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Semiconductor device having an improved lead arrangement

and method for manufacturing the same

This invention concerns a lead frame, a semiconductor
sy,deVime manufactured by using the lead frame, and a method

for manufacturing the semiconductor device.

‘Recently, the demand for high integration of
_ semiconductor devices hés increased. On the other hand,
e ; there is also a demand for reduction of the external
| . 10 dimensions of the semiconductor device after sealing. Since

| the semiconductor chip size is becoming larger to meet the
demand for high integration, the reduction of the external
gimensions is very difficult. Many efforts have been made to
reduce the external dimensions.

135 FIGS.1A to 1E show a conventional lead frame and a
semiconductor device produced by using the lead frame, shown
in Japanese laid open Patent (Tokkai Sho) No:52-127256.

In the prior art, two metalic frame bodies 10 and 20 are
used. The first metalic frame body 10 includes a die pad

20 portion 13 and tie bars 12 connecting the die pad portion 13
to a joining band 11. FIG.1C is a cross sectional view along

~ the line A-A' of FIG.1B. The second metalic frame body 20
has projecting portions 23 and a plurality of leads 25
extending from a lead connecting portion 24 to the central

23 portion. A dam bar portion 22 supports the leads 25 (FIG.1B,
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SEM CONDUCTOR DEVI CE HAVI NG AN | MPROVED LEAD ARRANGENMENT AND
METHOD FOR MANUFACTURI NG THE SANME This i nvention concerns a
sem conduct or devi ce

-2 -

FI1G.1C). A semiconductor chip 15 is mourited on the die pad
portion 13. (FIG.1D)

The die pad portion 13 is separated from the joining band
11 by cutting along the line B-B'.
The die pad portion 13 having the semiconductor chip 15 is
welded to the projecting portion 23, and is fixed to the
second frame body 20. (FIG.1E)

Bonding pads (not shown) on the semiconductor chip 15 are
electrically connected to the inner lead portions of the
10 leads 25 by bonding wires (not shown).

Since the inner lead portions of the leads 25 overlaps
the semiconductor chip 15, it is possible to reduce the
external dimensions of the semiconductor device comparing

_ with devices wherein the die pad portion and the leads are
15 produced from a single frame body. '

However, in the prior art, the die pad portion 13 is
separated from the joining band after the semiconductor chip
is mountéd thereon. Thus, there is a problem of dust
adhering to the semiqonductor chip during the separation

20 process. Furthermore, there is a problem in handling the
frame bodies due to the projecting portions 23, since the
projecting portion 23 serves as a hook when the frame bodies

are piled up during the manufacturing process.

Various aspects of the present invention will now be
2S described by way of example only and without limiting the
scope of the inventiosa.

Therefore, an object of the present invention is to
provide an improved frame body which is free from the dust
problem and is easy to handle during the fabrication of the

30 semiconductor devices.

Another object of the present invention is to provide a
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é§senb1y conprising a lead franme structure. Recently, the demand for
high integration of sem conductor devices has increased. On the other
hand, there is also a demand for reduction of the external
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semiconductor device having an improved lead arrangement
using the improved frame body.

A further object of the present invention is to provide a
method for manufacturing the semiconductor device disclosed
herein.

To achieve these objects, this invention provides a frame
body for manufacturing a semiconductor device including a
semiconductor chip, compfising: first frame means including;
a die pad portion having a main surface for supporting the
semiconductor chip; a first frame portion having a first
surface, surrounding the die pad portion; connecting means
for connecting the die pad portion to a predetermined
portion of the first frame portion so as to produce an
offset between the main surface and the first surface; and
second frame means to be combined with the first frame
means, including; a second frame portion; a central portion
surrounded by the second frame portion; a plurality of lead
portions extending from the second frame portion to the
central portion so as to overlap the semiconductor chip when
the first and the second frame bodies are combined.

Furthermore, this invention provides a semiconductor
device comprising: a semiconductor chip having a plurality
of bonding pads formed on a main surface thereof;
semiconductor chip supporting means, including; a die pad
portion having a first surface for supporting the
semiconductor chip, a die pad supporting portion having a
second surface, a tie bar portion for producing a
predetermined offset between the second surface of the die
pad supporting portion and the first surface of the die pad

portion; a plurality of inner leads, each having third and
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di'nmensi ons of
sem conduct or

t he sem conductor device after sealing. Since the
chip size is becomng larger to neet the demand for high

i ntegration, the reduction of the external dinensions is very difficult.

Many efforts
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fourth surfaces, the fourth surface being coincident with a
plane formed by the second surface of the die pad supportigg
portion and overlapping the semiconductor chip on the main
surface; and a plurality'of bonding wires for connecting the
third surface of the inner lead to corresponding bonding
pad.

Moredver, this invention provides a process for
manufacturing a semiconductor device, comprising the steps
of: preparing a first frame body, including; a die pad
portion for supporting a semiconductor chip; a first frame
portion surrounding the die pad portion; and connecting
means for connecting the die pad portion to the first frame
portion; preparing a second frame body, including; a second
frame portion; a central portion surrounded by the second
frame portion; a plurality of lead portions extending from
the second frame portion to the central portion; mounting a
semiconductor chip having a plurality of bonding pads on a
main surface thereof on the die pad portion of the first
frame body; welding the first and the second frame bodies;
connecting the bonding pads on the semiconductor chip to the
lead portions of the second lead frame body; and
separating the lead portions and the die pad portion from

the first and second frame bodies.

The accompanying drawings, which are incorporated in and
constitute a part of the specification, illustrate an
embodiment of the invention, and, together with the
description, serve to explain the principles of the

invention. Referring now to the drawings, like reference
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have been made to reduce the external di mensions. ~ FIGs 1A to 1E
show a conventional |ead frame and a sem conductor device produced by using

the | ead frane,
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shown in Japanese | aid open Patent (Tokkai Sho) No: 52-
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characters designate like or corresponding parts throughout
the several views. Of the drawings:

FIGS.1A to 1E show a conventional frame body.

FIG.2A is a plan view of a semiconductor device according
to the present invention, ahd FIGS.2B and 2C are cross .
sectional views along the lines A-A' and B-B' in FIG.2A,
respectively.

FIG.3 is a cross sectional view showing another
embodiment according to the present invention.

FIG.4 is a cross sectional view showing yet another
embodiment according to the present invention.

FIG.5A is a plan view showing a still further embodiment
according to the present invention, and FIG.5B is a cross
secional view aiong the line A-A' in FIG.SA.

FIG.6A is a plan view of another embodiment according to
the present invention, and FIG.6B is a cross secional view
along the line B-B' in FIG.6A.

FIGS.7A to 7J are diagrams illustrating a methbd of
manufacturing a semiconductor device according to the
present invention.

FIGS.B8A to 8D are diagrams for explaining a joint portion
between a first frame body and a second frame body.

FIG.9 is a plan view illustrating a preferred arrangement
of the bonding pads formed on a semiconductor chip and the
inner leads. .

FIGS.10A and 10B are diagréms illustrating a problem of
contact between the inner leads and the bonding wires.

FIG.11] is a diagram also used to illustrate a contact
problem between the inner leads and the bonding wires.

FIGS.12A and 12B are drawings for explaining a preferred
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127756. In the prior art, two netalic frane bodies 10 to 20 are used. The
first metalic frane body 10 includes a die pad portion 13 and tie bars 12
connecting the die pad portion 13 to a joining band 11. FIG 1Cis a cross
sectional view along the line A-A" of FIG 1B. The
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shape of the inner leads.

FIG.13 illustrates an embodiment according to the present
invention, wherein notchs are formed in the frame body.

FIG.14 illustrates yet another embodiment according to
the present invention, wherein notchs are formed in the
frame body.

FIGS.15A and 15B are drawings for explaining a problem
when the tie bar is relatively short.

FIGS.16A and 16B are drawings for explaining the case
where the tie bar is relatively long.

FIGS.17 and 18 are cross sectional views for explaining
the reason why the dimensions of first and second frame

bodies are different in the embodiment of FIG.13.

Referring now to the drawings, the present invention will
be explained. '

FIG.2A is a plan view of a semiconductor device according
to the present invention, with plastic housing 71 removed
for ease ¢of explanation. FIGS.2B and 2C are cross sectional
views along the lines A-A' and B-B' in FIG.2A, respectiveiy.
In the semiconductor device, a semiconductor chip 50 is
mounted on a die pad portion 33 and is fixed thereon by a
conductive glue (not shown). The die pad portion 33 is
formed by depressing and deforming a tie bar 32. A
connecting portion 32b of the tie bar 32 produces a
predetermined offset h between the surfaces of the die pad
portion 33 and a die pad supporting portion 32a. The offset
h is established to be equal or greater than the thickness

of the semiconductor chip §0.
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second metalic frane body 20 has projectihg portions 23 and a plurality of
| eads 25 extending froma |l ead connecting portion 24 to the central
portion. A dam bar portion 22 supports the leads 25 (FIG 1B, FIG 1C. A
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A plurality of inner leads 42a are extended inwardly so
aé to overlap the semiconductor chip 50. In the fabrication
of the semiconductor device according to the present
invention, two separate frame bodies are used for the inner
leads 42a and the die pad 33, respectively. Thus, the lower
surface of the inner leads 42a is coincident with the upper
surface of the die pad supporting portion 32a. The details
of this construction will be provided in the explanation of
the method for manufacturing the semiconductor device, given
later. |

The head portion of the respective inner lead 42a and the
corresponding bonding pad 54 formed on the periphery of the
semiconductor chip 50 are electrically connected by a’
bonding wire 51. The device is molded with a plastic resin
to form a plastic housing 71.

In the semiconductor device, the relationship between the
width N of the plastic housing 71 and the width € of the
semiconductor chip 50 is expresséd as follows.

C<N-a .«.o (1)
wherein the ¢ is a margin. Since, the inner leads 42a
overlap the semiconductor chip 50, the width C can be made
relatively large when compared to a well known conventional
device where the inner leads and the die pad are formed from
a single frame body. '

Furthermore, the distance R from the edge of the plastic
housing 71 to the bonding position X of the inner lead 42a
can be expressed as follows.

R<N-3 eee (2)
wherein the 8 is a margin.

As apparent from the equation (2), the distance R is not
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seni conduct or chip 15 is mounted on the die pad portion 13. (FIG 1D)
The die pad portion 13 is separated fromthe joining band 11 by cutting
along the line B-B'.
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influenced by the semiconductor chip width C. Thus, it is
possible to make the length of the bonding wire longer.
Therefore, the path of moisture from the outside to the wire
bonding portion becomes longer, énd the invasion of moisture
can be prevented. Thus, the reliability against moisture
domage is increased.

