufacturing process.

Subsequently, as shown in Fig. 10D, an insulating film
106 is laminated on the lead pattern 6 which is formed by the
selective plating, thereby forming the wiring film 107
comprising the lead pattern 5 and the insulating film 106.
The insulating film 106lis formed of photosensitive resin
such as epoxy group, polyimide group, polyolefine group or
the like, or polyimide film, and a number of holes 8 are
formed on the film by selectively etching the insulating film
106.

Here, the plural leads 109 are extended from the wiring

film 107 in correspondence with the extension of the
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previously-formed lead pattern 105. These leads 109 use the

extension ends thereof, that is, the lead tips as the
connection portions to the electrode pads of the
semiconductor chip, and for the connection the respective
leads 109 are bent while setting the boundary to a
predetermined position L.

Therefore, in this embodiment, when the above insulating
film 106 is laminated, the film lamination area is'extended
to the lead extension end side (lead tip side) beyond the
lead bending position L as described above, whereby a part of
the insulating film 106 is bent together with each lead 109
in the lead bending shaping process as described later.

It is better to set the extension dimension of the
insulating film 106 from the lead bending posiﬁion L to be
large as possible as to the extent that it does not obstruct
the lead bending shaping process as described above.

Subsequently, as shown in Fig. 10E, external connection
terminals 110 comprising solder balls are formed at the
termination of the 1lead patterns 105 coated with the
insulating film 106 (just above the holes 108) by using the
insulating film 106 as a mask. The external connection
terminals 110 -are obtained by forming a base film.of metal
material such as copper, nickel or gold at the termination of
the lead patterns 105 exposed onto the insulating film 6 by

an electroplating method or the like, laminating soldering
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material of tin-lead alloy on the base film by the

electroplating method, and then reflowing the soldering
material to shape the soldering material in a ball shape.

Subsequently, as shown in Fig. 10F, the copper substrate
102 of the metal base 101 is removed by the selective etching
so that the outer ring 101 remains. 1In the etcﬁing process,
the aluminum film 103 serves as an etching stopper, and only
the copper substrate 102 is removed.

Subsequently, as shown in Fig. 10G, the aluminum film
103 of the metal base 101 is removed by the selective
etching, and the nickel film 104 is removed by the selective
etching to make the respective lead patterns 105 (containing
the léads 109) separate from and independent of one another.

In the state of Fig. 10G, the wiring film 107 and the
outer ring 111 are represented as being separated from each
other. However, they are actually integrally linked to each
other by suspending leads (not shown) which are formed
simultaneously with the lead patterns 105.

Subsequently, as shown in Fig. 10H, a bump 112 of
aluminﬁm is formed at the tip of each lead 109 extending from
the wiring film 107 by the sputtering method or the
deposition method. |

Through the above process, the lead frame 113 before

semiconductor chips are assembled to the lead frame is

completed.
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Thereafter, when the semiconductor chip is assembled to
the lead frame 113, the semiconductor chip 115 is positioned
and fixed to the béck surface side of the wiring film 107
through an adhesive layer 114 as shown in Fig. 11A. At this
time, the tip portion (bump 112) of each lead 9 extending
from the insulating film 106 is confronted to each of the
electrode pads 116 on the semiconductor chip 115. .

Subsequently, as shown in Fig. 11B, the tip portion of
each lead 109 is bonded to the electrode pad 103 of the
semiconductor chip 115 through the bump 112 by the single
point bonding method. 1In the single point bonding method,
each lead 109 is bent and shaped by a wedge tool (not shown)
with the previously-described lead bending position at the
boundary, and pushed against the electrode pads 116. At this
time, in the structure of the lead frame 113, the laminate
area of the insulating film 106 is extended to the lead tip
side (lead extension end side) beyond thé lead bending
position L, whereby the lead bending position L is located
inside of the film laminate area. Therefore, in the bending
and shaping proceés of the leads 109 by the single point
bonding method, a part of the insulating film 6 is bent
together with each lead 109.

Subsequently, sealing resin 117 of epoxy resin, silicone
resin or the like is injected into the peripﬁeral area of the

semiconductor chip 115 containing a boundary portion between
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each lead 109 and the insulating film 106 by the potting

method as shown in Fig. 11C, and then hardened to integrate
the respective constituent parts.

Finally, as shown in Fig. 11D, an undesired portion is
cut off with the outer edge portion of the outer ring 111 at
the boundary as shown in Fig. 11D, thereby completing the
semiconductor -package 118 having the super multiple pin
structure.

In the semiconductor package 118 thﬁs obtained, as shown

in Fig. 12, the bending position L of each lead 109 is

" reinforced by the insulating film 106, and also the

reinforced portion is embedded in the sealing resin 117
integrally with the lead 109. Accordingly, the sufficient
strength can be secured at the bending position L of the lead
109, and thus the breaking of the leads 109 can be prevented
by the reinforcing effect of the insulating film even when an
environmental stress is applied to the bending position L of
each lead 109 due to the temperature cycle or the like.
Further, as another preferable embodiment, if a resin
film (not shown) which is formed of resin material such as
polyimide or the 1like which has high adherence to the
insulating film 106 is formed (backed) at the opposite side
to the insulating film 106 so that the lead pattern 105
(containing the base portion of the lead 109) is sandwiched

between the resin film and the insulating film 106, the
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reinforcing effect at the base portions of the leads can be
further enhanced, and the leads 109 and the insulating film
6 can be surely prevented from being exfoliated from each
other even in the bending and shaping process of the leads
109.

