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(54) Semiconductor device

(57) To suppress the noise caused by an inductor
leaks to the outside, and also to be configured such that
magnetic field intensity change reaches the inductor.

An inductor surrounds an internal circuit in a planar
view and also is coupled electrically to the internal circuit.
The upper side of the inductor is covered by an upper

shield part and the lower side of the inductor is covered
by a lower shield part. The upper shield part is formed
by the use of a multilayered wiring layer. The upper shield
part has plural first openings. The first opening overlaps
the inductor in the planar view.
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Description

[0001] The disclosure of Japanese Patent Application
No. 2012-205722 filed on September 19, 2012 including
the specification, drawings and abstract is incorporated
herein by reference in its entirety.
[0002] The present invention relates to a semiconduc-
tor device and relates to a technique which can be applied
to a semiconductor device including an inductor, for ex-
ample.
[0003] An inductor is used in a power meter which de-
tects power amount flowing in a power line. When current
amount flowing in the power line is changed, magnetic
field intensity generated from the power line changes.
Voltage is generated across the inductor according to
this change of the magnetic field intensity. The power
meter detects the power amount flowing in the power line
by monitoring this voltage.
[0004] Note that Patent Document 1 (Japanese Patent
Laid-Open No. 2001-326526) describes the use of an
inductor as an antenna which performs read-out and
write-in for a data carrier of an electromagnetic induction
type. Patent Document 1 describes the upper side and
the lower side of the inductor to be covered by electric
shield patterns for suppressing leakage of an electric field
component from the inductor.
[0005] Further, Patent Document 2 (Japanese Patent
Laid-Open No. 2009-194302) describes the upper side
and the lower side of an inductor of a passive component
to be covered by shields in a semiconductor device for
wireless communication. This shield is provided for
blocking a magnetic field and formed by a wiring pattern.
[0006] Further, Patent Document 3 (WO2004/055839)
describes the upper side and the lower side of an inductor
to be covered by shields. This shield is patterned for sup-
pressing mirror current flow.
[0007] Note that Patent Documents 4 (Japanese Pat-
ent Laid-Open No. 1990-72660) and 5 (Japanese Patent
Laid-Open No. 2004-311655) describe an inductor to be
surrounded by a shield in the periphery thereof.
[0008] When realizing an apparatus detecting power
amount flowing in a power line by a semiconductor de-
vice, it is necessary to provide an inductor and an internal
circuit for the semiconductor device. When the power
amount is changed, a voltage change is generated
across the inductor. Electric field fluctuation is generated
around the inductor by this voltage change, and this fluc-
tuation causes noise and may provide influence on op-
eration of the internal circuit. For suppressing this prob-
lem, it is necessary to cover the upper side and the lower
side of the inductor by conductor patterns. When the up-
per side and the lower side of the inductor are covered
by the conductor patterns, however, magnetic field inten-
sity change does not reach the inductor and detection
accuracy of the power amount is degraded. The other
problems and the new features will become clear from
the description of the present specification and the ac-
companying drawings.

[0009] According to an embodiment, an inductor is
formed by the use of a multilayered wiring layer and pro-
vided so as to surround an internal circuit. An upper shield
part is provided in a layer higher than the inductor and a
lower shield part is provided in a layer lower than the
inductor. The upper shield part is provided with plural first
openings. The first opening overlaps the inductor in a
planar view.
[0010] According to the above described embodiment,
it is possible to suppress leakage of noise caused by the
inductor to the outside and also to cause intensity change
of a magnetic field to reach the inductor.
[0011] In the drawings:

FIG. 1 is a plan view showing a configuration of a
semiconductor device according to a First Embodi-
ment;
FIG. 2 is a diagram omitting an upper shield part and
a lower shield part from FIG. 1;
FIG. 3 is an A-A’ cross-sectional view of FIG. 1;
FIG. 4 is a diagram showing a modification of FIG. 1;
FIG. 5 is a diagram for explaining relative positions
of a first opening and an inductor;
FIG. 6 is a diagram showing a modification of FIG. 5;
FIG. 7 is a functional block diagram showing a circuit
configuration of an internal circuit;
FIG. 8 shows an example of a circuit diagram for an
amplifier section;
FIG. 9 is a diagram showing a first example for a B-
B’ cross section of FIG. 1;
FIG. 10 is a diagram showing a first example for a
C-C’ cross section of FIG. 1;
FIG. 11 is a diagram showing a second example for
a B-B’ cross section of FIG. 1;
FIG. 12 is a diagram showing a second example for
a C-C’ cross section of FIG. 1;
FIG. 13 is a diagram showing a third example for a
B-B’ cross section of FIG. 1;
FIG. 14 is a diagram showing a third example for a
C-C’ cross section of FIG. 1;
FIG. 15 is a cross-sectional view showing a config-
uration of a semiconductor device according to a
Second Embodiment;
FIG. 16 is a first example for a cross-sectional view
of a semiconductor device in a plane indicated by
line D of FIG. 15;
FIG. 17 is a second example for a cross-sectional
view of a semiconductor device in a plane indicated
by line D of FIG. 15;
FIG. 18 is a plan view showing a configuration of a
semiconductor device according to a Third Embod-
iment;
FIG. 19 is a cross-sectional view showing a config-
uration of a semiconductor device according to a
Fourth Embodiment;
FIG. 20 is a cross-sectional view showing a modifi-
cation of FIG. 19; and
FIG. 21 is a cross-sectional view showing a config-
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uration of a semiconductor device according to a
Fifth Embodiment.

