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FIG.3 
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FIG. 5A 
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FIG. 6 
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FIG. 12 
  



US 2006/0194362 A1 

/ 

I 

£I "OIH 

Patent Application Publication Aug. 31, 2006 Sheet 11 of 24 

  



Patent Application Publication Aug. 31, 2006 Sheet 12 of 24 US 2006/0194362 A1 

FIG. 14A - - - - 4 

Y 1 N 
2442N 

4a 

8a 9a 

FIG. 14B 
D 

J. 

1. 

E1 

E 

FIG. 14C D 

11 11e 3 10 

N KNNNNN N N 5 

Yalers.'s S. ZEYSSA a? if?XZZ 
NNNN NXNYNNNNNNN) 

W 

5e 6 8) E s 7 e 5d 5b 4a 
12 12 

E 

  

    

  



Patent Application Publication Aug. 31, 2006 Sheet 13 of 24 US 2006/0194362 A1 

FIG. 15 
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FIG. 19 
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FIG 21 
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FIG. 23 
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FIG. 25 PRIOR ART 
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SENSOR INCLUDING LEAD FRAME AND 
METHOD OF FORMING SENSOR INCLUDING 

LEAD FRAME 

BACKGROUND OF THE INVENTION 

0001) 
0002 The present invention generally relates to a sensor 
including a lead frame and a method of forming a sensor 
including the lead frame. 

1. Field of the Invention 

0003 Priority is claimed on Japanese Patent Application 
No. 2005-50879, filed Feb. 25, 2005, and Japanese Patent 
Application No. 2005-93636, filed Mar. 29, 2005, the con 
tents of which are incorporated herein by reference. 
0004 2. Description of the Related Art 
0005 All patents, patent applications, patent publica 
tions, scientific articles, and the like, which will hereinafter 
be cited or identified in the present application, will hereby 
be incorporated by reference in their entirety in order to 
describe more fully the state of the art to which the present 
invention pertains. 
0006. In recent years, there has been an increasing 
requirement for integrating terminal devices such as mobile 
phones with a GPS (Global Positioning System) function, 
which indicates information about a user's position. The 
GPS function can be realized by using a sensor for sensing 
or measuring a physical quantity such as a magnetic sensor 
or an acceleration sensor. The magnetic sensor integrated in 
the terminal device senses or measures a geomagnetic field 
in order to sense or measure the azimuth or direction in a 
three-dimensional space of the terminal device. The accel 
eration sensor integrated in the terminal device senses or 
measures the direction of motion of the terminal device in 
order to sense or measure the position of the terminal device. 
A typical example of the sensor for sensing a physical 
quantity may include, but is not limited to, a plurality of 
sensor chips such as magnetic sensor chips that are placed to 
be tilted from each other. This placement of the sensor chips 
can be effective to scale down the sensor and reduce the 
thickness of the sensor. 

0007. The sensor with the tilted or sloped sensor chips 
has a high sensitivity in axial directions vertical to planes 
that include the sloped sensor chips and a poor sensitivity in 
other axial directions such as axial directions parallel to a 
surface of a substrate. This type of sensor will be the main 
trend in the future. 

0008 FIG. 24 is a plan view illustrating a conventional 
sensor for sensing a physical quantity. FIG. 25 is a cross 
sectional elevation view of the sensor of FIG. 24. FIG. 26 
is a plan view of a lead frame to be used for forming the 
sensor of FIG. 24. A sensor 1 for sensing a physical quantity 
includes a pair of sensor chips 2 and 3 that are tilted from 
each other so as to sense or measure the direction and the 
magnitude of an external magnetic field. The sensor 1 of 
FIG. 24 can be formed using a lead frame 4 of FIG. 26. The 
lead frame 4 can be formed through a press working and/or 
etching process for a metal plate. 
0009. The lead frame 4 of FIG. 26 includes a frame 5 and 
a pair of stages 6 and 7 that are supported by the frame 5. 
The frame 5 further includes a rectangle frame portion 5a, 
a plurality of leads 5b, and modified connection leads 5d. 
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The rectangle frame portion 5a defines a rectangle internal 
region. The rectangle frame portion 5a has four corners 5c, 
two long sides and two short sides. The plurality of leads 5b 
extend from the rectangle frame portion 5a into the internal 
region. The modified connection leads 5d extend from the 
corners 5c of the rectangle frame portion 5a into the internal 
region. The stages 6 and 7 are disposed in the internal region 
and supported by first and second pairs of the modified 
connection leads 5d. 

0010. The lead frame 4 has a first center line parallel to 
the two long sides of the rectangle frame portion 5a and a 
second center line parallel to the two short sides of the 
rectangle frame portion 5a. The first and second center lines 
are perpendicular to each other. The stages 6 and 7 have a 
rectangle shape. The second center line divides the internal 
region into two Sub-regions. The stages 6 and 7 are disposed 
in the two Sub-regions, receptively, so as to be distanced 
from the second center line. The stages 6 and 7 are posi 
tioned symmetrically with reference to a reflection-symmet 
ric axis of the second center line. Each of the stages 6 and 
7 extends symmetrically with reference to another reflec 
tion-symmetric axis of the first center line. The frame 5 is 
symmetrical with reference to the reflection-symmetric axes 
of the first and second center lines. The stage 6 has a first 
Surface on which a sensor chip 2 is mounted and a second 
surface opposite to the first surface. The stage 7 has a first 
Surface on which a sensor chip 3 is mounted and a second 
Surface opposite to the first Surface. The stage 6 has a pair 
of projecting parts 8 that project toward the counterpart 
stage 7 and tilt from a plane including the stage 6 toward a 
space to which the second surface faces. The projecting parts 
8 are distanced from the second center line. The stage 7 has 
a pair of projecting parts 9 that project toward the counter 
part stage 6 and tilt from a plane including the stage 7 toward 
the space to which the second Surface faces. The projecting 
parts 9 are distanced from the second center line. 
0011. The modified connection leads 5d comprise sus 
pension leads that Suspend the stages 6 and 7 from the 
rectangle frame portion 5a. Each of the modified connection 
leads 5d has a twistable portion 5e that is connected with and 
adjacent to a side edge 6b or 7b of the stage 6 or 7. The 
twistable portion 5e comprises a narrow portion that is 
defined by recessed sides. Twisting the twistable portions 5e 
tilts or slopes the stage 6 or 7 from a plane including the 
frame 5. 

0012. The sensor 1 shown in FIGS. 24 and 25 includes 
the plurality of leads 5b, the modified connection leads 5d 
with the twisted portions 5e, the sloped stages 6 and 7 with 
the sloped sensor chips 2 and 3, wirings 10 that electrically 
connect the sloped sensor chips 2 and 3 to the leads 5b, and 
a resin mold 11 that encapsulates the sensor chips 2 and 3 
and the plurality of leads 5b. The resin mold 11 is formed by 
an injection molding process. When the injection molding 
process has been completed, the leads 5b and the modified 
connection leads 5d have outside portions that are positioned 
outside the resin mold 11 and the rectangle frame portion 5a. 
The leads 5b and the modified connection leads 5d are 
detruncated to remove the outside portions and the rectangle 
frame portion 5a, thereby completing the sensor 1. This is 
disclosed in Japanese Unexamined Patent Application, First 
Publication, No. 2004-128473. 
0013 Abroken line in FIGS. 24, 25 and 26 represents the 
periphery of the resin mold 11. The resin mold 11 has a 
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rectangle shape in plan view and a trapezoidal shape in cross 
section. The resin mold 11 has a first Surface and a second 
surface 11a that is opposite to the first surface. The first 
Surface is a top Surface and the second Surface 11a is a 
bottom surface. The lead frame 4 has a first surface and a 
second surface 4a opposite to the first surface. The lead 
frame 5 has a first surface and a second surface 5g that is 
opposite to the first Surface. The second Surface 4a includes 
the second surface 5g. The second surface 5g of the lead 
frame 5 appears in the second surface 11a of the resin mold 
11. Namely, the second surface 5g is exposed from the 
second surface 11a. The projecting parts 8 and 9 have top 
portions 8a and 9a that are positioned on the second surface 
11a of the resin mold 11. The stages 6 and 7 with the sensor 
chips 2 and 3 are sloped from the second surface 11a of the 
resin mold 11. The stage 6 extends in a first plane that tilts 
from a second plane that includes the second surface 11a of 
the resin mold 11. The stage 7 extends in a third plane that 
tilts from the second plane and also from the first plane. The 
first and third planes cross each other at an acute angle. The 
sensor chips 2 and 3 are mounted on the sloped stages 6 and 
7. The sloped stages 6 and 7 with the sloped sensor chips 2 
and 3 are fixed to and encapsulated by the resin mold 11. 
0014) A conventional method of forming the sensor 1 will 
be described. FIG. 27A is fragmentary cross sectional 
elevation view of the lead frame 4 of FIG. 26 in a step 
involved in a method of forming the sensor 1 of FIGS. 24 
and 25. FIG. 27B is a fragmentary cross sectional elevation 
view of the lead frame 4 in another step involved in the 
method of forming the sensor 1 of FIGS. 24 and 25. FIG. 
27C is a fragmentary cross sectional elevation view of the 
lead frame 4 in still another step involved in the method of 
forming the sensor 1 of FIGS. 24 and 25. 
0015. As shown in FIGS. 26 and 27A, a metal plate 
having a predetermined inner region is prepared. The pre 
determined inner region of the metal plate is Subjected to a 
photo-etching process to reduce the thickness in half and to 
form a thickness-reduced plate. The thickness-reduced plate 
is then Subjected to a press working and/or etching process 
to form the lead frame 4 that includes the frame 5 and the 
stages 6 and 7 with the projecting parts 8 and 9. The stages 
6 and 7 are supported by the modified connection leads 5d 
that are connected to the rectangle frame portion 5a. Each of 
the modified connection leads 5d has the twistable portion 
5e that comprises the narrow portion defined by the recessed 
sides. The projecting parts 8 extend from the stage 6 toward 
the counterpart stage 7 and tilt from the plane including the 
stage 6. The projecting parts 9 extend from the stage 7 
toward the counterpart stage 6 and tilt from the plane 
including the stage 7. 

0016. The sensor chips 2 and 3 are bonded onto the stages 
6 and 7, respectively. The sensor chips 2 and 3 are electri 
cally connected through the wirings 10 to the leads 5b. The 
wirings 10 are flexible and extend with a slack so as to allow, 
in a later process, the stages 6 and 7 with the sensor chips 
2 and 3 to be sloped or tilted from the plane including the 
frame 5. Each of the wirings 10 has a first bonding portion 
10a that is bonded with the sensor chip 2 or 3 and a second 
bonding portion 10b that is bonded with the lead 5b. Tilting 
the stages 6 and 7 with the sensor chips 2 and 3 increases a 
distance between the first and second bonding portions 10a 
and 10b of the wiring 10. The slacks of the wirings 10 allow 
the stages 6 and 7 to be sloped or tilted. 
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0017. As shown in FIG. 27B, the lead frame 4 is inter 
posed between first and second dies “D’ and “E”. The first 
die “D’ has a concave portion and a ridge portion, while the 
Second die “E has a flat Surface “E1’’. The second die “E” 
moves toward the first die “D’, so that the flat surface “E1’ 
presses up the projecting parts 8 and 9 until the first and 
second dies “D” and “E” sandwich the square frame portion 
5a of the frame 5, whereby the twistable portions 5e are 
twisted, and the stages 6 and 7 are sloped or tilted from the 
plane that includes the frame 5. 
0018) As shown in FIG. 27C, the stages 6 and 7 are 
sloped or tilted from the plane that includes the frame 5. The 
magnetic sensor chips 2 and 3 which are respectively 
mounted on the stages 6 and 7 are also sloped or tilted 
together with the stages 6 and 7. The sloped magnetic sensor 
chips 2 and 3 have a predetermined slope angle with 
reference to the square frame portion 5a and to the flat 
surface “E1’’. The predetermined slope angle is determined 
by the projecting parts 8 and 9. For example, the predeter 
mined slope angle is determined by a distance between the 
twistable portion 5e and the top 8a or 9a of the projecting 
part 8 or 9. 

0019. A molten resin is injected into the cavity of the dies 
“D’ and “E” while keeping the second die “E” to push up the 
projecting parts 8 and 9, thereby forming a resin mold 11 that 
encapsulates and fixes the sloped sensor chips 2 and 3 and 
the sloped stages 6 and 7. The rectangle frame portion 5a 
and the outside portions of the leads 5b and the modified 
connection leads 5d are positioned outside the resin mold 11. 
The second surfaces of the leads 5b and the modified 
connection leads 5d, the rectangle frame portion 5a, the 
outside portions of the leads 5b and the modified connection 
leads 5d are exposed from the resin mold 11. 
0020. The lead frame 4 with the resin mold 11 is then 
immersed into an electrolytic plating solution to form plat 
ing layers on the exposed surfaces. The leads 5b and the 
modified connection leads 5d are detruncated to remove the 
rectangle frame portion 5a and the outside portions of the 
leads 5b and the modified connection leads 5d, while leaving 
the plating layers on the second Surfaces of the remaining 
portions of the leads 5b and the remaining portions of the 
modified connection leads 5d, thereby completing the sensor 
1. 