In the above embodiment, there is described the
structure of the wiring film 107 in which the lead patterns
105 are formed on the metal base 1 by the copper
electroplating method, and then the insulating film 106 is
laminated on the lead patterns 105. However, the present
invention is not limited to the above structure. The present
invention may be likewise applied to the structure in which
the lead patterns are formed on the film base of polyimide or
the like by etching.

As described above, according to the 1lead frame
described above, when.the plural leads extending from the
wiring film are - connected to the electrode pads of the
semiconductor chip, a part of the insulating film is bent
together with each lead, whereby the bending position of each
lead is reinforced by the 1nsu1ating.film, and the strength
of the leads can be enhanced.

Furthér, according to the semiconductor package
described above, the bending positions of the plural leads
extending from the wiring film are reinforced by the

insulating film, and the reinforced portion is embedded
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integrally with the leads in the sealing resin. Therefore

the sufficient strength can be secured at the lead bending
position, so that the breaking of the leads due to the
environmental stress can be surely prevented. As a result,
the reliability of the semiconductor package to the
environmental stress can be further enhanced.

In the semiconductor package as described above, the
lead pattern is formed on the metal base by the copper
electroplating at the manufacturing stage of the lead frame,
and further the external connection terminals (solder balls)
are formed on the lead pattern by the electroplating, thereby
realizing the multiple pin structure which is beyond the
hitherto limitation. Further, the metal base is selectively
etched to leave the outér ring portion, and the outline of
the package is formed by the outer ring, whereby the
positional precision between the outline of the package and
the external connection terminals is secured and thus the
alignment when the package is mounted can be facilitated.
§till further, so-called CSP (Chip Size Package) in which the
package size is reduced to the same level as the chip size
can be realized.

Here, in the manufacturing process of the semiconductor .
package, when the sealing resin is filled between the
semiconductor chip and the outer ring, the resin is injected

from the back surface of the chip. This is because if the
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resin is injected from the obverse surface of the chip, the

following disadvantages would occur.

(1) Since the gap between the semiconductor chip and the
outer ring is small (abouﬁ.O.l mm), it is difficult to fill
the sealing resin between the semiconductor chip and the
outer ring from the obverse surface of the chip.

(2) If the relative position between the package and the
dispenser is deviated, the sealing resin would be attached to
the external connection terminals (solder balls).

(3) The leads disturb the resin-sealing work.

On the other hand, in the case where the resin is
injected from the back surface of the chip, there is no part
which disturbs the resin injection work, such as the leads
and the external connection terminals, and also a sufficient
amount of sealing resin can be supplied by using the step
portion between the back surface of the chip and the outer
ring. Therefore, the sealing resin can be smoothly filled
between the semiconductor chip and the outer ring.

In the case of the semiconductor package, the sealing
resin is filled between the semiconductor chip and the outer
ring to integrate the peripheral parts. Therefore, in order
to further reduce the package size, it is necessary to reduce
the size (outside dimension) of the outer ring. However, if
the size of the outer ring is reduced, the gap between the

semiconductor chip and the outer ring is smaller by the
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amount of the reduction of the size, and thus it is difficult
to inject the resin from the semiconductor chip.
Accordingly, the éize of the outer ring must be set to be
large to the extent that the injection of the sealing resin
is not difficult. This greatly obstructs the reduction of
the package size.

The following embodiment can avoid the above drawback.

Figs. 13A and 13B are side cross-sectional views showing
this embodiment of a semiconductor package according to the
present invention.

In the construction of the semiconductor package 101
shéwn in Fig. 13A, plural electrode pads 203 are formed along
the peripheral edge portion on the surface of a semiconductor
chip (the lower surface of the chip in Fig. 13A). Further,
a wiring film 205 is disposed through an adhesive layer 204
formed of an adhesive sheet or the like at the center portion
of the chip surface excluding a pad forming area. The wiring
film 205 is constructed by laminating an insulating film 207
on a lead pattern 206. The adhesive layer 4 functions as a
buffer for protecting an element forming area which exists
inside of the pad forming area of the semiconductor chip 202,
in addition to the function of adhesively attaching the
semiconductor chip 202 and the wiring film 205. |

The external connection tefminals 208 comprising the

solder balls are formed projectingly at the termination of
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the lead pattern 206 on the wiring film 205. Further, plural

leads 209 are extended from the wiring film 205 in
correspondence with the lead pattern 206, and the extension
ends thereof are connected to the electrode pads 203 of the
semiconductor chip 202 through the bumps 210. Further, an
outer ring 11 is provided at the outside of the semiconductor
chip 202 so as to surround the semiconductor chip 202.
Sealing resin 212 is filled between the semiconductor chip 2
and the outer ring 211.