FIG.3 is a cross sectional view of another embodiment
according to the present invention. In this embodiment, an
insulating tape 57 is formed between the inner leads 42a and
the semiconductor chip 50. The insulating tape 57 is made of
(€.g9., polyimide, and is pasted on the inner leads 42a. In
this embodiment, the bonding process between the inner leads
42a and the bonding pads 54 can be performed in safety,
since the insulating tape 57 absorbs the stress caused by
the bonding when the bonding wire 51 is bonded to the inner
leads 428.'Thus, the passivation layer (not shown) on the
semiconductor chip can be protected from problems, such as
cracking.

FIG.4 is a cross sectional view of a further embodiment
according to the present invention. In this embodiment, an
insulating buffer coating 58 is formed on the semiconductor
chip 50. The coating 58 is made of insulating material, such
as ,e.g., polyimide or polyurethane. The coating is formed
by a spin coating on the semiconductor chip having a
passivation layer thereon and an etching to expose the
bonding pads 54 formed on the semiconductor chip 50, for
example. In this embodiment, the coating §8 absorbs the
stress on the semiconductor chip when the inner leads 42a
contact the semiconductor éhip §0 during the wire bonding.

Thus, the passivation layer on the semiconductor chip can be

I
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protected from cracking.

FIGS.5A to 6B are drawings showing examples of patterns .
of the insulating tape 57. In FIGS.5A and SB, the insulating
tape §7 is formed selectively only on the edge portion
serving as a bonding area of the inner leads 42a.

On the other hand, in FIGS.6A and 6B, the insulating tape
87 is relatively wide, and is formed to support all inner
leads 42a. Thus, the stress on the semiconductor chip 50
during the bonding process can be reduced, and the wire
bonding can be performed safety.

Next, the manufacturing process used to make a
semiconductor device having an improved frame body will be
explained referring FIGS.7A to 7J. | '

At first, a first frame body 30 is prepared. The first
frame body 30 includes a joining bar 31, supporting bar 36
extending perpendicular from the joining bar 31, and a die
pad portion 33 connected to the joining bar 31 by a tie bar
32. The die pad portion 33 is depressed downwardly by at
least a semiconductor chip height. The joining bar 31 and
the supporting bar 36 formes a closed loop to surround the
die pad portion 33. Furthermore, the joining bar 31 is
plated with tin 34 at selective locations. It is preferable
to form one tin plated portion 34 on each side of the frame
body which surrounds the die pad portion 33. The diameter of
the tin plated portion is about 3 to 5 mm. The first frame
body 30 further includes a plurality of indexing holes 35.
(FIG.7A)

Next, semiconductor chips 50 are mounted on the
corresponding die pad portions 33.(FIG.7B)

Then, a second frame body 40 is prepared.'The second
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The die pad portion 13 having the sem conductor chip 15 is welded to the
projecting portion 23, and is fixed to the second frame body 20. (FIG 1E)
Bondi ng pads (not shown) on the sem conductor chip
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frame body 40 includes joining bar 41 and a plurality of
leads 42. The leads 42 are supported by dam bar 43, and are
extending inwardly from a lead connecting portion 48. The
éecond frame body 40 also has tin plated portions 44
corresponding to the tin plated portions 34 of the first
frame body 30 and indexing holes 45 corresponding to the
indexing holes 35 of the first frame body 30. (FIG.IC)

Next, the second frame body 40 is put on the first frame
body 30 with indexing holes 35 and 45 aligned. Then, a
resistance welding is performed at the positions where the
tin is plated. (FIG.7D)

In the case where a calking is used for joining of the
first and the second frame bodies, the frame bodies are
easily deformed. On the other hand, such deformation can be
prevented using the above described welding technique.
Generally, copper materials are used for the frame body
rather than 42 alloy (Fe-Ni(42 %)) for easy processability.
However, such copper materials have a good electric
conductivity and a low thermal resistance. Thus, the heat
generated during the welding is smal; and the heat is easily
dissipated. When a large current is used for the welding to
get enough heat, there is a problem of the welding electrode
sticking to the frame body.

On the other hand, when the tin is used, it is not
necessary to rise the welding temperature so high, since the
tin has relatively low melting point. It is preferable to
choose the sum of the thickness of the tin of the first and
the second frame bodies about 3 to 5§ um. Besides the tin, it
is possible to use a material of a low melting point (e.g.,

300 C), a low electric conductivity, a low thermal
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15 are el ectrically connected to the inner |ead portions of the |eads 25
by bonding wires (not shown). Since the inner |ead portions of the
| eads 25 overl aps the sem conductor chip 15, it is possible to reduce the
ext ernal di nensions of the sem conductor

- 11 -
conductivity and easily forming an alloy with the frame
body, such as tin based alloy, e.g., solder (Pb-Sn), Au-Sn.

In this case, it is possible to sandwich a sheet material
having the above mentioned characteristic between the first

5 and the second frame bodies, instead of the plating.

Furthermore, it is possible to plate only one of the
frame bodies, and also to plate the whole surface of the
frame body.

Next, the wire bonding process is performed by connecting

10 the bonding pads on the semiconductor chip 50 and the inner
leads 42a by bonding wires 51. (FIG.7TE)

FIGS.7F and 76 show the process of wire bonding. A
conductive glue$2 for fixing the semiconductor chip 50 to
the die pad 33 is provided. The die pad 33 is put on a

15 heater block 61. (FIG.7F) Since the inner leads42a are made
from the first frame body, namely upper side frame body 40,
there is a slight gap between the surface of the heater
block 61 and the inner leads 42a. Thus, to perform the wire
bonding process safety, the inner leads 42a are fixed to the

20 surface of the heater block 61 by a forcing member 62. After

the wire bonding, the forcing member 62 is taken away. The

inner leads-d.Za return to their original position due to the
elasticity thereof. Therefore, a gap is formed between the

25 surface of the semicoductor chip 50 and the inner leads 42a.

' Then, a molding process is performed using, e.g., a
transfer mold method, to achieve a plastic housing 71.
(FIG.TH)

Next, a plating of the outer leads 42b with solder, a

30 removal of dam bar 43 and a cutting of the leads from the

lead connecting portion are performed. (FIG.7I)
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dévi ce conparing with devices wherein the die pad portion and the |eads are
produced froma single frame body. However, in the prior art, the
die pad portion 13 is separated fromthe joining band after the

sem conductor chip is nounted thereon. Thus, there is a problem of dust
adhering to the sem conductor chip during ghe-
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Then, the oufer leads 42b are bent to obtain a final
product. FIG.7J)

' FIGS.8A to 8D are drawings showing an example of the
shape of the tin plated joint portion of the first frame
body 30 and the second frame body 40. To simplify the
explanation, a joint portion formed iﬂ the supporting bar 36
of the first frame bbdy 30 and the lead connecting portion
46 of the second frame body 40 are illustrated as an
example. As shown in FIG.8B, the supporting bar 36 of the
first frame body 30 has an opening 38 for forming a lateral
bar portion 37. The lead connecting portion 46 of the second
frame body 40 has an opening 48 for forming a vertical bar
portion 47. Thus, when the first and the second frame'bodies
are joined, the bar portions overlap in cross shape and
contact at a relatively small area. Therefore, the heat
during the welding may be concentrated at a small area, and
the weld;ng can be performed effectively.

It should be noted that in this invention, the first
frame body having the semiconductor chip thereon is combined
with the second frame body. Namely, there is no cutting
process of the tie bar before the molding. Thus, the dust
problem due to the cutting, which occured in the prior art,
can be prevented.

FIG.9 is a plan view illustrating the relationship
between the bonding pads 54 formed on the semiconductor chip
50 and thé inner leads 42a. As shown in the drawing, each
inner lead 42a extends inwardly through the space between
the'adjacent bonding pads 54. Each head portion of the
respective inner lead 428 is bent towards the bonding pad to

be connected electrically therewith.
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séparation process. Furthernore, there is a problemin handling the frane
bodi es due to the projecting portions 23, since the projecting portion 23
serves as a hook when the frame bodies are piled up during the
manuf act uri ng process. It is also known to nmount a sem conductor chip

on a
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FIGS.10A, 10B and 11 are enlarged drawings for explaining
why it is preferable to bend the inner leads 42a. In the
case where the inner lead 42a is straight, there is a
crossing D of the inner lead 42a and the bonding wire 51, as
shown in FIG.10A. Thus, in the case where the bonding wire
is not long enough, there is a risk of contact between the
inner lead 42a and the bonding wire 51 during the wire
bonding process between the bonding pads 54 and the head
portion 42¢c of the inner leads 42a, as shown in FIG.11. As
previously explained, since the inner leads go back to the
original position after the wire bonding process, the
bonding wire will be pulled by the inner lead 42a, and is
sometimes will be broken due to the pull strength.
Therefore, it is preferable to bend the lead 42a at a
predetermined portion 42d to avoid the contact.

FIGS.12A and 12B are drawings for explaining the
preferred shape of the inner leads. In FIG.12A, the inner
lead is angular. On the other hand, the inner lead in
FIG.12B is rounded. If the inner leads contact the
semiconductor chip during the wire bonding process, a stress
will be applied to the semiconductor chip. If the inner
leads are rounded, the stress is disperted apd the risk of
cracks in the passivation layer on the semiconductor chip
can be lowered. Thus, it is preferable to round the corners
of the inner leads.

F1G.13 is a plan view of another embodiment according to
the preseht invention. In this embodiment, the second frame
body 40A having a plurality of leads 42 has a notch 49 to
increase the length of the tie bar 32. Furthermore, the

inner dimensions of the first frame body 30 and the second

R ————
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di e pad depending froma lower frane by neans of a tie bar and spaced apart
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frame providing contact |eads to be bonded to the chip by
as described in EP-A-108 502. This docunent shows a
devi ce assenbly according to the preanble of claiml.

- 14
frame body 40A are different. Namely, the first frame body
30 has wider inner dimension than the second frame body 40A
by d. |
In FIG.14, the joining bar 31 of the first frame body 30A
has a notch 39 to increase the length of the the tie bar 32.

The second frame body 40A also includes a notch 49

~corresponding to the notch of the first frame body 30. Thus,

the tie bar may be lengthened.