0021. The sensor 1 is mounted on a circuit board so that 
the plating layers on the second Surfaces of the remaining 
leads 5b and the remaining modified connection leads 5d are 
electrically connected with the circuit board. 
0022 FIG. 28 is a bottom plan view of a sensor, taken 
along an A-A line of FIG. 24. The injection molding process 
is performed while the top portions 8a and 9a of the 
projecting parts 8 and 9 are in contact with the flat surface 
“E1' of the die “E”. Thus, the molten resin when injected 
can not cover the top portions 8a and 9a of the projecting 
parts 8 and 9 so that the top portions 8a and 9a are exposed 
from the second surface 11a of the resin mold 11. When the 
sensor 1 is mounted on the circuit board, the exposed top 
portions 8a and 9a can electrically contact with conductive 
patterns of the circuit board, and a short circuit can be 
formed. 

0023 FIG. 29 is a cross sectional elevation view of a 
conventional lead frame interposed between dies “D’ and 
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“E”. As shown in FIG. 29, paired dies “D” and “E” are used. 
The die “D” has a concave “D1 and a ridge portion that are 
covered with a sheet “S”, while the die “E” has a flat surface 
“E1’ that is covered with a sheet “S”. The sheet “S” is 
flexible. When the dies “D” and “E” are closed, then the top 
portions 8a and 9a come tightly into contact with the sheet 
“S”. In the injection molding process, the molten resin fills 
up the cavity without sealing or coating the top portions 8a 
and 9a, whereby the top portions 8a and 9a are not covered 
by the resin mold 11 and project from the bottom surface 11a 
of the resin mold 11. The sensor 1 has a bottom surface that 
includes a flat bottom of the resin mold 11, bottom surfaces 
of the leads 5b, and the projecting top portions 8a and 9a. 
The bottom surfaces of the leads 5b are leveled to the flat 
bottom of the resin mold 11. The projecting top portions 8a 
and 9a are different in level from the bottom surfaces of the 
leads 5b and the flat bottom of the resin mold 11. The 
projecting top portions 8a and 9a prevent the leads 5b from 
contacting with conductive patterns of the circuit board, 
whereby the leads 5b can not be electrically connected to the 
circuit board. The projecting top portions 8a and 9a further 
prevent the sensor from being satisfactorily mounted on the 
circuit board. 

0024. After the sensor with the resin mold 11 is released 
from the dies “D” and “E”, the sensor may optionally be 
immersed in an electrolytic plating solution, whereby a 
plating layer Such as a solder layer is formed on not only the 
exposed bottom surfaces of the leads 5b but also the pro 
jecting top portions 8a and 9b. The plating layer that covers 
the projecting top portions 8a and 9b is unnecessary. When 
the sensor is mounted on the circuit board, the unnecessary 
plating layer covering the top portions 8a and 9a is inter 
posed between the sensor and the circuit board. The unnec 
essary plating layer prevents the leads 5b from contacting 
with conductive patterns of the circuit board, whereby the 
leads 5b can not be electrically connected to the circuit 
board. The unnecessary plating layer further prevents the 
sensor from being satisfactorily mounted on the circuit 
board. 

0025. In view of the above, it will be apparent to those 
skilled in the art from this disclosure that there exists a need 
for an improved lead frame, a sensor including the improved 
lead frame, a method of forming a lead frame and a method 
of forming a sensor using the lead frame. This invention 
addresses these needs in the art as well as other needs, which 
will become apparent to those skilled in the art from this 
disclosure. 

SUMMARY OF THE INVENTION 

0026. Accordingly, it is a primary object of the present 
invention to provide a sensor that senses a physical quantity 
and includes a lead frame. 

0027. It is another object of the present invention to 
provide a method of forming a sensor that senses a physical 
quantity and includes a lead frame. 
0028. In accordance with a first aspect of the present 
invention, a sensor comprises: a plurality of leads that have 
bottom Surfaces extending in a first plane; a stage that 
extends in a second plane that tilts from the first plane; a 
sensor chip that is Supported on the stage; a modified 
connection lead structure that Supports the stage; and at least 
one projecting part extending from the stage in a first 
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direction that tilts from the first and second planes, the at 
least one projecting part having a top portion that is higher 
in level than the bottom surfaces. 

0029. In accordance with a second aspect of the present 
invention, a sensor comprises: a plurality of leads that have 
bottom Surfaces extending in a first plane; a stage that 
extends in a second plane that tilts from the first plane; a 
sensor chip that is Supported on the stage; a modified 
connection lead structure that Supports the stage; at least one 
projecting part extending from the stage in a first direction 
that tilts from the first and second planes, the at least one 
projecting part having a top portion; a first insulating layer 
that coats the top portion of the at least one projecting part; 
and plating layers on the bottom surfaces of the plurality of 
leads, the plating layer being lowers in level than the 
insulating layers. 
0030. In accordance with a third aspect of the present 
invention, a sensor comprises: a plurality of leads that have 
bottom Surfaces extending in a first plane; a stage that 
extends in a second plane that tilts from the first plane; a 
sensor chip that is Supported on the stage; a modified 
connection lead structure that Supports the stage; and at least 
one projecting part comprising a majority portion that 
extends from the stage in a direction tilting from the first and 
second planes and a top portion that extends from the 
majority portion in a second direction parallel to the bottom 
Surfaces of the leads, the top portion being equal to or higher 
in level than the bottom surfaces. 

0031. In accordance with a fourth aspect of the present 
invention, a sensor comprises: a plurality of leads that have 
bottom Surfaces extending in a first plane; a stage that 
extends in a second plane that tilts from the first plane; a 
sensor chip that is Supported on the stage; a modified 
connection lead structure that Supports the stage, the modi 
fied connection lead structure being electrically discon 
nected from the plurality of leads; and at least one projecting 
part extending from the stage in a first direction that tilts 
from the first and second planes, the at least one projecting 
part having a top portion that is equal to or higher in level 
than the bottom surfaces. 

0032. In accordance with a fifth aspect of the present 
invention, a sensor comprises: a plurality of leads that have 
bottom Surfaces extending in a first plane; a stage that 
extends in a second plane that tilts from the first plane; a 
sensor chip that is Supported on the stage; a modified 
connection lead structure that Supports the stage; at least one 
projecting part extending from the stage in a first direction 
that tilts from the first and second planes, the at least one 
projecting part having a top portion; and plating layers on 
the bottom surfaces of the plurality of leads, the plating 
layers being lower in level than the top. 
0033. In accordance with a sixth aspect of the present 
invention, a method of forming a sensor comprises: prepar 
ing a lead frame that comprises a plurality of leads that have 
bottom Surfaces extending in a first plane, a stage that 
extends in a second plane that tilts from the first plane, a 
sensor chip that is Supported on the stage, a modified 
connection lead structure that Supports the stage, and at least 
one projecting part extending from the stage in a first 
direction that tilts from the first and second planes, the at 
least one projecting part having a top portion; forming a 
resin mold that encapsulates the plurality of leads, the stage, 
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the modified connection lead structure and the at least one 
projecting part except for the bottom Surfaces and the top 
portion, the resin mold further having a bottom portion with 
a first flat surface that is leveled to the bottom surfaces; and 
forming a recessed portion in the bottom portion, the 
recessed portion having a second flat surface that is higher 
in level than the first flat surface and is leveled to the top 
portion. 

0034. In accordance with a seventh aspect of the present 
invention, a method of forming a sensor comprises: prepar 
ing a lead frame that comprises a plurality of leads that have 
bottom Surfaces extending in a first plane, a stage that 
extends in the first plane, a sensor chip that is Supported on 
the stage, a modified connection lead structure that Supports 
the stage, and at least one projecting part extending from the 
stage in a first direction that tilts from the first plane, the at 
least one projecting part having a top portion that is lower in 
level than the bottom surfaces; and moving the top portion 
to a first level that is higher in level than the bottom surfaces 
while tilting the stage from the first plane. 

0035) In accordance with an eighth aspect of the present 
invention, a method of forming a sensor comprises: prepar 
ing a lead frame that comprises a plurality of leads that have 
bottom Surfaces extending in a first plane, a stage that 
extends in a second plane that tilts from the first plane, a 
sensor chip that is Supported on the stage, a modified 
connection lead structure that Supports the stage, and at least 
one projecting part extending from the stage in a first 
direction that tilts from the first and second planes, the at 
least one projecting part having a top portion; forming a 
resin mold that encapsulates the plurality of leads, the stage, 
the modified connection lead structure and the at least one 
projecting part except for the bottom Surfaces and the top 
portion, the resin mold further having a bottom portion with 
a first flat surface that is leveled to the bottom surfaces; and 
exposing the bottom Surfaces to a plating Solution while 
isolating the top portion from the plating solution. 

0036). In accordance with a ninth aspect of the present 
invention, a method of forming a sensor comprises: prepar 
ing a lead frame that comprises a plurality of leads that have 
bottom Surfaces extending in a first plane, a stage that 
extends in a second plane that tilts from the first plane, a 
sensor chip that is Supported on the stage, a modified 
connection lead structure that Supports the stage, and at least 
one projecting part extending from the stage in a first 
direction that tilts from the first and second planes, the at 
least one projecting part having a top portion; and dividing 
the modified connection lead structure into first and second 
portions that are electrically disconnected from each other, 
the first portion being electrically connected to the at least 
one projecting part, the second portion being electrically 
connected to the plurality of leads. 

0037. In accordance with a tenth aspect of the present 
invention, a method of forming a sensor for sensing a 
physical quantity comprises: preparing a lead frame that 
comprises a rectangle frame portion, leads extending 
inwardly from the rectangle frame portion, modified con 
nection leads extending inwardly from the rectangle frame 
portion, stages Supported by the modified connection leads, 
projecting parts that project from the stages downwardly and 
tilt from the stages; securing sensor chips for sensing the 
physical quantity on the stages; pushing upwardly the pro 
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jecting parts So as to tilt the stages with the sensor chips from 
the rectangle frame portion; forming, in a cavity, a resin 
mold that encapsulates the stages, the sensor chips, the 
projecting parts, the leads and the modified connection 
leads; and positioning top portions of the projecting parts at 
a first level that is higher than a second level of bottom 
surfaces of the leads. 

0038. In accordance with an eleventh aspect of the 
present invention, a method of forming a sensor for sensing 
a physical quantity comprises: preparing a lead frame that 
comprises a rectangle frame portion, leads extending 
inwardly from the rectangle frame portion, modified con 
nection leads extending inwardly from the rectangle frame 
portion, stages Supported by the modified connection leads, 
projecting parts that project from the stages downwardly and 
tilt from the stages; securing sensor chips for sensing the 
physical quantity on the stages; pushing upwardly the pro 
jecting parts So as to tilt the stages with the sensor chips from 
the rectangle frame portion; forming, in a cavity, a resin 
mold that encapsulates the stages, the sensor chips, the 
projecting parts, the leads and the modified connection 
leads; and immersing the lead frame with the resin mold into 
a plating solution so as to form plating layers on bottom 
Surfaces of the leads without forming a plating layer on each 
of top portions of the projecting parts. 
0039. In accordance with a twelfth aspect of the present 
invention, a sensor for sensing a physical quantity com 
prises: a rectangle frame portion; leads extending inwardly 
from the rectangle frame portion; modified connection leads 
extending inwardly from the rectangle frame portion; stages 
Supported by the modified connection leads and tilting from 
the rectangle frame portion; sensor chips for sensing the 
physical quantity secured on the stages and tilting from the 
rectangle frame portion; projecting parts that project from 
the stages downwardly and tilt from the stages; a resin mold 
that encapsulates the leads, the modified connection leads, 
the stages, the sensor chips and the projecting parts, except 
for bottom surfaces of the leads and top portions of the 
projecting parts; and plating layers that coat bottom Surfaces 
of the leads. 

