
Description                     SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE SAME                              Technical Field  5
The present invention relates to a semiconductor device,       for use in
information communication equipment and office       electronic equipment,
applicable to high density packaging,       containing a semiconductor
integrated circuit unit and       including wires and the like to be
connected with external  10   terminals, and a method for manufacturing the
semiconductor       device.                                Background Art
In accordance with recent development of compact and high       level
function electronic equipment, a semiconductor device  15   including a
semiconductor integrated circuit unit is also       required of
compactness, high packaging density and high speed       in packaging work.
For example, as memory packages, an LOC       (lead on chip), a SON (small
outline non-lead), a [err]BGA (micro-       ball grid array) using a TAB
tape (disclosed in National  20   Publication of translated version No.
06-504408) and the like       have been developed.            Now, a
conventional semiconductor device designated as       [err]BGA and a method
for manufacturing the device will be       described with reference to
drawings.  25        Figure  10  is  a  sectional  view  of  the
conventional       semiconductor device designated as [err]BGA.   In Figure
10, a       reference numeral 101 denotes a semiconductor chip including



semiconductor elements, a reference numeral 102 denotes a       wiring
circuit sheet of flexible sheet formed on the       semiconductor chip 101,
a reference numeral 103 denotes a       flexible low elasticity material
disposed between the  5   semiconductor chip 101 and the wiring circuit
sheet 102, a       reference numeral 104 denotes a partial lead
corresponding to       a part of a wiring layer, a reference numeral 105
denotes an       element electrode electrically connected with the
semiconductor       element included in the semiconductor chip 101, and a
reference  10   numeral 106 denotes an electrode formed on the surface of
the       wiring circuit sheet 102 for attaining electric connection with
an external device.            As is shown in Figure 10, in the
conventional       semiconductor device designated as [err]BGA, the wiring
circuit  15   sheet 102 is formed on the semiconductor chip 101 with the
low       elasticity material 103 sandwiched therebetween, and the
element electrode 105 on the semiconductor chip 101 is       electrically
connected with the electrode 106 on the wiring       circuit sheet 102
through the partial lead 104.  20        Next,  the method for
manufacturing the aforementioned       conventional semiconductor device
will be described with       reference to the same drawing.
First, the wiring circuit sheet 102 in the shape of       flexible sheet is
adhered onto the semiconductor chip 101 with  25   the low elasticity
material 103 sandwiched therebetween.  The       wiring circuit sheet 102
includes a wiring pattern therein, the       electrode 106 to be connected
with the wiring pattern is formed       on the wiring circuit sheet 102,
and the partial lead 104                                    2        



extends  from the electrode  106.   In this case,  the low       elasticity
material 103 is an insulating material having an       adhesive function.
Next, the partial lead 104 and the element electrode 105  5   are
electrically  connected  with  each  other  by  using  a       conventional
thermo compression bonding technique generally       used in "TAB" (tape
automated bonding) or an ultrasonic bonding       technique.   In this
manner,  the  semiconductor device  is       manufactured.  10
Specifically, owing to the aforementioned structure of the
semiconductor device, the semiconductor device can be       electrically
connected with external equipment through a large       number of
electrodes 106 two-dimensionally formed on the wiring       circuit sheet
102, while suppressing stress.   Accordingly,  15   information
communication  equipment,   office   electronic       equipment and the
like can be downsized.                     Problems to be Solved by the
Invention            The aforementioned conventional semiconductor device
has,       however, the following problems:  20        First, in the
conventional semiconductor device, it is       necessary to previously
fabricate the wiring circuit sheet 102,       which increases the number of
manufacturing processes. Also,       the wiring circuit sheet 102 itself is
expensive. Moreover, in       order to adhere the wiring circuit sheet 102
onto the  25   semiconductor chip 101 with the low elasticity material 103
sandwiched therebetween, it is necessary to provide a high
performance placement machine, which increases the equipment           



cost.    As  a  result,  the  manufacturing  cost  for  the
semiconductor device is increased as a whole.            Secondly, in
connecting the element electrode 105 with the       partial lead 104
extending from the wiring circuit sheet 102,  5   in particular when a fine
line is used for the connection, the       width and the thickness of the
partial lead 104 are decreased,       and hence the shape of the partial
lead 104 becomes unstable,       resulting in making the connection with
the element electrode       105  difficult.   Accordingly,  the
manufacturing  cost  is  10   increased as well as the reliability of the
connection is       poor.            Thirdly, owing to this structure, such
a semiconductor       device cannot be manufactured until the semiconductor
chip 101       is cut off from a wafer. Therefore, the semiconductor device
15   is poor in rapidness in the manufacture, and cannot be tested       in
the state of a wafer.   This is a serious obstacle to       reduction of
the manufacturing cost of the semiconductor       device.            The
present invention was devised to overcome the  20   aforementioned
conventional  problems,  and  the  object  is       providing a
semiconductor device with high reliability, high       packaging density
and low cost that can be fabricated at wafer       level up to a state
close to the ultimate step of the       manufacture, and a method for
manufacturing the semiconductor  25   device.
Disclosure of the Invention            In  order  to  achieve  the
aforementioned  object,  the                                     4



