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(57) ABSTRACT 
The present invention relates to a magnetic sensor with a 
sensitivity measuring function and a method thereof. Mag 
netic sensitivity elements detect flux density, and a Switching 
unit extracts magnetic field intensity information of each axis, 
and inputs it to a sensitivity calculating unit. The sensitivity 
calculating unit calculates the sensitivity from the magnetic 
field intensity information about the individual axes from the 
magnetic sensitivity elements. The sensitivity calculating 
unit includes an axial componentanalyzing unit for analyzing 
the flux density from the magnetic sensitivity elements into 
magnetic components of the individual axes; a sensitivity 
decision unit for deciding the sensitivity by comparing the 
individual axial components of the magnetic field intensity 
from the axial component analyzing unit with a reference 
value; and a sensitivity correction unit for carrying out sen 
sitivity correction in accordance with the sensitivity informa 
tion from the sensitivity decision unit. 
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MAGNETIC SENSOR AND SENSTIVITY 
MEASURING METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 12/532,518, filed on Sep. 22. 
2009, the entire disclosure of which is hereby incorporated by 
reference for all purposes as if fully set forth herein. U.S. 
patent application Ser. No. 12/532,518 is a U.S. National 
Stage Entry of PCT International Application No. PCT/ 
JP2008/055282, filed on Mar. 21, 2008, and claims the benefit 
of Japanese Patent Application No. 2007-077742, filed on 
Mar. 23, 2007. 

TECHNICAL FIELD 

0002 The present invention relates to a magnetic sensor 
with a sensitivity measuring function and a sensitivity mea 
Suring method thereof, and more particularly to a magnetic 
sensor and a sensitivity measuring method thereof for provid 
ing a sensitivity measuring function to a magnetic sensor 
having a semiconductor Substrate on which a plurality of Hall 
elements are provided separately from each other and a mag 
netic Substance mounted on the semiconductor Substrate. 

BACKGROUND ART 

0003. As a magnetic sensor, a device has conventionally 
been well known which has Hall elements provided on a 
semiconductor Substrate and a magnetic Substance (magnetic 
flux concentrator) that is mounted on the Hall elements and 
has a magnetic convergence function, and which causes mag 
netic convergence and detects the magnetic field intensity 
thereof with the Hall elements. 
0004 FIG. 1 is a structural view for explaining this type of 
magnetic sensor. A semiconductor circuit 1 comprises a semi 
conductor substrate 3 and Hall elements 4a and 4b provided 
in the semiconductor substrate 3. On the semiconductor cir 
cuit 1, a protective layer 5 and an adhesive layer 6 are formed 
Successively, and a magnetic flux concentrator 2 is provided 
thereon. 
0005. As to the magnetic sensor consisting of a combina 
tion of the Hall elements with the magnetic Substance (mag 
netic flux concentrator) having the magnetic convergence 
function, there is a Patent Document 1, for example. The 
device described in Patent Document 1 relates to a magnetic 
field direction detecting sensor capable of deciding the direc 
tions of a magnetic field two dimensionally. It has a magnetic 
flux concentrator with a flat shape, a first Hall effect device, 
and a second Hall effect device, and the Hall effect devices are 
placed at edge regions of the magnetic flux concentrator. 
0006. A device described in Patent Document 2 is a mag 
netic sensor with the same structure as that shown FIG. 1, and 
relates to a technique for matching the horizontal direction 
magnetic field sensitivity and the vertical direction magnetic 
field sensitivity. 
0007. A device described in Patent Document 3 has the 
following structure. It brings a probe card, which includes a 
coil for applying a magnetic field to a magnetic sensor, into 
contact with one of the magnetic sensor modules each having 
a magnetic sensor and a digital signal processing unit. A test 
of the magnetic sensor is made by checking the digital signal 
processing unit via the probe card while generating a mag 
netic field by Supplying a current to the coil. Then, correction 
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values of the magnetic sensor corresponding to the test result 
are stored in a storage of the magnetic sensor module via a 
probe card. 
0008 Furthermore, as for the sensitivity correction of a 
Hall element, the following structure is known. As shown in 
FIG. 2, a vertical direction magnetic field generating coil is 
placed right under a Hall element to generate a vertical mag 
netic field component, and the Hall element detects the ver 
tical magnetic field component generated by the vertical 
direction magnetic field generating coil, thereby correcting 
the self-sensitivity of the Hall element. Concrete contents 
thereof are described in Non-Patent Document 1. 
0009. The foregoing Patent Document 1 discloses the fol 
lowing. It has a construction that includes the Hall elements 
provided on the semiconductor Substrate and the magnetic 
Substance (magnetic flux concentrator) which has a magnetic 
convergence function and is mounted on the Hall elements, 
and that carries out magnetic convergence with the magnetic 
Substance and detects the magnetic field intensity with the 
Hall elements. In the magnetic sensor that detects the mag 
netic fields in the horizontal direction and vertical direction to 
detect 2-axis or 3-axis magnetic signals orthogonal to each 
other, the magnetic sensitivity varies to the horizontal direc 
tion magnetic field and to the vertical direction magnetic 
field. Accordingly, it is necessary to match the sensitivity 
between the individual axes. 
0010. The present applicant proposes in the foregoing 
Patent Document 2 a technique for matching the magnetic 
sensitivity in the horizontal direction and vertical direction by 
arranging a lot of elements for detecting magnetism in the 
vertical direction. The method, however, cannot correct sen 
sitivity variations involved in the element sensitivity varia 
tions of the individual magnetic sensors or the misalignment 
of the magnetic Substance. 
0011. The foregoing Patent Document 3 discloses the fol 
lowing. It brings the probe card, which has the coil for apply 
ing the magnetic field to the magnetic sensor, into contact 
with one of the magnetic sensor modules each including the 
magnetic sensor and digital signal processing unit, and tests 
the digital signal processing unit via the probe card while 
generating the magnetic field by Supplying the coil with the 
current, thereby checking the sensitivity of the magnetic sen 
sor and carrying out the sensitivity correction. 
0012. In the Patent Document 3, to check whether the 
circuit block operates in accordance with the function, it is 
necessary to perform operations such as providing the exter 
nal probe card with the coil for generating the magnetic field, 
and taking the trouble to bring the probe card into close 
contact with the IC wafer for the measurement. At the same 
time, to calibrate the magnetic field the coil generates, it is 
necessary to carry out complicated operations such as prepar 
inga wafer calibrated in advance, and correcting the coil after 
measuring the wafer once. This presents a problem of entail 
ing test cost. 
0013. In such circumstances, it has been investigated to 
Solve the foregoing problems by incorporating an internal coil 
into a magnetic sensor without using the external coil. Mount 
ing the internal coil on the magnetic sensor makes it possible: 
1) to check the functional operation during manufacturing 
and at shipping; 2) to carry out, for each axis, the sensitivity 
correction for the variations in the process dependence of the 
output sensitivity and for the sensitivity deviation of the cir 
cuit blocks; 3) to obviate the need for providing a magnetic 
field test coil (external coil) for generating a uniform mag 
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netic field region in an appropriate range on a test board. This 
makes it possible to test many magnetic sensors collectively, 
thereby offering an advantage of reducing the test cost. 
0014. In addition, Non-Patent Document 1 discloses the 
following, for example. It places the vertical direction mag 
netic field generating coil for generating the vertical magnetic 
field component right under the Hall element on the same 
silicon Substrate, and detects the vertical magnetic field com 
ponent generated by the vertical direction magnetic field gen 
erating coil with the Hall element, thereby measuring the 
sensitivity and carrying out correction. 
0015 This construction, however, cannot generate any 
magnetic fields other than the vertical direction magnetic 
field. Accordingly, as for the magnetic sensor construction, 
which has sensitivity to 2-axis or 3-axis magnetic compo 
nents orthogonal to each other, the sensitivity of all the axes 
cannot be measured with the internal coil. 
0016. As described above, the devices described in Patent 
Documents 1 to 3 and Non-Patent Document 1 are the fol 
lowing. They achieve the sensitivity correction of the Hall 
element or magnetic sensor in various forms. All the docu 
ments have contents relating to magnetic sensors capable of 
detecting 2-axis or 3-axis magnetic fields orthogonal to each 
other. However, they do not disclose any concrete configura 
tion for measuring the sensitivity in the individual axial direc 
tions of the magnetic sensor without using the external coil, 
that is, any configuration of arranging internal coils for sen 
sitivity measurement between the magnetic Substance and 
Hall elements. 
0017. The present invention is implemented to solve the 
foregoing problems. Therefore it is an object of the present 
invention to provide a magnetic sensor and sensitivity mea 
Suring method thereof having a function of measuring the 
sensitivity in the individual axial directions of the magnetic 
sensor without using an external magnetic field source for 
sensitivity measurement in a 2-axis or 3-axis magnetic sensor 
including a semiconductor Substrate having a plurality of Hall 
elements provided separately from each other and a magnetic 
Substance placed on the semiconductor Substrate. 
0018 Patent Document 1: Japanese Patent Laid-OpenNo. 
2002-71381. 
0019 Patent Document 2: Japanese Patent Laid-OpenNo. 
2004-257995. 
0020 Patent Document 3: Japanese Patent Laid-OpenNo. 
2007-24518. 