[0012] Hereinafter, embodiments will be explained by
the use of the drawings. Note that, in all the drawings,
the same constituent is provided with the same sign and
explanation thereof will be omitted optionally.

(First Embodiment)

[0013] FIG. 1 is a plan view showing a configuration of
a semiconductor device SD according to a First Embod-
iment. FIG. 2 is a diagram omitting an upper shield part
SIE1 and a lower shield part SIE2 from FIG. 1. FIG. 3 is
an A-A’ cross-sectional view of FIG. 1. The semiconduc-
tor device SD is provided with a substrate SUB, a multi-
layered wiring layer MIC, an internal circuit CIR, an in-
ductor IND, an upper shield part SIE1, and a lower shield
part SIE2. The substrate SUB is a semiconductor sub-
strate such as a silicon substrate, for example.
[0014] The multilayered wiring layer MIC is formed
over the substrate SUB and includes at least two layers
of internal wirings WIR and at least one layer of a via VA,
as shown in FIG. 3. The internal circuit CIR includes a
transistor TR. The transistor TR is formed over the sub-
strate SUB.
[0015] As shown in FIG. 3, the inductor IND is provided
in the same layer as at least one layer of the internal
wiring WIR included in the multilayered wiring layer MIC.
The inductor IND surrounds the internal circuit CIR in a
planar view and also both ends thereof are coupled elec-
trically to the internal circuit CIR, as shown in FIG. 1.
[0016] The upper shield part SIE1 is a pattern formed
by material having conductivity, and formed by the use
of the multilayered wiring layer MIC as shown in FIG. 3.
The upper shield part SIE1 overlaps the inductor IND in
the planar view as shown in FIG. 1 and FIG. 3, and is
located in a layer higher than the inductor IND in the
thickness direction. As shown in FIG. 1, the upper shield
part SIE1 has plural first openings OP1. The first opening
OP1 overlaps the inductor IND in the planar view.
[0017] The lower shield part SIE2 is a pattern having
conductivity, and overlaps the inductor IND in the planar
view and is located in a layer lower than the inductor in
the thickness direction.
[0018] According to the present embodiment, the up-
per side of the inductor IND is covered by the upper shield
part SIE1 and the lower side of the inductor IND is cov-
ered by the lower shield part SIE2. Thereby, it is possible
to suppress the noise caused by the inductor leaks to the
outside. Further, since the first opening OP1 is formed
in the upper shield part SIE1, intensity change of an ex-
ternal magnetic field reaches the inductor IND. Herein-
after, details will be explained.
[0019] First, by the use of FIG. 1 and FIG. 2, a config-
uration of the semiconductor device SD will be explained.
In the present embodiment, the semiconductor device
SD is used at least as a part of a power meter. The internal