FIGS.15A to 16B are drawings for explaining why it is
useful for the tie bar to be made longer. When the tie bar
32 is short, i.e., nl as shown in FIGS.15A and 15B, it is
hard to deform the tie bar 32 by pressing the inner 1ead 32
with the forcing member 42 during the wire bonding process.
fhus, in the case where the height d1 from the lower surface
of the die pad 33 to the lower surface of the joining bar 31
is higher than the height hl of the wall of the heater block
61, the frame bodies are not well fixed to the heater block
61 and the forcing member 62. Therefore, the wire bonding
may be performed with a gap between the heater block 61 and
the forcing member 62. |

In FIG.16B, a notch 49 is formed at the joining bar 41 to
increase the length of the tie bar 32 to n2. Furthermore,
the forcing member 62A has an escape zone 62b, as shown in
FIG.15A. When stress is applied to the frame bodies 30 and
40, the deformation of the tie bar is easily achieved, since
the tie bar 32 is made longer and the distance between the
edge 62¢ of the forcing member.GZA and the deformed point
32¢ is made longer to 2. Thus, the frame bodies are fixed
tightly to the heater block 61 by the forcing member 62A,

and the wire bonding is performed in a stabilized condition.
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The escape zone 62b allows the easy deformation of the tie
bar 32. |

FIGS.17 and 18 are diagrams for explaining the reason why
the inside dimensions of the first and the second frame
bodies are different in the embodiments of FIG.13 and
FI1IG.14. FIG.17 and 18 correspond to cross sectional views
along the line E-E' in FIG.13.

If the inside edges of the ﬁolding dies 81 and 82 are
coincident with the edge of the first frame body 30 and 40,
the mold resin (not shown) injected into the cavity 80
sometimes flows out through the slit between the two frame
bodies to form a burr between the adjacent inner leads.
Thus, additional steps, such as removing of the burr -
sticking to the leads, is required. Furthermore, the resin
sometimes causes serious problem during the cutting and
bending process, or lowers the relaibility of the wire
connection.

To prevent the problem, the first frame body 30 is
hidened by d (corresponding'to'the length of the notch 49 in
FI1G.13), e.g.,0.2 mm, with respect to the second frame body
40 in the embodiment of FIG.13. With this arrangement, it is
possible to fabricate a projecting portion 83a to hold the
second frame body 40 with the upper molding die 81. The
projecting portion 83a prevents the flow of the mo{d resin,
and the reliability and the efficiency of the molding
process can be increased.

The present invention has been described with respect to
a spebific embodiment. However, other embodiments based on
the principles of the present invention should be obvious to

those of ordinary skill in the art. Such embodiments are
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3 " An object of the present invention is to provide a seniconductor
devi ce assenbly having an inproved | ead arrangenent using an inproved frane
body.

- 16 -

intended to be covered by the claims.

_
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To achieve this object, this invention provides a. seniconductor device
assenbly as defined in claim1l. The invention wll now be explained
by reference to non-limting embodinments and with referenceto-the-

acconpanyi ng draw ngs, in which:-
R AR R A

1. A frame body for manufacturing a semiconductor device

CLAIMS

including a semiconductor chip (50), characterized by
comprising:

first frame means (30) including;

5 a die pad portion (33) havihg a main surface for

supporting the semiconductor chip; _
a first frame portion (31, 36) having a first
surface, surrounding the die pad portion;
connecting means 32) for connecting the die pad .
10 portion to a predetermined portion of the first
frame portion so as to produce an offset (h) between
the main surface and the first surface; and

second frame means (40) to be combined with the first
frame means, including;

15 a second frame portion (41, 46) ;

a central portion surrounded by the second frame
ﬁortion;
a plurality of lead portions (42) extending from
the second frame portion to the central portion so as to

20 overlap the semiconductor chip when the first and the second
frame bodies are.combined.

2. The frame body according to claim 1, further
comprising an insulating buffer layer (57) formed on the
lead portions.

25 3. The frame body according to claim 1, wherein each
frame portion is made of a metal having a predetermined
melting point, and each frame portion has a specified metal
layer (34, 44) which has lower melting point than the'
predetermined melting point.

I —
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Figurés 1A to 1E shows a_ggnuenL#enal frame body. Figure 2A is a plan
vi ew of a seni conductor device ﬂiunted in atw frane arrangenent and

::Ingllilr SﬁrgBZind Zﬂlmmmuﬂ “ Ht nal views along the lines A-A'" and B-B
- 18 -

4. The frame body according to claim 3, wherein each
frame portion is made of copper based material, and the
specified metal layer is made of tin.

5. The frame body according to claim 1, wherein the

> second frame portion includes a first notch portion (49) at
an area corresponding to the predetermined portion of the
first frame portion.

6. The frame body according to claim 5, wherein the first
frame portion includes a second notch portion (39) for

10 increasing the length of the connecting means (32).

7. The frame body according to claim 1, wherein the first
frame portion has a first predetermined inner dimension and
the second frame portion . has a second predetermined inner
dimension, and the first predetermined inner dimension is

15 wider than the second predetermined inner dimension by a
predetermined amount (d).

8. A frame body used for fabricating a semiconductor
device including a semicoductor chip (50) of predetermined
thickness, characterized by comprising:

20 a frame portion .(31, 36) forming a ciosed loop, having a
pair of notches (39) for defining a predetermined position
therebetween;

a die pad portion (33) for supporting the semiconductor
chip thereon; and

25 tie bar means (32) for connecting the die pad portion to
the predetermined portion of the frame portion.

9. The frame body according to claim 8, wherein the frame
portion has a first surface, the die pad portion has a
second surface for supporting the semiconductor chip, and

30 the tie bar means produces an offset (h) between the first
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Figuré 3 is a cross sectional view show ng an alternative to the frame

gures 2A- 2C. Figure 4 is a cross sectional

angemeat—stown in Ei g
\Z/IA-eW m‘“ﬂ“‘““‘“ m‘ 1ternat|ve to the frane arrangenent shown in Figures
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surface and thé second surface equal or greater than the
thickness of the semiconductor chip.

10. A semiconductor device characterized by comprising:

a semiconductor chip (50) having a plurality of bonding
pads (54) formed on a main surface thereof;

semiconductor chip supporting means, including;

a die pad portion (33) having a first surface for
supporting the semiconductor chip,

a die pad supporting portion (32a) having a
second surface,

‘a tie bar portion (32b) for producing a
predetermined offset (h) between the second surface
of the die pad supporting portion and the first
surface of the die pad portion;

a plurality of inner leads (42a), each having third and
fourth surfaces, the fourth surface being coincident with a
plane formed by the second surface of the die pad supporting
portion and overlapping the semiconductor chip on the main
surface; and

a plurality of bonding wires (51) for connecting the

'third surface of the inner lead to corresponding bonding

pad.

11. The semiconductor device according to claim 10,
further comprising an insulating buffer laver (57, 58)
between the inner lead and the main surface of the
semiconductor chip. _

12. The semiconductor device according to claim 10,
wherein the insulating buffer layer (57) is formed on the
inner lead.

.

13. The semiconductor device according to claim 10,
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2C. ' Figure 5A is a plan view show ng insulating patterns of the

arrangenent shown in Figure 3 and Fi.gure 5B is a cross -sectional Vi éw al ong

the line A-A" in Figure 5A Figure 6A is a plan view s el
al ter nati ve VO o o
R Y R R

- 20 ~-
wherein the insulating buffer layer (58) is formed on the
main surface of the semiconductor chip.

14. A process for manufacturing a semiconductor device,
cﬁaracaterized by comprising the steps of:
5 preparing a first frame body (30), including;
a die pad portion (33) for supporting a
semiconductor chip;
a first frame portion (31, 36) surrounding the
die pad portion; and
10 connecting means (32) for connecting the die
pad portion to the first frame portion;
preparing a second frame body (40), including;
a second frame portion (41, 46);
a central portion surrounded by the second
15 frame portion;

a plurality of lead portions (42) extending
from the second frame portion to the central
portion;

mounting a semiconductor chip (50) having a plurality of
20 bonding pads (54) on a main surface thereof on the
die pad'portion of the first frame body;
welding the first and the second frame bodies;
connecting the bonding pads on the semiconductor chip to
the lead portions of the second lead frame body; aqd
25 separating the lead portions and the die pad portion from
the first and second frame bodies.
15. The process according to claim 14, wherein the
welding process includes a resistance welding step.
16. The process according to claim 14, further including

30 a step of forming an insulating buffer layer (57, 58)
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iﬁsulafing patterns of the arrangenent shown in Figure 3, and Figure 6B is

a cross sectional view along the |ines ﬁ!,mc”"'y"!";mn”*m

-21..
between the leads and the main surface of the semiconductor
chip.
17. The process according to claim 14, wherein the step

of preparing the first frame body includes a step of

5 preparing a first frame means made of a first metal having a
predetermined melting point and then plating the first frame
means at predetermined locations with a material having a
predetermined melting point lower than that of the first

frame means.
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Figures 7TAto 7J are diagrans illustrating a nethod

- 22 -
ABSTRACT

First (30) and second (40) frame bodies are used to
fabricate a semiconductor device. The first frame body (30)
includes a die pad (33). The second frame body (40)
includes a plurality of leads (42). The die pad is depressed
by a predetermined amount (h) which is-equal or greater than
the thickness of a semiconductor chip (50) to be mounted on
the die pad. The two frame bodies are welded, and wire

bonding and cutting of the leads are performed.

Refer to Figures 7A to 7J
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of manufacturing a sem conductor device incIudiJg a two-,, frane arraqunent
as shown in Figures 2A-2C. Figures 8A to 8D are d)ucrams for ™ —

explaining a joint portion betweefLa I1rst_Tranme Dody and a second{f rane
—12
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boHy Figure 9 is a plan viem1i||usf%£¥$ng a preferred arrangement of
t he bondi ng pads forned in a sem conductor chip and the inner | eads.

Figures 10A and 10B are diagrans |IIustrat|ng a problem of contact between
the inner | eads and the

V22X s : [‘\'4132&1}3
_\,P’_ - G .
) A\ 33 AR1]1 . 2

2 R__
- 51
[ j ’
T N £
2 AN e o,
54 \-? — R
S 42D
5 3 h
FIG. 2C
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béndi ng wires. Figure 11 is a diagramjalLso used to illustrate a
contact problem between the inner | eads and |4 Be bondi ng wi res.