0021 Non-Patent Document 1: “Autocalibration of sili 
con Hall devices” (P.L. C. Simon et al. Sensors and Actuators 
A 52 (1996) 203-207. 

DISCLOSURE OF THE INVENTION 

0022. The present invention is implemented to accomplish 
Such objects. A magnetic sensor in accordance with the 
present invention has a semiconductor Substrate provided 
with a plurality of magnetic sensitivity elements placed sepa 
rately from each other, and a magnetic Substance provided on 
the semiconductor Substrate, in which the magnetic sensitiv 
ity elements are placed at edge regions of the magnetic Sub 
stance, the magnetic sensor comprising: a magnetic field 
generating unit for generating, for sensitivity measurement, a 
horizontal magnetic field component in a direction perpen 
dicular to a magnetic sensitivity direction of the magnetic 
sensitivity elements in a region across the plurality of mag 
netic sensitivity elements and between the magnetic sensitiv 
ity elements and the magnetic Substance, wherein the mag 
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netic sensitivity elements detect the horizontal magnetic field 
component generated by the magnetic field generating unit. 
0023. In addition, it is characterized by that the magnetic 
sensitivity elements and the magnetic field generating unit are 
placed on the same side with respect to the magnetic Sub 
Stance. 

0024. Furthermore, it is characterized by that the horizon 
tal magnetic field component generated by the magnetic field 
generating unit depends on a thickness of the magnetic Sub 
stance and a distance between the magnetic Substance and the 
magnetic sensitivity elements. 
0025. Furthermore, it is characterized by that the magnetic 
sensitivity elements are Hall elements. 
0026. Furthermore, it is characterized by that the magnetic 
field generating unit is a planar spiral coil. 
0027. Furthermore, it is characterized by further compris 
ing: Vertical magnetic field generating units each provided 
close to each of the plurality of magnetic sensitivity elements 
for generating, for sensitivity measurement, Vertical mag 
netic field component in a direction parallel to the magnetic 
sensitivity direction of the magnetic sensitivity elements, 
wherein the magnetic sensitivity elements detect the vertical 
magnetic field components generated by the vertical direction 
magnetic field generating units. 
0028. Furthermore, it is characterized by that the vertical 
magnetic field generating units are placed right above the 
magnetic sensitivity elements on a plane at the same side as 
the magnetic field generating unit. 
0029. Furthermore, it is characterized by that the vertical 
magnetic field generating units are placed at edge regions of 
the magnetic Substance, and are placed right under the mag 
netic sensitivity elements on a plane different from the mag 
netic field generating unit. 
0030. Furthermore, it is characterized by that flux density 
of the vertical magnetic field components generated by the 
Vertical magnetic field generating units depends on the dis 
tance between the magnetic Substance and the magnetic sen 
sitivity elements. 
0031. Furthermore, it is characterized by that the vertical 
magnetic field generating units are a loop coil each. 
0032. Furthermore, it is characterized by comprising 
2-axis or 3-axis detection axes orthogonal to each other. 
0033. Furthermore, it is characterized by further compris 
ing a sensitivity calculating unit for calculating sensitivity 
from magnetic field intensity information about individual 
axes at the plurality of magnetic sensitivity elements of the 
magnetic sensor. 
0034) Furthermore, it is characterized by that the sensitiv 
ity calculating unit comprises: an axial component analyzing 
unit for separating the magnetic field intensity information 
from the magnetic sensor into components of the individual 
axes; a sensitivity decision unit for deciding the sensitivity by 
comparing the individual axial components of the magnetic 
field intensity information from the axial component analyZ 
ing unit with a prescribed reference value; and a sensitivity 
correction unit for carrying out sensitivity correction in accor 
dance with sensitivity information from the sensitivity deci 
sion unit. 
0035. Furthermore, it is characterized by further compris 
ing a sensor diagnostic unit for carrying out self-diagnosis of 
validity of the sensitivity of the magnetic sensor according to 
the sensitivity information from the sensitivity decision unit. 
0036 Furthermore, it is characterized by further compris 
ing at least one current Source for Supplying current to the 
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horizontal direction magnetic field generating units and the 
Vertical direction magnetic field generating units of the mag 
netic sensor. 
0037. A sensitivity measuring method in the magnetic 
sensor in accordance with the present invention is character 
ized by comprising: a step of generating a horizontal mag 
netic field component; a step of detecting the horizontal mag 
netic field component with the magnetic sensitivity elements; 
a step of calculating sensitivity from flux density at the mag 
netic sensitivity elements; a step of generating the vertical 
magnetic field components; a step of detecting the vertical 
magnetic field components with the magnetic sensitivity ele 
ments; and a step of calculating the sensitivity from the flux 
density at the magnetic sensitivity elements. 
0038. In addition, it is characterized by that the step of 
calculating the sensitivity comprises: a step of separating, 
with an axial component analyzing unit, magnetic field inten 
sity information from the magnetic sensor into components of 
the individual axes; a step of deciding, with a sensitivity 
decision unit, the sensitivity by comparing the individual 
axial components of the magnetic field intensity information 
from the axial component analyzing unit with a prescribed 
reference value; and a step of carrying out, with a sensitivity 
correction unit, sensitivity correction in accordance with sen 
sitivity information from the sensitivity decision unit. 
0039. Furthermore, it is characterized by further compris 
ing a step of carrying out, with a sensor diagnostic unit, 
self-diagnosis of validity of the sensitivity of the magnetic 
sensor according to the sensitivity information from the sen 
sitivity decision unit. 
0040 According to the magnetic sensor in accordance 
with the present invention, its configuration is as follows. 
More specifically, it has a semiconductor substrate provided 
with a plurality of Hall elements placed separately from each 
other, and a magnetic Substance provided on the semiconduc 
tor Substrate. In a region across the plurality of Hall elements, 
and between the Hall elements and the magnetic Substance, a 
magnetic field generating unit for generating a horizontal 
magnetic field component in a direction perpendicular to the 
magnetic sensitivity direction of the magnetic sensitivity ele 
ments. The horizontal magnetic field component generated 
by the magnetic field generating unit is detected by the Hall 
elements. At the same time, close to each of the plurality of 
Hall elements, each of vertical magnetic field generating units 
is provided for generating a vertical magnetic field compo 
nent in a direction parallel to the magnetic sensitivity direc 
tion of the magnetic sensitivity elements. The vertical mag 
netic field components generated by the vertical direction 
magnetic field generating units are detected by the Hall ele 
ments. Thus, it can measure the sensitivity to the vertical 
direction magnetic field of the magnetic sensor and the sen 
sitivity to the horizontal direction magnetic field. 
0041. In addition, as for the sensitivity in the 3-axis direc 
tions of the magnetic sensor orthogonal to each other, it can 
possess a function of correcting sensitivity deviation quantity 
resulting from variations in process dependence at a time of 
forming the Hall elements and the magnetic Substance or 
from sensitivity variations of the integrated circuit. 
0042. Furthermore, the magnetic sensor includes the sen 
sitivity calculating unit for calculating the sensitivity from the 
magnetic field intensity information about the individual axes 
