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[57] ABSTRACT

A semiconductor device of the present invention accommo-
dates a large semiconductor chip in a downsized package
without impairing its reliability. The semiconductor chip is
bonded on a relatively small die pad. Common inner leads
and a plurality of inner leads are disposed opposite and
spaced from the semiconductor chip by a gap ranging from
0.1 mm to 0.4 mm and the gap between the semiconductor
chip and the common inner leads and the plurality of inner
leads 1s filled with a resin which forms pan of a resin
package.

15 Claims, 23 Drawing Sheets
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SEMICONDUCTOR DEVICE AND METHOD
OF PRODUCING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method or producing the same and, more particularly,
to a semiconductor having a plastic package and a method
of producing it.

2. Description of the Related Art

F1G. 30 shows a configuration of the semiconductor
device having a plastic package according to the prior art. A
semiconductor chip 32 is carried on the die-pad 31, and a
pluraiity of inner leads 34 are disposed on the peripheral area
of the die-pad 31. As shown in FIG. 31, the inner leads 34
and corresponding electrodes pads 33 are connected by
wire-bonding by means of respective metallic fine-wires 35.
Each inner lead 34 is integrally connected with a corre-
sponding outer lead 37. The die-pad 31, the semiconductor
chip 32, the inner leads 34, and the metallic fine-wires 34 are
sealed in a body 36 of the package made or an epoxy resin
and the like in a manner such that the outer leads 37 extend

to the outside of the body 36. Each outer lead 37 is bent
along the shape of the body 36 of the package.

A description of the method of wire-bonding is given
below. Commonly, a gold wire having a diameter from 25 to
30 pm is employed as the metallic fine-wire 35. An end
portion of the metallic fine-wire 35 being run through a
capillary chip (not shown in FIGS. 30 and 31) is heated and
melted to form a round ball. A metallic-diffusion bonding
between the ball and the electrode pad 33 is executed by
applying load, heat, and ultrasonic energy to the ball, and
then pressing it onto the electrode pad 33 of the semicon-
ductor chip 32 by means of the capillary chip. Subsequently,
the extra amount or the metallic fine-wire 35 is fed out from
the capillary chip, and then the metallic fine-wire 35 is
pressed onto the inner lead 34, thus enabling metallic-
diffusion bonding between each metallic fine-wire 35 and
inner lead 34.

The wire bonding is achieved by the above mentioned
method; however, the following conditions must be satisfied

for accomplishing completely reliable bonding:

1. The electrode pads 33 must be disposed on a peripheral
area of the surface of the semiconductor chip 32 to prevent

contact between the metallic fine-wire 35 and the edge
portion of the semiconductor chip 32.

2. The distance between each electrode pad 33 and the
semiconductor chip 32 must be 0.5 mm or more.

3. The clearance between each inner lead 34 and the
die-pad must be 0.2 mm or more to insulate them from each
other.

4. Each inner lead must have a length of at least 0.2 mm
for bonding of the metallic fine-wire 35.

In order to fulfill all of the above requirements, the

thickness of the body 36 of the package surrounding the
semiconductor chip 32 must be at least 0.5 mm.

In accordance with the contemporary trend of high den-
sity integration and advanced functions of an IC device, the
size of the semiconductor chip is becoming larger than
before, whereas downsizing is required with respect to the

2 :
package size of a semiconductor device in order to comply
with demands for downsizing and miniaturizing of elec-

tronic equipment. As described above, it is required of the

- semiconductor device having the conventional configuration
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to have a thickness of 0.5 mm or more in a body of the
package surrounding the semiconductor chip to ensure the
reliability of the device; however, there is a drawback that a

large semiconductor chip cannot be accommodated in a
downsized package-body.

SUMMARY OF THE INVENTION

In order to overcome the above described problems. the
present invention is aimed at providing a semiconductor
device which can accommodate a large semiconductor chip
in a downsized package-body without impairing its reliabil-
ity.

Another object of the present invention is to provide a

method of manufacturing the above described semiconduc-
tor device.