following semiconductor device and method for manufacturing a
semiconductor device are herein disclosed.            The basic
semiconductor device of this invention comprises       a semiconductor
substrate including semiconductor elements;  5   element  electrodes
arranged  on  a  main  surface  of  the       semiconductor substrate and
electrically connected with the       semiconductor elements; an elastic
material layer formed on the       main surface of the semiconductor
substrate from an insulating       elastic material; an opening formed by
partially removing the  10   elastic material layer for exposing at least
the element       electrodes on the semiconductor substrate; a metal wiring
layer       continuously formed to stretch from the element electrodes over
the elastic material layer; and external electrodes formed as       a part
of the metal wiring layer on the elastic material layer  15   for
electrical connection with external equipment.            In this manner,
the external electrodes of the metal       wiring layer are formed on the
elastic material layer.       Therefore, in mounting the semiconductor
device on a mother       board, stress applied to a connection part due to
a difference  20   in the coefficient of thermal expansion between the
mother       board and the semiconductor device can be absorbed by the
elasticity  of  the  elastic  material  layer.         Thus,  a
semiconductor device having an improved function to relax       stress can
be realized.  25        Furthermore, since the metal wiring layer connected
with       the element electrodes is integrated with the external
electrodes, the metal wiring layer can be formed by patterning       a
metal film deposited on the semiconductor substrate.
5           



Accordingly, there is no need to provide a wiring circuit sheet       and
equipment for the wiring circuit sheet as in the       aforementioned
conventional semiconductor device. Also in the       manufacture,  there
is no need to conduct  a process  for  5   connecting a partial lead with
an element electrode through       thermo bonding as in the procedures for
the conventional       semiconductor device.  As a result, the
manufacturing equipment       and the number of manufacturing procedures
can be reduced, and       difficulty in the connection can be avoided.
Thus,  the  10   manufacturing cost can be reduced.            In
addition,  the  manufacturing  procedures  can  be       simplified because
the metal wiring layer can be formed even       when the semiconductor
substrate is in the state of a wafer.            In the semiconductor
device, the semiconductor substrate  15   can be in the state of a wafer or
in the state of a chip cut       off from a wafer.            In the
semiconductor device, the elastic material layer       preferably has a
wedged section inclined to the surface of the       semiconductor substrate
or a round-cornered section in an end  20   portion thereof in the vicinity
of the opening.            When the elastic material layer has any of these
sections,       stress can be avoided from being collectively applied to a
part       of the metal wiring layer, and hence, disconnection of the
metal wiring layer and the like can be prevented, resulting in  25
improving the reliability of the semiconductor device.            The
semiconductor device preferably further comprises a       protecting film
formed to cover the metal wiring layer and       having a property to repel
a conductive material; and openings                                     6



each formed through the protecting film for exposing at least       a part
of each of the external electrodes of the metal wiring       layer, and an
external electrode terminal is preferably formed       at least on a part
of each of the external electrodes exposed  5   in the openings of the
protecting film.            In this manner, while keeping normal connection
between       the metal wiring layer and wiring electrodes on a mother
board       having no electric short-circuit, the semiconductor device can
be satisfactorily mounted on the mother board.  10        In  the
semiconductor  device,  the  external  electrode       terminal can be made
from a metal ball formed to be in contact       with each of the external
electrodes or a conductive projection       formed to be in contact with
each of the external electrodes.            Alternatively, at least a part
of each of the external  15   electrodes exposed in the openings of the
protecting film can       also function as the external electrode terminal.
The semiconductor device can further comprise a       passivation film for
protecting the semiconductor elements       formed on the semiconductor
substrate and having openings above  20   the element electrodes, and the
elastic material layer can be       formed on the passivation film.
In  this  manner,  a  semiconductor  device  with  higher       reliability
can be obtained.            The basic method for manufacturing a
semiconductor device  25   of this invention comprises a first step of
forming an elastic       material layer from an insulating material on a
semiconductor       substrate including semiconductor elements and element
electrodes electrically connected with the semiconductor
7            



elements; a second step of forming an opening in the elastic       material
layer for exposing the element electrodes by       selectively removing the
elastic material layer in areas above       the element electrodes; and a
third step of forming, on the  5   substrate bearing the elastic material
layer and the opening,       a metal wiring layer stretching from the
element electrodes       exposed in the opening over the elastic material
layer, a part       of the metal wiring layer functioning as an external
electrode       for electric connection with external equipment.  10
In this method, the metal wiring layer connected with the       element
electrodes can be formed integrally with the external       electrodes by
patterning a metal film deposited on the       semiconductor substrate.
Accordingly, there is no need to       provide a wiring circuit sheet and
equipment for the wiring  15   circuit sheet as in the conventional
semiconductor device.  In       addition, there is no need to conduct a
process for connecting       the partial lead with the element electrode as
in the       manufacturing procedures for the conventional semiconductor
device.   Accordingly,  the manufacturing equipment and the  20   number
of  the  manufacturing  procedures  can  be  reduced.       Furthermore,
since the metal wiring layer can be electrically       connected with the
element electrodes merely by forming the       metal wiring layer on the
element electrodes, difficulty as in       the connection between the
partial lead and the element  25   electrode in the conventional
semiconductor device can be       avoided. As a result, the basic
semiconductor device of the       invention can be easily realized with the
manufacturing cost       reduced.                                    8
In the basic method for manufacturing a semiconductor 



