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(57) ABSTRACT

Semiconductor packages having a thin structure capable of
easily discharging heat from a semiconductor chip included
therein, and methods for fabricating such semiconductor
packages, are disclosed. An embodiment of a semiconductor
package includes a semiconductor chip having a first major
surface and a second major surface, the semiconductor chip
being provided at the second major surface with a plurality
of input/output pads; a circuit board including a resin
substrate having a first major surface and a second major
surface, a first circuit pattern formed at the first major
surface and provided with a plurality of ball lands, a second
circuit pattern formed at the second major surface and
provided with a plurality of bond fingers connected with he
ball lands by conductive via holes through the resin
substrate, cover coats respectively coating the first and
second circuit patterns while allowing the bond fingers and
the ball lands to be exposed therethrough, and a central
through hole adapted to receive the semiconductor chip
therein; electrical conductors that electrically connect the
input/output pads of the semiconductor chip with the bond
fingers of the circuit board, respectively; a resin encapsulate
that covers the semiconductor chip, the electrical
conductors, and at least part of the circuit board; and, a
plurality of conductive balls fused on the ball lands of the
circuit board, respectively.
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SEMICONDUCTOR PACKAGE AND
METHOD FOR FABRICATING THE SAME

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

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor package
and a method for fabricating the semiconductor package.
This application is a REI of 09/574,541 filed on May 19,
2000 U.S. Pat. No. 6,395,578.

II. Description of the Prior Art

Recently, semiconductor devices have been developed to
have a thinner and more miniature structure. For such
semiconductor devices, there are ball grid array (BGA)
semiconductor packages, chip scale semiconductor
packages, and micro BGA semiconductor packages.

Also, semiconductor chips, which are mounted on semi-
conductor packages as mentioned above, have been devel-
oped toward a high performance of electric power circuits,
an increase in operating frequency, and an expansion of
circuit functions, in pace with the development of integra-
tion techniques and manufacturing equipment. For this
reason, an increase in heat occurs inevitably during the
operation of such a semiconductor chip.

Referring to FIG. 10, a typical BGA semiconductor
package having a conventional structure involving the above
mentioned problem is illustrated.

As shown in FIG. 10, the BGA semiconductor package,
which is denoted by the reference numeral 100", includes a
semiconductor chip 1' arranged at a central portion of the
semiconductor package 100'. The semiconductor chip 1' is
provided with a plurality of integrated electronic circuits. A
plurality of input/output pads 2' are provided at an upper
surface of the semiconductor chip 1'. A circuit board 10' is
bonded at a central portion thereof to a lower surface of the
semiconductor chip 1' by means of an adhesive 3'.

The circuit board 10" includes a resin substrate 15'. A
circuit pattern 12' provided with bond fingers 11' is formed
on an upper surface of the resin substrate 15' around the
semiconductor chip 1'. Another circuit pattern provided with
a plurality of ball lands 13' is formed on a lower surface of
the resin substrate 15'. Each of the circuit patterns is com-
prised of a thin film made of a conductive material such as
copper (Cu). These circuit patterns are interconnected
together by via holes 14'. The exposed surface portions of
the circuit patterns not covered with the bond fingers 11' and
ball lands 13' are coated with cover coats 16', respectively,
so that those circuit patterns are protected from the external
environment.

The input/output pads 2' of the semiconductor chip 1' are
connected to the bond fingers 11' on the upper surface of the
circuit board 10' by means of conductive wires 4', respec-
tively. In order to protect the conductive wires 4' from the
external environment, the upper surface of the circuit board
10" is encapsulated by a resin encapsulate 20'.

The circuit board 10' is mounted on a mother board (not
shown) in a state in which a plurality of conductive balls 40"
are fused on the ball lands 13', respectively, so that it serves
as a medium for electrical signals between the semiconduc-
tor chip 1' and mother board.

In the BGA semiconductor package 100" having the above
mentioned configuration, the semiconductor chip 1' thereof
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exchanges electrical signals with the mother board via the
input/output pads 2', conductive wires 4', bond fingers 11,
via holes 14', ball lands 13', and conductive balls 40,
respectively.

