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MAGNETIC SENSOR AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 
[ 0001 ] The present invention relates to a magnetic sensor 
that includes a magnetic converging plate and is configured 
to detect magnetic fields in a vertical direction and a 
horizontal direction , and to a method of manufacturing the 
magnetic sensor . 

[ 0010 ] Then , as illustrated in FIG . 2D , the magnetic con 
verging plate 10 is formed by plating in the region from 
which the resist is removed . 
[ 0011 ] Finally , as illustrated in FIG . 2E , the remaining 
resist is removed , thereby being capable of forming the 
magnetic converging plate 10 in a desired region . 
[ 0012 ] Further , there is also a method involving arranging , 
on a Si substrate on which the Hall elements and the circuit 
are formed , a structure for adjusting a position of a magnetic 
converging plate , to thereby improve accuracy of position 
adjustment and thus reduce a variation in magnetic property 
( for example , see Japanese Patent Application Laid - open 
No . 2003 - 130936 ) . 
[ 0013 ] . When the magnetic converging plate is formed by 
plating and sputtering , in order to realize a reduction in 
coercive force and high magnetic permeability of a magnetic 
material , it is generally required to perform annealing at a 
high temperature equal to or higher than the Curie point . 
However , since annealing at such high temperature cannot 
be applied to the magnetic converging plate after the circuit 
and the Hall elements are formed , it is difficult to attain the 
magnetic converging plate having high magnetic permeabil 
ity and low coercive force . 
[ 0014 ] Further , the method involving arranging the struc 
ture for adjusting the position of the magnetic converging 
plate has a drawback that the number of processes increases 
due to additional processes such as forming the structure for 
position adjustment and removing the structure after the 
magnetic converging plate is arranged . 

2 . Description of the Related Art 
[ 0002 ] Hall elements allow non - contact position detection 
and non - contact angle detection as magnetic sensors , and are 
thus often used in various applications . 
[ 0003 ] First , the principle of magnetic detection with the 
Hall elements is described . When a magnetic field is applied 
vertically to a current flowing through a substance , an 
electric field ( Hall voltage ) is generated in a direction 
vertical to both the current and the magnetic field . Thus , the 
typical Hall elements are configured to detect a vertical 
magnetic field component with a current caused to flow on 
a surface of a substrate ( wafer ) . 
[ 0004 ] In addition , it is known that the Hall elements can 
detect not only a vertical magnetic field but also a horizontal 
magnetic field in combination with a magnetic thin film 
formed of a material having high magnetic permeability , 
with the use of the magnetic thin film as a magnetic 
converging plate configured to change a direction of a 
magnetic flux to guide the magnetic flux to the Hall ele 
ments . 
[ 0005 ] In order to realize a magnetic sensor that has a 
balanced ratio between vertical magnetic field sensitivity 
and horizontal magnetic field sensitivity and thus has a small 
variation in magnetic property , a positional relationship 
between the Hall elements and the magnetic converging 
plate is important ( for example , see Japanese Patent Appli 
cation Laid - open No . 2012 - 047708 ) . 
[ 0006 ] In order to reduce a variation in magnetic property 
due to an influence of a variation in position of the magnetic 
converging plate , there are a method involving patterning 
the magnetic converging plate on a Si substrate on which the 
Hall elements and a circuit are formed in advance through 
photolithography or the like , and a method involving form 
ing the magnetic converging plate by plating ( for example , 
see Japanese Patent Application Laid - open No . 2012 
151285 ) . An example is briefly described with reference to 
FIG . 2A to FIG . 2E . 
[ 0007 ] First , as illustrated in FIG . 2A , a pair of Hall 
elements 2 is formed in spaced - apart relationship on a 
surface of a P - type semiconductor substrate 1 . A protective 
film 3 serving as an insulator such as a polyimide film is 
formed on surfaces of the Hall elements 2 and the P - type 
semiconductor substrate 1 . 
[ 0008 ] Then , as illustrated in FIG . 2B , a base conductive 
layer 11 of a magnetic converging plate is formed on the 
protective film 3 serving as an insulator . 
[ 0009 ] Next , as illustrated in FIG . 2C , a resist is applied on 
the base conductive layer 11 , and a portion of the resist 
formed on a magnetic converging plate forming region is 
removed . 