device, the first through third steps are preferably conducted       on the
semiconductor substrate in the state of a wafer, and the       method
preferably further comprises, after the third step, a  5   step of dividing
the wafer into semiconductor chips.            In this manner, the elastic
material layer, the metal       wiring layer and the like can be formed in
a large number of       chip areas with retaining the semiconductor
substrate in the       state of a wafer before dividing into chips, and
hence, the  10   manufacturing cost can be largely reduced.            The
basic method for manufacturing a semiconductor device       can further
comprise, before the first step, a step of dividing       a wafer into
semiconductor chips, and the first through third       steps can be
conducted on the semiconductor substrate in the  15   state of a chip.
In the method for manufacturing a semiconductor device, in       the second
step, the elastic material layer is preferably       formed to have a
wedged section inclined to a surface of the       semiconductor substrate
in an end portion thereof in the  20   vicinity of the opening.
Thus, a highly reliable metal wiring layer hardly       suffering
disconnection can be formed.            The method for manufacturing a
semiconductor device       preferably further comprises, after the third
step, a step of  25   forming a protecting film for covering the metal
wiring layer       excluding at least a part of the external electrodes.
Thus, the external electrodes of the semiconductor device       can be
easily and rapidly connected with wires of a mother
9                 board by using a connecting member such as solder. 



The method for manufacturing a semiconductor device       preferably
further comprises a step of providing a metal ball       on each of the
external electrodes of the metal wiring layer.  5        Thus, the
semiconductor device can be very rapidly mounted       on a mother board by
using the metal balls.            The basic method for manufacturing a
semiconductor device       can further comprises, after the third step, a
step of testing       the semiconductor device by installing a testing
board  10   including terminals electrically connectable with the external
electrodes above the semiconductor substrate.            Thus, the
semiconductor device can be tested while       absorbing, by the elastic
material layer, stress applied to the       metal wiring layer through the
external electrodes during the  15   test.                         Brief
Description of Drawings            Figure 1 is a perspective view for
showing the structure       of a semiconductor device according to
Embodiment 1 with a       solder resist film partially removed.  20
Figure 2 is a sectional view of the semiconductor device       of
Embodiment 1.            Figures 3(a) through 3(e) are sectional views for
showing       procedures up to formation of a thick metal layer on a thin
metal layer in the manufacturing process for the semiconductor  25   device
of Embodiment 1.             Figures 4(a) through 4(d) are sectional views
for showing        procedures following removal of a plating resist film in
the                                     10                manufacturing
process for the semiconductor device of  



Embodiment 1.            Figure 5 is a perspective view for showing the
structure       of a semiconductor device including a conductive projection
as  5   an external electrode terminal according to Embodiment 2 with
a solder resist film partially removed.            Figure 6 is a
perspective view for showing the structure       of a semiconductor device
including a land of a metal wiring       layer functioning as an external
electrode terminal according  10   to Embodiment 3 with a solder resist
film partially removed.            Figure 7 is a perspective view of a
semiconductor device       including element electrodes arranged in a
peripheral portion       according to Embodiment 4 with a solder resist
film partially       removed.  15        Figures 8(a) through 8(d) are
partial sectional views of       semiconductor devices for showing
variation in the sectional       shape of an end portion of a low
elasticity layer adoptable in       Embodiments 1 through 4.
Figure 9 is a sectional view for showing a testing method  20   for a
semiconductor device according to Embodiment 5.            Figure 10 is a
sectional view of a conventional       semiconductor device including a low
elasticity layer.                    Best Mode for Carrying Out the
Invention            Now, embodiments of the present invention will be  25
described with reference to the accompanying drawings.       (Embodiment 1)
First, Embodiment 1 of the invention will be described                with
reference to Figures  1 through 4.   Figure  1 is a       perspective view
of a semiconductor device of this embodiment       with a part of a solder
resist film removed, Figure 2 is a 



sectional view of the semiconductor device of this embodiment,  5   and
Figures  3(a)  through 3(e)  and 4(a)  through 4(d)  are       sectional
views for showing manufacturing procedures for the       semiconductor
device of the embodiment.            In Figures 1 and 2, a reference
numeral 10 denotes a       semiconductor substrate containing a
semiconductor integrated  10   circuit including semiconductor elements
such as a transistor.       The semiconductor substrate 10 can be in the
state of a wafer       or in the state of a chip cut off from a wafer.  In
a part       (electrode arranging area) of the main surface of the
semiconductor substrate 10, pads 30 to be connected with  15   element
electrodes 11 of the semiconductor substrate 10 are       disposed. In this
embodiment, when the semiconductor substrate       has been divided into a
chip, the electrode arranging area is       positioned at the center
thereof. Also, on the main surface of       the semiconductor substrate 10,
a low elasticity layer 20 of an  20   insulating material with a low
elastic modulus is formed in an       area excluding the electrode
arranging area where the pads 30       are disposed. The low elasticity
layer 20 has a wedged slope       portion meeting the main surface of the
semiconductor substrate       10 where the pad 30 are formed.   In other
words, the low  25   elasticity layer has an end portion that is not
perpendicular       to the main surface of the semiconductor substrate 10
but in       the wedged shape including no acute-angled part. On the low
elasticity layer 20, lands 32 each functioning as an external
12                electrode  for  inputting/outputting  a  signal  between
the       semiconductor elements in the semiconductor substrate 10 and
external equipment are formed, and a metal wire 31 is provided  