Figures 12A and 12B are drawi ngs for explaining a preferred shape of the
i nner | eads. :

R | YOS
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. . . rlis . .
FIG 13 illustrates a first enbodi nent of arlrane body used in a device
assenbl y accordi ' tion. FIG 14 illustrates a

in a device assenbly according to

second enbodi ne
the present inv on. 42857
A—i3ER— - —— - EEp—A ri 1,
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FI'GS. 16A and 16B are drawi ngs for explai @/h§ the case where the tie bar
Is relatively |ong.
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FFGS. 17 and 18 are cross sectional vi evvsdldrs

FIG. 7D

FIG. 7E

FIG. 7F
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expl ai ni ng the reason why the dinensions o;f/,f:r rst and second frane bodies
are different in the enbodi nent of FIG 13. Referring now to the
drawi ngs, the present invention will be expl ai ned. However, the
arrangenents of Figures

rle. 71 aedlh
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7
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423
FIG. 9
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" 2112 are not in accordance with the presen‘t-lildvention. FIG 2Ais a
pl an view of a sem conductor device with plastic housing 71 renoved for
ease of explanation. FIGS. 2B and 2C are cross sg éonal vi ews al ong the
lines AAA" and B-B' in FIG 2A, respectively. In

- 42

FIG. 10A

FIG. 10B

277777777777 359

FIG. 11
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seni conduct or device, a seniconductor chipjA®is mounted on a die pad
portion 33 and is fixed thereon by a conductive glue (not shown).* The die
pad portion 33 is formed by depressing and deformng a tie bar 32. A
connecting portion 32b of the tie bar 32 produces a predeterm ned offset h
bet ween t he surfacek die pad portion 33 and a die pad supporting
portion 32a. The

FIG. 12A FIG. 12B
30
: X 40A
f d
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offset h is established to be equal or greébéhSthan t he thickness of the
sem conduct or chip 50. A plurality of fnner |eads 42a are extended
inwardly so as to overlap the sem conductor chip 50. In the fabrication of
t he sem conductor device, two separate franme bodies are used for the inner
| eads 42a and the die
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q N\ 40A
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32 49 39 3
FIG. 14
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coi ncident with the upper surface of the dig
The details of this constructionwill be pro
met hod for manufacturing the sem conductor device, given later.

pad 33, respectively. Thus, the |ower surfacC

of the 1inner leads 42a is

I®d supporting portion 32a.
ided in the explanation of the
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The head portion of the respective inner |ead 42a and the corresponding
bondi ng pad 54 formed on the periphery @ES[ES sem conductor chip 50 are
l ectrically
| /// 81
| 40 // I\SO
| 82

FIG. 17
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| ] 83 '
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conn
to f
rel a

i.r.e 5:1 The device is nolded with a plas]c.y.gSinw
g ‘TYo e | In the sem conductor defi !?PL@QE
)\1 of the plastic housing 71 ang-t @FM@"@ET

of t ’:;s eXpressed as follows. )
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C< N-a :
42a overlap the sem conductor chip 50, the width C can be

| arge when conpared to a well known conventional device wh

. (1) wherein the a is a margin. Since, the_inner

| eads

e r

T GHERT
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| eads and the die pad are forned froma si nzgl e frame body. : ZSS'EP 1996
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Furthernore, the distance R fromthe edge of the plastie~-heusing 71 to the
bondi ng position X of the inner |ead 42a can be eXpI’eSSédﬁﬁgf_:‘:ﬁi}EME@WsSHEET
R< N- [err] ... (2) wherein the [err] is a margiin. -
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As apparent fromthe equation (2), the distance Ris not inLLHeQCVEWg*%ﬁ%
sem conductor chip width C. Thus, it is possible to make &he-1* v RN O

bondi ng wire longer. Therefore, the path of noisture fromthe outside to
the wire bonding portion beconmes |onger, and the invasion}off nbBs$ER €I%mn

be prevented. Thus, the reliability agai pst noi sture danagg i s increased.
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FIG. 3 is a cross sectional view of another arrangenent. In the
arrangenent, an insulating tape 57 is forned between the |mng£9mQﬁwﬁwmzaﬁET

and t he i
i \ 23 SEP 1996 \
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" pEPLAGEMENT SHEET
seni conduct or chip 50. The insulating tape i-
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of, e.g., polyimde, and is pasted on the inner |eads 42a. nl,r;; TS
arrangenent, the bondi ng process between the inner |eads 42a* AW Y -
bondi ng pads 54 can be perfornmed in safety, since the |ns_ul‘at| ng tape.57
absorbs the stress caused by the bondi ng when the bondi ng vrragsﬁp §996

7

e LT

l
|

FIG. 7J
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is bonded to the inner |eads 42a. Thus, the passivation Iayer(natsjﬁgw?ﬁ”
on the sem conductor chip can be protected from probl ens, ssuC.h_;‘_'_’a.‘s“.'.i’._n.mr.-w—w-—wwi

cracki ng. FIG 4 is a cross sectional view which shows an insul atj :
buffer coating 58 is forned on the seniconductor chip 50. The icodtd ﬁ@%@egsl
made of 8 i t .
%
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37
34},44
=.5__;46' |
FIG. 8C 2448
7416
FIG. 8A
FIG. 8D
This Sheet Has Been R,

T



insulating material, such as, e.g., polyimde or polyurethate:
is formed by a spin coating on the seniconductor chip haviaéhﬁi-F&E
|'ayer thereon and an etching to expose the bondi ng pads 54 {f6rned on the
semi conductor chip 50, for exanple. In this \723 SEP 1996
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arrangenent the coating 58 absorbs the stress on the sem conductor—chi-p

when the inner |eads 42a contact the sem conductor chip 50: quLBM;ﬁhé%ﬁETe
bondi ng. Thus, the passivation |ayer on the seniconductor ehi-p—eambe
FIGS. 5A to 6B are dramnn?s

pr ot ect ed fron1crack|ng
of

FIG. 10A

FIG. 10B
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patterns of the insulating tape 57. In FIGS. 5A and 5B, the_insulating

\

tape 57 is forned selectively only on the edge portion servmg__mt\ﬁk\bcﬁ;‘ﬁ r‘ig
area of the inner |eads 42a. On the other hand, in: F
the % 23 SEP 1995
FIG. 12A FIG. 12B
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insulating tape 57 is relatively wide, and is fornmed to support all inner
| eads 42a. Thus, the stress on the : - 7\
: i REPLACEMENT SHEET
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- | | |  REPLACEMENT SHEET |
sem conductor chip 50 during the bonding process can be red - g @y

i bondi b f d safely. "

V\f re bonding can be perforned safely 23 SEP 1996
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Next, the manufacturing process used to make a sem conductor deyvi ce -havi

an inproved franme body will be explained referring FlI GS™ g AﬁﬁwﬁhT 3455{
At first, a first frame body 30 is prepared. The first firaln 3
i ncludes a joining bar 31, supportin
Jormne PROTEINS L, 23 SEP 1996
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bar 36 extendi ng perpendicular fromthe joining bar 31, n@EBLkﬁEMﬁ@édSHEET
portion 33 connected to the joining bar 31 by a tie bar 33. ffe—dre pad
portion 33 is depresed downwardly by at |east a sem conduci ar ?@ Rebpeioght -
The joining bar 31 and the supporting bar 36 fornmes a cl osgd oop to
surround the die pad portion 33. Furthernoré? - .
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the joining bar 31 is plated with tin 34 at selective | ocf @ Cpmgvi§HHﬂ
preferable to formone tin plated portion 34 on each sideio

whi ch surrounds the die pad portion 33. The dianeter of the tin %ﬂﬁngb
portion is about 3 to 5 mMm The first frame body 30 furthe i 28|

plurality of indexing holes 35. (FIG
-22- /___,J

ABSTRACT

t

SEMICONDUCTOR DEVICE HAVING AN IMPROVED LEAD

First (30) and second (40) frame bodies are used to
fabricate a semiconductor device. The first frame body (30)
includes a die pad (33). The second frame body (40)
includes a plurality of leads (42). The die pad is depressed
by a predetermined amount (h) which is equal or greater than
the thickness of a semiconductor chip (50) to be mounted on
the die pad. The two frame bodies are welded, and wire

bonding and cutting of the leads are performed.

Refer to Figures 7A to 7J
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7A) Next , sen1conductor chi ps 50 are nounted on the correspondlngaéye
pad portions 33.- (FIG 7B) " Then, a second franme body 40 is{eH¥d

The second frame body 40 i ncl udes joinlng bar 41 and a

22

SEMICONDUCTOR DEVICE HAVING AN IMPROVED LEAD ARRANGEMENT
AND METHOD FOR MANUFACTURING THE SAME

ABSTRACT

First (30) and second (40) frame bodies are used to
~ fabricate a semiconductor device. The first frame body (30)
includes a die pad (33). The second frame body (40)
"includes a plurality of leads (42). The die pad is depressed
by a predetermined amount (h) which is equal or greater than
the thickness of a semiconductor chip (50) to be mounted on
the die pad. The two frame bodies are welded, and wire

bonding and cutting of the leads are performed.

Refer to Figures 7A to 7J
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This invention concerns a semiconductor device

assembly comprising a lead frame structure.

Recently, the demand for high integration of

semiconductor devices has increased. On the other hand,

there is also a demand for reduction of the external

dimensions of the semiconductor device after sealing.

Since the semiconductor chip size is becoming larger to

meet the demand for high integration, the reduction of

the external dimensions is very difficult.

Many efforts

have been made to reduce the external dimensions.

FIGS. 1A to 1E show a conventional lead frame and a

semiconductor device produced by using the lead frame,

shown in Japanese laid open Patent (Tokkai Sho) No: 52-

127756. In the prior art, two metalic frame bodies 10 to

20 are used. The first metalic frame body 10 includes a

die pad portion 13 and tie bars 12 connecting the die pad

portion 13 to a joining band 11. FIG. 1C is a cross

sectional view along the line A-A’ of FIG. 1B.

The

second metalic frame body 20 has projecting portiohs 23

and a plurality of leads 25 extending from a lead

connecting portion 24 to the central portion.

portion 22 supports the leads 25 (FIG.

A dam bar
1B, FIG. 1C). A

semiconductor chip 15 is mounted on the die pad portion

13. (FIG. 1D)

The die pad portion 13 is separated from the joining

band 11 by cutting along the line B-B’.
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The die pad portion 13 having the semig;;aazfa?"EETpJ

15 is welded to the projecting portion 23, and is fixed
to the second frame body 20. (FIG. 1E)

Bonding pads (not shown) on the semiconductor chip
15 are electrically connected to the inner lead portions

of the leads 25 by bonding wires (not shown).

Since the inner lead portions of the leads 25
overlaps the semiconductor chip 15, it is possible to
reduce the external dimensions of the semiconductor
device comparing with devices wherein the die pad portion

and the leads are produced from a single frame body.

