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(57) ABSTRACT

In a semiconductor device, re-wiring 1s provided on a circuit
clement formation region of a semiconductor substrate. A
columnar electrode for connection with a circuit board 1s
provided on the rewiring. A first insulating film 1s provided
over the semiconductor substrate excluding a connection
pad, and a ground potential layer connected to a ground
potential 1s provided on an upper surtace of the first msulat-
ing film. A re-wiring 1s provided over the ground potential
layer with a second insulating film interposed. The ground
potential layer serves as a barrier layer for preventing
crosstalk between the re-wiring and circuit element forma-
tion region. A thin-film circuit element 1s provided on the
second insulating {ilm, and a second ground potential layer
1s provided as a second barrier layer over the thin-film circuit
clement with an insulating film 1nterposed. Re-wiring 1s pro-
vided over the second ground potential layer.
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SEMICONDUCTOR DEVICE HAVING A
THIN-FILM CIRCUIT ELEMENT PROVIDED
ABOVE AN INTEGRATED CIRCUI'T

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

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of application Ser. No. 09/499,599
filed on Feb. 7, 2000, now U.S. Pat. No. 6,545,354, the entire
disclosure of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
having columnar electrodes on re-wiring.

There 1s known a semiconductor device called CSP (Chip
Size Package). When the semiconductor device 1s to be
mounted on a circuit board, a mounting technique called
“face down bonding” 1s employed. In the case of this type of
semiconductor device, columnar electrodes for connection
with the circuit board, etc. are provided on a semiconductor
substrate or via an intermediate substrate (interposer). FIG.
7A 1s a cross-sectional view showing an example of this type
of conventional semiconductor device, and FIG. 7B 1s a
cross-sectional view taken along line 7B—7B 1n FIG. 7A 1n
the state 1n which a protection film 5 and the elements pro-
vided thereon are removed. This semiconductor device
includes a semiconductor substrate 1 which 1s, e.g. a silicon
substrate.

The semiconductor substrate 1 has a rectangular shape, as
shown 1n FIG. 7B. A central region defined by a dot-and-
dash line i FIG. 7B serves as a circuit element formation
region 2. Where the semiconductor device 1s an LSI for driv-
ing a liquid crystal display panel, an oscillation circuit, a
regulator circuit, an LC drniver circuit, etc., although not
shown, are provided 1n the circuit element formation region
2. A plurality of connection pads 3 are provided on an upper
surface of the semiconductor substrate 1 on the outside of
the circuit element formation region 2. Each connection pad
3 1s formed of one end portion of a wiring segment 3a
extended from the circuit element formation region 2 of
semiconductor device 1. Each connection pad 3 1s connected
to the LC dniver circuit, etc. via the wiring segment 3a.

An 1nsulating film 4 formed of, e.g. a semiconductor
oxide, and protection {ilm 5 formed of, e.g. polyimide are
successively provided on the upper surface of semiconductor
substrate 1 excluding the central portion of each connection
pad. Thus, the central portion of the connection pad 3 1s
exposed via an opening portion 6 defined by the protection
film 5. A re-wiring segment 7 1s provided so as to extend
from the exposed upper surface of the connection pad 3 to an
upper surface of the protection film 5 on the circuit element
formation region 2. A distal end portion of the re-wiring
segment 7 functions as an external connection pad portion
7a. A columnar electrode 8 1s provided on an upper surface
of the external connection pad portion 7a. A sealing film 9
made of, e.g. an epoxy resin 1s provided over the entire upper
surface of the assembly excluding the columnar electrodes 8.
Although not shown, solder bumps are provided on the
columnar electrodes 8, and this semiconductor device 1s con-
nected to a circuit board, etc. via the solder bumps.

In the above semiconductor device, the re-wiring seg-
ments 7 are provided on the protection film 5 1n the circuit
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clement formation region 2, as mentioned above. Various
signals flow through the re-wiring segments 7 since the
re-wiring segments 7 function as interconnection wiring
between the external circuit board, etc., on the one hand, and
the circuits provided within the circuit element formation
region 2, on the other. It 1s thus necessary to prevent
crosstalk between the re-wiring segments 7 and the oscilla-
tion circuit, etc. provided in the circuit element formation
region 2. For this purpose, 1t 1s necessary 1n the prior art to
dispose the re-wiring segments 7 so as not to overlap in plan
the oscillation circuit, etc. Because of this, the re-wiring
segments 7 cannot freely be arranged, and there are very
serious limitations to the design thereof.