0040. These and other objects, features, aspects, and 
advantages of the present invention will become apparent to 
those skilled in the art from the following detailed descrip 
tions taken in conjunction with the accompanying drawings, 
illustrating the embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 Referring now to the attached drawings which form 
a part of this original disclosure: 
0042 FIG. 1 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a first preferred embodiment of the present 
invention; 
0.043 FIG. 2 is a bottom plan view of the sensor of FIG. 
1; 
0044 FIG. 3 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a modification of the first preferred embodi 
ment of the present invention; 
0045 FIG. 4 is a fragmentary cross sectional elevation 
view illustrating modified projecting parts of the sensor in 
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accordance with another modification of the first preferred 
embodiment of the present invention: 
0046 FIG. 5A is a fragmentary cross sectional elevation 
view illustrating modified projecting parts of the sensor in 
accordance with a further modification of the first preferred 
embodiment of the present invention: 
0047 FIG. 5B is a fragmentary plan view of the project 
ing parts of FIG. 5A; 
0.048 FIG. 6 is a fragmentary cross sectional elevation 
view illustrating modified projecting parts of the sensor in 
accordance with a still further modification of the first 
preferred embodiment of the present invention; 
0049 FIG. 7 is a fragmentary plan view illustrating a 
sensor for sensing a physical quantity in accordance with yet 
a further modification of the first preferred embodiment of 
the present invention; 
0050 FIG. 8 is a fragmentary cross sectional elevation 
view illustrating the sensor of FIG. 7; 
0051 FIG. 9A is a fragmentary cross sectional elevation 
view of the lead frame in a step involved in the method of 
forming the sensor of FIGS. 1 and 2 in accordance with a 
second embodiment of the present invention; 
0.052 FIG.9B is a fragmentary cross sectional elevation 
view of the lead frame in another step involved in the 
method of forming the sensor of FIGS. 1 and 2 in accor 
dance with the second embodiment of the present invention; 
0053 FIG. 10A is a fragmentary cross sectional eleva 
tion view of the lead frame in a step involved in the method 
of forming the sensor of FIGS. 1 and 2 in accordance with 
a third embodiment of the present invention; 
0054 FIG. 10B is a fragmentary cross sectional eleva 
tion view of the lead frame in another step involved in the 
method of forming the sensor of FIGS. 1 and 2 in accor 
dance with the third embodiment of the present invention: 
0.055 FIG. 11 is a fragmentary plan view illustrating a 
sensor for sensing a physical quantity in accordance with a 
fourth preferred embodiment of the present invention; 
0056 FIG. 12 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with the fourth preferred embodiment of the 
present invention; 
0057 FIG. 13 is a bottom plan view of the sensor of 
FIGS. 11 and 12: 

0.058 FIG. 14A is a fragmentary cross sectional eleva 
tion view of the lead frame in a step involved in the method 
of forming the sensor of FIGS. 11 and 12 in accordance 
with the fourth embodiment of the present invention; 
0059 FIG. 14B is a fragmentary cross sectional eleva 
tion view of the lead frame in another step involved in the 
method of forming the sensor of FIGS. 11 and 12 in 
accordance with the fourth embodiment of the present 
invention; 
0060 FIG. 14C is a fragmentary cross sectional eleva 
tion view of the lead frame in another step involved in the 
method of forming the sensor of FIGS. 11 and 12 in 
accordance with the fourth embodiment of the present 
invention; 
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0061 FIG. 15 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a modification of the fourth preferred 
embodiment of the present invention; 

0062 FIG. 16 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a fifth preferred embodiment of the present 
invention; 

0063 FIG. 17 is fragmentary plan view illustrating a 
sensor of FIG. 16; 

0064 FIG. 18 is a fragmentary cross sectional elevation 
view illustrating a disconnection gap between the inner and 
outer portions of the modified connection lead in a modifi 
cation of the fifth embodiment of the present invention; 

0065 FIG. 19 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a sixth preferred embodiment of the present 
invention; 

0066 FIG. 20 is fragmentary bottom plan view illustrat 
ing a sensor of FIG. 19: 
0067 FIG. 21 is a fragmentary cross sectional elevation 
view of the lead frame with the resin mold in a step involved 
in the method of forming the sensor of FIGS. 19 and 20 in 
accordance with the sixth embodiment of the present inven 
tion; 

0068 FIG. 22 is a fragmentary cross sectional elevation 
view of the lead frame with the resin mold in a step involved 
in a method of forming the sensor in accordance with a 
seventh embodiment of the present invention; 
0069 FIG. 23 is a fragmentary cross sectional elevation 
view of the lead frame with the resin mold in a step involved 
in another method of forming the sensor in accordance with 
the modification of the seventh embodiment of the present 
invention; 

0070 FIG. 24 is a plan view illustrating the conventional 
sensor for sensing a physical quantity; 

0071 FIG. 25 is a cross sectional elevation view of the 
sensor of FIG. 24; 

0072 FIG. 26 is a plan view of a lead frame to be used 
for forming the sensor of FIG. 24; 

0073 FIG. 27A is fragmentary cross sectional elevation 
view of the lead frame 4 of FIG. 26 in a step involved in a 
method of forming the sensor of FIGS. 24 and 25: 

0074 FIG. 27B is a fragmentary cross sectional eleva 
tion view of the lead frame 4 in another step involved in the 
method of forming the sensor of FIGS. 24 and 25: 

0075 FIG. 27C is a fragmentary cross sectional eleva 
tion view of the lead frame 4 in still another step involved 
in the method of forming the sensor of FIGS. 24 and 25: 

0076 FIG. 28 is a bottom plan view of a sensor, taken 
along an A-A line of FIG. 24; and 

0.077 FIG. 29 is a cross sectional elevation view of the 
conventional lead frame interposed between dies “D’ and 
“E”. 



US 2006/0194362 A1 

DETAILED DESCRIPTION OF THE 
INVENTION 

0078 Selected embodiments of the present invention will 
now be described with reference to the drawings. It will be 
apparent to those skilled in the art from this disclosure that 
the following descriptions of the embodiments of the present 
invention are provided for illustration only and not for the 
purpose of limiting the invention as defined by the appended 
claims and their equivalents. 

First Embodiment 

0079 FIG. 1 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a first preferred embodiment of the present 
invention. FIG. 2 is a bottom plan view of the sensor of 
FIG. 1. The following descriptions will be directed to a 
difference of the sensor of the first embodiment from the 
above-described conventional sensor. 

0080 A sensor 1 for sensing a physical quantity is shown 
in FIG.1. The sensor 1 includes a pair of sloped sensor chips 
that sense the direction and the magnitude of an external 
magnetic field. The sensor 1 is formed using a lead frame 4 
that is shown in FIG. 26. The sensor 1 may be the type of 
surface mount package such as a QFN (Quad Flat Non 
Leaded) package and an SON (Small Outline Non-Leaded) 
package. 

0081. The sensor 1 shown in FIGS. 1 and 2 includes a 
plurality of leads 5b, modified connection leads 5d, sloped 
stages 6 and 7. Sensor chips 2 and 3, projecting parts 8 and 
9, wirings 10, and a resin mold 11. The lead frame 4 with the 
projecting parts 8 and 9 is made of a conductive material 
Such as a metal. The sloped stages 6 and 7 are Supported by 
the modified connection leads 5d. The sensor chips 2 and 3 
are mounted on the sloped stages 6 and 7, respectively. The 
sensor chips 2 and 3 are electrically connected through the 
wirings 10 to the leads 5b. The projecting parts 8 and 9 
extend from the stages 6 and 7, respectively. The resin mold 
11 encapsulates the leads 5b, the modified connection leads 
5d, the sloped stages 6 and 7, the sensor chips 2 and 3, the 
projecting parts 8 and 9 and the wirings 10. 
0082 The resin mold 11 has a generally trapezoidal shape 
in cross section that is defined by a flat top portion, sloped 
side walls and a lower portion. The lower portion further 
comprises a bottom portion 11a and a recessed portion 11b. 
The bottom portion 11a has a flat surface. The recessed 
portion 11b is defined by a flat surface 11c and a side wall 
11d. The flat surface 11c is different in level from the flat 
surface of the bottom portion 11a. Namely, the flat surface 
11c has a level that is higher than a level of the flat surface 
of the bottom portion 11a. The recessed portion 11b has a 
circular shape in plan view. The projecting parts 8 and 9 
have top portions 8a and 9a that are leveled to the flat 
surface 11c of the recessed portion 11b. Thus, the top 
portions 8a and 9a are different in level from the flat surface 
of the bottom portion 11a. Namely, the top portions 8a and 
9a have a level that is higher than the level of the flat surface 
of the bottom portion 11a. The leads 5b have second surfaces 
5g that define bottom surfaces 4a of the lead frame 4. The 
top portions 8a and 9a are different in level from the second 
surfaces 5g of the leads 5. Namely, the top portions 8a and 
9a have a level that is higher than the second surfaces 5g of 
the leads 5. 
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0083. The recessed portion 11b may be formed by recess 
ing or cutting part of the bottom portion of the resin mold 11. 

0084. A method of forming the above-described sensor 1 
will be described. The lead frame described above with 
reference to FIG. 26 is prepared by a known method. The 
sensor chips 2 and 3 are mounted on surfaces 6c and 7c of 
the stages 6 and 7, respectively. The sensor chips 2 and 3 are 
electrically connected through the wirings 10 to the leads 5b. 

0085. With reference again to FIGS. 27A, 27B and 27C. 
the lead frame 4 is prepared. The lead frame 4 is placed 
between paired dies “D” and “E”. The die “D' moves toward 
the counterpart die “E” and a flat surface “E1' of the die “E” 
pushes the projecting parts 8 and 9, whereby twistable 
portions 5e of the modified connection leads 5d are twisted 
and the stages 6 and 7 with the magnetic sensor chips 2 and 
3 are tilted or sloped, while the top portions 8a and 9a of the 
projecting parts 8 and 9 still contact tightly with the flat 
Surface “E1. 

0086 An injection molding process is performed to inject 
a molten resin into a cavity defined by the combined dies 
“D’ and “E” so as to form the resin mold 11 that encapsu 
lates the leads 5b, the modified connection leads 5d, the 
sloped stages 6 and 7, and the sloped sensor chips 2 and 3. 

0087 FIG. 28 is a bottom plan view illustrating the resin 
mold 11 that encapsulates the lead frame 4. The leads 5b 
have surfaces that are exposed from the bottom surface 11a 
of the resin mold 11. The top portions 8a and 9a of the 
projecting parts 8 and 9 are also exposed from the bottom 
surface 11a of the resin mold 11. 

0088. The lead frame 4 with the resin mold 11 is released 
from the dies "D' and “E” and then immersed into an 
electrolytic plating solution so as to form plating layers on 
the exposed surfaces of the leads 5b and the top portions 8a 
and 9a of the projecting parts 8 and 9. The plating layers 
may be, but are not limited to, solder layers. 
0089. When the injection molding process has been com 
pleted, the resin mold 11 has a generally trapezoidal shape 
in cross section that is defined by a flat top portion, sloped 
side walls and the flat bottom portion 11a. The bottom 
portion 11a has a predetermined region that includes the top 
portions 8a and 9a. The predetermined region of the bottom 
portion 11a is removed by using a known technique Such as 
a laser beam or a sand blast, so as to form the recessed 
portion 11b that is surrounded by the non-recessed bottom 
portion 11a, while detruncating the projecting parts 8 and 9 
and forming new top portions 8a and 9a of the detruncated 
projecting parts 8 and 9. This removal can be made after the 
lead frame 4 with the resin mold 11 has been released from 
the dies “D’ and “E” and before it is immersed into the 
electrolytic plating Solution. Alternatively, the removal can 
be made after the lead frame 4 with the resin mold 11 is 
immersed into the electrolytic plating solution. The lower 
portion of the resin mold 11 comprises the bottom portion 
11a and the recessed portion 11b. The bottom portion 11a 
has a flat surface. The recessed portion 11b is defined by the 
flat surface 11C and the side wall 11d. The flat surface 11c is 
different in level from the flat surface of the bottom portion 
11a. Namely, the flat surface 11c has a level that is higher 
than a level of the flat surface of the bottom portion 11a. The 
recessed portion 11b has a circular shape in plan view. The 
top portions 8a and 9a of the projecting parts 8 and 9 are 
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leveled to the flat surface 11c of the recessed portion 11b. 
Thus, the top portions 8a and 9a are different in level from 
the flat surface of the bottom portion 11a. The flat surface of 
the bottom portion 11a is leveled to the second surfaces 5g 
of the leads 5. Namely, the top portions 8a and 9a have a 
level that is higher than the flat surface of the bottom portion 
11a and the second surfaces 5g of the leads 5. 
0090 The leads 5b and the modified connection leads 5b 
have outside portions that extend outside the resin mold 11. 
The rectangle frame portion 5a is also positioned outside the 
resin mold 11. The rectangle frame portion 5a is then cut off 
and removed from the resin mold 11. The outside portions of 
the leads 5b and the modified connection leads 5d are 
detruncated and removed from the resin mold 11, thereby 
completing the sensor 1. 
0091. The sensor 1 has the leads 5b that have the second 
surfaces 5g that are coated with the metal layer. The plating 
layers are formed by immersing the lead frame 4 with the 
resin mold 11 into the electrolytic plating solution. The 
sensor 1 is mounted on a circuit board so that the plating 
layers that coat the second Surfaces 5g make contact with 
conductive patterns of the circuit board, while the top 
portions 8a and 9a of the detruncated projecting parts 8 and 
9 that are leveled to the flat surface 11C of the recessed 
portion 11b are distanced from the circuit board. This 
ensures that the leads 5b make contact with the conductive 
pattern of the circuit board, whereby the leads 5b can be 
electrically connected to the circuit board, and the sensor 1 
can be reliably mounted on the circuit board. 
0092. In accordance with the above-described method of 
forming the sensor 1, after the injection molding process has 
been completed or after the lead frame 4 with the resin mold 
11 has been immersed into the electrolytic plating solution, 
then the projecting parts 8 and 9 are detruncated, while the 
predetermined region of the bottom portion 11a is removed, 
thereby forming the recessed portion 11b. The top portions 
8a and 9a of the detruncated projecting parts 8 and 9 are 
leveled to the flat surface 11c of the recessed portion 11b and 
higher in level than the second surfaces 5g of the leads 5b. 
This ensures that the leads 5b make contact with the con 
ductive pattern of the circuit board, whereby the leads 5b can 
be electrically connected to the circuit board and the sensor 
1 can be reliably mounted on the circuit board. 
0093. In accordance with the first embodiment, the pro 
jecting parts 8 and 9 are detruncated, while the predeter 
mined region of the bottom portion 11a of the resin mold 11 
is removed. It is possible as a modification of the first 
embodiment for the projecting parts 8 and 9 to be detrun 
cated without removing any part of the bottom portion 11a 
of the resin mold 11, so that the top portions 8a and 9a of 
the detruncated projecting parts 8 and 9 are higher in level 
than the flat surface of the bottom portion 11a of the resin 
mold 11. 