According to one aspect of the invention, there is pro-
vided a semiconductor device which comprises: a semicon-
ductor chip having a first surface and a second surface at
opposite sides, and also having a plurality of electrode pads
linearly disposed substantially on a longitudinal center line
of the first surface or the semiconductor chip: a die-pad
bonded to the second surface of the semiconductor chip to
support the chip, and having a smaller area than has the
semiconductor chip; at least one common inner-iead situated
above the first surface of the semiconductor chip. and
disposed substantially parallel to the longitudinal center line
of the semiconductor chip; a plurality of inner leads dis-
posed in an area adjacent to the corresponding electrode pad
of and above the first surface of the semiconductor chip; a
plurality of metallic fine-wires electrically connecting the
plurality or electrode pads with a common inner-lead and a
corresponding inner lead; a body of a resin package sealing
the semiconductor chip, the die-pad, the common inner-lead,
the plurality or inner-leads, and the plurality of metallic
fine-wires; common outer-leads each integrally connected
with the common inner-lead, and each exposed outside of
the body of the resin package; and a plurality of outer leads
each integrally connected to the common inner-lead, and
each exposed to the outside of the body or the resin package
wherein [.] a gap between the first surface of the semicon-
ductor chip and a geometric plane determined by the bottom
surfaces of the common inner-lead and of the plurality or
inner leads is [0.1 mm or more and 0.4 mm or less, and the
gap is] filled with the resin which forms part of the body of
the resin package.

According to another aspect of the invention, there is
provided a method of producing a semiconductor device
comprising the steps of: preparing a semiconductor chip
which has a first surface and a second surface at opposite
sides, and also has a plurality of electrode pads linearly
disposed on substantially longitudinal center line of the first
surface of the semiconductor chip; placing the semiconduc-
tor chip on a first lead frame where a die-pad having a
smaller area than the semiconductor chip is formed; bonding
the die-pad of the first lead frame and a second surface of the
semiconductor chip; positioning a second lead frame,
formed by at least one common inner-lead and a plurality of
inner leads disposed adjacent to the common inner-lead,
above the first surface of the semiconductor chip so as to
maintain a gap between the first surface of the semiconduc-
tor and a geometric plane determined by the bottom surfaces
of the common inner-leads of the plurality of inner leads [to
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be 0.1 mm or more and 0.4 mm or less]; wire bonding the
plurality of electrode pads of the semiconductor chip to
corresponding inner leads; and sealing the semiconductor
chip, the die-pad, the common inner-leads, and the plurality
of inner-leads by filling a resin between the first surface of

the semiconductor chip and the second lead frame formed by
the common inner-lead and the plurality of inner leads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view illustrating a semiconductor device
relating to a tint embodiment of the present invention.

FIG 2 is a sectional view generally taken along the line
JA—A] 2—2 of FIG. 1.

FIG. 3 is a schematic illustration showing a wire-bonding
Process.

FIG. 4 is a schematic illustration showing a wire-bonding
process.

FIG. 5 is a schematic illustration showing a wire-bonding
process.

FIG. 6 is a chart showing a relationship between gap d.
which represents a clearance between a first surface of a
semiconductor chip and an inner lead, and the pull-strength
of the inner lead.

FIG. 7 is a chart showing a relationship between a gap,
which represents a clearance between the first surface of the
semiconductor chip and the inner lead, and damage which
occurred to the semiconductor chip.

FIG. 8 is a chart showing a relationship between an
area-ratio of an insulator to an area of the chip and an
occurrence ratio of package cracking.

FIG. 9 is a plan view of a first lead frame employed for

manufacturing the semiconductor device of the first embodi-
ment.

FIG. 10 is a plan view of a second lead frame employed

for manufacturing the semiconductor device of the first
embodiment.

FIG. 11 is a plan view showing the aligned layout of the
first lead frame of the FIG. 9 and the second lead frame of
the FIG. 10.

FIG. 12 is a plan view of a modification of the first
embodiment.

FIG. 13 is a plan view of a modification of the first
embodiment.

FIG. 14 1s a sectional view of a further modification of the
first embodiment.

FIG. 15 is a plan view of a semiconductor device which
relates to the second embodiment.

FIG. 16 is a sectional view generally taken along the line
[B—B] 2—2 of the FIG. 15.

FIG. 17 is a plan view of a semiconductor device which
relates to the third embodiment.

FIG. 18 is a sectional view generally taken along the line
[C—C] 18—18 of FIG. 17.

F1G. 19 is a sectional view of a semiconductor which
relates to the fourth embodiment.

FI1G. 20 is a plan view of a semiconductor which relates
to the fourth embodiment.

FIG. 21 is a chart showing the relationship between a
bonding-possibility and the shape of the inner lead of a
semiconductor device of the prior art.

FIG. 22 is a chart showing the relationship between
bonding-possibility and the shape of the inner lead of a
semiconductor device of the present invention.
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4

FIG. 23 is a sectional view of a semiconductor which
relates to a fifth embodiment.

FIG. 24 is a sectional view of a modification of the fifth
embodiment.

