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The Specification describes a plastic Overmolded package for 
high power devices that has a very low lead count, typically 
fewer than eight, and in a preferred embodiment, only two. 

(21) Appl. No.: 10/939,763 The leads occupy essentially the Same linear Space as the 
(22) Filed: Sep. 13, 2004 multiple leads in a conventional package and thus have a 

wide-blade configuration. To improve mechanical integrity, 
Publication Classification the leads in the package are provided with retention Slots to 

add back the equivalent of the plastic joints in the Spaces that 
(51) Int. Cl. were eliminated due to the wide-blade design. The retention 

HOIL 23/495 (2006.01) slots extend in the width dimension of the leads. 
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FIG. 1 (prior art) 
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FIG. 2 (prior art) 
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FIG. 6 
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LEADFRAME DESIGNS FOR PLASTIC 
OVERMOLID PACKAGES 

FIELD OF THE INVENTION 

0001. This invention relates to leadframe designs used in 
plastic Overmolded packages for integrated circuit (IC) and 
related devices. 

BACKGROUND OF THE INVENTION 

0002 The most common form of packaging for elec 
tronic devices Such as IC devices is a plastic housing. 
Typically, the electronic components are assembled on a 
metal leadframe and a polymer is molded over the assembly 
to encapsulate the device. The leadframe Serves not only to 
Support the electronic components, but has metal tabs that 
extend from the Overmolded plastic and provide a means to 
electrically connect to the encapsulated electronic compo 
nentS. 

0003. The leadframe, prior to assembly and encapsula 
tion, typically is Square or rectangular and has a center 
paddle to which a semiconductor chip is die bonded. The 
leads that provide electrical interconnection extend from the 
Sides of the paddle, usually along two opposing edges of the 
leadframe, as in the common dual-in-line package (DIP). In 
high pin-count packages, Such as quad flat packs, leads may 
extend from all four sides. 

0004. In plastic overmolded packages with many leads 
per Side, the plastic flows around the leads and forms a very 
integral Structure. A leadframe with 10 leads per Side for 
example provides 9 spaces where the plastic joinswever, If 
the same Space is occupied by only three leads for example, 
only two spaces where the plastic joins are provided. Thus 
as the number of leads are reduced, the mechanical integrity 
of the package may become an issue. 

BRIEF STATEMENT OF THE INVENTION 

0005 We have designed a plastic overmolded package 
for high power devices that has a very low lead count, 
typically fewer than eight, and in a preferred embodiment, 
only two. The leads occupy essentially the same linear Space 
as the multiple leads in a conventional package and thus 
have a wide-blade configuration. To improve mechanical 
integrity, the leads in the package are provided with reten 
tion slots to add back the equivalent of the plastic joints in 
the Spaces that were eliminated due to the wide-blade 
design. The retention slots extend in the width dimension of 
the leads. 

BRIEF DESCRIPTION OF THE DRAWING 

0006 The invention may be better understood when 
considered in conjunction with the drawing in which: 
0007 FIG. 1 is a side view of a conventional twenty lead 
plastic Overmolded package; 
0008 FIG. 2 is a plan view of the package of FIG. 1; 
0009 FIG. 3 is a side view of a twin lead plastic 
Overmolded package; 
0.010 FIG. 4 is a plan view of a the plastic overmolded 
package of FIG. 3; 
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0011 FIG. 5 is a side view of a modified plastic over 
molded package having six leads, with three shown; 
0012 FIG. 6 is a plan view of the six lead plastic 
overmolded package of FIG. 5; 
0013 FIG. 7 is a plan view of the twin lead plastic 
overmolded package of FIG. 4 with a schematic showing of 
the internal portion of the lead frame; 
0014 FIG. 8 is an illustration of the problem of mechani 
cal distortion or Separation of the leads in the twin lead 
plastic Overmolded package; 