0094. In accordance with the first embodiment, the pro 
jecting parts 8 and 9 are shaped like a slender rod. The stage 
6 has a proximal side 6a to the stage 7. The stage 7 has a 
proximal side 7a to the stage 6. The projecting parts 8 and 
9 extend from the proximal sides 6a and 7a toward the 
stages 7 and 6, respectively. It is possible as a modification 
that a plurality of the projecting parts 8 and 9 are alterna 
tively aligned in a direction of width of the stages 6 and 7. 
The positions from which the projecting parts 8 and 9 extend 
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should not be limited to the proximal sides 6a and 7a. The 
shape of the projecting parts 8 and 9 should not be limited 
to that of a slender rod. 

0095 FIG. 3 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a modification of the first preferred embodi 
ment of the present invention. As shown in FIG. 3, the 
projecting parts 8 and 9 have bent portions 8b and 9b that 
extend in parallel to the flat surface of the bottom portion 
11a of the resin mold 11. The projecting parts 8 and 9 are 
buried in the resin mold 11. The bent portions 8b and 9b 
have exposed surfaces that are shown from the flat surface 
of the bottom portion 11a of the resin mold 11. The exposed 
surfaces of the bent portions 8b and 9b may be coated with 
a metal layer that is formed when immersed in the electro 
lytic plating Solution. It may be advantageous to further 
modify the bent portions 8b and 9b so as to reduce the area 
of the metal layer that coats the surfaces of the bent portions 
8b and 9b or to make it easy to remove the metal layer from 
the surfaces of the bent portions 8b and 9b. 
0096 FIG. 4 is a fragmentary cross sectional elevation 
view illustrating modified projecting parts of the sensor in 
accordance with another modification of the first preferred 
embodiment of the present invention. The projecting parts 8 
and 9 have modified bent portions 8b and 9b that have one 
or more grooves 8c and 9c. The grooves 8c and 9c reduce the 
area of the exposed surfaces of the bent portions 8b and 9b, 
thereby reducing the area of the metal layer that coats the 
surfaces of the bent portions 8b and 9b and also making it 
easy to remove the metal layer from the surfaces of the bent 
portions 8b and 9b. 
0097 FIG. 5A is a fragmentary cross sectional elevation 
view illustrating modified projecting parts of the sensor in 
accordance with a further modification of the first preferred 
embodiment of the present invention. FIG. 5B is a frag 
mentary plan view of the projecting parts of FIG. 5A. The 
projecting parts 8 and 9 have further modified bent portions 
8b and 9b that have plural through holes 8d and 9d. The 
through holes 8d and 9d reduce the area of the exposed 
surfaces of the bent portions 8b and 9b, thereby reducing the 
area of the metal layer that coats the surfaces of the bent 
portions 8b and 9b and also making it easy to remove the 
metal layer from the surfaces of the bent portions 8b and 9b. 
0098 FIG. 6 is a fragmentary cross sectional elevation 
view illustrating modified projecting parts of the sensor in 
accordance with a still further modification of the first 
preferred embodiment of the present invention. The project 
ing parts 8 and 9 have modified bent portions 8b and 9b that 
have protrusions 8e and 9e that protrude downwardly. The 
protrusions 8e and 9e are exposed, while the modified bent 
portions 8b and 9b are buried in the resin mold 11, thereby 
reducing the area of the metal layer that coats the Surfaces 
of the bent portions 8b and 9b and also making it easy to 
remove the metal layer from the surfaces of the bent portions 
8b and 9b. 

0099. In accordance with the first embodiment of the 
present invention, the modified connection lead 5d has the 
twistable portion 5e as shown in FIGS. 24-27C. It is 
possible as a modification of the first embodiment for the 
modified connection lead to have a bendable portion and a 
non-twistable portion. Bending the bendable portions of the 
modified leads 5d without twisting the non-twistable portion 
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causes the stage to be sloped or tilted. FIG. 7 is a fragmen 
tary plan view illustrating a sensor for sensing a physical 
quantity in accordance with yet a further modification of the 
first preferred embodiment of the present invention. FIG. 8 
is a fragmentary cross sectional elevation view illustrating 
the sensor of FIG. 7. The bendable portion 5f is narrower in 
width than other portions of the modified connection lead 
5d. Bending the bendable portions 5f of the modified leads 
5d without twisting the non-twistable portion 5e causes the 
stage 6 or 7 to be sloped or tilted. 
0100. As shown in FIGS. 7 and 8, the sensor chips 2 and 
3 have first sides 2a and 3a which are proximal to the leads 
5b and are positioned over inner portions of the leads 5b and 
outside the stages 6 and 7. The first sides 2a and 3a of the 
sensor chips 2 and 3 are electrically connected to the leads 
5b through the wirings 10. The inner portions of the leads 5b 
mechanically support the first sides 2a and 3a of the sensor 
chips 2 and 3. The first sides 2a and 3a of the sensor chips 
2 and 3 may be attached to the inner portions of the leads 5b. 
The inner portions are thinner than the remaining portions of 
the leads 5b so that the inner portions are bendable. A typical 
example of the thickness of the inner portions may be, but 
does not have to be, a half of the thickness of the leads 5b. 
It is also possible as a further modification of the first 
embodiment for the inner portions of the leads 5b to 
mechanically support and extend under the first sides 2a and 
3a of the sensor chips 2 and 3 without attaching the inner 
portions of the leads 5b to the first sides 2a and 3a of the 
sensor chips 2 and 3. Namely, the first sides 2a and 3a of the 
sensor chips 2 and 3 may be positioned over the inner 
portions of the leads 5b. 
0101 The die “E” moves toward the counterpart die “D” 
while the flat surface “E1’ pushes the projecting parts 8 and 
9 so as to bend the bendable portions 5f of the modified 
connection leads 5d and the thin inner portions of the leads 
5b, thereby causing the stages 6 and 7 to be sloped or tilted 
without twisting the non-twistable portions 5e. 

Second Embodiment 

0102) A second embodiment of the present invention will 
be described. The following descriptions will be directed to 
differences of the second embodiment from the above 
described first embodiment. The second embodiment pro 
vides the sensor 1 that has the same structure as that of the 
first embodiment. Namely, the sensor 1 has the same struc 
ture as shown in FIGS. 1, 2 and 24-28. A method of forming 
the sensor 1 will be described. The lead frame 4 shown in 
FIG. 24 is prepared by the same manner as described in the 
first embodiment. FIG. 9A is a fragmentary cross sectional 
elevation view of the lead frame 4 in a step involved in the 
method of forming the sensor 1 of FIGS. 1 and 2. FIG.9B 
is a fragmentary cross sectional elevation view of the lead 
frame 4 in another step involved in the method of forming 
the sensor 1 of FIGS. 1 and 2. As shown in FIG. 9A, the 
lead frame 4 is interposed between first and second dies “D’ 
and “E”. The first die “D” has a concave portion and a ridge 
portion, while the second die “E” has a peripheral portion 
with a first flat surface “E1’ and a protruding portion with 
a second flat surface “E2. The second flat surface “E2 is 
higher in level than the first flat surface “E1’’. The protruding 
portion has a predetermined height from the first flat surface 
“E1’’. The projecting portions 8 and 9 are positioned over the 
second flat surface “E2 of the protruding portion of the 
Second die “E”. 
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0103) As shown in FIG.9B, the second die “E” moves 
toward the first die “D’, so that the second flat surface “E2 
pushes up the projecting parts 8 and 9 until the first and 
second dies “D” and “E” sandwich the square frame portion 
5a of the frame 5, whereby the twistable portions 5e are 
twisted, and the stages 6 and 7 are sloped or tilted from the 
plane that includes the frame 5. Also, the magnetic sensor 
chips 2 and 3 that are respectively mounted on the stages 6 
and 7 are sloped or tilted together with the stages 6 and 7. 
The sloped magnetic sensor chips 2 and 3 have a predeter 
mined slope angle with reference to the plane that includes 
the square frame portion 5a. The projecting parts 8 and 9 
have the top portions 8a and 9a that tightly make contact 
with the second flat surface “E2 of the protruding portion 
of the second die “E”. The leads 5b have the second surfaces 
5g that tightly make contact with the first flat surface “E1’ 
of the peripheral portion of the second die “E”. The top 
portions 8a and 9a have a level that is higher than the second 
surfaces 5g of the leads 5b by the height of the protruding 
portion of the second die “E”. The difference in level 
between the top portions 8a and 9a and the second surfaces 
5g of the leads 5d corresponds to the height of the protruding 
portion of the second die “E”. 

0104. A molten resin is injected into the cavity of the first 
and second dies “D’ and “E” while the Second die “E” 
continues to push up the projecting parts 8 and 9, thereby 
forming a resin mold 11 that encapsulates and fixes the 
sloped sensor chips 2 and 3 and the sloped stages 6 and 7. 
The rectangle frame portion 5a is positioned outside of the 
resin mold 11. Each of the leads 5b and the modified 
connection leads 5d has an outside portion that extends 
outside the resin mold 11. The leads 5 have the second 
surface that is shown on the second surface of the resin mold 
11. 

0105 The protruding portion with the second flat surface 
“E2” of FIGS. 9A and 9B defines the recessed portion 11b 
of the resin mold 11 of FIGS. 1 and 2. The depth of the 
recessed portion 11b corresponds to the height of the pro 
truding portion. The protruding portion with the second flat 
Surface “E2 of FIGS. 9A and 9B also defines the level of 
the top portions 8a and 9a of the projecting parts 8 and 9. 
Thus, the top portions 8a and 9a are leveled to the flat 
surface 11c of the recessed portion 11b but have a level that 
is higher than the flat surface of the bottom portion 11a of 
the resin mold 11. The flat surface of the bottom portion 11a 
is leveled to the second surfaces 5g of the leads 5. Thus, the 
top portions 8a and 9a have a level that is higher than the flat 
surface of the bottom portion 11a and the second surfaces 5g 
of the leads 5. 

0106 The leads 5b and the modified connection leads 5d 
are detruncated to remove the rectangle frame portion 5a 
and the outside portions of the leads 5b and the modified 
connection leads 5d., thereby completing the sensor 1. 

0.107. In accordance with the second embodiment, the 
first and second dies "D' and “E” are closed while the 
second flat surface “E2 of the protruding portion of the 
second die “E” pushes up the top portions 8a and 9a of the 
first and second projecting parts 8 and 9, whereby the stages 
6 and 7 with the sensor chips 2 and 3 are sloped or tilted. The 
injection molding process is performed to form the resin 
mold 11 while the second flat surface “E2 continues to push 
up the top portions 8a and 9a. Thus, the top portions 8a and 
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9a are leveled to the flat surface 11c of the recessed portion 
11b but have a level that is higher than the flat surface of the 
bottom portion 11a of the resin mold 11. The flat surface of 
the bottom portion 11a is leveled to the second surfaces 5g 
of the leads 5. Thus, the top portions 8a and 9a have a level 
that is higher than the flat surface of the bottom portion 11a 
and the second surfaces 5g of the leads 5. The difference in 
level of the top portions 8a and 9a from the second surfaces 
5g of the leads 5 allows the sensor 1 to be mounted on a 
circuit board without causing any problems or disadvan 
tages. 

0108. In accordance with the second embodiment, the 
projecting parts 8 and 9 are shaped like a slender rod. The 
projecting parts 8 and 9 extend from the proximal sides 6a 
and 7a toward the stages 7 and 6, respectively. It is possible 
as a modification that a plurality of the projecting parts 8 and 
9 are alternatively aligned in a direction of width of the 
stages 6 and 7. The positions from which the projecting parts 
8 and 9 extend should not be limited to the proximal sides 
6a and 7a. The shape of the projecting parts 8 and 9 should 
not be limited to that of a slender rod. 

0109. In accordance with the second embodiment of the 
present invention, the modified connection lead 5d has the 
twistable portion 5e. It is possible as a modification of the 
second embodiment for the modified connection lead to 
have a bendable portion and a non-twistable portion. Bend 
ing the bendable portions of the modified leads 5d without 
twisting the non-twistable portion causes the stage to be 
sloped or tilted. 

Third Embodiment 

0110. A third embodiment of the present invention will be 
described. The following descriptions will be directed to 
differences of the third embodiment from the above-de 
scribed first and second embodiments. The third embodi 
ment provides the sensor 1 that has the same structure as that 
of the first embodiment. Namely, the sensor 1 has the same 
structure as shown in FIGS. 1, 2 and 24-28. A method of 
forming the sensor 1 will be described. The lead frame 4 
shown in FIG. 26 is prepared by the same manner as 
described in the first embodiment. FIG. 10A is a fragmen 
tary cross sectional elevation view of the lead frame 4 in a 
step involved in the method of forming the sensor 1 of 
FIGS. 1 and 2. FIG. 10B is a fragmentary cross sectional 
elevation view of the lead frame 4 in another step involved 
in the method of forming the sensor 1 of FIGS. 1 and 2. 
0111. As shown in FIG. 10A, the lead frame 4 is inter 
posed between first and second dies “D’ and “E”. The first 
die “D has a concave portion and a ridge portion, while the 
second die “E” has a peripheral portion with a first flat 
surface “E1’ and an opening “E3’ that accommodates an 
ejector pin “E4' with a second flat surface “E5. The 
opening “E3’ has an inner wall that contacts with the ejector 
pin “E4' so as to allow the ejector pin “E4 to slide on the 
inner wall along a direction vertical to the first and second 
flat surfaces “E1’ and “E5. The ejector pin “E4” slides 
between first and second positions in the opening “E3’. 
When the ejector pin “E4” has the first position, then the 
second flat surface “E5” of the ejector pin “E4” is leveled to 
the first flat surface “E1’ of the peripheral portion. When the 
ejector pin “E4” has the second position, then the second flat 
surface “E5” of the ejector pin “E4” is higher in level than 
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the first flat surface “E1’ of the peripheral portion. The 
projecting portions 8 and 9 are positioned over the second 
flat surface “E5” of the ejector pin “E4'. 