FIG. 251s a sectional view of a portion of a semiconductor
device which relates to a sixth embodiment.

FIG. 26 is a perspective view of a portion of a semicon-
ductor device which relates to a seventh embodiment.

FIG. 27 1s a sectional view of a portion of a semiconductor
device which relates to a eighth embodiment.

FIG. 28 is a perspective view of a portion of a ninth
embodiment.

FIG. 29 is a perspective view of a modification of the
ninth embodiment.

FIG. 30 is a partially cut-away perspective view of a
semiconductor of the prior art.

FIG. 31 is an enlarged view of a portion of the semicon-
ductor device of the prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description of the preferred embodiments of the present
invention will now be given in conjunction with the accom-
panying drawings.

- First Embodiment

FIG. 1 and FIG. 2 are a plan view and a sectional view,
respectively, showing a first embodiment of a semiconductor
device according to the present invention. A semiconductor
chip 2 is formed in a substantially rectangular shape, and has
a first surface 2a on which a circuit is formed and also has
a second surface 2b opposite the first surface 2a. On the first
surface 2a of the semiconductor chip 2, a plurality of
electrode pads 3 are linearly disposed adjacent the longitu-
dinal center line of the semiconductor chip 2. The second
surface 2b of the semiconductor chip 2 is bonded on a
die-pad 1. The die-pad 1 has an area smaller than that of the
semiconductor chip 2, and more particularly, is bonded to
the chip 2 in a manner such that lateral sides of the die-pad
do not outwardly extend from the longitudinal lateral sides
of the semiconductor chip 2.

Above the first surface 2a of the semiconductor chip 2,
two common inner-leads 8 and 9 are disposed substantially
paraliel to the longitudinal center-line of the surface 2a and
lie between the plurality of the electrode pads 3, and, at the
same time, a plurality of inner leads 4 is disposed at a right
angle to these corn/non inner-leads leads 8 and 9 outside of
the respective common inner-leads adjacent corresponding
electrode pads 3. The common inner-leads 8 and 9 are inner
leads for supplying supply voltage and for grounding,
respectively.

Of the plurality of the electrode pads 3, those which are
connected for performing the functions of the semiconductor
device are selectively connected electrically to either one of
the common inner-leads 8 or 9 or to one of the plurality of
the 1nner leads 4 via respective metallic fine-wires 5. Com-
mon outer leads 10 and 11 are integrally connected to the
common inner-leads 8§ and 9, respectively. The other outer
leads 7 are connected with corresponding inner leads 4.
Consequently, the die-pad 1, the semiconductor chip 2, the
con%mon inner leads 8 and 9, the plurality of inner leads 4,
and the plurality of metallic fine-wires S are sealed in a body
6 of a resin package made of an epoxy resin or the like, in
which the common outer-leads 10 and 11 and the plurality
of the outer leads 7 are partially exposed to the outside.
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A gap d between the first surface 2a of the semiconductor
chip 2 and a geometric plane formed by the bottom surface
of the common inner-leads 8 and 9 and the plurality of the
inner leads 4 is 0.1 mm to 0.4 min. As shown in FIG. 2, the
body 6 of the resin package even fills this gap. Therefore, no
insulation tape or the like is inserted in this gap.

A description of a wire-bonding process for a connection
between each electrode pad 3 on the semiconductor chip 2
and each of the plurality of inner leads 4 by means of the
metallic fine-wire will be given below in conjunction with
FIGS. 3 through 8. Commonly, gold wire having a diameter
ranging from 25 pm to 30 pm is used as the metallic
fine-wire 5. A point of the metallic fine-wire S disposed so
as to pass through a capillary chip 42 is heated and melted
to form a round ball 43 (shown in FIG. 3). Then, the ball 43,
to which a load, heat, and ultrasonic energy are applied. is
pressed on to the electrode pad 3 of the semiconductor chip
2 by means of the capillary chip 42. Accordingly, the
metallic junction between the metallic ball 43 and the
electrode pad 3 is accomplished. In the next step, the
metallic fine-wire is fed out from the capillary chip 42
(shown in FIG. 4), and load, heat. and ultrasonic energy are
applied to press the metallic fine-wire S on the inner lead 4
(shown in FIG. 5) for forming a metallic diffusion junction
between the metallic fine-wire S and the inner lead 4.