However, in the prior art, the die pad portion 13 is
separated from the joining band after the semiconductor
chip is mounted thereon. Thus, there is a problem of
dust adhering to the semiconductor chip during the
separation process. Furthermore, there is a problem in
handling the frame bodies due to the projecting portions
23, since the projecting portion 23 serves as a hook when
the frame bodies are piled up during the manufacturing

process.

It is also known to mount a semiconductor chip on a
die pad depending from a lower frame by means of a tie
bar and spaced apart from an upper frame providing
contact leads to be bonded to the chip by bonding wires,
as described in EP-A-108 502. This document shows a
semiconductor device assembly according to the preamble

of claim 1.
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g corresponding to the indexing holes 35 of the first frame Rﬁﬁmua@tr\r( Fk&r
70 Next, the second franme body 40 is put on the first frame-body-30
wi th indexi ng holes 35 and 45 al i gned. | 09 APR 1999

3

An object of the present invention is to'gprovide a

semiconductor device assembly having an improved lead

arrangement using an improved frame body.

To achieve this object, this invention provides a

semiconductor device assembly as defined in claim 1.

The invention will now be explained by reference to
non-limiting embodiments and with reference to the

accompanying drawings, in which:-

Figures 1A to 1E shows a conventional frame body.

Figure 2A is a plan view of a semiconductor device
mounted in a two frame arrangement and Figures 2B and 2C
are cross sectional views along the lines A-A’ and B-B’

in Figure 2A, respectively.

Figure 3 is a cross sectional view showing an
alternative to the frame arrangement shown in Figures 2A-

2C.

Figure 4 is a cross sectional view showing another
alternative to the frame arrangement shown in Figures 2A-

2C.

Figure 5A is a plan view showing insulating patterns
of the arrangement shown in Figure 3 and Figure 5B is a

cross sectional view along the line A-A’ in Figure 5A.

Figure 6A is a plan view showing alternative
insulating patterns of the arrangement shown in Figure 3,

and Figure 6B is a cross sectional view along the lines

B-B’ in Figure 6A.
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TFhen, a resistance welding is perfornmed at the positions erﬁgpi‘ i\‘fgl\g 3 EET
plated. (FIG 7D) In the case where a calking is used fjor joining of
the first and the second frane bodies, the frane bodi es are¢ easQlyAPR %99
defornmed. On the other hand, such deformati on can be prevenfed using the

above described wel di ng 4 :

Figures 7A to 7J are diagrams illustrating a method
of manufacturing a semiconductor device including a two-

frame arrangement as shown in Figures 2A-2C.

Figures 8A to 8D are diagrams for explaining a joint
portion between a first frame body and a second frame

body.

Figure 9 is a plan view illustrating a preferred
arrangement of the bonding pads formed in a semiconductor

chip and the inner leads.

Figures 10A and 10B are diagrams illustrating a
problem of contact between the inner leads and the

bonding wires.

Figure 11 is a diagram also used to illustrate a
contact problem between the inner leads and the bonding

wires.

Figures 12A and 12B are drawings for explaining a

preferred shape of the inner leads.

FIG. 13 illustrates a first embodiment of a frame
body used in a device assembly according to the present

invention.

FIG. 14 illustrates a second embodiment of a frame
body used in a device assembly according to the present

invention.

FIGS. 16A and 16B are drawings for explaining the

case where the tie bar is relatively long.
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Fechniqué. General ly, copper materials are used for the frane

than 42 alloy (Fe-N (42%) for easy processability. Howev rREigqmwﬁﬁEﬁﬂﬁfT

materials have a good electric conductivity and a | ow thdgr
Thus, the heat generated during the welding is small and tih
di ssipated. Wen a large current is used $or the wel ding
heat, there is a

A |

nce.

FIGS. 17 and 18 are cross sectional vieuws "

or

|

explaining the reason why the dimensions of fi¥8t and

second frame bodies are different in the embodiment of

FIG. 13.

Referring now to the drawings, the present invention

will be explained. However, the arrangements of Figures

2-12 are not in accordance with the present invention.

FIG. 2A is a plan view of a semiconductor device

with plastic housing 71 removed for ease of explanation.

FIGS. 2B and 2C are cross sectional views along the lines

A-A’ and B-B’ in FIG. 2A, respectively. 1In the

semiconductor device, a semiconductor chip 50 is mounted

on a die pad portion 33 and is fixed thereon by

conductive glue (not shown). The die pad portion 33 is

formed by depressing and deforming a tie bar 32.

connecting portion 32b of the tie bar 32 produces a
predetermined offset h between the surfaces of the die
pad portion 33 and a die pad supporting portion 32a.

offset h is established to be equal or greater than the

thickness of the semiconductor chip 50.

a

A

The

A plurality of inner leads 42a are extended inwardly

so as to overlap the semiconductor chip 50. 1In the

fabrication of the semiconductor device, two separate

frame bodies are used for the inner leads 42a and the die

pad 33, respectively. Thus, the lower surface of the
inner leads 42a is coincident with the upper surface of
the die pad supporting portion 32a. The details of this

construction will be provided in the explanation of the

method for manufacturing the semiconductor device,

later.
. This Sheet Has Been Replaced
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The head portion of the respective inner lead 42a

and the corresponding bonding pad 54 formed on the

periphery of the semiconductor chip 50 are electrically

connected by a bonding wire 51. The device is molded

with a plastic resin to form a plastic housing 71.

In the semiconductor device, the relationship

between the width N of the plastic housing 71 and the

width C of the semiconductor chip 50 is expressed as

follows.

C<N-a ... (1)

wherein the a is a margin. Since, the inner leads 42a

overlap the semiconductor chip 50, the width C can be

made relatively large when compared to a well known

conventional device where the inner leads and the die pad

are formed from a single frame body.

Furthermore, the distance R from the edge of the

plastic housing 71 to the bonding position X of the inner

lead 42a can be expressed as follows.
R<N- R ce. (2)

wherein the £ is a margin.

As apparent from the equation (2), the distance R is not

influenced by the semiconductor chip width C.

Thus, it

is possible to make the length of the bonding wire

longer. Therefore, the path of moisture from the outside

to the wire bonding portion becomes longer, and the

invasion of moisture can be prevented. Thus,

the

reliability against moisture damage is increased.

FIG. 3 is a cross sectional view of another

arrangement. In the arrangement, an insulating tape 57

is formed between the inner leads 42a and the
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of, e.g., polyimide, and is pasted on the inner leads
42a. In this arrangement, the bonding process between
the inner leads 42a and the bonding pads 54 can be
performed in safety, since the insulating tape 57 absorbs
the stress caused by the bonding when the bonding wire 51
is bonded to the inner leads 42a. Thus, the passivation
layer (not shown) on the semiconductor chip can be

protected from problems, such as cracking.

FIG. 4 is a cross sectional view which shows an
insulating buffer coating 58 is formed on the
semiconductor chip 50. The coating 58 is made of
insulating material, such as, e.g., polyimide or
polyurethane. The coating is formed by a spin coating on
the semiconductor chip having a passivation layer thereon
and an etching to expose the bonding pads 54 formed on
the semiconductor chip 50, for example. In this
arrangement, the coating 58 absorbs the stress on the
semiconductor chip when the inner leads 42a contact the
semiconductor chip 50 during the wire bonding. Thus, the
passivation layer on the semiconductor chip can be

protected from cracking.

FIGS. 5A to 6B are drawings showing examples of
patterns of the insulating tape 57. In FIGS. 5A and 5B,
the insulating tape 57 is formed selectively only on the
edge portion serving as a bonding area of the inner leads

42a.

On the other hand, in FIGS. 6A and 6B, the
insulating tape 57 is relatively wide, and is formed to

support all inner leads 42a. Thus, the stress on the
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semiconductor chip 50 during the bonding process can be

reduced, and the wire bonding can be performed safely.

Next, the manufacturing process used to make a
semiconductor device having an improved frame body will

be explained referring FIGS. 7A to 7J.

At first, a first frame body 30 is prepared. The
first frame body 30 includes a joining bar 31, supporting
bar 36 extending perpendicular from the joining bar 31,
and a die pad portion 33 connected to the joining bar 31
by a tie bar 32. The die pad portion.33 is depresed
downwardly by at least a semiconductor chip height. The
joining bar 31 and the supporting bar 36 formes a closed
loop to surround the die pad portion 33. Furthermore,
the joining bar 31 is plated with tin 34 at selective
locations. It is preferable to form one tin plated
portion 34 on each side of the frame body which surrounds
the die pad portion 33. The diameter of the tin plated
portion is about 3 to 5 mm. The first frame body 30
further includes a plurality of indexing holes 35. (FIG.
7A)

Next, semiconductor chips 50 are mounted on the

corresponding die pad portions 33. (FIG. 7B)

Then, a second frame body 40 is prepared. The
second frame body 40 includes joining bar 41 and a
-plurality of leads 42. The leads 42 are supported by dam
bar 43, and are extending inwardly from a lead connecting
portion 46. The second frame body 40 also has tin plated
portions 44 corresponding to the tin plated portions 34

of the first frame body 30 and indexing holes 45

THIS SHEET HAS BEEN
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corresponding to the indexing holes 35 of the-fixst—Exames—es=d
body 30. (FIG. 7C)

Next, the second frame body 40 is put on the first
frame body 30 with indexing holes 35 and 45 aligned.
Then, a resistance welding is performed at the positions

where the tin is plated. (FIG. 7D)

In the case where a calking is used for joining of
the first and the second frame bodies, the frame bodies
are easily deformed. On the other hand, such deformation
can be prevented using the above described welding
technique. Generally, copper materials are used for the
frame body rather than 42 alloy (Fe-Ni(42%)) for easy
processability. However, such copper materials have a
good electric conductivity and a low thermal resistance.
Thus, the heat generated during the welding is small and
the heat is easily dissipated. When a large current is
used for the welding to get enough heat, there is a
problem of the welding electrode sticking to the frame

body.

On the other hand, when the tin is used, it is not
necessary to rise the welding temperature so high, since
the tin has relatively low melting point. It is
preferable to choose the sum of the thickness of the tin
of the first and the second frame bodies about 3 to 5 um.
Besides the tin, it is possible to use a material of a
low melting point (e.g., 300 °C), a low electric
conductivity, a low thermal conductivity and easily
forming an alloy with the frame body, such as tin based

alloy, e.g., solder (Pb-Sn), Au-Sn.
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In this case, it 1is possible to sandwichh a sheet

material'having the above mentioned characteristic
between the first and the second frame bodies, instead of

the plating.

