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(7) ABSTRACT

A semiconductor device, in particular a thin semiconductor
package, which reduces and simultaneously achieves a uni-
form mounting height, does not require complicated steps
for mounting individual chips, improves the manufacturing
yield, achieves a uniform height of the semiconductor
device without being affected by the variation in thickness of
the chip, and enables execution of an electrical test all
together, and a process for production of the same, wherein
a semiconductor is mounted, with its back surface exposed
upward, on the top surface of an insulating tape substrate
having through holes in the thickness direction, the area
around the side surfaces of the semiconductor element is
sealed by a sealing resin layer, metal interconnections
formed on the bottom surface of the tape substrate define the
bottom portions of the through holes of the tape substrate, a
solder resist layer having through holes in the thickness
direction covers the bottom surface of the metal intercon-
nections and the tape substrate, connection terminals extend-
ing downward from the active surface of the semiconductor
element are inserted into the through holes of the tape
substrate, a filler comprised of a conductive material fills the
gaps between the connection terminals and the through holes
of the tape substrate, and the connection terminals and the
metal interconnections are electrically connected.
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SEMICONDUCTOR DEVICE AND PROCESS OF
PRODUCTION OF SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
and a process for production of the same, more particularly
relates to a thin package semiconductor device and a process
of production of the same.

[0003] 2. Description of the Related Art

[0004] The most flexible type of thin package semicon-
ductor device mounting a semiconductor element (LSI or
other semiconductor chip) for the increase of pins, reduction
of the pitch between connection terminals, and reduction of
thickness and size of the device as a whole is the tape carrier
package (TCP).

[0005] A TCP is produced by mounting a semiconductor
element on an insulating tape substrate (usually a resin film)
by tape automated bonding (TAB). Typically, first, a copper
foil is attached to a resin film provided with a predetermined
pattern of openings, then the copper foil is etched to pattern
it to form predetermined copper leads. Next, a semiconduc-
tor element (semiconductor chip) is positioned and held
within an opening of the resin film, a plurality of connection
terminals of the chip (in general gold bumps) and a corre-
sponding plurality of copper leads on the resin film are
bonded together, then the semiconductor chip and part of the
copper leads are sealed by a resin to complete a single
semiconductor package unit. This operation is repeated for
every opening while intermittently feeding the resin film,
whereby a large number of semiconductor package units are
formed on a single film. Finally, the large number of
semiconductor package units formed along the longitudinal
direction of the film are cut and separated from each other
so as to obtain individual semiconductor packages.

[0006] FIG. 1 is a perspective view of a semiconductor
device of the related art obtained by connecting a semicon-
ductor chip and TCP leads. It shows the state before the
individual TCPs are cut from the tape. The TCP 10 uses a
resin film (for example, a polyimide resin film) 1 as a
substrate and has leads 2 formed by etching of a copper foil
on top. Further, sprocket holes 3 are formed at the two side
edges of the resin film 1 for feeding the film. An opening 5
for accommodating a semiconductor chip 4 (in general
called a “device hole”) and window holes 9 are also formed
in the center of the resin film 1 as illustrated.

[0007] The state of connection of the semiconductor chip
and the leads of the package is shown in the sectional view
of FIG. 2, which shows the center portion of the semicon-
ductor device of FIG. 1 enlarged. A semiconductor chip 4 is
positioned and placed in the device hole 5§ of the resin film
1, then the front ends of the leads 2 are bonded on the bumps
on the electrodes (normally projections formed by gold
plating). The leads are normally bonded all together using a
special bonding tool. Note that to assist the bonding of the
bumps 6 with the front ends of the leads 2 comprised of
copper, the bumps are gold plated in advance before the
bonding step. Finally, while not shown in FIG. 1, the
semiconductor chip 4 and the leads 6 are protected from the
humidity, contamination, etc. of the ambient environment by
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sealing the two to cover them by a resin 7. As the sealing
resin 7, use is made for example of an epoxy resin.

[0008] The above conventional semiconductor device
however suffered from the following problems (a) to (e):

[0009] (a) There are limits to the reduction of the mount-
ing height of the semiconductor chip on a resin film, so there
are limits to the reduction of thickness of the semiconductor
device. That is, the semiconductor device is fixed by thin
copper leads projecting out in a bridge like manner into the
opening of the resin film, so securing sufficient mounting
strength requires that the copper leads, the resin film serving
as the support member, and the device as a whole be at least
a certain thickness. If reinforcing the strength by the resin
sealed portion, a broad area has to be sealed thickly. It is
difficult however to secure complete sealing across a broad
area. Further, thick sealing runs counter to the desire to
reduce thickness.

[0010] (b) Semiconductor chips become brittle and easily
warpable when made thin enough for reducing the thickness
of the semiconductor device. Each requires a special carrier.
Handling is extremely complicated and a large number of
steps are required. Further, improvement of the manufac-
turing yield also becomes difficult.

[0011] (c) The individual semiconductor chips have to be
individually positioned and bonded in the openings of the
resin film, so production of a large number of semiconductor
packages requires a long, complicated production process.

[0012] (d) In the case of a multilayer semiconductor
device obtained by stacking semiconductor chips in a plu-
rality of layers, each individual semiconductor chip has to be
positioned and bonded in the opening of the resin film, so the
production process becomes even longer and more compli-
cated.

[0013] (e) Not only is there a manufacturing variation in
the thickness of the chips, but there is also variation in the
individual mounting heights. As a result, a variation in
height arises in the semiconductor devices. It is conse-
quently difficult to conduct electrical tests all together before
cutting and separating the film into the semiconductor
package units.

SUMMARY OF THE INVENTION

[0014] An object of the present invention is to solve the
above problems in the related art and provide a semicon-
ductor device, in particular a thin semiconductor package,
which reduces and simultaneously achieves a uniform
mounting height, does not require complicated steps for
mounting individual chips, improves the manufacturing
yield, achieves a uniform height of the semiconductor
device without being affected by the variation in thickness of
the chips, and enables execution of electrical tests all
together and a process for production of the same.

[0015] To achieve the above object, according to a first
aspect of the present invention, there is provided a semi-
conductor device provided with an insulating tape substrate
having through holes in the thickness direction; a semicon-
ductor element mounted on a top surface of the tape sub-
strate with its back surface exposed upward and its active
surface facing downward; a sealing resin layer formed on
the top surface of the tape substrate outside of the region in
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which the semiconductor device is mounted and sealing the
arca around the side surfaces of the semiconductor element;
metal interconnections formed on the bottom surface of the
tape substrate and blocking the bottom ends of the through
holes of the tape substrate to define bottom portions; a solder
resist layer covering the metal interconnections and the
bottom surface of the tape substrate and having through
holes in the thickness direction; external connection termi-
nals projecting from the bottom surface of the metal inter-
connections and filling, passing through, and projecting
downward through the through holes of the solder resist
layer; connection terminals extending downward from the
active surface of the semiconductor element and inserted in
the through holes of the tape substrate; and a filler comprised
of a conductive material filling the gaps between the con-
nection terminals and the inside walls of the through holes
of the tape substrate and electrically connecting the connec-
tion terminals and the metal interconnections.

[0016] According to the present invention, there is also
provided a process of production of a semiconductor device
of the first aspect, comprising forming through holes in the
thickness direction in a tape substrate having an area able to
accommodate a plurality of semiconductor package units
and provided at its bottom surface with a metal intercon-
nection layer and a solder resist layer and in the solder resist
layer; filling a conductive material in the through holes of
the tape substrate in amounts incompletely filling the
through holes; inserting connection terminals of a number of
semiconductor elements required for forming a plurality of
semiconductor package units into the corresponding through
holes of the tape substrate and filling the gaps between the
connection terminals and the inside walls of the through
holes by the conductive material until about the top ends of
the through holes; bonding and mounting semiconductor
elements on the top surface of the tape substrate; forming a
sealing resin layer covering the top surface of the tape
substrate other than the regions where the semiconductor
elements are mounted and sealing the area around the side
surfaces of the semiconductor element; grinding and pol-
ishing to a predetermined thickness the top part of the
sealing resin layer and the back surface portions of the
semiconductor elements; and cutting the tape substrate into
semiconductor package units to obtain individual semicon-
ductor devices.

[0017] By providing connection terminals extending
downward from the active surface of the semiconductor
element and inserted into the through holes of the tape
substrate and a filler comprised of a conductive material
filling the gap between the connection terminals and the
inner walls of the through holes of the tape substrate and
electrically connecting the connection terminals and metal
interconnections, it is possible to directly bond the semi-
conductor element to the tape substrate at the active surface
and possible to electrically connect the semiconductor ele-
ment to the metal interconnection layer by the connection
terminals inserted in the through holes of the tape substrate
and the filler comprised of the conductive material filling the
gap, so the device can be made thinner than the past while
easily securing mounting strength compared with a structure
of affixing a semiconductor element in an opening of a tape
substrate by leads like in the related art.

[0018] Further, since the back surfaces of the semicon-
ductor elements and the sealing resin layer can be ground
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and polished from the top to reduce the height to a prede-
termined value in a state with a large number of semicon-
ductor elements fixed to the tape substrate and with the area
around the side surfaces of the semiconductor elements
sealed by a resin, the individual semiconductor chips can be
handled in a thick state without being made thin, no com-
plicated steps or special carriers are required as in the past,
a large number of semiconductor package units can be
produced all together while integrally fixed to the tape
substrate, the heights of the semiconductor devices, that is,
the semiconductor packages, can be made small and uni-
form, the electrical tests can be performed all at once, the
production process is shortened and the manufacturing yield
improved, and the devices can be made thinner than in the
past.

[0019] Preferably, the semiconductor device is further
provided with conductor columns passing through the resin
sealing layer and the tape substrate at a region where the
resin sealing layer is formed, having top ends exposed at the
top surface of the resin sealing layer, and having bottom
ends electrically connected to the metal interconnection
layer or is further provided with, instead of the sealing resin
layer, an insulating frame bonded to the top surface of the
tape substrate other than at the region where the semicon-
ductor element is mounted and surrounding the side surfaces
of the semiconductor element with a gap and a resin sealing
layer filling the gap and sealing the area around the side
surfaces of the semiconductor element and further provided
with conductor columns passing through the frame and the
tape substrate at a region where the frame is formed, having
top ends exposed at the top surface of the frame, and having
bottom ends electrically connected to the metal intercon-
nection layer.

[0020] These preferred structures are particularly advan-
tageous when applied to a multilayer semiconductor device.
A multilayer semiconductor device produced in this way is
comprised of a plurality of such semiconductor devices
stacked in layers, wherein the semiconductor devices of each
layer are connected with each other at the top ends of the
conductor columns and the bottom ends of the external
connection terminals.

[0021] Preferably, the connection terminals extending
downward from the active surface of the semiconductor
element are bumps comprised of gold or copper.

[0022] Preferably, the external connection terminals filling
and passing through the openings of the solder resist layer
are arranged a peripheral or area array mode according to the
application of the semiconductor device or the requirements
of the customer.