However, the above mentioned conventional BGA semi-
conductor package is problematic in that it has an increased
thickness because the semiconductor chip is bonded to the
upper surface of the circuit board having a relatively large
thickness. This is contrary to the recent trend toward a
miniaturization and thinness. As a result, the above men-
tioned semiconductor package is problematic in that it
cannot be applied to a variety of miniature electronic appli-
ances such as portable phones, cellular phones, pagers, and
notebooks.

Furthermore, in spite of the increasing heat generated at
the semiconductor chip, as mentioned above, there is no
appropriate heat discharge means in the conventional semi-
conductor package. As a result, the conventional semicon-
ductor package is implicated in a heat-related degradation in
the electrical performance and other functions of the semi-
conductor chip. In severe cases, the semiconductor package
and the electronic appliance using it may be so damaged as
not to be inoperable.

Although a semiconductor package has been proposed,
which is provided with a heat discharge plate or heat sink for
easily discharging heat generated from the semiconductor
chip, the provision of such a heat discharge plate causes
another problem because it serves to further increase the
thickness of the semiconductor package while increasing the
manufacturing costs.

SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of
the above mentioned problems involved in the prior art, and
an object of the invention is to provide a semiconductor
package having a super-thin structure and a method for
fabricating the semiconductor package.

Another object of the invention is to provide a semicon-
ductor package having a structure capable of easily dis-
charging heat from a semiconductor chip included therein,
and a method for fabricating the semiconductor package.

In accordance with one aspect, the present invention
provides a semiconductor package comprising: a semicon-
ductor chip having a first major surface and a second major
surface, the semiconductor chip being provided at the sec-
ond major surface with a plurality of input/output pads; a
circuit board including a resin substrate having a first major
surface and a second major surface, a first circuit pattern
formed at the first major surface and provided with a
plurality of ball lands, a second circuit pattern formed at the
second major surface and provided with a plurality of bond
fingers connected with the ball lands by conductive via
holes, cover coats respectively coating the first and second
circuit patterns while allowing the bond fingers and the ball
lands to be open, and a central through hole adapted to
receive the semiconductor chip therein; electrical connec-
tion means for electrically connecting the input/output pads
of'the semiconductor chip with the bond fingers of the circuit
board, respectively; a resin encapsulate for encapsulating the
semiconductor chip, the electrical connection means, and the
circuit board; and a plurality of conductive balls fused on the
ball lands of the circuit board, respectively.

The semiconductor chip may be arranged in such a
fashion that it is oriented, at the second major surface
thereof, in the same direction as the second major surface of
the circuit board provided with the bond fingers while being
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flush, at the first major surface thereof, with the first major
surface of the circuit board provided with the ball lands and
one surface of the resin encapsulate.

The resin encapsulate may be formed to completely or
partially encapsulate the second major surface of the circuit
board provided with the bond fingers.

The second major surface of the circuit board provided
with the bond fingers may be further provided with a
plurality of ball lands.

A plurality of conductive balls may be fused on the ball
lands provided at the second major surface of the circuit
board, respectively.

The semiconductor package may further comprises a
closure member attached to the first major surface of the
semiconductor chip and adapted to cover the through hole of
the circuit board.

Preferably, each of the closure members comprises an
insulating tape or a copper layer.

In accordance with another aspect, the present invention
provided a method for fabricating semiconductor packages
comprising the steps of: preparing a circuit board strip
including a plurality of unit circuit boards, the circuit board
strip having a plurality of ball lands formed at a first major
surface thereof, a plurality of bond fingers formed at a
second major surface thereof and respectively connected
with the ball lands by conductive via holes, and a plurality
of through holes respectively associated with the unit circuit
boards; receiving, in the through holes, semiconductor chips
each having a first major surface and a second major surface
provided with a plurality of input/output pads, respectively;
electrically connecting the input/output pads of the semi-
conductor chips with associated ones of the bond fingers of
the circuit board strip using connection means, respectively;
encapsulating the semiconductor chips, the connection
means, and the through holes of the circuit board strip using
an encapsulating material; fusing conductive balls on the
ball lands of the circuit board strip; and singulating the
circuit board strip into semiconductor packages respectively
corresponding to the unit circuit boards.

