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(57) ABSTRACT 

A lead frame and a semiconductor device wherein a through 
hole is formed in the center of a Semiconductor chip 
mounting Surface of a chip pad at the center of the lead 
frame, the through hole being tapered or being one which 
corresponds to a Surface area that is greater on the Surface of 
the chip-mounting Surface of the chip pad than on the 
Surface of the Side opposite to the chip-mounting Surface 
thereof. This prevents the occurrence of cracks in the Sealing 
plastic portion in the Step of reflow Soldering of the lead 
frame to the Substrate. 

48 Claims, 5 Drawing Sheets 

  



U.S. Patent May 7, 2002 Sheet 1 of 5 US RE37,690 E 

F1 G. 1 

4 

ZZZZZZZYZZ-5 
NYAS/SN N4222.N. 

NNNN-9 
C 2 6 8 

FIG. 3 

  

  

  

  

  

  



U.S. Patent May 7, 2002 Sheet 2 of 5 US RE37,690 E 

F/G. 6 (PRIOR ART) 
4. 6 

ZZZZZZZZZZ 
N2 NS/N 7 

N-g 
-- C - 

5 
1 

F1 G. 7 (PRIOR ART) F/G, 8 (PRIOR ART) 

N. N-13b 

F/G, 9 F1 G. 70 
. . . . . . . . . . . . . . . . . . --15 
Z77-7 a... . . . . . . (7.77 14C 

SNS N KN's 

(ZZ 16a 
16b 

  

    

  

    

  

  

  



U.S. Patent May 7, 2002 Sheet 3 of 5 US RE37,690 E 

NNN 
NS 

Ny 

F/G. 19 F1 G. 20 
18 

-a i zie N's 
ZA EZ-1 ZAZ2 

2 

  

    

    

  

  

  

  

  

  

  

  

  



U.S. Patent May 7, 2002 Sheet 4 of 5 US RE37,690 E 

F1 G. 27 F1 G. 22 

-. i.e., SS, W2X EW3-1 2X EZ2-1 
2 19 

F1 G. 23 F1 G. 24 
3 ré 3-4 

r? -- St. 
Ele) is 22:22, 
O 1C b 2O 

F1 G. 25 F/G. 26 
4. 

1b. 

23 1d 23 

F1 G. 27 F1 G. 29 
a 25 - 25 

to 2-2+2-b H2A.Z 22-lb b 

F1 G. 26 F1 G. 30 

3 3 

1O b b O 

    

    

  

  

  



U.S. Patent May 7, 2002 Sheet 5 of 5 US RE37,690 E 

F/G, 31 F1 G. 33 
- --- 

7 -- - 1b. b st- Z-1b Z2 - Z tri 222 
F1 G. 32 F1 G. 34 

o t | - b 
1C N1b. 

F/G, 35 
N 

EE 10 X 
P x - 

5 -1 
3 x^ 

in 505 / 
; F / 

H. O 

O 5 O 
F/G, 36 CHP SIZE g (mm) 

1st 
C) o 

5 
3. 

Os ii 
ins 
2 Liu unaga 
U?) (D 

- o-h- 4. 5 
WDTH OF THE CHP PAD (mm) 



US RE37,690 E 
1 

LEAD FRAME AND SEMCONDUCTOR 
DEVICE 

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

This application is a continuation of application Ser. No. 
07/914,465, filed Jul 17, 1992, abandoned, which is a 
reissue application for U.S. Pat. No. 4,942,452, granted Jul. 
17, 1990. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a lead frame and a 
Semiconductor device. More Specifically, the invention 
relates to a lead frame and a Semiconductor device adapted 
to preventing prevent package cracking the heat as a 
result of the heat generated at the time of reflow Soldering. 

2. Description of the Prior Art 
Plastic molded semiconductor devices of the Surface 

mounted type which permits the leads to be directly soldered 
onto the Substrate are becoming established as a Standard 
Substitute for conventional devices of the pin inserted type. 
If packages of Such a type are preserved in a high 
temperature and high-humidity environment, the plastic will 
in time absorb moisture which will then be vaporized in an 
interface between a chip pad (a portion where the chip is 
mounted which hereinafter is referred to as chip pad) and the 
plastic portion at the time of heating for Soldering (reflow), 
giving rise to the formation of cracks in the lower corner 
Surface of the chip pad. The cracks develop at the time of 
reflowing the Solder and are usually called reflow cracks. 

According to a conventional technique for preventing the 
reflow cracks from occurring, the back Surface of the pack 
age is perforated for allowing any vapor generated to escape 
as is disclosed in Japanese Patent Laid-Open No. 208847/ 
1985. 

In order to increase the adhering Strength on the interface 
between the plastic portion and the chip pad while prevent 
ing the formation of a gap, furthermore, a method has been 
proposed according to which the Surface of the chip pad 
opposite to the Surface on which the chip is mounted is made 
rugged as disclosed in Japanese Patent Laid-Open NoS. 
199548/1983 and 186044/1965. A technique for perforating 
a portion that corresponds to the chip pad has also been 
disclosed in Japanese Patent Laid-Open No. 16357/1984 and 
in U.S. Pat. No. 4,633,583. 
Among the above-mentioned conventional techniques, 

the method of perforating the lower Surface of the package 
helps prevent the formation of reflow cracks but forms a 
passage that allows the moisture to flow between the exterior 
and interior of the package which then results in the corro 
Sion of chip electrodes. 

The method which forms a rugged Surface on the Surface 
of the chip pad opposite to the chip-mounting Surface is 
effective for preventing the displacement between the chip 
pad and the adhering Surface of the plastic portion, but is not 
effective for preventing the displacement in a direction in 
which they will be separated away from each other since the 
plastic portion easily escapes from the recessed portion. 

The moisture contained in the plastic vaporizes at the time 
of reflow Soldering of the plastic molded Semiconductor 
device, and the vapor pressure acts on the Voids in the 
interface between the chip pad and the plastic or acts on the 
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2 
cavities in the non-adhered portions to promote the peeling 
peeling on the interface between the chip pad and the plastic. 
Even if the cavity becomes progressively larger as a result 
of peeling, the ambient water content is Supplied thereto by 
diffusion. Therefore, the pressure in the cavity does not 
decrease, and the plastic portion undergoes deformation 
giving rise to the formation of cracks Starting from a portion 
where a maximum StreSS generates at the end of the chip pad 
(see crack 10 in FIG. 6). According to the above-mentioned 
Japanese Patent Laid-Open No. 16357/1984, part of the chip 
pad is removed and plastic is filled in this portion to prevent 
the peeling by the thermal StreSS. Moreover, Since the 
thickness of the plastic portion increases equivalently, resis 
tance against the humidity can be improved to Some extent. 
However, StreSS in the portion where a maximum StreSS 
develops is little different from the case of when a portion of 
the chip pad is not removed because of the deformation that 
develops when the plastic portion is peeled off from the chip 
pad being caused by the vapor pressure at the time of reflow 
soldering. Therefore, this structure is not very effective for 
coping with the cracks that develop in the plastic portion at 
the time of reflow soldering. 