SUMMARY OF THE INVENTION 
[ 0015 ] It is an object of the present invention to provide a 
magnetic sensor and a method of manufacturing the mag 
netic sensor capable of arranging a magnetic converging 
plate on a substrate on which Hall elements and a circuit are 
formed , with a small variation in position while suppressing 
an increase in number of work processes , the magnetic 
converging plate having high magnetic permeability and low 
coercive force . 
[ 0016 ] In order to achieve the above - mentioned object , 
according to one embodiment of the present invention , the 
following configuration is provided . 
[ 0017 ] According to the one embodiment of the present 
invention , there is provided a method of manufacturing a 
magnetic sensor having a magnetic converging plate , the 
method comprising : forming a recessed pattern having the 
same shape and size as those of a magnetic converging plate , 
namely , a magnetic converging plate holder in a die pad of 
a package on which a semiconductor substrate having Hall 
elements , a circuit , and the like is to be arranged ; inserting , 
into the magnetic converging plate holder , the magnetic 
converging plate manufactured through processes different 
from those of the semiconductor substrate on which the Hall 
elements and the circuit are formed ; and arranging the 
semiconductor substrate having the Hall elements , the cir 
cuit , and the like upon the magnetic converging plate holder . 
[ 0018 ] With the use of the above - mentioned measure , it is 
possible to suppress a variation in position of the magnetic 
converging plate , reducing the variation in magnetic prop 
erty . Further , since the magnetic converging plate holder for 
adjusting the position of the magnetic converging plate is 
formed in the die pad of the package , additional manufac 
turing process is needed , suppressing the manufacturing 
cost . Further , since the magnetic converging plate and the 
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circuit are manufactured in the different processes , high 
temperature heat treatment can be performed after a mag - 
netic film is formed . Consequently , the magnetic converging 
plate having high magnetic permeability and low coercive 
force can be manufactured , and a magnetic sensor having 
higher sensitivity and higher accuracy can thus be realized . 
[ 0019 ] Further , the magnetic converging plate is arranged 
on aback surface of a wafer , and the magnetic sensor in 
which an increase in offset voltage due to stress is sup - 
pressed can thus be realized . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0020 ] FIG . 1A to FIG . 1C are sectional views relating to 
a method of manufacturing a magnetic sensor according to 
an embodiment of the present invention . 
[ 0021 ] FIG . 2A to FIG . 2E are explanatory views relating 
to a related - art method of forming a magnetic converging 
plate by plating . 
[ 0022 ] FIG . 3A to FIG . 3F are plan views relating to a 
magnetic converging plate and a magnetic converging plate 
holder according to the present invention . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0023 ] A detailed description is now given of an embodi 
ment of the present invention with reference to the drawings . 
[ 0024 ] FIG . 1A to FIG . 1C are sectional views relating to 
a method of manufacturing a magnetic sensor according to 
the embodiment of the present invention . 
10025 ] . First , as illustrated in FIG . 1A , a semiconductor 
circuit that forms a magnetic sensor having Hall elements 2 
is formed on a P - type semiconductor substrate 1 through a 
normal semiconductor manufacturing process . The Hall 
element 2 is a horizontal Hall element having a square or 
cross - shaped vertical magnetic field sensing portion having 
a four - fold rotational axis , and , at respective vertices and end 
portions thereof , vertical magnetic field detection control 
current input terminals and vertical magnetic field Hall 
voltage output terminals corresponding to surface N - type 
highly - doped regions having the same shape . At least one 
pair of the Hall elements 2 is formed on a surface of the 
semiconductor substrate 1 . Note that , a protective film 3 
made of an insulating material such as polyimide is formed 
on the surface of the semiconductor substrate 1 on which the 
semiconductor circuit that forms the magnetic sensor having 
the Hall elements 2 is formed . After that , the semiconductor 
substrate 1 on which the magnetic sensors are formed is 
singulated , to thereby form semiconductor chips . 
[ 0026 ] Next , a die pad 100 of a package is described with 
reference to FIG . 1B . The die pad 100 of the package has 
approximately the same size in a plan view as that of the 
semiconductor chip on which the magnetic sensor is formed , 
which is obtained through singulation of the semiconductor 
substrate 1 . In the die pad 100 , at a position in which a 
magnetic converging plate 10 is to be arranged , a magnetic 
converging plate holder 100A is formed that has a recessed 
pattern having the same shape and size as those of the 
magnetic converging plate 10 . The magnetic converging 
plate holder 100A is , for example , a rectangular or circular 
recessed portion . A depth of the recessed portion and a 
thickness of the magnetic converging plate are adjusted so 
that a surface of the die pad 100 may be flush with a surface 
of the magnetic converging plate 10 when the magnetic 