from the plurality of magnetic sensitivity elements of the 
magnetic sensor. Accordingly, it enables self-sensitivity cor 
rection for the sensitivity deviation, and further it enables 
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self-diagnosis in accordance with the validity of the sensitiv 
ity decision of the magnetic sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043 FIG. 1 is a structural view for explaining a conven 
tional magnetic sensor; 
0044 FIG. 2 is a structural view for explaining sensitivity 
correction of a conventional Hall sensor, 
0045 FIG. 3 is a diagram showing magnetic flux distribu 
tion around Hall elements of a magnetic sensor in accordance 
with the present invention; 
0046 FIG. 4A is a top view showing an embodiment of a 
magnetic sensor with a sensitivity measuring function in 
accordance with the present invention; 
0047 FIG. 4B is a cross-sectional view showing the 
embodiment of the magnetic sensor with a sensitivity mea 
Suring function in accordance with the present invention; 
0048 FIG. 5A is a top view of a schematic depiction 
showing a state of a horizontal magnetic field component 
generated by a horizontal direction magnetic field generating 
coil of the magnetic sensor in accordance with the present 
invention; 
0049 FIG. 5B is a cross-sectional view of the schematic 
depiction showing the state of the horizontal magnetic field 
component generated by the horizontal direction magnetic 
field generating coil of the magnetic sensor in accordance 
with the present invention; 
0050 FIG. 6A is a top view of a schematic depiction 
showing a state of Vertical magnetic field components gener 
ated by Vertical direction magnetic field generating coils of 
the magnetic sensor in accordance with the present invention; 
0051 FIG. 6B is a cross-sectional view of the schematic 
depiction showing the State of the vertical magnetic field 
components generated by the vertical direction magnetic field 
generating coils of the magnetic sensor in accordance with 
the present invention; 
0.052 FIG. 7 is a block diagram showing a configuration of 
a sensitivity measuring device of the magnetic sensor in 
accordance with the present invention; 
0053 FIG. 8 is a diagram showing a flowchart for explain 
ing the relationship of FIGS. 8A and 8B; 
0054 FIG. 8A is a diagram showing a flowchart for 
explaining a sensitivity measuring method in the sensitivity 
measuring device of the magnetic sensor in accordance with 
the present invention; 
0055 FIG. 8B is a diagram showing the flowchart for 
explaining the sensitivity measuring method in the sensitivity 
measuring device of the magnetic sensor in accordance with 
the present invention; 
0056 FIG. 9 is a diagram showing relationships between 
the distance (Lm) between Hall elements and the bottom of 
the magnetic flux concentrator and the flux density (T) (abso 
lute values) on the magneto-sensitive surface when the thick 
ness of the magnetic flux concentrator is varied as a param 
eter, which shows an example of a planar spiral coil at the 
self-diagnosis of the sensitivity; 
0057 FIG. 10 is a diagram showing relationships between 
the thickness T (Lm) of the magnetic flux concentrator and the 
flux density (T) (absolute values) on the magneto-sensitive 
surface when the distance between the Hall element (He) and 
the bottom of the magnetic flux concentrator (magnetic Sub 
stance: Mc) is varied as a parameter, which shows an example 
of the planar spiral coil at the self-diagnosis of the sensitivity; 
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0058 FIG. 11 is a diagram showing relative changes cor 
responding to FIG. 9; 
0059 FIG. 12 is a diagram showing relative changes cor 
responding to FIG. 10; 
0060 FIG. 13 is a diagram showing relationships between 
the distance (um) between the Hall elements and the bottom 
of the magnetic flux concentrator and the flux density (T) 
(absolute values) on the magneto-sensitive surface when the 
thickness of the magnetic flux concentrator is varied as a 
parameter, which shows an example of a loop coil at the 
self-diagnosis of the sensitivity; 
0061 FIG. 14 is a diagram showing relationships between 
the thickness T (Lm) of the magnetic flux concentrator and the 
flux density (T) (absolute values) on the magneto-sensitive 
surface when the distance between the Hall element (He) and 
the bottom of the magnetic flux concentrator (magnetic Sub 
stance: Mc) is varied as a parameter, which shows an example 
of the loop coil at the self-diagnosis of the sensitivity; 
0062 FIG. 15, which corresponds to FIG. 13, is a diagram 
showing relative changes for respective parameters when 
seen from a reference position; and 
0063 FIG.16, which corresponds to FIG. 14, is a diagram 
showing relative changes for respective parameters when 
seen from the reference position. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0064. The embodiment in accordance with the present 
invention will now be described with reference to the accom 
panying drawings. 
0065. In the following embodiments, although magnetic 
sensitivity elements are described by way of example of Hall 
elements, the present invention is applicable not only to the 
Hall elements, but also to any magnetic sensitivity elements 
capable of detecting a magnetic field perpendicular to the 
magnetic Substance (magnetoresistance element and the 
like). 
0066 FIG. 3 is a diagram showing magnetic flux distribu 
tion around Hall elements in a magnetic sensor in accordance 
with the present invention. In FIG. 3, a curved line repre 
sented by a Solid line shows horizontal-to-vertical magnetic 
transformation characteristics by the magnetic convergence 
function of a magnetic Substance. It has peak values at edges 
of the semiconductor Substrate 13, and has gentle slopes 
toward the center. Incidentally, in FIG.3, reference numerals 
14a and 14b designate Hall elements, and 15 designates the 
magnetic Substance. 
0067. Here, locations of the arrangement of the Hall ele 
ments can be selected at optimum positions in accordance 
with the application of the magnetic sensor. For example, in 
the case of matching the sensitivity ratio between the mag 
netic fields in the horizontal direction and vertical direction, it 
is better to place the Hall elements a little to the center of the 
magnetic Substance from its edges. In contrast, in the case of 
increasing the magnetic field sensitivity in the horizontal 
direction as much as possible, it is better to place the Hall 
elements at the edges of the magnetic Substance. 
0068 Incidentally, when the magnetic sensitivity ele 
ments are placed nearer to the center of the magnetic Sub 
stance from its edges, it is preferable that the loop coils be 
placed close to right above or right under the magnetic sen 
sitivity elements. 
0069 FIG. 4A and FIG. 4B are diagrams showing an 
embodiment of a magnetic sensor with a sensitivity measur 
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ing function in accordance with the present invention: FIG. 
4A is a top view; and FIG. 4B is a cross-sectional view. In 
these figures, reference numerals 21a and 21b designate 
X-axis Hall elements, 21c and 21d designate Y-axis Hall 
elements, 22 designates a magnetic Substance (magnetic flux 
concentrator: disk), 23 designates a horizontal direction mag 
netic field generating coil, and 24a to 24d designate vertical 
direction magnetic field generating coils. 
0070. In the present invention, the magnetic sensor has the 
following construction. It has the plurality of Hall elements 
21a and 21b (X-axis Hall elements) and 21c and 21d (Y-axis 
Hall elements) mounted separately from each other on a 
semiconductor Substrate (not shown), and the magnetic Sub 
stance 22 with a magnetic convergence function provided in 
Such a manner as to spread over the individual Hall elements 
on the semiconductor Substrate. 
0071. As having been disclosed already in Patent Docu 
ment 1 and Patent Document 2, the Hall elements 21a to 21d 
have a 2-axis coordinate system or a 3-axis coordinate system 
with two coordinate axes or three coordinate axes orthogonal 
to each other in accordance with a combination with the 
magnetic Substance 22 having the magnetic convergence 
function, that is, have two or three detection axes orthogonal 
to each other. 