for connecting each land 32 with each pad 30.  The pads 30, the  5   metal
wires 31 and the lands 32 are formed from the same metal       layer, and
together form a metal wiring pattern 33. On each       land 32, a metal
ball 40 functioning as an external electrode       terminal is provided.
Furthermore, the entire semiconductor       device is covered with a solder
resist film 50 so as to expose  10   merely  areas  where  the  metal
balls  40  are  formed.       Specifically, each metal ball 40 is connected
with each land 32       exposed in an opening of the solder resist film 50.
An area excluding the pads 30 on the main surface of the
semiconductor substrate 10 is covered with a passivation film  *15  12.
In the semiconductor device of this embodiment, the metal       wire 31 is
formed on the underlying low elasticity layer 20.       Therefore, in
mounting the semiconductor device on a mother       board such as a print
wiring board, even when stress such as  20   thermal stress is applied to
the metal wire 31 while heating or       cooling the semiconductor device,
the stress applied to the       metal wire 31 is relaxed. Accordingly,
disconnection of the       metal wire 31 can be prevented during the
substrate mounting,       resulting in realizing a wiring structure with
high  25   reliability.            Moreover,  since the lands 32 serving as
the external       electrode terminals are two-dimensionally arranged on
the main       surface of the semiconductor device, a large number of
external                                     13                 electrode
terminals can be disposed in a small area.   In       addition, the pads 30
and the lands 32 can be connected through       the metal wires 31 that can
be formed through patterning.  



Accordingly, a compact and thin semiconductor device for multi-  5   pin
application can be obtained.            In  addition,   the  element
electrodes  11  of  the       semiconductor substrate 10 and the external
connection       terminals (i.e., the lands 32) are connected not through
partial leads as in the conventional technique but through the  10   metal
wires 31 that can be formed through patterning such as       etching.
Therefore, the semiconductor device is suitable to       refinement and
multi-pin application.            Furthermore, the metal balls 40 serving
as the external       electrode terminals are provided on the lands 32
connected with  15   the  metal  wires  31,  and  the  process  for
mounting  the       semiconductor device on a mother board such as a print
wiring       board can be very easily and rapidly conducted. Also in this
case, thermal stress generated from the metal balls 40 with a       large
thermal capacity can be absorbed by the low elasticity  20   layer 20.
In particular, the end portion of the low elasticity layer       20 formed
in the electrode arranging area on the main surface       of the
semiconductor substrate 10 has a wedged section       including no
acute-angled part. Therefore, the semiconductor  25   device is
characterized by the metal wires 31 easily formed and       hardly
disconnected.            In this embodiment and other embodiments described
below,       the low elasticity layer 20 preferably has a thickness of  10
14                through 150 [err]m. Also, the low elasticity layer 20
preferably       has an elastic modulus (Young's modulus) in a range
between 10       and 2000 kg/mm[err], and more preferably in a range
between 10 and       1000  kg/mm[err].    Furthermore,  the  low
elasticity  layer  20 



5   preferably has a coefficient of linear expansion of 50 through
200 ppm/[err]C, and more preferably 10 through 100 ppm/[err]C.
Next, a method of manufacturing the semiconductor device)       of this
embodiment will be described with reference to Figures       3(a) through
3(e) and 4(a) through 4(d). Figures 3(a) through  10   3(e) and 4(a)
through 4(d) are sectional views for showing       manufacturing procedures
for attaining the structure of the       semiconductor device shown in
Figures 1 and 2.            First, as is shown in Figure 3(a), on the
element       electrode 11 and the passivation film 12 respectively formed
on  15   the  main  surface  of  the  semiconductor  substrate  10,  a
photosensitive insulating material is coated in a thickness of
approximately 100 [err]m and dried, thereby forming an insulating
material film 21.            In order to reduce thermal stress caused in
mounting the  20   present  semiconductor device on a substrate,  the
coating       thickness of the photosensitive insulating material film 21
should be as large as possible as far as procedures  following       the
coating are not affected, and can be, for example,       approximately 500
[err]m or approximately 1 mm.  25        Next, as is shown in Figure 3(b),
the dried insulating       material film 21 is successively exposed and
developed, thereby       forming the low elasticity layer 20 including an
opening       correspondingly  to  the  element  electrode  11  of  the
15                 semiconductor substrate 10.  In this case, for example,
the       exposure is conducted by using not collimated light but
scattered light, so that the section of the low elasticity       layer 20
can be in a wedged shape including no acute-angled 



5   part instead of being perpendicular to the main surface of the
semiconductor substrate 10 at its end portion close to the       opening.
The photosensitive insulating material film 21 can be made       from
ester-linkage polyimide or a polymer such as acrylate  10   epoxy as far as
it has a low elastic modulus and insulating       property.
Furthermore, the photosensitive insulating material film       21 is not
required to be formed by drying a liquid material but       can be formed
by using a material previously formed into a film  15   shape.  In this
case, the film-shaped insulating material film       21 is adhered onto the
semiconductor substrate 10, and the       opening can be formed in the
insulating material film 21       through exposure and development, so that
the element electrode       11 of the semiconductor substrate 10 can be
exposed.  20        Moreover,  the insulating material for the insulating
material film 21 is not required to have photosensitive       property.
When an insulating material without photosensitive       property is used,
the element electrode 11 of the semiconductor       substrate 10 can be
exposed through a mechanical process using  25   a laser or plasma or a
chemical process such as etching.            Next, as is shown in Figure
3(c), on the main surface of        the semiconductor substrate 10, a thin
metal layer 13        including, for example, a Ti film with a thickness of
16                approximately 0.2 [err]m and a Cu film formed thereon
with a       thickness of approximately 0.5 [err]m is formed through vacuum
evaporation, sputtering, CVD or electroless plating.            Then, as is
shown in Figure 3(d), the thin metal layer 13  