Furthermore, it is possible to plate only one of the
frame bodies, and also to plate the whole surface of the

frame body.

Next, the wire bonding process is performed by
connecting the bonding pads on the semiconductor chip 50

and the inner leads 42a by bonding wires 51. (FIG. 7E)

FIGS. 7F and 7G show the process of wire bonding. A
conductive 52 glue for fixing the semiconductor chip 50
to the die pad 33 is provided. The die pad 33 is put on
a heater block 61 (FIG. 7F). Since the inner 42a leads
are made from the second frame body, namely upper side
frame body 40, there is a slight gap between the surface
of the heater block 61 and the inner leads 42a. Thus, to
perform the wire bonding process safely, the inner leads
42a are fixed to the surface of the heater block 61 by a
forcing member 62. After the wire bonding, the forcing
member 62 is taken away. The inner leads 42a return to
their orginal position due to the elasticity thereof.
Therefore, a gap is formed between the surface of the

semiconductor chip 50 and the inner leads 42a.

Then, a molding process is performed using, e.g., a
transfer mold method, to achieve a plastic housging 71.

(FIG. 7H)

e e—
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Next, a plating of the outer leads 42blwith solder,

a removal of dam bar 43 and a cutting of the leads from

the lead connecting portion are performed. (FIG. 7I)

Then, the outer leads 42b are bend to obtain a final

product. (FIG. 7J)

FIGS. 8A to 8D are drawings showing an example of
the shape of the tin plated joint portion of the first
frame body 30 and the second frame body 40. To simplify
the explanation, a joint portion formed in the supporting
bar 36 of the first frame body 30 and the lead connecting
portion 46 of the second frame body 40 are illustrated as
an example. As shown in FIG. 8B, the supporting bar 36
of the first frame body 30 has an opening 38 for forming
a lateral bar portion 37. The lead connecting portion 46
of the second frame body 40 has an opening 48 for forming
a vertical bar portion 47. Thus, when the first and the
second frame bodies are joined, the bar portions overlap
in cross shape and contact at a relatively small area.
Therefore, the heat during the welding may be
concentrated at a small area, and the welding can be

performed effectively.

It should be noted that the first frame body having
the semiconductor chip thereon is combined with the
second frame body. Namely, there is no cutting process
of the tie bar before the molding. Thus, the dust
problem due to the cutting, which occured in the prior

art, can be prevented.

FIG. 9 is a plan view illustrating the relationship

between the bonding pads 54 formed on the semiconductor

"ﬂHSSHEETHASBEéiJ
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safely, the in are fixed to the surface of

by a forcing r the wire bonding, the forcin
taken away. The |nner Ieads 42a return toltzheir orginal position due t

el asticity thereof.
y chip 50 and the inner leads 42a. As shown ﬁn the

drawing, each inner lead 42a extends inwardly through the
space between the adjacent bonding pads 54. Each head
portion of the respective inner lead 42a is bent towards

the bonding pad to be connected electrically therewith.

FIGS. 10A, 10B and 11 are enlarged drawings for
explaining why it is preferable to bend the inner leads
42a. In the case where the inner lead 42a is straight,
there is a crossing D of the inner lead 42a and the
bonding wire 51, as shown in FIG. 10A. Thueg, in the case
where the bonding wire is not long enough, there is a
risk of contact between the inner lead 42a and the
bonding wire 51 during the wire bonding process between
the bonding pads 54 and the head portion 42c¢ of the inner
leads 42a, as shown in FIG. 11. As previously explained,
since the inner leads go back to the original position
after the wire bonding process, the bonding wire will be
pulled by the inner lead 42a, and sometimes will be
broken due to the pull strength. Therefore, it is
preferable to bend the lead 42a at a predetermined

portion 42d to avoid the contact.

FIGS. 12A and 12B are drawings for explaining the
preferred shape of the inner leads. In FIG. 12A, the
inner lead is angular. On the other hand, the inner lead
in FIG. 12B is rounded. If the inner leads contact the
semiconductor chip during the wire bonding process, a
stress will be applied to the semiconductor chip. If the
inner leads are rounded, the stress is disperted and the
risk of cracks in the passivation layer on the

semiconductor chip can be lowered. Thus, it is
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preferable to round the corners of the inner heads.

FIG. 13 is a plan view of an embodiment according to
the present invention. In this embodiment, the second
frame body or portion 40A having a plurality of leads 42
has a notch 49 to increase the length of the tie bar 32.
Furthermore, the inner dimensions of the first frame body
or portion 30 and the second frame body 40A are
different. Namely, the first frame body 30 has wider

inner dimension than the second frame body 40A by 4.

In FIG. 14, the joining bar 31 of the first frame
body 30A has a notch 39 to increase the length of the tie
bar 32. The second frame body 40A also includes a notch
49 corresponding to the notch of the first frame body 30.

Thus, the tie bar is lengthened.

FIGS. 15A to 16B are drawings for explaining why it
is useful for the tie bar to be made longer. When the
tie bar 32 is short, i.e., nl as shown in FIGS. 15A and
15B, it is hard to deform the tie bar 32 by pressing the
inner lead 32 with the forcing member 42 during the wire
bonding process. Thus, in the case where the height di
from the lower surface of the die pad 33 to the lower
surface of the joining bar 31 is higher than the height
hl of the wall of the heater block 61, the frame bodies
are not well fixed to the heater block 61 and the forcing
member 62. Therefore, the wire bonding may be performed
with a gap between the heater block 61 and the forcing
member 62.

In FIG. 16B, a notch 49 is formed at the joining bar

41 to increase the length of the tie bar 32 to n2.
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Furthermore, the forcing member 62A has an esCdpe zone

62b, as shown in FIG. 15A. When stress is applied to the
frame bodies 30 and 40, the deformation of the tie bar is
easily achieved, since the tie bar 32 is made longer and
the distance between the edge 62c of the forcing member
62A and the deformed point 32c¢c is made longer to f£2.
Thus, the frame bodies are fixed tightly to the heater
block 61 by the forcing member 62A, and the wire bonding
is performed in a stabilized condition. The escape zone

62b allows the easy deformation of the tie bar 32.

FIGS. 17 and 18 are diagrams for explaining the
reason why the inside dimensions of the first and the
second frame bodies are different in the embodiments of
FIG. 13 and FIG. 14. FIG. 17 and 18 correspond to cross

sectional views along the line E-E’ in FIG. 13.

If the inside edges of the molding dies 81 and 82
are coincident with the edge of the first frame body 30
and 40, the mold resin (not shown) injected into the
cavity 80 sometimes flows out through the slit between
the two frame bodies to form a burr between the adjacent
inner leads. Thus, additional steps, such as removing of
the burr sticking to the leads, is required.
Furthermore, the resin sometimes causes serious problem
during the cutting and bending process, or lowers the

reliability of the wire connection.

To prevent the problem, the first frame body 30 is
widened by d (corresponding to the length of the notch 49
in FIG. 13), e.g., 0.2 mm, with respect to the second
frame body 40 in the embodiment of FIG. 13. With this

arrangement, it is possible to fabricate a projecting
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portion 83a to hold the second frame bodyl4 ith the

upper molding die 81. The projecting portiom83a
prevents the flow of the mold resin, and the reliability
and the efficiency of the molding process can be

increased.

The present invention has been described with
respect to a specific embodiment. However, other
embodiments based on the principles of the present
invention should be obvious to those of ordinary skill in
the art. Such embodiments are intended to be covered by

the claims.
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CLAIMS

1. A semiconductor device assembly comprising a lead
frame structure and a semiconductor chip (50) of
predetermined thickness, the lead frame structure
comprising:

a first frame portion (30, 30A) forming a closed
loop, said first frame portion supporting a die pad
portion (33) which supports the semiconductor chip
thereon;

tie bar means (32) for connecting said die pad
portion to said first frame protion, said tie bar means
(32) suspending said die pad portion (33) below the first
frame portion by an offset greater than or equal to the
thickness of the semiconductor chip (50); énd

a second frame portion (40, 40A) forming a closed
loop above said first frame portion and being vertically
stacked in joined alignment therewith so that the said
first and second frame portions (30, 30A; 40, 40Aa)
surround said die pad portion (33) in a central portion
of the lead frame structure, a plurality of lead portions
extending from said second frame portion into the central
portion so as to overlap the semiconductor chip,
characterized in that said second frame portion has a
narrower inner dimension than said first frame portion
and has a pair of notches (49) formed on opposite sides
of the inner periphery thereof, each notch (49) being
positioned above a respective one of gaid tie bar means
(32) and coinciding with or overlapping the inner

periphery of said first frame portion.
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bar 36 of the first frane body 30 and the | ead connecting po t
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t he supporting ba frame body 30 has an openln:

forming a |lateral bar portlon 37.* The | ead connecting portio
second frane body 40 has an opening 48 for-%orming

2. A semiconductor device assembly according to claim
1, wherein said first frame portion (30, 30A) includes a
pair of notches (39) each surrounding and adjacent to a

respective tie bar means (32).
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SEMICONDUCTOR DEVICE HAVING AN IMPROVED LEAD ARRANGEMENT

a vertical bar portion 47. Thus, when the first and the
bodi es are joined, the bar portions overlap in cross shape
relatively small area. Therefore, the heat during the weldjn
concentrated at a small area, and the melthg can be perfo

s

AND METHOD FOR MANUFACTURING THE SAME

ABSTRACT

First (30) and second (40) frame bodies are used to
fabricate a semiconductor device. The first frame body
(30) includes a die pad (33). The second frame body (40)
includes a plurality of leads (42). The die pad is’
depressed by a predetermined amount (h) which is equal or
greater than the thickness of a semiconductor chip (50)
to be mounted on the die pad. The two frame bodies are
welded, and wire bonding and cutting of the leads are

performed.

FIGURES 7A TO 7J
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SEMICONPUETOR DEVICE HAVING AN IMPROVED LEAD ARRAﬁEEMENT
AND METHOD FOR MANUFACTURING THE SAME

This invention concerns a semiconductor device

assembly comprising a lead frame structure.

Recently, the demand for high integration of -
semiconductor devices has increased. On the other hand,
there is also a demand for reduction of the external
aimensioné of.the semiconductor device after sealing.
Since the semiconductor éhip size is becoming larger to

meet the demand for high integration,-the reduction of

- the external dimensions is very difficult. Many efforts

have been made to reduce the external dimensions.