Here, an outwardly-opened open portion 213 is formed on
the inner peripheral surface 21la of the outer ring 211 so as
to be located at the back surface side of the semiconductor
chip 202 (upper side in the figure). The open portion 213 is
formed at an angle 6=30 to 245 degrees to the inner
peripheral surface 21la of the ring. Therefore, the open
portion 213 is to be larger at the back surface side of the
chip than the gap G between the semiconductor chip 202 and
the outer ring, so that the resin injection port can be kept
broad to inject the sealing resin 212. Accordingly, the size
(outside dimension) of the outer ring 211 can be reduced
while the resin injection from the back surface side of the
chip is facilitated.

Next, the manufacturing .process of the semiconductor
package 201 as described above will be described.

First, in the manufacturing process of the lead frame,
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as show in Fig. 14A, a metal base 221 comprising a laminate
plate having a three-layered structure is prepared. The
metal base 221 is formed by forming an aluminum film 223 of
about 4.5 pm in thickness on the surface of a substrate 222
of copper or copper alloy and about 150 um in thickness
(hereinafter referred to as copper substrate) by deposition,
and further forming a nickel film 224 of about 1 to 2 um in
thickness thereon.

The copper substrate 222 does not serve as leads, but it
will be finally cut off excluding the portion corresponding
to the outer ring (described later), however, it is
indispensable to form a very fine lead pattern. The aluminum
film 223 corresponds to an etching stop film to prevent the
surface side of the metal base 221 from being etched when the
copper substrate 222 is etched in the subsequent process.
The nickel £film 224 corresponds' to the base for the
electroplating to form the lead pattern on the surface of the
metal base, that is, the plating base film.

As the metal base 221, a chrome film of about 0.5 um in
thickness may be formed as an adhering film between the
aluminum film 223 and the nickel fiim 224 to enhance
adherence between the aluminum film 223 and the nickel film
224. As the plating base film may be formed a thin film of
copper in place of the nickel film 224.

Subsequently, as shown in Fig. 14B, plural lead patterns
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206 of copper are formed on the surface of the metal base
201, that is, the surface of the nickel film 204 by the
selective plating method. The selective plating is performéd
by selectively coating a resist pattern (not shown) on the
surface of the metal base 221, and then performing copper
electroplating with the resist pattern as a mask.

In this process, the lead patterns 2026 which are

excellent in film quality and finely patterned can be

obtained.

Subsequently, as shown in Fig. 14C, the metal base 221
is subjected to the selective etching from both the surfaces
thereof to form slits 225 to define the outer shape of the
lead frame every chip and holes (not shown) to facilitate the
manufacturing process.

Subsequently, as shown in Fig. 14D, an insulating film
207 of a polyimide film for example is laminated on the lead
pattern 206 which is formed by the selective plating, thereby
forming the wiring film 205 comprising the lead pattern and
the insulating f£ilm 207. At this time, the plural leads 209
are extended ffom the wiring film 205 in correspondence with
the extension of the éreviously-formed lead pattern.

Subsequently, as shown in Fig. 15A, the external
connection terminals 208 comprising the solder balls are
formed at the termination of the lead pattern covered by the

insulating film 207 by using the insulating film 207 as a
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mask. The external connection terminals 208 are formed by
forming a nickel core of 80 um at the termination of the lead
pattern 208 exposed onto the insulating film 207 by the
electroplating method, and coating soldering material of tin-
lead alloy on the surface of the core by the electroplating
method.

Subsequently, as shown in Fig. 15B, the metal base 221
is covered by the mask 226 and the copper substrate 222 of
the metal base 221 is removed by the selective etching so
that the outer ring 211 remains. In the etching process, the
aluminum film 223 serves as an etching stopper, and only the
copper substrate 222 is removed.

In this embodiment, when the copper substrate 222 is
selectively etched, etching 1liquid of H,0, (hydrogen
peroxide)/H,S0, (sulfuric acid) group is used. The
concentration of H,0, is set to 10% or less, and the etching
liquid is sprayed onto the copper substrate 222 by a spray
method, whereby the inner peripheral surface of the outer
ring 211 is etched in a tapered shape (side-etching). 1In
addition, since the tapered shape becomes remarkable in
inverse proportion to the concentration of H;0,, an outwardly—
opened open portion 213 can be formed at a desired size on
the inner peripheral surface of the outer ring 211.

With respect to the taperred sh'ape of the open portion

213, it can be adjusted on the basis of the temperature
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condition, the concentration of H,S0,, or the pressure of

spray.

Subsequently, as shown in Fig. 15C, the aluminum film
223 of the metal base 221 is removed by the selective
etching, and the nickel film 224 is removed by the selective
etching to make the respective lead patterns 206 (containing
the leads 209) separate from and independent of one another.

In the state shown in Fig. 15C, the wiring film 205 and
the outer ring 211 are represented as being separated from
each other, ﬁhey are actually integrally formed with each
other by the suspending leads (not shown) which are formed at
the same time as the lead patterns 206. |

Subsequently, as shown in Fig.‘15D, the bump 210 of
aluminum is formed at the tip of each lead 209 extending from
the wiring film 205 by a sputtering or deposition method, for
example.