circuit CIR of the semiconductor device SD is coupled
electrically with both ends of the inductor IND through a
third coupling path INT3 and a fourth coupling path INT4.
That is, the internal circuit CIR can detect voltage gen-
erated across the inductor IND. Then, the internal circuit
CIR calculates a power amount flowing in a power line
using the voltage generated in the inductor IND. Here,
each of the third coupling path INT3 and the fourth cou-
pling path INT4 has at least a wiring and sometimes in-
cludes a via.
[0020] The inductor IND has a wiring disposed so as
to surround the internal circuit CIR. The inductor IND is
preferably extended in plural turns around the internal
circuit CIR. Thereby, detection sensitivity of magnetic
field change by the inductor IND is improved. In an ex-
ample shown in these drawings, the inductor IND in-
cludes a first ring-like member RNG1 which configures
the outermost perimeter and a second ring-like member
RNG2 which configures a perimeter thereinside. That is,
the first ring-like member RNG1 and the second ring-like
member RNG2 are shifted from each other in the planar
view.
[0021] The semiconductor device SD is provided with
a guard ring GDR and plural electrode pads PAD. The
guard ring GDR is provided between the inductor IND
and the edge of the substrate SUB in the planar view and
surrounds the whole perimeter of the inductor IND. The
electrode pad PAD is provided between the inductor IND
and the guard ring GDR in the planar view.
[0022] A first electrode pad PAD1 which is one of the
electrode pads PAD is coupled to the internal circuit CIR
through a first coupling path INT1, and a second elec-
trode pad PAD2 of another electrode pad PAD is coupled
to the upper shield part SIE1 and the lower shield part
SIE2 through a second coupling path INT2. A fixed po-
tential (e.g., power source potential or ground potential)
is applied to the second electrode pad PAD2. The same
fixed potential as that of the second electrode pad PAD2
is applied also to the first electrode pad PAD1. That is,
in the present embodiment, the upper shield part SIE1
and the lower shield part SIE2 are provided with the fixed
potential by a path different from the path for the internal
circuit CIR. Thereby, it is possible to suppress that volt-
age fluctuation generated in the upper shield part SIE1
or the lower shield part SIE2 is propagated to the internal
circuit CIR as noise.
[0023] The upper shield part SIE1 surrounds the inter-
nal circuit CIR except a region where the third coupling
path INT3 and the fourth coupling path INT4 are provided.
The width of the upper shield part SIE1 is larger than the
width of a region where the inductor IND is provided.
[0024] The upper shield part SIE1 has the plural first
openings OP1. The first openings OP1 are provided
above the first ring-like member RNG1 and above the
second ring-like member RNG2 in the inductor IND, re-
spectively. Thereby, compared to a case in which the
first opening OP1 is located across both of the first ring-
like member RNG1 and the second ring-like member
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RNG2, the area of a conductor configuring the upper
shield part SIE1 can be made larger. In this case, it is
possible to obtain a higher shield effect by the upper
shield part SIE1.
[0025] In the example shown in these drawings, the
first opening OP1 located above the first ring-like member
RNG1 and the first opening OP1 located above the sec-
ond ring-like member RNG2 are arranged alternately in
a direction parallel to the inductor IND. Thereby, it is pos-
sible to suppress that the first opening OP1 located above
the first ring-like member RNG1 and the first opening
OP1 located above the second ring-like member RNG2
are connected with each other. This effect becomes ev-
ident when the first opening OP1 located above the first
ring-like member RNG1 and the first opening OP1 locat-
ed above the second ring-like member RNG2 do not have
parts overlapping each other in the extension direction
of the inductor IND.
[0026] Here, a planar shape of the first opening OP1
is rectangular. The longitudinal direction of the first open-
ing OP1 is parallel to the extension direction of the in-
ductor IND. Thereby, it is possible to increase a ratio of
the opening in a part of the upper shield part SIE1 located
above the inductor IND, while keeping the area of the
conductor configuring the upper shield part SIE1.
[0027] Next, by the use of FIG. 3, there will be ex-
plained a cross-sectional structure of the semiconductor
device SD. An element separation film ES is formed in
the substrate SUB. The element separation film ES sep-
arates an element formation region where the transistor
TR is formed, from the other region.
[0028] The multilayered wiring layer MIC is formed
over the transistor TR and the element separation film
ES. The multilayered wiring layer MIC includes the inter-
nal wiring WIR. The internal wiring WIR is a wiring con-
figuring the internal circuit CIR or a power source line.
[0029] The multilayered wiring layer MIC includes plu-
ral wiring layers. Each of the wiring layers includes a layer
where a via VA (or contact) is formed.
[0030] In an example shown in this drawing, the inter-
nal wiring WIR is embedded in an insulating film forming
the wiring layer. Note that at least one of the internal
wirings WIR may be formed over the insulating film form-
ing the wiring layer. Further, the internal wiring WIR and
the via VA may be formed separately or may be integrat-
ed together. The internal wiring WIR is Cu, Al, or W, for
example. The internal wirings WIR in each of the wiring
layers may be formed by the same material or may be
formed by material different from others at least in a part
thereof. The via VA is Cu, Al, or W, for example. The via
VA and the internal wiring WIR may be formed to be
integrated together, or may be formed as members dif-
ferent from each other.
[0031] Further, in this drawing, the internal wiring WIR
is embedded in the surface layer of the interlayer insu-
lating film. Note that, when the internal wiring WIR is
formed by Al or W, the internal wiring WIR is located over
the surface of the interlayer insulating film.

