DESCRIPTION

TITLE OF INVENTION: THREE-DIMENSIONAL MAGNETIC FIELD
DETECTION ELEMENT AND THREE-DIMENSIONAL MAGNETIC FIELD
DETECTION DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a triaxial magnetic sensor used as an azimuth
sensor and the like, and particularly to a three-dimensional magnetic field
detéctor including a three-dimensional magnetic field detection device having a
function of detecting a magnetic field in three, x-axial, y-axial and z-axial
directions, which device, as being realized on a single substrate, is reduced in
height and cross-sectional area while maintaining such basic performances of a
magnetic sensor as a high sensitivity, a low noise, and a wide measurement
range.

BACKGROUND ART

[0002]

A triaxial magnetic sensor is adapted to measure the terrestrial magnetism
vector with three magnetic sensor elements for the x-axial, y-axial and z-axial
directions combined with an integrated circuit, and calculates the azimuth from
the value of the measured vector. Such triaxial magnetic sensor is combined
with an acceleration sensor or a vibratory gyro sensor and, as such, used as a
three-dimensional azimuth meter in a variety of apparatuses, such as an

electronic compass, a smartphone, a tablet terminal, a remote controller for



Internet TV, a motion game machine, and a motion capturing apparatus.

In recent years, reduction in size and thickness is eagerly required of the above
apparatuses, as well as further improvement in sensitivity, noise reduction,
and in measurement range. As smartphones are reduced in thickness, in
particular, azimuth sensors are required to have a height 40% or more reduced
from a conventional height of 1.0 mm, a height of 0.6 mm for instance, and a
size 50% or more reduced from a conventional size of 2.0 mm square, a size of
1.5 mm square for instance. With respect to the noise, the required magnitude
is 1 mG or less, that is to say, ten-time improvement of a conventional noise of
10 mG or less is required.

[0003]

In an azimuth sensor, a Hall element, an MR element, a magneto-impedance
(abbreviated to MI) element, a GHz spin rotation (abbreviated to GSR) element
or the like is used as an element for magnetic field detection. Generally, three
elements, an x-axial one, a y-axial one and a z-axial one, are used to measure
the strength of an x-axial magnetic field vector component Hx, a y-axial
magnetic field vector component Hy and a z-axial magnetic field vector
component Hz, respectively. If use is made of Hall elements detecting a
magnetic field in the direction perpendicular to a device face, the z-axial
element needs to be positioned on the device face while the x-axial and y-axial
elements need to be mounted upright on the sensor substrate. In the case of MR
elements, MI elements and the like detecting a magnetic field parallel to a
device face, the x-axial and y-axial elements need to be positioned on the device
face while the z-axial element needs to be mounted upright (in the z-axial

direction) on the sensor substrate. A problem with the increase of sensor height
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thus arises as long as three elements are used as assembled. As an example,
Patent Literature 1 discloses an assembled triaxial magnetic sensor using MI
sensors.

Note that discussion herein is focused on MI elements and GSR elements
because Hall elements are of a high noise and hard to improve in performance.
[0004]

With respect to the problem as above, Patent Literature 2 discloses an
integrated, three-dimensional magnetic detection device including x-axial
elements and y-axial elements arranged on a single substrate, and having the
function of z-axial element.

The disclosed device is the three-dimensional magnetic detection device, in
which a pair of x-axial elements, namely an X1 axial element and an X2 axial
element, and a pair of y-axial elements, namely a Y1 axial element and a Y2
axial element, are positioned in the x-axial and y-axial directions on a substrate
face, respectively, so as to shape a cross, and a permalloy core rod is provided
below the center of crossing.

The three-dimensional magnetic detection device as above detects the magnetic
field in the x-axial direction by adding the output from the X1 axial element
and the output from the X2 axial element, detects the magnetic field in the
y-axial direction by adding the output from the Y1 axial element and the output
from the Y2 axial element, and detects the magnetic field in the z-axial
direction by deflecting the magnetic field in the z-axial direction with the
permalloy core rod to generate a deflected component in a plane direction and
adding the deflected component to the difference between the output from the

X1 axial element and the output from the X2 axial element and the difference



between the output from the Y1 axial element and the output from the Y2 axial
element, so as to obtain a three-dimensional magnetic field vector.