0112 The second die “E” with the second flat surface 
“E5’ that is leveled to the first flat Surface “E1’ moves 
toward the first die “D’, so that the second flat surface “E5” 
push up the projecting parts 8 and 9 until the first and second 
dies “D” and “E” sandwich the square frame portion 5a of 
the frame 5, whereby the twistable portions 5e are twisted, 
and the stages 6 and 7 are sloped or tilted from the plane that 
includes the frame 5. Also, the magnetic sensor chips 2 and 
3 that are respectively mounted on the stages 6 and 7 are 
sloped or tilted together with the stages 6 and 7. The sloped 
magnetic sensor chips 2 and 3 have a predetermined first 
slope angle with reference to the plane that includes the 
square frame portion 5a. The projecting parts 8 and 9 have 
the top portions 8a and 9a that tightly contact with the 
second flat surface"E5” that is leveled to the first flat surface 
“E1’’. The leads 5b have the second surfaces 5g that tightly 
contact with the first flat surface “E1’ of the peripheral 
portion of the second die “E”. The top portions 8a and 9a are 
leveled to the second surfaces 5g of the leads 5b. 
0113. As shown in FIG. 10B, the ejector pin “4E moves 
toward the first die “D’so as to enter into the cavity defined 
by the first and second dies “D” and “E”. The second flat 
surface “E5” is raised and becomes higher in level than the 
first flat surface “E1’ while further pushing up the projecting 
parts 8 and 9, whereby the twistable portions 5e are further 
twisted, and the sloped stages 6 and 7 are further sloped or 
tilted. Also, the magnetic sensor chips 2 and 3 that are 
respectively mounted on the stages 6 and 7 are further sloped 
or tilted together with the stages 6 and 7. The sloped 
magnetic sensor chips 2 and 3 have a predetermined second 
slope angle that is larger than the first slope angle. The 
projecting parts 8 and 9 have the top portions 8a and 9a that 
tightly make contact with the raised second flat surface “E5” 
that is higher in level than the first flat surface “E1’’. The 
leads 5b have the second surfaces 5g that tightly make 
contact with the first flat surface “E1’ of the peripheral 
portion of the second die “E”. The top portions 8a and 9a are 
higher in level than the second surfaces 5g of the leads 5b. 
The difference in level between the top portions 8a and 9a 
and the second surfaces 5g of the leads 5d corresponds to the 
amount of movement of the ejector pin “E4'. 

0114. A molten resin is injected into the cavity of the first 
and second dies "D' and “E” while the second flat surface 
“E5” of the ejector pin “E4' continues to push up the 
projecting parts 8 and 9, thereby forming a resin mold 11 that 
encapsulates and fixes the sloped sensor chips 2 and 3 and 
the sloped stages 6 and 7. The rectangle frame portion 5a is 
positioned outside of the resin mold 11. Each of the leads 5b 
and the modified connection leads 5d has an outside portion 
that extends outside the resin mold 11. The leads 5 have the 
second Surface that is shown on the second surface of the 
resin mold 11. 

0115 The ejector pin “E4' with the second flat surface 
“E5” of FIG. 10B defines the recessed portion 11b of the 
resin mold 11 of FIGS. 1 and 2. The depth of the recessed 
portion 11b corresponds to the difference in level between 
the Second flat Surface “E5 and the first flat Surface “E1. 
The ejector pin “E4' with the second flat surface “E5” of 
FIG. 10B also defines the level of the top portions 8a and 
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9a of the projecting parts 8 and 9. Thus, the top portions 8a 
and 9a are leveled to the flat surface 11c of the recessed 
portion 11b but have a level that is higher than the flat 
surface of the bottom portion 11a of the resin mold 11. The 
flat surface of the bottom portion 11a is leveled to the second 
surfaces 5g of the leads 5. Thus, the top portions 8a and 9a 
have a level that is higher than the second surfaces 5g of the 
leads 5. 

0116. The lead frame 4 with the resin mold 11 is released 
from the dies “D” and “E” with the ejector pin “E4'. The 
leads 5b and the modified connection leads 5d are detrun 
cated to remove the rectangle frame portion 5a and the 
outside portions of the leads 5b and the modified connection 
leads 5d, thereby completing the sensor 1. 

0117. In accordance with the third embodiment, after the 
first and second dies "D' and “E” have been closed, then the 
ejector pin “E4' enters into the cavity while the second flat 
surface “E5 further pushes up the top portions 8a and 9a of 
the first and second projecting parts 8 and 9, whereby the 
stages 6 and 7 with the sensor chips 2 and 3 are further 
sloped or tilted. The injection molding process is performed 
to form the resin mold 11 while the second flat surface “E5” 
continues to push up the top portions 8a and 9a. Thus, the 
top portions 8a and 9a are leveled to the flat surface 11c of 
the recessed portion 11b but have a level that is higher than 
the flat surface of the bottom portion 11a of the resin mold 
11. The flat surface of the bottom portion 11a is leveled to 
the second surfaces 5g of the leads 5. Thus, the top portions 
8a and 9a have a level that is higher than the second surfaces 
5g of the leads 5. The difference in level of the top portions 
8a and 9a from the second surfaces 5g of the leads 5 allows 
the sensor 1 to be mounted on a circuit board without 
causing any problems or disadvantages. 

0118. In accordance with the third embodiment, the pro 
jecting parts 8 and 9 are shaped like a slender rod. The 
projecting parts 8 and 9 extend from the proximal sides 6a 
and 7a toward the stages 7 and 6, respectively. It is possible 
as a modification that a plurality of the projecting parts 8 and 
9 are alternatively aligned in a direction of width of the 
stages 6 and 7. The positions from which the projecting parts 
8 and 9 extend should not be limited to the proximal sides 
6a and 7a. The shape of the projecting parts 8 and 9 should 
not be limited to that of a slender rod. 

0119). In accordance with the second embodiment of the 
present invention, the modified connection lead 5d has the 
twistable portion 5e. It is possible as a modification of the 
third embodiment for the modified connection lead to have 
a bendable portion and a non-twistable portion. Bending the 
bendable portions of the modified leads 5d without twisting 
the non-twistable portion causes the stage to be sloped or 
tilted. 

Fourth Embodiment 

0120 FIG. 11 is a fragmentary plan view illustrating a 
sensor for sensing a physical quantity in accordance with a 
fourth preferred embodiment of the present invention. FIG. 
12 is a fragmentary cross sectional elevation view illustrat 
ing a sensor for sensing a physical quantity in accordance 
with a fourth preferred embodiment of the present invention. 
FIG. 13 is a bottom plan view of the sensor of FIGS. 11 and 
12. The following descriptions will be directed to a differ 
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ence of the sensor of the fourth embodiment from the 
above-described conventional sensor. 

0121 The sensor 1 includes a pair of sloped sensor chips 
that sense the direction and the magnitude of an external 
magnetic field. The sensor 1 is formed using the lead frame 
4 that is shown in FIG. 26. The sensor 1 may be the type of 
surface mount package such as a QFN (Quad Flat Non 
Leaded) package and an SON (Small Outline Non-Leaded) 
package. 

0.122 The sensor 1 shown in FIGS. 11 and 12 includes 
a plurality of leads 5b, modified connection leads 5d, sloped 
stages 6 and 7. Sensor chips 2 and 3, projecting parts 8 and 
9, wirings 10, and a resin mold 11. The sloped stages 6 and 
7 are supported by the modified connection leads 5d. The 
sensor chips 2 and 3 are mounted on the sloped stages 6 and 
7, respectively. The sensor chips 2 and 3 are electrically 
connected through the wirings 10 to the leads 5b. The 
projecting parts 8 and 9 extend from the stages 6 and 7. 
respectively. The resin mold 11 encapsulates the leads 5b, 
the modified connection leads 5d, the sloped stages 6 and 7. 
the sensor chips 2 and 3, the projecting parts 8 and 9 and the 
wirings 10. 
0123 The resin mold 11 has a generally trapezoidal shape 
in cross section that is defined by a flat top, sloped side walls 
and a flat bottom. 

0.124. The projecting parts 8 and 9 have top portions 8a 
and 9a that are coated with an insulating layer 12. A typical 
example of the insulating layer 12 may include, but is not 
limited to, an epoxy resin layer and a tetrafluoroethylene 
resin layer. 
0.125. As shown in FIG. 12, the leads 5b have a first 
Surface and a second Surface 5g that is opposite to the first 
Surface. The second Surface 5g is coated with a plating layer 
5h that can be formed by exposing the second surface 5g to 
an electrolytic plating solution. The plating layers 5h on the 
second surfaces 5g of the leads 5b are shown on the flat 
bottom of the resin mold 11. The insulating layers 12 that 
coat the top portions 8a and 9a of the projecting parts 8 and 
9 are partially shown on the flat bottom of the resin mold 11. 
0.126 A method of forming the above-described sensor 1 
will be described. The lead frame described above with 
reference to FIG. 26 is prepared by the known method. FIG. 
14A is a fragmentary cross sectional elevation view of the 
lead frame in a step involved in the method of forming the 
sensor of FIGS. 11 and 12 in accordance with the fourth 
embodiment of the present invention. FIG. 14B is a frag 
mentary cross sectional elevation view of the lead frame in 
another step involved in the method of forming the sensor of 
FIGS. 11 and 12 in accordance with the fourth embodiment 
of the present invention. FIG. 14C is a fragmentary cross 
sectional elevation view of the lead frame in another step 
involved in the method of forming the sensor of FIGS. 11 
and 12 in accordance with the fourth embodiment of the 
present invention. 
0127. As shown in FIG. 14A, the sensor chips 2 and 3 are 
mounted on surfaces 6c and 7c of the stages 6 and 7. 
respectively. The sensor chips 2 and 3 are electrically 
connected through the wirings 10 to the leads 5b. An 
insulating material is selectively applied to the top portions 
8a and 9a of the projecting parts 8 and 9 so as to form the 
insulating layer 12 that coats each of the top portions 8a and 
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9a of the projecting parts 8 and 9. The insulating material is 
non-conductive, Such as epoxy resins or tetrafluoroethylene 
resins. 

0128. As shown in FIGS. 14B and 14C, the lead frame 
4 is placed between paired dies “D” and “E”. The die “D” 
has a concave portion and a ridge portion that Surrounds the 
concave portion. The die “E” has a flat surface “E1’’. The die 
“D' moves toward the counterpart die “E” and the flat 
surface “E1’ of the die “E” pushes the projecting parts 8 and 
9, whereby the twistable portions 5e of the modified con 
nection leads 5d are twisted and the stages 6 and 7 with the 
magnetic sensor chips 2 and 3 are tilted or sloped, while the 
top portions 8a and 9a of the projecting parts 8 and 9 still 
make contact tightly with the flat surface “E1’. 
0129. An injection molding process is performed to inject 
a molten resin into a cavity 11e defined by the combined dies 
“D’ and “E” so as to form the resin mold 11 that encapsu 
lates the leads 5b, the modified connection leads 5d, the 
sloped stages 6 and 7, and the sloped sensor chips 2 and 3. 
The molten resin is injected into the cavity 11e so as to fill 
up the same while the second surfaces 5g and parts of the 
insulating layers 12 that coat the top portions 8a and 9a are 
in contact tightly with the flat surface “E1’, whereby the 
molten resin does not cover or coat the second Surfaces 5g 
and parts of the insulating layers 12 that coat the top portions 
8a and 9a. 

0130. The lead frame 4 with the resin mold 11 is released 
from the dies “D” and “E”. The second surfaces 5g and parts 
of the insulating layers 12 that coat the top portions 8a and 
9a are shown on the flat bottom surface of the resin mold 11. 

0131 The lead frame 4 with the resin mold 11 is then 
immersed into an electrolytic plating Solution to which a 
cathode of a DC power Supply is connected, so as to form 
a plating layer 5h on each of the second surfaces 5g of the 
leads 5b. When the resin mold 11 is exposed to the electro 
lytic plating solution, a current flow is caused between the 
electrolytic plating solution and the second Surfaces 5g. 
thereby forming the plating layer 5h on each of the second 
surfaces 5g of the leads 5b. The lead frame 4 except for the 
second surfaces 5g of the leads 5b is coated with the resin 
mold 11 and the insulating layers 12. The top portions 8a and 
9a of the projecting parts 8 and 9 are isolated from the 
electrolytic plating solution by the insulating layers 12. 
Since the resin mold 11 and the insulating layers 12 are 
non-conductive, no current flow is caused between the 
electrolytic plating solution and the resin mold 11 or the 
insulating layers 12, whereby no plating layer is formed on 
the resin mold 11 and the insulating layers 12. 