[0032] The inductor IND is formed in the same layer
as at least one of the internal wirings WIR. In the example
shown in this drawing, the inductor IND is formed by the
use of the plural wiring layers. Thereby, the number of
turns of the inductor IND is increased and the detection
sensitivity of the magnetic field change by the inductor
IND becomes higher.
[0033] In detail, the inductor IND is formed by the use
of any wiring layer between a wiring layer not lower than
the second layer and the second highest wiring layer.
Then, the upper shield part SIE1 is formed in a layer
higher than the inductor IND, and the lower shield part
SIE2 is formed in a layer lower than the inductor IND.
[0034] In the example shown in this drawing, the upper
shield part SIE1 is formed in a wiring layer one-layer high-
er than the wiring layer where the inductor IND is formed.
In this layer, the electrode pad PAD shown in FIG. 1 and
FIG. 2 may be formed.
[0035] Further, the lower shield part SIE2 is formed by
the use of the multilayered wiring layer MIC. In the ex-
ample shown in this drawing, the lowest layer of the in-
ductor IND is formed by the use of the second wiring
layer from the bottom. Then, the lower shield part SIE2
is formed by the use of the bottom wiring layer. Thereby,
the lower shield part SIE2 is also formed by a metal pat-
tern, and it is possible to obtain a higher shield effect by
the lower shield part SIE2.
[0036] Then, the lower shield part SIE2 has plural sec-
ond openings OP2. The second opening OP2 overlaps
the inductor IND in the planar view. Thereby, the intensity
change of the external magnetic field reaches the induc-
tor further easily.
[0037] In detail, at least some (preferably all) of the
second openings OP2 overlap the first openings OP1.
Thereby, the intensity change of the external magnetic
field reaches the inductor further easily.
[0038] FIG. 4 is a diagram showing a modification of
FIG. 1. The example shown in this drawing has the same
configuration as the example explained by the use of
FIG. 1 to FIG. 3 except a layout of the electrode pad PAD.
In the example shown in this drawing, the electrode pad
PAD is provided between the inductor IND and the inter-
nal circuit CIR in the planar view.
[0039] FIG. 5 is a diagram for explaining relative posi-
tions of the first opening OP1 and the inductor IND. When
the opening width of the first opening OP1 is denoted by
A, the thickness of the upper shield part SIE1 is denoted
by T, and the distance between the lower surface of the
upper shield part SIE1 and the upper surface of the in-
ductor IND is denoted by D, a relationship is provided as
A ≤ (T + D) x 2/3. The noise shield effect by the upper
shield part SIE1 is reduced as the opening width A is
increased. Then, when the above described relationship
is satisfied, a noise magnitude leaked to the outside of
the upper shield part SIE1 can be made 1/10 of that in
the case without the upper shield part SIE1. Note that
the length of the first opening OP1 in the longitudinal
direction is preferably configured so as to satisfy the
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same condition as the opening width A.
[0040] Here, in the examples shown in FIG. 1, FIG. 3,
FIG. 4, and FIG. 5, the width of the first opening OP1 is
larger than the width of the inductor IND. Note that the
width of the first opening OP1 may be smaller than the
width of the inductor IND as shown in FIG. 6.
[0041] FIG. 7 is a functional block diagram showing a
circuit configuration of the internal circuit CIR. The inter-
nal circuit CIR includes an amplifier section AMP, a filter
section FLT, an AD converter section CNG, a calculation
section CUL, a control section CNT1, a display control
section CNT2, and a communication control section
CNT3. The amplifier section AMP amplifies a voltage sig-
nal generated across the inductor IND. The filter section
FLT provides filtering processing for an output from the
amplifier section AMP and selects only a necessary band
component. The AD converter section CNG converts an
analog signal output from the filter section FLT into a
digital signal. The calculation section CUL processes the
digital signal output from the AD converter section CNG
and calculates a power amount flowing a power line. The
control section CNT1 controls the display control section
CNT2 and the communication control section CNT3. The
display control section CNT2 causes a display device to
display the power amount according to an instruction
from the control section CNT1. The communication con-
trol section CNT3 outputs the power amount to the out-
side through a communication section TRN according to
an instruction from the control section CNT1. The com-
munication section TRN may be an antenna for wireless
communication.
[0042] In the above described configuration of the in-
ternal circuit CIR, the amplifier section AMP, the filter
section FLT, and the AD converter section CNG are con-
figured with analog circuits, and the calculation section
CUL, the control section CNT1, the display control sec-
tion CNT2, and the communication control section CNT3
are configured with digital circuits.
[0043] Note that the internal circuit CIR may include
an oscillator circuit, a timer, and an RTC (Real Time
Clock) other than the above described configuration.
[0044] FIG. 8 is an example of a circuit diagram for the
amplifier section AMP. The amplifier section AMP is con-
figured by the use of plural transistors TR. Among these
transistors TR, the gate electrode of a p-type transistor
TR1 is coupled with the third coupling path INT3, and the
gate electrode of a p-type transistor TR2 is coupled with
the fourth coupling path INT4. A half voltage of the power
source voltage (1/2VDD) is applied to the gate electrode
of the transistor TR1 and the gate electrode of the tran-
sistor TR2 through respective resistors RL which are dif-
ferent from each other. Here, the power source voltage
(VDD) is applied to the drain of the transistor TR1 and
the drain of the transistor TR2 through a p-type transistor
TR3. Further, the source of the transistor TR1 is coupled
to the drain of an n-type transistor TR4 and the source
of the transistor TR2 is coupled to the drain of an n-type
transistor TR5. Each of the source of the transistor TR4