Through the above process, the lead frame 227 before the
semiconductor chip is assembled to the lead frame is
completed.

Thereafter, when the semiconductor chip is assembled to
the lead frame 227, the semiconductor chip 202 is positioned
and fixed’to the back surface side of the wiring film 205
through an adhesiee layer 204 as shown in Fig. 16A.-“At this
time, the tip portion (bump 210) of each lead 209 extending

from the wiring film 205 is confronted to each of the
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electrode pads 203 on the semiconductor chip 202.

Subsequently, as shown in Fig. 16B, the tip portion of
each lead 209 is bonded to the electrode pad 203 of the
semiconductor chip 202 through the bump 210 by the single
point bonding method.

Subsequently, as shown in Fig. 16C, the sealing resin
212 such as epoxy resin, silicone resin or the 1like is
injected from the back surface side of the chip into the gap
between the semiconductor chip 202 and the outer ring 211 by
the potting, and then hardened to integrate the respective
constituent parts.

At this time, the outwardly-opened open portion 213 is
formed on the inner peripheral surface of the outer ring 211,
and thus the broad resin injection port is secured at the
back surface side of the chip, so that the resin injection
from the chip back surface side can be readily performed even
when the gap between the semiconductor chié 2 and the outer
ring 211 is small.

Finally, as shown in Fig. 16D, an undesired portion is
cut out with the oufer peripheral edge of the outer ring 211

at the boundary, thereby completing the semiconductor'package
"1 shown in Figs. 13A and 13B.

In this embodiment, the outwardly-opened open portion

213 is formed at the chip back surface side and on the inner

peripheral surface of the outer ring 211 which is provided to
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surround the semiconductor chip as described above.

Therefore, the resin injection port at the chip back surface
side can be kept broader. Accordingly, the size of the outer
ring 211 can be reduced while the resin injection from the
chip back surfaée side is facilitated.

Further, the provision of the open portion 213 enables
the highQspeed sealing between the semiconductor chip 202 and
the outer ring 211 with a necessary and sufficient amount of
sealing resin 212, whereby the sufficient strength at the
outside portion of the package can be secured and the working
efficiency of the resin injection can be enhanced.

As described above, according to the semiconductor
package as described above, the outwardly-opened open portion
is formed onlthe inner peripheral surface of the outer ring
surrounding the semiconductor chip so as to be located at the
chip back surface side. Therefore, the broad resin injection
port for injecting the sealing resin can be secured at the
chip back surface side between the semiconductor chip and the
outer ring. Accordingly, the resin injection from the chip
back surface side can be readiiy performed even when the size
of the outer ring is reduced, and thus the package size can
be reduced.

Further, according to the lead frame as described above,
the outwardly-opened open portion is formed so as to be

located at the chip back surface side on the inner peripheral
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surface of the open portion of the outer ring in which the
semiconductor chip can be accommodated. Therefore, when the
semiconductor chip is accommodated in the open portion of the
outer ring in the package fabrication process, the ;esin
injection port at the chip back surface side can be kept
broad, so that the package size can be reduced.

In the above-described semiconductor package, the wiring
film is mounted onto the semiconductor chip through the
adhesive sheet, and the external connection terminals are
formed on the wiring film. Therefore, there is the following
disadvantage.

That is, when the arrangement pitch of the external
connection terminals is narrowed to the limit level, the
number of external connection terminals which can be provided
on the wiring film is restricted by the size of the
semiconductor chip. Therefore, in order to reduce the chip
size, the number of the external connection terminals must be
reduced, resulting in obstructing the multiple pin structure.

The following embodiment can solve the above problem.

Fig. 17 is a side cross-sectional view showing an
embodiment of a semiconductor package according to the
present invention,'and Fig. 18 is a bottom view of the main
part of the semiconductor package.

In the construction of a semiconductor package 301 shown

in Figs. 17 and 18, plural electrode pads 303 are formed over
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the peripheral edge portion on the surface of a semiconductor
chip 302 (the lower surface of the chip in Fig. 17).
Further, a wiring film 305 is formed and disposed at the
surface side (pad forming surface side) of the semiconductor
chip 302 through the adhesive sheet 304. The wiring £ilm 305
is constructed by 1aminéting an insulating film on a lead
pattern 306. The outer dimension of the film is set to be
larger than the outer dimension of the semiconductor chip
302. Further, film open portions 308 are provided along the
peripheral edge portion of the chip in the wiring film 305.
-The film open portions 308 will serve as so-called bond holes
to connect the tips of the leads to the electrode pads 303 of
the semiconductor chip 302 as described later, and the film
open portions 308 are formed in a slit shape so as to meet
the pad arrangement on the semiconductor chip 302.

The adhesive sheet 304 comprises a thermoplastic
polyimide adhesive sheet or polyolefine-based adhesive sheet
of about 150 pm in thickness, and it serves not only to
adhesively attach the semiconductor chip 302 and the wiriné
film 305, but also as a buffer member for protectihg a device
forming area which exists inside of the pad forming area of
the semiconductor chip 302.