The force of a permalloy core rod that should cause the magnetic field in the
z-axial direction to be deflected in a plane direction, however, is very weak.
Consequently, the three-dimensional magnetic detection device needs a longer
permalloy rod with a larger diameter and has to have a thickness of 0.5 mm or
more, which makes the device unpractical.

[0005]

Patent Literature 3, in which MI element-type elements are further improved
in size, discloses the three-dimensional magnetic field detection device, in
which two soft magnetic bodies are each provided at an end of an MI element,
one above one end and the other below the other end, that is to say, a magnetic
circuit in crank form is formed using two soft magnetic bodies and one element,
so as to allow an effective detection of the magnetic field in the z-axial direction.
In the configuration of the disclosed device, four MI elements are arranged on a
flat face of a substrate around the origin of the substrate so that two of them
may be positioned in the x-axial direction and the rest two may be on the y-axis
crossing the x-axis. In the substrate under the origin, and above ends of the
four MI elements, which ends are each opposite to the origin, soft magnetic
bodies are positioned, so as to form a magnetic circuit composed of magnetic
field detecting elements and soft magnetic bodies. Such configuration has
brought about a three-dimensional magnetic field detection device having a
width of 0.7 mm, a length of 0.7 mm, and a thickness of 0.3 mm.

[o006]

Still more reduction in size and thickness, however, is required for the purpose



of applying a recent azimuth sensor to a wearable computer, the tip of a guide
wire of a medical catheter, and so forth.

The x-axial magnetic field component and the y-axial magnetic field component
are each obtained by adding the measured values from the right and left
magnetic field detecting elements, and the z-axial magnetic field component is
obtained by calculating the difference between the measured values from the
right and left magnetic field detecting elements. It is therefore required that
the right and left magnetic field detecting elements are of the same value with
respect to one and the same direction and, for magnetic fields in opposite
directions, output the values which are the same in magnitude but opposite in
sign, so that structural symmetry is very important. As magnetic field
detecting elements are more sophisticated, even a slight difference between the
right and left elements is more critical.

CITATION LIST

PATENT LITERATURE

[0007]

Patent Literature 1: WO 2005/008268

Patent Literature 2: WO 2010/110456

Patent Literature 3: JP 2014-153309 A

SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0008]

In view of the technical background as described above, the present inventor
focused on the GSR sensor as recently developed. The arrangement of magnetic

field detecting elements on a substrate face, the magnetic field-collecting



structure for the magnetic field in the z-axial direction, and the positioning of
soft magnetic bodies were studied not only so as to improve the magnetic field
detecting capability but review the size of a three-dimensional magnetic field
detection device, the present invention having thus been made.

SOLUTION TO PROBLEMS

[0009]

The present inventor investigated a further reduction in size of the
three-dimensional magnetic field detection device as disclosed in Patent
Literature 3 and, as a result, devised a structure using three magnetic field
detecting elements instead of four. The structure makes it possible to measure
the magnetic field in a first axial direction by two elements 12 and 13 for the
first axial direction, measure the magnetic field in a second axial direction by a
single element 14 positioned at the origin, and measure the magnetic field in a
third axial direction by combining the two elements for the first axial direction
with three soft magnetic bodies to point-symmetrically form two magnetic
circuits, each in crank form, whereupon the first, second and third axial
directions are orthogonal to one another at the origin as the center of
measurement.

[0010]

The magnetic field Hx in the x-axial direction was obtained from the mean of
the measured values from the elements 12 and 13, respectively. The magnetic
field Hy in the y-axial direction was obtained from the measurement by the
element 14. The magnetic field Hz in the z-axial direction was obtained from
the mean of differences between the measured values from the elements 12 and

13, respectively. For the purpose of reduction in size, elements with smaller
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lengths were employed as the elements 12 and 13 so as to reduce the length in
the longitudinal direction so that the sensitivity as a summed output of the two
elements 12 and 13 might be the same as the sensitivity of the element 14 as a
reference. The elements 12 and 13 with smaller lengths allowed the magnetic
circuits to have a smaller magnetic resistance, and modification of the size of
soft magnetic bodies allowed not only the equalization of the detection
sensitivity in the z-axial direction to the sensitivity of the element 14 but the
reduction in size in the thickness direction.