[0023] Preferably, the filler is filled in the gaps between
the connection terminals and the through holes of the tape
substrate up to positions of substantially the top ends of the
through holes. That is, the amount of the filler is set so that
the total volume with the connection terminals of the semi-
conductor element inserted later becomes substantially
equal to the volume of the through holes of the tape substrate
(with bottom portions defined by the metal interconnec-
tions). Due to this, the connection terminals and metal
interconnections are reliably connected and, simultaneously,
overflow of excess conductive material from the top ends of
the through holes is prevented. As the conductive material,
use may be made of a low melting point metal or a
conductive paste.
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[0024] Preferably, since the heights of the large number of
semiconductor package units formed on the tape substrate
are made uniform, it is possible to easily perform electrical
tests all together after forming the sealing resin layer and
before or after the grinding and the polishing.

[0025] Preferably, the tape substrate is of a size able to
accommodate the plurality of semiconductor package units
and is shaped as a disk of 2 to 12 inches in diameter. Due to
this, it is possible to use existing grinding machines or
cutting machines or other facilities for processing semicon-
ductor wafers of the same size, so the cost of new equipment
can be reduced by that amount.

[0026] According to a second aspect of the present inven-
tion, there is provided a semiconductor device provided with
an insulating tape substrate having metal interconnections
on the top surface; a semiconductor element mounted on a
top surface of the tape substrate with its back surface
exposed upward and its active surface facing downward; a
sealing resin layer formed on the top surface of the tape
substrate, sealing the area around the side surfaces of the
semiconductor element, and filling the gap between the
active surface of the semiconductor element and the top
surface of the tape substrate; and at least one of conductor
columns extending upward from the top surfaces of the
metal interconnections, passing through the sealing resin
layer at the area around the side surfaces of the semicon-
ductor element, and having top ends exposed upward and of
external connection terminals extending downward from the
bottom surfaces of the metal interconnections, passing
through the tape substrate, and projecting downward.

[0027] Typically, the top surface of the sealing resin layer
and the back surface of the semiconductor element form
substantially the same plane.

[0028] The semiconductor device of the second aspect of
the present invention may be produced by one of the
following three processes of production depending on
whether it is provided with the conductor columns, the
external connection terminals, or both.

[0029] First, there is provided a process of production of
a semiconductor device comprising preparing a tape sub-
strate having an area able to accommodate a plurality of
semiconductor package units and provided at its top surface
with metal interconnections; bonding connection terminals
of active surfaces of a number of semiconductor elements
required for forming the plurality of semiconductor package
units to the top surfaces of the metal interconnections of the
tape substrate to mount the semiconductor elements on the
top surface of the tape substrate; forming conductor columns
with bottom ends bonded to the top surfaces of the metal
interconnections; forming a sealing resin layer sealing the
arca around the side surfaces of the semiconductor elements,
including the metal interconnections and conductor col-
umns, and filling the gaps between the active surfaces of the
semiconductor elements and the top surface of the tape
substrate; grinding and polishing to a predetermined thick-
ness the top part of the sealing resin layer and the back
surface portions of the semiconductor elements and expos-
ing the top ends of the conductor columns upward; and
cutting the tape substrate into semiconductor package units
to obtain individual semiconductor devices.

[0030] Second, there is provided a process of production
of a semiconductor device comprising preparing a tape
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substrate having an area able to accommodate a plurality of
semiconductor package units, provided at its top surface
with metal interconnections, having through holes in a
thickness direction at positions corresponding to external
connection terminals, and having bottom surfaces of the
metal interconnections defining top ends of the through
holes; bonding connection terminals of active surfaces of a
number of semiconductor elements required for forming the
plurality of semiconductor package units to the top surfaces
of the metal interconnections of the tape substrate to mount
the semiconductor elements on the top surface of the tape
substrate; forming a sealing resin layer sealing the area
around the side surfaces of the semiconductor elements,
including the metal interconnections, and filling the gaps
between the active surfaces of the semiconductor elements
and the top surface of the tape substrate; then, in either order,
grinding and polishing to a predetermined thickness the top
part of the sealing resin layer and the back surface portions
of the semiconductor elements and forming external con-
nection terminals extending downward from the bottom
surfaces of the metal interconnections defining the top ends
of the through holes, filling the through holes, and projecting
downward; and cutting the tape substrate into semiconductor
package units to obtain individual semiconductor devices.

[0031] Third, there is provided a process of production of
a semiconductor device comprising preparing a tape sub-
strate having an area able to accommodate a plurality of
semiconductor package units, provided at its top surface
with metal interconnections, having through holes in a
thickness direction at positions corresponding to external
connection terminals, and having bottom surfaces of the
metal interconnections defining top ends of the through
holes; bonding connection terminals of active surfaces of a
number of semiconductor elements required for forming the
plurality of semiconductor package units to the top surfaces
of the metal interconnections of the tape substrate to mount
the semiconductor elements on the top surface of the tape
substrate; forming conductor columns with bottom ends
bonded to the top surfaces of the metal interconnections;
forming a sealing resin layer sealing the area around the side
surfaces of the semiconductor elements, including the metal
interconnections and conductor columns, and filling the gaps
between the active surfaces of the semiconductor elements
and the top surface of the tape substrate; then, in either order,
grinding and polishing to a predetermined thickness the top
part of the sealing resin layer and the back surface portions
of the semiconductor elements and exposing the top ends of
the conductor columns upward and forming external con-
nection terminals extending downward from the bottom
surfaces of the metal interconnections defining the top ends
of the through holes, filling the through holes, and projecting
downward; and cutting the tape substrate into semiconductor
package units to obtain individual semiconductor devices.

[0032] By having the bottom ends of the connection
terminals projecting downward from the active surface of
the semiconductor element be connected to the top surfaces
of the metal interconnections on the top surface of the tape
substrate, it is possible to further simplify the structure than
when connecting the connection terminals and the metal
interconnections through a filler in the through holes of the
tape substrate as in the first aspect of the invention and
therefore it is possible to further improve the productivity of
thin semiconductor devices.
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[0033] Further, in the same way as the first aspect of the
invention, since the back surfaces of the semiconductor
elements and the sealing resin layer can be ground and
polished from the top to reduce the height to a predetermined
value in a state with a large number of semiconductor
elements fixed to the tape substrate and with the area around
the side surfaces of the semiconductor elements sealed by a
resin, the individual semiconductor chips can be handled in
a thick state without being made thin, no complicated steps
or special carriers are required as in the past, a large number
of semiconductor package units can be produced all together
while integrally fixed to the tape substrate, the heights of the
semiconductor devices, that is, the semiconductor packages,
can be made small and uniform, the electrical tests can be
performed all at once, the production process is shortened
and the manufacturing yield improved, and the devices can
be made thinner than in the past.

[0034] According to a third aspect of the present inven-
tion, there is provided a semiconductor device provided with
a resin member of a predetermined thickness; a semicon-
ductor element sealed inside the resin member, having a
back surface exposed at a top surface of the resin member,
and having an active surface facing downward; metal inter-
connections formed on the bottom surface of the resin
member; and connection terminals extending downward
from the active surface of the semiconductor element and
having a bottom end connected to top surfaces of the metal
interconnections.

[0035] Typically, the top surface of the sealing resin layer
and the back surface of the semiconductor element form
substantially the same plane.

[0036] According to the present invention, there is also
provided a process of production of a semiconductor device
of the third aspect, comprising mounting on the top surface
of a metal substrate having an area able to accommodate a
plurality of semiconductor package units semiconductor
elements by turning the active surfaces of semiconductor
elements downward and bonding front ends of connection
terminals to the metal substrate; covering the entire top
surface of the metal substrate by a resin to form a resin
member in which the semiconductor elements are sealed and
to the bottom surface of which the metal substrate is bonded;
then,

[0037] in either order, grinding and polishing to a prede-
termined thickness the top part of the sealing resin layer and
the back surface portions of the semiconductor elements and
patterning the metal substrate to form metal interconnections
with top surfaces connected to the bottom ends of the
connection terminals on the bottom surface of the resin
member; and cutting the resin member into semiconductor
package units to obtain individual semiconductor devices.

[0038] According to the present invention, there is also
provided another process of production of a semiconductor
device of the third aspect, comprising preparing a composite
metal plate comprised of a metal substrate having an area
able to accommodate a plurality of semiconductor package
units and of an interconnection pattern comprised of a
different type of metal from the metal substrate on its top
surface; mounting semiconductor elements on the top sur-
face of the composite metal plate by turning the active
surfaces of semiconductor elements downward and bonding
front ends of connection terminals to the composite metal
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plate; covering the entire top surface of the composite metal
plate by a resin to form a resin member in which the
semiconductor elements are sealed and to the bottom surface
of which the composite metal plate is bonded; then, in either
order, grinding and polishing to a predetermined thickness
the top part of the resin member and the back surface
portions of the semiconductor elements and etching away
the metal substrate of the composite metal plate and leaving
the interconnection pattern so as to form metal interconnec-
tions comprised of the interconnection pattern with top
surfaces connected to the bottom ends of the connection
terminals on the bottom surface of the resin member; and
cutting the resin member into semiconductor package units
to obtain individual semiconductor devices.

[0039] By not including a tape substrate, it is possible to
further reduce the thickness compared with the first and third
aspects of the present invention. At the same time, the
number of members is reduced and structure is simpler, so
a further higher productivity can be achieved.

[0040] Further, in the same way, since a large number of
semiconductor elements are sealed in a single resin member
and the back surfaces of the semiconductor elements and the
resin member can be ground and polished from the top to
reduce the height to a predetermined value, the individual
semiconductor chips can be handled in a thick state without
being made thin, no complicated steps or special carriers are
required as in the past, a large number of semiconductor
package units can be produced all together while integrally
fixed in the resin member, the heights of the semiconductor
devices, that is, the semiconductor packages, can be made
small and uniform, the electrical tests can be performed all
at once, the production process is shortened and the manu-
facturing yield improved, and the devices can be made
thinner than in the past.

[0041] Preferably, the semiconductor device is further
provided with a plurality of conductor columns passing
through the resin member from the top surfaces of the metal
interconnections, extending upward, and having top ends
exposed at the top surface of the resin member. Due to this,
it is also possible to easily obtain a multilayer semiconductor
device comprised of a plurality of semiconductor devices
stacked in layers, wherein the semiconductor devices of each
layer are connected with each other at the top ends of the
conductor columns and the bottom ends of the metal inter-
connections through connection bumps.

[0042] More preferably, the side surfaces of the conductor
columns are exposed at the side surfaces of the resin
member. Due to this, it is also possible to easily obtain a
parallel semiconductor device comprised of a plurality of
semiconductor devices connected to each other at their side
surfaces, wherein the semiconductor devices adjoining each
other at their sides are electrically connected with each other
at the side surfaces of the conductor columns exposed at the
side surfaces of the resin member. Further, it is also possible
to easily obtain a multilayer parallel semiconductor device
comprised of a plurality of semiconductor devices stacked in
layers and connected to each other at their side surfaces,
wherein the semiconductor devices of each layer are elec-
trically connected with each other at the top ends of the
conductor columns and the bottom ends of the metal inter-
connections through connection bumps and wherein the
semiconductor devices adjoining each other at their sides are
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electrically connected with each other at the side surfaces of
the conductor columns exposed at the side surfaces of the
resin member.