An experiment for measuring the pull strength of the
metallic fine-wire 1s executed by disposing the inner lead
above a circuit-carrying surface of a 4M-DRAM semicon-
ductor chip of the SOJ-type (small outline J-Bend-type) by
providing the gap d thercbetween, and then bonding the
metallic fine-wire onto the inner lead. The result of the
experiment is shown in a chart of FIG. 6. wherein the greater
the gap d between the semiconductor chip and the inner lead,

the lower the pull strength, and eventually the metallic

fine-wire cannot be bonded when the gap d exceeds 0.6 mm
or more. In this case, so-called stitch peeling occurs.

Meanwhile, in the above experiment. the frequency of an
indentation or damage, on the first surface of the chip and
caused by the point of the inner lead during a bonding
operation, was measured. The result of this experiment is
shown in FIG. 7. The measurement of the frequency of the
damage is determined by etching the bonded area of the chip
with phosphoric acid and observing the area with an optical
microscope to count the number of etch pits, indicating the
damage per unit area.

As aresult, at least one example of damage was observed
when the gap between the semiconductor chip and the inner
lead was 0.1 mm or less and 0.4 mm or more, and no damage
was observed when the gap ranged between 0.1 mm and 0.4
min.

Accordingly, it is desirable for the inner lead to maintain
the gap d between the circuit-carrying surface and the inner
lead in a range between 0.1 mm and 0.4 mm in order to
achieve stable stitch-bonding without damaging the semi-
conductor chip.

In the first embodiment of the semiconductor device, a
ratio of an area S, of the semiconductor chip 2 to an area S,

of a plane section of the body 6 of the resin package S./S,
was successiully raised to approximately 80%, although the
ratio S./S; of the conventional semiconductor chip was
approximately 60%. Accordingly, in the embodiment of the
present invention, the ratio S,/S; is markedly increased such
that a large semiconductor chip can be accommodated in a
small package.

Meanwhile, for the SOJ package used in the 4M-DRAM.,
another experiment was executed to observe packing crack-
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6

ing in the semiconductor device. This SOJ package has the
same configuration as that of the first embodiment of the
device shown in FIGS. 1 and 2, except for a tape-shaped
electrical insulator inserted between this circuit-carrying
surface of the semiconductor chip and a geometric plane
tormed by the common inner-leads and the plurality of the

inner leads. This semiconductor is subject to preliminary
treatment and, then a solder dip to observe any packing

cracking. As the preliminary treatment, moisture was
applied to the semiconductor device at 85° C. and 85% R. H.
By varying the ratio of the area of the tape-shaped insulator
to that of the semiconductor, the occurrence of the package
cracking was observed. The results are shown in FIG. 8
wherein the ratio of the occurrence of package cracking with
insulating tape present to the occurrence of package crack-
ing without insulating tape present is indicated by a value
standardized to an area-ratio of zero, i.e., without any
tape-shaped insulator between the chip and the leads. As is
shown in FIG. 8, the higher the occupancy ratio of the
insulator., the higher the occurrence of package cracking.
Package cracking causes deterioration of moisture-
resistance. When the occupancy ratio of the insulator
increases, the moisture-resistant character of the semicon-
ductor device deteriorates. In the present invention,
however, the tape-shaped insulator is not placed between the
semiconductor chip and the inner leads; hence, a packaged
semiconductor device having a superior moisture-resistant
character is obtained.

The semiconductor device of the first embodiment of the
present invention can be manufactured by the following
method, for instance. First, the semiconductor chip 2 is
carried on a first lead frame 12 where the die-pad 1 is formed
as shown in FIG. 9 to bond the second surface 2b of the
semiconductor chip 2. Then, a second lead frame 13 shown

in FIG. 10 is positioned above the first surface 2a of the
semiconductor chip 2 as shown in FIG. 11. The plurality of

the inner leads 4, the common inner-leads 8 and 9, the
plurality of the outerleads 7, and the common outer-leads 10
and 11 are present in the second lead frame 13. The second
lead frame is positioned such that a gap between the first
surface 2a of the semiconductor chip 2 and the second lead
frame 13, in which the common inner-leads 8 and 9 and the
plurality of the inner leads 4 are formed, is 0.1 mm to 0.4
mm. Under the above circumstance while maintaining the
gap, the wire-bonding process is executed and, in addition,
the resin molding is accomplished, thus the manufacturing

of the semiconductor device which is shown in FIG. 1 and
FIG. 2 is accomplished.

As 1s shown in FI(G. 12, the common inner-leads 14 and
15 can be disconnected at their respective centers. Due to
this configuration, for instance, exclusive common inner-
leads can be provided at each circuit block of the semicon-
ductor chip 2, wherein the length of each common inner-lead
is shorter; therefore, the response of the signal passing
through the common inner-leads 14 and 15 improves and, at
the same time, the floating capacitance of these common

inner-leads 14 and 15 is reduced.