BRIEF SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a semi-
conductor device, such as a CSP, having a re-wiring pro-
vided over a circuit element formation region of a semicon-
ductor substrate, and having columnar electrodes for
connection with a circuit board provided on the re-wiring,
wherein the re-wiring can be freely positioned without
restrictions.

In order to achueve the above object, the present invention
provides a first semiconductor device including a semicon-
ductor substrate which has a circuit element formation
region at a central portion thereof and a plurality of connec-
tion pads at a peripheral portion of the circuit element forma-
tion region. A first insulating film 1s provided over an upper
surface of the semiconductor substrate excluding the con-
nection pads. A ground potential layer connected to the con-
nection pads with ground potential 1s provided on an upper
surface of the first mnsulating film over the circuit element
formation region, and a re-wiring 1s provided over the
ground potential layer with a second insulating film inter-
posed. Since the ground potential layer serving as a barrier
layer for preventing crosstalk 1s provided between the
re-wiring and circuit element formation region, even if the
re-wiring overlaps in plan an oscillation circuit, etc. pro-
vided within the circuit element formation region, they are
clectrically isulated by the ground potential layer and no
crosstalk occurs therebetween. Therelfore, the re-wiring can
be freely arranged with no restrictions.

Alternately, in order to achieve the above object, the
ivention provides a second semiconductor device which,
like the above-described device, the ground potential layer 1s
provided over the circuit element formation region with the
insulating film nterposed, and, 1n addition, a thin-film cir-
cuit element such as a thin-film inductor and/or a thin-film
transiormer 1s provided over the ground potential layer with
an insulating film nterposed. Since the ground potential
layer serving as a barrier layer for preventing crosstalk 1s
provided between the thin-film circuit element and circuit
clement formation region, even if the thin-film circuit ele-
ment overlaps 1n plan an oscillation circuit, etc. provided
within the circuit element formation region, they are electri-
cally msulated by the ground potential layer and no crosstalk
occurs therebetween. Theretore, the thin-film circuit element
can be freely arranged with no restrictions.

In order to achieve the above object, 1n the third semicon-
ductor device, as described above, a first ground potential
layer 1s provided over the circuit element formation region
with an insulating film interposed, and a thin-film circuit
clement 1s provided over the first ground potential layer with
an insulating film interposed. In addition, a second ground
potential layer 1s provided over the thin-film circuit element
with an insulating film interposed, and a re-wiring connected
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to the connection pads 1s provided over the second ground
potential layer with an insulating film interposed. Since the
first ground potential layer serving as a barrier layer prevents
crosstalk between the thin-film circuit element and the oscil-
lation circuit, etc. on the circuit element formation region,
the thin-film circuit element can be freely arranged with no
restrictions. Moreover, the second ground potential layer
serving as a barrier layer prevents crosstalk between the
re-wiring and the thin-film circuit element, and the re-wiring,
can be freely arranged with no restrictions.

Additional objects and advantages of the imnvention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the mvention, and together with

the general description given above and the detailed descrip-
tion ol the preferred embodiments given below, serve to
explain the principles of the mvention.

FIG. 1A 1s a cross-sectional view schematically showing a
semiconductor device according to a first embodiment of the
present invention;

FIG. 1B 1s a cross-sectional view taken along line
1B—1B 1n FIG. 1A;

FIG. 1C 1s a cross-sectional view taken along line
1C—1C in FIG. 1A;

FIG. 2A 1s a cross-sectional view schematically showing a
semiconductor device according to a second embodiment of
the invention;

FIG. 2B 1s a cross-sectional view taken along line
2B—2B 1n FIG. 2A, 1n which a thin-film inductor 1s used as

a thin-film circuit element 1n the semiconductor device;

FIG. 2C 1s a cross-sectional view taken along line
2C—2C 1n FIG. 2A, 1n which a thin-film SAW (Surface-

