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(7) ABSTRACT

A semiconductor component with an electromagnetic
shielding device against alpha radiation, beta radiation and
high-frequency electromagnetic radiation is presented. The
semiconductor component includes a semiconductor chip
with a circuit integrated therein with a number of electrical
terminal areas and at least one ground terminal area. The
semiconductor also includes a package that contains the
semiconductor chip and also a chip carrier. The chip carrier
has a number of external electrical terminals and an external
ground terminal. The electrical terminal areas and the
ground terminal areas of the semiconductor chip are elec-
trically connected to the external electrical terminals and the
external ground terminals of the chip carrier by connecting
means. The semiconductor chip and the connecting means
are in this case encapsulated by an electrically insulating
passivation. The semiconductor chip encapsulated in this
way is in turn encapsulated with an electrically and ther-
mally conductive plastics compound, which forms the pack-
age and is electrically connected to the ground terminal.
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SEMICONDUCTOR COMPONENT WITH
ELECTROMAGNETIC SHIELDING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This Utility Patent Application claims priority to
German Patent Application No. DE 103 32 009.1, filed on
Jul. 14, 2003, which is incorporated herein by reference.

BACKGROUND

[0002] The invention relates to a semiconductor compo-
nent with an electromagnetic shielding device including a
semiconductor chip with a circuit integrated therein with a
number of electrical terminal areas (bonding pads) and at
least one ground terminal area. The semiconductor compo-
nent also includes a package, which contains the semicon-
ductor chip, the package comprising a chip carrier with a
number of external terminals and at least one external
ground terminal. The semiconductor component also
includes connecting means, with which the electrical termi-
nal areas and ground terminal areas are electrically con-
nected to the external terminals and external ground termi-
nals.

[0003] A known semiconductor component, for example,
is U.S. Pat. No. 4,661,837. In U.S. Pat. No. 4,661,837, a
semiconductor component is shown, there in particular a
dynamic semiconductor memory (DRAM), for which a
solution is provided to the problem of “soft errors” , that is,
malfunctions occurring within the memory circuit as a result
of so-called o radiation.

[0004] These malfunctions are therefore caused by a
radiation being released by atoms which are released in the
package, in particular, in the plastics compound used for the
package. This release may take place on the one hand
because radioactive atoms that emit o radiations as a con-
sequence of natural radioactivity are incorporated in the
plastics package compound. It may also be, however, that
the compound for the package is sensitive to so-called
cosmic radiation.

[0005] Semiconductor components, in particular inte-
grated circuits, are very sensitive to radioactive radiation,
that is, with respect to o radiation, f§ radiation and high-
frequency electromagnetic radiation. This sensitivity can
lead to serious problems, because failures or malfunctions in
highly complex integrated circuits can have serious conse-
quences.

[0006] In U.S. Pat. No. 4,661,837, the problem of these
“soft errors” in integrated circuits, caused by electromag-
netic or radioactive radiation, was countered by the semi-
conductor chip in the package being surrounded by a thick
polyimide layer. The polyimide layer represents an effective
shield, at least with respect to o radiation. However, it does
not represent an effective shield with respect to high-fre-
quency electromagnetic radiation or with respect to [} radia-
tion.

[0007] Furthermore, the use of thick polyimide layers in
the case of semiconductor components packaged by wire
bonding technology is unsatisfactory, because the thick
polyimide layers greatly restrict the possibilities in wire
bonding. This is because very large openings have to be left
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in the polyimide layers to allow the bonding wires to be
applied to the terminal areas lying underneath them.

[0008] Furthermore, it is known to introduce into the
packages of semiconductor components metal plates or
metal meshes, which shield the enclosed semiconductor
component with respect to electromagnetic radiation and
with respect to radioactive radiation in the manner of a
“Faraday cage”. However, this procedure is extremely com-
plex in production engineering terms, and is consequently
very cost-intensive.