As shown in FIG. 13, at least one pair of supporting
inner-leads 18 and 19 can be connected to each tie-bar 20
from the center of the common inner-leads 16 and 17, which

-increases the mechanical strength of the common inner-

leads 16 and 17 to provide easy bonding and molding.

Also, the common inner-leads 21 and 22 can be disposed
in a position lower than the plurality of the inner-leads 4 to

make smaller the gap between the first surface 2a of the
semiconductor chip 2 and the common inner-leads 21 and 22

as shown in FIG. 14, in which, however, the gap between the
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common inner-leads 21 and 22 and the first surface 2a of the
semiconductor chip 2 must be within the range between 0.1
mm and 0.4 mm. Due to this configuration, a short-circuit
between the metallic fine-wire 5 connected to each inner
lead 4 and the common inner-leads 21 and 22 can be
effectively prevented.

Second Embodiment

FIGS. 15 and 16 show a second embodiment of the
semiconductor device according to the present invention. On
a first surface 23a of the semiconductor chip 23, a first
pads-group 24 including a plurality of electrode pads 3 are
linearly disposed adjacent to the longitudinal center line.
Second and third pads-groups 25 and 26 are each linearly
disposed along opposite sides of the first pads-group 24.
First and second common-inner leads 27 and 28 are disposed
above the first surface 23a of the semiconductor chip 23 and,
at the same time, between the first pads-group 24 and the
second pads-group 25 and also between the first pads-group
24 and the third pad-group 26. In addition, the plurality of
the inner leads 4 are disposed above the first surface 23a of
the semiconductor chip 23 and, at the same time, beyond the
second pads-group 235 or the third pads-group 26 relative to
the center of the first pads-group 24.

Of the plurality of the electrode pads 3 of the first
pads-group 24, pads are selectively connected electrically to
the common inner-lead 27 or 28 by means of the metallic
fine-wires 3. Likewise, of the plurality of the electrode pads
3 of the second and third pads-groups 25 and 26, pads are
selectively connected electrically to the plurality of the
inner-leads 4, which are adjacently located, by means of the
metallic fine-wires 5. Accordingly, the metallic fine-wires
connected to the plurality of the inner leads 4 do not pass
over the common inner-leads 27 or 28 as shown in FIG. 16,
thus surely preventing the occurrence of a short-circuit.

Third Embodiment

FIGS. 17 and 18 show a third embodiment of the semi-
conductor device according to the present invention. A pair
of die-pads 29 is disposed beneath the longitudinal ends of
the semiconductor chip 2. The chip 2 is supported by the pair
of the die-pads 29. Also, each die-pad 29 has a planar
projections located between the common inner-leads 8 and

9. Due to this configuration of the third embodiment, manu-
facturing of the semiconductor device is made possible by
using one lead frame 55 which comprises the die-pads 29,

the common inner-leads 8 and 9, and the plurality of the
inner-leads 4.

Fourth Embodiment

FIGS. 19 and 20 show a fourth embodiment of the
semiconductor device according to the present invention. In
the fourth embodiment, the second surface 2b of the semi-
conductor chip 2 is fixedly bonded to the die-pad 1. The
electrode pads 3 on the first surface 2a of the semiconductor
chip 2 and the inner leads 4 are connected by respective
metallic fine-wires which pass over one of the common
inner-leads 8 or 9. The end portion 4A of each inner lead 4
1s bent to ground the first surface 2a of the semiconductor
chip 2. The die-pads 1, the semiconductor chip 2, the
common inner-leads 8 and 9, and the plurality of the metallic
fine-wires 5 are sealed in the body 6 of the package made of
the epoxy resin and the like such that the plurality of the
outer leads 7 are exposed outside of the body 6. Although the
area of the die-pad 1 is smaller than that of the second
surface 2b of the semiconductor chip 1 as shown in FIG. 19,
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it is acceptable if the area of the die-pad 1 is larger than that
of the second surface 2b.

The relationship between acceptable and unacceptable

' shapes of the inner iead 4 for bonding, if the gap d

(designated as hollow distance) between the inner lead 4 and
the first surface 2a of the semiconductor chip 2 shown in

FIG. 19 is 0.4 mm, is illustrated in FIGS. 21 and 22 of the
prior art and the present invention respectively.

In these FIGS. 21 and 22, the abscissa and the ordinates
represent the length and the width of the inner leads
respectively, and the mark O or circle indicates an acceptable
region for bonding and the other mark X indicates an
unacceptable region for bonding. In this case, the thickness
of the inner lead was 0.2 mm, and conditions for bonding
were ordinary ones.