As a result of using high-sensitive GSR elements to reduce the device length,
the entire device was reduced in size.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011]

According to the present invention, use of GSR elements allows a
three-dimensional magnetic field detection device to have even reduced size
and thickness while maintaining such basic performances as a high sensitivity,
a low noise and a wide measurement range. The decrease in number of
magnetic field detecting elements leads to cost reduction. In addition, it is
possible to reduce the size and thickness of a three-dimensional magnetic field
detector.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a plan view of a three-dimensional magnetic field detection
device according to Embodiment 1.

[FIG. 2] FIG. 2 is a cross-sectional view of the three-dimensional magnetic field

detection device according to Embodiment 1, taken along line A-A’ in the plan



view (FIG. 1).

[FIG. 3] FIG. 3 is a schematic plan view showing a basic structure of a GSR
element according to Embodiment 1.

[FIG. 4] FIG. 4 is a schematic diagram showing magnetic circuits in crank form
according to Embodiment 1.

[FIG. 5] FIG. 5 is an electronic circuit diagram of a magnetic field detecting
element according to Embodiment 1.

[FIG. 6] FIG. 6 is an electronic circuit diagram of the three-dimensional
magnetic field detection device according to Embodiment 1.

[FIG. 7] FIG. 7 is a cross-sectional view of a three-dimensional magnetic field
detection device according to Embodiment 2, taken along line B-B’ in the plan
view (FIG. 1).

DESCRIPTION OF EMBODIMENTS

[0013]

According to the present invention, a three-dimensional magnetic field
detection device includes magnetic field detecting elements configured to detect
a magnetic field in a direction parallel to a face of a substrate and soft magnetic
bodies configured to collect and radiate a magnetic field orthogonal to the face
of the substrate. An axis extending in a first axial direction on the face of the
substrate, an axis extending in a second axial direction orthogonal to the first
axial direction, and an axis extending in a third axial direction orthogonal to
the face of the substrate cross one another at the origin as the center of
measurement of the magnetic field on the face of the substrate. The magnetic
field detecting elements are so arranged on the substrate that two of the

magnetic field detecting elements are positioned in the first axial direction



point-symmetrically with respect to the origin set as the center of symmetry
and one of the magnetic field detecting elements is positioned in the second
axial direction point-symmetrically with respect to the origin as the center of
symmetry, and the soft magnetic bodies are positioned above the origin and
below ends of the two of the magnetic field detecting elements positioned in the
first axial direction, which ends are each opposite to the origin. A magnetic
circuit including two of the magnetic field detecting elements and three of the
soft magnetic bodies is formed in the first axial direction.

[0014]

The three-dimensional magnetic field detection device includes three magnetic
field detecting elements for detecting a magnetic field in the direction parallel
to a substrate face, and three soft magnetic bodies.

The magnetic field detecting elements are each composed of an amorphous wire
as a magnetosensitive body, a detecting coil surrounding the amorphous wire,
terminals at both ends of the amorphous wire and of the detecting coil,
electrode pads for bonding the terminals to one another or to an external
integrated circuit, and a wiring between the terminals and the electrodes.
[0015]

The diameter of the amorphous wire is 15 um or less, preferably 10 pm or less.
The periphery of the amorphous wire is preferably coated with an insulating
material, glass for instance. The amorphous wire and the detecting coil are easy
to insulate from each other, and the gap between them can be reduced to
decrease the inner diameter of the coil.

The inner diameter of the detecting coil is 30 pm or less, preferably 20 pm or

less. The reduction in inner diameter of the detecting coil improves the

9



sensitivity. The coil pitch is 5 pm or less, preferably 3 pm or less. If the coil
pitch falls within such range, the coil turn number per unit length can be
increased, leading to the reduction in length and size of the magnetic field
detecting element.