SUMMARY

[0009] One embodiment of the present invention provides
a novel semiconductor component with an electromagnetic
shielding device that can be produced very simply and that
at the same time provides an enhanced shielding perfor-
mance in comparison with the prior art, acting not only with
respect to o radiation but also with respect to high-frequency
electromagnetic radiation.

[0010] One embodiment according to the invention is a
semiconductor component with a semiconductor chip with a
circuit integrated therein with a number of electrical termi-
nal areas and at least one ground terminal area, which is
provided with a package that contains the semiconductor
chip. The package has a chip carrier with a number of
external terminals and at least one external ground terminal.
The semiconductor chip is attached to the chip carrier by
connecting means, with which the electrical terminal areas
and ground terminal areas are electrically connected to the
external terminals and external ground terminals. The semi-
conductor component is characterized in that the semicon-
ductor chip and the connecting means are encapsulated by
an electrically insulating passivation. The semiconductor
chip encapsulated in this way is encapsulated with an
electrically and thermally conductive first plastics com-
pound, which forms the package. This first plastics com-
pound is electrically connected to the ground terminal.

[0011] One embodiment of the present invention can be
used in virtually all forms of construction that are currently
known for semiconductor components. In one variant, a
leadframe is provided as the chip carrier. In another variant
of the present invention, a substrate, in particular a ceramic
substrate, is provided as the chip carrier.

[0012] The invention can be used in the case of conven-
tional semiconductor components packaged by the wire
bonding technique. However, it can also be used in semi-
conductor components that are packaged by flip-chip tech-
nology.

[0013] In one embodiment, if the semiconductor compo-
nents of the present invention are packaged by wire bonding
technology, bonding wires are provided as the connecting
means. If flip-chip technology is used, the connecting means
are solder bumps or solder balls.

[0014] Inone embodiment, a second plastics compound is
provided as the passivation, for example, in the form of a
thin film of plastic, which is applied either by spraying, by
vapor deposition or by immersion of the semiconductor
chip. Acrylic paint, various silicones and epoxy resin may be
used as materials for the plastics compound or the film of
plastic.
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[0015] In one embodiment of the present invention, bond-
ing wires provided with an insulating layer are used,
whereby very great freedom of design is additionally
obtained, because crossing over of individual bonding wires
is safely possible. “Optical shorts™ and “wire sweeps™ of the
bonding wires are avoided as a result.

[0016] The use of these passivations prevents electrical
short-circuits from being able to occur between the connect-
ing means, that is, between individual bonding wires, solder
bumps or solder balls, and also between individual internal
terminal areas, when the electrically and thermally conduc-
tive first plastics compound is applied.

[0017] In one embodiment, when the passivation is
applied the ground terminal areas on the semiconductor chip
and/or the external ground terminals remain free, so that the
electrically and thermally conductive first plastics com-
pound can be electrically connected well to them.

[0018] In a refinement of the present invention, a thermo-
plastic material provided with metal particles is provided as
the electrically and thermally conductive first plastics com-
pound. The metal particles may in this case have a flake-like,
spherical or elliptical shape.

[0019] Tt is conceivable to use various lightweight metals,
for example aluminum or magnesium, or else various tran-
sition metals, for example copper, zirconium, nickel, iron or
cobalt. The types of metal used should as far as possible
have a high absorption power for o radiation and high-
frequency electromagnetic radiation.

[0020] In one configuration of the present invention, the
plastics compound has a composition of 90 to 95 percent by
weight metal particles, the remainder organic polymer con-
stituents.

[0021] Ina further variant of the present invention, a metal
powder is introduced into a thermoplastic matrix. This
mixture is then applied to the semiconductor chip that is to
be packaged and is provided with the passivation, and is
solidified by means of a heat treatment in such a way that
during the heat treatment the organic polymer elements in
the matrix evaporate. The remaining metal powder is sin-
tered together during this heat treatment or in a subsequent
further heat treatment.