In the above-described wiring film 305, with the film
open portion 308 at the boundary, the inside of the film open

portion 308 is set as a first wiring area 305a while the
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outside of the film open portion 308 is set as a second
wiring area 305b. The first wiring area 305a and the second
wiring area 305b are linked to each other at the butt
portions of the respective film open portions 308. That is,
as shown in Fig. 18, the butt portion of each film open
portion 308 is suspended by a part 307a of the insulating
film 307, and the suspended portion is bridged by a
suspending lead 306a for reinforcing the suspended portion.
Further, plural external connection terminals 309 are formed
from the first wiring area 305a to the second wiring area
305b on the wiring film 305. Each external connection
terminal 309 is located at the termination (land) of the lead
~ pattern 306 as described above, and projected in a ball shape
for example. Dummy ball-shaped projections 309a having the
same structure as the external connection terminals 309 are
provided at both ends of the suspending leads 306a described
above, and both the end portions of the suspehding leads 306a
are fixed to the insulating film 307 by the rivet action of
the ball-shaped projections 309a.

Further, plural leads 310 are extended from the first
wiring area 305a and the second wiring area 305b toward the
film open portions 308. These leads 310 correspond to the
lead patterns 306 formed in the first and second wiring areas
305a, 305b. The leads 10 are extended from the first wiring

area 305a toward the outside of the package, and also are
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extended from the second wiring area 305a toward the inside

of the package. The extension end (tip) of each lead 10 is
connected to each electrode pad 303 formed on the
semiconductor chip 302. Further, in addition to the above
leads 310, support leads 310a (Fig. 18) which do not
contribute to the circuit connection are bridged as dummies
at suitable places of each film open portion 308. The
support leads 310a are used to link and support the first
wiring area 305a and the second wiring area 305b like the
suspending leads 306a.

Further, an outer ring 311 is provided at the outside of
the semiconductor chip 302 so as to surround the
sémiconductor chip 302. The outer ring 311 is formed in a
ring shape along the peripheral edge of the wiring film 305
(second wiring area 305b) to thereby the outer shape of the
semiconductor package 301. Further, sealing resin 312 of
epoxy-based or silicone-based sealing resin 312 is filled
between the semiconductor chip 302 and the outer ring 311,
and the peripheral parts are integrally fixed to one another
by the sealing resin 312.

An adhesive sheet 304 which is of the same type as the
adhesive sheet 304 is attached to the second wiring'area 305b
of the wiring film 305. The adhesive sheet 304a is used to
moderate an environmental stress (mainly, thermal stress)

when and after the package is mounted on a print board (not
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shown), and it may be suitably provided in consideration of
flexibility, etc. of the sealing resin 312 to the
environmental stress.

Next, a series of manufacturing processes of the
semiconductor package according to this embodiment will be
described with reference to Figs. 19A to 21D.

First, in the manufacturing process of a lead frame, a
metal base 321 comprising a laminate plate of three-layered
structure is prepared as shown in Fig. 19A. The metal base
321 is formed by forming an aluminum film 323 of about 4.5 um
in thickness on the surface of a substrate 322 of copper or
copper alloy and about 150 pum in thickness (hereinafter
referred to as copper substrate) by deposition, and further
forming a nickel film 324 of about 1 to 2 um in thickness
thereon.

The copper substrate 322 does not serve as leads, but it
will be finally cut off excluding the portion corresponding
to the outer ring (described later), however, it is
indispensable to form a very fine lead pattern. The aluminum
film 323 corresponds to an etching stop film to prevent the
surface side-of the metal base 321 from being etched when the
copper substrate 322 is etched in the subsequent process.
The nickel film 324 corresponds to the base for the
electroplating to form the lead pattern on the surface of the

metal base, that is, the plating base film.
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As the metal base 321, a chrome film of about 0.5 pm in

thickness may be formed as an adhering film between the
aluminum ‘film 323 and the nickel film 324 to enhance
adherence between the aluminum film 323 and the nickel film
324 As the plating base film may be formed a thin film of
copper in place of the nickel film 324.

Subsequently, as shown in Fig. 19B, plural lead patterns’
6 of copper and 20 to 30 pm in thickness are formed on the
surface of the metal base 1, that is, the surface of the
nickel film 304 by the selective plating method. The
selective plating is performed by selectively coating a
resist pattern (not shown) on the surface of the metal base
321, and then performing copper electroplating with the
resist pattern as a mask. At this time, the forming area of
the lead pattern 306 which uses the resist pattern as a mask
is set to be larger than the joint area of the semiconductor
éhip 302 as described later. When the lead pattern 306 is
formed, the suspending lead 306a and the support lead 310
shown in Fig. 18 are formed at the same time.

Next, as shown in Fig. 19C, the wiring £ilm 305
comprising the lead pattern 306 and the insulating film 307
is formed by laminating an insulating film 307 of polyimide
and about 25 pum in thickness on the lead pattern 306 which is
formed by the copper electroplating. The insulating film 307

is patterned by using a well-known lithography technique to
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form small holes to form the external connection holes 309 by
the plating method and also the film open portions 308 for
lead bond. At this time point, the wiring film is divided
into the first wiring area 305a and the second wiring area
305b, and the plural leads 310 are extended from the
respective areas 305a, 305b to the film open portions 308.