and the source of the transistor TR5 is grounded. Each
of the gate electrode of the transistor TR4 and the gate
electrode of the transistor TR5 is coupled to the drain of
the transistor TR4. Then, an output terminal of the am-
plifier section AMP is coupled to the drain of the transistor
TR5.
[0045] FIG. 9 shows a first example of a B-B’ cross
section of FIG. 1, and FIG. 10 shows a first example of
a C-C’ cross section of FIG. 1. As shown in FIG. 1, the
upper shield part SIE1 and the lower shield part SIE2 are
not formed above both ends of the inductor IND. Then,
in the parts where the upper shield part SIE1 and the
lower shield part SIE2 are not formed, the third coupling
path INT3 and the fourth coupling path INT4 are formed.
[0046] In an example shown in FIG. 9 and FIG. 10, the
inductor IND is formed by the use of an odd number of
wiring layers (e.g., three layers). Then, one end of the
inductor IND is located on the outermost perimeter of a
spiral wiring located in the top wiring layer, and the other
end of the inductor IND is located on the innermost pe-
rimeter of a spiral wiring located in the bottom wiring layer.
[0047] As shown in FIG. 9, the third coupling path INT3
has a wiring in the same layer as the upper shield part
SIE1. One end of this wiring is coupled to the one end of
the inductor IND through a via VA1 which is one of the
vias VA, and the other end is extended to the internal
circuit CIR. By such a coupling structure, the third cou-
pling path INT3 does not interfere with a part except the
one end of the inductor IND.
[0048] Then, as shown in FIG. 10, the fourth coupling
path INT4 has a wiring in the same layer as the spiral
wiring located in the bottom layer of the inductor IND.
One end of this wiring is coupled to the other end of the
inductor IND and the other end is extended to the internal
circuit CIR.
[0049] FIG. 11 shows a second example of the B-B’
cross section of FIG. 1, and FIG. 12 shows a second
example of the C-C’ cross section of FIG. 1. Also in an
example shown in these drawings, the inductor IND is
formed by the use of an odd number of wiring layers (e.g.,
three layers). Here, one end of the inductor IND is located
on the innermost perimeter of a spiral wiring located in
the top wiring layer, and the other end of the inductor IND
is located on the outermost perimeter of a spiral wiring
located in the bottom wiring layer.
[0050] As shown in FIG. 11, the third coupling path
INT3 has a wiring in the same layer as the spiral wiring
located in the top layer of the inductor IND. One end of
this wiring is coupled to one end of the inductor IND and
the other end is extended to the internal circuit CIR.
[0051] Then, as shown in FIG. 12, the fourth coupling
path INT4 has a wiring in the same layer as the lower
shield part SIE2. One end of this wiring is coupled to the
other end of the inductor IND through a via VA2 which is
one of the vias VA. Here, the other end of this wiring is
extended to the internal circuit CIR. By such a coupling
structure, the fourth coupling path INT4 does not interfere
with a part except the other end of the inductor IND.
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[0052] FIG. 13 shows a third example of the B-B’ cross
section of FIG. 1 and FIG. 14 shows a third example of
the C-C’ cross section of FIG. 1. In an example shown
in these drawings, the inductor IND is formed by the use
of an even number of wiring layers (e.g., two layers). One
end of the inductor IND is located on the innermost pe-
rimeter of a spiral wiring located in the top wiring layer,
and the other end of the inductor IND is located on the
innermost perimeter of a spiral wiring located in the bot-
tom wiring layer. Then, as shown in FIG. 13, the third
coupling path INT3 has a wiring in the same layer as the
spiral wiring located in the top layer of the inductor IND.
One end of this wiring is coupled to one end of the inductor
IND and the other end is extended to the internal circuit
CIR. Further, as shown in FIG. 14, the fourth coupling
path INT4 has a wiring in the same layer as the spiral
wiring located in the bottom layer of the inductor IND.
One end of this wiring is coupled to the other end of the
inductor IND and the other end of this wiring is extended
to the internal circuit CIR.
[0053] As described above, according to the present
embodiment, the upper side of the inductor IND is cov-
ered by the upper shield part SIE1 and the lower side of
the inductor IND is covered by the lower shield part SIE2.
Thereby, it is possible to suppress that the noise caused
by the inductor is leaked to the outside. Further, the first
opening OP1 is formed in the upper shield part SIE1, and
thereby the intensity change of the external magnetic
field reaches the inductor IND.
[0054] In particular, in the present embodiment, the
lower shield part SIE2 is formed also by the use of the
wiring layer. Thereby, it is possible to obtain a higher
shield effect by the lower shield part SIE2. Then, the lower
shield part SIE2 has the plural second openings OP2.
The second opening OP2 overlaps the inductor IND in
the planar view. Thereby, the intensity change of the ex-
ternal magnetic field reaches the inductor further easily.