In order to prevent the chip from breaking at the time of 
die bonding or in the Subsequent temperature aging, it had 
Initherto hitherto been attempted to use a lead frame 
material having a Small coefficient of expansion or to use a 
die bonding agent having a Small coefficient of elasticity. 
However, the traditional methods limited the range for 
Selecting the materials, pushed up the manufacturing cost, 
and were not completely effective for Suppressing the reflow 
cracks. 
The dimple processing is effective for preventing the 

development of cracks in the plastic portion at the lower end 
of the chip pad under the temperature cycle testing. 
However, when there exists a large difference in the linear 
thermal expansion coefficient between the lead frame mate 
rial and the plastic material, the cracks easily develop at the 
root of the resinous protrusion filled in the dimples. 
According to the performation perforation method 

which forms apertures that reach from the surface of the 
package to the Side of the chip pad opposite to the chip 
mounting side Surface in order to Suppress the reflow 
cracks, the moisture easily reaches the interface where the 
chip pad and the plastic part are adhered together and further 
reaches the Surface of the chip through apertures. When used 
for extended periods of time, therefore, the device becomes 
defective as the aluminum (A1 All) wiring is corroded. 
Further, this method is not quite effective for Suppressing the 
development of cracks in the plastic at the lower end of the 
chip pad caused by the temperature cycle. 

SUMMARY OF THE INVENTION 

The An object of the present invention is to prevent the 
reflow cracks resulting from vapor pressure. 

Another object of the present invention is to provide 
Semiconductor device which permits minimum destruction 
of the Semiconductor chips at the time of die bonding or in 
the Subsequent temperature aging, which prevents cracks 
from developing in the plastic at the lower end of the chip 
pad even under the temperature cycling test, and which 
exhibits increased resistance against the reflow crackS. 
The above object is objects are achieved by forming a 

through hole of a particular shape in the chip pad, and 
holding a plastic portion on the chip pad utilizing the hole, 
to thereby decrease the StreSS that generates in the plastic 
portion on the lower corner Surface of the chip pad where 
reflow cracks may develop. 
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To prevent the cracks from developing in the plastic at the 
time of reflow Soldering, it is essential that excessive 
StreSS is not generated at an end of the chip pad where 
maximum StreSS is generated even when the plastic portion 
is peeled off from the chip pad. This requirement is achieved 
by a Structure which is capable of preventing the plastic 
portion from deforming even when there exists no adhesive 
force between the plastic portion and the chip pad, i.e., by a 
Structure which does not permit the plastic portion to 
escape be deformed away from the chip pad irrespective of 
the vapor pressure. 
A first invention inventive aspect of the present appli 

cation is concerned with a unitary Structure including a lead 
frame consisting of a chip pad for mounting a Semiconductor 
chip and a group of leads connected to Said chip pad along 
the periphery thereof, the improvement wherein a through 
hole is formed in at least one place of the chip pad, said the 
through hole having a tilted portion (tapered portion) with 
respect to the chip-mounting Surface of the chip pad. 

The through hole may assume the form in which the entire 
hole is tilted relative to the direction of thickness of the chip 
pad or be in the form in which the hole as a wedge portion 
in the thickness of the chip pad, or may assume any other 
form. 
A second inventive aspect of the present application 

invention is concerned with a unitary Structure including a 
lead frame consisting of a chip pad for mounting a Semi 
conductor element chip and a group of leads connected to 
said chip pad along the periphery thereof, the improvement 
wherein a through hole is formed in at least one location of 
the chip pad, said the through hole having an opening on 
end disposed in the chip-mounting side corresponding to 
Surface and having an area that is greater than an area of a 
hole opening end thereof on the Side opposite to the chip 
mounting side Surface. 
A third inventive aspect of the present application 

invention is concerned with a Semiconductor device which 
comprises a Semiconductor chip, a unitary Structure of a chip 
pad for mounting the Semiconductor chip and a group of 
leads connected to the chip pad along the periphery 
thereof, and a plastic portion for Sealing inner lead portions 
in of the group of leads, the chip pad and the semicon 
ductor chip, wherein a through hole is formed in at least one 
portion of the chip pad, Said through hole having a portion 
that is tilted relative to the chip-mounting Surface of the chip 
pad. 

The through hole may assume the form in which the entire 
hole is tilted relative to the direction of thickness of the chip 
pad, the form in which a wedge portion is formed in the 
direction of thickness of the chip pad, the form in which 
the area of the hole opening on end in the chip-mounting 
side Surface is greater than the area of the hole opening 
on end in the side Surface opposite to the chip-mounting 
side Surface, or it may assume another form. 
Throughout the first to third mentioned inventive aspects 

of the present application, it is desired that the through hole 
has an a first opening end area on in the chip-mounting 
side Surface which lies from 24% of the area of the chip 
pad on the side of the chip-mounting Surface through up to 
is less than 80% of the junction area between the chip pad 
and the chip. It is further desired to form a groove that 
Surrounds the through hole on the side of opening end in 
the chip-mounting Surface of the chip pad. 

Furthermore, the above-mentioned objects are also 
achieved by using a lead frame in which the chip pad is 
comprised of an adhesive-mounting portion, a chip Support 
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portion and a lead for connecting both of them together, and 
by adhering the chip pad and the Semiconductor chip 
together in the adhesive-mounting portion only. 
A fourth inventive aspect of the present application 

invention is concerned with a Semiconductor device which 
comprises a Semiconductor chip, a chip pad for mounting the 
Semiconductor chip, and a group of leads that include a chip 
pad-hanging pad supporting lead (chip-mounting portion, 
i.e. a lead-like Support member for Supporting the chip pad 
which is hereinafter referred to as chip pad-hanging pad 
Supporting lead) that is linked to the chip pad, wherein the 
chip pad is divided into a has an Outer peripheral annular 
portion and a central island portion, the island portion is 
connected to a portion part of the annular peripheral 
portion as a unitary structure So that it the island portion 
is Supported by the annular peripheral portion, and the 
Semiconductor elment chip is indirectly mounted on the 
island chip portion via an adhesive and is further mounted 
on the element-mounting chip mounting Surface of the 
annular peripheral portion directly or via a gap (space). 
A fifth inventive aspect of the present application inven 

tion is concerned with a Semiconductor device having a 
component structure similar to that of the fourth invention, 
however inventive aspect. However, the chip pad is divided 
into an adhesive-applied adhesive application portion (i.e., 
island portion) for adhering Semiconductor chip and other 
portions (annular peripheral portion, lead portion, etc.). 

In the invention according According to the present 
invention, it through hole be is desired that the chip pad 
is through hole has a portion tapered in the direction of its 
thickness Such that the area of the chip pad on the chip side 
opening end of the through hole in the chip-mounting 
surface thereof, as affected by the size of the through hole 
opening(s) is Smaller greater than the through hole open 
ing area of the chip pad Surface on the Side opposite to the 
chip side chip-mounting Surface. It is further desired to 
form a groove along the periphery of the island portion to 
prevent the bonding agent adhesive from flowing out. 

Preferably, furthermore, the island portion should be 
lower than the annular Outer peripheral portion on the 
chip-mounting Side. In other words, it is desired that the 
adhesive-mounting adhesive application portion has a 
Surface that is lower than the Surface of the chip Support 
portion So as to form a step therebetween. 