[0022] Use of these plastics package compounds provided
with metal particles greatly increases thermal conductivity
in comparison with conventional plastics package com-
pounds. The very high thermal conductivity of these
“almost” metal packages not only allows the problem of
electromagnetic “soft errors” to be effectively countered, but
also various problems of heat dissipation that arise in the
case of semiconductor components with high power con-
sumption. A reduction in heat sinks or blower output is
possible by the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings are included to pro-
vide a further understanding of the present invention and are
incorporated in and constitute a part of this specification.
The drawings illustrate the embodiments of the present
invention and together with the description serve to explain
the principles of the invention. Other embodiments of the
present invention and many of the intended advantages of
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the present invention will be readily appreciated as they
become better understood by reference to the following
detailed description. The elements of the drawings are not
necessarily to scale relative to each other. Like reference
numerals designate corresponding similar parts.

[0024] FIG. 1 illustrates a lateral cross section through a
semiconductor component according to the present inven-
tion.

DETAILED DESCRIPTION

[0025] In the following Detailed Description, reference is
made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,”bottom,
”“front,”back,”“leading,”“trailing,” etc., is used with ref-
erence to the orientation of the Figure(s) being described.
Because components of embodiments of the present inven-
tion can be positioned in a number of different orientations,
the directional terminology is used for purposes of illustra-
tion and is in no way limiting. It is to be understood that
other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of
the present invention. The following detailed description,
therefore, is not to be taken in a limiting sense, and the scope
of the present invention is defined by the appended claims.

[0026] The semiconductor component 1 illustrates in FIG.
1 comprises a semiconductor chip 2, which has an active
upper side and a rear side. The active upper side is provided
with an electrical terminal area 3. The rear side forms a
ground terminal area 4. The semiconductor chip 2 has an
integrated circuit. The semiconductor component 1 is also
provided with a package 5, which contains the semiconduc-
tor chip 2. Furthermore, the package 5 is provided with a
chip carrier 6 with a number of external terminals (not
shown) and an external ground terminal 13.

[0027] The semiconductor chip 2 is electrically connected
by its rear side, which has a ground terminal area 4, to an
external ground terminal 13 by means of a soft solder
connection 12.

[0028] Furthermore, the electrical terminal area 3 is elec-
trically connected to an external electrical terminal 15 by
means of a bonding wire 7.

[0029] The semiconductor chip 2 and the electrical termi-
nal areas 3 located on it are surrounded by a film of plastic
10 electrically insulating them. The bonding wire 17 has an
electrical insulation 14.

[0030] The electrical insulation 14 and the thin film of
plastic 10 together form a passivation which electrically
insulates the semiconductor chip 2, its electrical terminal
areas 3 and the bonding wires 7. The semiconductor chip 2
encapsulated by the electrical passivation 8 is encapsulated
with an electrically and thermally conductive plastics com-
pound 9.

[0031] This plastics compound 9 has a high proportion of
metal particles 11. On account of the large amount of metal
particles 11 added to it, the plastics compound 9 has very
good conductivity, both electrical and thermal. In the same
way as the semiconductor chip 2, the plastics compound 9
is electrically connected to the external ground terminal 13.



US 2005/0077596 Al

[0032] The first plastics compound 9, provided with metal
particles 11, brings about the effect that the semiconductor
chip 2 is electromagnetically shielded with respect to «
radiation, [ radiation and high-frequency electromagnetic
radiation. Radiation of the type mentioned that reaches the
package 5 or gets into the plastics compound 9 is effectively
dissipated by the package 5 or the plastics compound 9 via
the ground terminal 13. On account of this electromagnetic
shielding, “soft errors” can no longer occur in the semicon-
ductor chip 2.

[0033] Inone embodiment, the plastics compound 9 illus-
trated has metal particles 11, which have a spherical shape.
Furthermore, in one embodiment, the plastics compound 9
has a composition comprising 90 to 95 percent by weight of
these spherical metal particles. The remainder of the com-
position is formed by organic polymers or other organic
additives.