5   is coated with a negative photosensitive resist, and a portion       of
the resist corresponding to a desired pattern for the       completed
device is cured with an unexposed portion removed,       thereby forming a
plating resist film 14.            The negative photosensitive resist is
used in forming the  10   plating resist film 14 in this embodiment, but it
goes without       saying that a positive photosensitive resist can be used
instead.            Thereafter, as is shown in Figure 3(e), on portions of
the       thin metal layer 13 excluding portions where the plating resist
15   film 14 is formed, a thick metal layer 15 of, for example, a Cu
film is selectively formed in a thickness of, for example,
approximately 20 [err]m.            Next, as is shown in Figure 4(a), after
forming the thick       metal layer 15, the plating resist film 14 is
melted and  20   removed.            Then, as is shown in Figure 4(b), the
entire surface is       etched by using an etching, solution that can melt
the thin       metal layer 13 and the thick metal layer 15, such as a
cupric       chloride solution against a Cu film and an EDTA solution  25
against a Ti film.  Thus, the thin metal layer 13 having a       smaller
thickness than the thick metal layer 15 is priorly       removed.  Through
this procedure, the desired metal wiring       pattern 33 including the pad
30, the metal wire 31 and the land                                     17
32 is formed on the main surface of the semiconductor substrate       10.
At this point, after removing the plating resist film 14,       an etching
resist film having a desired pattern shape can be  



5   formed by photolithography so as to protect the thick metal       layer
15.            Next, as is shown in Figure 4(c), the low elasticity layer
20 is coated with a photosensitive solder resist film, which is
formed  into  the  solder  resist  film  50  through  the  10
photolithography with the land 32 alone exposed.  The solder       resist
film 50 protects the pad 30 and the metal wire 31,       namely, the metal
wiring pattern 33 excluding the land 32, from       melted solder.
Then, as is shown in Figure 4(d), the metal ball 40 of  15   solder,
solder-plated copper or nickel is disposed on the land       32, and the
metal ball 40 and the land 32 are melted to be       connected. Through
these procedures, the semiconductor device       of this embodiment can be
manufactured.            In the method for manufacturing the semiconductor
device  20   of this embodiment, the end portion at the opening of the low
elasticity layer 20 for exposing the element electrode 11 of       the
semiconductor substrate 10 is not provided with a step but       inclined
so that the low elasticity layer 20 can smoothly meet       the surface of
the semiconductor substrate 10. As a result,  25   the  metal  wire  31
can  be  easily  formed  and  hardly       disconnected.
Furthermore, as a material for the thin metal layer 13 and       the thick
metal layer 15, Cu is used in this embodiment, but
18                 Cr, W, Ti/Cu, Ni or the like can be used instead.  Also,
the       thin metal layer 13 and the thick metal layer 15 can be made
from different metal materials, so that an etchant for       selectively
etching the thin metal layer 13 alone can be used  



5   in the ultimate etching process.       (Embodiment 2)            Next,
Embodiment 2 of the invention will be described with       reference to the
drawing. Figure 5 is a perspective view of a       semiconductor device
according to Embodiment 2 with a part of  10   a solder resist film
removed.            In  Figure  5,  a  reference  numeral  10  denotes  a
semiconductor substrate containing a semiconductor integrated       circuit
including semiconductor elements such as a transistor.       The
semiconductor substrate 10 can be in the state of a wafer  15   or in the
state of a chip cut off from a wafer.  On a part       (electrode arranging
area) of the main surface of the       semiconductor substrate 10, pads 30
to be connected with       element electrodes (not shown) of the
semiconductor substrate       10 are disposed. When the semiconductor
substrate has been  20   divided into a chip, the electrode arranging area
is positioned       at the center thereof in this embodiment. Also, on the
main       surface of the semiconductor substrate 10, a low elasticity
layer 20 of an insulating material with a low elastic modulus       is
formed in an area excluding the electrode arranging area  25   where the
pads 30 are disposed.  The low elasticity layer 20       has a wedged slope
portion meeting the main surface of the       semiconductor substrate 10
where the pads 30 are formed. In       other words, the low elasticity
layer has an end portion that                                    19
is not perpendicular to the main surface of the semiconductor
substrate 10 but in the wedged shape including no acute-angled       part.
On  the  low  elasticity  layer  20,  lands  32  each       functioning as
an external electrode for inputting/outputting  



5   a signal between the semiconductor element of the semiconductor
substrate 10 and external equipment are formed, and each land       32 and
each pad 30 are connected through a metal wire 31. The       pads 30, the
metal wires 31 and the lands 32 are made from the       same metal layer,
and together form a metal wiring pattern 33.  10   An area excluding the
pads 30 on the main surface of the       semiconductor substrate 10 is
covered with a passivation film       12. The above-described structure is
the same as that of the       semiconductor device of Embodiment 1 shown in
Figure 1.            As a characteristic of the semiconductor device of
this  15   embodiment, on the land 32 exposed in the opening of the solder
resist film 50, a conductive projection 41 is formed as the       external
electrode terminal instead of the metal ball 40.            Examples of the
material for the conductive projection 41       are a solder bump formed on
the land 32 by printing and melting  20   solder cream, a solder bump
formed by dipping in melted solder,       a nickel/gold bump formed on the
land 32 by electroless plating       and the like. However, the material is
not limited to those       mentioned above.             In the
semiconductor device of this embodiment, since the  25   conductive
projection 41 is provided as the external electrode        terminal instead
of the metal ball 40, a troublesome process of        successively forming
the metal balls 40 on the respective lands        32 is not necessary,
resulting in realizing a semiconductor
20                 device with lower cost.       (Embodiment 3)
Next, Embodiment 3 of the invention will be described with       reference
to the drawing.  