converging plate 10 is accommodated in this recessed por 
tion . In other words , a cross - sectional shape of the magnetic 
converging plate 10 just fits into a cross - sectional shape of 
the magnetic converging plate holder 100A . At this time , it 
is desired that the magnetic converging plate holder 100A be 
formed at a position that allows the Hall elements 2 formed 
on the semiconductor substrate 1 to be located near edges of 
the magnetic converging plate 10 as illustrated in FIG . 1C . 
The die pad 100 of the package is formed of an insulating 
material such as resin or ceramic . The die pad 100 of the 
package is formed with a mold , and hence a magnetic 
converging plate holder pattern is formed in the mold so that 
additional processes for package and die pad formation may 
be unnecessary . 
[ 0027 ] FIG . 3A to FIG . 3F are plan views relating to the 
magnetic converging plate and the magnetic converging 
plate holder according to the present invention . As illus 
trated in FIG . 3A to FIG . 3F , the magnetic converging plate 
10 has , for example , a circular , square , or cross shape having 
a four - fold rotational axis in a plan view , and has , at at least 
one point of an outer periphery thereof , a recessed portion or 
a protruded portion for magnetic converging plate rotation 
direction position adjustment . In addition , the magnetic 
converging plate holder 100A is formed into the same shape 
as that of the magnetic converging plate having the recessed 
portion or the protruded portion for magnetic converging 
plate rotation direction position adjustment so that the 
magnetic converging plate can be accommodated with no 
difficulty . In general , thin magnetic converging plates have 
magnetic anisotropy . Thus , through the adjustment of the 
position of the magnetic converging plate in the rotation 
direction , crystal orientation of the magnetic converging 
plate is adjusted and a variation in magnetic property due to 
the magnetic anisotropy is suppressed , to thereby attain a 
magnetic sensor having a small variation in property . Note 
that , in FIG . 3A to FIG . 3F , for convenience of description , 
the semiconductor substrate 1 existing between the Hall 
elements 2 and the magnetic converging plate 10 is trans 
parent , that is , is not illustrated . 
[ 0028 ] Further , it is preferred that the recessed portion or 
the protruded portion for magnetic converging plate rotation 
direction position adjustment be formed to be smaller than 
the magnetic converging plate in size so as not to affect the 
magnetic property of the Hall element 2 . In addition , in order 
that the recessed portion or the protruded portion for mag 
netic converging plate rotation direction position adjustment 
does not affect the magnetic property of the Hall element 
when the magnetic converging plate 10 is bonded to a 
magnetic sensor chip having the magnetic converging plate 
holder 100A formed therein , it is desired that positions of the 
magnetic converging plate holder 3A and the recessed 
portion or the protruded portion for magnetic converging 
plate rotation direction position adjustment be designed so 
that the recessed portion or the protruded portion for mag 
netic converging plate rotation direction position adjustment 
may be formed greatly far from the Hall elements 2 . 
[ 0029 ] Incidentally , the magnetic converging plate 10 and 
the magnetic converging plate holder 100A of FIG . 3A have 
a circular shape having a straight line ( string ) portion 10A 
formed by cutting out part of the circle in parallel to a 
tangent to the circle , the straight line portion 10A being 
similar to an orientation flat . The magnetic converging plate 
10 and the magnetic converging plate holder 100A of FIG . 
3B have a circular shape having a recessed portion ( notch ) 
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10B . The magnetic converging plate 10 and the magnetic 
converging plate holder 100A of FIG . 3C have a circular 
shape having a protruded portion 10C . The magnetic con 
verging plate 10 and the magnetic converging plate holder 
100A of FIG . 3D have a circular shape having a plurality of 
recessed portions 10D . The magnetic converging plate 10 
and the magnetic converging plate holder 100A of FIG . 3E 
have a cross shape having a cut corner portion 10E . The 
magnetic converging plate 10 and the magnetic converging 
plate holder 100A of FIG . 3F have a doughnut shape having 
a straight line ( string ) portion 10F formed by cutting out part 
of the circle in parallel to a tangent to the circle , the straight 
line portion 10F being similar to an orientation flat . 
[ 0030 ] The magnetic converging plate is manufactured as 
follows independently of the semiconductor manufacturing 
process : a thin film is formed by plating and the like , and the 
thin film is processed into a shape of the magnetic converg 
ing plate . 
[ 0031 ] It is desired that the magnetic converging plate be 
formed of a soft magnetic material having low coercive 
force and high magnetic permeability such as permalloy or 
supermalloy . In this case , when a soft magnetic thin film 
having low coercive force and high magnetic permeability is 
formed by plating and the like , it is required to perform , after 
the plating , high - temperature annealing treatment at a tem 
perature of from 800° C . to 1 , 200° C . in a hydrogen 
atmosphere . The annealing treatment cannot be performed 
when the soft magnetic thin film is formed on the semicon 
ductor substrate by plating , and hence it is difficult to 
manufacture a magnetic converging plate that has a more 
excellent performance and is formed of a soft magnetic 
material . 
[ 0032 ] Further , the magnetic converging plate 10 is pro 
cessed into a circular or square shape that is the same shape 
as that of the magnetic converging plate holder 100A . It is 
desired that the magnetic converging plate 10 be processed 
from a thin film with the use of laser processing or a mold 
so that a large number of magnetic converging plates 10 can 
be processed . It is desired that the magnetic converging plate 
10 have a thickness of from about 30 um to about 50 um . 
Next , the processed magnetic converging plate 10 is bonded 
to the die pad 100 of the package in which the magnetic 
converging plate holder 100A is formed . It is desired that the 
magnetic converging plate 10 be bonded with an insulating 
adhesive dropped in the magnetic converging plate holder 
100A . With regard to the bonding , position adjustment 
accuracy is improved due to the formation of the magnetic 
converging plate holder 100A , and hence the magnetic 
converging plate 10 can be implemented sufficiently even 
when bonded with the use of a chip bonder . 
10033 ] The semiconductor substrate 1 on which the Hall 
elements and the control circuit are formed is thinned by 
back grind to have a thickness of about 150 um in order to 
reduce a distance between the Hall elements 2 and the 
magnetic converging plate . 
[ 0034 ) . After that , as illustrated in FIG . 1C , the semicon 
ductor substrate 1 is mounted on ( a back surface thereof is 
bonded to ) the surface of the die pad 100 of the package in 
which the magnetic converging plate 10 is mounted . The 
distance between the Hall elements 2 and the magnetic 
converging plate 10 is large as compared to a case where the 
magnetic converging plate 10 is mounted on the surface of 
the semiconductor substrate 1 , but the magnetic converging 
plate 10 having improved magnetic property is realized , and 