It can be found from FIG. 21 of the configuration of the

prior art that an unacceptable region for bonding exists near

the center of the lead length ranging between 0.3 mam and 6.0
mm applied in the experiment. Therefore, a restriction must

be made when designing the shape of the inner lead.

On the contrary, it can be found from FIG. 22 of the
present invention that all the region of the length (0.3 to 6.0
mm) and of the width (0.1 to 0.6 mm), where the experi-
mentation was executed, was acceptable for bonding.
Furthermore, it has been also recognized from the result of
the measurement that the value of the strength of the bonded
area 1s satisfactory in the overall region where the experi-
mentation was executed.

When there is a hollow portion under the inner lead 4,
there 1s a defect such that a resonance of the inner lead 4 will

occur in response to ultrasonic energy and, thus, some
ultrasonic energy is not effectively used for the bonding due

to the resonance. Therefore, the metallic fine-wire 5 cannot
be bonded because of the shape of the inner lead 4, thus

deteriorating the bonding characteristic. This problem can

be overcome by the method introduced in the fourth embodi-
ment.

Fifth Embodiment

In the above mentioned fourth embodiment, the end
portion of the inner lead is bent into the shape (gull-wing

shape) indicated in FIG. 19 to form a tip-end portion 4A

_ which grounds the first surface 2a of the semiconductor chip

2. However, the same effect can be obtained when the end
portion of the inner lead 4 is bent into the shape (the letter-J
shape) illustrated in FIG. 23 to form a spoon-end portion 4B
which grounds the first surface 2a of the semiconductor chip
2. In addition, as shown in FIG. 24, the end portion of the
inner lead 4 can be bent into a multi-step shape to form a
tip-end portion 4C.

Sixth Embodiment

In the foregoing first embodiment of the semiconductor
device shown in FIG. 14, the common inner-leads 21 and 22
are disposed in a lower position than the plurality of the
inner leads 4 to prevent a short-circuit from occurring
between the metallic fine-wires 5 and the common inner-
leads 21 or 22. However, thinner common inner-leads 21A
and 22A also can be employed as shown in FIG. 25. For
example, when the thickness of the inner lead 4 is 0.2 mm,
that of the common inner-leads 21A and 22A can be pref-
erably 0.08 mm or more and 0.15 mm or less, most prefer-
ably 0.125 mm. In addition, the common inner-leads 21A
and 22A can be disposed in a position much closer to the
inner leads 4.
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Seventh Embodiment

In the sixth embodiment, thinner common inner-leads
21 A and 22A were used; however, as shown 1n FIG. 26, an
insulating film 50 such as polyimide insulating-tape can be
adhered to the surface of the common inner-ieads 21 and 22,
thus providing a configuration in which the metallic fine-
wires S can contact the common inner-leads 21 or 22. In the
above configuration, the height or the gap between the
common inner-leads 21 and 22 and the semiconductor chip
2 can be freely set in a wide range. To enable bonding the
metallic fine-wires 5 to the common 1nner-leads 21 or 22, an
opening 51 is provided by locally removing the insulating
film where the bonding is to be done.

Eighth Embodiment

In the sixth embodiment, the thinner common inner-leads
21A and 22A are employed: however, as shown in FIG. 27,
a block 32 or the like can be provided on each end portion
of the inner leads 4 so as to increase the substantial height
or gap of each inner leads 4 to the common inner-leads 21
and 22. Accordingly, a short-circuit between the metallic
fine-wires S and the common inner-leads 21 or 22 can be
effectively prevented due to this configuration.

- Ninth Embodiment

FIGS. 28 and 29 illustraic a ninth embodiment of the
present invention in which a modification is applied to the
common inner-leads. In FIG. 28, each corner portion of the
common inner-leads 21 and 22, the corner being closer to the
adjacent inner lead, is chamfered to form a chamfered
portion 53. The chamfered portion 53 can also be provided
on the opposite side of the above mentioned corner of the
common inner-leads 21 and 22,