It is further desired that a part of the surface of the 
annular Outer peripheral portion on the chip-mounting 
Surface of the chip pad be recessed relative to the remaining 
Surface or Surfaces of the annular Outer peripheral portion 
on the chip-mounting Surface. In other words, it is desired to 
form a dent in a portion for Supporting the chip in the chip 
Support portion of the chip pad. 
The island portion may not necessarily be only one 

portion but may be divided into a plurality of portions. It is 
further desired that the island portion has a thickness Smaller 
than that of other lead portions. 
The aforementioned modes features may be suitably 

combined together as a matter of course. 
To roughly find the StreSS in the plastic portion on the 

lower corner Surface of the chip pad where the reflow cracks 
develop, the plastic portion under the chip pad should be 
modeled in the form of an elongated a rectangular flat 
plate which has defined fixed peripheral sides and on which 
the pressure is uniformly distributed as shown in FIG. 5. In 
this case, a maximum StreSS is generated at the center of the 
long Side and is given by the following equation. 
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a? (1) 
C = 6 p 

where B denotes a coefficient of stress determined by the 
ratio of a long Side to a short Side, a denotes the length of the 
Short Side, h denotes the plate thickness, and p denotes a 
preSSure of the water vapor. 
As will be obvious from the equation (1), the stress that 

is generated increases in proportion to the Square power of 
the chip pad size a. AS the chip size increases, therefore, the 
reflow crack (designated at 10 in FIG. 6) tends to develop 
easily. To decrease the StreSS, therefore, the length of the 
short side should be shortened or the plate thickness should 
be increased. However, increase in the plate thickness results 
in the increase in the thickness of the package which is not 
adapted to flat packages that feature reduced thicknesses. 
Moreover, the chip pad size is not allowed to become 
Smaller than the size of the chip, and is thus determined by 
the size of the chip. 

According to the present invention, therefore, a plastic 
holding portion is provided on a portion of the chip pad to 
divide the peeling portion of the chip pad. This helps 
Substantially decrease the chip pad size a, and whereby 
StreSS in the plastic portion decreases and the reflow cracks 
are prevented from developing in the resin plastic portion. 

According to the present invention, therefore, the distance 
for holding the plastic portion under the chip pad becomes 
Short when the chip pad and the plastic portion are peeled off 
from each other, and whereby reduced stress develops in 
the resin plastic portion due to vapor pressure and reflow 
cracks are prevented from developing. 

According to One aspect of the present invention, the chip 
and the chip pad are adhered together only at a central 
portion of the chip, and the StreSS that is generated in the chip 
is nearly equal to a value that results when the chip of a 
length that corresponds to the adhered portion is adhered 
over its entire mounting Surface. Therefore, even those chips 
having large sizes do not develop cracks. 
AS for cracks that may develop in the resin plastic 

portion under the lower end below edge of the chip pad 
through under the temperature cycle testing cycling 
Since there exists a gap between the annular portion of chip 
pad and the island portion, and the resin plastic material 
introduced into this gap eliminates relative Slippage between 
the plastic and the Surface of the chip pad of the side 
opposite to the chip. Therefore, the StreSS is Suppressed from 
developing at the lower portion of the chip pad, and the 
crack is prevented from developing in the plastic portion. 

The coefficient of linear expansion of the plastic material 
is greater than that of the chip pad. Under a high-temperature 
condition at the time of reflow solderin Soldering, 
therefore, the plastic of a portion where in the hole is 
formed is pushed onto the side inner peripheral surface of 
the chip pad hole. Moreover, since the side inner periph 
eral Surface of the chip pad hole has been made rugged at 
the time when it was formed, the side inner peripheral 
Surface of the chip pad hole prevents the plastic from 
Swelling toward the lower Side of the chip pad even in the 
case where the adhering force is insufficient between the 
plastic and the chip and, further, even when the vapor 
preSSure is applied thereto. Here, the Side Surface of the 
island portion works as a fixed fulcrum. Therefore, the StreSS 
being generated is less than that of in the conventional 
chip pad Semiconductor device, and the reflow cracks 
hardly develop. 
AS described above, the present invention provides a 

Semiconductor device which prevents the chips from being 

15 

25 

35 

40 

45 

50 

55 

60 

65 

6 
destroyed at the time of die bonding and in the Subsequent 
temperature aging, reduces the propensity for the formation 
of cracks in the plastic portion at the lower end edge of the 
chip pad through under the temperature cycle testing 
becomes minimized cycling, and exhibits excellent resis 
tance to the formation of reflow cracks becomes realizable. 

According to the present invention, therefore, there is 
obtained a Semiconductor device which does not permit 
Semiconductor chips to be destroyed at the time of die 
bonding and in the Subsequent temperature aging, the for 
mation of cracks in the plastic portion at the lower end of the 
chip pad through the temperature cycle testing becomes 
minimized, and provides excellent resistance to the forma 
tion of reflow cracks becomes realizable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 and 18 are perspective views illustrating a 
portion of a chip pads of lead frame frames according to 
an embodiment different embodiments of the present 
invention; 

FIG. 2 is a section Sectional view of a semiconductor 
device to which the embodiment of FIG. 1 is adapted, taken 
along the line II-II in FIG. 1; 

FIGS. 3 and 4 are section Sectional views illustrating 
portions of chip pads of lead frames according to other 
embodiments of the present invention; 

FIG. 5 is a perspective view of a calculation model used 
for calculating the StreSS in the lead frame; 

FIG. 6 is a section Sectional view of a semiconductor 
device according to prior art; 

FIGS. 7 and 8 are section Sectional views showing of 
a portion chip pad of the lead frame to illustrate steps for 
forming a through hole in the lead frame according to prior 
art, 

FIGS. 9. 10, 11, 12 and 14, 19 and 21 are section 
Sectional views illustrating a portion of the lead frame to 
illustrate steps for forming a through hole holes in the 
lead frame frames according to embodiments of the 
present invention; 

FIG. 13 is a section Sectional view illustrating portions 
of a chip pad of the a lead frame and a pressing metal mold 
to explain a step for forming a through hole therein; 
FIGS. 15, 16 and 17 are section sectional views of 

semi-conductor Semiconductor devices according to fur 
ther embodiments of the present invention; 

FIG. 19 is a Section view of a lead frame with an adhesive 
On a chip pad thereof 

FIG. 20 is a section Sectional view of the state where 
an element is lead frame shown in FIG. 19 with a chip 
mounted on the lead frame according to the embodiment of 
FIG. 19, 

FIG. 21 is a sectional view of a lead frame with a groove 
formed in a chip pad, 

FIG. 22 is a section Sectional view of the state where 
lead frame shown in FIG. 21 with a chip is mounted on the 
lead frame according to the embodiment of FIG. 21; 

FIGS. 23, 26, 28, 30, 32 and 34 are plan views of chip 
pad for semiconductor devices pads of lead frames accord 
ing to the embodiments of the present invention; 

FIG. 24 is a section Sectional view of FIG. 23; 
FIG. 27 is a section sectional view of FIG. 28; 
FIG. 29 is a section sectional view of FIG. 30; 
FIG. 31 is a section Sectional view of FIG. 32; 
FIG. 33 is a section Sectional view of FIG. 34; 
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FIG.25 is a section sectional view of a chip pad for a 
Semiconductor device of a lead frame according to an 
embodiment of the present invention; 

FIG. 35 is a diagram showing stress on in the chip 
Surface; and 

FIG. 36 is a diagram showing resin stress at the lower 
edge of the chip pad. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The lead frame and Semiconductor device according to 
embodiments of the present invention will now be described 
in conjunction with the drawings. 