[0016]

The arrangement of the three magnetic field detecting elements on a face of the
substrate is carried out as follows.

On a face of the substrate, the center of measurement of magnetic fields
parallel to the face of the substrate is defined to be the origin. Three axes
(x-axis, y-axis, and z-axis) extending in a first axial direction (x-axial direction)
on the face of the substrate, in a second axial direction (y-axial direction)
orthogonal to the first axial direction (x-axial direction), and in a third axial
direction (z-axial direction) orthogonal to the face of the substrate, respectively,
pass through the origin to cross one another.

Assuming that the x-axis extends in the length direction of the substrate, the
magnetic field detecting elements 12 and 13 are positioned point-symmetrically
with respect to the origin set as the center of symmetry. Also, assuming that
the y-axis extends in the width direction, the magnetic field detecting element
14 is positioned point-symmetrically with respect to the origin set as the center
of symmetry.

As a result of using a single element for the detection of the magnetic field in
the y-axial direction and point-symmetrically positioning the element, the
three-dimensional magnetic field detection device can have such a size in the
width direction as reduced to one third.

[0017]
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The soft magnetic bodies form two magnetic circuits in crank form along with
the elements 12 and 13 as arranged on the substrate. The soft magnetic bodies
as such collect the magnetic flux in the z-axial direction and cause the collected
magnetic flux to flow through the magnetic wires in the elements. Then, the
soft magnetic bodies on both sides radiate the magnetic flux, to thereby allow
the detection of the strength of the magnetic field in the z-axial direction. The
soft magnetic body to be used is not limited in material or form as long as a
magnetic circuit can be formed with the soft magnetic body. More preferred is a
soft magnetic body of a higher permeability that is more effective at collecting a
magnetic field. The shape of the soft magnetic body is preferably such that the
demagnetizing factor is reduced, and magnetization is effectively achieved by
the magnetic field in the z-axial direction.

In view of the ease of production, the aspect ratio (H/D) of the soft magnetic
body, which is determined as the ratio of the height H to the diameter
(diameter-equivalent size for an elliptical shape) D, is preferably 1 or less.

The single soft magnetic body above the origin may be positioned below the
origin and the two soft magnetic bodies below the ends each opposite to the
origin may be positioned above the ends as long as the magnetic circuits as
above are formed so as to allow the detection of the magnetic field in the z-axial
direction.

[0018]

The soft magnetic bodies are preferably so arranged that the magnetic circuits
are likely to be formed effectively. |

For instance, a pole face of a soft magnetic body and an amorphous wire end are

made as close as possible to each other, to thereby reduce the resistance of a
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magnetic circuit. The size of a soft magnetic body as represented by the
cross-sectional area and the thickness is relative to the length or diameter of a
magnetic field detecting element. Preferably, a soft magnetic body has a larger
thickness as the length of a magnetic field detecting element is increased.
[0019]

Within the gist of the present invention, the arrangement of the x-axial
elements and the y-axial element or the soft magnetic bodies is preferably such
that the two axes are perpendicular to each other. If the angle as formed
between the axes deviates from a right angle by certain degrees, an appropriate
correction calculation in response to the angular deviation can be performed on
the outputs of the magnetic field detecting elements so as to address the
deviation.

[0020]

In the three-dimensional magnetic field detection device of the present
invention, the two soft magnetic bodies as positioned below the ends of the
magnetic field detecting elements in the first axial direction are each located on
the surface of a machined end face machined perpendicularly to the substrate
face.

[0021]

The substrate, which includes the soft magnetic bodies as located at the ends of
the magnetic field detecting elements in the x-axial direction, or longitudinal
direction, is machined downwards with respect to the substrate face, so that
end portions including no magnetic field detecting elements are removed, and
the soft magnetic bodies constitute the surfaces of machined end faces. As a

result, the three-dimensional magnetic field detection device is reduced in
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length. Removal of the magnetic bodies by half or so may lead to the
deterioration of magnetic field-collecting function. In that case, the
cross-sectional area of a soft magnetic body is increased. If the cross section is
enlarged in the width direction to make it elliptical, the reduction in length of
the three-dimensional magnetic field detection device is less affected.