FIGS. 1A to 1E show a conventional lead frame and a
semiconductor device producéa.by using the lead frame,
shown in Japénese laid open Patent (Tokkai Sho) No: 52-
127756. . In the prior art, two metalic frame bodies 10 to
20 are uped. The first metalic frame body 10 includes a
die pad 6rtion 13 and tie bars 12 connecting the die pad
portion 13.to a joining band 11. FIG. 1C is a cross
sectional view élong the line A-A’ of FIG. 1B. The
second metalic frame body 20 has. projecting portions 23
and a plurality of leads 25 extending from a lead
connecting portion 24 to the central portion. A dam bar
portion 22 supports the leads 25 (FIG. 1B, FIG. 1C). A
semiconductor chip 15 is mounted on the die pad portion

13. (FIG. 1D)

The die pad portion 13 is separated from the joining

band 11 by.cut;ing along the line B-B’.
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The die pad pbrtion 13 having the semiconductor chip
15 is welded to the projecting portion 23, and is fixed

to the second frame body 20. (FIG. 1E)

Bonding pads (Ebt shown) on the semiconductor chip
15 are electrically connected to the inner lead portions

of the leads 25 by bonding wires (not shown).

Since the inner lead portions of the leads 25
overlaps the semiconductor chip 15, it is possible to
reduce the external dimensions of the semiconductor
device comparing with devices wherein the die pad portion

and the leads are produced from a single frame body.

However, in the prior art, the die pad portion 13 is
separated from the joining band after’ the semiconductor

chip is mounted thereon. Thus, there is a problem of

“dust adhering to the semiconductor chip during the

separation process. Furthermore, there is a problem in
handling the frame bodies due to the projecting portions
23; since the projecting portion 23 serves as a hook when

the frame bodies are piled up during the manufacturing

process.

It is also known to mount a semiconductor chip on a
die pad depending from a lower frame by means of a tie
bar and spaced apart from an upper frame providing
contact leads to be bonded to the chip by bonding wires,
as described in EP-A-108 502. This document shows a
semiconductor device assembly according to the preamble

of claim 1.
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An object of the present invention—ts—to Provide a

semiconductor device assembly having an improved lead

arrangement using an improved frame body.

To achieve this object, this invention provides a.

semiconductor device'assembly as defined in claim 1.

The invention will now be explained by reference to
non-limiting embodiments and with reference to the

accompanying drawings, in which:-
Figures 1A to 1E shows a conventional frame body.

Figure 2A is a plan view of a semiconductor device
mounted in a two frame arrangement and Figures 2B and 2C
are cross sectional views along the lines A-A’ and B-B’

in Figure 2A, respectively.

Figure 3 is a cross sectional view showing an
alternative to the frame arrangement shown in Figures 2A-

2C.

Figure 4 is a cross sectional view showing another
alternative to the frame arrangement shown in Figures 2A-

2C.

Figure 5A is a plan view showing insulating patterns
of the arrangement shown in Figure 3 and Figure 5B is a

cross sectional view along the line A-A’ in Figure 5A.

Figure 6A is a plan view showing alternative
insulating patterns of the arrangement shown in Figure 3,
and Figure 6B is a cross sectional view along the lines

B-B’ in Figure 6A.
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Figures 7A to 7J are diagrams illustrating a method

of manufacturing a semiconductor device including a two-

frame arrangement as shown in Figures 2A-2C.

Figures 8A to 8D are diagrams for explaining a joint
portion between a first frame body and a second frame

body.

Figure 9 is a plan view illustrating a preferred
arrangement of the bonding pads formed in a semiconductor

chip and the inner leads.

- Figures 10A and 10B are diagrams illustrating a
problem of contact between the inner leads and the

bonding wires.

Figure 11 is a diagram also used to illustrate a
contact problem between the inner leads and the bonding

wires.

Figures 12A and 12B are draw1ngs for explaining a

preferred shape of the inner leads.

FIG. 13 illustrates a first embodiment of a frame
body used in a device assembly according to the present

invention.

FIG. 14 illustrates a second embodiment of a frame
body used in a device assembly according to the present

invention.

FIGS. 16A and 16B are drawings for explaining the

case where the tie bar is relatively long.
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are diagrans for explaining the reason why the inside dlne nns n +-he

first and the second franme bodies are .different in the ?nbodlments‘ég9
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FIGS. 17 and 18 are crosé sectional views—fer

r_,,

explaining the reason why the dimensions of first and
second frame bodies are different in the embodiment of

FIG. 13.

Referring now to the drawings, the present invention
will be explained. However, the arrangements of Figures

2-12 are not in accordance with the present invention.

FIG. 2A is a plan.view of a semiconductor device
With plastic housing’?l removed for ease of explanation.
FIGS. 2B and 2C are cross sectional views along the lines
A-A! and B-B’' in FIG. 2A, respectively. 1In the
semiconductor devicé, a semicbnductor chip 50 is mounted
on a die pad portion 33 and is fixed thereon by a
conductive giue (not shown). The die pad portion 33 is
formed by depressing and deforming a tie bar 32. A
connecting portion 32b of the tie bar 32 produces a
predetermined offset h between the surfaces of the die
pad portion 33 and a die pad supporting portion 32a. The
offset h is established to be equal or greater than the

thickness of the semiconductor chip 50.

A plurality of inner leads 42a are extended inwardly
S0 as to overlap the semiconductor chip 50. In the
fabrication 6f the semiconductor device, two separate
frame bodies are used for the inner leads 42a and the die
pad 33, respectively. Thus, the lower surface of the
inner leads 42a is coincident with the upper surface of
the die pad supporting portion 32a. The details of this
construction will be provided in the explanation of the
method for manufacturing the semiconductor device, given

later.
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The head portion of the respective inner—teadZ2Za
and the corresponaing bonding pad 54 formed on the |
periphery of the semiconductor chip 50 are electrically
connected by a bonding wire 51. The device is molded

with a plastic resin to form a plastic housing 71.

In the semiconductor device, the relationship
between the width N of the plastic housing 71 and the
width C of the semiconductor chip 50 is expressed as
follows. . '

_ C<N-a cee (1)
wherein the a is é margin. Since, the inner leads 42a
oveflap the semiconductor chip 50, the width C can be
made'reiatively large when compared to a well known
conventional device where the inner leads and the die pad

are formed from a single frame body.

Furthermore, the distance R from the edge of the
plastic housing 7l.to the bonding position X of the inner
lead 42a can be expressed as follows.

R<N-R8 .. (2)
wherein the B.is a margin.
As apparent from the equation (2), the distance R is not
influenced by the semiconductor chip width C. Thus, it
is possible to make the length of the bonding wire
longer. Therefore, the path of moisture from the outside
to the wife bonding portion becomes longer, and the
invasion of moisture can be prevented. Thus, the

reliability against moisture damage is increased.

FIG. 3 is a cross sectional view of another
arrangement. In the arrangement, an insulating tape 57

is formed between the inner leads 42a and the



.and‘40, the nold resin (not shown) injected into the cavybyiﬁﬂ‘rﬂ,
flows out through the slit between the two frame bodies tb RO ALEN Bl :
‘bet ween the adjacent inner |eads. Thus, additional steps,|sgchas renmovi ng
of the burr sticking to the leads, is required. Furthernofe, t)p? FESI1999
soneti mes causes serious problem L _

semiconductor chip 50. The insulatiﬁg tape 157 _is made

of, e.g., polyimide, and is pasted on the inner leads
42a. In this arrangement, the bonding process_between
the inner leads 42a and the bonding pads 54 can be
performed in safety; since the insulating tape 57 absorbs
the stress caused by the bonding when the bonding wire 51
is bonded to the inner leads 42a. Thus, the passivation
layer (not shown) on the semiconductor chip can be

protected from probiems, such as cracking.

FIG. 4 is a cross sectional view which shows an
insulating buffer coating 58 is formed on the
semiconductor chip 50. The coating 58 is made of
insulating material, such as, e.g., polyimide or

- polyurethane. The coating is formed by a spin coating on
the semiconductor chip haviﬁg a passivation layer thereon
~and an etching to expose the bonding pads 54 formed on
the semiconductor chip 50, for example. In this
arrangement, the coating 58 absorbs the stress on the
semiconductor chip when the inner leads 42a contact the
semicondugtor chip 50 during the wire bonding. Thus, the
passivation layer on the semiconductér chip can be

protected from cracking.

FIGS. 5A to 6B aré drawings showing examples of
patterns of the insulating tape 57. In FIGS. 5A and 5B,
the insuiating tape 57 is formed selectively only on the-
edge portion serving as a bonding area of the inner leads

42a.

On the other hand, in FIGS. 6A and 6B, the
insulating tape 57 is relatively wide, and is formed to

support all inner leads 42a. Thus, the stress on the



during the cutting and bendi ng process, or |owers the re laolIlty of the
W re connection. - To prevent the problem the firpt ,ﬁgg '
wi dened by d (corresponding to the |length of the notch #9

0.2 mm with respect to the second

e.g.,

ERLACEMENT ontri

13)

semiconductor chip.SO during the'bonding process can be

reduced, and the wire bonding can be'performed safely.

Next, the manufacturing process used to make a
semiconductor device having an improved frame body will

be explained referring FIGS. 7A to 7J.

At first, a first frame body 30 is prepared. The
first frame body 30 includes a joining bar 31, supporting
bar 36 extending perpendicular from the joining bar 31,
and a die pad portion 33 connected to the joining bar 31
by a tie bar 32. The die pad portion 33 is depresed
downwardly by at least a semiconductor chip height. The
joining bar 31 and the supporting bar 36 formes a closed
loop to surround the die pad portion'33. Furthermore,
the joining bar 31 is plated with tin 34 at selective
1ocation§. It is preferable to form one tin plated
portion 34 on each side of the frame body which surrounds

the die pad portioﬁ 33. The diameter of the tin plated

~portion is about 3 to 5 mm. The first frame body 30

further includes a plurality of indexing holes 35. (FIG.
7A)

Next, semiéonductor chips 50 are mounted on the

corresponding die pad portions 33. (FIG. 7B)

Then, a second frame body 40 is prepared. The
second frame body 40 includes joining bar 41 and a
plurality of leads 42. The leads 42 are supported by dam
bar 43, and are extending inwardly from a lead connecting
portion 46. The second frame body 40 also has tin plated
portions 44 corresponding to the tin plated portions 34

of the first frame body 30 and indexing holes 45
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corresponding to the indexing holes 35 of the first frame

body 30. (FIG. 7C)

‘Next, the second frame body 40 is put on the first
frame body 30 with indexing holes 35 and 45 aligned.
Then, a resistance welding is performed at the positions

where the tin is plated. (FIG. 7D)

In the case where a calking is used for joining of
the first and the second frame bodies, the frame bodies
are easily deformed. On the other hand, such deformation
can be prevented using the above described welding
technique. Generally, copper materials'ére used for the
frame body rather than 42 alloy (Fe-Ni(42%)) for easy
processability. However, such copper materials have a
good electric conductivity and a low thermal resistance.
Thus, thé heat generated during the welding is small and
the heat is easily dissipated. When a large current is
used for the weldiﬁg to get enough heat, there is a
problem of the welding electrode stickiné to the frame.
body.