[0043] Preferably, the semiconductor device is further
provided with a solder resist layer covering the entire bottom
surface of the resin member including the metal intercon-
nections and connection bumps formed on the bottom sur-
faces of the metal interconnections, passing through the
solder resist layer, and projecting downward.

[0044] Preferably, the semiconductor device is further
provided with a capacitor sealed inside the resin member
and directly connected with the metal interconnections.
More preferably, the capacitor is a multilayer ceramic
capacitor including inner electrodes each having the surface
being perpendicular to the thickness direction of the resin
member. Still more preferably, an inorganic filler is dis-
persed in the resin member. Due to this, it is possible to
adjust the thermal expansion coefficient and the heat con-
ductivity of the resin member to desired values.

[0045] According to the above aspects of the invention,
further, it is possible to inspect individual semiconductor
devices, select only the good ones, and produce a multilayer,
parallel, and multilayer parallel type semiconductor devices
with elements connected across layers and/or at their sides.
Therefore, it is possible to further improve the product yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] The above object and features of the present inven-
tion will be more apparent from the following description of
the preferred embodiments given with reference to the
accompanying drawings, wherein:

[0047] FIG. 1 is a perspective view of a semiconductor
device of the related art after connecting a semiconductor
chip and leads of a TCP and shows the state before cutting
the individual TCPs from a tape;

[0048] FIG. 2 is a sectional view of the connection of a
semiconductor chip and leads of a package in the related art
and shows the center part of the semiconductor device of
FIG. 1 enlarged;

[0049] FIG. 3 shows an example of a semiconductor
device according to the first aspect of the present invention,
in (1) sectional and (2) top views;

[0050] FIG. 4 is a sectional view of an initial structure first
prepared for producing the semiconductor device according
to the first aspect of the present invention shown in FIG. 3;

[0051] FIG. 5 is a sectional view of the state when
forming an insulating coating on the initial structure shown
in FIG. 4,

[0052] FIG. 6 is a sectional view of the step of arranging
and bonding semiconductor elements on the coating before
curing;

[0053] FIG. 7 is a sectional view of the state when
forming a sealing resin layer covering the top surface of the
tape substrate at other than the regions where the semicon-
ductor elements are formed and sealing at least the areas
surrounding the side surfaces of the semiconductor ele-
ments;
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[0054] FIG. 8 is a sectional view of the state when
forming a sealing resin layer covering the top surface of the
tape substrate at other than the regions where the semicon-
ductor elements are formed and sealing at least the areas
surrounding the side surfaces of the semiconductor elements
in a manner different from FIG. 7;

[0055] FIG. 9 is a sectional view of the state when
grinding and polishing the top part of the sealing resin layer
and the back surface portions of the semiconductor elements
to a predetermined thickness and forming external connec-
tion terminals;

[0056] FIG. 10 shows another example of a semiconduc-
tor device according to the first aspect of the present
invention, in (1) sectional and (2) top views;

[0057] FIG. 11 is a sectional view of a thin multilayer
semiconductor device formed by stacking a plurality of the
semiconductor devices of FIGS. 10A and 10B;

[0058] FIG. 12 is a sectional view of an initial structure
first prepared for producing the semiconductor device
according to the first aspect of the present invention shown
in FIG. 10,

[0059] FIG. 13 is a sectional view of the state when
forming a conductor of a low melting point metal and
insulating coating on the initial structure shown in FIG. 12;

[0060] FIG. 14 is a sectional view of the step of arranging
and bonding semiconductor elements on the coating before
curing;

[0061] FIG. 15 is a sectional view of the state when
forming a sealing resin layer covering the top surface of the
tape substrate at other than the regions where the semicon-
ductor elements are formed and sealing at least the areas
surrounding the side surfaces of the semiconductor ele-
ments;

[0062] FIG. 16 is a sectional view of the state when
grinding and polishing the top part of the sealing resin layer
and the back surface portions of the semiconductor elements
to a predetermined thickness and forming external connec-
tion terminals;

[0063] FIG. 17 shows still another example of a semicon-
ductor device according to the first aspect of the present
invention, in (1) sectional and (2) top views;

[0064] FIG. 18 is a sectional view of a thin multilayer
semiconductor device formed by stacking a plurality of the
semiconductor devices of FIG. 17,

[0065] FIG. 19 is a sectional view of an initial structure
first prepared for producing the semiconductor device
according to the first aspect of the present invention shown
in FIG. 17,

[0066] FIG. 20 is a sectional view of the step of forming
an insulating coating on the initial structure shown in FIG.
19 and arranging and bonding the semiconductor elements
on the coating before curing;

[0067] FIG. 21 is a sectional view of the state when
sealing the gaps between the semiconductor elements and
openings of the insulating substrate by a sealing resin layer.

[0068] FIG. 22 is a sectional view of the state when
grinding and polishing the top part of the insulating sub-
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strate, the top part of the sealing resin layer, and the back
surface portions of the semiconductor elements to a prede-
termined thickness from the state shown in FIG. 21 and
forming external connection terminals;

[0069] FIG. 23 is a perspective view showing, by a partial
sectional view, the structure before cutting produced by
using a disk shaped initial structure including the tape
substrate;

[0070] FIG. 24 shows an example of a semiconductor
device according to the second aspect of the present inven-
tion, in (1) sectional, (2) sectional and (3) top views;

[0071] FIG. 25 shows the steps (1) to (4) for producing the
semiconductor device of FIG. 24 in sectional views;

[0072] FIG. 26 shows another example of a semiconduc-
tor device according to the second aspect of the present
invention, in (1) sectional and (2) top views;

[0073] FIG. 27 shows the steps (1) to (5) for producing the
semiconductor device of FIG. 26, in sectional views;

[0074] FIG. 28 shows still another example of a semicon-
ductor device according to the second aspect of the present
invention, in (1) sectional and (2) top views;

[0075] FIG. 29 shows an example of a semiconductor
device according to the third aspect of the present invention,
in sectional views;

[0076] FIG. 30 shows the steps (1) to (6) for producing the
semiconductor device of FIG. 29, in sectional views;

[0077] FIG. 31 shows another example of the steps (1) to
(7) for producing the semiconductor device of FIG. 29, in
sectional views;

[0078] FIG. 32 shows another example of a semiconduc-
tor device according to the third aspect of the present
invention, in sectional views;

[0079] FIG. 33 is a sectional view of a thin multilayer
semiconductor device formed by stacking a plurality of the
semiconductor devices of FIG. 32;

[0080] FIG. 34 shows, in sectional views, a parallel semi-
conductor device comprised of the semiconductor devices of
FIG. 32 connected in parallel and a multilayer parallel
semiconductor device comprised of those devices stacked in
layers and connected in parallel; and

[0081] FIG. 35 shows an example of a semiconductor
device of the third aspect of the present invention including
a capacitor, in (1) sectional and (2) partially enlarged sec-
tional views.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0082] Preferred embodiments of the present invention
will be explained in further detail below with reference to
the attached drawings.

[0083] First Embodiment

[0084] FIG. 3 shows, (1) sectional and (2) top views, an
example of a semiconductor device according to the first
aspect of the present invention.

[0085] The illustrated semiconductor device 20 is com-
prised of an insulating tape substrate 21 having through
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holes 22 in the thickness direction and a semiconductor
element 23 bonded to its top surface with a back surface 23B
exposed upward and with an active surface 23A facing
downward. A sealing resin layer 24 is formed on a region
21Y of the top surface of the tape substrate other than the
region 21X where the semiconductor element 23 is bonded
and seals the area around the side surfaces of the semicon-
ductor element 23. The metal interconnections 25 formed on
the bottom surface of the tape substrate 21 block the bottom
ends of the through holes 22 of the tape substrate 21 and
define bottom portions. A solder resist layer 26 having
through holes 27 in the thickness direction covers the bottom
surfaces of the metal interconnections 25 and the tape
substrate 21. External connection terminals 28 projecting
from the bottom surface of the metal interconnections 25 fill
and pass through the through holes 27 of the solder resist
layer 23A and project downward. Connection terminals 29
extending downward from the active surface 23A of the
semiconductor element 23 are inserted into the through
holes of the tape substrate 21. The connection terminals 29
and the metal interconnections 25 are electrically connected
by the filler 30 of the low melting point metal filled in the
gaps between the connection terminals 29 and the inside
walls of the through holes 22 of the tape substrate 21.

[0086] As the filler 30, a conductive paste may be used
instead of the low melting point metal. As the conductive
paste, generally use is made of a silver paste or copper paste
comprised of a polyimide resin or epoxy resin in which
silver or copper particles are dispersed. These conductive
pastes are filled in the through holes by screen printing etc.

[0087] In the illustrated example, the back surface of the
semiconductor element 23 and the top surface of the sealing
resin layer 24 are on the same plane, but so long as the
sealing resin layer 24 seals the area around the side surfaces
of the semiconductor element 23, they do not necessarily
have to be in the same plane. The height of the sealing resin
layer 24 may also be made lower than the back surface of the
semiconductor element 23 at a location away from the side
surfaces of the semiconductor element 23.

[0088] An example of the process of production of the
semiconductor device of the first aspect of the present
invention shown in FIG. 3 will be explained with reference
to FIG. 4 to FIG. 9.

[0089] FIG. 4 shows the initial structure which is initially
prepared. The tape substrate 21 has an area able to accom-
modate a plurality of semiconductor package units and is
provided at its bottom surface with a metal interconnection
layer 25 and solder resist layer 26. As the tape substrate 21,
various organic materials or polymer materials may be used.
In general, however, a polyimide film, a glass or aramide or
other fiber reinforced epoxy film or bismaleimide triazine
(BT) film, polyphenylene ether (PPE) film, or other resin
film or resin sheet is suitable. The thickness of the tape
substrate 21 is preferably as thin as possible for reducing the
thickness of the semiconductor device to the extent where
the strength and rigidity necessary for the substrate are
secured. In general, it is in the range of 25 um to 100 um,
in particular around 75 um.

[0090] Through holes 22 are formed in the tape substrate
21 by punching etc., then a copper foil is adhered on one
surface to form a metal interconnection layer 25. Alterna-
tively, a copper foil clad tape combining a tape substrate 21
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and copper foil is used and the tape substrate 21 portion laser
processed to form holes passing through the tape substrate
21 and having the copper foil as bottom portions. The copper
foil clad tape is obtained by forming an insulating layer on
a copper foil by coating polyimide or another resin.

[0091] Next, a filler 30 of a low melting point metal is
incompletely filled in the through holes 22 of the tape
substrate 21 (with bottom portions defined by the metal
interconnection layer 25). That is, the amount of filler is
made so that the filler 30 fills the gaps between the connec-
tion terminals 29 and the inside walls of the through holes
22 up to substantially the top ends of the through holes 22
when the connection terminals 29 of the semiconductor
elements 21 are inserted in a later step. As the low melting
point metal of the filler 30, use may be made of a silver-tin
alloy (Ag—Sn), a lead-tin alloy (Pb—Sn), a silver-tin-
copper alloy (Ag—Sn—Cu), and alloys of these with bis-
muth (Bi) or antimony (Sb). The filler is preferably filled by
electrolytic plating using the copper foil as the layer sup-
plying the power, but it may also be filled by screen printing
a solder paste.