FIG. 1 is a partial perspective view of the lead frame 
according to an embodiment of the present invention, and 
FIG. 2 is a section Sectional view of a semiconductor 
device which employs the above lead frame. 

According to this embodiment, a chip pad 1 is Supported 
at its both ends by chip pad-hanging pad Supporting leads 
3 and has a through hole 2 formed nearly at the center 
thereof. As will be obvious from a section view of FIG. 2, 
the through hole 2 is gradually broadened toward a chip 4 
and is gradually narrowed in a direction away from the chip 
4. In FIG. 2, reference numeral 5 denotes a plastic portion, 
6 denotes vapor, 7 denotes a lead lead, 8 denotes a solder, 
and 9 denotes a Substrate. 

Vapor 6 is generated on an interface between the chip pad 
1 and the plastic portion 5. The plastic portion 5 is Swollen 
as a result of the pressure of the vapor. In this case, StreSS is 
generated in the plastic portion 5 on the lower corner 
Surface edge of the chip pad. According to this 
embodiment, however, the through hole 2 of the chip pad 1 
holds the plastic portion 5, and SO that the size a becomes 
Smaller than one-half that of the conventional chip pad as 
will be obvious from the comparison of FIG. 2 with FIG. 6 
(diagram of prior art). Therefore, the stress generated in 
compliance with the equation (1) can be reduced to less than 
one-fourth to prevent the occurrence of reflow crackS. 

Second and third embodiments of the present invention 
are illustrated in FIGS. 3 and 4. According to the second 
embodiment, a restricted portion 2a having an area Smaller 
than the area of an opening end of the through hole 2 on 
in the Surface opposite to the chip is formed in the through 
hole 2. According to the third embodiment, furthermore, the 
through hole 2 is formed as being tilted with respect to the 
plane of the chip pad 1. The through hole needs be tilted by 
about 10 degrees relative to the orthogonal direction of 
normal to the chip-forming chip mounting Surface of the 
chip pad. In these two embodiments, the plastic portion 
enters into the through hole 2 so as to be held by the chip 
pad 1 to prevent the occurrence of reflow cracks like as in 
the first embodiment. 

The through hole according to the present invention need 
not have a circular shape on in a plane as shown in FIG. 
1, but may have an oval shape, a rectangular shape or a 
crossed shape to obtain the same effects. Moreover, the 
through holes may be formed in a plurality of numbers 
plural number So far as they do not impair the rigidity 
required for the chip pad 1 to obtain improved effects. 
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8 
The StreSS O, that is generated in the plastic portion in the 

through hole is expressed by, 

P (2) on = . h - A 

where A denotes the area of the chip pad, and A, denotes a 
minimum area in the hole. 
The plastic portion is destroyed when the StreSS exceeds 

a breaking stress of the plastic O. Therefore, the following 
equation must hold, 

Of3> A. P (3) 

and hence, 

P (4) 
Ah > ofs At 

At the time of Solder reflow, in general, the package is heated 
at about 220 C., and the saturation Saturated vapor 
pressure of water at this temperature is 0.24 kgf/mm. 
Further, Since the breaking StreSS of the plastic at this 
temperature is about 1 kgf/mm, these values are inserted in 
the equation (4) to obtain, 

A-0.24A (5) 

That is, the minimum area of the hole should be greater 
than 24% of the area of the chip mounting surface of the chip 
pad. 

If the through hole becomes too great, the chip pad loses 
rigidity. Moreover, roughneSS is formed on the chip 
mounting Surface and it becomes difficult to join the chip is 
made rugged wherein and the chip pad together. Further, 
there is very little conducting transfer of heat applied from 
the Surface of the chip pad of the Side opposite the chip 
mounting Surface thereof to the chip at the time of wire 
bonding. Therefore, a limitation is imposed on the Size of the 
through hole. According to experiments conducted by the 
present inventors, it was found that the through hole should 
have a Surface opening area that is Smaller than 80% of the 
area corresponding to of the Surface of the chip that is to 
be mounted. The above-mentioned range of the area of the 
hole applies to each of the through holes of Single hole chip 
pads or to the Sum of the through holes of multi-hole chip 
pads. 

Description below is how to form the through hole 
according to the present invention. 

FIG. 7 illustrates a method of forming a through hole in 
the chip pad according to the conventional etching technol 
ogy. Etching patterns 14a and 14b of the same shape are 
tightly adhered onto both sides of the a chip pad 13a which 
is then immersed in an etching Solution 15. The etching 
proceeds from both Surfaces of the chip pad 13a, So that 
there is formed a hole that has a slightly narrower central 
portion as shown in FIG. 8. According to the conventional 
method, however, the area is nearly uniform inside the hole 
and, as a result of which, the plastic that enters therein the 
hole is not held by the hole. 

FIG. 9 illustrates a method of forming a through hole 
according to the Second embodiment of the present inven 
tion. The opening of the hole in an etching pattern 14c on the 
upper Surface of the chip pad 13a is greater than the hole 
opening in an etching pattern 14d on the lower Surface of the 
chip pad. When the chip pad is immersed in the etching 
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Solution 15, therefore, a hole is formed as shown in FIG. 10 
and SO that the second embodiment is realized. 
FIG. 11 illustrates a method of forming a through hole 

according to the third embodiment of the present invention. 
Etching patterns 14e and 14f have holes of he the same size 
but at different positions. The hole formed is characterized 
as being tilted relative to the chip pad Surfaces as shown in 
in FIG. 12, and So that the third embodiment is realized. 

FIG. 13 illustrates a method of realizing the present 
invention relying upon a pressing action. First, a through 
hole is formed in the chip pad 13a by a conventional 
technique, and a preSS metal mold having a punch 16a is 
pressed onto this portion of the chip pad 13a placed On an 
anvil 16b. Thus, there is provided a portion through hole 
opening having an area greater than the area in the hole 
corresponding to of a hole opening in the chip-mounting 
Surface of the chip pad of the Side opposite to the chip 
mounting surface thereof thereof, as shown in FIG. 14. 
A fourth embodiment of the present invention will now be 

described in conjunction with FIGS. 15 and 16. The Each 
through hole 2 in the chip pad 1 is not tapered but has a 
diameter or width which is larger in the chip-mounting 
Surface than a diameter or width in the Surface opposite to 
the chip-mounting side Surface. In this embodiment, 
furthermore, a thin an enlarged portion 17 is formed in 
each hole 2. Holes 2 are formed in a plural number. 
Reference numeral 18 denotes a die bonding material or 
adhesive. 

In FIG. 15, through holes 2 are formed in the chip pad 1, 
and thin enlarged portions 17 are each formed in the upper 
portion of the chip pad 1 hole 2. According to this 
Structure, the plastic portion 5 is molded onto the upper part 
of the chip pad even when a gap between the chip 4 and the 
chip pad 1 is completely filled with the die bonding material 
18. Even wen) when the chip pad 1 and the plastic portion 
5 are peeled off from each other at the time of reflow 
Soldering, the plastic portion 5 is not separated from the chip 
pad 1 Owing to the plastic being molded on the upper part 
of the chip pad, and however, the plastic portion is Slightly 
deformed by the vapor pressure as shown in FIG. 16. Here, 
if a maximum width d of a portion remaining on the chip pad 
is Set to be Smaller than a value given by the following 
equation, no crack develops in the resin plastic portion, 
I.C., 

(6) 1 
Koi - - - IC VA 

where 
K: a breaking toughness of the resin plastic portion at 

a reflow temperature, 
p: a vapor pressure generated at the time of reflow. 
FIG. 17 illustrates a further embodiment in which through 

holes 2 that are upwardly expanding diverging are formed 
in a plural number to obtain effects similar effects as to 
those of the aforementioned embodiments. The through 
holes 2 may be of a circular shape but should preferably be 
of a shape close to a rectangular shape or close to an 
elongated circle as shown in FIG. 18 to obtain improved 
reinforcing effect. 