0072 Then, in the present invention, between the Hall 
elements 21a to 21d and the magnetic substance 22 within the 
region of the plurality of Hall elements, is provided the hori 
Zontal magnetic field generating coil 23 for generating a 
horizontal magnetic field component in the direction perpen 
dicular to the magnetic sensitivity direction of the magnetic 
sensitivity elements, and for measuring the sensitivity. Thus, 
a configuration is made in Such a manner as to detect the 
horizontal magnetic field component generated by the hori 
Zontal direction magnetic field generating coil 23 with the 
Hall elements 21a to 21d provided at the edges of the mag 
netic Substance 22. 
0073. As for the detection of horizontal magnetic field 
components, it is carried out by generating the vertical mag 
netic field components having correlation with the horizontal 
magnetic field components near the edges of the magnetic 
substance as shown in FIG. 5B, and by detecting the vertical 
magnetic field components with the Hall elements. 
0074. In addition, the Hall elements 21a to 21d and the 
horizontal direction magnetic field generating coil 23 are 
arranged in Such a manner as to be placed on the same side 
with respect to the magnetic Substance 22. Furthermore, 
although the horizontal direction magnetic field generating 
coil 23 is preferably a planar spiral coil, various shapes are 
conceivable Such as a circle, octagon and tetragon. Moreover, 
as for its size and number of turns, they can be selected in a 
variety of ways in accordance with efficiency of the magnetic 
field generated, the diameter of the magnetic flux concentra 
tor and the arrangement of the Hall elements and so on. 
0075. The horizontal direction magnetic field generating 
coil 23 can be formed using a metal wiring layer in an ordi 
nary IC process. In this case, whether to use a metal layer 
close to or distant from the substrate, or to use a plurality of 
wiring layers can be selected considering the amount of gen 
eration of the magnetic field and the coil efficiency. 
0076. In addition, near the individual Hall elements 21a to 
21d, the vertical direction magnetic field generating coils 24a 
to 24d are provided for generating vertical magnetic field 
components in the direction parallel to the magnetic sensitiv 
ity direction of the magnetic sensitivity elements. The con 
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figuration is made in Such a manner as to detect the Vertical 
magnetic field components generated by the vertical direction 
magnetic field generating coils 24a to 24d with the Hall 
elements 21a to 21d provided at the edges of the magnetic 
Substance 22. 

0077 Accordingly, the Hall elements 21a to 21d detect 
both the horizontal magnetic field component generated by 
the horizontal direction magnetic field generating coil 23, and 
the vertical magnetic field components generated by the ver 
tical direction magnetic field generating coils 24a to 24d. 
0078. Furthermore, the vertical direction magnetic field 
generating coils 24a to 24d arearranged in Such a manner that 
they are placed at the edge regions of the magnetic Substance 
22, and placed right above the Hall elements 21a to 21d on the 
same surface side of the substrate as the horizontal direction 
magnetic field generating coil 23. 
0079. It is also possible that the vertical direction magnetic 
field generating coils 24a to 24d are arranged in Such a man 
ner that they are placed at the edge regions of the magnetic 
substance 22, and placed right under the Hall elements 21a to 
21d on the different surface side from the horizontal direction 
magnetic field generating coil 23. 
0080. The vertical direction magnetic field generating 
coils 24a to 24d are preferably loop coils, and their shape can 
be selected from various shapes such as a circle, square and 
rectangle in accordance with the shape, size and the number 
of the Hall elements. 

0081. The vertical direction magnetic field generating 
coils 24 can be formed using a metal wiring layer in an 
ordinary IC process. In this case, whether to use a metal layer 
close to or distant from the substrate, or to use a plurality of 
wiring layers can be selected considering the amount of gen 
eration of the magnetic fields and the coil efficiency. 
0082 FIG.5A and FIG. 5B are schematic diagrams show 
ing a state of the horizontal magnetic field component gener 
ated by the horizontal direction magnetic field generating coil 
of the magnetic sensor in accordance with the present inven 
tion: FIG. 5A is a top view; and FIG. 5B is a cross-sectional 
V1eW. 

0083. When passing a current through the horizontal 
direction magnetic field generating coil 23, the horizontal 
magnetic field components (X-axis components, and Y-axis 
components) are generated in the direction perpendicular to 
the magnetic sensitivity direction of the magnetic sensitivity 
elements, and the vertical magnetic field components (Z-axis 
components) are generated across the magnetic Substance 22 
and the Hall elements 21a to 21d as shown by arrows in FIG. 
SB. 

0084. Since the vertical magnetic field components have 
correlation with the horizontal magnetic field components, 
the intensity of the horizontal magnetic field components 
generated in the direction perpendicular to magnetic sensitiv 
ity direction of the magnetic sensitivity elements can be 
detected by detecting the vertical magnetic field components 
with the Hall elements 21a to 21d. 