[0022]

The three-dimensional magnetic field detection device of the present invention
has a length of 0.6 mm or less, a width of 0.3 mm or less, and a thickness of 0.15
mm or less.

[0023]

Consequently, the inventive device not only meets the expectation of use for a
smartphone or wearable computer but can be incorporated into the tip of a
guide cable of a medical catheter, for instance.

[0024]

The three-dimensional magnetic field detector of the present invention includes
the magnetic field detection device of the present invention and an integrated
circuit chip bonded together.

[0025]

In the three-dimensional magnetic field detector of the present invention, a
magnetic field detection device for detecting three axial magnetic fields is
reduced in size and thickness by forming magnetic circuits with the x-axial
elements and y-axial element as mounted on a substrate and with the x-axial
elements and the soft magnetic bodies, so as to detect the magnetic field in the
z-axial direction. In addition, a total reduction in size or thickness is achieved

by the bonding of the integrated circuit chip.
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The three-dimensional magnetic field detection device of the present invention
and the integrated circuit may be bonded together through wire bonding. In
that case, however, an extra area or height for wire bonding is required.

For this reason, it is desirable for the promotion of a total reduction in size or
thickness to electrically bond the three-dimensional magnetic field detection
device and the integrated circuit together by stacking the three-dimensional
magnetic field detection device and the integrated circuit and bonding them to
each other with a pad.

EXAMPLES

[0026]

In the following, examples are described in reference to the accompanying
drawings.

Example 1

A three-dimensional magnetic field detection device 1 according to Example 1 is
shown in FIG. 1. FIG. 1 is a plan view of the three-dimensional magnetic field
detection device, and FIG. 2 is a cross-sectional view taken along line A-A’ in
FIG. 1. FIG. 3 is a plan view showing a basic structure of a GSR element.
[0027]

The three-dimensional magnetic field detection device 1 includes three GSR
elements 3 each capable of detecting a micromagnetic field such as terrestrial
magnetism, and three soft magnetic bodies 21 and 22 each having magnetic
field-collecting and -radiating functions.

Of the GSR elements, two are shown as an X1 element 12 and an X2 element 13
located on the x-axis on a substrate face, and one is shown as a Y element 14

located on the y-axis. The x-, y- and z-axes are orthogonal to one another at the
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origin, and the X1 element 12 and the X2 element 13 are point-symmetrically
positioned with respect to the origin as the center of symmetry, while the Y
element 14 is by itself point-symmetrically positioned with respect to the origin
as the center of symmetry.

The single soft magnetic body 22 is formed in the shape of a button above the
origin {that is to say, above the Y element 14), and the two soft magnetic bodies
22 are formed in the shape of a button in a substrate 11 and positioned at the
ends of the X1 and X2 elements, which ends constitute two outer edges of the
substrate 11 in the longitudinal direction, respectively.

[0028]

The structure of the GSR elements 3 (hereafter referred to as "element
structure") is described in reference to FIG. 3.

In the structure of the three elements 3, an amorphous wire (hereafter referred
to as "wire") with a diameter of 10 pm is used at a length of 120 pm for the
elements 12 and 13 for the x-axis, and at a length of 200 pym for the element 14
for the y-axis. A wire 31 is positioned in a central portion and surrounded by a
detecting coil (hereafter referred to as "coil") 32 with an inner diameter of 20
pm and a coil pitch of 3 pm, containing 30 turns. To both ends of the wire 31
and the detecting coil 32, wire terminals 33 and coil terminals 35 are attached,
respectively. Wire electrode pads 34 from the wire terminals 33 and coil
electrode pads 36 from the detecting coil terminals 35 are used to correspond to
integrated circuit terminals (not shown), respectively. The above respective
terminals of each element 3 are electrically bonded to the respective terminals
of the integrated circuit through the electrode pads.

[0029]
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Description is now made on the soft magnetic bodies 21 and 22.