Finally, described below are problems involved in imple 
menting the invention into practice and a method of Solving 
the problems. FIG. 19 shows that a state where an adhesive 
18 is applied to join bond the chip to the chip pad of the 
present invention, and FIG. 20 shows the state where the 
chip 4 is mounted and joined bonded after the state of 
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completion FIG. 19. As shown in FIG. 20, when applied in 
an excess amount, the adhesive 18 may flow onto the side 
inner peripheral Surface of the through hole 2. If the plastic 
portion is molded after the adhesive is hardened under in 
the state of FIG. 20, the plastic portion and the adhesive may 
peel off from each other to lose the effects of the present 
invention. 

In order to solve such a problem, a groove 19 for 
preventing the overflow of adhesive 18 should be provided 
in the chip-mounting Surface of the chip pad to Surround the 
through holes 2 as shown in FIG. 21. FIG.22 illustrates the 
State where the chip 4 is mounted on the chip pad 1 that is 
provided with the groove 19 for preventing the overflow of 
adhesive. As shown in FIG. 22, an extra any excess 
adhesive is prevented by the groove 19 from overflowing 
and does not flow into the through hole. 
The following description of the embodiments for calcu 

lating the effects is based upon the presumption of using a 
256 KDRAM package of the conventional construction 
having a chip Size of 4.0 mmx9.0 mm, a chip pad size of 4.2 
mmx9.3 mm, using a lead frame composed of a copper (Cu) 
alloy being die-bonded with a solder. 

In FIG. 23, the semiconductor chip 4 is secured onto the 
chip pad 1 using an adhesive, and terminals on the Semi 
conductor chip 4 are electrically connected through fine 
metal wires to a plurality of leads 7 arranged around the chip 
pad 1. The lead frame consists of leads that include chip 
pad-hanging pad Supporting leads 3 (FIG. 1) and the chip 
pad 1, and is sealed with the resin plastic portion 5 and is 
then cut away from the outer frame to which it had been 
coupled. 
The Semiconductor chip 4 is composed of Silicon (Si) 

whose coefficient of linear expansion C, is about 3x10/C. 
The lead frame is usually composed of a 42 alloy (Fe-42Ni) 
(C=5x10/ C.) or a copper alloy (C=17x10/ C.). The 
plastic 5 has a coefficient of linear expansion C. of 20 to 
30x10'? C. In this embodiment, the chip pad 1 is divided 
into has a generally circular central island portion 1a and 
a an Outer peripheral annular portion 1b. Symbol 1c 
denotes leads the to couple the island portion 1a and the 
annular peripheral portion 1b together. AS is obvious from 
FIG. 24, furthermore, the adhesive 18 is applied onto the 
island portion 1a only. 

In the conventional Semiconductor device, the constituent 
materials have dissimilar coefficients C. of linear expansion. 
Therefore, the chips constructed in a large Size are accom 
panied by Such problems as cracking resulting from the Step 
of die bonding for joining mounting the chip and On the 
chip pad together or due to temperature aging after the die 
bonding and cracking in the plastic at the lower edge of the 
chip pad due to cooling after the Semiconductor device is 
Sealed with plastic or due to temperature cycle testing. 
Furthermore, if the a semiconductor device left to stand in 
the air for extended periods of time is mounted on the 
Surface of the a Substrate, cracks often develop in the 
plastic (hereinafter referred to as crack in during the Solder 
reflow). Contents of the defective modes will now be 
described. 
The thermal StreSS is generated at the time of die bonding 

Since the Semiconductor chip and the chip pad material have 
dissimilar coefficients of linear expansion. If the adhesive 
yields, therefore, tensile StreSS results on the Surface of the 
element chip due to temperature aging after the die bond 
Ing. 

In the case of the copper (Cu) lead frame and the adhesive 
composed of a 95 Pn-5 Sn Solder, the tensile stress becomes 
as shown in FIG. 35. The tensile stress increases with the 
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increase in the chip size, and often exceeds the breaking 
Strength of the chip. It is therefore attempted to use a lead 
frame material of the Fe-Ni type having a small coefficient 
of expansion and to use a die bonding agent having a very 
Small elasticity, to decrease the StreSS that results in the chip. 

The cracks develop in the plastic at the lower corner of the 
chip pad during the temperature cycle testing cycling since 
the StreSS developed is concentrated at the lower corner of 
the chip pad due to difference in the coefficient of linear 
expansion between the lead frame material and the plastic 
material. In particular, if the plastic peels off from the chip 
pad of the Side opposite to the chip, the StreSS at the lower 
corner of the chip pad increases Stepwisely as shown in FIG. 
36. The stress increases so rapidly with the increase in the 
chip pad siz Size (chip size) that cracks develop in the 
plastic. A curve i represents peeling between the chip pad 
and the plastic, which exhibits relative Slippage, and a curve 
ii represents whole-Surface adhesion without relative Slip 
page. To prevent the cracks from developing in the plastic at 
the lower corner of the chip pad, holes are formed (referred 
to as dimple formation) in the chip pad on the side opposite 
to the chip, and the plastic is charged into the holes thereby 
preventing the relative Slippage caused by the peeling 
between the chip pad and the plastic portion. 

To mount the Semiconductor device on the Substrate 
practically, the Solder connection portion of the lead and the 
connection portion of the Substrate are tentatively adhered 
together with a Solder paste or the like, and the whole 
substrate is heated up 200 to 250 C. for several tens of 
Seconds to Several minutes, for example, by an infrared ray 
reflow equipment or by a vapor phase reflow equipment. The 
Semiconductor device is thus joined with the Solder and is 
mounted on the Substrate. This is called a reflow Soldering 
proceSS. 

In fact, however, crackS develop in the plastic during the 
reflow Soldering proceSS if the above-mentioned reflow is 
carried out using the Semiconductor device that is left to 
Stand in the atmosphere for extended periods of time or 
using the Semiconductor device that is preserved in an 
environement environment having a relatively high humid 
ity even for a short period of time. 

This is due to the following reasons. That is, the plastic 
absorbs moisture in the air while the semiconductor device 
is being preserved, and the moisture remains in the plastic or 
in a Small gap between the plastic portion and the Surface of 
the chip pad on which the plastic is adhered. If the Semi 
conductor device that has absorbed moisture is Subjected to 
the reflow Soldering process, the moisture on the interface 
between the plastic and the chip pad turns into vapor and 
expands due to quick heating, and a an excessive stress is 
generated in the plastic as a result of the vapor pressure. 
Even if there is no moisture on the interface of adhesion, the 
moisture contained in the plastic diffuses and is condensed 
on the interface of adhesion giving rise to the generation of 
StreSS in the plastic in a manner as described above. 

Thus, there develop reflow cracks as designated at 10 in 
FIG. 6. 