5        Figure 6 is a perspective view of a semiconductor device       of
Embodiment 2 with a part of a solder resist film removed.            In
Figure  6,  a  reference  numeral  10  denotes  a       semiconductor
substrate containing a semiconductor integrated       circuit including
semiconductor elements such as a transistor.  10   The semiconductor
substrate 10 can be in the state of a wafer       or in the state of a chip
cut off from a wafer.  On a part       (electrode arranging area) of the
main surface of the       semiconductor substrate 10, pads 30 to be
connected with       element electrodes (not shown) of the semiconductor
substrate  15   10 are disposed.  When the semiconductor substrate has been
divided into a chip, the electrode arranging area is positioned       at
the center thereof in this embodiment. Also, on the main       surface of
the semiconductor substrate 10, a low elasticity       layer 20 of an
insulating material with a low elastic modulus  20   is formed in an area
excluding the electrode arranging area       where the pads 30 are
disposed. The low elasticity layer 20       has a wedged slope portion
meeting the main surface of the       semiconductor substrate 10 where the
pads 30 are formed. In       other words, the low elasticity layer has an
end portion that  25   is not perpendicular to the main surface of the
semiconductor       substrate 10 but in the wedged shape including no
acute-angled       part.   On  the  low  elasticity  layer  20,  lands  32
each       functioning as an external electrode for inputting/outputting
21                a signal between the semiconductor element of the
semiconductor       substrate 10 and external equipment are formed, and
each land       32 and each pad 30 are connected through a metal wire 31.
The       pads 30, the metal wires 31 and the lands 32 are made from the  5
same metal layer, and together form a metal wiring pattern 33. 



An area excluding the pads 30 on the main surface of the
semiconductor substrate 10 is covered with a passivation film       12. The
above-described structure is the same as that of the       semiconductor
device of Embodiment 1 shown in Figure 1.  10        As a characteristic of
the semiconductor device of this       embodiment, on the land 32 exposed
in the opening of the solder       resist film 50, neither the metal ball
40 nor the conductive       projection 41 is provided but the land 32
itself functions as       the  external  electrode  terminal.    In  other
words,  the  15   semiconductor device of this embodiment is a
land-grid-array       (LGA) semiconductor device.            In mounting
the semiconductor device of this embodiment on       a mother board, the
lands 32 can be electrically connected with       connection terminals of
the mother board with ease by, for  20   example,  reflowing solder cream
coated on the connection       terminals of the mother board.            In
this embodiment, since the land 32, that is, a part of       the metal
wiring pattern 33, is used as the external electrode       terminal instead
of providing the metal ball 40, the process of  25   successively  forming
the metal  balls  40  or  forming  the       conductive projections 41 of
solder or the like is not       necessary. As a result, a semiconductor
device with very low       cost and small height when mounted can be
realized.                                     22                (Embodiment
4)            Next, Embodiment 4 will be described with reference to
Figure 7. Figure 7 is a perspective view of a semiconductor       device
according to Embodiment 4 with a solder resist film  5   partially removed.



As is shown in Figure 7, in the semiconductor device of       this
embodiment, pads 30 to be connected with element       electrodes (not
shown) of a semiconductor substrate are       disposed in a peripheral
portion on the main surface of the  10   semiconductor substrate 10 in the
state of a chip.  Also on the       main surface of the semiconductor
substrate 10, a low       elasticity layer 20 of an insulating material
with a low       elastic modulus is disposed in an area excluding the
peripheral       portion where the pads 30 are disposed. The end portion of
the  15   low elasticity layer 20 is in a wedged shape as in Embodiment
1 described above.  On the low elasticity layer 20 are disposed       lands
32 each functioning as an external electrode terminal for
inputting/outputting a signal between a semiconductor element       of the
semiconductor substrate 10 and external equipment. A  20   metal wire 31 is
formed so as to extend from the pad 30 on the       main surface of the
semiconductor substrate 10 over the low       elasticity layer 20 to be
connected with the land 32.       Similarly to Embodiment 1, the pads 30,
the metal wires 31 and       the lands 32 are integrally formed from the
same metal material  25   and together form a metal wiring pattern 33.  An
area on the       main surface of the semiconductor substrate 10 excluding
the       pads 30 is covered with a passivation film 12.  On each land
32, a metal ball 40 serving as a projecting external terminal
23                is provided.            According to this embodiment, the
external electrode       terminals for attaining electric connection with a
mother board       are the metal balls 14 (external electrode terminals),
which  5   are formed not on the element electrodes linearly arranged with
a small pitch in the peripheral of the semiconductor substrate 