[0092] Next, the above copper foil is patterned by etching
to form the metal interconnection layer 25. After the metal
interconnection layer 25 is formed, a solder resist layer 26
having through holes 27 is formed. The solder resist layer 26
having through holes 27 is formed by generally formed by
coating, exposing, and developing a photosensitive resist.
When the number of external connection terminals (number
of through holes 27) is small and the pitch between external
connection terminals is sufficiently large, the layer may also
be formed by screen printing a resin. The through holes 27
of the solder resist layer 26 are formed in a peripheral or area
array in accordance with the application of the semiconduc-
tor devices 20 to be produced.

[0093] Next, as shown in FIG. 5, an insulating coating 31
comprised of a liquid or a semicured resin is coated on the
top surface of the tape substrate 21. The semicured insulat-
ing coating 31 acts to bond the semiconductor elements.

[0094] Next, as shown in FIG. 6, the semiconductor
elements 23 are arranged on and bonded to the precured
coating 31. That is, the connection terminals 29 of the
number of semiconductor elements 23 necessary for forming
the plurality of semiconductor package units are inserted
into the corresponding through holes 22 of the tape substrate
21, the gaps between the connection terminals 29 and the
inside walls of the through holes 22 are filled with the low
melting point metal 30 up to substantially the top ends of the
through holes 22, and the semiconductor elements 23 are
bonded to and mounted on the top surface of the tape
substrate 21. This is done by heating the semiconductor
elements 23 to a temperature near the melting point of the
low melting point metal 30 and pushing the connection
terminals 29 into the low melting point metal 30 in the
through holes 22.

[0095] The connection terminals 29 of the semiconductor
elements 23 are desirably formed as gold or copper bumps.
In the case of a semiconductor element 23 with connection
terminals 29 arranged at the peripheral edge regions, gen-
erally the connection terminals 29 are formed as stud bumps
using the wire bonding method. In the case of a semicon-
ductor element 23 with connection terminals 29 arranged in
the active region at the center, the connection terminals 29
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are desirably formed by plating from the viewpoint of
avoiding mechanical shock resulting from the formation of
stud bumps. The plating method is particularly advanta-
geous when forming bumps in an area array along with the
interconnection portion on the semiconductor elements.
Stud bumps are desirably formed by gold. Plated bumps are
desirably formed as copper posts provided with protective
plating layers.

[0096] The size of the connection terminals, that is, the
bumps 29, may be freely set in accordance with the design
thickness of the semiconductor devices 20. In one example,
the bumps 29 have a diameter of the bottom portions of 70
um and a height of 30 to 60 um. In this case, when
considering the positioning accuracy in the formation of
bumps 29, the through holes 22 of the tape substrate 21 in
which the bumps 29 are inserted suitably have diameters in
the range of 90 to 150 um.

[0097] Next, as shown in FIG. 7, a sealing resin layer 24
covering the top surface of the tape substrate 21 at other than
the regions where the semiconductor elements 23 are
mounted and sealing at least the areas around the side
surfaces of the semiconductor elements 23 is formed. Note
that in FIG. 7 to FIG. 9, an extremely thin insulating coating
31 is illustrated together with the sealing resin layer 24 and
is not illustrated separately.

[0098] FIG. 7 shows the state where the sealing resin layer
24 covers also the semiconductor elements 23 and is formed
to a substantially identical thickness overall. As another
example, however, as shown in FIG. 8, the sealing resin
layer 24 does not necessarily have to cover the semicon-
ductor elements 23 at the stage of this step. The thickness of
the sealing resin layer 24 may also be made the same as the
height of the semiconductor elements 23 at the contact
portions with the side surfaces of the semiconductor ele-
ments 23 and made thinner at the regions away from the
semiconductor elements 23. That is, the thickness of the
sealing resin layer 24 formed at the stage of this step may be
set so that a thickness enabling the areas around the side
surfaces of the semiconductor elements 23 to be completely
sealed is left after the grinding and polishing performed in
the next step.

[0099] Next, as shown in FIG. 9, the top part of the sealing
resin layer 24 and the back surface 23B portions of the
semiconductor elements 23 are ground and polished to a
predetermined thickness. Due to this, for example, it is
possible to make semiconductor elements 23 of a thickness
of around 500 um in the state of FIG. 7 or FIG. 8 a thin 50
to 100 um. As a result, the semiconductor devices 20 can be
reduced to a thickness of 120 to 300 um. This is less than %
of the approximately 1200 um thickness of the thin-small
outline package (TSOP) most frequently used in the past.

[0100] After the grinding and polishing, external connec-
tion terminals 28 projecting from the bottom surface of the
solder resist layer 26 are formed in the through holes 27 of
the solder resist layer 26. This can be done by reflowing after
placing solder balls or screen printing solder paste.

[0101] Finally, the assembly is cut into semiconductor
package units “u” at the positions shown by the broken lines
in FIG. 9 to obtain individual semiconductor devices 20
(FIG. 3).
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[0102] Second Embodiment

[0103] FIG. 10 show another example of the semiconduc-
tor device according to the first aspect of the present
invention, in (1) sectional and (2) top views. Portions
corresponding to the structure of the first embodiment are
assigned the same reference numerals as in FIG. 3.

[0104] The illustrated semiconductor device 40 includes,
in addition to the structure shown in FIG. 3, low melting
point metal conductors (conductor columns) 32. The con-
ductors 32 pass through the sealing resin layer 24 sealing the
area around the side surfaces of the semiconductor element
23 and the tape substrate 21 at regions where the sealing
resin layer 24 is formed, have top ends exposed at the top
surface of the sealing resin layer 24, and have bottom ends
electrically connected to the metal interconnection layer 25.

[0105] A plurality of the semiconductor devices 40 of
FIG. 10 may be stacked in layers as shown in FIG. 11 to
form a thin multilayer semiconductor device 44. That is, by
connecting the top ends of the low melting point metal
conductors 32 of a bottom semiconductor device 40 and the
bottom ends of the external connection terminals 28 of a top
semiconductor device 40, a single semiconductor device 4
comprised of an integral circuit including a plurality of
semiconductor elements 23 (in this example, three) in a
multilayer structure is formed. The semiconductor devices
40 may be stacked as follows:

[0106] That is, a plurality of semiconductor devices are
positioned and stacked by a fixture having the external shape
of the semiconductor devices (external guide), then the
metal is made to reflow all together in the state with a
suitable load applied in the stacking direction, whereby a
multilayer semiconductor device is formed. Alternatively, a
plurality of semiconductor devices are stacked while posi-
tioning them by passing pins through guide holes provided
in the individual semiconductor devices, then the metal is
made to reflow all together in the state with a suitable load
applied in the stacking direction.

[0107] An example of the process of production of a
semiconductor device of the first aspect of the present
invention shown in FIG. 10 will be explained next with
reference to FIGS. 12 to 16. Portions corresponding to the
structure of the first embodiment shown in FIG. 4 to FIG.
9 are assigned the same reference numerals as in FIG. 4 to
FIG. 9.

[0108] The initial structure shown in FIG. 12 is the same
as the initial structure of the first embodiment shown in FIG.
4 except that through holes 33 are formed in the tape
substrate 21 in addition to the through holes 22. The through
holes 22 are provided at positions corresponding to the
connection terminals 29 of the semiconductor elements 23 in
the same way as in the first embodiment, while the through
holes 33 are provided in the regions of formation of the
sealing resin layer 24 sealing the areas around the side
surfaces of the semiconductor elements 23. Normally, the
through holes 33 are several times larger in diameter than the
through holes 22. For example, when the through holes 22
have a diameter of about 25 to 100 um, the through holes 33
have a diameter of about 500 um. A small amount of flux 34
is placed in each through hole 33 with a bottom surface
defined by the metal interconnection layer 25. The rest of the
initial structure shown in FIG. 12 is formed by processing
similar to the first embodiment.
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[0109] Next, as shown in FIG. 13, low melting point metal
conductors 32 projecting from the top surface of the sealing
resin layer 24 are formed in the through holes 33. This is
done by placing balls of the low melting point metal, for
example, solder balls, on the flux 34 in the through holes 33
and reflowing them. Next, the same procedure is followed as
in the first embodiment to form the insulating coating 31.

[0110] Next, as shown in FIG. 14, the same procedure is
followed as in the first embodiment to arrange and bond the
semiconductor elements 23 on the precured coating 31.
Along with this, the connection terminals 29 projecting
upward from the active surfaces 23A of the semiconductor
elements 23 are inserted into the through holes 22 of the tape
substrate 21 and pushed into the low melting point metal 30.

[0111] Next, as shown in FIG. 15, a sealing resin layer 24
covering the top surface of the tape substrate 21 at other than
the regions where the semiconductor elements 23 are
mounted and sealing at least the areas around the side
surfaces of the semiconductor elements is formed. In FIG.
15 to FIG. 16, the illustration of the insulating coating 31 is
omitted.

[0112] FIG. 15 shows the state where the sealing resin
layer 24 covers also the semiconductor elements 23 and is
formed to a substantially identical thickness overall. As
shown in FIG. 8 relating to the first embodiment, however,
the sealing resin layer 24 does not necessarily have to cover
the semiconductor elements 23 at the stage of this step. The
thickness of the sealing resin layer 24 may also be made the
same as the height of the semiconductor elements 23 at the
contact portions with the side surfaces of the semiconductor
elements 23 and made thinner at the regions away from the
semiconductor elements 23. That is, the thickness of the
sealing resin layer 24 formed at the stage of this step may be
set so that a thickness enabling the areas around the side
surfaces of the semiconductor elements 23 to be completely
sealed is left after the grinding and polishing performed in
the next step.

[0113] Next, as shown in FIG. 16, the top part of the
sealing resin layer 24, the top parts of the conductors 32, and
the back surface 23B portions of the semiconductor ele-
ments 23 are ground and polished to a predetermined
thickness.

[0114] After the grinding and polishing, external connec-
tion terminals 28 are formed in the through holes 27 of the
solder resist layer 26 in the same way as in the first
embodiment.

[0115] Finally, the assembly is cut into semiconductor
package units “u” at the positions shown by the broken lines
in FIG. 16 to obtain individual semiconductor devices 20
(FIG. 10).

[0116] Third Embodiment

[0117] FIG. 17 shows still another example of the semi-
conductor device according to the first aspect of the present
invention, in (1) sectional and (2) top views. Portions
corresponding to the structure of the first embodiment
shown in FIG. 3 are assigned the same reference numerals
as in FIG. 3.

[0118] The illustrated semiconductor device 60 includes,
instead of the sealing resin layer 24 in the structure shown
in FIG. 3, an insulating frame 36 bonded to the top surface
of the tape substrate 21 other than at the region where the
semiconductor element 23 is mounted and surrounding the
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side surfaces of the semiconductor element 23 with a gap G
and a resin sealing layer 24 filling the gap G and sealing the
area around the side surfaces of the semiconductor element
23 and further includes column-shaped conductors (conduc-
tor columns) of a low melting point metal passing through
the frame 36 and the tape substrate 21 at a region where the
frame 36 is formed, having top ends exposed at the top
surface of the frame 36, and having bottom ends electrically
connected to the metal interconnection layer 285.