The circuit board strip prepared at the circuit board strip
preparing step may comprise: a main strip including a resin
substrate having a substantially rectangular strip shape pro-
vided with a first major surface and a second major surface;
a plurality of main slots extending to a desired length in an
direction transverse to a longitudinal direction of the main
strip while being uniformly spaced apart from one another in
the longitudinal direction of the main strip, thereby dividing
the main strip into a plurality of sub-strips aligned together
in the longitudinal direction of the main strip; a plurality of
sub slots extending to a desired length and serving to divide
each of the sub-strips into a plurality of strip portions
arranged in a matrix array, each of the strip portions corre-
sponding to one of the unit circuit boards while having one
of the through holes; a plurality of first circuit patterns each
formed on the first major surface of the resin substrate for an
associated one of the strip portions and provided with
associated ones of the ball lands; a plurality of second circuit
patterns each formed on the second major surface of the
resin substrate for an associated one of the strip portions and
provided with associated ones of the bond fingers; and cover
coats respectively coated over the first and second major
surfaces of the resin substrate while allowing the bond
fingers and the ball lands to be externally open.

Alternatively, the circuit board strip prepared at the circuit
board strip preparing step may comprise: a resin substrate
having a substantially rectangular strip shape provided with
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a first major surface and a second major surface; a plurality
of slots extending to a desired length and serving to divide
each of the resin substrate into a plurality of substrate
portions arranged in a matrix array, each of the substrate
portions corresponding to one of the unit circuit boards
while having one of the through holes; a plurality of first
circuit patterns each formed on the first major surface of the
resin substrate for an associated one of the strip portions and
provided with associated ones of the ball lands; a plurality
of second circuit patterns each formed on the second major
surface of the resin substrate for an associated one of the
strip portions and provided with associated ones of the bond
fingers; and cover coats respectively coated over the first and
second major surfaces of the resin substrate while allowing
the bond fingers and the ball lands to be externally open.

The method may further comprise the step of attaching a
plurality of closure members to the first major surface of the
circuit board strip in such a fashion that each of the closure
members covers an associated one of the through holes,
prior to the strip of receiving the semiconductor chips in the
through holes.

The method may further comprise the step of attaching a
plurality of closure members to the first major surface of the
main strip in such a fashion that each of the closure members
covers an associated one of the through holes, prior to the
step of receiving the semiconductor chips in the through
holes.

The closure member attaching step may comprise the
steps of preparing closure member strips each having clo-
sure members for an associated one of the sub-strips, and
individually attaching the closure member strips to the
sub-strips, respectively, in such a fashion that each of the
closure member strips is arranged to cover the main slot
formed at one side of an associated one of the sub-strips.

Alternatively, the closure member attaching step may
comprise the steps of preparing a single closure member
strip having closure members for all sub-strips of the circuit
board strip while having small singulation apertures at a
region corresponding to each of the main slots, and attaching
the closure member strip to the main strip in such a fashion
that the closure member strip is arranged to allow each of the
small singulation apertures to be aligned with an associated
one of the main slots.

The closure members are removed after the encapsulating
step, e.g., before or after the conductive ball fusing step, or
after the singulation step.

The closure members may be removed by inserting a
planar bar into each of the main slots in a direction from the
second major surface of the circuit board strip to the first
major surface of the second board strip, thereby detaching an
associated one of the closure members from the circuit board
strip at one side of the associated closure member.

Each of the closure members may comprise an insulating
tape, an ultraviolet tape, or a copper layer.

The encapsulating step may be carried out to form an
encapsulate completely encapsulating the second major sur-
face of the circuit board strip.

The singulation step may be carried out in such a fashion
that the encapsulate and the circuit board strip are simulta-
neously singulated.

The encapsulating step may comprise the steps of inter-
posing the circuit board strip between a pair of molds, one
of which has cavities and gates, in such a fashion that the
second major surface of each of the semiconductor chips
faces an associated one of the cavities while facing an
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associated one of the gates at a central portion thereof, and
injecting the encapsulating material into each of the cavities
through an associated one of the gates in such a fashion that
it flows outwardly from the central portion of the second
major surface of the associated semiconductor chip along
the second major surface.