Acoustic-Wave) filter 1s used as the thin-film circuit element
according to a third embodiment of the invention;

FIG. 3 A 1s a cross-sectional view schematically showing a
semiconductor device according to a fourth embodiment of
the 1nvention;

FIG. 3B i1s a cross-sectional view taken along line
3B—3B in FIG. 3A;

FIG. 4A 1s a cross-sectional view schematically showing a
semiconductor device according to a fifth embodiment of the
invention;

FIG. 4B 1s a cross-sectional view taken along line
4B—4B 1n FIG. 4A;

FIG. 5 1s a cross-sectional view schematically showing a
semiconductor device according to a sixth embodiment of
the 1nvention;

FIG. 6 1s a cross-sectional view schematically showing a
semiconductor device according to a seventh embodiment of
the invention;

FIG. 7A 1s a cross-sectional view schematically showing a
semiconductor device having re-wiring according to a prior-
art structure; and

FIG. 7B 1s a cross-sectional view taken along line
7B—7B in FIG. 7A.

DETAILED DESCRIPTION OF THE INVENTION

A semiconductor device according to the present inven-
tion and a method of manufacturing the same will now be
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described 1n detail on the basis of embodiments shown 1n the
accompanying drawings.

FIG. 1A shows a semiconductor device according to a first
embodiment of the present mvention. FIG. 1B 1s a cross-
sectional view taken along line 1B—1B 1n FIG. 1A 1n a state

in which connection pad portions 17 are removed. This
semiconductor device has a semiconductor substrate 11.

The semiconductor substrate 11 has a rectangular shape,
as shown 1n FIG. 1B. A central region defined by a dot-and-
dash line in FIG. 1B serves as a circuit element formation
region 12. When the semiconductor device 1s an LSI for
driving a liquid crystal display panel, an oscillation circuit, a
regulator circuit, an LC drniver circuit, etc., although not
shown, are provided 1n the circuit element formation region
12. A plurality of connection pads 13 are provided on an
upper surface of the semiconductor substrate 11 on the out-
side of the circuit element formation region 12. Fach con-
nection pad 13 1s formed of one end portion of a wiring
segment 13a extended from the circuit element formation
region 12 of semiconductor device 11. Each connection pad
13 1s connected to the LC driver circuit, etc. via the wiring
segment 13a.

A first mnsulating film 14 of silicon oxide, etc. 1s provided
on an upper surface of each connection pad 13 excluding a
central portion thereol and an upper surface of the semicon-
ductor substrate 11. The central portion of the connection
pad 13 1s exposed via an opeming portion 15 defined by the
first insulating film 14. There are a plurality of such exposed
portions of connection pads 13, as shown in FIG. 1B. A
ground potential layer 16 of a conductive material 1s pro-
vided to extend from the exposed upper surface of that one
of the connection pads 13, which 1s connected to a ground
potential, over the first insulating film 14 1n the circuit ele-
ment formation region 12. Accordingly, the circuit element
formation region 12 1s covered with the ground potential
layer 16, as shown i FIG. 1C, which 1s a cross-sectional
view taken along line 1C—1C 1n FIG. 1A 1n a state 1n which
a second insulating film 18 1s removed. In this case, the
portion of the layer 16 on the connection pad 13 connected
to the ground potential constitutes a connection pad portion
16a, and connection pad portions 17 are provided on the
other connection pads 13.

The second insulating film 18, which 1s formed of
polyimide, etc., 1s provided on the connection pad portions
16a, 17 excluding the central portion thereof, and on the first
insulating film 14 and ground potential layer 16. The central
portions of the connection pad portions 16a, 17 are respec-
tively exposed via opening portions formed in the second
insulating film 18. A re-wiring segment 20 1s provided to
extend from the exposed central upper surface of each of the
connection pad portions 16a, 17 over the second 1nsulating
film 18 lying on the ground potential layer 16 in the circuit
clement formation region 12. A distal end portion of the
re-wiring segment 20 constitutes an external connection pad
portion 20a. A columnar electrode 21 1s provided on the
upper surface of the external connection pad portion 20a.
That one of the columnar electrodes 21, which 1s connected
to the re-wiring segment 20 electrically connected to the
connection pad portion 16a, serves as a ground electrode and
1s electrically connected to the ground potential layer 16. A
sealing film 22 of an epoxy resin, etc. 1s provided on the
entire upper surface of the assembly excluding the columnar
clectrodes 21.