Subsequently, as shown in Fig. 19D, the metal base 321
is selectively etched from both surfaces thereof to form
slits 325 for defining the outer shape of the lead.frame for
each chip and holes (not shown) for facilitating the
manufacturing process.

Subsequently; as shown in Fig. 20A, the ball-shaped
external connection terminals 309 are formed at the
termination of the 1lead patterns 306 covered by the
insulating film 307 by using the insulating film 307 as a
mask. The external connection terminals 309 are obtained by
forming a nickel core of about 90 um at the termination of
the lead pattern 306 exposed onto the insulating film 307 by
the electroplating method and then subjecting the core
surface to the gold plating treatment of 0.1 pm, or by
forming a nickel core of about 80 um by the electroplating
method and then subjecting the core surface to the solder
plating of about 20 um:--

Subsequently, as shown in Fig. 20B, the copper substrate

322 of the metal base 321 is removed by the selective etching
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so that the portion corresponding to the outer ring 311

remains. In the etching process, the aluminum film 323 acts
as an etching stopper, and only the copper substrate 22 is
removed. |

Next, as shown in Fig. 20C, the aluminum film 323 of the
metal base 321 is removed by the selective etching, and the
nickel film 324 is removed by the selectively etching to make
the respective lead patterns 306 (containing the leads 319)
separate from and independent of one another.

Subsequently, as shown in Fig. 20D, a bump 326 of
aluminum is formed at the tip of each of the leads 310
extending from the first, second wiring areas 305a, 305b of
the wiring film 305 by the sputtering method or the
deposition method, for example.

Through the above process, the lead frame 327 before a
semiconductor chip is assembled thereto is completed.

Thereafter, when the semiconductor chip'is assenbled to
the lead frame 327, as shown in Fig. ZIA, the semiconductor
chip 302 is positioned and fixed to the back surface side of
the wiriné film 305 (first wiring area 305a through the
adhesive sheet 304. At this time, the first wiring area 305a
of the wiring film 305 is disposed on the semiconductor chip
302, and the second wiring area 305b is disposed at the
peripheral portion of the chip. Further, the tips (bumps

326) of the respective leads 310 extending from the first;
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second wiring areas 305a, 305b are confronted to the

electrode pads 303 on the semiconductor chip 302.
Subsequently, as shown in Fig. 21B, the tips of the
respective leads 310 are connected to the electrode pads 303
of the semiconductor chips through the bumps 326 by the
single point bonding. The single point bonding is performed
through the film open portions 308 of the wiring film 305.
Subsequently, as shown iﬁ Fig. 21C, the sealing resin
312 of epoxy group or silicone group is injected between the
semiconductor chip 302 and the outer ring 311 by the potting,
and then hardened to integrate the peripheral parts.
Finally, as shown in Fig. 21D, an undesired portion is
cut out with the outer peripheral edge of the outer ring 311
at the boundary, thereby completing the semiconducior package
301 shown in Fig. 17. |
As described above, in the semiconductor package 301 of
this embodiment, the wiring area of the wiring film 305 is
extended to not only the first wiring area 305a disposed on
the semiconductor chip 302, but also the second wiring area
~305b disposed at.the peripheral portion of the chip, and the
external connection terminals 309 are formed over the
respective the wiring areas 305a, 305b, so that the number of
the external connection terminals 309 is not restricted by
the chip size. Accordingly, the size of the semiconductor

chip 302 can be reduced without reducing the number of
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external connection terminals 309.

The arrangement of the external connection terminals 309
in the second wiring area may be freely set in conformity
with the desired number of terminals. However, when the
terminal arrangement is enlarged, the second wiring area 305b
is also enlarged. Therefore, there is such a fear that the
flexure or waving of the film becomes remarkable and thus the
external connection terminals 309 are not aligned in height.

Another embodiment of the present invention which is
implemented to overcome the above fear will be described
hereunder.

Fig 22 is a side cross-sectional view showing another
embodiment of the semiconductor package according to the
present invention. 1In the semiconductor package 1 shown in
Fig. 22, the characteristic portion resides in that a
reinforcing plate 313 is attached to the second wiring area
305b of the wiring film 305 through an adhesive sheet 304a.
The reinforcing plate 313 is formed of metal material such as
aluminum or the 1like, and it is installed between the
semiconductor chip 302 and tﬁe outer ring 311. The adhesive
sheets 304, 304a are designed to have the same thickness, and
the adhesive chips 302 and the reinforcing plate 313 are
designed to have the same thickness so that the back surface
(upper surface in Fig. 22) of the reinforcing plate 313 and

the back surface of the chip are located in one plane. The
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sealing resin 312 is filled inside and outside of the

reinforcing plate 313 between the semiconductor chip 302 and
the outer ring 311.