The circuit board strip prepared at the circuit board strip
preparing step may be further provided with a plurality of
ball lands at the second major surface thereof having the
bond fingers. In this case, the conductive ball fusing step
further comprises the step of fusing a plurality of conductive
balls on the ball lands provided at the second major surface
of the circuit board strip having the bond fingers.

In accordance with the present invention, a circuit board
is used which has a through hole of a desired size adapted
to receive a semiconductor chip, thereby allowing the thick-
ness of the semiconductor chip to be offset by the thickness
of the circuit board. Accordingly, it is possible to fabricate
semiconductor packages having a super-thin structure.

In accordance with the present invention, the semicon-
ductor chip is outwardly exposed at one major surface
thereof without being encapsulated by an encapsulate.
Accordingly, heat generated from the semiconductor chip
can be easily discharged into the atmosphere. This results in
an improvement in the thermal and electrical performance of
the semiconductor chip.

In accordance with the present invention, the circuit board
may be completely encapsulated at one major surface
thereof by an encapsulate. In this case, it is possible to
effectively prevent a bending phenomenon of the circuit
board.

In addition, the use of closure members during the fab-
rication of semiconductor packages according to the present
invention achieves an easy encapsulating process.

For such closure members, closer member strips may be
used, each of which has closure members for one sub strip
of a circuit board strip. In this case, the closure member
strips are individually attached to the sub-strips of the circuit
board strip. Alternatively, a single closure member strip may
be used which has closure members for all sub-strips of the
circuit board strip while having small singulation apertures
or slits. By virtue of such a single closure member strip or
closure member strips, an easy removal of closure members
is achieved.

Also, the encapsulating process involved in the fabrica-
tion of semiconductor packages is conducted in such a
fashion that it proceeds from the second major surface of
each semiconductor chip in accordance with the present
invention. Accordingly, it is possible to achieve a uniform
encapsulation while suppressing the occurrence of a wire
sweeping phenomenon.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects, and other features and advantages of
the present invention will become more apparent after a
reading of the following detailed description when taken in
conjunction with the drawings, in which:

FIGS. 1 to 5 are cross-sectional views respectively illus-
trating semiconductor packages according to various exem-
plary embodiments of the present invention;

FIGS. 6A and 6B are a top view and a bottom view
respectively illustrating an exemplary circuit board strip
useful in the fabrication of the semiconductor packages
described herein;

FIGS. 7A to 7F are cross-sectional views respectively
illustrating stages in a semiconductor package fabricating
method according to the present invention;
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FIGS. 8A and 8B are bottom views each illustrating an
alternative method for attaching closure members in the
exemplary fabrication method;

FIG. 9 is a cross-sectional view illustrating an encapsu-
lating method usable in the exemplary fabrication method
described; and

FIG. 10 is a cross-sectional view illustrating a typical
BGA semiconductor package having a conventional struc-
ture.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Referring to FIGS. 1 to 5, semiconductor packages
according to various embodiments of the present invention
are illustrated, respectively.

In accordance with the embodiment of the present inven-
tion illustrated in FIG. 1, the semiconductor package, which
is denoted by the reference numeral 101, includes a semi-
conductor chip 30 having a first major surface 30a (a lower
surface in FIG. 1) and a second major surface 30b (an upper
surface in FIG. 1). A plurality of input/output pads 31 are
formed at the second major surface 30b of the semiconduc-
tor chip 30.

The semiconductor chip 30 is arranged in such a fashion
that it is received in a through hole 12 formed 10 through a
circuit board 10 to have a desired size. The through hole 12
has a size larger than the area of the first or second surface
30a or 30b of the semiconductor chip 30. The circuit board
10 includes a resin substrate 17 having a first major surface
11a (a lower surface in FIG. 1) and a second major surface
11b (an upper surface of FIG. 1). The through hole 12 is
centrally formed through the resin substrate 17. The resin
substrate 17 is provided at the first major surface 11a thereof
with a conductive circuit pattern 18 having a plurality of ball
lands 18b. The conductive circuit pattern 18 is arranged
around the through hole 12. The resin substrate 17 is also
provided at the second major surface 11b thereof with
another conductive circuit pattern 18 having a plurality of
bond fingers 18a. The conductive circuit patterns 18 on the
first and second major surfaces of the circuit board 10 are
electrically connected to each other by conductive via holes
20.