As has been described above, in this semiconductor
device, the re-wiring segments 20 are provided above the
ground potential layer 16, which 1s formed on the first 1nsu-
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lating layer 14 in the circuit element formation region 12.
The second msulating film 18 1s positioned between the
ground potential layer 16 and the re-wiring segments 20.
Accordingly, even 1f the re-wiring segments 20 overlap the
oscillation circuit, etc. provided within the circuit element
formation region 12, they are electrically insulated by the
ground potential layer 16 serving as a barrier layer and no
crosstalk occurs therebetween. Therefore, the re-wiring seg-
ments 20 can be freely arranged with no restrictions.

A semiconductor device according to a second embodi-
ment of the present mvention will now be described with
reference to FIG. 2A. In this semiconductor device, the sec-
ond imsulating film 18 with opening portions 19 and the
portions thereunder have the same construction as the first
embodiment shown in FIG. 1A. These elements are denoted
by like reference numerals, and a description thereof 1s omit-
ted. In the second embodiment, as 1s shown 1n FIG. 2B or a
cross-sectional view taken along line 2B—2B 1n FIG. 2A, a
thin-film 1nductor 31 formed of rectangular-spiral wiring 1s
provided to extend from an upper surface of a predetermined
one of the connection pad portions 17 onto the second 1nsu-
lating film 18 on the ground potential layer 16 1n the circuit
clement formation region 12. In this case, both end portions
of the thin-film inductor 31 constitute connection pad por-
tions 31a, 31b. Connection pad portions 32 are provided on
the other connection pads 17. Columnar electrodes 21 are
provided on upper surfaces ol the connection pad portions
31a, 31b, 32, respectively. Both columnar electrodes 21 pro-
vided on the connection pad portions 31a, 31b function as
terminals of the thin-film 1mnductor 31. A sealing film 22 of an
epoxy resin, etc. 1s provided on the entire surface of the
assembly excluding the columnar electrodes 21.

As has been described above, 1n this semiconductor
device, too, the thin-film inductor 31 i1s provided on the
ground potential layer 16 through the second insulating film
18 therebetween, which 1s formed over the circuit element
formation region 12 with the first insulating film 14 inter-
posed. Accordingly, even if the thin-film inductor 31 over-
laps the oscillation circuit, etc. provided within the circuit
clement formation region 12, they are electrically insulated
by the ground potential layer 16 serving as a barrier layer
and no crosstalk occurs therebetween. Therefore, the thin-
film 1nductor 31 can be freely arranged with no restrictions.

A third embodiment of the invention will now be
described with reference to FIG. 2C. FIG. 2C, like FIG. 2B,
1s a cross-sectional view taken along line 2C—2C 1n FIG.
2A. A thin-film SAW (Surface Acoustic Wave) filter 41 com-
prising a pair of interlaced tooth-shaped wiring segments 1s
provided to extend from upper surfaces of predetermined
two of the connection pad portions 17 onto the second 1nsu-
lating film 18 provided on the ground potential layer 16 1n
the circuit element formation region 12. In this case, like the
second embodiment, the thin-film SAW filter 41 can be
freely arranged without restrictions by virtue of the ground
potential layer 16 serving as a barrier layer.

Specifically, in the semiconductor devices according to
the second and third embodiments, a thin-film circuit ele-
ment formed of single-layer wiring 1s provided 1n a circuit
clement formation region with an insulating film 1nterposed,
and a ground potential layer serving as a barrier layer for
preventing crosstalk 1s provided between the insulating layer
and the circuit element formation region. Theretore, the thin-
film circuit element can be freely arranged.