0085 Thus, the Hall elements 21a to 21d can detect the 
horizontal magnetic field components in the direction perpen 
dicular to the magnetic sensitivity direction of the magnetic 
sensitivity elements, which are generated by the horizontal 
direction magnetic field generating coil 23. 
I0086 FIG. 6A and FIG. 6B are schematic diagrams show 
ing a generated State of the vertical magnetic field compo 
nents by the vertical direction magnetic field generating coils 
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of the magnetic sensor in accordance with the present inven 
tion: FIG. 6A is a top view; and FIG. 6B is a cross-sectional 
view. 
I0087. When passing a current through the vertical direc 
tion magnetic field generating coils 24a to 24d, the vertical 
magnetic field components (Z-axis components) are gener 
ated across the magnetic Substance 22 and the Hall elements 
21a to 21d as shown by arrows in FIG. 6B. The intensity of the 
Vertical magnetic field components can be detected by detect 
ing the vertical magnetic field components with the Hall 
elements 21a to 21d. Thus, the Hall elements 21a to 21d can 
detect the vertical magnetic field components across the mag 
netic substance 22 and the Hall elements 21a to 21d, which 
are generated by the Vertical direction magnetic field gener 
ating coils 24a to 24d. 
I0088. Here, the horizontal magnetic field components 
generated by the horizontal direction magnetic field generat 
ing coil 23 depend on the thickness of the magnetic Substance 
22 of the magnetic sensor and on the distance between the 
magnetic substance 22 and the Hall elements 21a to 21d. The 
Vertical magnetic field components generated by the vertical 
direction magnetic field generating coils 24a to 24d depend 
on the distance between the magnetic Substance 22 and the 
Hall elements 21a to 21d. 
I0089 FIG. 7 is a block diagram showing a configuration of 
the magnetic sensor with a sensitivity measuring function in 
accordance with the present invention. In FIG. 7, the refer 
ence numeral 31 designates magnetic sensitivity elements, 32 
designates a Switching unit, 33 designates an amplifier unit, 
34 designates a sensitivity calculating unit, 34a designates an 
axial component analyzing unit, 34b designates a sensitivity 
decision unit, 34c designates a sensitivity correction unit, 35 
designates an output unit, 36 designates a control unit, 37 and 
38 each designate a current Source, and 39 designates a sensor 
diagnostic unit. The configuration of the magnetic sensitivity 
surface 31 are exactly as that shown in FIG. 4. As for the flux 
density detected by the Hall elements 21a to 21d of the 
magnetic sensitivity elements 31, the Switching unit 32 
selects it in a time sharing manner in the form of including a 
magnetic signal corresponding to any one of or a combination 
of the Hall elements 21a to 21d, and inputs it to the sensitivity 
calculating unit 34 via the amplifier unit 33. In response to the 
magnetic signal selected from the Hall elements 21a to 21d of 
the magnetic sensitivity elements 31 by the switching unit 32. 
the sensitivity calculating unit 34 calculates the magnetic 
sensitivity (signal components) in the horizontal directions 
(X,Y) and vertical direction (Z) orthogonal to each other. 
0090 The sensitivity calculating unit 34 includes the axial 
component analyzing unit 34a for separating the magnetic 
signal from the magnetic sensitivity elements 31 into indi 
vidual axial magnetic components; the sensitivity decision 
unit 34b for comparing each axial magnetic field intensity 
from the axial componentanalyzing unit 34a with a reference 
value to decide the sensitivity; and the sensitivity correction 
unit 34c for carrying out sensitivity correction in accordance 
with the sensitivity information from the sensitivity decision 
unit 34b. 

0091. In addition, the control unit 36 controls not only the 
current supply from the first current source 37 for supplying 
a current to the horizontal direction magnetic field generating 
coil 23 of the magnetic sensor, and from the second current 
Source 38 for Supplying a current to the vertical magnetic field 
generating coils 24a to 24d of the magnetic sensor, but also 
the sensitivity calculating function of the sensitivity calculat 
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ing unit 34. Although the current sources 37 and 38 are 
separate in the configuration, they can be combined in prac 
tice. 
0092. The signal processing carried out by the sensitivity 
measuring device with such a configuration will now be 
describe. 
0093. The current sources 37 and 38 cause the currents to 
flow through the horizontal direction magnetic field generat 
ing coil 23 or/and the vertical magnetic field generating coils 
24a to 24d, thereby generating the magnetic fields. The gen 
erated magnetic fields pass through the magneto-sensitive 
surfaces of the Hall elements formed in the integrated circuit 
plane via the magnetic substance 22, and are detected. As for 
the placement of the magnetic detecting units, the Hall ele 
ments are arranged at the positions facing each other across 
the magnetic substance 22 in the X and Y axial directions. 
Among the facing Hall elements, one side on the X-axis is 
denoted by X1 and the other side by X2, and one side on the 
Y-axis is denoted by Y1 and the other side by Y2. Here, each 
of X1, X2, Y1 and Y2 can comprise a plurality of magnetic 
sensitivity elements. In addition, as described before, the 
magnetic sensitivity elements is not limited to the Hall ele 
mentS. 

0094. Being detected by the magnetic detecting units 31, 
the X1, X2, Y1 and Y2, for example, are detected in time 
sharing via the switching unit 32 and amplifier unit 33. Then 
the axial component analyzing unit 34a of the sensitivity 
calculating unit 34 resolves into X-, Y-, and Z-axis compo 
nents. The resolved X-Y-, and Z-axis components are each 
compared with the reference value by the sensitivity decision 
unit 34b and diagnosed (self-diagnosis). 
I0095) An example of a procedure of the axial component 
analysis will be described below. 
0096. As to the individual outputs of the X1, X2, Y1 and 
Y2 obtained by the foregoing procedure, the following cal 
culation is performed. The horizontal direction components 
are obtained by applying difference processing to the outputs 
of the facing magnetic sensitivity elements. 