0.015 FIG. 9 is one embodiment of a plastic overmolded 
twin lead package where the leads are provided with reten 
tion slots according to the invention; 
0016 FIG. 10 shows a six lead embodiment according to 
the invention; 
0017 FIGS. 11-13 are diagrams showing dimensions 
relevant to the design of the retention slots of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0018 FIG. 1 shows a conventional twenty lead plastic 
Overmolded package. This figure is nearly a Scale represen 
tation of the MO-166 standard format approved by JEDEC. 
It should be understood at the outset that the MO-166 
packaging format is represented here by way of example 
only. A wide variety of plastic Overmolded package designs 
are available in the packaging industry. Many will share the 
properties described below. All plastic Overmolded package 
products that have the features to be described are intended 
to be included in the Scope of the invention. Referring again 
to FIG. 1, the plastic overmolded package body is shown at 
11 and the twenty leads, ten to a Side, are indicated at 12. In 
the embodiment shown, the leads are bent downward in a 
So-called gull-wing shape to allow for convenient Surface 
mounting. This is the most familiar JEDEC MO-166 plastic 
Overmolded package profile. For a better understanding, the 
plastic overmolded package of FIG. 1 is shown in FIG. 2 in 
plan view. This type of package is typically installed, in the 
final assembly, on a printed wiring board, or equivalent, and 
the plastic Overmolded package is attached to the printed 
wiring board using Surface mount assembly techniques. In a 
Surface mount arrangement there usually are not significant 
forces that pull the leads (laterally) away from the plastic 
Overmolded body. This aspect of the mounting arrangement 
may be recalled in the discussion below, which contrasts a 
failure mode of the packages with the modified design of the 
invention with conventional multiple lead packages. 
0019 Plastic overmolded packages of the kind just 
described are used to encapsulate a variety of devices. We 
have modified the conventional package in Significant ways 
to accommodate a high power diode. The particular power 
device for which the plastic Overmolded package design has 
been modified has, in an electrical Sense, two leads. The 
Simplest embodiment is a plastic Overmolded package 
wherein the leads in the standard MO-166 configuration 
have been merged to a Single lead per Side, thus producing 
a twin lead plastic Overmolded package. This design is 
shown in FIG. 3, where the single lead per side is shown at 
31. In the particular plastic Overmolded package design of 
FIG. 3, the leads are so-called bayonet leads. They are 
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tab-like in form, and are not bent for mounting. A plan view 
for this embodiment is shown in FIG. 4. A consequence of 
this design, where tab-like leads are used, is that lateral 
forces that tend to pull the tab away from the plastic 
Overmold, or bend the tab thus distorting the package, are 
not uncommon. This is described in more detail below. 

0020. Although the power diode described here requires 
only two electrical interconnections, it is not unusual for a 
Single electrical lead to be split. Accordingly, the Single lead 
per side shown in FIGS. 3 and 4 may be split into two or 
more sections. For example, the embodiment of FIG. 5 
shows the single lead (per side) of the plastic Overmolded 
package of FIGS. 3 and 4 split to three leads 51 per side. 
This plastic Overmolded package design is shown in plan 
view in FIG. 6. 

0021 FIGS. 1-6 illustrate the plastic overmolded pack 
age outline, i.e. the outside form of the package. The leads 
that extend from the package are typically part of a lead 
frame. In well-known fashion, the lead frame organizes the 
lead configuration that extends from the edges of the plastic 
Overmolded package. It also provides a platform for the 
device or devices that are encapsulated inside the plastic 
overmold. This is illustrated in a schematic way in FIG. 7, 
where the portion of the leadframe that is housed within the 
plastic encapsulant is shown outlined in phantom at 71. The 
device, in this example a power diode, is shown at 73. The 
power diode is a typically a Silicon chip that is electrically 
connected to the leads 71. Alternatives exist for mounting 
and connecting the chip 73. The leadframe may contain a 
center paddle 72 that Supports the chip. The chip may then 
be connected to the leads with wire bonds or other Suitable 
means. Alternatively, the chip may be bump bonded using 
solder bumps to each of the leads 71. 
0022 Merging the twenty leads of the plastic overmolded 
package of FIGS. 1 and 2 into two, or even six may affect 
the mechanical performance of the plastic Overmolded pack 
age. A typical plastic Overmolded package is molded in a 
molding operation that produces two plastic masses that are 
joined, while still uncured, to form the shape shown in FIG. 
1 for example. This produces a Seam, indicated at 14, where 
the two uncured plastic bodies join together. The Seam 
occurs also between each of the leads 12, thus producing a 
molded Structure with a finite integrity that is partly attrib 
utable to the multiple seams between the leads. It is intu 
itively easy to understand that the in the modified designs of 
FIGS. 3 and 5, much, or all, of the portion of the seam 
between the leads is eliminated. This may have implications 
for the mechanical integrity of the plastic Overmolded pack 
age. In particular, the tendency of the leads to pull away 
from the plastic Overmold is increased. This is due to at least 
two physical features. One, the tab-like design, and the 
mounting technique, are more likely to result in Significant 
lateral forces on the leads. And two, merging many leads 
into Several, or two, multiplies the lateral force per lead. 