A semiconductor device according to a fourth embodi-
ment of the invention will now be described with reference
to FIG. 3A. In this semiconductor device, the second insulat-
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ing film 18 with opening portions 19 and the portions there-
under have the same construction as the first embodiment
shown 1n FIG. 1A. These elements are denoted by like refer-
ence numerals, and a description thereof 1s omitted. In the
fourth embodiment, as 1s shown in FIG. 3B or a cross-

sectional view taken along line 3B—3B i1n FIG. 3A with a
third insulating film 53 and elements thereon removed, a
primary conductor layer 51 formed of meandering wiring 1s
provided to extend from upper surfaces of predetermined
two connection pads onto the second insulating film 18
formed on the ground potential layer 16 1n the circuit ele-
ment formation region 12. In this case, both end portions of
the primary conductor layer 51, which are located on the two
connection pad portions 17, constitute connection pad por-
tions 51a, 51b. In addition, connection pad portions 52 are
provided on the other connection pad portions 17. The third
isulating film 53 of a polyimide, etc. 1s provided on those
portions of the connection pad portions 51a, 51b, 52, which
exclude their central portions, and on the upper surfaces of
the second insulating film 18 and primary conductor layer
51. The central portions of the connection pad portions 51a,
51b, 52 are exposed via opening portions 34 formed in the
third 1nsulating film 53. A secondary conductor layer 55
formed of meandering wiring 1s provided so as to extend
from upper surfaces of predetermined two connection pad
portions 52 onto an upper surface of the third insulating film
53 and to substantially overlap the primary conductor layer
51. The conductor layers 51, 35 and the third insulating film
53 provided therebetween constitute a thin-film transformer
50. Connection pads 56 are provided on the other connection
pad portions 52 and connection pad portions 51a, 51b, and
columnar electrodes 21 are provided on upper surfaces of the
connection pads 36. In this case, predetermined four of the
columnar electrodes 21 serve as terminals of the thin-film
transformer 50. A sealing film 22 of an epoxy resin, etc. 1s
provided on the entire upper surface of the assembly exclud-
ing the columnar electrodes 21.

As has been described above, 1in this semiconductor
device, the thin-film transformer 50 constituted by both con-
ductor layers 51, 35 and the intervening third insulating film
53 15 provided over the ground potential layer 16, which 1s
tormed over the circuit element formation region 12 with the
first insulating layer 14 interposed, with the second insulat-
ing film 18 lying between the ground potential layer 16 and
the thin-film transtormer 50. Since the ground potential
layer serving as a barrier layer 1s provided, even 1f the thin-
film transformer 50 overlaps the oscillation circuit, etc. pro-
vided within the circuit element formation region 12, no
crosstalk occurs therebetween. Therefore, the thin-film
transformer 50 can be freely arranged with no restrictions.

A semiconductor device according to a fifth embodiment
of the invention will now be described with reference to FIG.
4A. In this semiconductor device, too, the second insulating
film 18 with opening portions 19 and the portions thereunder
have the same construction as the first embodiment shown 1n
FIG. 1A. These elements are denoted by like reference
numerals, and a description thereof 1s omitted. In the fifth
embodiment, as 1s shown 1n FIG. 4B or a cross-sectional
view taken along line 4B—4B 1n FIG. 4A with the sealing
film 22 removed, a relatively large square lower conductor
layer 61 1s provided on the second insulating film 18 to
substantially face the ground potential layer 16 through the
f1lm 18, 1n the circuit element formation region 12. The con-
ductor layer 61 has a projection which extends to an upper
surface of a predetermined one of connection pad portions
17. A relatively small square upper conductor layer 63 1s
provided on the lower conductor layer 61, through a square
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insulating layer 62 interposed. Both conductor layers 61, 63
and the mtervening insulating layer 62 constitute a thin-film
capacitor 60.

That portion of the lower conductor layer 61, which 1s
clectrically connected to the connection pad 17 1s formed as
a connection pad portion 61a. Connection pad portions 64
are provided on the other connection pads 17. Columnar
clectrodes 21 are provided on central portions of upper sur-
faces of the connection pad portions 61a, 64 and upper con-
ductor layer 63. In this case, two columnar electrodes 21
provided on the connection pad portion 61a and upper con-
ductor layer 63 constitute terminals of the thin-film capacitor
60. A secaling film 22 of an epoxy resin, etc. 1s provided on
the entire upper surface of the assembly excluding the
columnar electrodes 21.