Each of the bond fingers 18a is plated with gold (Au) or
silver (Ag) in order to allow an easy bonding of a conductive
connecting means 40 (e.g., a bond wire) thereto. 30 Each of
the ball lands 18b is plated with gold (Au), silver (Ag),
nickel (Ni), or palladium (Pd) in order to allow an easy
bonding of a conductive ball 60 thereto. Preferably, the resin
substrate 17 is made of a bismaleimide triazine (BT) epoxy
resin exhibiting a hardness. Of course, the resin substrate 17
is not limited to the above mentioned material.

The conductive circuit patterns 18 are coated with cover
coats 19 in such a fashion that the bond fingers 18a and ball
lands 18b are externally open through the cover coats 19,
respectively, so that they are protected from physical,
chemical, electrical, and mechanical damage externally
applied thereto.

The input/output pads 31 of the semiconductor chip 30 are
electrically interconnected with the bond fingers 18a on the
circuit board 10 via the conductive connecting means 40,
respectively. The conductive connecting means 40 may
comprise conductive wires, such as gold (Au) wires or
aluminum (Al) wires, or leads extending from respective
bond fingers 18a.

Meanwhile, the semiconductor chip 30 and conductive
connecting means 40 are encapsulated by a resin encapsulate
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50 so that they are protected from external physical,
chemical, and mechanical damage. The resin encapsulate 50
may be formed in such a fashion that it completely encap-
sulates the entire upper surface of the circuit board 10, as
shown in FIG. 1. Where the resin encapsulate 50 completely
encapsulates the entire upper surface of the circuit board 10,
there is an advantage in that it is possible to prevent the
circuit board 10 from being bent. Alternatively, the resin
encapsulate 50 may be formed in such a fashion that it
partially encapsulates the upper surface of the circuit board
10 at a region where the semiconductor chip 30, connecting
means 40, and bond fingers 18a are arranged, as shown in
FIG. 2. The resin encapsulate 50 may be formed using an
epoxy molding compound so that it is molded using a mold.
The use of such a molding compound may be implemented
in the case of FIGS. 1 and 2. On the other hand, a liquid
encapsulating resin may be used to form the resin encapsu-
late 50. In this case, the encapsulation process may be
carried out using a dispenser. The use of such a liquid
encapsulating resin may be implemented in the case of FIG.
3. Where the liquid encapsulating resin is used, a dam 25
may be formed on the upper surface of the circuit board 10,
as shown in FIG. 3, in order to prevent the liquid encapsu-
lating resin from flowing beyond a desired encapsulating
region. In the case of FIG. 1 or 2, the liquid encapsulating
resin may also be used. In other words, the present invention
is not limited by the material of the resin encapsulate.
Semiconductor packages of FIGS. 2 and 3 are denoted by
the reference numerals 102 and 103, respectively.

In either case of FIG. 1, 2 or 3, the semiconductor package
is formed in such a fashion that the second major surface 30b
of the semiconductor chip 30 and the circuit board surface
formed with the bond fingers 18a, that is, the second major
surface 11b of the circuit board 10, are oriented in the same
direction. Also, the first major surface 30a of the semicon-
ductor chip 30, the circuit board surface formed with the ball
lands 18b, that is, the first major surface 11a of the circuit
board 10, and the lower surface of the resin encapsulate 50
are flush with one another. Accordingly, the semiconductor
package has a thin structure. In addition, the first major
surface 20a of the semiconductor chip 30 is exposed without
being covered with the resin encapsulate 50, so that is can
easily discharge heat generated therefrom.

Although not shown, an insulating tape or a copper layer
may be attached, as a closure means, to the first major
surface 30a of the semiconductor chip 30 in such a fashion
that it covers the through hole 12 of the circuit board 10.
Where the insulating tape is used as the closure means, it is
adapted to protect the first major surface 30a of the semi-
conductor chip 30 from external damage. On the other hand,
where the copper layer is used as the closure means, it is
adapted to improve the heat discharge performance of the
semiconductor chip 30.