10 in the state of a chip but on the lands 32 (external       electrodes)
connected with the element electrodes and arranged       with a large pitch
in a two-dimensional grid-array. In this  10   manner,  the semiconductor
device can be two-dimensionally       electrically connected with terminals
on the mother board       through the metal balls 40 in mounting on the
mother board.       Accordingly, a semiconductor device easily applicable
to high       density packaging can be realized.  15        In each of
Embodiments 1 through 4, description is given       merely on the case
where the end portion at the opening of the       low elasticity layer,
namely, a boundary portion between the       low elasticity layer and the
semiconductor substrate, is in the       shape of a slope, which does not
limit the invention. Figures  20   8(a) through 8(d) show specific examples
of the shape of the       boundary portion between the semiconductor
substrate 10 and the       low elasticity layer 20, and are sectional views
of the low       elasticity layer 20 and the metal wire 31 attained when
the       boundary portion is formed in the shape of a curved slope, a  25
linear slope, a step with an acute-angled corner and a step       with a
round corner, respectively.            Furthermore,  in  the  method  for
manufacturing  the       semiconductor device of any of Embodiments 1
through 4, a                                    24
semiconductor substrate in a wafer shape can be cut into a chip
before forming the low elasticity layer, the wiring pattern,       the
solder resist film, the metal ball and the like, or a       semiconductor
substrate in a chip shape can be cut off from a  5   wafer after forming
the low elasticity layer,  the wiring       pattern, the solder resist film
and the metal ball on the  



wafer.  Alternatively, a semiconductor substrate in a chip       shape can
be cut off from a wafer after completing up to any of       the procedures
for forming the low elasticity layer, the wiring  10   pattern, the solder
resist film and the metal ball on the       wafer, with the remaining
procedures conducted on the       semiconductor substrate in a chip shape.
(Embodiment 5)            Next, Embodiment 5 will be described as an
example in  15   which a semiconductor device is tested at wafer level.
Figure       9 is a partially exploded sectional view of a wafer in testing
a semiconductor device according to this embodiment.            As is shown
in Figure 9, an element electrode 11 connected       with a semiconductor
element in a wafer 1 is disposed on the  20   wafer 1, and a pad 30 is
disposed on the element electrode 11.       Also on the wafer 1, a low
elasticity layer 20 of an insulating       material with a low elastic
modulus is provided in an area       excluding the area where the pad 30 is
disposed.   The low       elasticity layer 20 has a wedged slope portion in
the vicinity  25   of the area where the pad 30 is disposed.   On the low
elasticity layer 20 is disposed a land 32 functioning as an       external
electrode for inputting/outputting a signal between       the semiconductor
element of the wafer 1 and external                                    25
equipment, and a metal wire 31 is formed so as to connect the       land 32
and the pad 30. The pad 30, the metal wire 31 and the       land 32 are
made from the same metal layer, and together form       a metal wiring
pattern 33. On the land 32, a metal ball 40  5   functioning as an external
electrode terminal is provided.       Furthermore, the entire semiconductor
device is covered with a       solder resist film 50 so as to expose merely
an area where the 



metal ball 40 is formed. In other words, the metal ball 40 is
connected with the land 32 exposed in an opening of the solder  10   resist
film 50.            On the other hand, above the wafer 1, a testing board
61       including a large number of contact terminals 62 is provided
with the contact terminals 62 facing downward.  The testing       board is
positioned with each contact terminal 62 opposing each  15   metal ball 40
on the wafer 1, so that the contact terminal 62       can come in contact
with the metal ball 40 under pressure.            Furthermore,  the
testing  board  61  is  electrically       connected with a testing system
70 equipped with a power/signal       generator and an output signal
detector. Although not shown in  20   the drawing, the testing board 61 is
provided with wires for       electrically connecting the testing system 70
with the contact       terminals 62.            In the testing method of
this embodiment, even when the       height of the metal balls 40 and the
contact terminals 62 are  25   not uniform, they can be definitely brought
into contact with       each other because their ununiform height can be
absorbed owing       to the low elasticity layer 20 on the wafer 1
functioning as an       absorber.  Thus, the semiconductor device can be
tested at                                     26                wafer
level.   Furthermore,  the interval between the two-       dimensionally
arranged metal balls 40 serving as the external       electrode terminals
can be larger than the interval between the       element electrodes 11
linearly arranged on the wafer, and  5   hence, wires can be easily formed
on the testing board 61.            In this case, a land-shaped terminal
directly formed on       the testing board 61 by plating or printing is
used as the  



contact terminal 62.   However, the metal ball 40 and the       contact
terminal 62 can be more definitely brought into contact  10   with each
other by providing, between the contact terminal 62       and the metal
ball 40, a spring probe or a conductive sheet       having conductive
property in the vertical direction alone.            Moreover, the testing
method of this embodiment can be       adopted as a burn-in testing method
by heating the  15   semiconductor  device  on  the  wafer  to  a
predetermined       temperature. However, when the test is conducted at a
high       temperature as in the burn-in testing, the testing board 61 is
preferably made from a glass substrate or a ceramic substrate       having
a coefficient of thermal expansion approximate to that  20   of the
semiconductor element.            The semiconductor device can be tested
after dividing the       wafer into individual semiconductor chips with the
metal wires       and the external electrode terminals provided.
As described so far, the semiconductor device of this  25   invention has a
structure that can be formed on a semiconductor       substrate in a wafer
shape and is compact and thin. Also, the       connection between
electrodes does not use a lead as in the       conventional technique but
uses a metal wiring layer.                                    27
Accordingly, the semiconductor device is suitable to refinement       and
multi-pin application. Moreover, an elastic material layer       is
underlain and a metal wiring layer integrated with an       external
electrode  is  formed  thereon.       Accordingly,  5   disconnection of
the metal wiring layer can be prevented, and       thermal stress applied
to the external electrode can be       relaxed, resulting in improving the
reliability in connection  