[0119] A plurality of the semiconductor devices 60 of
FIG. 17 may be stacked in layers as shown in FIG. 18 to
form a thin multilayer semiconductor device 66. That is, by
connecting the top ends of the low melting point metal
column-shaped conductors 32 of a bottom semiconductor
device 60 and the bottom ends of the external connection
terminals 28 of a top semiconductor device 60, a single
semiconductor device 66 comprised of an integral circuit
including a plurality of semiconductor elements 23 (in this
example, three) in a multilayer structure is formed. The
semiconductor devices 60 may be stacked in the same way
as shown in the second embodiment.

[0120] An example of the process of production of a
semiconductor device 60 of the first aspect of the present
invention shown in FIG. 17 will be explained next with
reference to FIGS. 19 to 22. Portions corresponding to the
structure of the first embodiment shown in FIG. 4 to FIG.
9 are assigned the same reference numerals as in FIG. 4 to
FIG. 9.

[0121] The initial structure shown in FIG. 19, in addition
to the structure shown in FIG. 4, has an insulating substrate
36 having openings 37 at regions for mounting the semi-
conductor elements 23 bonded to the top surface of the tape
substrate 21 and is formed with column-shaped conductors
32 passing through the tape substrate 21 and the insulating
substrate 36. The openings 37, as shown in FIG. 17(2), have
shapes and dimensions enabling semiconductor elements 23
to be accommodated with a gap G. The through holes 22 of
the tape substrate 21 are provided at positions corresponding
to the connection terminals 29 of the semiconductor ele-
ments in the same way as in the first embodiment.

[0122] The insulating substrate 36 is a tape of the same
outer shape as the tape substrate 21 and is bonded to the top
surface of the tape substrate 21 after forming the openings
37 by punching etc. Next, through holes passing through the
insulating substrate 36 and tape substrate 21 are formed by
laser processing at positions forming the column-shaped
conductors 32. Next, the column-shaped conductors 32 are
formed by plating to bury the holes using the copper foil
before patterning to the metal interconnection layer 25 as the
layer to supply the power. The rest of the portions of the
initial structure of FIG. 19 are formed by processing similar
to the first embodiment. Normally, the column-shaped con-
ductors 32 are several times larger in diameter than the
through holes 22. For example, when the through holes 22
have a diameter of about 25 to 100 um, the column-shaped
conductors 32 have a diameter of about 500 um.

[0123] Next, as shown in FIG. 20, an insulating coating 31
is formed on the top surface of the tape substrate 21 exposed
inside the openings 37, then the same procedure is followed
as in the first embodiment to arrange and bond the semi-
conductor elements 23 on the precured coating 31. Along
with this, the connection terminals 29 projecting up from the
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active surfaces 23A of the semiconductor elements 23 are
inserted into the through holes 22 of the tape substrate 21
and pushed into the low melting point metal 30.

[0124] Next, as shown in FIG. 21, the gaps G between the
semiconductor elements 23 and the openings 37 of the
insulating substrate 36 are sealed by the sealing resin layer
24. Due to this, the areas around the side surfaces of the
semiconductor elements 23 are sealed. In FIG. 21 to FIG.
22, the illustration of the insulating coating 31 is omitted.

[0125] Next, as shown in FIG. 22, the top part of the
insulating substrate 36, the top part of the sealing resin layer
24, the top parts of the conductors 32, and the back surface
23B portions of the semiconductor elements 23 are ground
and polished to a predetermined thickness.

[0126] After the grinding and polishing, external connec-
tion terminals 28 are formed in the through holes 27 of the
solder resist layer 26 in the same way as in the first
embodiment.

[0127] Finally, the assembly is cut into semiconductor
package units “u” at the positions shown by the broken lines
in FIG. 22 to obtain individual semiconductor devices 20
(FIG. 17).

[0128] Fourth Embodiment

[0129] FIG. 23 shows, as the initial structure including the
tape substrate 21, a disk shaped structure of a diameter of 2
inches to 12 inches before cutting. By using an initial
structure of such a shape and dimensions, it is possible to use
an existing grinding machine, cutting machine, or other
facilities for processing semiconductor wafers of the same
size, therefore the cost of the new facilities can be reduced
by that extent. FIG. 23 shows the case of producing semi-
conductor devices of the structure of the third embodiment,
but the same applies to the case of the first embodiment and
second embodiment.

[0130] Fifth Embodiment

[0131] FIG. 24 shows, in (1) sectional, (2) sectional and
(3) top views, an example of a semiconductor device accord-
ing to the second aspect of the present invention. Portions
corresponding to the structures of the first to fourth embodi-
ments are assigned reference numerals of those embodi-
ments plus 100 (same in the following embodiments as
well).

[0132] The illustrated semiconductor device 101 is com-
prised of an insulating substrate 121, metal interconnections
125 formed on its top surface, and a semiconductor element
123 mounted with its back surface 123B exposed upward
and with its active surface 123A facing downward. The
bottom ends of the connection terminals 129 projecting
downward from the active surface 1223A of the semicon-
ductor element 123 are connected to the top surfaces of the
metal interconnections 125. A sealing resin layer 124 formed
on the top surface of the tape substrate 121 seals the area
around the side surfaces of the semiconductor element 123
and fills the gap between the active surface 123A of the
semiconductor element 123 and the bottom surface of the
tape substrate 121.

[0133] The conductor columns 132 extend upward from
the top surfaces of the metal interconnections 125, pass
through the sealing resin layer 124 at the areas around the
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side surfaces of the semiconductor element 123, and have
top ends exposed upward. The conductor columns 132 may
be substantially ball shaped as shown in FIG. 24A (more
accurately, entasis shaped) or may be rod shaped as shown
in FIG. 24B. The conductor columns 132 are columns or
balls of a metal such as copper or nickel etc. Preferably they
are balls of a low melting point metal such as solder. As the
solder, use may be made of silver-tin alloy (Ag—Sn), a
lead-tin alloy (Pb—Sn), a silver-tin-copper alloy (Ag—Sn—
Cu), and alloys of these with bismuth (Bi) or antimony (Sb).

[0134] Referring to FIG. 25, a process of production of
the semiconductor device 101 shown in FIG. 24 will be
explained. This embodiment can be used when producing a
large number of semiconductor package units all together in
the same way as the first to fourth embodiments. Below,
however, for simplification of the explanation, the explana-
tion will be given of the production of a single semicon-
ductor package unit.

[0135] First, as shown in FIG. 25(1), a semiconductor
element 123 provided with connection terminals 129 on its
active surface 123A and a tape substrate 121 provided with
metal interconnections 125 on its top surface are prepared.
The method of formation of the connection terminals 129,
the materials and configuration of the tape substrate 121, and
the method of formation of the metal interconnections 125
are similar to those of the first embodiment.

[0136] Next, as shown in FIG. 25(2), the connection
terminals 129 of the active surface 123A of the semicon-
ductor element 123 are bonded to the top surfaces of the
metal interconnections 125 of the tape substrate 121 so as to
place the semiconductor element 123 on the top surface of
the tape substrate 121. This bonding (mounting) may be
performed in the following way.

[0137] The connection terminals 129 are heated and press
bonded to metal (solder) layers formed at predetermined
positions of the metal interconnections 125 by plating etc. in
advance or connection terminals 129 comprised of gold
bumps are placed on the gold plating on the metal intercon-
nections 125 and directly bonded or bonded through an
anisotropic conductive film or paste by application of ultra-
sonic waves.

[0138] Next, as shown in FIG. 25(3), conductor columns
132 with bottom ends bonded to the top surfaces of the metal
interconnections 125 are formed. In the illustrated example,
the conductor columns 132 are substantially ball shaped as
shown in FIG. 24(2) (more accurately entasis shaped) and
consist of solder balls. Conductor columns 132 using solder
balls may be formed by placing solder balls at predeter-
mined locations on the top surface of the metal intercon-
nections 125 or screen printing solder paste, then reflowing
the metal.

[0139] The conductor columns 132 may also be rod
shaped as shown in FIG. 24(2). The rod shaped conductor
columns 132 may be formed in the following way.

[0140] Rod shaped members of metal, preferably copper,
plated on their surfaces with solder, tin (Sn), indium (In), etc.
are bonded by heating and pressure at predetermined loca-
tions of the top surfaces of the metal interconnections 125 or
predetermined locations of the top surfaces of the metal
interconnections 125 are plated by solder etc., then rod-
shaped members are mounted and the solder made to reflow.
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[0141] Next, as shown in FIG. 25(4), the sealing resin
layer 124 is formed. The sealing resin layer 124 seals the
area around the side surfaces of the semiconductor element
123 including the metal interconnections 125 and the con-
ductor columns 132 and fills the gap between the active
surface 123A of the semiconductor element 123 and the top
surface of the tape substrate 121. The sealing resin layer 124
may be formed by molding or dotting.

[0142] Next, as shown in FIG. 25(5), the top part of the
sealing resin layer 24 and the back surface portion of the
semiconductor element 123 are ground and polished to a
predetermined thickness. In the step of FIG. 25(4), the top
surface of the sealing resin layer 124 is in the same plane as
the top surface (back surface) of the semiconductor element
123, but this is not necessarily required. It is sufficient to set
the thickness of the sealing resin layer 124 so that the top
ends of the conductor columns 132 are exposed upward
when the entire assembly, including the semiconductor
element 123, is reduced to the predetermined thickness by
the grinding and polishing of FIG. 25(5).

[0143] FIG. 25 shows only one semiconductor package
unit, but it is also possible to produce a large number of
semiconductor package units all together by the steps (1) to
(5) of FIG. 25 using a tape substrate 121 of an area able to
accommodate a plurality of semiconductor package units. In
this case, it is possible to finally cut the tape substrate 121
into semiconductor package units to obtain individual semi-
conductor devices 101 (FIG. 24).

[0144] Sixth Embodiment

[0145] FIG. 26 shows, in (1) sectional and (2) top views,
another example of a semiconductor device according to the
second aspect of the present invention.

[0146] In the semiconductor device 102 of the present
embodiment, instead of the conductor conductors 132 of the
fifth embodiment, the external connection terminals 128
extend downward from the bottom surfaces of the metal
interconnections 125, pass through the tape substrate 121,
and project downward. The rest of the structure is the same
as in the fifth embodiment. The material of the external
connection terminals 128 can be selected from the same
materials as used for the conductor columns 132.

[0147] Referring to FIG. 27, a process of production of
the semiconductor device 102 shown in FIG. 26 will be
explained next. The present embodiment may be applied to
the case of producing a large number of semiconductor
package units all together in the same way as in the first to
fourth embodiments, but for simplification of the explana-
tion, the explanation will be given below of production of a
single semiconductor package unit.