(Second Embodiment)

[0055] FIG. 15 is a cross-sectional view showing a con-
figuration of a semiconductor device SD according to a
Second Embodiment, and corresponds to FIG. 3 (i.e., A-
A’ cross-sectional view of FIG. 1) in the First Embodi-
ment. The semiconductor device SD according to the
present embodiment has the same configuration as the
semiconductor device SD according to the First Embod-
iment, except on a point that a first side shield part SIE3
and a second side shield part SIE4 are provided.
[0056] Each of the first side shield part SIE3 and the
second side shield part SIE4 is formed by the use of the
multilayered wiring layer MIC. In detail, each of the first
side shield part SIE3 and the second side shield part
SIE4 is formed continuously from the wiring layer one-
layer higher than the wiring layer where the lower shield
part SIE2 is formed to the wiring layer where the upper
shield part SIE1 is formed. Each wiring layer of the first
side shield part SIE3 and the second side shield part

SIE4 has a metal layer located in the same layer as the
layer where the internal wiring WIR is formed and a metal
layer located in the same layer as the via layer where the
via VA is formed.
[0057] The first side shield part SIE3 is located be-
tween the internal circuit CIR and the inductor IND in the
planar view, and surrounds the whole periphery of the
internal circuit CIR. That is, in the present embodiment,
the inductor IND and the internal circuit CIR are separat-
ed by the first side shield part SIE3. Thereby, it is possible
to further suppress that the inductor IND becomes a noise
source of the internal circuit CIR.
[0058] The second side shield part SIE4 is located be-
tween the inductor IND and the edge of the substrate
SUB in the planar view, and surrounds the whole periph-
ery of the inductor IND. Each of the first side shield part
SIE3 and the second side shield part SIE4 couples the
upper shield part SIE1 and the lower shield part SIE2 in
the thickness direction. That is, in the present embodi-
ment, the inductor IND is surrounded by the upper shield
part SIE1, the lower shield part SIE2, the first side shield
part SIE3, and the second side shield part SIE4. Thereby,
it is possible to further suppress that the inductor IND
becomes a noise source of the internal circuit CIR.
[0059] FIG. 16 is a first example for a cross-sectional
view of the semiconductor device SD in a plane indicated
by line D of FIG. 15 and shows a first example of a con-
figuration of the first side shield part SIE3. Each wiring
layer configuring the multilayered wiring layer MIC in-
cludes a via layer VAL where the via VA is formed and
a wiring layer WIL where the wiring is formed. Then, a
part of the first side shield part SIE3 located in the via
layer VAL is configured with plural vias which are sepa-
rated from one another. The diameter of the via is the
same as that of the via VA of the internal circuit CIR lo-
cated in the same via layer VAL. Then, an arrangement
spacing of the vias configuring the first side shield part
SIE3 is the minimum spacing in the via layer VAL to which
the vias belong, and is the same as an arrangement spac-
ing of dummy vias, for example. Thereby, it is possible
to form a part of the first side shield part SIE3 located in
the via layer VAL easily in the same process as that for
vias and dummy vias of the internal circuit CIR.
[0060] Note that, in the example shown in FIG. 16, a
part of the first side shield part SIE3 located in the same
layer as the internal wiring WIR is formed across the
whole periphery without a gap.
[0061] FIG. 17 is a second example for a cross-sec-
tional view of the semiconductor device SD in a plane
indicated by line D of FIG. 15 and shows a second ex-
ample of a configuration of the first side shield part SIE3.
The example shown in this drawing is the same as the
example shown in FIG. 16 except on a point that a part
of the first side shield part SIE3 located in the via layer
is configured with a slit via. According to the example
shown in this drawing, the first side shield part SIE3 is
formed across the whole periphery without a gap in each
of a part located in the same layer as the internal wiring
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WIR and a part located in the via layer. Accordingly, the
shield effect of the first side shield part SIE3 becomes
higher.
[0062] Note that the second side shield part SIE4 also
has the same configuration as either of the first side shield
parts SIE3 shown in FIG. 16 or FIG. 17.
[0063] Also according to the present embodiment, it is
possible to obtain the same effect as that of the First
Embodiment. Further, the first side shield part SIE3 and
the second side shield part SIE4 are provided, and there-
by it is possible to further suppress that the inductor IND
becomes a noise source of the internal circuit CIR.