(X1-X2)=coefficientxHx 

(Y1-Y2)=coefficientxHy 

0097. In contrast with this, as to the Z-axis perpendicular 
to the X and Y axes, summation processing is performed. 

0098. In this way, the magnetic field intensity for each of 
the X, Y, Z-axes is obtained. 
0099. In practice, the horizontal direction magnetic field 
generated from the planar spiral coil enters the individual Hall 
elements at the magnetic substance edges just as the same 
vertical direction magnetic field, and the result of the forego 
ing calculation is obtained as the Z-axis direction signal. 
However, the magnetic measurement values obtained have 
correlation with the sensitivity to the horizontal direction 
magnetic field generated from the planar spiral coil of the 
magnetic sensor, and at the same time have correlation with 
the sensitivity to the external uniform horizontal direction 
magnetic field. 
0100. On the other hand, in the case of the loop coil, 
although it generates a vertical direction magnetic field, when 
considering the X-axis direction, for example, the magnetic 
measurement values computed vary depending on whether it 
generates a magnetic field having the same direction for each 
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of the foregoing X1 and X2, or a magnetic field having dif 
ferent directions for each of them. 
10101) When generating the magnetic field having the same 
direction, it is computed as the Z-axis direction signal, 
whereas when generating the magnetic field having different 
directions, it is computed as the X-axis direction signal. How 
ever, the magnetic measurement values computed have cor 
relation with the sensitivity to the vertical direction magnetic 
field generated from the loop coil of the magnetic sensor, and 
at the same time have the correlation with the sensitivity to the 
external uniform vertical direction magnetic field. 
0102) Acquiring the difference between the Hall element 
outputs when no current is supplied to the coil and the Hall 
element outputs when a current is supplied to the coil makes 
it possible to exclude influences such as external disturbance 
magnetic fields, and to extract only the signals caused by the 
magnetic field generated from the coil. Another method is 
also possible which measures twice while passing the current 
through the coil in the positive direction and negative direc 
tion, and takes the difference between them. 
(0103) Next, the self-diagnosis function of the sensitivity 
will be described. 
0104. It is possible to employ the loop coils placed right 
above the Hall elements, and the planar spiral coil placed near 
the center of the magnetic flux concentrator. For example, by 
passing current through the spiral coil, a horizontal direction 
magnetic field is generated around the coil. The horizontal 
direction magnetic field, after passing through the magnetic 
Substance, emits magnetic flux again to the space at the mag 
netic substance edges. In this case, as for the direction of the 
magnetic field, it has vertical direction components which can 
be detected by the magneto-sensitive surfaces of the Hall 
elements. By taking the difference from the measurement 
values when passing no current through the coil or from the 
measurement values when passing the current in the opposite 
direction, only the signals resulting from the magnetic field 
generated from the coil can be extracted. The signal values 
obtained for a reference current give the sensitivity. 
I0105. By grasping the difference of the sensitivity 
obtained by the Hall elements from the sensitivity target 
value, it becomes possible to decide as to whether the sensi 
tivity of the sensor to the horizontal direction magnetic field is 
within tolerance or not. Thus, a decision is made as to whether 
the functional operation of the magnetic substance and Hall 
elements, and further of the circuit block is normal or not. 
I0106) Alternatively, it is also possible to pass current 
through the loop coils placed right above the Hall elements to 
generate magnetic fields around the coils, and to launch them 
into the magneto-sensitive surfaces of the Hall elements. This 
makes it possible to decide as to whether the sensitivity of the 
magnetic sensor to the vertical direction magnetic field is 
within tolerance or not. Through the processing described 
before, the difference between the sensitivity obtained and 
the sensitivity target value is grasped so that a decision is 
made as to the functional operation state of each of the mag 
netic substance and the Hall elements, and further of the 
circuit block. These calculations are performed by the sensi 
tivity decision unit 34b and the control unit 36 that controls it. 
0107 Next, the self-correction function of the sensitivity 
will be described. 
0108. The sensitivity decision unit 34b decides the differ 
ence quantities between the sensitivity obtained at the func 
tional operation of the self-diagnosis and the sensitivity target 
value. In accordance with the difference quantities, the sen 
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sitivity correction unit 34c computes, from the difference 
quantities, correction quantities of the sensitivity to the exter 
nal uniform magnetic field for the individual axes, and writes 
the sensitivity correction quantities into fuses or a nonvolatile 
memory within the same sensitivity correction unit 34. The 
sensitivity correction quantities, which are usually different 
for the three axes, can be set, for example, in the Y direction 
and Z direction with respect to the sensitivity in the X direc 
tion. Alternatively, the difference quantities of the measure 
ment values from the standard value for the individual axes 
can be set separately for the individual axes as the correction 
quantities. Although the sensitivity correction is carried out 
for the individual axial signals resolved by the axial compo 
nent analyzing unit 34a, it can sometimes be applied to the 
switching unit 32, amplifier unit 33, and further to the mag 
netic sensitivity elements 31. 
0109 Next, the diagnosis of the functional operation will 
be described. 
0110. According to the sensitivity information of the sen 
sitivity decision unit 34b, if the sensitivity deviation quanti 
ties are within the tolerance, the sensitivity correction unit 34 
carries out the sensitivity correction, and the normal output 
signal is obtained via the output unit 35 (good item decision, 
shipment). In addition, the sensor diagnostic unit 39 makes 
the self-diagnosis as to whether the sensitivity is good or bad 
based on the sensitivity information from the sensitivity deci 
sion unit 34b of the sensitivity calculating unit 34. If a deci 
sion of a defective item is made, the magnetic sensor is 
disused (scrapped). 
0111. The sensitivity measuring method in accordance 
with the present invention enables collective test of a lot of 
magnetic sensors at shipping, thereby reducing the test cost. 
In addition, it enables operation verification while a user is 
using. 
0112 Next, the correspondence between the diagnostic 
mode and measuring mode by the coil will be described. 
0113. In FIG. 4, the magnetic substance 22 is assumed to 
be a circle with a radius of 155um. The Hall elements 21a, 
21b, 21c and 21d are arranged in Such a manner that the 
centers of the Hall elements are 150 um from the center of the 
magnetic Substance 22. The size of the magneto-sensitive 
surface of each Hall element is 15um. 
0114. It is further assumed that the vertical distance 
between the Hall element and the bottom surface of the mag 
netic flux concentrator is 10 Lim with process variations of 
several micrometers around it, and that the radius R can have 
variations of about several micrometers for 155um, the thick 
ness T can have variations of about several micrometers for 13 
um, and the position of the magnetic Substance within the 
horizontal plane can have variations of about several 
micrometers from the central position. 
0115. Here, by passing current through the planar spiral 

coil, the horizontal direction magnetic field is generated 
around the coil. The horizontal direction magnetic field 
passes through the magnetic Substance, and the magnetic flux 
is emitted to the space again at its edges. Here, as for the 
direction of the magnetic field, it has a vertical direction 
component which can be detected at the magneto-sensitive 
surfaces of the Hall element. In the configuration, the fluc 
tuations of the vertical distance between the magnetic Sub 
stance and the Hall elements, the fluctuations of the diameter 
of the magnetic Substance, the positional discrepancy of the 
magnetic Substance within the horizontal Surface, the fluctua 
tions of the thickness of the magnetic Substance and so on can 
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be detected in terms of the magnetic field intensity changes 
(sensitivity changes) on the magneto-sensitive surfaces. By 
passing current through the loop coils placed right above the 
Hall elements, the fluctuations of the vertical distance 
between the magnetic substance and the Hall elements, the 
fluctuations of the diameter of the magnetic Substance, the 
positional discrepancy of the magnetic Substance within the 
horizontal Surface and so on can be mainly detected in terms 
of the magnetic field intensity changes (sensitivity changes) 
on the magneto-sensitive surfaces. 
0116 For example, for individual process fluctuations, 
calibration has been performed inadvance as to the sensitivity 
ratio of the individual axes due to the magnetic field of each 
coil in the diagnostic mode and as to the sensitivity ratio of the 
individual axes in the measuring mode. According to the 
calibration curve, the sensitivity correction unit 34c carries 
out the sensitivity correction (sensitivity adjustment). As for 
the correction quantity, although a method is preferable 
which performs the correction numerically on the magnetic 
output data resolved into the individual axes and output to the 
output unit 35, it is not limited to the method, and other 
methods applied to other correction means are also appli 
cable. A gain difference in the post-stage circuit block basi 
cally causes sensitivity deviations as a whole of X, Y, and Z. 
When it is necessary to carry out correction including the 
absolute values of the sensitivity of the individual axes, it is 
preferable to carry out correction including the gain fluctua 
tions in the circuit block. If it is enough to make only the 
sensitivity ratios between the individual axes constant, it is 
also possible to employ one of the axes as the reference, and 
to correct the sensitivity ratios between it and the remaining 
axes rather than correcting the entire gain fluctuations. 
0117 Under the foregoing conditions, the appearance of 
the sensitivity due to the process fluctuations depending on 
the planar spiral coil and loop coils will be described in detail. 
0118 FIG. 9 is a diagram showing relationships between 
the distance between the Hall elements and the bottom of the 
magnetic flux concentrator (um) and the flux density (T) 
(absolute values) on the magneto-sensitive Surface. The 
thickness of the magnetic flux concentrator is used as a 
parameter. 
0119 FIG. 10 is a diagram showing relationships between 
the thickness of the magnetic flux concentratorT (Lm) and the 
flux density (T) (absolute values) on the magneto-sensitive 
surface. The distance (Lm) across the Hall elements (He) and 
the bottom of the magnetic flux concentrator (Mc) is 
employed as a parameter. 
I0120 Either of them shows an example of the planar spiral 
coil at the time of self-diagnosis of the sensitivity. Inciden 
tally, FIG. 11 and FIG. 12, which correspond to FIG. 9 and 
FIG. 10, are diagrams showing relative changes seen from the 
reference position for respective parameters. 
I0121. As for the planar spiral coil, the following structural 
example can be given. The diameter of the magnetic flux 
concentrator (round shape) was 310 um, and the Hall ele 
ments were placed at positions 5um inside (underside of the 
coil) from the edge of the magnetic flux concentrator. It was 
determined that the shape of coil was octagon, the wiring 
width of the coil was 4 Lim, the wiring spacing was 1 um, a 
current of 1 mA was passed through the coil, the coil had 20 
turns across 120 to 20 um from its center, and 10 turns across 
120 to 70 um. The horizontal direction magnetic field gener 
ated by the planar spiral coil passes through the magnetic flux 
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concentrator, is changed to the vertical direction component 
by the convergence plate edge, and is sensed by the Hall 
elements. 
0122) When the distance between the Hall elements and 
the bottom of the magnetic flux concentrator (vertical dis 
tance between them) was 9 to 11 lum, and the thickness of the 
magnetic flux concentrator was 10 to 16 Jum, the magnetic 
field intensity on the magneto-sensitive surfaces of the Hall 
elements at the time of passing a current of 1 mA was about 55 
uT. When the vertical distance varied from 9 to 11 um, the 
sensitivity changed about 7%. When the thickness of the 
magnetic flux concentrator varied from 10 to 16 um, the 
sensitivity changes of about 2% were seen. Thus, it was found 
that when the vertical distance or the thickness of the mag 
netic flux concentrator fluctuated with respect to the horizon 
tal direction magnetic field, the magnetic field sensitivity of 
the Hall elements changed significantly. 
0123. As for the loop coils, the following structural 
example can be given. 
0.124 FIG. 13 is a diagram showing relationships between 
the distance between the Hall elements and the bottom of the 
magnetic flux concentrator (um) and the flux density (T) 
(absolute values) on the magneto-sensitive Surface. The 
changes in the thickness of the magnetic flux concentrator are 
used as a parameter. 
0.125 FIG. 14 is a diagram showing relationships between 
the thickness of the magnetic flux concentratorT (Lm) and the 
flux density (T) (absolute values) on the magneto-sensitive 
surface. Changes in the distance between the Hall elements 
(He) and the bottom of the magnetic flux concentrator (mag 
netic Substance: Mc) is used as a parameter. 
0126. Either of them shows an example of the loop coils at 
the time of self-diagnosis of the sensitivity. Incidentally, FIG. 
15 and FIG. 16, which correspond to FIG. 13 and FIG. 14, are 
diagrams showing relative changes seen from the reference 
position for respective parameters. 
0127. It was determined that the diameter of the magnetic 
flux concentrator (round shape) was 310 um, the Hall ele 
ments were placed at positions 5um inside (underside of the 
coil) from the edge of the magnetic flux concentrator, the 
shape of the coils was rectangular, the wiring width of the 
coils was 4 um, the wiring spacing was 1 um, the coils each 
consisted of 1 turn, and a current of 1 mA was passed through 
the coil. The vertical direction magnetic fields generated by 
the loop coils are sensed by the Hall elements right under the 
coils. 