In addition, in FIG. 29, an area where each metallic
fine-wire S gets closer to the common inner-leads 21 or 22,
when they are crossing each other, is locally cut out by
etching or the like to make thinner a cut-off portion 33. In
this configuration, the short-circuit between the common
inner-leads 21 or 22 and the metallic fine-wires 3 can be as

eftectively prevented as in the foregoing eighth embodi-
ment.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor chip having a first surface, an opposed
second surface, and a plurality of electrode pads lin-

early disposed substantially on a longitudinal center
line of the first surface of said semiconductor chip;

a die-pad bonded to the second surface of said semicon-
ductor chip to support the chip and having a smaller
area than said semiconductor chip;

at least one common inner-lead disposed opposite and
spaced from the first surface of said semiconductor chip
and substantially parallel to the longitudinal center line;

a plurality of inner leads disposed adjacent to correspond-
ing electrode pads opposite and spaced from the first
surface of said semiconductor chip;

a plurality of metallic wires electrically connecting
respective electrode pads with one of the common
inner-lead and the corresponding inner lead;

a resin package encapsulating said semiconductor chip,
said die-pad, said common inner-lead, said plurality of
inner leads, and said plurality of wires;

at least one common outer-lead integraily connected with

said common inner-lead and exposed outside said resin
package; and
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a plurality of outer leads, each outer lead being unitary
with a corresponding inner lead and exposed outside
said resin package wherein said common inner-lead
and said plurality of inner leads are spaced from the
first surface of said semiconductor chip by a gap
ranging from 0.1 mm to 0.4 mm and the gap is filled

with resin that is part of said resin package.
2. The device as defined in claim 1 wherein said common

inner-lead is divided at a center of said longitudinal center
line into two sections.

3. The device as defined in claim 1 including at least one
supporting inner-lead connected centrally to each common
inner-lead for supporting the respective connected common
inner-lead.

4. The device as defined in claim 1 wherein the gap
between the first surface of said semiconductor chip and said
at least one common inner-lead is not greater than the gap
between the first surface of the chip and said plurality of
inner leads.

5. The device as defined in claim 1 including a die-pad
located adjacent to each longitudinal end of said semicon-
ductor chip.

6. The device as defined in claim 1 wherein each inner
lead includes an end bent to contact and contacting said
semiconductor chip.

7.The device as defined in claim 1 including an insulating
film disposed directly on each of said common inner-leads,
said insulating film being interposed between each of said
common inner-leads and said wires.

8. The device as defined in claim 1 including a block on

each of said inner leads to prevent said wires from contact-
ing said at least one common inner-lead.

9. The device as defined in claim 1 inciuding a chamfered
portion on each common inner-lead adjacent to said inner
leads.

10. The device as defined in claim 1 including a recess in
each common inner-lead where one of said wires crosses
said common inner-lead.

11. A semiconductor device comprising:

a semiconductor chip having a first surface, an opposed
second surtace, a first pad-group including a plurality
of electrode pads linearly disposed substantially on a
longitudinal center line of the first surface of said
semiconductor chip, and second and third pad-groups,
each including a plurality of electrode pads linearly
disposed on opposite sides of the first pad-group;

a die-pad bonded to the second surtace of said semicon-
ductor chip to support the chip and having a smaller
area than said semiconductor chip;

first and second common inner-leads disposed opposite
and spaced from the first surface of said semiconductor
chip and disposed on opposite sides of the first pad-
group between the second and third pad-groups:

a plurality of inner leads spaced from and opposite the

first surface of said semiconductor chip beyond the
second and third electrode-pad groups;

a plurality of metallic wires electrically connecting each
first electrode pad with a corresponding one of the first
and second common inner-leads and electrically con-
necting respective pads of the second and third pad-
groups with corresponding inner leads;

a resin package encapsulating said semiconductor chip,
said die-pad, the first and second common inner-leads,
said plurality of inner leads, and said plurality of wires;

first and second common outer-leads respectively inte-

grally connected with the first and second common

inner-leads and each exposed outside said resin pack-
age; and
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a plurality of outer leads, each outer lead being unitary
with a corresponding inner lead and exposed outside
said resin package wherein the first and second com-
mon inner-leads and said plurality of inner leads are
spaced from the first surface of said semiconductor chip
by a gap ranging from 0.1 mm to 0.4 mm and the gap
is filled with resin that is part of said resin package.

12. A method of producing a semiconductor device com-

prising the steps of:

preparing a semiconductor chip which has a first surface,
a second surface opposite the first surface and a plu-
rality of electrode pads linearly disposed on a longitu-
dinal center line of the first surface of said semicon-
ductor chip;

placing said semiconductor chip on a first lead frame
having a die-pad smaller in area than said semiconduc-
tor chip;

bonding said die-pad of the first iead frame and a second
surface of said semiconductor chip;

positioning a second lead frame, including at least one
common inner-lead and a plurality of inner Ieads dis-
posed adjacent to said common inner-lead, opposite
and spaced from said tint surface of said semiconductor
chip to maintain a gap between the first surface of said
semiconductor chip and said common inner-lead and
said plurality of inner leads of 0.1 mm to 0.4 mm;

wire-bonding each of said plurality of electrode pads of

said semiconductor chip to one of the common inner-
lead and a corresponding inner lead; and

sealing said semiconductor chip, said die-pad, said com-
mon inner-lead, and said plurality of inner leads in a
resin including between said first surface of said semi-
conductor chip and the second lead frame.