The soft magnetic body 21 is formed above the origin of the substrate 11, with
an insulating film being inserted between the body and the element 14, in the
shape of a button with a diameter of 30 pm and a thickness of 30 ym that has
the z-axis as the axis of its own. The soft magnetic body is formed by plating
from a permalloy having a composition of 45at% Ni-Fe.

The soft magnetic bodies 22 are each formed by providing the substrate 11 with
an elliptical bore having a length of 80 pm, a width of 40 ym and a depth of 40
pm, and filling the bore by plating with a permalloy having a composition of
45at% -Fe. The soft magnetic bodies as such are insulated from the elements 12
and 13, respectively.

For the soft magnetic bodies 21 and 22, a known soft magnetic material, such
as pure Ni, pure iron, a permalloy having a composition other than the above,
Sendust, and Permendur, may be used. The soft magnetic bodies may also be
formed by, for instance, sputtering.

[0030]

In the present example, two magnetic circuits in crank form are formed in the
x-axial direction of the substrate 1. One circuit is composed of the X1 element
12 on the left side, which is positioned on the substrate 1, the soft magnetic
body 22 on the left side, which is positioned below an end of the X1 element,
and the soft magnetic body 21 above the origin. The other circuit is composed of
the X2 element 13 on the right side, the soft magnetic body 22 on the right side,
which is positioned below an end of the X2 element, and the soft magnetic body
21 above the origin.

The strength of the magnetic field in the z-axial direction is effectively detected
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by forming the two magnetic circuits in crank form symmetrically with respect
to the origin.

[0031]

The function of the magnetic circuits in crank form is described in reference to
FIG.2 (cross-sectional view taken along line A-A’ in FIG.1).

The magnetic field Hz in the z-axial direction magnetizes the two soft magnetic
bodies 22 located at one end of the X1 element 12 and of the X2 element 13,
respectively. If the magnetic pole at the bottom faces of the soft magnetic bodies
22 1s a south pole, the magnetic pole at the top face of the soft magnetic body 21
above the origin will be a north pole. Each magnetic circuit 4 is formed in the
form of a crank through the wire 31 of the element which is present between
the relevant south pole and the north pole. In the magnetic circuit as formed, a
strong magnetic field in proportion to the magnetic field Hz in the z-axial
direction is caused to flow through the wire 31. An increased output is
effectively attained by such formation of the magnetic circuits, which makes it
possible to reduce the thickness of the soft magnetic body 21 above the origin to
0.03 mm. As a result, the height 16 of the three-dimensional magnetic field
detection device 1 is specified to be 0.13 mm.

[0032]

The outputs of the three GSR elements are separately measured. Arithmetic
processing is performed to calculate the magnetic field strengths Hx, Hy and
Hz in the x-axial, y-axial and z-axial directions using Equations (1), (2) and (3),
where Hx1 represents the magnetic field strength of the X1 element 12, Hx2
represents the magnetic field strength of the X2 element 13, and Hy1

represents the magnetic field strength of the Y element 14. In Equation (3), K is
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a coefficient.

Hx = (Hx1 + Hx2) ... (1)

Hy = Hy1 ... (2)

Hz =K (Hx1 - Hx2) ... (3)
[0033]
The magnetic field strength in the x-axial direction is obtained from the value
of addition of the outputs from the X1 element 12 and the X2 element 13. This
is because the two elements form the magnetic circuits symmetrically in terms
of a magnetic field component in the x-axial direction, and output values having
a magnitude in proportion to the strength in the x-axial direction and being the
same 1n sign.
With respect to the magnetic field strength in the y-axial direction, the output
from the Y element 14 as a single element is considered to be the strength in
the y-axial direction in itself.
[0034]
The magnetic field strength in the z-axial direction is obtained from the
difference between the outputs from the X1 element 12 and the X2 element 13.
This is because the X1 element 12 and the X2 element 13 anti-symmetrically
form magnetic circuits 6 in crank form, and the outputs from the two elements
are in proportion to the magnetic field strength in the z-axial direction and
opposite in sign.
[0035]
The electronic circuit to be used in the three-dimensional magnetic field

detection device of the present example is described in reference to FIGS. 5 and

6.
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Initially, the basic operation of an electronic circuit 5A of a GSR sensor is
illustrated referring to FIG. 5.