hence magnetic sensitivity is maintained . Further , the mag 
netic converging plate 10 is arranged on the back surface of 
the semiconductor substrate 1 , and hence an influence of 
stress of the magnetic converging plate 10 can be suppressed 
more than in the case where the magnetic converging plate 
10 is mounted on the surface of the semiconductor substrate 
1 , thereby being capable of suppressing offset voltage . 
0035 ] The Hall elements 2 are formed to a depth of about 
5 um from the surface of the semiconductor substrate 1 , and 
hence the semiconductor substrate 1 may be thinned to have 
a thickness of about 20 um . In this case , the distance 
between the Hall elements 2 and the magnetic converging 
plate 10 is reduced to further improve the magnetic property . 
[ 0036 ] As described above , the magnetic sensor can be 
manufactured as follows : the magnetic converging plate 
subjected to high - temperature annealing is prepared , the 
magnetic converging plate is accommodated in the recessed 
portion of the die pad in which the magnetic converging 
plate holder is formed as the recessed portion , and the 
semiconductor substrate on which the Hall elements are 
formed and which is processed to be thin is bonded to the 
resultant . 
[ 0037 ] With the use of the above - mentioned measure , the 
variation in position of the magnetic converging plate 10 is 
suppressed , thereby being capable of reducing the variation 
in magnetic property . Further , since the magnetic converging 
plate holder for adjusting the position of the magnetic 
converging plate is formed in the die pad of the package , 
additional manufacturing processes is needed , thereby 
reducing the variation in magnetic property while suppress 
ing the manufacturing cost . Further , since the magnetic 
converging plate and the circuit are manufactured in the 
different processes , high - temperature annealing treatment 
can be performed after the magnetic film is formed . Con 
sequently , the magnetic converging plate having high mag 
netic permeability and low coercive force can be manufac 
tured , and the magnetic sensor having higher sensitivity and 
higher accuracy can thus be realized . 
10038 ] In addition , the magnetic converging plate is 
arranged on the back surface of the semiconductor substrate , 
thereby being capable of suppressing offset voltage . 
What is claimed is : 
1 . A method of manufacturing a magnetic sensor having 