According to this the embodiment as shown in FIGS. 
23 and 24, however, the chip pad 1 is divided into an has 
a generally circular island portion 1a and an annular Outer 
peripheral portion 1b. At the time of die bonding, therefore, 
the adhesive 18 is applied to the island portion 1a only, and 
the annular Outer peripheral portion 1b plays the role of a 
Stabilizer plate for Stably placing the chip on the chip pad 1. 
First, discussed below is an effect for improving chip cracks 
that in many cases develop at the center of the long Side of 
the chip. Therefore, if it is presumed that the longside chip 
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has a size of 9 mm Square which is a representative size 
of the chip and if the chip is adhered over a central area of 
2 mm OSquare only, then the stress that is generated is 
in the chip can be reduced to 60% in light of the value 
Shown in FIG. 35, compared with that of the conventional 
chip that is adhered over its entire Surface. 

After the die bonding, the package is prepared through the 
Step of molding. Next, discussed below are cracks that 
develop in the plastic at the lower corner of the chip pad due 
to the temperature cycle testing. The plastic cracks at the 
lower corner of the chip pad develop in many cases at the 
center in of the short longside of the chip pad. Therefore, 
a chip pad width of 4.2 mm is selected. In FIG. 36, the chip 
pad is presumed to have a width of 4.2 mm. If the relative 
Slippage is eliminated according to the embodiment of the 
invention, then the plastic StreSS at the lower edge of the chip 
pad can be reduced to 38% compared with that of when 
there exists the prior art in which a relative slippage Occurs 
between the chip pad on the Side opposite to the chip and the 
plastic of the prior art. 

Finally, the effect for the reflow soldering is calculated. In 
using the conventional chip pad having a Size of 4.3 mmx9.3 
mm, it is presumed that the back Surface of the chip and the 
plastic interface are peeled off from each other in the 
embodiment of the invention, the length of the short side of 
the peeled portion being 2.4 mm, and the length of the long 
Side being 2.6 mm. In compliance with the equation (1), 
therefore, B=0.5 and a-4.2 mm in the case of the conven 
tional chip pad, and B=0.33 and a-2.4 mm in the case of the 
chip pad of the embodiment of the invention. According to 
the embodiment of the present invention, therefore, a maxi 
mum StreSS O, of the Semiconductor devices decreases to 
about 22% compared with that of the conventional device. 
If the breaking Strength of the plastic remains the Same, 
resistance against the preSSure increases by 4.6 times. 

According to the embodiment of the invention as 
described above, the Strength can be Strikingly increased 
against the propensity for chip cracks, against plastic cracks 
at the lower corner of the chip pad caused by the temperature 
cycle testing cycling, and against reflow cracks. 
AS for the plastic cracks at the lower corner of the chip 

pad caused by the temperature cycle testing cycling, the 
relative Slippage between the chip pad of the Side opposite 
to the chip and the plastic is prevented by the plastic 20 that 
is charged into the portions holes formed by punching the 
chip pad. Therefore, generation of the StreSS can be Sup 
pressed at the lower corner of the chip pad, and plastic 
cracks are prevented from developing. 
The coefficient of linear expansion of the plastic is greater 

than that of the chip pad. When subjected to a high tem 
perature at the time of reflow Soldering, therefore, the plastic 
being charged into perforated portions as designated at 20 in 
FIG. 24 is pressed onto the side peripheral surfaces 21 of 
the holes in the chip pad. Moreover, since the side periph 
eral Surfaces of the chip pad prepared have been made 
rugged, the side Surfaces of the chip pad designated at 21 
in FIG. 24 prevent the plastic from Swelling toward the 
lower Side of the chip pad even in the case where the 
adhesive bonding force is insufficient between the plastic 
designated at 22 in FIG. 24 and the chip. In FIG. 24, the 
side peripheral Surfaces 21 serve as fixed fulcrums. 
Therefore, the length a in the equation (1) becomes Suffi 
ciently Small compared with that of the conventional chip 
pad, generation of the StreSS is further Suppressed, and 
increased resistance is exhibited against the reflow cracks. 

FIGS. 25 to 34 illustrate further embodiments. Referring 
to FIG. 25, the chip pad is tapered in the direction of the 
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thickness thereof as designated at 23 to more reliably 
prevent propensity for the plastic from Swelling beyond the 
chip pad. Referring to FIG. 26, a groove 19 is formed to 
Surround the adhesive-mounting in the island portion 1a to 
prevent the adhesive from flowing out. The groove should 5 
have a size of, for example, about 0.2 mm in width and 0.2 
mm in depth. 

Referring to FIGS. 27 and 28, a step 24 of a height Ö is 
provided between the Surface of the chip Support island 
portion 1a and the Surface of the adhesive-mounting Outer 
peripheral portion 1b. This makes it possible to minimize 
the gap between the chip and the chip Support Outer 
peripheral portion 1b. The height 8 should be from about 10 
lum to about 50 lum. 

Referring to FIGS. 29 and 30, a dent 25 is formed in a 
portion of the chip support Outer peripheral portion 1b for 15 
Supporting the chip, to facilitate the positioning of the chip. 

With reference to FIGS. 31 and 32, the lead of the 
adhesive-mounting island portion 1a has a thickness 26 
Smaller than the thickness of the support portion 1b. This 
makes it possible to further decrease the StreSS that generates 20 
in the chip. 

With reference to FIGS. 33 and 34, there are provided two 
chip mounting island portions 1 a. In this way, the chip 
mounting island portions 1a may be provided in a plural 
number as required. 25 

The aforementioned embodiments may be put into prac 
tice individually or in Suitable combinations. 

According to the aforementioned embodiments, only a 
central portion of the chip is joined in die-bonding the chip 
and bonded to the chip pad together. Therefore, the stress 30 
that is generated in the chip as a result of the die bonding or 
as a result of the Subsequent temperature aging is 
Suppressed, and the chip is prevented from breaking. 

Since the plastic is charged into a through hole formed in 
the chip pad to form a protrusion of the plastic, there 35 
develops no relative Slippage in the adhering portion 
between the plastic and the chip pad of On the side thereof 
opposite to the chip. Therefore, the plastic StreSS that would 
otherwise result at the lower edge of the chip pad decreases 
significantly, and SO that the life of the device increases 40 
greatly against the temperature cycle. 

Furthermore, since side Surfaces an inner peripheral 
Surface of the through hole formed in the chip pad prevent 
the plastic from Swelling despite the vapor pressure at the 
time of reflow Soldering, the resistance increases greatly 45 
against the reflow cracks. 
What is claimed is: 
1. In a lead frame comprising a unitary Structure of a chip 

pad for mounting a Semiconductor chip on a chip-mounting 
Surface thereof and a group of chip pad Supporting leads 50 
connected to Said chip pad along said chip pad, the 
improvement wherein a through hole is formed in at least a 
portion of Said chip pad, said through hole being projected 
in a direction which having an inner peripheral Surface at 
least a part of which is tilted relative to a direction from 55 
normal to the plane of the chip-mounting Surface of Said 
chip pad. 