The electronic circuit 5A includes a pulse generating circuit (pulse generator)
51 and a signal processing circuit 52. The signal processing circuit 52 is
composed of a buffer circuit 53, a detection timing adjusting circuit 54, an
electronic switch 55, a sample hold circuit 56, and an amplifier 57. A pulsed
current of a high frequency corresponding to 2 GHz that is generated by the
pulse generating circuit 51 is fed to the wire 31 of a GSR element 2. Then, a
magnetic field generated on the surface of the wire 31 by the pulsed current
and an external magnetic field act on each other to generate a voltage
corresponding to the external magnetic field on the coil 32. For convenience’
sake, the pulse frequency as referred to herein is defined to be the reciprocal of
the cycle of the pulsed current, with the cycle being assumed to last for a time
four times as long as the "fall" time At of the pulsed current.

[0036]

The output voltage from the coil 32 is input to the buffer circuit 53. The output
voltage from the buffer circuit 53 is held as a capacitor voltage of the sample
hold circuit 56 by a brief switching (on-off switching) of the electronic switch 55
by the detection timing adjusting circuit 54 at a specified timing after the fall of
the pulsed current. The sampled voltage is amplified by the amplifier 57 and
output.

[0037]

Next, the function of an electronic circuit 5B of the present example that
includes three GSR elements 3 is illustrated referring to FIG. 6.

The electronic circuit 5B includes a pulse generating circuit (pulse generator)
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51, signal processing circuits 51, and a digital circuit 58. The pulse generating
circuit (pulse generator) 51 is a single circuit, while the signal processing
circuits 52 are three in number in order to measure the outputs of the
respective elements at a time. The outputs from the three GSR elements (X1,
X2 and Y1) are input to the digital circuit 58, sequentially converted into digital
data by an A-D converter 582 using a selector switch 581, then transferred to
an arithmetic circuit 583 to subject them to an appropriate arithmetic
processing. Thus, the outputs are each converted into the strength of a
three-dimensional vector. Subsequently, the strength values are transferred to
a central processing unit controlling such a system as a smartphone through a
data communications circuit 584.

[0038]

The three-dimensional magnetic field detection device according to the present
example is rectangular in shape, and has a length of 540 pm, a width of 250 pm,
and a thickness of 120 pm including the thickness of the soft magnetic body
above the origin. The three-dimensional magnetic field detection device as such
is reduced in size to, for instance, one fourth of a three-dimensional magnetic
field detection device in a square shape that is composed of four magnetic field
detecting elements and three soft magnetic bodies.

[0039]

Example 2

FIG. 7 is a cross-sectional view of a three-dimensional magnetic field detection
device according to Example 2.

The three-dimensional magnetic field detection device of the present example is

produced by cutting both end portions of the three-dimensional magnetic field

20



detection device 1 of Example 1 (FIG. 1) along lines B-B’. The state of cut
surfaces is shown in the cross-sectional view as taken along line A-A’ in FIG.1.
The soft magnetic bodies in the end portions are each originally in the shape of
an inverted cone, and have been subjected to cutting.

As a result of machining along line B-B’ in the middle of the soft magnetic body
32 at an end of the X1 element 12 and along line B-B’ in the middle of the soft
magnetic body 22 at an end of the X2 element 13, the end faces of the soft
magnetic bodies 22 appear on the left and right sides of the three-dimensional
magnetic field detection device, respectively.

The machining as above makes it possible to reduce the length of the
three-dimensional magnetic field detection device. In the present example, the
soft magnetic bodies 22 are partially removed by cutting along with the
substrate 11, while the remaining parts thereof are adequate to maintain the
magnetic circuits in crank form and, accordingly, the magnetic field detecting
capability is in no way affected.