(Third Embodiment)

[0064] FIG. 18 a plan view showing a configuration of
a semiconductor device SD according to a Third Embod-
iment, and corresponds to FIG. 1 in the First Embodi-
ment. The semiconductor device SD according to the
present embodiment has the same configuration as the
semiconductor device SD according to the First Embod-
iment, except on a point that both of the upper shield part
SIE1 and the lower shield part SIE2 are divided into plural
conductor pieces. That is, in the present embodiment,
each of the upper shield part SIE1 and the lower shield
part SIE2 has a configuration in which the plural conduc-
tor pieces are arranged along the inductor IND.
[0065] In detail, the upper shield part SIE1 and the low-
er shield part SIE2 are divided at the same positions when
viewed in the direction along the inductor IND. Note that
the upper shield part SIE1 and the lower shield part SIE2
may be divided at positions different from each other
when viewed in the direction along the inductor IND.
Here, fixed potentials (power source potentials or ground
potentials) the same as one another are applied to the
plural conductor pieces configuring the upper shield part
SIE1, and fixed potentials (power source potentials or
ground potentials) the same as one another are also ap-
plied to the plural conductor pieces configuring the lower
shield part SIE2.
[0066] Also according to the present embodiment, it is
possible to obtain the same effect as that of the First
Embodiment. Further, the upper shield part SIE1 and the
lower shield part SIE2 are divided into the plural conduc-
tor pieces, and thereby it is possible to suppress that
eddy current is generated in each of the upper shield part
SIE1 and the lower shield part SIE2. In this case, it is
possible to suppress that the detection sensitivity of the
magnetic field change by the inductor IND is degraded.
[0067] Note that, also in the Second Embodiment, as
in the present embodiment, the upper shield part SIE1
and the lower shield part SIE2 may be divided into plural
conductor pieces. In this case, also the first side shield
part SIE3 and the second side shield part SIE4 are di-
vided into plural conductor pieces as the upper shield
part SIE1 and the lower shield part SIE2. In this case,
the upper shield part SIE1, the lower shield part SIE2,
the first side shield part SIE3, and the second side shield

part SIE4 are divided at the same positions when viewed
in the direction along the inductor IND. Also in such a
configuration, it is possible to obtain the same effect as
that of the Third Embodiment.

(Fourth Embodiment)

[0068] FIG. 19 is a cross-seotional view showing a con-
figuration of a semiconductor device SD according to a
Fourth Embodiment, and corresponds to FIG. 3 (i.e., A-
A’ cross-sectional view of FIG. 1) in the First Embodi-
ment. The semiconductor device according to the
present embodiment has the same configuration as the
semiconductor devices SD according to the First to Third
Embodiments, except a configuration of the lower shield
part SIE2. FIG. 19 shows the same case as that of the
Second Embodiment.
[0069] In the present embodiment, the lower shield part
SIE2 is configured with an impurity layer INP formed in
the substrate SUB. The impurity layer INP is located in
a surface layer of a well WEL formed in the substrate
SUB. The impurity layer INP and the well WEL may be
impurity layers having the same conductivity type as each
other, or may be impurity layers having conductor types
different from each other. Here, when the impurity layer
INP is an impurity layer having a p-type, the ground po-
tential is applied to the impurity layer INP, and, when the
impurity layer INP is an impurity layer having an n-type,
the source potential is applied to the impurity layer INP.
[0070] Also according to the present embodiment, it is
possible to obtain the same effect as those of the First
to Third Embodiment. Further, the lower shield part SIE2
may not be located in the multilayered wiring layer MIC,
and thereby it is possible to increase the number of wiring
layers configuring the inductor IND. In this case, it is pos-
sible to increase the number of windings of the inductor
IND.
[0071] Further, when the impurity layer INP and the
well WEL are impurity layers having the conductor types
different from each other, a depletion layer is generated
at the boundary thereof. In this case, the shield effect by
the lower shield part SIE2 is improved.
[0072] Note that, as shown in FIG. 20, a silicide layer
SIL may be formed in the surface layer of the impurity
layer INP. In this case, since the impurity layer INP is
caused to have a lower resistivity, potential of the impurity
layer INP is stabilized.