In the semiconductor package 301, since the second
wiring area 305b located at the peripheral portion of the
chib is supported by the reinforcing plate 313, the flexure
and the waving of the film in the second wiring area 305b can
be suppressed. Accordingly, even when the terminal
arrangement is enlarged in the second wiring area 305b, the
external connection terminals 309 on the wiring film 305 can
be kept uniform in height. Further, the back surface of the
reinforcing plate 313 and the back surface of the chip are
located in one plane. Therefore, in the package'fabrication
work, the external connection terminals 309 on the wiring

film 305 can be aligned in height uniformly and precisely by
a simple work of mounting the semiconductor chip 302 and the
reinforcing plate 313 on the same reference plane and then
attaching the wiring film 305 through the adhesive sheets
304, 304& from the upper side.

Fig. 23 shows a cellular phdne CP in which such a
semiconductor device SD on a circuit board CB as described
above is installed. As described above, accordihg to the
semiconductor-deviceé of the above-described embodiments, the
packaging size can be reduced, and thus the cellular phone

itself in which the semiconductor device of the present
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invention is installed can be miniaturized. Accordingly, the
present invention is very suitably applied to such a case
that the semiconductor device of the present invention is
installed into electronic equipment to . which the
miniaturization of the cellular phone, etc. is a significant
challenge.

The present invention is not limited to a case where the
lead pattern is formed by the copper electroplating as
described above, and it is likewise applicable to another
case where dopper foil is attached onto an insulating film of
polyimide or the like and then etched to form a lead pattern.

As described above, according to the above-described
embodiment, the wiring area of the wiring film (the area for
forming the external connection terminals) is extended to the
second wiring area disposed at the peripheral portioﬂ of the
chip in addition to the first wiring area disposed on the
semiconductor chip. Therefore, the chip size cén be.reduced
without reducing the number of external connection terminals.
Accordingly, this embodiment can sufficiently follow the
future ultraminiaturization of semiconductor chips. In
addition, the number of external connection terminals can be
increased without increasing the size of the semiconductor
chips, and thus this embodiment is effective to further
enhance the multiple pin structure. |

In all the above-described embodiments, the etching



54
stopper layer is formed of aluminum. However, nickel may be
used in place of aluminum. Further, as described above, the
plating back layer may be formed of copper or nickel in all

the above-described embodiments.
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WHAT IS CLAIMED IS

1. A lead frame comprising an insulating film, and
plural leads through which electrodes of a semiconductor
element formed on at least one principle plane of said
insulating film are electrically connected to another
electrical part, a ring which surrounds said semiconductor
element being integrally provided through suspending
portions, characterized in that reinforcing portions for
reinforcing said suspending portions are provided on said
suspending portions.

2. The lead frame as claimed in claim 1, wherein said
reinforcing portions are formed of the same material as
exﬁernal terminals connected to other end portions of said

leads.

3. A method for manufacturing a semiconductor device
comprising the steps of:

forming leads af one surface side of a metal laminate
plate comprising plural layers containing an etching stopper
layer by the surface layer itself or another metal layer
further formed on the surface layer, each lead being
connected to an electrode of a semiconductor element at one
end portion thereof and to an external electrode at the other
end portion thereof;

forming an insulating film at said one surface side so

as to have said leads embedded therein and have holes for
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forming the external electrodes;

forming external terminals in said holes so that said
external terminals are connected to the other end portions of

said leads;

forming reinforcing portions on said suspending portions
or said leads;

selectively etching said laminate plate from the surface
side opposite to said one surface to form an outer ring
having said suspending portions; and

connecting said one end portions of said leads to said
electrodes of said semiconductor element.

4. The method as claimed in claim 3, wherein said
reinforcing portions on said suspending portions are formed
of the same material as said external terminals in the same
process as said external terminals.

5. The method as claimed in claim 3, wherein said
reinforcing portions on said leads are formed by extending
said insulating film:

6. The method as claimed in claim 3, wherein said
insulating film is extended to the lead extension side with
respect to the lead bending position when said leads are
connected to said electrodes of said semiconductor element.

7. A lead frame having a wiring film which is formed
by laminating an insulating film on a lead pattern, and

plural leads which are extended from said wiring film and
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whose extension ends serve as connection portions to
electrode pads of a semiconductor chip, wherein a laminate
area of said insulating film is further extended to the lead
extension end side beyond the lead bending position when said
'plural leads are connected to said electrode pads of said
semiconductor chip.

8. A semiconductor.package including:

a semiconductor chip having plural electrode pads which
are formed at the peripheral edge portion on the surface of
said chip;

a wiring film which is disposed and fixed to the surface
side of said semiconductor chip and in which an insulating
film is laminated on a lead pattern;

plural leads which are extended from said wiring film
whose extension end is connected to said electrode pads of
said semiconductor chip by a predetermined bending shaping
process, the bending position of the extension end being
located inside of a laminate area of said insulating film;
and

sealing resin for sealing a peripheral area of said
semiconductor chip which contains a boundary portion between
said plural leads and said insulating film.