[0040]

The three-dimensional magnetic field detection device according to the present
example is reduced in size in the longitudinal direction by 50 pm at each end as
compared with the device of Example 1, that is to say, has a length of 440 pm.
The width of 250 pm and the thickness of 120 pm are kept unchanged.
Therefore, a further reduction in size by about 20% is achieved.

INDUSTRIAL APPLICABILITY

[0041]

The three-dimensional magnetic field detection device of the present invention

is necessary for a three-dimensional azimuth meter requiring
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three-dimensional terrestrial magnetism measurement, such as an electronic
compass, a motion sensor and a smartphone. In particular, the
three-dimensional magnetic field detector of the present invention is suitable
for an apparatus needing to be reduced in size and thickness in the direction
perpendicular to a mounting substrate (so-called z-axial direction).
Furthermore, it is expected that, in the future, a three-dimensional magnetic
field detector of a supermicro size is attached to the tip of a guide wire of a
medical catheter, and a tip portion provided with the detector serves as a
sensor for determining a three-dimensional position in the magnetic field space.
REFERENCE SIGNS LIST

[0042]

1! three-dimensional magnetic field detection device

11: substrate

12: X1 element on the x-axis, 13: X2 element on the x-axis, 14: Y element on the
y-axis

21: soft magnetic body above the origin

22: soft magnetic body below an end of the X1 element or X2 element that is
opposite to the origin

16: thickness of three-dimensional magnetic field detection device

3: GSR element

31: amorphous wire, 32: detecting coil, 33: wire terminal, 34: electrode pad, 35:
coil terminal, 36: electrode pad

4: magnetic circuit in crank form

HA: electronic circuit of GSR sensor

51: pulse generating circuit (pulse generator), 52: signal processing circuit, 53:
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buffer circuit, 54: detection timing adjusting circuit, 55: electronic switch, 56:
sample hold circuit, 57: amplifier

5B: electronic circuit of three-dimensional magnetic field detector

58: digital circuit, 581: selector switch, 582: A-D converter, 583: arithmetic
circuit,

584: data communications circuit
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CLAIMS
[Claim 1]

A three-dimensional magnetic field detection device, comprising
magnetic field detecting elements configured to detect a magnetic field in a
direction parallel to a face of a substrate and soft magnetic bodies configured to
collect and radiate a magnetic field orthogonal to the face of the substrate,
wherein:

an axis extending in a first axial direction on the face of the substrate,
an axis extending in a second axial direction orthogonal to the first axial
direction, and an axis extending in a third axial direction orthogonal to the face
of the substrate cross one another at an origin as a center of measurement of
the magnetic field on the face of the substrate;

the magnetic field detecting elements are so arranged on the substrate
that two of the magnetic field detecting elements are positioned in the first
axial direction point-symmetrically with respect to the origin set as a center of
symmetry and one of the magnetic field detecting elements is positioned in the
second axial direction point-symmetrically with respect to the origin as the
center of symmetry, and

the soft magnetic bodies are positioned above the origin and below ends
of two of the magnetic field detecting elements positioned in the first axial
direction, which ends are each opposite to the origin; and

a magnetic circuit including two of the magnetic field detecting
elements and three of the soft magnetic bodies is formed in the first axial
direction.

[Claim 2]
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The three-dimensional magnetic field detection device according to
claim 1, wherein

two soft magnetic bodies positioned below the ends of two magnetic field
detecting elements are each located on a surface of a machined end face
machined in a direction perpendicular to the face of the substrate.

[Claim 3]

The three-dimensional magnetic field detection device according to
claim 1 or 2, wherein

the three-dimensional magnetic field detection device has a length of
0.6 mm or less, a width of 0.3 mm or less, and a thickness of 0.15 mm or less.
[Claim 4]

A three-dimensional magnetic field detector, comprising the
three-dimensional magnetic field detection device according to any one of
claims 1 through 3 and an integrated circuit chip bonded together.

[Claim 5]

A three-dimensional magnetic field detector, comprising the
three-dimensional magnetic field detection device according to any one of
claims 1 through 3 and an integrated circuit chip electrically bonded together
by stacking the three-dimensional magnetic field detection device and the

integrated circuit chip to bond them to each other with a pad.
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