[0034] The chip carrier 6 illustrated is in the present case
a ceramic substrate. However, configurations in which no
ceramic substrate or other substrate but a conventional
leadframe is used are also used consistent with the present
invention.

[0035] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those
of ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific embodiments shown and described without departing
from the scope of the present invention. This application is
intended to cover any adaptations or variations of the
specific embodiments discussed herein. Therefore, it is
intended that this invention be limited only by the claims and
the equivalents thereof.

What is claimed is:
1. A semiconductor component with an electromagnetic
shielding device comprising:

a semiconductor chip with a circuit integrated therein with
a number of electrical terminal areas and at least one
ground terminal area;

a package that contains the semiconductor chip, wherein
the package further comprises a chip carrier with a
number of external terminals and at least one external
ground terminal; and

connecting means for electrically connecting the electri-
cal terminal areas and the at least one ground terminal
area to external terminals and the at least one external
ground terminal, wherein the semiconductor chip and
the connecting means are encapsulated by an electri-
cally insulating passivation and wherein the semicon-
ductor chip and the connecting means encapsulated in
this way are encapsulated with an electrically and
thermally conductive first plastics compound, which
forms the package, the first plastics compound being
connected in an electrically conducting manner to one
of a group comprising the at least one ground terminal
area and the at least one external ground terminal.

2. The semiconductor component of claim 1, wherein the
first plastics compound is connected electrically to both the
at least one ground terminal area and the at least one external
ground terminal.
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3. The semiconductor component of claim 1, wherein a
leadframe is provided as the chip carrier.

4. The semiconductor of claim 1, wherein a substrate is
provided as the chip carrier.

5. The semiconductor component of claim 4, wherein a
ceramic substrate is provided as the chip carrier.

6. The semiconductor component claim 1, wherein bond-
ing wires are provided as the connecting means.

7. The semiconductor component of claim 6, wherein the
bonding wires are coated with an electrical insulating layer.

8. The semiconductor component of claim 1, wherein
solder bumps are provided as the connecting means.

9. The semiconductor component of claim 1, wherein
solder balls are provided as the connecting means.

10. The semiconductor component of claim 1, wherein a
second plastics compound is provided as the passivation.

11. The semiconductor component of claim 1, wherein a
thin film of plastic is provided as the passivation.

12. The semiconductor component of claim 1, wherein a
thermoplastic material provided with metal particles is pro-
vided as the electrically and thermally conductive first
plastics compound.

13. The semiconductor component of claim 12, wherein
the metal particles have a flake-like shape.

14. The semiconductor component of claim 12, wherein
the metal particles have a spherical shape.

15. The semiconductor component of claim 12, wherein
the metal particles have an elliptical shape.

16. The semiconductor component of claim 9, wherein the
first plastics compound has a composition comprising 90 to
95 percent by weight of metal particles, and the remainder
organic polymers.

17. The semiconductor component of claim 16, wherein a
thermoplastic material is provided as the first plastics com-
pound, a heat treatment being able to remove said material
so that a composite of sintered-together metal particles
remains as the package.

18. A semiconductor component comprising:

a package including a chip carrier with a number of
external terminals and at least one external ground
terminal,

a semiconductor chip contained within the package, the
semiconductor chip having a circuit integrated therein
with a number of electrical terminal areas and at least
one ground terminal area; and

a connector that connects the electrical terminal areas and
ground terminal area to the external terminals and
external ground terminal, wherein the semiconductor
chip and the connector are insulated by an electrical
insulating passivation and further insulated by an elec-
trically and thermally conductive first plastics com-
pound that forms the package.

19. The semiconductor component of claim 18, wherein
the first plastic component is electrically connected to the
ground terminal area.

20. The semiconductor component of claim 19, wherein
the first plastic component is electrically connected to the
external ground terminal.