0132) The lead frame 4 with the resin mold 11 and the 
plating layers 5h is picked up from the electrolytic plating 
solution. The leads 5b and the modified connection leads 5d 
have outside portions that extend outside the resin mold 11. 
The rectangle frame portion 5a is also positioned outside the 
resin mold 11. The rectangle frame portion 5a is then cut off 
and removed from the resin mold 11. The outside portions of 
the leads 5b and the modified connection leads 5d are 
detruncated and removed from the resin mold 11, thereby 
completing the sensor 1. 

0133. The sensor 1 is mounted on a circuit board so that 
the plating layers 5h that coat the second surfaces 5g come 
into contact with conductive patterns of the circuit board, 
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while the insulating layers 12 that coat the top portions 8a 
and 9a are distanced from the circuit board. The absence of 
any plating layer on the insulating layers 12 that coat the top 
portions 8a and 9a of the projecting parts 8 and 9 allows the 
plating layers 5h on the second surfaces 5g of the leads 5b 
to securely make contact with conductive patterns of the 
circuit board, whereby the leads 5b can be electrically 
connected to the circuit board, and the sensor 1 can be 
reliably mounted on the circuit board. 
0.134. In accordance with the fourth embodiment of the 
present invention, the insulating layers 12 that coat the top 
portions 8a and 9a of the projecting parts 8 and 9 are formed 
before the resin mold 11 is then formed, so that the lead 
frame 4 except for the second surfaces 5g of the leads 5b is 
coated with the resin mold 11 and the insulating layers 12. 
When the lead frame 4 with the resin mold 11 and the 
insulating layers 12 is immersed into the electrolytic plating 
solution, the lead frame 4 except for the second surfaces 5g 
of the leads 5b is not exposed to the electrolytic plating 
solution while the second surfaces 5g are exposed to the 
electrolytic plating solution, thereby forming the plating 
layers 5h on the second surfaces 5g of the leads 5b. Namely, 
the top portions 8a and 9a of the projecting parts 8 and 9 are 
isolated from the electrolytic plating solution by the insu 
lating layers 12, whereby no plating layers are formed on the 
insulating layers 12 that coat the top portions 8a and 9a. 
0.135 The absence of any plating layer on the insulating 
layers 12 allows the plating layers 5h on the second surfaces 
5g of the leads 5b to securely make contact with conductive 
patterns of the circuit board, whereby the leads 5b can be 
electrically connected to the circuit board, and the sensor 1 
can be satisfactorily mounted on the circuit board. The 
absence of any plating layer on the insulating layers 12 
prevents any short circuit from being formed between the 
projecting parts 8 and 9 and the conductive patterns of the 
circuit board. 

0.136. In accordance with the fourth embodiment, the 
insulating material with non-conductivity Such as the epoxy 
resins and the tetrafluoroethylene resin is applied on the top 
portions 8a and 9a of the projecting parts 8 and 9 so as to 
form the insulating layers 12 that coat the top portions 8a 
and 9a. It is possible as a modification to adhere an insu 
lating member having non-conductivity Such as a polyimide 
seal or a tetrafluoroethylene seal onto the top portions 8a and 
9a so as to form the insulating layers 12. It is also possible 
as another modification to perform a potting, dipping or 
coating process to apply the insulating material to the top 
portions 8a and 9a thereby forming the insulating layers 12. 
It is also possible as a modification of the fourth embodiment 
for the projecting parts 8 and 9 to be made of a non 
conductive material Such as an insulating material. 
0.137 In accordance with the fourth embodiment, the 
insulating layers 12 are formed before the resin mold 11 is 
then formed. It is possible as a further modification that after 
the resin mold layer 11 is formed, the insulating layer 12 is 
formed on exposed surfaces of the top portions 8a and 9a 
that are shown on the bottom surface of the resin mold 11. 

0.138. In accordance with the fourth embodiment, the 
projecting parts 8 and 9 are shaped like a slender rod. The 
stage 6 has a proximal side 6a to the stage 7. The stage 7 has 
a proximal side 7a to the stage 6. The projecting parts 8 and 
9 extend from the proximal sides 6a and 7a toward the 
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stages 7 and 6, respectively. It is possible as a modification 
that a plurality of the projecting parts 8 and 9 are alterna 
tively aligned in a direction of width of the stages 6 and 7. 
The positions from which the projecting parts 8 and 9 extend 
should not be limited to the proximal sides 6a and 7a. The 
shape of the projecting parts 8 and 9 should not be limited 
to that of a slender rod. 

0139 FIG. 15 is a fragmentary cross sectional elevation 
view illustrating a sensor for sensing a physical quantity in 
accordance with a modification of the fourth preferred 
embodiment of the present invention. As shown in FIG. 15, 
the projecting parts 8 and 9 have bent portions 8b and 9b that 
extend in parallel to the flat surface of the bottom portion 
11a of the resin mold 11. The bent portions 8b and 9b are 
coated with the insulating layers 12. The projecting parts 8 
and 9 are buried in the resin mold 11. The insulating layers 
12 that coat the bent portions 8b and 9b are shown from the 
flat surface of the bottom portion 11a of the resin mold 11. 
Namely, the projecting parts 8 and 9 are coated with the resin 
mold 11 and the insulating layers 12. In other words, the 
projecting parts 8 and 9 are coated with the resin mold 11 
except for the specified portions that are coated with the 
insulating layers 12. 

Fifth Embodiment 

0140. A fifth embodiment of the present invention will be 
described. FIG. 16 is a fragmentary cross sectional elevation 
View illustrating a sensor for sensing a physical quantity in 
accordance with a fifth preferred embodiment of the present 
invention. FIG. 17 is fragmentary plan view illustrating a 
sensor 1 of FIG. 16. The following descriptions will be 
directed to differences of the fifth embodiment from the 
above-described fourth embodiment. 

0141. The sensor 1 shown in FIGS. 16 and 17 includes 
a plurality of leads 5b, modified connection leads 5d, sloped 
stages 6 and 7. Sensor chips 2 and 3, projecting parts 8 and 
9, wirings 10, and a resin mold 11. The sloped stages 6 and 
7 are supported by the modified connection leads 5d. The 
sensor chips 2 and 3 are mounted on the sloped stages 6 and 
7, respectively. The sensor chips 2 and 3 are electrically 
connected through the wirings 10 to the leads 5b. The 
projecting parts 8 and 9 extend from the stages 6 and 7. 
respectively. The resin mold 11 encapsulates the leads 5b, 
the modified connection leads 5d, the sloped stages 6 and 7. 
the sensor chips 2 and 3, the projecting parts 8 and 9 and the 
wirings 10. 

0142. Each of the leads 5b has a second surface 5g which 
is coated with a plating layer 5h. The projecting parts 8 and 
9 are made of a conductive material such as a metal. The 
projecting parts 8 and 9 have top portions 8a and 9a that are 
exposed and shown on a bottom Surface 11a of the resin 
mold 11. The top portions 8a and 9a of the projecting parts 
8 and 9 are exposed and not coated with any insulating layer 
or any plating layer. Namely, the top portions 8a and 9a are 
free of any coating layer Such as the insulating layer and the 
plating layer. Each of the modified connection leads 5d 
further comprises an inner portion 5i and an outer portion 5i 
that is disconnected from the inner portion 5e via one or 
more disconnection gaps 13. The inner portion 5i is electri 
cally disconnected from the outer portion 5i by the discon 
nection gap 13. The inner portion 5i is however connected 
via a twistable portion 5e to the stage 6 or 7. The projecting 
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parts 8 or 9 extend from the stage 6 or 7. The inner portions 
5i of the modified connection leads 5d are electrically 
connected to the stage 6 or 7 and the projecting parts 8 or 9. 
The outer portions 5i of the modified connection leads 5d are 
electrically disconnected from the inner portions 5i, the 
stage 6 or 7 and the projecting parts 8 or 9. The outer 
portions 5i of the modified connection leads 5d are electri 
cally connected to the leads 5b. The leads 5b and the outer 
portions 5i are electrically disconnected from the inner 
portions 5i, the stage 6 or 7 and the projecting parts 8 or 9. 
0.143. The top portions 8a and 9a are higher in level than 
bottom surfaces of the plating layers 5h by a thickness of the 
plating layers 5h. Namely, the absence of plating layers on 
the top portions 8a and 9a of the projecting parts 8 and 9 
makes a difference in level between the top portions 8a and 
9a and the bottom surfaces of the plating layers 5h that coat 
the second surfaces 5g of the leads 5b. The thickness of the 
plating layers 5h corresponds to the level difference. 

0144. A method of forming the above-described sensor 1 
will be described. The lead frame described above with 
reference to FIG. 26 is prepared by a known method. 
0145 The sensor chips 2 and 3 are mounted on surfaces 
6c and 7c of the stages 6 and 7, respectively. The sensor 
chips 2 and 3 are electrically connected through the wirings 
10 to the leads 5b. 

0146 Similarly to the process of the fourth embodiment 
described with reference to FIG. 14B, the lead frame 4 is 
placed between paired dies “D” and “E”. The die “D” has a 
concave portion and a ridge portion that Surrounds the 
concave portion. The die “E” has a flat surface “E1’’. The die 
“D' moves toward the counterpart die “E” and the flat 
surface “E1’ of the die “E” pushes the projecting parts 8 and 
9, whereby the twistable portions 5e of the modified con 
nection leads 5d are twisted and the stages 6 and 7 with the 
magnetic sensor chips 2 and 3 are tilted or sloped, while the 
top portions 8a and 9a of the projecting parts 8 and 9 still 
make contact tightly with the flat surface “E1’. 
0147 Similarly to the process of the fourth embodiment 
described with reference to FIG. 14C, an injection molding 
process is performed to inject a molten resin into a cavity 
11e defined by the combined dies “D’ and “E” so as to form 
the resin mold 11 that encapsulates the leads 5b, the modi 
fied connection leads 5d, the sloped stages 6 and 7, and the 
sloped sensor chips 2 and 3. The molten resin is injected into 
the cavity 11e so as to fill up the same while the second 
surfaces 5g and parts of the top portions 8a and 9a are in 
contact tightly with the flat surface “E1’, whereby the 
molten resin does not cover or coat the second Surfaces 5g 
and parts of the top portions 8a and 9a. 
0.148. An additional process is performed to divide each 
of the modified connection leads 5d so that each of the 
modified connection leads 5d comprises the inner and outer 
portions 5i and 5i that are separated by the disconnection 
gaps 13. Typical examples of the additional process may 
include, but are not limited to, laser beam irradiation or 
sandblast. The additional process can be made from the 
bottom surface 11a of the resin mold 11. The leads 5b are 
united to the rectangle frame portion 5a. The resin mold 11 
is not divided while the resin mold 11 is processed to divide 
the modified connection leads 5d. The projecting parts 8 and 
9, the stages 6 and 7, and the inner portions 5i of the 
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modified connection leads 5d are electrically connected to 
each other, but are electrically disconnected via the discon 
nection gaps 13 from the outer portions 5i and the leads 5b. 
0149 The lead frame 4 with the resin mold 11 is then 
immersed into an electrolytic plating Solution to which a 
cathode of a DC power Supply is connected, so as to form 
a plating layer 5h on each of the second surfaces 5g of the 
leads 5b. When the resin mold 11 is exposed to the electro 
lytic plating solution, a current flow is caused between the 
electrolytic plating solution and the second Surfaces 5g. 
thereby forming the plating layer 5h on each of the second 
surfaces 5g of the leads 5b. The top portions 8a and 9a of the 
projecting parts 8 and 9 are exposed to the electrolytic 
plating solution. Since however the projecting parts 8 and 9. 
the stages 6 and 7, and the inner portions 5i of the modified 
connection leads 5d are electrically disconnected via the 
disconnection gaps 13 from the outer portions 5i and the 
leads 5b, no current flow is caused between the electrolytic 
plating solution and the top portions 8a and 9a of the 
projecting parts 8 and 9, whereby no plating layer is formed 
on the top portions 8a and 9a. 
0150. The lead frame 4 with the resin mold 11 and the 
plating layers 5h is picked up from the electrolytic plating 
solution. The leads 5b and the modified connection leads 5d 
have outside portions that extend outside the resin mold 11. 
The rectangle frame portion 5a is also positioned outside the 
resin mold 11. The rectangle frame portion 5a is then cut off 
and removed from the resin mold 11. The outside portions of 
the leads 5b and the modified connection leads 5d are 
detruncated and removed from the resin mold 31, thereby 
completing the sensor 1. 
0151. The sensor 1 is mounted on a circuit board so that 
the plating layers 5h that coat the second surfaces 5g come 
into contact with conductive patterns of the circuit board, 
while the top portions 8a and 9a of the projecting parts 8 and 
9 are distanced from the circuit board. The absence of any 
plating layer on the top portions 8a and 9a of the projecting 
parts 8 and 9 allows the plating layers 5h on the second 
surfaces 5g of the leads 5b to securely make contact with 
conductive patterns of the circuit board, whereby the leads 
5b can be electrically connected to the circuit board, and the 
sensor 1 can be reliably mounted on the circuit board. 
0152 Each of the modified connection leads 5d is divided 
into the inner and outer portions 5i and 5i so that the top 
portions 8a and 9a shown on the bottom surface 11a of the 
resin mold 11 are electrically floated before the lead frame 
4 with the resin mold 11 is then immersed into the electro 
lytic plating solution. A current flow is caused between the 
second surfaces 5g of the leads 5b and the electrolytic 
plating solution while no current flow is caused between the 
top portions 8a and 9a and the electrolytic plating solution, 
whereby the plating layers 5h are formed on the second 
surfaces 5g of the leads 5b while the top portions 8a and 9a 
are not coated with any plating layer. The absence of any 
plating layer on the top portions 8a and 9a of the projecting 
parts 8 and 9 allows the plating layers 5h on the second 
surfaces 5g of the leads 5b to securely make contact with 
conductive patterns of the circuit board, whereby the leads 
5b can be electrically connected to the circuit board, and the 
sensor 1 can be satisfactorily mounted on the circuit board. 
0153. In accordance with the fifth embodiment, each of 
the modified connection leads 5d is divided into the inner 
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and outer portions 5e and 5i at a position within the resin 
mold 11. Namely, the disconnection gaps 13 that separate the 
inner portion 5i of the modified connection lead 5d from the 
outer portion 5i thereof are positioned within the resin mold 
11. It is possible as a modification to divide the modified 
connection lead at another position outside the resin mold 11 
so that the disconnection gaps 13 that separate the inner 
portion 5i of the modified connection lead 5d from the outer 
portion 5i thereof are positioned outside the resin mold 11. 
Namely, the inner portions 5i of the modified connection 
leads 5d extend from the inside of the resin mold 11 to the 
outside thereof. In this case, the dividing or disconnecting 
process can be performed without processing or etching the 
resin mold 11. 