(Fifth Embodiment)

[0073] FIG. 21 is a cross-sectional view showing a con-
figuration of a semiconductor device SD according to a
Fifth Embodiment, and corresponds to FIG. 3 (i.e., A-A’
cross-sectional view of FIG. 1) in the First Embodiment.
The semiconductor device SD according to the present
embodiment has the same configuration as any of the
First to Third Embodiment, except on a point that an im-
purity layer INP, a well WEL, and a silicide layer SIL are
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provided under the lower shield part SIE2. This drawing
shows the same case as that of the Second Embodiment.
The impurity layer INP, the well WEL, and the silicide
layer SIL are configured as shown in the Fourth Embod-
iment. Then, the silicide layer SIL is coupled to the lower
shield part SIE2 through a via. This via may be a shielded
via.
[0074] Also according to the present embodiment, it is
possible to obtain the same effect as those of the First
to Third Embodiment. Further, the lower side of the in-
ductor IND is shielded by the two layers of the lower shield
part SIE2 and the impurity layer INP. Accordingly, it is
possible to further suppress that noise is leaked to the
outside from the lower side of the inductor IND.
[0075] While the invention achieved by the present in-
ventors has been explained according to the embodi-
ments as described above, obviously the present inven-
tion is not limited to the embodiments and can be
changed variously in a range without departing from the
gist thereof.

Claims

1. A semiconductor device, comprising:

a substrate;
an internal circuit;
a multilayered wiring layer formed over the sub-
strate;
an inductor which is formed by use of the multi-
layered wiring layer and provided so as to sur-
round the internal circuit in a planar view, and
both ends of which are coupled to the internal
circuit;
an upper shield part which is formed by use of
the multilayered wiring layer, overlaps the induc-
tor in the planar view, is located in a layer higher
than the inductor in a thickness direction, and
has plural first openings each overlapping the
inductor; and
a lower shield part which overlaps the inductor
in the planar view and is located in a layer lower
than the inductor in the thickness direction.

2. The semiconductor device according to claim 1,
wherein the lower shield part is formed by use of the
multilayered wiring layer.

3. The semiconductor device according to claim 2,
wherein the lower shield part has plural second
openings each overlapping the inductor.

4. The semiconductor device according to claim 3,
wherein the first opening and the second opening
overlap each other at least in a part thereof.

5. The semiconductor device according to claim 2,

wherein the lower shield part further includes an im-
purity layer formed in the substrate.

6. The semiconductor device according to claim 1,
wherein the lower shield part includes an impurity
layer formed in the substrate.

7. The semiconductor device according to claim 6,
wherein a silicide layer formed in a surface layer of
the impurity layer is provided.

8. The semiconductor device according to claim 1,
wherein the first opening has a rectangular shape
and also has a longitudinal direction parallel to the
inductor.

9. The semiconductor device according to claim 1,
wherein
the inductor surrounds the internal circuit in plural
turns, and also a first ring-like member which is a
first turn and a second ring-like member which is a
second turn shift from each other in the planar view,
and
the first openings are provided above the first ring-
like member and above the second ring-like mem-
ber, respectively.

10. The semiconductor device according to claim 9,
wherein the first opening provided above the first
ring-like member and the first opening provided
above the second ring-like member are arranged al-
ternately in a direction parallel to the inductor.

11. The semiconductor device according to claim 1,
wherein, when an opening width of the first opening
is denoted by A, a thickness of the upper shield part
is denoted by T, and a distance between a lower
surface of the upper shield part and an upper surface
of the inductor is denoted by D, a relationship is pro-
vided as A ≤ (T + D) x 2/3.

12. The semiconductor device according to claim 1, fur-
ther comprising:

a first electrode pad and a second electrode pad
provided in the multilayered wiring layer;
a first coupling path coupling the first electrode
pad to the internal circuit; and
a second coupling path coupling the second
electrode pad to the upper shield part.

13. The semiconductor device according to claim 1,
wherein the upper shield part has a configuration in
which plural conductor pieces are arranged along
the inductor in the planar view.

14. The semiconductor device according to claim 1, fur-
ther comprising:
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a first side shield part which is formed by use of
the multilayered wiring layer, is located between
the inductor and the internal circuit in the planar
view, and couples the upper shield part and the
lower shield part in the thickness direction.

15. The semiconductor device according to claim 14,
wherein
the multilayered wiring layer includes a via layer
where a via is formed, and
a part of the first side shield part located in the via
layer is configured with the plural vias which are sep-
arated from one another.

16. The semiconductor device according to claim 14,
wherein
the multilayered wiring layer has a via layer where a
via is formed, and
a part of the first side shield part located in the via
layer is configured with a slit via.

17. The semiconductor device according to claim 14, still
further comprising:

a second side shield part which is formed by use
of the multilayered wiring layer, is provided on
an outer perimeter side of the semiconductor
device from the inductor in the planar view, and
couples the upper shield part and the lower
shield part in the thickness direction.
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