a magnetic converging plate , the method comprising : 
preparing a semiconductor substrate having a surface on 

which Hall elements are formed ; 
forming the magnetic converging plate , and then perform 

ing high - temperature annealing to the magnetic con 
verging plate ; 

forming a die pad having a magnetic converging plate 
holder having a recessed shape ; 

accommodating the magnetic converging plate in the 
magnetic converging plate holder ; and 

bonding a back surface of the semiconductor substrate to 
a surface of the die pad and a surface of the magnetic 
converging plate . 

2 . A method of manufacturing a magnetic sensor accord 
ing to claim 1 , wherein the high - temperature annealing is 
performed at a process temperature of from 800° C . to 
1 , 200° C . 

3 . A method of manufacturing a magnetic sensor accord 
ing to claim 1 , wherein the magnetic converging plate 
subjected to the high - temperature annealing has , at at least 
one point of an outer periphery of the magnetic converging 
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plate , one of a recessed portion and a protruded portion for 
magnetic converging plate rotation direction position adjust 
ment , and is formed into a shape that includes one of a 
circular shape and a square shape and has a four - fold 
rotational axis in a plan view except for the one of the 
recessed portion and the protruded portion for magnetic 
converging plate rotation direction position adjustment . 

4 . A method of manufacturing a magnetic sensor accord 
ing to claim 1 , wherein the magnetic converging plate 
subjected to the high - temperature annealing is formed into 
the same planar shape as a planar shape of the magnetic 
converging plate holder . 

5 . A method of manufacturing a magnetic sensor accord 
ing to claim 1 , wherein the magnetic converging plate 
subjected to the high - temperature annealing is formed into 
the same cross - sectional shape as a cross - sectional shape of 
the magnetic converging plate holder . 

* * 