0154) In accordance with the fifth embodiment, the divid 
ing or disconnecting process can be performed using laser 
beam irradiation or sandblast. It is possible as a modification 
of the fifth embodiment for the dividing or disconnecting 
process to be performed using an etching process or a 
drilling process. When the modified connection leads 5d are 
divided at the position outside the resin mold 11, the 
dividing or disconnecting process can be performed by a 
press working. In any event, there are no limitations to the 
method of dividing the modified connection leads 5d. 
0.155. In accordance with the fifth embodiment, after the 
resin mold 11 is formed, then the modified connection leads 
5d are divided into the inner and outer portions 5i and 5i. It 
is possible as a further modification of the fifth embodiment 
for the modified connection leads 5d to be divided before the 
resin mold 11 is then formed. FIG. 18 is a fragmentary cross 
sectional elevation view illustrating the disconnection gap 
13 between the inner and outer portions 5i and 5i of the 
modified connection lead 5d. The modified connection lead 
5d is divided into the inner and outer portions 5i and 5i that 
are separated from each other via the disconnection gap 13. 
Further, an insulating member 14 having non-conductivity is 
formed at the disconnection gap 13 So that the insulating 
member 14 is interposed between the inner and outer 
portions 5i and 5i of the modified connection lead 5d. 
thereby mechanically connecting them while electrically 
isolating them from each other. The lead frame 4 is placed 
between paired dies “D” and “E”. The die “D' moves toward 
the counterpart die “E” and the flat surface “E1’ of the die 
“E” pushes the projecting parts 8 and 9, whereby the 
twistable portions 5e of the modified connection leads 5d are 
twisted and the stages 6 and 7 with the magnetic sensor chips 
2 and 3 are tilted or sloped, while the top portions 8a and 9a 
of the projecting parts 8 and 9 still make contact tightly with 
the flat surface “E1’’. The insulating member 14 may advan 
tageously have a high flexibility that allows the insulating 
member 14 to be bent without twisting the twistable portion 
5e so as to slope or tilt the stages 8 and 9 with the sensor 
chips 2 and 3 while the flat surface “E1' of the die “E” 
pushes the projecting parts 8 and 9. 

Sixth Embodiment 

0156 A sixth embodiment of the present invention will 
be described. FIG. 19 is a fragmentary cross sectional 
elevation view illustrating a sensor for sensing a physical 
quantity in accordance with a sixth preferred embodiment of 
the present invention. FIG. 20 is fragmentary bottom plan 
view illustrating a sensor of FIG. 19. FIG. 21 is a fragmen 
tary cross sectional elevation view of the lead frame with the 
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resin mold in a step involved in the method of forming the 
sensor of FIGS. 19 and 20 in accordance with the sixth 
embodiment of the present invention. The following 
descriptions will be directed to differences of the sixth 
embodiment from the above-described fourth and fifth 
embodiments. 

0157. The sensor 1 shown in FIGS. 19 and 20 includes 
a plurality of leads 5b, modified connection leads 5d, sloped 
stages 6 and 7. Sensor chips 2 and 3, projecting parts 8 and 
9, wirings 10, and a resin mold 11. The sloped stages 6 and 
7 are supported by the modified connection leads 5d. The 
sensor chips 2 and 3 are mounted on the sloped stages 6 and 
7, respectively. The sensor chips 2 and 3 are electrically 
connected through the wirings 10 to the leads 5b. The 
projecting parts 8 and 9 extend from the stages 6 and 7. 
respectively. The resin mold 11 encapsulates the leads 5b, 
the modified connection leads 5d, the sloped stages 6 and 7. 
the sensor chips 2 and 3, the projecting parts 8 and 9 and the 
wirings 10. 
0158 Each of the leads 5b has a second surface 5g which 

is coated with a plating layer 5h. The projecting parts 8 and 
9 are made of a conductive material such as a metal. The 
projecting parts 8 and 9 have top portions 8a and 9a that are 
exposed and shown on a bottom Surface 11a of the resin 
mold 11. The top portions 8a and 9a of the projecting parts 
8 and 9 are exposed and not coated with any insulating layer 
or any plating layer. Namely, the top portions 8a and 9a are 
free of any coating layer Such as the insulating layer and the 
plating layer. 

0159. The top portions 8a and 9a are higher in level than 
bottom surfaces of the plating layers 5h by a thickness of the 
plating layers 5h. Namely, the absence of plating layers on 
the top portions 8a and 9a of the projecting parts 8 and 9 
makes a difference in level between the top portions 8a and 
9a and the bottom surfaces of the plating layers 5h that coat 
the second surfaces 5g of the leads 5b. The thickness of the 
plating layers 5h corresponds to the level difference. 
0160 A method of forming the above-described sensor 1 
will be described. The lead frame described above with 
reference to FIG. 26 is prepared by a known method. 
0161 The sensor chips 2 and 3 are mounted on surfaces 
6c and 7c of the stages 6 and 7, respectively. The sensor 
chips 2 and 3 are electrically connected through the wirings 
10 to the leads 5b. 

0162 Similarly to the process of the fourth embodiment 
described with reference to FIG. 14B, the lead frame 4 is 
placed between paired dies “D” and “E”. The die “D” has a 
concave portion and a ridge portion that Surrounds the 
concave portion. The die “E” has a flat surface “E1’’. The die 
“D' moves toward the counterpart die “E” and the flat 
surface “E1’ of the die “E” pushes the projecting parts 8 and 
9, whereby the twistable portions 5e of the modified con 
nection leads 5d are twisted and the stages 6 and 7 with the 
magnetic sensor chips 2 and 3 are tilted or sloped, while the 
top portions 8a and 9a of the projecting parts 8 and 9 still 
make contact tightly with the flat surface “E1’. 
0163 Similarly to the process of the fourth embodiment 
described with reference to FIG. 14C, an injection molding 
process is performed to inject a molten resin into a cavity 
11e defined by the combined dies “D’ and “E” so as to form 
the resin mold 11 that encapsulates the leads 5b, the modi 
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fied connection leads 5d, the sloped stages 6 and 7, and the 
sloped sensor chips 2 and 3. The molten resin is injected into 
the cavity 11e so as to fill up the same while the second 
surfaces 5g and parts of the top portions 8a and 9a are in 
contact tightly with the flat surface “E1’, whereby the 
molten resin does not cover or coat the second Surfaces 5g 
and parts of the top portions 8a and 9a. 
0164. An additional process is performed to selectively 
form a non-conductive seal 20 on a predetermined region of 
the bottom surface 11a of the resin mold 11. The predeter 
mined region includes the top portions 8a and 9a in bottom 
plan view. The non-conductive seal 20 covers exposed 
portions of the top portions 8a and 9a of the projecting parts 
8 and 9. The non-conductive seal 20 may typically be an 
insulating seal Such as an epoxy resin seal and a tetrafluo 
roethylene resin seal. 
0.165. The lead frame 4 with the resin mold 11 and the 
non-conductive seal 20 is then immersed into an electrolytic 
plating solution to which a cathode of a DC power Supply is 
connected, so as to form a plating layer 5h on each of the 
second surfaces 5g of the leads 5b. When the resin mold 11 
is exposed to the electrolytic plating solution, a current flow 
is caused between the electrolytic plating Solution and the 
second surfaces 5g, thereby forming the plating layer 5h on 
each of the second surfaces 5g of the leads 5b. Since the top 
portions 8a and 9a of the projecting parts 8 and 9 are isolated 
from the electrolytic plating solution by the non-conductive 
seal 20, no current flow is caused between the electrolytic 
plating solution and the non-conductive seal 20 that covers 
the top portions 8a and 9a of the projecting parts 8 and 9. 
whereby no plating layer is formed on the top portions 8a 
and 9a. 

0166 The lead frame 4 with the resin mold 11 is picked 
up from the electrolytic plating Solution. The non-conduc 
tive seal 20 is removed from the bottom surface 11a of the 
resin mold 11. The leads 5b and the modified connection 
leads 5d have outside portions that extend outside the resin 
mold 11. The rectangle frame portion 5a is also positioned 
outside the resin mold 11. The rectangle frame portion 5a is 
then cut off and removed from the resin mold 11. The outside 
portions of the leads 5b and the modified connection leads 
5d are detruncated and removed from the resin mold 31, 
thereby completing the sensor 1. 

0.167 The sensor 1 is mounted on a circuit board so that 
the plating layers 5h that coat the second surfaces 5g come 
into contact with conductive patterns of the circuit board, 
while the top portions 8a and 9a of the projecting parts 8 and 
9 are distanced from the circuit board. The absence of any 
plating layer on the top portions 8a and 9a of the projecting 
parts 8 and 9 allows the plating layers 5h on the second 
surfaces 5g of the leads 5b to securely make contact with 
conductive patterns of the circuit board, whereby the leads 
5b can be electrically connected to the circuit board, and the 
sensor 1 can be satisfactorily mounted on the circuit board. 
The absence of any plating layer on the top portions 8a and 
9a prevents any short circuit from being formed between the 
projecting parts 8 and 9 and the conductive patterns of the 
circuit board. 

0.168. In accordance with the sixth embodiment, the 
non-conductive seal 20 comprises the insulating material 
Such as the epoxy resin seal and the tetrafluoroethylene resin 
seal. It is possible as a modification of the sixth embodiment 



US 2006/0194362 A1 

that a conductive seal is formed which covers the top 
portions 8a and 9a of the projecting parts 8 and 9. When the 
lead frame 4 with the resin mold 11 and the conductive seal 
is immersed into the electrolytic plating Solution, a current 
flow is caused between the conductive seal and the electro 
lytic plating Solution, thereby forming a plating layer on the 
conductive seal. After the lead frame 4 with the resin mold 
11 is picked up from the electrolytic plating Solution, the 
conductive seal with the plating layer is removed from the 
bottom surface 11a of the resin mold 11. The sensor 1 is then 
mounted on a circuit board so that the plating layers 5h that 
coat the second Surfaces 5g come into contact with conduc 
tive patterns of the circuit board, while the top portions 8a 
and 9a of the projecting parts 8 and 9 are distanced from the 
circuit board. The absence of any plating layer on the top 
portions 8a and 9a of the projecting parts 8 and 9 allows the 
plating layers 5h on the second surfaces 5g of the leads 5b 
to securely make contact with conductive patterns of the 
circuit board, whereby the leads 5b can be electrically 
connected to the circuit board, and the sensor 1 can be 
satisfactorily mounted on the circuit board. The absence of 
any plating layer on the top portions 8a and 9a prevents any 
short circuit from being formed between the projecting parts 
8 and 9 and the conductive patterns of the circuit board. 
0169 Instead of the non-conductive seal 20, any other 
cover member can be used which covers the exposed 
portions of the top portions 8a and 9a of the projecting parts 
8 and 9 when the lead frame 4 with the resin mold 11 is 
immersed into the electrolytic plating solution. The cover 
member may be a solid or liquid member that separates the 
top portions 8a and 9a from the electrolytic plating solution. 
The cover member may be formed by curing a liquid 
material. The cover member may be in a liquid phase. 

Seventh Embodiment 

0170 A seventh embodiment of the present invention 
will be described. FIG. 22 is a fragmentary cross sectional 
elevation view of the lead frame with the resin mold in a step 
involved in a method of forming the sensor in accordance 
with the seventh embodiment of the present invention. The 
following descriptions will be directed to differences of the 
sixth embodiment from the above-described fourth and fifth 
embodiments. 

0171 Similarly to the sixth embodiment described with 
reference to FIGS. 19 and 20, the sensor 1 includes a 
plurality of leads 5b, modified connection leads 5d, sloped 
stages 6 and 7. Sensor chips 2 and 3, projecting parts 8 and 
9, wirings 10, and a resin mold 11. The sloped stages 6 and 
7 are supported by the modified connection leads 5d. The 
sensor chips 2 and 3 are mounted on the sloped stages 6 and 
7, respectively. The sensor chips 2 and 3 are electrically 
connected through the wirings 10 to the leads 5b. The 
projecting parts 8 and 9 extend from the stages 6 and 7. 
respectively. The resin mold 11 encapsulates the leads 5b, 
the modified connection leads 5d, the sloped stages 6 and 7. 
the sensor chips 2 and 3, the projecting parts 8 and 9 and the 
wirings 10. 