[0148] First, as shown in FIG. 27(1), a semiconductor
element 123 provided with connection terminals 129 on its
active surface 123A and a tape substrate 121 are prepared.
The tape substrate 121 is provided with metal interconnec-
tions 125 on its top surface, has through holes 121H in the
thickness direction at positions corresponding to the external
connection terminals 128, and has bottom surfaces of the
metal interconnections 125 blocking the top ends of the
through holes 121H and demarcating them. The method of
formation of the connection terminals 129, the materials and
configuration of the tape substrate 121, and the method of
formation of the metal interconnections 125 are similar to
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those of the first embodiment. The method of formation of
the through holes 121H is similar to that of the through holes
22 of the first embodiment.

[0149] Next, as shown in FIG. 27(2), a semiconductor
element is mounted on the top surface of the tape substrate
121 in the same way as the step of FIG. 25(2) of the fifth
embodiment.

[0150] Next, as shown in FIG. 27(3), a sealing resin layer
124 is formed in the same way as the step of FIG. 25(4) of
the fifth embodiment.

[0151] Next, as shown in FIG. 27(4), the top part of the
sealing resin layer 124 and the back surface portion of the
semiconductor element 123 are ground and polished to a
predetermined thickness. In the step of FIG. 27(4), the top
surface of the sealing resin layer 124 is higher than the top
surface (back surface) of the semiconductor element 123 and
the entire semiconductor element 123 is embedded inside
the sealing resin layer 124, but this is not necessarily
required. It is sufficient to set the thickness of the sealing
resin layer 124 so as to enable the entire assembly, including
the semiconductor element 123, to be made a predetermined
thickness by the later grinding and polishing.

[0152] Next, as shown in FIG. 27(5), the external con-
nection terminals 128 are formed. The external connection
terminals 128 extend downward from the bottom surfaces of
the metal interconnections 125 defining the top ends of the
through holes 121H, fill the through holes 121H, and project
downward.

[0153] The step of grinding and polishing of FIG. 27(4)
and the step of forming the external connection terminals of
FIG. 27(5) may be performed in that order or in a reverse
order.

[0154] FIG. 27 shows only one semiconductor package
unit, but it is also possible to produce a large number of
semiconductor package units all together by the steps (1) to
(5) of FIG. 27 using a tape substrate 121 of an area able to
accommodate a plurality of semiconductor package units. In
this case, it is possible to finally cut the tape substrate 121
into semiconductor package units to obtain individual semi-
conductor devices 102 (FIG. 26).

[0155] Seventh Embodiment

[0156] FIG. 28 shows, in (1) sectional and (2) top views,
another example of the semiconductor device according to
the second aspect of the invention.

[0157] In the semiconductor device 103 of the present
embodiment, both the conductor columns 132 of the fifth
embodiment and the external connection terminals 128 of
the sixth embodiment are provided.

[0158] The process of production of the semiconductor
device 103 of the present embodiment is a combination of
the process of production of the fifth embodiment and the
process of production of the sixth embodiment.

[0159] Referring to FIG. 25 and FIG. 27, an explanation
will be given of the process of production of the semicon-
ductor device 103 shown in FIG. 28. The semiconductor
device 103 shown in FIG. 28 may also be stacked in a
plurality of layers.
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[0160] First, in the same way as the sixth embodiment, a
semiconductor element 123 shown in FIG. 27(1) and a tape
substrate 121 are prepared. The semiconductor element is
mounted on the top surface of the tape substrate 121 as
shown in FIG. 27(2).

[0161] Next, as shown in FIG. 27(3), conductor columns
132 with bottom ends bonded to the top surfaces of the metal
interconnections 125 are formed. As shown in FIG. 25(4),
a sealing resin layer 124 is then formed.

[0162] Next, the grinding and polishing step of FIG. 27(4)
and the step of forming external connection terminals of
FIG. 27(5) are performed in that order or in reverse order to
obtain the semiconductor device 103 of FIG. 28.

[0163] Here, the explanation was given of a single semi-
conductor package unit, but it is also possible to produce a
large number of semiconductor package units all together by
the above steps using a tape substrate 121 of an area able to
accommodate a plurality of semiconductor package units. In
this case, it is possible to finally cut the tape substrate 121
into semiconductor package units to obtain individual semi-
conductor devices 103 (FIG. 28).

[0164] The semiconductor devices according to the first
and second aspects of the present invention explained above
include tape substrates. Below, an explanation will be given
of embodiments of a semiconductor device according to a
seventh aspect of the present invention not including a tape
substrate.

[0165] Eighth Embodiment

[0166] FIG. 29 shows, in sectional views, an example of
a semiconductor device according to the seventh aspect of
the present invention. The semiconductor device 104 shown
in FIG. 29(1) is comprised of a resin member 124 of a
predetermined thickness in which a semiconductor element
123 is sealed. The semiconductor element 123 has a back
surface 123B exposed at the top surface of the resin member
124 and has an active surface 123A facing downward. Metal
interconnections 125 are formed at the bottom surface of the
resin member 124. Connection terminals 129 extending
downward from the active surface 123 A of the semiconduc-
tor element 123 are connected to the top surfaces of the
metal interconnections 125. The top surface of the resin
member 129 and the back surface 123B of the semiconduc-
tor element 123 form the same plane. The connection
terminals 129 are formed as gold stud bumps, plated bumps,
etc.

[0167] The semiconductor device 104' shown in FIG.
29(2) is structured the same as the semiconductor device 104
of FIG. 29(1) except that the bottom surface of the resin
member, including the metal interconnections 125, is cov-
ered by a solder resist layer 126 and that connection bumps
128 formed on the bottom surfaces of the metal intercon-
nections 125 pass through the solder resist layer 126 and
project downward.

[0168] Referring to FIG. 30, an explanation will be given
of the process of production of the semiconductor devices
104 and 104' shown in FIG. 29. The present embodiment
can be applied to the case of producing a large number of
semiconductor package units all together in the same way as
in the first to fourth embodiments, but for simplification of
the explanation, an explanation will be made of a single
semiconductor package unit.
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[0169] First, as shown in FIG. 30(1), the semiconductor
element 123 is mounted on a metal substrate 125M by
bonding the front ends of the connection terminals 129
formed on the active surface 123A of the semiconductor
element 123 on the top surface of a metal substrate 125 such
as an aluminum foil, copper foil, copper foil formed with
interconnections by metal plating, and aluminum foil clad
with copper by a method such as ultrasonic bonding, alloy
bonding through a low melting point metal such as indium,
etc.

[0170] Next, as shown in FIG. 30(2), a resin member 124
is formed by covering the entire top surface of the metal
substrate 125M with a resin. The resin member 124 seals the
semiconductor element 123 inside it and has a bottom
surface bonded to the metal substrate 125M.

[0171] As the resin member 124, use may be made of an
epoxy resin, polyimide resin, cyanoester resin, or polycyclic
aromatic resin. In particular, an epoxy resin is desirable.

[0172] To adjust the thermal expansion coefficient and
heat conductivity of the resin member 124, silica, alumina,
aluminum nitride, and other ceramic particles may be dis-
persed as an inorganic filler. The amount of dispersion is set
in accordance with the desired values of the thermal expan-
sion coefficient and heat conductivity. The particle size is 2
to 10 um. The particles are preferably shaped as close to
spheres as possible.

[0173] Next, as shown in FIG. 30(3), the metal substrate
125M is patterned to form metal interconnections 125 on the
bottom surface of the resin member 124. The metal inter-
connections 125 have top surfaces connected to the connec-
tion terminals 129.

[0174] Next, top part of the resin member 124 and the
back surface portion of the semiconductor element 123 are
ground and polished to a predetermined thickness.

[0175] The above steps complete the semiconductor ele-
ment 104 shown in FIG. 29(1).

[0176] Further, after the step of FIG. 30(3), as shown in
FIG. 30(4), a solder resist layer 126 covering the entire
bottom surface of the resin member 124 including the metal
interconnections 125 is formed, then through holes 127 are
formed in the solder resist layer 126. The through holes 127
are open at the bottom ends. The top ends are blocked and
demarcated by the bottom surfaces of the metal intercon-
nections 125.

[0177] Next, as shown in FIG. 30(5), the top part of the
resin member 124 and the back surface portion of the
semiconductor element 123 are ground and polished to a
predetermined thickness.

[0178] Next, as shown in FIG. 30(6), external connection
terminals 128 filling the through holes 127 and projecting
downward are formed. This may be done, in the same way
as the conductor columns 132 shown in FIG. 25(3), by
placing solder balls or printing solder paste and then reflow-
ing them.

[0179] Note that this completes the semiconductor device
104' shown in FIG. 29(2).

[0180] Here, the explanation was given of a single semi-
conductor package unit, but it is also possible to produce a
large number of semiconductor package units all together by
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the above steps using a metal substrate 125M of an area able
to accommodate a plurality of semiconductor package units.
In this case, it is possible to finally cut the metal substrate
125M into semiconductor package units to obtain individual
semiconductor devices 104 or 104' (FIG. 29).

[0181] Next, an explanation will be made of another
process for production of the semiconductor devices 104 and
104' shown in FIGS. 29(1) and 29(2) referring to FIG. 31.

[0182] First, as shown in FIG. 31(1), a composite metal
plate comprised of the metal substrate 125M and an inter-
connection pattern of a different type of metal formed on its
top surface is prepared. This is done by providing an
aluminum interconnection pattern 125 on a copper substrate
125M comprised of a copper foil by aluminum plating or by
providing a copper interconnection pattern 125 on an alu-
minum substrate 125M by etching and patterning the copper
of a copper clad aluminum foil.

[0183] Next, as shown in FIG. 31(2), the semiconductor
element 123 is mounted on the composite metal plate 125A
by bonding the front ends of the connection terminals 129
formed on the active surface 123A of the semiconductor
element 123 on the top surface of the interconnection pattern
125 by a method such as ultrasonic bonding or alloy bonding
through a low melting point metal such as indium.

[0184] Next, as shown in FIG. 31(3), the resin member
124 is formed by covering the entire top surface of the
composite metal plate 125A including the interconnection
pattern 125 by a resin. The resin member 124 seals inside it
the semiconductor element 123 and has a bottom surface
bonded to the interconnection pattern 125 and the metal
substrate 125M.

[0185] The resin member 124 is made of the same material
as explained with reference to FIG. 30(2).

[0186] Next, as shown in FIG. 31(4), the metal substrate
125M is removed by etching. Specifically, in the case of a
combination of an aluminum interconnection pattern 125
and a copper foil substrate 125M, the copper foil substrate
125M is removed by etching using an etchant which dis-
solves copper, but does not dissolve aluminum. Alterna-
tively, in the case of a combination of a copper intercon-
nection pattern 125 and aluminum substrate 125M, the
aluminum substrate 125M is removed by etching using an
etchant which dissolves aluminum, but does not dissolve
copper. Due to this, a structure is obtained where metal
interconnections 125 comprised of aluminum or copper are
bonded to the bottom surface of the resin member 124.

[0187] Next, the top part of the resin member 124 and the
back surface portion of the semiconductor element 123 are
ground and polished to a predetermined thickness.