2. A lead frame according to claim 1, wherein Said through 
hole in its entirety is tilted relative to a direction of thickness 
of Said chip pad. 60 

3. A lead frame according to claim 1, wherein Said through 
hole is characterized as having a relatively narrower opening 
within the chip pad itself than at either the chip-mounting 
Surface through hole opening end or at the through hole 
opening end at an opposing Surface thereof. 65 

4. A lead frame according to claim 1, wherein Said through 
hole has an area on opening end in the chip-mounting 
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Surface of Said chip pad that lies over a range of from 24% 
of the area of the chip-mounting Surface of the entire chip 
pad itself to Said opening end being of an area less than 
80% of the actual chip-mounting Surface area required of 
said chip pad to which for said semiconductor chip is to 
be adhered to thereto, and Said through hole has a mini 
mum opening area greater than 24% of the area of Said 
chip-mounting Surface. 

5. A lead frame according to claim 1, wherein a groove is 
formed in the chip-mounting Surface of Said chip pad to 
Surround the through hole. 

6. In a lead frame comprising a unitary Structure of a chip 
pad for mounting a Semiconductor chip on a chip-mounting 
Surface thereof, and a group of chip Supporting leads 
connected to said chip pad along said chip pad, the 
improvement wherein a through hole is formed in at least a 
portion of Said chip pad, Said through hole having an a first 
opening on end in the chip-mounting Surface of Said chip 
pad that is said first opening end being greater in area than 
the area corresponding to an a Second opening thereof on 
end of Said through hole in a Surface of Said chip pad 
opposing opposite to the chip-mounting Surface thereof. 
7. A lead frame according to claim 6, wherein the area of 

said first opening end of said through hole corresponding to 
an opening on in the chip-mounting Surface of said chip pad 
lies over a range of from 24% of the chip-mounting Surface 
of the entire chip pad itself to is less than 80% of the actual 
chip-mounting Surface area required of Said chip pad to 
which for said semiconductor chip is to be adhered to 
thereto, and the area of Said Second opening end is greater 
than 24% of the area of Said chip-mounting surface. 

8. A lead frame according to claim 6, wherein a groove is 
formed in the chip-mounting Surface of Said chip pad to 
Surround the through hole. 

9. In a Semiconductor device comprising a Semiconductor 
chip, a chip pad having a chip-mounting Surface for mount 
ing Said Semiconductor chip, a group of leads electrically 
connected to said chip pad as a unitary structure along Said 
chip pad, and having inner leads disposed within Said 
group of leads ends, and a plastic portion for sealing the 
Semiconductor chip, Said chip pad and Said inner leads, the 
improvement wherein a through hole is formed in at least a 
portion of Said chip pad, said through hole being projected 
in a direction having an inner peripheral Surface at least a 
part of which is tilted relative to a direction from normal 
to the plane of the chip-mounting Surface of Said chip pad. 

10. A semiconductor device according to claim 9, wherein 
Said through hole in its entirety is angularly tilted with 
respect to the direction of thickness of Said chip pad. 

11. A Semiconductor device according to claim 9, wherein 
Said through hole is characterized as having a relatively 
narrower opening within the thickness of the chip pad itself 
than at either the chip-mounting Surface through hole open 
ing end or at the through hole opening end at an opposing 
Surface thereof. 

12. A Semiconductor device according to claim 9, wherein 
said through hole has an opening on end in the chip 
mounting Surface of Said chip pad, Said opening end being 
of an area that is greater than the area of an opening end of 
said through-hole on in the Surface of Said chip pad 
opposing opposite to the chip-mounting Surface thereof. 
13. A Semiconductor device according to claim 9, wherein 

said through hole has an area on a first opening end in the 
chip-mounting Surface of Said chip pad that lies over a 
range of from 24% of the chip-mounting Surface of the entire 
chip pad itself to Said first opening end being of an area 
Smaller than 80% of the actual chip-mounting surface area 
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required of Said chip pad to which for said semiconductor 
chip is to be adhered to thereto, and Said through hole 
has a Second opening end disposed in the Surface of Said 
chip pad opposite to Said chip-mounting Surface and having 
an area greater than 24% of the area of Said chip-mounting 
Surface. 

14. A Semiconductor device according to claim 9, wherein 
a groove is formed in the chip-mounting Surface of Said chip 
pad to Surround Said through hole. 

15. In a Semiconductor device comprising a Semiconduc 
tor chip, a chip pad having a chip-mounting Surface for 
mounting Said Semiconductor chip, and a group of leads 
inclusive of pad Supporting leads that are linked to Said chip 
pad to hold it, the improvement wherein said chip pad is 
divided into a has an Outer peripheral annular portion 
thereof and a central island portion, said island portion 
thereof being linked to a part of Said annular Outer 

peripheral portion thereby resulting in a unitary structure 
Structure, wherein it Said Semiconductor chip is Supported 
by said annular Outer peripheral portion, Said semicon 
ductor chip being indirectly mounted on Said island portion 
via an adhesive and being further mounted on the chip 
mounting Surface of said annular Outer peripheral portion 
Via a gap. 

16. A Semiconductor device according to claim 15, 
wherein Said chip pad has sides that are tapered in the 
direction of thickness thereof Such that the area thereof on 
the chip-mounting Surface is less than the area of the Surface 
of Said chip pad opposing the chip-mounting Surface thereof. 

17. A Semiconductor device according to claim 15, 
wherein a groove is formed to Surround in said island 
portion in order to prevent a bonding agent which is used 
as an Said adhesive for mounting from flowing out of Said 
island portion. 

18. A Semiconductor device according to claim 15, 
wherein Said island portion is recessed relative to Said 
annular Outer peripheral portion on the chip-mounting 
Surface of Said chip pad. 

19. A semiconductor device according to claim 15, 
wherein a part of the Surface of Said annular Outer periph 
eral portion on the chip-mounting Surface of Said chip pad 
is recessed with respect to the remaining Surface portion of 
the annular Outer peripheral portion of the chip-mounting 
Surface. 

20. A Semiconductor device according to claim 15, 
wherein Said island portion is divided into a plurality of 
portions. 

21. A Semiconductor device according to claim 15, 
wherein Said island portion is thinner than Said annular 
portion or is thinner than any lead of Said group of leads. 

22. In a Semiconductor device comprising a Semiconduc 
tor chip, a chip pad having a chip-mounting Surface for 
mounting Said Semiconductor chip thereon, and a group of 
leads inclusive of pad Supporting leads that are linked to Said 
chip pad to hold it, the improvement wherein Said chip pad 
is divided into an annular Outer peripheral portion and a 
central island portion, Said island portion being linked to a 
part of Said annular Outer peripheral portion thereby 
resulting in a unitary portion Structure, said semiconductor 
chip being indirectly mounted on Said island portion via an 
adhesive and being further mounted on the chip-mounting 
Surface of said annular Outer peripheral portion directly. 

23. A semiconductor device according to claim 1522, 
wherein Said island portion is thinner than said annular 
Outer peripheral portion and is thinner than any lead of Said 
group of leads. 
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24. A Semiconductor device comprising: 
a chip pad having Substantially parallel first and Second 

Surfaces, 
a Semiconductor chip mounted On Said first Surface of Said 

chip pad to form an assembly and having a first Surface 
facing Said chip pad and a Second Surface remote from 
Said chip pad, 

a group of leads including chip pad Supporting leads 
connected to Said chip pad to Support the Same, and 

an enclosure of a plastic material encasing Said assembly, 
Said enclosure including a first portion disposed in 
contact with Said Second Surface of Said Semiconductor 
chip and a Second portion disposed in contact with Said 
Second Surface of Said chip pad and integrally con 
nected to said first portion of Said enclosure to hold 
Said Semiconductor chip and Said chip pad together, 

Said chip pad having formed therein at least One through 
hole extending through a thickneSS of Said chip pad and 
having first and Second Opening ends in Said first and 
Second Surfaces of Said chip pad, respectively. 