0023 The problem just outlined is illustrated in FIG. 8 
where lead 81 is shown displaced from the intended position 
due to one or a combination of physical forces on the Single 
lead. Obviously if the displacement is large enough to cause 
a separation from the device 73, that will cause an electrical 
failure. However, even Smaller displacements, in fact rela 
tively Small Strains, may fracture a Solder bond, or damage 
a wire bond, and cause failure. 
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0024. To increase the mechanical integrity of the plastic 
Overmolded package we have modified the design of the 
leadframe. FIG. 9 shows one embodiment of the invention 
wherein slots 91 are provided through the leadframe prior to 
Overmolding. This forms a trough through which the plastic 
flows. and joins from one side of the mold to the other. This 
restores the portions of the Seam that was discussed earlier. 
The seam in this case is still absent from the outer or visible 
edge, but exists within the Overmold. 

0025) An alternative embodiment is shown in FIG. 10 
where there are three slots 92 provided in each tab lead 31. 
It can be concluded that any number of Slots may be used. 
Moreover, they may be side-by-side as shown in these 
figures, or formed in one or more rows. However, due to 
Space considerations the Side-by-Side configuration will uSu 
ally be preferred. 

0026. To more completely appreciate the mechanical 
consequences of the slots 91 in FIG. 9, or 92 in FIG. 10, a 
discussion of the nature of the retention forces on the twin 
leads 31 may be helpful. Although, as mentioned above, it 
is intuitively easy to understand that the retention force for 
lead 31 is improved in the design of FIG. 9, the actual force 
analysis is quite complex. 

0027 Some of the relevant force considerations are rep 
resented in FIG. 11. It should be understood that there is no 
attempt here to present a rigorous force analysis but only to 
illustrate to first order Some of the most relevant force 
aspects of the retention slots of the invention. In FIG. 11, the 
pull force on the lead is represented by the arrow f, and the 
retention forces by arrow f. In the tab lead structure of 
FIGS. 3 and 5, the main retaining forces for the tab lead 
shown are adhesive forces between the tab Surface and the 
polymer Surface. Force at is along the inside end of the tab 
lead and is a polymer to metal adhesive force in tension. 
Force as is along the Side edges and the top and bottom of 
the tab lead and is a polymer to metal adhesive force in 
Shear. In each case the force is a function of the area. The 
polymer to tab adhesive force in tension, a is Small com 
pared with a . This is because polymer to metal adhesion in 
tension is less than in Shear, and because the area for at is 
Small compared with the area for a Thus the f. component 
attributable to a may be disregarded, and force f is approxi 
mated as equal to twice area of the tab in the horizontal plane 
X as 

0028. The corresponding force diagram with the slot 
configuration is shown in FIG. 12. The tab lead is shown 
with a slot at 93 where the plastic flows continuously 
through the slot from the top plastic mass to join the bottom 
plastic mass. Now the retention force picture changes dras 
tically. The adhesive retention forces at and as are still 
present, although the area of the as force is reduced by the 
area of the slot. Also a is essentially doubled, but Still 
regarded as inconsequential. A new force is added, repre 
Sented by p, which is a polymer fracture force for the 
polymer molding material. To polymer fracture force is very 
large compared with any of the adhesive forces. If an 
assumption is made that the polymer is relatively rigid, 
which is qualitatively the case for thermoset molding com 
pounds, the force p is the polymer bond fracture force times 
the area of the edge of the slot indicated at p. FIG. 13 shows 
slot 93 in plan view. It is evident that the retention forces 
attributed to adhesion at the Sides of the slot, indicated at as, 
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and the edge designated at, are Small. The main retention 
force is the retention force associated with the wall of the 
Slot designated p, where the retention force equation is 
dominated by the polymer fracture force. This force is a 
direct function of length L. 
0029. From the brief analysis above, it is evident that the 
portion of the slot indicated at a is relatively inconsequen 
tial. This means, inter alia, that the width of the slot is 
immaterial as long as it is wide enough for the polymer to 
flow through from each side and join. The ability of the 
polymer to flow through the slot is also a function of the 
aspect ratio of the slot. It is recommended that the aspect 
ratio be at least 1 to ensure flow through. Stated otherwise, 
the width of the slot should be at least equal to the thickness 
of the tab lead. The maximum width of the slot, as just 
Stated, is inconsequential, and can be as wide as desired 
without limitation. (A caution, the slot width should not be 
confused with the lead width. They are not along the same 
axis.) Since the edge of the slot that is outboard with respect 
to the plastic Overmolded package (indicated at E in FIG. 
13) provides little retaining force, it is not important, from 
the Standpoint of meeting the goals of the invention, for the 
outboard side to lie within the plastic overmold. The inboard 
edge, E, in FIG. 13, is desirably maximixed in L. 
0030) A similar analysis can be done with the embodi 
ment of FIG. 5. In this design, dimension L, the dominant 
determinant of f. is somewhat reduced. However, it is still 
Significant overall. In terms of meeting the goals of the 
invention, it is considered adequate if the integrated length 
L (the sum of the slot lengths in FIG. 5) is greater than 30% 
of the total width of the lead. In the usual case this prescrip 
tion is: 

L>0.3(Nxw)+(N-1)s 
0031) where L is the sum of the slot lengths on a side 
of the plastic Overmolded package, N is the number of 
leads on a side, w is the width of the leads, and S is the 
linear Separation between the leads. AS mentioned 
above, in the preferred case N=1-3. 