[0188] The above steps complete the semiconductor
device 104 shown in FIG. 29(1). The position of the
bonding surface of the resin member 124 and the solder
resist layer 126 is in the same plane as the top surfaces of the
metal interconnections 125 in the structure of FIG. 29(1),
while is in the same plane as the bottom surfaces of the metal
interconnections 125 in the structure obtained in the above
steps.

[0189] Further, after the step of FIG. 31(4), in the order
shown in FIGS. 31(5), 31(6), and 31(7), the formation of the
solder resist layer 126, the grinding and polishing, and the

47



US 2001/0026010 Al

formation of the external connection terminals 128 are
performed by the same procedure as in steps shown in FIGS.
30(4), 30(5), and 30(6).

[0190] This completes the semiconductor device 104
shown in FIG. 29(2). The position of the bonding surface of
the resin member 124 and the solder resist layer 126 is in the
same plane as the top surfaces of the metal interconnections
125 in the structure of FIG. 29(2), while is in the same plane
as the bottom surfaces of the metal interconnections 125 in
the structure obtained in the above steps.

[0191] Ninth Embodiment

[0192] FIG. 32 shows, in sectional views, another
example of a semiconductor device according to the seventh
aspect of the present invention. The semiconductor devices
105, 105", and 105" shown in FIGS. 32(1), 32(2), and 32(3)
are each further provided with a plurality of conductor
columns 132 in addition to the structure of the semiconduc-
tor device 104 shown in FIG. 29A. The conductor columns
132 pass through the resin member 124 from the top surface
of the metal interconnections 125 and extend upward. The
top ends are exposed at the top surface of the resin member
124.

[0193] Here, in the semiconductor device 105 of FIG.
32(1), only the top ends of the conductor columns 124 are
exposed from the resin member 124. In the semiconductor
device 105' of FIG. 32(2), the top ends and the side surfaces
of the conductor columns 132 are exposed from the resin
member 124.

[0194] The semiconductor device 105" of FIG. 32(3) is
provided with conductor columns 132A with only top ends
exposed from the resin member 124 and conductor columns
132B with top ends and side surfaces exposed from the resin
member 124. A solder resist layer 126 covering the bottom
surface of the resin member 124, including the metal inter-
connections, is formed. The solder resist layer 126 does not
cover the portions of the metal interconnections 125 con-
nected with the conductor columns 132B with the side
surfaces exposed. The bottom surfaces of the metal inter-
connections are exposed at these portions.

[0195] The conductor columns 132, 132A, and 132B may
be formed by copper (Cu), nickel (Ni), Kovar (tradename),
and other metals or alloys or tin-silver (Sn—Ag) alloy,
tin-lead (Sn—Pb) alloy, or other low melting point alloys.

[0196] To produce the semiconductor devices 105, 105',
and 105", shown in FIGS. 32(1) to 32(3), it is sufficient to
form conductor columns 132 by forming stud bumps, bond-
ing metal columns, etc. in advance on the top surface of the
metal substrate 125 used in the process of production
explained by FIG. 30 or FIG. 31 in the eighth embodiment
and perform the steps (1) to (6) of FIG. 30 or FIG. 31 in the
same way as the eighth embodiment.

[0197] Tenth Embodiment

[0198] FIG. 33 shows an example of a multilayer semi-
conductor device comprised of a plurality of semiconductor
devices 105 shown in FIG. 32(1) stacked in layers.

[0199] The illustrated semiconductor device 106 com-
prises three semiconductor devices 105 stacked in layers. In
addition to the structure of FIG. 32(1), a solder resist layer
126 and connection bumps 128 are formed in the same way
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as in FIG. 29(2), then the devices are stacked to form an
integral unit. The top ends of bottom conductor columns 132
and the bottom surfaces of top metal interconnections are
electrically connected with each other through the connec-
tion bumps 128.

[0200] Eleventh Embodiment

[0201] FIG. 34(1) shows an example of a parallel semi-
conductor device comprised of a plurality of semiconductor
devices 105' shown in FIG. 32(2) connected to each other at
their side surfaces.

[0202] The illustrated semiconductor device 107 com-
prises two semiconductor devices 105' connected in parallel.
The bottom surface of each resin member 124, including the
metal interconnections 125, are covered by a solder resist
layer 126 except at the side ends. The side surfaces of the
conductor columns 132 exposed at the side surfaces of the
resin members 124 are electrically connected with each
other through solder or another low melting point metal 138.
This connection may be performed as follows. Low melting
point metal balls are placed or a low melting point metal
paste is printed or a low melting point metal is supplied by
dotting, followed by reflowing, whereby the low metal point
metal 138 spreads over the exposed surfaces of the metal
interconnections 125 and the conductor columns 132 for
bonding. When there is a large interval between bonded
portions, the bonding may be performed by dotting of a
conductor paste.

[0203] FIG. 34B shows a multilayer parallel semiconduc-
tor device comprised of a plurality of semiconductor devices
105' shown in FIG. 32(2) stacked together and connected in
parallel.

[0204] The illustrated semiconductor device 108 is com-
prised of two stacked layers each having two semiconductor
devices 105' connected in parallel. The semiconductor
devices 105' consist of a combination of the multilayer
semiconductor device 106 of FIG. 33 and the parallel
semiconductor device 107 of FIG. 34(1).

[0205] Twelth Embodiment

[0206] FIG. 35(1) shows an example of a semiconductor
device according to the third aspect of the present invention
including a capacitor.

[0207] The illustrated semiconductor device 109 com-
prises, in addition to the structure of the semiconductor
device 104' of FIG. 29(2), a capacitor 143 sealed in the resin
member 124. The capacitor 143 has two electrode terminals
145 directly connected to the top surfaces of the metal
interconnections 125. As shown in FIG. 35(2), preferably
the capacitor 143 is a multilayer ceramic capacitor. The
pattern surfaces of the inner electrodes 147 of the capacitor
143 are perpendicular to the thickness direction of the resin
layer 124. The capacitor 143 is for example a normal
ceramic multilayer capacitor. The spaces between the inner
electrodes 147 are filled by a dielectric 149 such as strontium
titanate. The electrostatic capacity, that is, the effective area,
is determined by the thickness after grinding and polishing,
S0 it is necessary to estimate the final thickness in the design.

[0208] As the capacitor 143, a commercially available
capacitor such as a chip capacitor is suitably used.

[0209] Note that the structure including the capacitor 143
is not limited to the semiconductor device shown in FIG.
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35(1) and can also be applied to the semiconductor devices
shown in FIGS. 24(1) and 24(2), FIG. 29(1), and FIGS.
32(1) to 32(3).

[0210] Summarizing the effects of the present invention,
there are provided semiconductor devices, that is, thin
semiconductor packages, and processes of production
thereof, which reduce and simultaneously achieve uniform
mounting heights, do not require complicated steps for
mounting individual chips, improve the manufacturing
yield, achieve uniform heights of the semiconductor devices
without being affected by variations in thickness of the
chips, and enable electrical tests to be performed all at once.

[0211] While the invention has been described by refer-
ence to specific embodiments chosen for purposes of illus-
tration, it should be apparent that numerous modifications
could be made thereto by those skilled in the art without
departing from the basic concept and scope of the invention.

1. A semiconductor device provided with:

an insulating tape substrate having through holes in the
thickness direction;

a semiconductor element mounted on a top surface of the
tape substrate with its back surface exposed upward
and its active surface facing downward;

a sealing resin layer formed on the top surface of the tape
substrate outside of the region in which the semicon-
ductor device is mounted and sealing the area around
the side surfaces of the semiconductor element;

metal interconnections formed on the bottom surface of
the tape substrate and blocking the bottom ends of the
through holes of the tape substrate to define bottom
portions;

a solder resist layer covering the metal interconnections
and the bottom surface of the tape substrate and having
through holes in the thickness direction;

external connection terminals projecting from the bottom
surface of the metal interconnections and filling, pass-
ing through, and projecting out downward through the
through holes of the solder resist layer;

connection terminals extending downward from the
active surface of the semiconductor element and
inserted in the through holes of the tape substrate; and

a filler comprised of a conductive material filling the gaps
between the connection terminals and the inside walls
of the through holes of the tape substrate and electri-
cally connecting the connection terminals and the metal
interconnections.

2. A semiconductor device as set forth in claim 1, wherein
the filler is formed using one of a low melting point metal
and conductive paste.

3. A semiconductor device as set forth in claim 1, further
provided with conductor columns passing through said resin
sealing layer and said tape substrate at a region where said
resin sealing layer is formed, having top ends exposed at the
top surface of the resin sealing layer, and having bottom
ends electrically connected to said metal interconnection
layer.

4. A semiconductor device as set forth in claim 1, further
provided with, instead of said sealing resin layer, an insu-
lating frame bonded to the top surface of the tape substrate
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other than at the region where said semiconductor element
is mounted and surrounding the side surfaces of said semi-
conductor element with a gap and a resin sealing layer filling
said gap and sealing the area around the side surfaces of said
semiconductor element and further provided with conductor
columns passing through said frame and said tape substrate
at a region where said frame is formed, having top ends
exposed at the top surface of the frame, and having bottom
ends electrically connected to said metal interconnection
layer.

5. Asemiconductor device as set forth in claim 1, wherein
the connection terminals extending downward from the
active surface of the semiconductor element are bumps
comprised of one of gold and copper.

6. A semiconductor device as set forth in claim 1, wherein
the external connection terminals filling and passing through
the openings of the solder resist layer are arranged in one of
a peripheral and area array mode.

7. A semiconductor device as set forth in claim 1, wherein
said filler is filled in the gap between said connection
terminals and the through holes of said tape substrate up to
a position of substantially the top ends of said through holes.

8. A semiconductor device as set forth in claim 1, wherein
the top surface of said sealing resin layer and the back
surface of said semiconductor element form substantially the
same plane.

9. A multilayer semiconductor device comprised of a
plurality of semiconductor devices as set forth in claim 3 or
4 stacked in layers, wherein the semiconductor devices of
each layer are connected with each other at the top ends of
the conductor columns and the bottom ends of the external
connection terminals.

10. A process of production of a semiconductor device
comprising:

forming through holes in the thickness direction in a tape
substrate having an area able to accommodate a plu-
rality of semiconductor package units and provided at
its bottom surface with a metal interconnection layer
and a solder resist layer and in said solder resist layer;

filling a conductive material in the through holes of the
tape substrate in amounts incompletely filling said
through holes;

inserting connection terminals of a number of semicon-
ductor elements required for forming a plurality of
semiconductor package units into the corresponding
through holes of the tape substrate and filling the gaps
between the connection terminals and the inside walls
of the through holes by said conductive material until
about the top ends of the through holes;

bonding and mounting semiconductor elements on the top
surface of the tape substrate;

forming a sealing resin layer covering the top surface of
the tape substrate other than the regions where the
semiconductor elements are mounted and sealing the
area around the side surfaces of the semiconductor
clement;

grinding and polishing to a predetermined thickness the
top part of the sealing resin layer and the back surface
portions of the semiconductor elements; and

cutting the tape substrate into semiconductor package
units to obtain individual semiconductor devices.
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11. A process of production of a semiconductor device as
set forth in claim 10, further comprising forming other
through holes passing through the tape substrate at positions
corresponding to conductor columns when forming through
holes in the tape substrate and forming conductor columns
filling said other through holes and projecting out from the
top surface of said tape substrate before forming said sealing
resin layer.