13. A semiconductor device comprising:

a semiconductor chip having a first surface, an opposed
second surface, and a plurality of electrode pads lin-
early disposed substantially on a longitudinal center
line of the first surface of said semiconductor chip;

a die-pad bonded to the second surface of said semicon-
ductor chip to support the chip and having a smaller
area than said semiconductor chip;

at least one common inner-lead disposed opposite and
spaced from the first surface of said semiconductor chip
and substantially. parallel to the longitudinal center
line;

a plurality of inner leads disposed adjacent to corre-
sponding electrode pads opposite and spaced from the
first surface of said semiconductor chip;

a plurality of metallic wires electrically connecting
respective electrode pads with one of the common
inner-lead and the corresponding inner lead;

a resin package encapsulating, said semiconductor chip,
said die-pad, said common inner-lead, said plurality of
inner leads, and said plurality of wires;

at least one common outer-lead integrally connected with
said common inner-lead and exposed outside said resin
package; and

a plurality of outer leads, each outer lead being unitary
with a corresponding inner lead and exposed outside
said resin package wherein said common inner-lead
and said plurality of inner leads are spaced from the

first surface of said semiconductor chip by a gap filled
with resin that is pan of said resin package.
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14. A semiconductor device comprising:

a semiconductor chip having a first surface, an opposed
second surface, a first pad-group including a plurality
of electrode pads linearly disposed substantially on a
longitudinal center line of the first surface of said
semiconductor chip, and second and third pad-groups,
each including a plurality of electrode pads linearly
disposed on opposite sides of the first pad-group;

a die-pad bonded to the second surface of said semicon-

ductor chip to support the chip and having a smaller
area than said semiconductor chip;

first and second common inner-leads disposed opposite
and spaced from the first surface of said semiconductor
chip and disposed on opposite sides of the first pad-
group between the second and third pad-group;

a plurality of inner leads spaced from and opposite the
first surface of said semiconductor chip beyond the
second and third electrode-pad groups:

a plurality of metallic wires electrically connecting each
first electrode pad with a corresponding one of the first
and second common inner-leads and electrically con-
necting respective pads of the second and third pad-
groups with corresponding inner leads;

a resin package encapsulating said semiconductor chip,
said die-pad, the first and second common inner leads,
said plurality of inner leads and said plurality of wires;

first and second common outer-leads respectively inte-
grally connected with the first and second common
inner-leads and each exposed outside said resin pack-
age; and

plurality of outer leads, each outer lead being unitary
with a corresponding inner-lead and exposed outside
said resin package wherein the first and second com-
mon inner-leads and said plurality of inner leads are
spaced from the first surface of said semiconductor chip
by a gap filled with resin that is part of said resin
package.

15. A method of producing a semiconductor device com-

prising the steps of:

preparing a semiconductor chip which has a first surface,
a second surface opposite the first surface, and a
plurality of electrode pads linearly disposed on a
longitudinal center line of the first surface of said
semiconductor chip;

placing said semiconductor chip on a first lead frame
having a die-pad smaller in area than said semicon-
ductor chip;

bonding said die-pad of the first lead frame and a second
surface of said semiconductor chip;

positioning a second lead frame, including at least one
common inner-lead and a plurality of inner leads
disposed adjacent to said common inner-lead, opposite
and spaced from said first surface of said semiconduc-
tor chip to maintain a gap between the first surface of
said semiconductor chip and said common inner-lead
and said plurality of inner-leads;

wire-bonding each of said plurality of electrode pads of

said semiconductor chip to one of the common inner-
lead and a corresponding inner lead; and

sealing said semiconductor chips said die-pad, said com-
mor inner-lead, and said plurality of inner leads in a
resin including between, said first surface of said
semiconductor chip and the second lead frame.
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Line 61, change "chips" to --chip--;




UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : Re. 35,496 Page 2 of 2
DATED . April 29, 1997
INVENTOR(S) : Yamamura et al.

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Line 61, after "chip" insert --,-=;

Line 63, after "between" delete -=,-=.

Signed and Sealed this
Nineteenth Day of August, 1997

BRUCE LEHMAN

AHESIng Oﬁffé’f" Comnussioner of Parents and Trademarks



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