in mounting the semiconductor device on a substrate.
Furthermore,  in  the  method  for  manufacturing  the  10   semiconductor
device,  since the elastic material layer is       formed on the
semiconductor substrate, a flexible sheet can be       omitted, resulting
in decreasing the manufacturing cost. Also,       fine wires can be formed,
and thermal stress applied to solder       connection in mounting the
semiconductor substrate on a mother  15   board can be relaxed.
Accordingly, a compact semiconductor       device with high performance can
be manufactured at low cost.                            Industrial
Applicability            The semiconductor device and the method for
manufacturing       the same according to this invention are applicable to
general  20   electronic equipment using a semiconductor integrated circuit
including various transistors.
28                                             CLAIMS            1. A
semiconductor device comprising:            a  semiconductor   substrate
including   semiconductor       elements;  5        element electrodes
arranged on a main surface of said       semiconductor substrate and
electrically connected with said       semiconductor elements;  



an elastic material layer formed on the main surface of       said
semiconductor substrate from an insulating elastic  10   material;
an opening formed by partially removing said elastic       material layer
for exposing at least said element electrodes on       said semiconductor
substrate;            a metal wiring layer continuously formed to stretch
from  15   said element electrodes over said elastic material layer; and
external electrodes formed as a part of said metal wiring       layer on
said elastic material layer for electrical connection       with external
equipment.            2. The semiconductor device of Claim 1,  20
wherein said semiconductor substrate is in the state of a       wafer.
3.  The semiconductor device of Claim 1,            wherein said
semiconductor substrate is in the state of a       chip cut off from a
wafer.  25        4.  The semiconductor device of any of Claims 1 through
3,            wherein said elastic material layer has a wedged section
inclined to the surface of said semiconductor substrate in an
29                end portion thereof in the vicinity of said opening.
5.  The semiconductor device of any of Claims 1 through       3,
wherein said elastic material layer has a round-cornered  5   section in an
end portion thereof in the vicinity of said       opening.            6.
The semiconductor device of any of Claims 1 through 3,       further
comprising: 



a protecting film formed to cover said metal wiring layer  10   and having
a property to repel a conductive material; and            openings each
formed through said protecting film for       exposing at least a part of
each of said external electrodes of       said metal wiring layer,
wherein an external electrode terminal is formed at least  15   on a part
of each of said external electrodes exposed in said       openings of said
protecting film.            7. The semiconductor device of Claim 1 or 6,
wherein said external electrode terminal is made from a       metal ball
formed to be in contact with each of said external  20   electrodes.
8. The semiconductor device of Claim 1 or 6,            wherein said
external electrode terminal is made from a       conductive projection
formed to be in contact with each of said       external electrodes.  25
9.  The semiconductor device of Claim 6,            wherein at least a part
of each of said external       electrodes exposed in said openings of said
protecting film       also functions as said external electrode terminal.
30                     10. The semiconductor device of any of Claims 1
through       9, further comprising a passivation film for protecting said
semiconductor elements formed on said semiconductor substrate       and
having openings above said element electrodes,  5        wherein said
elastic material layer is formed on said       passivation film.
11. A method for manufacturing a semiconductor device       comprising:  



a first step of forming an elastic material layer from an  10   insulating
material on a semiconductor substrate including       semiconductor
elements and element electrodes electrically       connected with said
semiconductor elements;            a second step of forming an opening in
said elastic       material  layer  for  exposing  said  element
electrodes  by  15   selectively removing said elastic material layer in
areas above       said element electrodes; and            a third step of
forming, on said substrate bearing said       elastic material layer and
said opening, a metal wiring layer       stretching from said element
electrodes exposed in said opening  20   over said elastic material layer,
a part of said metal wiring       layer functioning as an external
electrode for electric       connection with external equipment.
12. The method for manufacturing a semiconductor device       of Claim 11,
25        wherein said first through third steps are conducted on
said semiconductor substrate in the state of a wafer, and            the
method further comprises, after said third step, a       step of dividing
said wafer into semiconductor chips.                                    31
13.  The method for manufacturing a semiconductor device       of Claim 11,
further comprising, before said first step, a step       of dividing a
wafer into semiconductor chips,            wherein said first through third
steps are conducted on  5   said semiconductor substrate in the state of a
chip.            14.  The method for manufacturing a semiconductor device
of any of Claims 11 through 13,            wherein, in said second step,
said elastic material layer       is formed to have a wedged section
inclined to a surface of 



10   said semiconductor substrate in an end portion thereof in the
vicinity of said opening.            15. The method for manufacturing a
semiconductor device       of any of Claims 11 through 14, further
comprising, after said       third step, a step of forming a protecting
film for covering  15   said metal wiring layer excluding at least a part
of said       external electrodes.            16. The method for
manufacturing a semiconductor device       of Claim 11 or 15, further
comprising a step of providing a       metal ball on each of said external
electrodes of said metal  20   wiring layer.            17. The method for
manufacturing a semiconductor device       of any of Claims 11 through 16,
further comprising, after said       third step, a step of testing said
semiconductor device by       installing a testing board including
terminals electrically  25   connectable  with  said  external  electrodes
above  said       semiconductor substrate.
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