0.032 The foregoing analysis shows that by far the most 
effective feature for a retaining tab lead against the pull 
forces described is an opening in the tab that has a maximum 
wall length normal to the direction of the pull force. From 
this it can be deduced that a round opening is less effective. 
The force retention performance of the edge of a round hole 
transitions from pure a to p. Moreover, the Space on the 
leadframe, and the Space internal of the package, that may be 
devoted to a retention feature is limited. That Space is 
usually rectangular with a large aspect ratio, i.e. large ratio 
of length L to width W. This follows from the usual 
circumstance that the chip occupies most of the area of the 
plastic Overmolded package. Typically there is a Space along 
the edges of the chip where retention features may be placed, 
but that Space is limited. A slot with an essentially Straight 
inboard edge is an efficient Structure in terms of maximizing 
Lp. 

0033. The analysis set forth above assumes a lateral pull 
force. Other forces are encountered in the use environment 
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that also degrade the mechanical and electrical performance 
of the plastic Overmolded package. For example, twisting of 
the leads is common. From a qualitative perspective, the 
retention slots of the invention are useful for improving the 
overall mechanical integrity of the plastic Overmolded pack 
age, and mitigate against most types of mechanical Strains 
and deformations that the device will see in use. 

0034. As mentioned above, the embodiments shown are 
examples of plastic Overmolded packages with leads extend 
ing from the edges of the plastic Overmold. The packages 
generally have a quadrilateral shape. The leadframes within 
the plastic Overmold typically have a center die attachment 
region where the die is bonded, and leads extending from 
two opposing Sides. The invention may also be applied to a 
quad pack design where leads extend from four Sides. 
0035 A slot by definition has an aspect ratio of length to 
width greater than 1, usually significantly greater than 1. The 
edges along the length, i.e. the longest edges are referred to 
below as the major edgeS. In the device Structures shown 
here one of the major edges is closest to the center of the 
plastic Overmolded package, and is referred to below as the 
inboard major edge. The other edge, furthest from center of 
the package, is referred to as the outboard edge. The edges 
of the slot are typically essentially Straight. However, it is 
recognized that the outboard major edge is relatively inci 
dental to the goals of the invention and thus may assume any 
reasonable shape. Moreover, the aspect ratio of the Slot 
assumes leSS importance due to the minimal consequences 
of the outboard edge. 

0036 Various additional modifications of this invention 
will occur to those skilled in the art. All deviations from the 
Specific teachings of this specification that basically rely on 
the principles and their equivalents through which the art has 
been advanced are properly considered within the Scope of 
the invention as described and claimed. 

1. A plastic Overmolded package comprising: 

a. a leadframe, the leadframe comprising: 
i. a center die attachment portion, 
ii. at least two tab leads extending from the center die 

attachment portion, the tab leads having a width W 
and a thickness T, 

iii. at least one slot formed in each of the tab leads, the 
slot extending through the thickness T of the tab 
leads and having an inboard edge E nearest to the 
device and an outboard edge furthest from the 
device, 

b. a Semiconductor device attached to the leadframe, 

c. a plastic Overmold having a top, a bottom and Sidewalls 
encapsulating: 

the Semiconductor device, 

the center die attachment portion of the leadframe, and 

the inboard edge E of the slot in the tab leads, 
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while leaving a Substantial portion of the tab leads 
exposed, the exposed portions of the tab leads extend 
ing away from the sidewalls of the overmold. 

2. The package of claim 1 wherein the inboard edge is 
essentially Straight. 

3. The package of claim 2 wherein the leadframe com 
prises two tab leads. 

4. The package of claim 1 wherein the leadframe com 
prises two to Six tab leads. 

5. The package of claim 3 wherein the inboard edge has 
length L and L is greater than 0.3xW. 
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6. The package of claim 1 wherein the slot has width w. 
and the tab lead has thickness t and W/t is at least 1. 

7. The package of claim 4 wherein the leadframe com 
prises 4 to 6 leads, with 2 or 3 leads per Side, and the leads 
Separated by distance S, wherein: 

L>0.3 (Nxw)+(N-1)s 
where L is the Sum of the inboard edges on a side of the 

plastic Overmolded package, N is the number of leads 
on a Side, and W is the width of the leads. 

k k k k k 