Said first opening end of Said through hole facing Said first 
Surface of Said Semiconductor chip, 

Said plastic enclosure further including a third portion 
integral with and extending from Said Second portion 
thereof through Said through hole in Said chip pad 
toward Said Semiconductor chip, 

Said through hole being SOShaped so as to hold said third 
portion of Said enclosure against a force which tends to 
move Said third portion of Said plastic enclosure rela 
tive to Said chip pad away from Said Semiconductor 
Chip. 

25. A semiconductor device according to claim 24, 
wherein Said through hole has an inner peripheral Surface 
at least a part of which is inclined to a direction normal to 
a plane of the first Surface of Said chip pad. 

26. A semiconductor device according to claim 24, 
wherein Said first opening end of Said through hole is larger 
in area than Said Second opening end. 

27. A semiconductor device according to claim 26, 
wherein Said through hole is convergent from Said first 
Opening end toward Said Second opening end. 

28. A semiconductor device according to claim 24, 
wherein said through hole has a narrowed portion between 
Said first and Second opening ends, Said narrowed portion 
having a croSS-Sectional area leSS than a croSS-Sectional 
area of Said first opening end. 

29. A semiconductor device according to claim 24, 
wherein Said through hole has an axis inclined to a direction 
normal to a plane of Said first Surface of Said chip pad. 

30. A semiconductor device according to claim 24, 
wherein said Semiconductor chip is mounted On Said first 
Surface of Said chip pad with a layer of an adhesive 
interposed therebetween. 

31. A semiconductor device according to claim 30, 
wherein Said chip pad is provided with means for preventing 
Said adhesive from flowing from Said first surface thereof 
into Said through hole comprising a grOOve formed in Said 
first Surface of Said chip pad and extending around Said first 
Opening end of Said through hole. 

32. A semiconductor device according to claim 24, 
wherein the area of Said Second opening end of Said trough 
hole is greater than 24% of the area of Said first Surface of 
Said chip pad, and the area of Said first opening end of Said 
through hole is less than 80% of the area of said first Surface 
of Said Semiconductor chip. 
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33. A Semiconductor device comprising: 
a chip pad having Substantially parallel first and Second 

Surfaces, 
a Semiconductor chip mounted On Said first Surface of Said 

chip pad to form an assembly and having a first Surface 
facing Said chip pad and a Second Surface remote from 
Said chip pad, 

a group of leads including chip pad Supporting leads 
connected to Said chip pad to Support the Same, Said 
chip pad having formed therein at least One through 
hole extending through a thickneSS Of Said chip pad and 
dividing Said chip pad into at leaSt One island portion 
and an Outer peripheral portion, Said island portion 
being connected to a part of Said Outer peripheral 
portion and having a first Surface facing Said Semicon 
ductor chip and a Second Surface remote from Said 
Semiconductor chip, Said Outer peripheral portion hav 
ing a first Surface Supporting thereOn Said Semiconduc 
tor chip and a Second Surface remote from Said Semi 
conductor chip, and 

a layer of an adhesive interpOSed between Said Semicon 
ductor chip and Said first Surface of Said island portion. 

34. A semiconductor device according to claim 33, 
wherein Said through hole has an inner peripheral Surface 
which is So Shaped that said first surface of Said Outer 
peripheral portion of Said chip pad is leSS in area than an 
area of Said Second Surface of Said Outer peripheral portion 
of Said chip pad. 

35. A semiconductor device according to claim 33, 
wherein a groove is formed in Said first surface of said island 
portion along an Outer periphery thereof to prevent Said 
adhesive from flowing from Said first Surface of Said island 
portion into Said through hole. 

36. A semiconductor device according to claim 33, 
wherein Said first surface of said island portion is offset from 
Said first Surface of Said Outer peripheral portion in a 
direction away from Said Semiconductor chip. 

37. A semiconductor device according to claim 33, 
wherein a recess is formed in an inner peripheral zone of 
Said first surface of Said Outer peripheral portion of Said 
chip pad. 

38. A semiconductor device according to claim 33, 
wherein Said island portion is thinner than said Outer 
peripheral portion. 

39. A lead frame Structure comprising: 
a chip pad having Substantially parallel first and Second 

Surfaces, Said first Surface being adapted to receive 
thereOn a Semiconductor chip to Support the Same, and 

a group of leads including chip pad Supporting leads 
connected to and integral with Said chip pad to Support 
the Same, 

Said chip pad having formed therein at leaSt One through 
hole extending through a thickneSS Of Said chip pad and 
having first and Second Opening ends in Said first and 
Second Surfaces of Said chip pad, respectively, 
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Said through hole having an inner peripheral Surface at 

least a part of which is inclined relative to a direction 
normal to a plane of Said first Surface of Said chip pad. 

40. A lead frame Structure comprising: 
a chip pad having Substantially parallel first and Second 

Surfaces, Said first Surface being adapted to receive 
thereOn a Semiconductor chip to Support the Same, and 

a group of leads including chip pad Supporting leads 
connected to and integral with Said chip pad to Support 
the Same, 

Said chip pad having formed therein at least One through 
hole extending through a thickness of Said chip and 
having first and Second Opening ends in Said first and 
Second Surfaces of Said chip pad, respectively, 

Said first opening end of Said through hole being larger in 
area than Said Second opening end. 

41. A lead frame Structure according to claim 40, wherein 
Said through hole is convergent from Said first opening end 
toward Said Second opening end. 

42. A lead frame Structure comprising: 
a chip pad having Substantially parallel first and Second 

Surfaces, Said first Surface being adapted to receive 
thereOn a Semiconductor chip to Support the Same, and 

a group of leads including chip pad Supporting leads 
connected to and integral with Said chip pad to Support 
the Same, 

Said chip pad having formed therein at least One through 
hold extending through a thickneSS of Said chip pad and 
having first and Second Opening ends in Said first and 
Second Surfaces of Said chip pad, respectively, 

Said through hole having a restricted portion disposed 
between Said first and Second opening ends; 

Said restricted portion having a croSS-Sectional area 
Smaller than an area of Said first opening end. 

43. A lead frame Structure according to claim 39, wherein 
Said through hole has an axis inclined to a direction normal 
to a plane of Said first Surface of Said chip pad. 

44. A lead frame Structure according to claim 39, wherein 
a groove is formed in Said first Surface of Said chip pad 
around Said first opening end of Said through hole. 

45. A lead frame Structure according to claim 39, wherein 
the area of Said first opening end of said through hole is less 
than 80% of an area required for said Semiconductor chip to 
be adhered to said first surface of said chip pad, and the area 
of Said Second opening end of Said through hole is greater 
than 24% of an entire area of Said first surface of Said chip 
pad. 

46. A semiconductor device according to claim 24, 
wherein Said through hole is of an elongated Shape. 

47. A lead frame Structure according to claim 39, wherein 
Said through hole is of an elongated Shape. 

48. A lead frame Structure according to claim 40, wherein 
Said through hole is of an elongated Shape. 
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