As has been described above, in this semiconductor
device, too, the thin-film capacitor 60 constituted by both
conductor layers 61, 63 and the intervening third msulating
layer 62 1s provided on the ground potential layer 16, which
1s formed 1n the circuit element formation region 12, through
the first insulating layer 14 interposed, with the second 1nsu-
lating film 18 lying between the ground potential layer 16
and the thin-film capacitor 60. Since the ground potential
layer 16 serving as a barrier layer 1s provided, even 1if the
thin-film capacitor 60 overlaps the oscillation circuit, etc.
provided within the circuit element formation region 12, no
crosstalk occurs therebetween. Therefore, the thin-film
capacitor 60 can be freely arranged with no restrictions.

Specifically, in the semiconductor devices according to
the fourth and fifth embodiments, a thin-film circuit element
tormed of plural wiring layers and plural insulating layers 1s
provided on a circuit element formation region with an 1nsu-
lating film interposed, and a ground potential layer serving
as a barrier layer for preventing crosstalk 1s provided
between the msulating layer and the circuit element forma-
tion region. Therefore, the thin-film circuit element can be
freely arranged.

FIG. 5 15 a cross-sectional view showing a semiconductor
device according to a sixth embodiment of the invention. In
this semiconductor device, too, the second mnsulating film 18
with opening portions 19 and the portions thereunder have
the same construction as the first embodiment shown in FIG.
1A. These elements are denoted by like reference numerals,
and a description thereof 1s omitted. In the sixth
embodiment, for example, the thin-film SAW filter 41 shown
in FIG. 2C 1s provided on the second insulating film 18. A
third insulating film 71 of a polyimide, etc. covers the thin-
film SAW filter 41. A second ground potential layer 72 1s
provided on the third msulating film 71. A fourth msulating,
film 73 of a polyimide, etc. 1s provided on the second ground
potential layer 72 to cover one. The same re-wiring segments
20 as shown 1n FIG. 1A are provided on the fourth imsulating
f1lm 73 and electrically connected to the connection pads 13,
respectively. The columnar electrode 21 1s provided on the
re-wiring segment 20, and the sealing film 22 of an epoxy
resin, etc. 1s provided on the entire upper surface of the
assembly excluding the columnar electrode 21.

In this structure, since the first ground potential layer 16
serving as a first barrier layer 1s provided, crosstalk between
the thin-film circuit element such as the thin-film SAW filter
41 and the oscillation circuit, etc. provided within the circuit
clement formation region 12 1s prevented, and the thin-film
circuit element can be positioned without restrictions. In
addition, since the second ground potential layer 72 serving
as a second barrier layer 1s provided, crosstalk between the
re-wiring segment 20 and the thin-film circuit element such
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as the thin-film SAW filter 41 1s prevented, and the re-wiring
segment 20 can be positioned without restrictions.

FIG. 6 1s a cross-sectional view showing a semiconductor
device according to a seventh embodiment of the invention.
In this semiconductor device, the elements above the semi-
conductor substrate 11 have the same construction as the
first embodiment shown in FIG. 1A. These elements are
denoted by like reference numerals, and a description
thereof 1s omitted. A film-like capacitor 82 1s provided on a
lower surface of the semiconductor substrate 11 with an

adhesive agent 81 interposed. The thin-film capacitor 82
comprises an insulating film 83 and conductor layers 84, 85
laminated on upper and lower surfaces of the insulating film
83. A planar circuit element such as a film-like resistor may
be substituted for the film-like capacitor 82 and adhered to
the lower surface of the semiconductor substrate 11. In the

seventh embodiment, the upper part provided on the semi-
conductor substrate 11 has the same structure as in the first

embodiment but needless to say, 1t may be replaced with the
structure 1n the second to sixth embodiments.