9. A semiconductor package including:

a semiconductor chip having plural electrode pads formed

at the peripheral edge portion thereof;

-
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a wiring film which is disposed at the surface side of

said semiconductor chip and formed by laminating an
insulating film on a lead pattern;

an external connection terminal which is formed on said
wiring film so as to project therefrom;

plural leads which extend from said wiring film and
whose extension ends are connected to said electrode pads of
said semiconductor chip;

an outer ring which is provided so as to surround said
semiconductor chip and hasla open portion which is outwardly
opened at the back surface side of the semiconductor chip and
is formed on the inner peripheral surface thereof; and

sealing resin filled between said semiconductor chip and
said outer ring. |

10. A lead frame including:

a wiring film which is formed by laminating an
insulating film on a lead pattern;

an external connection terminal formed on said wiring
film so as to project therefrom;

plural leads which are extended from said wiring film
and whose extension ends serve as connection portions to said
electrode pads of said semiconductor chip; and

an outer ring which is provided at the outside of said
wiring film and has an open portion for accommodating said

semiconductor chip therein, an outwardly-opened open portion
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being formed on the peripheral surface of said open portion
so as to be located at the back surface side of said
semiconductor chip.

11. A semiconductor package including:

a semiconductor chip having plural electrode pads at the
peripheral edge portion on the éurface thereof; '

a wiring film which is formed so as to be disposed at
the surface side of said semiconductor chip, designed in a
structure having an insulating film laminated on a lead
pattern, the outer dimension of said film being set to be
larger than the outer dimension of said semiconductof chip,
and has a film open portion along the peripheral edge portion
of said semiconductor chip, the inside from said film open
portion being set as a first wiring area while the outside
from said film open portion is set as a second wiring area;

plural external connection terminals which are formed on
said wiring £film from said first wiring area over said second
wiring area so as to be projected;

plural leads which extend from said first wiring area
and séid second wiring area to said film open portion, and
whose extension ends are connected to electrode pads of said

semiconductor chip;

an outer ring which is provided so as to surround said

semiconductor chip; and

sealing resin filled between said semiconductor chip and

e
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said outer ring.

12. The semiconductor package as claimed in claim 11,
further including a reinforcing plate which is located
between said semiconductor chip and said outer ring and
bonded to said second wiring area of said wiring film.

13. An electronic device having a circuit board on
which a semiconductor device having a semiconductor element
and a film circuit connected to said semiconductor element is
mounted, characterized in that said film circuit is formed of
an insulating film, and plural leads which are formed on at
least one principal plane thereof and adapted to connect
electrodes of said semiconductor element to external
connection terminals, a ring being formed integrally with
said film circuit through a suspending portion so as to
surround said film circuit, that a reinforcing portion for
reinforcing said sﬁspending portion is provided on said
suspending portion, and that said external connection
terminals are connected to said circuit board having another
electronic part.

14. An eiectronic device having a circuit board on
which a semicohductor device is mounted, characterized in
that said semiconductor device comprises:

a semiconductor chip having plural electrode pads formed.
at the peripheral edge portion on the chip surface thereof;

a wiring film which is formed and fixed at the surface

AT
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side of said semiconductor chip and formed by laminating an

insulating film on a lead pattern;

plural leads one ends of which are respectively exposed
from. said insulating £film aﬁd connected to external
electrodes and the other ends of which are extended from said
wiring film, the extended ends of said leads being bent and
connected to electrode pads of said semiconductor chip by a.
predetermined bending process and the bending position 6f
said éxtended ends is located at the inside from the laminate
area of said insulating film;.and

sealing resin for sealing the peripheral area of said
semiconductor chip, containing the boundary portions between
said plural leads and. said insulating film, said external
electrodes being connected to said circuit board.

15. An electronic device having a circuit board on
which a semiconductor device is mounted, including:

a semiconductor chip having plural electrode pads formed
at the peripheral edge portion of the chip surface thereof;

a wiring film which is formed at the surface side of
said semiconductor chié and formed by 1aminating an
insulating film on a lead pattern;

external connection terminals which are formed so as to
project from said wiring film;

plural leads which are extended from said wiring film,

the extended ends thereof being connected to said electrode
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pads of said semiconductor chip;

an outer ring which is provided so as to surround said
semiconductor chip and formed with an outwardly-opened open
portion on the peripheral surface thereof so as to be
located at the back surface side of said semiconductor chip;
and |

sealing resin filled in a gap between said semiconductor
chip and said outer ring, said external connection terminals
being connected to said circuit board.

16. An electronic device having a circuit board on
which a semiconductor device is mounted, including:

a semiconductor chip having plural electrode pads formed
at the peripheral edge portion of the chip surface thereof;

a wiring film which is formed at the surface side of
said semiconductor chip and has a laminate structure of an
insulating film on a lead pattern, the outer dimension of
said wiring film being set to be larger than the outer
dimension of said semiconductor chip, and which has a film
opening portion along the peripheral edge portion of said
semiconductor chip, the inside froh said film opening portion
being set as a first wiring area while the outside from said
film opening portion is set as a second wiring area;

plural external connection terminals which are formed
over an area from said first wiring area to said second

wiring area so as to project from said wiring film;
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plural leads which are extended from said first wiring

area and said second wiring area to said film opening
portion, the extended ends of said leads being connected to
electrode pads of said semiconductor chip;

an outer ring which is provided so as to surround said
semiconductor chip; and

sealing resin filled in a gap between said semiconductor
chip and said outer ring, said external connection terminals

being connected to said circuit board.
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