On the other hand, when the tin is used, it is not
necessary to rise the welding temperature so high, since
the tin has relatively low melting point. It is
preferable to choose the sum of the thickness of the tin
of the first and the second frame bodies about 3 to 5 pm.
Besides the tin, it is possible to use a material of a
low melting point (e.g., 300 °C), a low electric
conductivity, a low thermal conductivity and easily
forming an alloy with the frame body, such as tin based

alloy, e.g., solder (Pb-Sn), Au-Sn.
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In this case,-it is possible to sandwlch a_sheet — l

material having the above mentioned characteristic
between the first and the second frame bodies, instead of

the plating.

Furthermore, it is poséible to plate only one of the
frame.bodies, and also to plate the whole surface of the

frame body.

Next, the wire bonding process is performed by
connecting the bonding pads on the semiconductor chip 50

and the inner leads 42a by bonding wires 51. (FIG. 7E)

FIGS. 7F and 7G show the process of wire bonding. A
condﬁctive 52 glue for fixing the semiconductor chip 50
to the die pad 33 is providgd; The die pad 33 is put on
a heater ‘block 61 (FIG. 7F). Since the inner 42a leads
are made from the second frame body, namely uppér side
frame body 40, there is a slight gap between the surface
of the heater block 61 and the inner leads 42a. Thus, to
peiform the wire bonding process safely, the inner leads
42a are fixed to the surface of the heater block 61 by a
forcing member 62. After'the wire bonding, the forcing
membe; 62 is taken away. The inner leads 42a return to
their orginal position due to the elasticity thereof.
Therefore, a-gap is formed between the surface of the

semiconductor chip 50 and the inner leads 42a.

Then, a molding process is performed using, e.g., a
transfer mold method, to achieve a plastic housing 71.

(FIG. 7H)
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Next, a platihg of the outer leads'42b with solder,

a removal of dam bar 43 and a cutting of the leads from

the lead connecting portion are performed. (FIG. 7I)

Then, the outer leads 42b are bend to obtain a final

product. (FIG. 7J)

FIGS. 8A to 8D are dfawings showing an example of
the shape of the tin plated joint portion of the first
frame body 30 and the second frame body 40. To simplify
the explanatibn, a joint portion formed in the supporting
bar 36 of the first frame body 30 and the lead connecting
portion 46 of the second frame body 40 are illustrated as
an example. As shown in FIG. 8B, the Supporting bar 36
of the first frame body 30 has an opening 38 for forming
a lateral bar portion 37. The lead connecting portion 46
of the second frame body 40 has an opening 48 for forming
a vertical bar portion 47. Thus, when the first and the
second frame bodies are joined, the bar portions overlap
in cross shape and contact at a relatively small area.
Therefore, the heat during the welding may be
concentrated at a small area, and the welding can be

performed effectively.

It should be noted that the first frame body having
the semicondﬁctor chip thereon is combined with the
second frame body. Namely, there ié no cutting process
of the tie bar before the molding. Thus, the dust
problem due to the cutting, which occured in the prior

art, can be prevented.

. FIG. 9 is a plan view illustrating the relationship

between the bonding pads 54 formed on the semiconductor
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chip 50 and the inﬁer leads 42a. As-showﬁ—in-the**
drawing, each inner lead 42a extends inwardly through the
space between the adjaceﬁt bonding pads 54. Each head

portion of the respective inner lead 42a ié bent towards

 the bénding pad to be connected electrically therewith.

FIGS. 10A, 10B and 11 are enlarged drawings for
explaining why it is preferable to bend the inner leads
42a. In the case whefe the inner lead 42a is straight,
there is a crossing D of the inner lead 42a and the
bonding wire 51, as'shown in FIG. 10A. Thus, in the case
where the bonding wire is not long_enough, there is a
risk of contact betwéen the inner lead 42a and the
bonding.wire 51 during the wire bonding process between
the bonding pads 54 and the head portion 42c of the inner
leads 42a, as shown in FiG. 11. 'As previously explained,
since thé inner leads go back'to the original position
after the wire bonding process, the bonding wire will be
pulled by ﬁhe inner lead 42a, and sometimes will be
b:bken due to the pull strength. Therefore, it is
préferable to bend the lead 42a at a predetermined

portion 424 to avoid the contact.

FIGS. 12A and 12B are drawings for explaining the
preferred shape of the inner leads. In FIG. 12A, the
inner lead is angular. On the other hand, the inner lead
in FIG. 12B is rounded. 1If the inner leads contact the
semiconductor chip during the wire bonding process, a
stress will be applied to the semiconductor chip. If the
inner leads are rounded, the stress is disperted and the
risk of cracks in the passivation layer on the

semiconductor chip can be lowered. Thus, it is
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FIG. 13 is a plan view of an embodiment according to
the present invention. 1In this embodiment, the second
frame body or portion 40A having a plurality of leads 42
has a notch 49 to increase the length of the tie bar 32.
Furthermore, the inner dimensions of the first frame body
or portion 30 and the second frame body 40A are
different. Namely, the first frame body 30 has wider

inner dimension than the second frame body'4OA by d.

In FIG. 14, the joining bar 31 of the first frame
body 30A has a notch 39 to increase the length of the tie

bar 32.° The second frame body 40A also includes a notch

~ 49 corresponding to the notch of the first frame body 30.

Thus, the tie bar is lengthened.

' FIGS. 15A to 16B are drawings for explainihg why it
is usefuliﬁor the tie bar to be made longer. When the
tie bar 32 is short, i.ei, nl as shown in FIGS. 15A and
15B, it is hard to deform the tie bar 32 by pressing the

inner lead 32 with the forcing member 42 during the wire

bonding process. Thus, in the case where the height dl

from the lower surface of the die pad 33 to the lower
surfaée of the joining bar 31 is higher than the height
hl of the wall of the heater block 61, the frame bodies
are not well fixed éo the heater block 61 and the forcing
member 62. Therefore, the wire bonding may be performed
with a gap between the heater block 61 and the forcing

member 62.

In FIG. 16B, a notch 49 is formed at the joining bar
41 to increase the length of the tie bar 32 to n2.
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Furthermore, the fbrcing mémber 62A has an escapée zone

62b, as shown in FIG. 15A. When stress is applied to the
frame bodies 30 and 40, the deformatibn of the tie bar is
easily achieved, since the tie bar 32 is made longer and
the distance between the edge 620 of the forcing member
62A and the deformed point 32c is made longer to {2.
Thus, the frame bodies are fixed tightly to the heater
block 61 by thé forcing member 62A, and the wire bonding
is performed in a stabilized condition. The escape zone

62b allows the easy deformation of the tie bar 32.

FIGS. 17 and 18 are diagrams for explaining the
reason why the inside dimensions of the first and the

second frame bodies are different in the embodiments of

- FIG. 13 and FIG. 14. FIG. 17 and 18 correspond to cross

sectional views along'the line E-E’ in FIG. 13.

If the inside edges of the molding dies 81 and.82
are coincident with the edge of the first frame body 30
and 40, the mold resin (not shown) injected into the:
cavity 80 sometimes flows out through the slit between
the two frame bodies to form a burr between the adjacent
inner leads. Thus, additional steps, such as removing of
the burr sticking to the leads, is required.
Furthermore, the resin.sometimes causes serious problem
during the cutting and bending process, or lowers the

reliability of the wire connection.

To prevent the problem, the first frame body 30 is
widened by d (corresponding to the length of the notch 49
in FIG. 13), e.g., 0.2 mm, with respect to the second
frame body 40 in the embodiment of FIG. 13. With this

arrangement, it is possible to fabricate a projecting



~predeterm ned thickness, the |ead frame structure conprisingFPTﬁpﬁwaﬁrE*EET
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portion 83a to hold the second Frame body 40 With-the—
upper molding die 8l1. The projecting portion 83a
preVehts the flow of the mold résin, and.the reliability
and the efficiency of the molding process can be

increased.

The present invention has been described with
respect.to a specific embodiment. However, other
embodiments based on the principles of the present
invention should be obvious to those of ordinary skill in
the art. Such embodiments are intended to be covered by

the claims.
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CLAIMS

1. A semiconductor device assembly comprising a lead
frame structure and a semiconductor chip (50) of
predetermined thickness, the lead frame structure
.comprising:

a first frame portion (30, 30A)'forming a closed
loop, said first frame portion supporting a die pad
portion (33) which supports the semiconductor chip

'thereon;

tie bar means (32) for connecting said die pad
portion to said first frame protion, said tie bar means
(32) suspending said die pad portion (33) below the first
frame portion by an offset greater than or equal to the
thiqkness of the semiconductor chip (50); and

a second frame portion (40, 40A) forming a closed
loop above said first frame.ﬁortion and being vertically
stacked in joined alignment therewith so that the said
first and second frame portions (30, 30A; 40, 40a)
surround said die pad portion (33) in a central portion
of the lead frame structure, a plurality of lead portions
extending from said second frame portion into the central
portion so as to overlap the semiconductor chip,
characterized in that said second frame portion has a
narrower inner dimension than said first frame portion
and has a pair of notches (49) formed on opposite sides
of the inner periphery thereof, each notch (49) being
positioned above a respective one of said tie bar means
(32) and coinciding with or overlapping the inner

periphery of said first frame portion.
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“2. A semiconductor device assembly accordlng to claim

1, whereln sald first frame portion (30, 30A) includes a
. pair of notches (39) each surrounding and adjacent to a

respective tie bar means (32).
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SEMICONDUCTOR DEVICE HAVING AN IMPROVED LEAD ARRANGEMENT
AND METHOD FOR MANUFACTURING THE SAME

ABSTRACT

First (30) and second (40) frame bodies are used to
fabricate a semiconductor device. The first frame body
(30) includes a die pad (33). The second frame body (40)
includes a plurality of leads (42). The die pad is
depressed by a predetermined amount {(h) which is equal or
greater than the thickness of a semiconductor chip (50)
to be mounted on the die pad. The two frame bodies are
welded, and wire bonding and cutting of the leads are

performed.

FIGURES 7A TO 7J
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