In the above-described embodiments, the thin-film
inductor, thin-film SAW filter, thin-film transtformer or thin-
film capacitor i1s provided on the semiconductor substrate
with the ground potential layer interposed. However, another
thin-film circuit element such as a microstrip line or an
MMIC (Microwave Monolithic Integrated Circuit). In the
above embodiments, the ground potential layer i1s provided
as a barrier layer for preventing crosstalk. The ground poten-
tial layer, however, may be replaced with a power supply
potential layer or an electromagnetic wave absorption layer
ol a multi-thin-film structure.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretfore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor device comprising;

a semiconductor substrate having a circuit element forma-
tion region, in which an integrated circuit 1s formed,
and a plurality of connection pads;

a thin-film circuit element comprising a passive element
over the circuit element formation region through an
insulating film and a plurality of terminals connected to
the passive element, the plurality of terminals being
connected to the mtegrated circuit through at least one
of the plurality of connection pads, the thin-film circuit
clement having one surface facing the integrated circuit
and the other surface opposing the one surface, and the
plurality of terminals being provided on the one and the
other surfaces;

at least one straight-shaped columnar electrode provided
on at least one of the plurality of terminals on the other
surface of the thin-film circuit element, and having an
exposed top end face for coupling to an outer circuit;
and

a sealing film which covers the thin-film circuit element
and the semiconductor substrate except for the top end
face of the straight-shaped columnar electrode.

2. A semiconductor device according to claim 1, wherein:

at least one of the plurality of terminals 1s connected to at
least one of the plurality of connection pads, and

least one of the plurality of terminals which is not con-
nected to one of the plurality of connection pads, 1s

at
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provided with the at least one straight-shaped columnar
clectrode thereon.

3. A semiconductor device according to claim 1, wherein:

at least one of the plurality of terminals 1s connected to at
least one of the plurality of connection pads, and

cach of the terminals 1s provided with a straight-shaped
columnar electrode thereon.
4. A semiconductor device according to claim 1, wherein:

the thin-film circuit element comprises at least one insu-
lating film, and at least two conductor layers provided
through the at least one 1nsulating film,

the plurality of terminals are formed by the conductor
layers,

at least one of the plurality of terminals of one of the at
least two conductor layers 1s connected to at least one
of the plurality of connection pads, and

at least one of the plurality of terminals of another of the at
least two conductor layers 1s provided with the at least
one straight-shaped columnar electrode thereon.

5. A semiconductor device according to claim 1, wherein:

the thin-film circuit element comprises at least one 1nsu-
lating film, and at least two conductor layers provided
through the at least one 1nsulating film,

at least one of the plurality of terminals formed of each
conductor layer 1s connected to at least one of the plu-
rality of connection pads, and

cach conductor layer 1s provided with a straight-shaped
columnar electrode thereon.

6. A semiconductor device comprising:

a semiconductor substrate having a circuit element for-
mation vegion, in which an integrated circuit is formed,
and a plurality of connection pads;

a thin-film circuit element comprising a passive element
that is provided over the circuit element formation
region via an insulating film and that includes at least
one terminal, at least one of the at least one terminal
being electrically connected to the integrated circuit
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through at least one of the plurality of connection pads,
whevrein the passive element, including the at least one
terminal, has a first surface which faces toward the
semiconductor substrate and a second surface which
Jaces away from the semiconductor substrate;

at least one straight-shaped columnar electrode which is
provided on the second surface of at least one of the at
least one terminal, and which has an exposed top end
Jace for coupling to an outer circuit; and

a sealing film which covers the thin-film civcuit element
and the semiconductor substrate and which does not
cover the top end face of the straight-shaped columnar
electrode.

7. A semiconductor device comprising:

a semiconductor substrate having a circuit element for-
mation region, in which an integrated circuit is formed,
and a plurality of connection pads;

a thin-film circuit element comprising a passive element
that is provided over the circuit element formation
region via an insulating film and that includes a plural-
ity of terminals, at least one of the tevminals being elec-
trically connected to the integrated civcuit through at
least one of the plurality of connection pads, wherein
the passive element, including the terminals, has a first
surface which faces toward the semiconductor sub-
strate and a second surface which faces away from the
semiconductor substrate;

at least one straight-shaped columnar electrode which is
provided on the second surface of at least one of the
terminals, and which has an exposed top end face for
coupling to an outer circuit; and

a sealing film which covers the thin-film civcuit element
and the semiconductor substrate and which does not
cover the top end face of the straight-shaped columnar
electrode.
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