0128. When the distance between the Hall elements and 
the bottom of the magnetic flux concentrator (vertical dis 
tance) was 9 to 12 um, the magnetic field intensity on the 
magneto-sensitive surface of the Hall elements at the time of 
passing a current of 1 mA was about 64 LT. When the vertical 
distance varied from 9 to 11 um, the sensitivity changed about 
5%. When the thickness of the magnetic flux concentrator 
varied from 10 to 16 um, the sensitivity changes of about 1% 
or less were seen. Thus, it was found that when the vertical 
distance or the thickness of the magnetic flux concentrator 
fluctuated with respect to the horizontal direction magnetic 
field, the magnetic field sensitivity the Hall elements per 
ceived changed significantly. 
0129 FIG. 8A and FIG. 8B are diagrams showing a flow 
chart for explaining a sensitivity measuring method in the 
sensitivity measuring device of the magnetic sensor in accor 
dance with the present invention. The sensitivity measuring 
method of the magnetic sensor in accordance with the present 
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invention is a sensitivity measuring method of measuring the 
sensitivity of the magnetic sensor shown in FIG. 4. 
0.130 First, the sensitivity mode is set (step S1), and no 
current is Supplied to the vertical magnetic field generating 
coils and the horizontal magnetic field generating coil (step 
S2). Next, the first to fourth magnetic sensors measure the 
magnetic field intensity (step S3). Next, the first measurement 
data is stored (step S4). Next, a current is passed through the 
Vertical magnetic field generating coils to generate the mag 
netic fields (step S5). Next, the first to fourth magnetic sensors 
measure the magnetic field intensity (step S6). Next, the 
second measurement data is stored (step S7). 
I0131 Next, a reverse direction current is passed through 
the vertical magnetic field generating coils to generate reverse 
direction magnetic fields (step S8). Next, the first to fourth 
magnetic sensors measure the magnetic field intensity (step 
S9). Next, the third measurement data is stored (step S10). 
Next, a current is passed through the horizontal magnetic field 
generating coil to generate the magnetic field (step S11). 
Next, the first to fourth magnetic sensors measure the mag 
netic field intensity (step S12). Next, the fourth measurement 
data is stored (step S13). 
0.132. Next, a reverse direction current is passed through 
the horizontal magnetic field generating coil to generate the 
reverse direction magnetic field (step S14). Next, the first to 
fourth magnetic sensors measure the magnetic field intensity 
(step S15). Next, the fifth measurement data is stored (step 
S16). 
0.133 Next, from a combination of all or two of the first 
measurement data, second measurement data and third mea 
Surement data, the magnetic field component data in the 
2-axis or 3-axis directions orthogonal to each other are com 
puted (step S17). Next, the magnetic field component data are 
stored as the first magnetic sensitivity data (step S18). 
0.134. Next, from a combination of all or two of the first 
measurement data, fourth measurement data and fifth mea 
Surement data, the magnetic field component data in the 
2-axis or 3-axis directions orthogonal to each other are com 
puted (step S19). Next, the magnetic field component data are 
stored as the second magnetic sensitivity data (step S20). 
I0135) Next, from the first magnetic field component data 
and second magnetic field component data, the correction 
coefficient of the 2-axis or 3-axis magnetic sensitivity is com 
puted (step S21). Next, the correction coefficient is stored 
(step S22). In this way, the self-sensitivity correction for the 
sensitivity deviation becomes possible, and furthermore, the 
self-diagnosis based on the validity of the sensitivity decision 
of the magnetic sensor becomes possible. 

INDUSTRIAL APPLICABILITY 

0.136 The present invention relates to a magnetic sensor 
and sensitivity measuring method thereof for providing the 
sensitivity measuring function to the magnetic sensor having 
the semiconductor substrate which has a plurality of Hall 
elements provided separately from each other, and the mag 
netic Substance mounted on the semiconductor Substrate. It 
can measure the sensitivity of the magnetic sensor to the 
vertical direction magnetic field and to the horizontal direc 
tion magnetic field. In addition, as for the sensitivity in the 
3-axis directions of the magnetic sensor orthogonal to each 
other, it can possess the function of correcting the sensitivity 
deviation resulting from the process dependence variations at 
the time of forming the Hall elements or magnetic Substance 
or from the sensitivity variations of the integrated circuit. 
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Furthermore, it enables the self-diagnosis based on the valid 
ity of the sensitivity decision of the magnetic sensor, and the 
self-sensitivity correction (adjustment) for the sensitivity 
deviation. 

1. A magnetic sensor comprising: 
a semiconductor Substrate having a plurality of magnetic 

sensitive elements placed separately from each other, 
a magnetic Substance having an edge which is near the 

plurality of magnetic sensitive elements; and 
a metal layer arranged between the plurality of magnetic 

sensitive elements, 
wherein the plurality of magnetic sensitive elements and 

the metal layer are placed on the same side with respect 
to the magnetic Substance. 

2. The magnetic sensor as claimed in claim 1, comprising: 
2-axis or 3-axis detection axes orthogonal to each other. 
3. The magnetic sensor as claimed in claim 2, further 

comprising 
a sensitivity calculating unit for calculating sensitivity 

from magnetic field intensity information about indi 
vidual axes at the plurality of magnetic sensitive ele 
ments of the magnetic sensor. 