12. A process of production of a semiconductor device as
set forth in claim 10, further comprising bonding an insu-
lating substrate provided with openings defining inner walls
of frames to the top surface of said tape substrate, forming
other through holes passing through the insulating substrate
and the tape substrate at positions corresponding to conduc-
tor columns when forming through holes in the tape sub-
strate, forming conductor columns filling said other through
holes and projecting out from the top surface of said
insulating substrate before mounting said semiconductor
elements, and forming said sealing resin layer at the gaps
after mounting the semiconductor elements.

13. A process of production of a semiconductor device as
set forth in claim 10, further comprising performing elec-
trical tests after forming said sealing resin layer and one of
before and after said grinding and said polishing.

14. A process of production of a semiconductor device as
set forth in claim 10, wherein the tape substrate able to
accommodate said plurality of semiconductor package units
is a disk shape.

15. A semiconductor device provided with:

an insulating tape substrate having metal interconnections
on the top surface;

asemiconductor element mounted on a top surface of said
tape substrate with its back surface exposed upward
and its active surface facing downward;

a sealing resin layer formed on the top surface of the tape
substrate, sealing the area around the side surfaces of
the semiconductor element, and filling the gap between
the active surface of the semiconductor element and the
top surface of the tape substrate; and

at least one of

conductor columns extending upward from the top
surfaces of the metal interconnections, passing
through the sealing resin layer at the area around the
side surfaces of the semiconductor element, and
having top ends exposed upward and

external connection terminals extending downward
from the bottom surfaces of the metal interconnec-
tion, passing through the tape substrate, and project-
ing downward.

16. A semiconductor device as set forth in claim 15,
wherein the top surface of said sealing resin layer and the
back surface of said semiconductor element form substan-
tially the same plane.

17. A process of production of a semiconductor device
comprising:

preparing a tape substrate having an area able to accom-
modate a plurality of semiconductor package units and
provided at its top surface with metal interconnections;

bonding connection terminals of active surfaces of a
number of semiconductor elements required for form-
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ing the plurality of semiconductor package units to the
top surfaces of the metal interconnections of said tape
substrate to mount said semiconductor elements on the
top surface of said tape substrate;

forming conductor columns with bottom ends bonded to
the top surfaces of the metal interconnections;

forming a sealing resin layer sealing the area around the
side surfaces of the semiconductor elements, including
said metal interconnections and conductor columns,
and filling the gaps between the active surfaces of the
semiconductor elements and the top surface of said tape
substrate;

grinding and polishing to a predetermined thickness the
top part of the sealing resin layer and the back surface
portions of the semiconductor elements and exposing
the top ends of the conductor columns upward; and

cutting the tape substrate into semiconductor package
units to obtain individual semiconductor devices.
18. A process of production of a semiconductor device
comprising:

preparing a tape substrate having an area able to accom-
modate a plurality of semiconductor package units,
provided at its top surface with metal interconnections,
having through holes in a thickness direction at posi-
tions corresponding to external connection terminals,
and having bottom surfaces of said metal interconnec-
tions defining top ends of said through holes;

bonding connection terminals of active surfaces of a
number of semiconductor elements required for form-
ing the plurality of semiconductor package units to the
top surfaces of the metal interconnections of said tape
substrate to mount said semiconductor elements on the
top surface of said tape substrate;

forming a sealing resin layer sealing the area around the
side surfaces of the semiconductor elements, including
said metal interconnections, and filling the gaps
between the active surfaces of the semiconductor ele-
ments and the top surface of said tape substrate; then,

in either order,

grinding and polishing to a predetermined thickness the
top part of the sealing resin layer and the back
surface portions of the semiconductor elements and

forming external connection terminals extending
downward from the bottom surfaces of said metal
interconnections defining the top ends of said
through holes, filling said through holes, and pro-
jecting downward; and

cutting the tape substrate into semiconductor package
units to obtain individual semiconductor devices.
19. A process of production of a semiconductor device
comprising:

preparing a tape substrate having an area able to accom-
modate a plurality of semiconductor package units,
provided at its top surface with metal interconnections,
having through holes in a thickness direction at posi-
tions corresponding to external connection terminals,
and having bottom surfaces of said metal interconnec-
tions defining top ends of said through holes;
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bonding connection terminals of active surfaces of a
number of semiconductor elements required for form-
ing the plurality of semiconductor package units to the
top surface of the metal interconnections of said tape
substrate to mount said semiconductor elements on the
top surface of said tape substrate;

forming conductor columns with bottom ends bonded to
the top surfaces of the metal interconnections;

forming a sealing resin layer sealing the area around the
side surfaces of the semiconductor elements, including
said metal interconnections and conductor columns,
and filling the gaps between the active surfaces of the
semiconductor elements and the top surface of said tape
substrate; then,

in either order,

grinding and polishing to a predetermined thickness the
top part of the sealing resin layer and the back
surface portions of the semiconductor elements and
exposing the top ends of the conductor columns
upward and

forming external connection terminals extending
downward from the bottom surfaces of said metal
interconnections defining the top ends of said
through holes, filling said through holes, and pro-
jecting downward; and

cutting the tape substrate into semiconductor package
units to obtain individual semiconductor devices.

20. A semiconductor device provided with:
a resin member of a predetermined thickness;

a semiconductor element sealed inside said resin member,
having a back surface exposed at a top surface of said
resin member, and having an active surface facing
downward,;

metal interconnections formed on the bottom surface of
the resin member; and

connection terminals extending downward from the
active surface of the semiconductor element and having
bottom ends connected to top surfaces of said metal
interconnections.

21. A semiconductor device as set forth in claim 20,
wherein the top surface of said sealing resin layer and the
back surface of said semiconductor element form substan-
tially the same plane.

22. A semiconductor device as set forth in claim 20,
further provided with a solder resist layer covering the entire
bottom surface of said resin member including said metal
interconnections and connection bumps formed on the bot-
tom surfaces of said metal interconnections, passing through
said solder resist layer, and projecting downward.

23. A semiconductor device as set forth in claim 20,
further provided with a plurality of conductor columns
passing through said resin member from the top surfaces of
said metal interconnections, extending upward, and having
top ends exposed at the top surface of said resin member.

24. A semiconductor device as set forth in claim 23,
wherein the side surfaces of the conductor columns are
exposed at the side surfaces of the resin member.
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25. A semiconductor device as set forth in claim 20,
further provided with a capacitor sealed inside said resin
member and directly connected with said metal intercon-
nections.

26. A semiconductor device as set forth in claim 25,
wherein said capacitor is a multilayer ceramic capacitor
including inner electrodes each having a surface being
perpendicular to the thickness direction of said resin mem-
ber.

27. A semiconductor device as set forth in claim 20,
wherein an inorganic filler is dispersed in said resin member.

28. A multilayer semiconductor device comprised of a
plurality of semiconductor devices as set forth in claim 23
stacked in layers, wherein the semiconductor devices of each
layer are connected with each other at the top ends of the
conductor columns and the bottom ends of the metal inter-
connections through connection bumps.

29. A parallel semiconductor device comprised of a plu-
rality of semiconductor devices as set forth in claim 24
connected to each other at their side surfaces, wherein the
semiconductor devices adjoining each other at their sides are
electrically connected with each other at the side surfaces of
the conductor columns exposed at the side surfaces of said
resin member.

30. A multilayer parallel semiconductor device comprised
of a plurality of semiconductor devices as set forth in claim
24 stacked in layers and connected to each other at their side
surfaces, wherein the semiconductor devices of each layer
are electrically connected with each other at the top ends of
the conductor columns and the bottom ends of the metal
interconnections through connection bumps and wherein the
semiconductor devices adjoining each other at their sides are
electrically connected with each other at the side surfaces of
the conductor columns exposed at the side surfaces of said
resin member.

31. A process of production of a semiconductor device
comprising:

mounting on the top surface of a metal substrate having an
area able to accommodate a plurality of semiconductor
package units semiconductor elements by turning the
active surfaces of semiconductor elements downward
and bonding front ends of connection terminals to the
metal substrate;

covering the entire top surface of the metal substrate by a
resin to form a resin member in which the semicon-
ductor elements are sealed and to the bottom surface of
which said metal substrate is bonded; then,

in either order,

grinding and polishing to a predetermined thickness the
top part of the sealing resin layer and the back
surface portions of the semiconductor elements and

patterning the metal substrate to form metal intercon-
nections with top surfaces connected to the bottom
ends of said connection terminals on the bottom
surface of said resin member; and

cutting the resin member into semiconductor package
units to obtain individual semiconductor devices.

32. A process of production of a semiconductor device as

set forth in claim 31, further comprising forming conductor

columns on the top surface of said metal substrate after
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forming said semiconductor elements on said metal sub-
strate and before forming said resin member.

33. A process of production of a semiconductor device as
set forth in claim 32, wherein said conductor columns are
formed so that at least one of said top ends and side surfaces
are exposed from said resin member.

34. A process of production of a semiconductor device as
set forth in claim 31, further comprising, after forming the
metal interconnections on the bottom surface of said resin
member, forming a solder resist layer covering the entire
bottom surface of said resin member, including said metal
interconnections, and connection bumps formed on the
bottom surfaces of said metal interconnections, passing
through the solder resist layer, and projecting downward.

35. A process of production of a semiconductor device
comprising:

preparing a composite metal plate comprised of a metal
substrate having an area able to accommodate a plu-
rality of semiconductor package units and of an inter-
connection pattern comprised of a different type of
metal from said metal substrate on its top surface;

mounting semiconductor elements on the top surface of
the composite metal plate by turning the active surfaces
of semiconductor elements downward and bonding
front ends of connection terminals to the composite
metal plate;

covering the entire top surface of the composite metal
plate by a resin to form a resin member in which the
semiconductor elements are sealed and to the bottom
surface of which said composite metal plate is bonded;
then,
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in either order,

grinding and polishing to a predetermined thickness the
top part of the resin member and the back surface
portions of the semiconductor elements and

etching away the metal substrate of said composite
metal plate and leaving the interconnection pattern
so as to form metal interconnections comprised of
said interconnection pattern with top surfaces con-
nected to the bottom ends of said connection termi-
nals on the bottom surface of the resin member; and

cutting the resin member into semiconductor package
units to obtain individual semiconductor devices.

36. A process of production of a semiconductor device as
set forth in claim 35, further comprising forming conductor
columns on the top surface of said metal substrate after
forming said semiconductor elements on said composite
metal plate and before forming said resin member.

37. A process of production of a semiconductor device as
set forth in claim 36, wherein said conductor columns are
formed so that at least one of said top ends and side surfaces
are exposed from said resin member.

38. A process of production of a semiconductor device as
set forth in claim 35, further comprising, after forming the
metal interconnections on the bottom surface of said resin
member, forming a solder resist layer covering the entire
bottom surface of said resin member, including said metal
interconnections, and connection bumps formed on the
bottom surfaces of said metal interconnections, passing
through the solder resist layer, and projecting downward.
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