A plurality of conductive balls 60 made of tin (Sn), lead
(Pb), or an alloy thereof are fused on the ball lands 18b
provided at the first major surface 11a of the resin substrate
17, respectively, in order to allow the semiconductor pack-
age to be subsequently mounted on a mother board (not
shown).

The circuit pattern 18 formed on the second major surface
11b of the resin substrate 17 may also be provided with a
plurality of ball lands 18b, as in a semiconductor package
104 illustrated in FIG. 4. As shown in FIG. 4, the ball lands
18b formed on the second major surface 11b of the resin
substrate 17 are not covered with the cover coat 19 covering
the associated circuit pattern 18 in such a fashion that they
are open. This means that a plurality of semiconductor
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packages having the above mentioned structure can be
laminated together. That is, the lamination of a number of
semiconductor packages can be achieved under the condi-
tion in which a plurality of conductive balls 60 are addi-
tionally fused on the ball lands 18b formed at the second
major surface 11b of the resin substrate 17 in the semicon-
ductor package 105 of FIG. 5.

FIGS. 6A and 6B are a top view and a bottom view
respectively illustrating a circuit board strip used in the
fabrication of the semiconductor package according to the
present invention. Now, the structure of the circuit board
strip will be described in brief, with reference to FIGS. 6A
and 6B. In FIGS. 6A and 6B, elements respectively corre-
sponding to those in FIGS. 1 to 5 are denoted by the same
reference numerals.

As shown in FIGS. 6A and 6B, the circuit board strip,
which is denoted by the reference numeral 10-1, includes a
main strip 16 comprising a resin substrate 17, circuit patterns
18, and cover coats 19. The resin substrate 17 has a
substantially rectangular plate structure having a first major
surface 11a (FIG. 6B) and a second major surface 11b (FIG.
6A). The main strip 16 is divided into a plurality of sub-
strips 14 aligned together in the longitudinal direction of the
main strip 16 by a plurality of main slots 15. Main slots 15
extend through resin substrate 17 at a side of each sub-strip
14. Sub-strips 14 extend to a desired length in a direction
transverse to the longitudinal direction of the main strip 16
while being uniformly spaced apart from one another in the
longitudinal direction of the main strip 16. A plurality of
through holes 12, which are adapted to receive semiconduc-
tor chips (not shown) therein, respectively, are formed at
each sub strip 14 in such a fashion that they are arranged in
the form of a matrix array. Each sub strip 14 is divided by
sub slots 13 having a desired length into a rectangular matrix
of strip portions, each of which corresponds to a unit circuit
board 10 of FIGS. 1-5. Each unit circuit board 10 in each sub
strip 14 includes an associated one of the through holes 12
provided at the sub strip 14.

The sub slots 13 and main slots 15 are formed through the
resin substrate 17.

In each unit circuit board 10 of circuit board strip 10-1, the
circuit patterns 18 are formed on the first and second major
surfaces 11a and 11b of the resin substrate 17 between the
through hole 12 and the sub slots 13. The circuit patterns 18
are typically comprised of a copper thin film.

In each unit circuit board 10, the cover coats 19 are coated
over the exposed surfaces of the circuit patterns 18 and resin
substrate 17 in order to protect the circuit patterns 18 from
the external environment. The cover coats 19 are typically
made of a polymeric resin.

One circuit pattern 18 of each unit circuit board is
provided with a plurality of bond fingers 18a to be subse-
quently connected with a semiconductor chip whereas the
other circuit pattern 18 of the unit circuit board is provided
with a plurality of ball lands 18b on which conductive balls
are to be subsequently fused, respectively. The bond fingers
18a and ball lands 18b are externally open through the
associated cover coats 19, respectively.

As shown in FIG. 6A, the circuit pattern 18 formed on the
second major surface 11b of the resin substrate 17 may have
both the bond fingers 18a and the ball lands 18b.
Alternatively, the ball lands 18b may be provided only at the
first major surface 11a of the resin substrate 17, as shown in
FIG. 6B. Each bond finger 18a is electrically connected with
a ball land 18b by conductive via (not shown) through resin
substrate 17. Although the ball lands 18b have been illus-