4. The magnetic sensor as claimed in claim 3, wherein the 
sensitivity calculating unit comprises: 

an axial component analyzing unit for separating the mag 
netic field intensity information from the magnetic sen 
Sor into components of the individual axes; 

a sensitivity decision unit for deciding the sensitivity by 
comparing the individual axial components of the mag 
netic field intensity information from the axial compo 
nent analyzing unit with a prescribed reference value; 
and 

a sensitivity correction unit for carrying out sensitivity 
correction in accordance with sensitivity information 
from the sensitivity decision unit. 

5. The magnetic sensor as claimed in claim 4, further 
comprising a sensor diagnostic unit for carrying out self 
diagnosis of validity of the sensitivity of the magnetic sensor 
according to the sensitivity information from the sensitivity 
decision unit. 

6. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is arranged on a side of the magnetic Substance, 
the side including the semiconductor Substrate. 

7. The magnetic sensor as claimed in claim 6, wherein the 
metal layer is at least partly covered by the magnetic Sub 
Stance. 

8. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is at least partly covered by the magnetic Sub 
Stance. 

9. The magnetic sensor as claimed in claim 8, wherein the 
metal layer is arranged between the magnetic Substance and 
the semiconductor Substrate. 

10. The magnetic sensor as claimed in claim 8, wherein the 
metal layer is arranged between the magnetic Substance and 
the magnetic sensitive elements. 

11. The magnetic sensor as claimed in claim 8, wherein the 
metal layer is arranged in the semiconductor Substrate. 

12. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is arranged between the magnetic Substance and 
the semiconductor Substrate. 

13. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is arranged between the magnetic Substance and 
the magnetic sensitive elements. 
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14. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is arranged in the semiconductor Substrate. 

15. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is Surrounded by at least three magnetic sensitive 
elements. 

16. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is Surrounded by at least three magnetic sensitive 
elements and the magnetic Substance. 

17. The magnetic sensor as claimed in claim 1, wherein the 
metal layer is formed using a metal wiring layer in IC process. 

18. The magnetic sensor as claimed in claim 1, further 
comprising: 

a sensor diagnostic unit for carrying out self-diagnosis. 
19. A magnetic sensor comprising: 
a semiconductor Substrate having a plurality of magnetic 

sensitive elements placed separately from each other; 
a magnetic Substance having an edge which is near the 

plurality of magnetic sensitive elements; and 
a metal layer arranged on a side of the magnetic Substance, 

the side including the plurality of magnetic sensitive 
elements, 

wherein the plurality of magnetic sensitive elements and 
the metal layer are placed on the same side with respect 
to the magnetic Substance. 

20. The magnetic sensor as claimed in claim 19, wherein 
the side includes the semiconductor substrate. 

21. The magnetic sensor as claimed in claim 19, compris 
ing: 

2-axis or 3-axis detection axes orthogonal to each other. 
22. The magnetic sensor as claimed in claim 21, further 

comprising 
a sensitivity calculating unit for calculating sensitivity 

from magnetic field intensity information about indi 
vidual axes at the plurality of magnetic sensitive ele 
ments of the magnetic sensor. 

23. The magnetic sensor as claimed in claim 22, wherein 
the sensitivity calculating unit comprises: 

an axial component analyzing unit for separating the mag 
netic field intensity information from the magnetic sen 
Sor into components of the individual axes; 

a sensitivity decision unit for deciding the sensitivity by 
comparing the individual axial components of the mag 
netic field intensity information from the axial compo 
nent analyzing unit with a prescribed reference value; 
and 

a sensitivity correction unit for carrying out sensitivity 
correction in accordance with sensitivity information 
from the sensitivity decision unit. 

24. The magnetic sensor as claimed in claim 23, further 
comprising 

a sensor diagnostic unit for carrying out self-diagnosis of 
validity of the sensitivity of the magnetic sensor accord 
ing to the sensitivity information from the sensitivity 
decision unit. 

25. The magnetic sensor as claimed in claim 19, wherein 
the magnetic sensitive elements are Hall elements. 

26. The magnetic sensor as claimed in claim 19, wherein 
the coil is a planar spiral metal layer. 

27. The magnetic sensor as claimed in claim 19, further 
comprising: 

vertical magnetic field generating units provided close to 
each of the plurality of magnetic sensitive elements for 
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generating magnetic field components in a direction par 
allel to the magnetic sensitivity direction of the magnetic 
sensitive elements, 

wherein the magnetic sensitive elements detect the mag 
netic field components generated by the vertical mag 
netic field generating units. 

28. The magnetic sensor as claimed in claim 27, wherein 
the vertical magnetic field generating units are arranged near 
the edge of the magnetic Substance, and are arranged on a side 
of the magnetic sensitive elements. 

29. The magnetic sensor as claimed in claim 27, wherein 
the vertical magnetic field generating units are a loop metal 
layer each. 

30. A sensitivity measuring method in the magnetic sensor 
as defined in claim 27, the sensitivity measuring method 
comprising: 

detecting the magnetic field components generated by the 
metal layer with the magnetic sensitive elements; 

calculating sensitivity from flux density at the magnetic 
sensitive elements; 

detecting the magnetic field components generated by the 
Vertical magnetic field generating unit with the magnetic 
sensitive elements; and 

calculating the sensitivity from the flux density at the mag 
netic sensitive elements. 

31. The sensitivity measuring method of the magnetic sen 
sor as claimed in claim 30, wherein the step of calculating the 
sensitivity comprises: 

separating, with an axial component analyzing unit, mag 
netic field intensity information from the magnetic sen 
Sor into components of the individual axes; 

deciding, with a sensitivity decision unit, the sensitivity by 
comparing the individual axial components of the mag 
netic field intensity information from the axial compo 
nent analyzing unit with a prescribed reference value; 
and 

carrying out, with a sensitivity correction unit, sensitivity 
correction in accordance with sensitivity information 
from the sensitivity decision unit. 

32. The sensitivity measuring method of the magnetic sen 
sor as claimed in claim 31, further comprising 
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carrying out, with a sensor diagnostic unit, self-diagnosis 
of validity of the sensitivity of the magnetic sensor 
according to the sensitivity information from the sensi 
tivity decision unit. 

33. The magnetic sensor as claimed in claim 27, wherein 
the vertical magnetic field generating units are a metal layer 
each. 

34. The magnetic sensor as claimed in claim 19, wherein 
the metal layer is arranged between the magnetic Substance 
and the semiconductor Substrate. 

35. The magnetic sensor as claimed in claim 19, wherein 
the metal layer is arranged between the magnetic Substance 
and the magnetic sensitive elements. 

36. The magnetic sensor as claimed in claim 19, wherein 
the metal layer is arranged in the semiconductor Substrate. 

37. A magnetic sensor comprising: 
a semiconductor Substrate having a plurality of magnetic 

sensitive elements placed separately from each other; 
a magnetic Substance having an edge which is near the 

plurality of magnetic sensitive elements; and 
a magnetic field generator arranged between the plurality 

of magnetic sensitive elements, 
wherein the plurality of magnetic sensitive elements and 

the magnetic field generator are placed on the same side 
with respect to the magnetic Substance. 

38. The magnetic sensor as claimed in claim 37, wherein 
the magnetic field generator is a metal layer. 

39. A magnetic sensor comprising: 
a semiconductor Substrate having a plurality of magnetic 

sensitive elements placed separately from each other; 
a magnetic Substance provided on a side of the semicon 

ductor Substrate; and 
a magnetic field generator arranged on a side of the mag 

netic Substance, 
wherein the side of the magnetic Substance includes the 

plurality of magnetic sensitive elements. 
40. The magnetic sensor as claimed in claim 39, wherein 

the magnetic field generator is a metal layer. 
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