0172 Each of the leads 5b has a second surface 5g which 
is coated with a plating layer 5h. The projecting parts 8 and 
9 are made of a conductive material such as a metal. The 
projecting parts 8 and 9 have top portions 8a and 9a that are 
exposed and shown on a bottom Surface 11a of the resin 
mold 11. The top portions 8a and 9a of the projecting parts 
8 and 9 are exposed and not coated with any insulating layer 
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or any plating layer. Namely, the top portions 8a and 9a are 
free of any coating layer Such as the insulating layer and the 
plating layer. 
0173 The top portions 8a and 9a are higher in level than 
bottom surfaces of the plating layers 5h by a thickness of the 
plating layers 5h. Namely, the absence of plating layers on 
the top portions 8a and 9a of the projecting parts 8 and 9 
makes a difference in level between the top portions 8a and 
9a and the bottom surfaces of the plating layers 5h that coat 
the second surfaces 5g of the leads 5b. The thickness of the 
plating layers 5h corresponds to the level difference. 
0.174. A method of forming the above-described sensor 1 
will be described. The lead frame described above with 
reference to FIG. 26 is prepared by a known method. 
0.175. The sensor chips 2 and 3 are mounted on surfaces 
6c and 7c of the stages 6 and 7, respectively. The sensor 
chips 2 and 3 are electrically connected through the wirings 
10 to the leads 5b. 

0176) Similarly to the process of the fourth embodiment 
described with reference to FIG. 14B, the lead frame 4 is 
placed between paired dies “D” and “E”. The die “D” has a 
concave portion and a ridge portion that Surrounds the 
concave portion. The die “E” has a flat surface “E1’’. The die 
“D' moves toward the counterpart die “E” and the flat 
surface “E1’ of the die “E” pushes the projecting parts 8 and 
9, whereby the twistable portions 5e of the modified con 
nection leads 5d are twisted and the stages 6 and 7 with the 
magnetic sensor chips 2 and 3 are tilted or sloped, while the 
top portions 8a and 9a of the projecting parts 8 and 9 still 
make contact tightly with the flat surface “E1’. 
0.177 Similarly to the process of the fourth embodiment 
described with reference to FIG. 14C, an injection molding 
process is performed to inject a molten resin into a cavity 
11e defined by the combined dies “D’ and “E” so as to form 
the resin mold 11 that encapsulates the leads 5b, the modi 
fied connection leads 5d, the sloped stages 6 and 7, and the 
sloped sensor chips 2 and 3. The molten resin is injected into 
the cavity 11e so as to fill up the same while the second 
surfaces 5g and parts of the top portions 8a and 9a are in 
contact tightly with the flat surface “E1’, whereby the 
molten resin does not cover or coat the second Surfaces 5g 
and parts of the top portions 8a and 9a. 
0.178 A pair of first and secondjigs 21-1 and 21-2 is used 
to hold the lead frame 4 with the resin mold 11 and immerse 
the lead frame 4 with the resin mold 11 into an electrolytic 
plating solution to which a cathode of a DC power Supply is 
connected. The first jig 21-1 has a first contact Surface 21a 
that makes contact tightly with a predetermined region of the 
bottom surface 11a of the resin mold 11. The first contact 
Surface 21a makes contact tightly with exposed portions of 
the top portions 8a and 9a of the projecting parts 8 and 9. 
The second jig 21-2 has a second contact surface that 
contacts tightly with a predetermined region of the top 
surface of the resin mold 11. The second surfaces 5g of the 
leads 5b are exposed and not covered with the first contact 
surface 21a of the first jig 21-1. The first and second jigs 
21-1 and 21-2 may be made of an insulating material. 
0.179 The first and second jigs 21-1 and 21-2 are used to 
hold the lead frame 4 with the resin mold 11 and immerse the 
same into the electrolytic plating solution, so that the second 
surfaces 5g of the leads 5b are exposed to the electrolytic 
plating solution while the top portions 8a and 9a of the 
projecting parts 8 and 9 are separated by the first contact 
Surface 21a from the electrolytic plating solution. A current 
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flow is caused between the electrolytic plating solution and 
the second surfaces 5g, thereby forming the plating layer 5h 
on each of the second surfaces 5g of the leads 5b. Since the 
top portions 8a and 9a of the projecting parts 8 and 9 are 
isolated from the electrolytic plating solution by the first 
contact surface 21a of the first jig 21-1, no current flow is 
caused between the electrolytic plating solution and the top 
portions 8a and 9a, whereby no plating layer is formed on 
the top portions 8a and 9a. 
0180. In accordance with the seventh embodiment, the 
lead frame 4 with the resin mold 11 is immersed into the 
electrolytic plating solution to expose the second Surfaces 5g 
of the leads 5b to the electrolytic plating solution while the 
exposed portions of the top portions 8a and 9a of the 
projecting parts 8 and 9 are covered with the first contact 
surface 21a of the first jig 21-1 and separated from the 
electrolytic plating solution by the first jig 21-1. The plating 
layers 5h are formed on the second surfaces 5g of the leads 
5b while no plating layers are formed on the top portions 8a 
and 9a of the projecting parts 8 and 9. 
0181. The sensor 1 is mounted on a circuit board so that 
the plating layers 5h that coat the second surfaces 5g come 
into contact with conductive patterns of the circuit board, 
while the top portions 8a and 9a of the projecting parts 8 and 
9 are distanced from the circuit board. The absence of any 
plating layer on the top portions 8a and 9a of the projecting 
parts 8 and 9 allows the plating layers 5h on the second 
surfaces 5g of the leads 5b to securely make contact with 
conductive patterns of the circuit board, whereby the leads 
5b can be electrically connected to the circuit board, and the 
sensor 1 can be satisfactorily mounted on the circuit board. 
The absence of any plating layer on the top portions 8a and 
9a prevents any short circuit from being formed between the 
projecting parts 8 and 9 and the conductive patterns of the 
circuit board. 

0182. In accordance with the seventh embodiment, the 
lead frame 4 with the resin mold 11 is immersed into the 
electrolytic plating solution while the first contact surface 
21a of the first jig 21-1 makes tight contact with the 
predetermined region of the bottom surface 11a of the resin 
mold 11, so as to separate the exposed surfaces of the top 
portions 8a and 9a of the projecting parts 8 and 9 from the 
electrolytic plating Solution and expose the second Surfaces 
5g of the leads 5b to the electrolytic plating solution, thereby 
forming the plating layers 5h on the second surfaces 5g of 
the leads 5b without forming any plating layers on the 
exposed parts of the top portions 8a and 9a of the projecting 
parts 8 and 9. 
0183 It is possible as a modification of the seventh 
embodiment for the first jig 21-1 to have a modified contact 
surface. FIG. 23 is a fragmentary cross sectional elevation 
view of the lead frame with the resin mold in a step involved 
in another method of forming the sensor in accordance with 
the modification of the seventh embodiment of the present 
invention. The first jig 21-1 has a first contact surface 21a 
that has a recess 21b. The first contact surface 21a surrounds 
the recess 21b in bottom plan view. The recess 21b is 
Surrounded by a ridge that has the first contact surface 21a. 
The first contact Surface 21a makes tight contact with a 
predetermined ring-shape region of the bottom surface 11a 
of the resin mold 11. The predetermined ring-shape region 
Surrounds or encompasses the top portions 8a and 9a of the 
projecting parts 8 and 9. The recess 21b faces the top 
portions 8a and 9a of the projecting parts 8 and 9. 
0184 The lead frame 4 with the resin mold 11 is 
immersed into the electrolytic plating solution while the first 
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contact surface 21a of the first jig 21-1 makes tight contact 
with the predetermined ring-shape region of the bottom 
surface 11a of the resin mold 11 and the top portions 8a and 
9a of the projecting parts 8 and 9 face the recess 21b, so as 
to separate the exposed Surfaces of the top portions 8a and 
9a of the projecting parts 8 and 9 from the electrolytic 
plating solution and expose the second Surfaces 5g of the 
leads 5b to the electrolytic plating solution, thereby forming 
the plating layers 5h on the second surfaces 5g of the leads 
5b without forming any plating layers on the exposed parts 
of the top portions 8a and 9a of the projecting parts 8 and 
9. 

0185. As used herein, the directional terms “up, down, 
inward, outward, forward, rearward, above, upward, down 
ward, perpendicular, vertical, horizontal, below, and trans 
verse' as well as any other similar directional terms refer to 
those directions of an apparatus equipped with the present 
invention. Accordingly, these terms, as utilized to describe 
the present invention should be interpreted relative to an 
apparatus equipped with the present invention. 
0186 The term “rectangle' as used herein means a shape 
that has four straight sides and four right angles. The term 
“square' as used means a shape that has four sides of the 
same length and four right angles. The term 'oblong means 
a shape that has two long sides and two short sides and four 
right angles. Thus, the term “rectangle' includes the term 
“square' and the term “oblong. 
0187. The term “physical quantity” as used herein typi 
cally means a vector quantity. The term “physical quantity” 
may include a scalar quantity, the vector quantity and a 
tensor quantity. 
0188 The terms of degree such as “generally”, “substan 
tially,”“about,’ and “approximately' as used herein mean a 
reasonable amount of deviation of the modified term such 
that the end result is not significantly changed. 
0189 While preferred embodiments of the invention 
have been described and illustrated above, it should be 
understood that these are exemplary of the invention and are 
not to be considered as limiting. Additions, omissions, 
Substitutions, and other modifications can be made without 
departing from the spirit or scope of the present invention. 
Accordingly, the invention is not to be considered as being 
limited by the foregoing description, and is only limited by 
the scope of the appended claims. 
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20. A method of forming a sensor, the method comprising: 
preparing a lead frame that comprises a plurality of leads 

that have bottom surfaces extending in a first plane, a 
stage that extends in a second plane that tilts from the 
first plane, a sensor chip that is Supported on the stage, 
a modified connection lead structure that Supports the 
stage, and at least one projecting part extending from 
the stage in a first direction that tilts from the first and 
second planes, the at least one projecting part having a 
top portion; 

forming a resin mold that encapsulates the plurality of 
leads, the stage, the modified connection lead structure 
and the at least one projecting part except for the 
bottom Surfaces and the top portion, the resin mold 
further having a bottom portion with a first flat surface 
that is leveled to the bottom surfaces; and 

forming a recessed portion in the bottom portion, the 
recessed portion having a second flat Surface that is 
higher in level than the first flat surface and is leveled 
to the top portion. 

21. The method according to claim 20, wherein forming 
the recessed portion comprises selectively removing the 
bottom portion of the resin mold and the at least one 
projecting part. 

22. A method of forming a sensor, the method comprising: 
preparing a lead frame that comprises a plurality of leads 

that have bottom surfaces extending in a first plane, a 
stage that extends in the first plane, a sensor chip that 
is Supported on the stage, a modified connection lead 
structure that Supports the stage, and at least one 
projecting part extending from the stage in a first 
direction that tilts from the first plane, the at least one 
projecting part having a top portion that is lower in 
level than the bottom surfaces; and 

moving the top portion to a first level that is higher in level 
than the bottom surfaces while tilting the stage from the 
first plane. 

23. The method according to claim 22, wherein moving 
the top portion comprises pushing the top portion with a 
protruding portion of a die. 

24. The method according to claim 22, wherein moving 
the top portion comprises pushing the top portion with an 
ejector pin engaged in a hole of a die. 

25. A method of forming a sensor, the method comprising: 

preparing a lead frame that comprises a plurality of leads 
that have bottom surfaces extending in a first plane, a 
stage that extends in a second plane that tilts from the 
first plane, a sensor chip that is Supported on the stage, 
a modified connection lead structure that Supports the 
stage, and at least one projecting part extending from 
the stage in a first direction that tilts from the first and 
second planes, the at least one projecting part having a 
top portion; 

forming a resin mold that encapsulates the plurality of 
leads, the stage, the modified connection lead structure 
and the at least one projecting part except for the 
bottom Surfaces and the top portion, the resin mold 
further having a bottom portion with a first flat surface 
that is leveled to the bottom surfaces; and 
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exposing the bottom surfaces to a plating solution while 
isolating the top portion from the plating Solution. 

26. The method according to claim 25, wherein exposing 
the bottom Surfaces to the plating solution while isolating 
the top portion from the plating Solution comprises: 

immersing the lead frame with the resin mold into the 
plating solution while isolating the top portion from the 
plating solution with a cover member. 

27. The method according to claim 26, wherein the cover 
member comprises an insulating layer that coats the top 
portion. 

28. The method according to claim 26, wherein the cover 
member comprises a cover sheet that adheres on a prede 
termined region of the first flat surface of the bottom portion 
of the resin mold, and the predetermined region includes an 
exposed part of the top portion and excludes the bottom 
surfaces of the leads. 

29. The method according to claim 26, wherein the cover 
member comprises a jig having a protruding portion that 
makes contact with a predetermined region of the first flat 
surface of the bottom portion of the resin mold, and the 
predetermined region includes an exposed part of the top 
portion and excludes the bottom surfaces of the leads. 

30. The method according to claim 26, wherein the cover 
member comprises a jig that has a recess and a protruding 
portion Surrounding the recess, the recess faces the top 
portion while the protruding portion contacts with a prede 
termined ring shape region of the first flat surface of the 
bottom portion of the resin mold, and the predetermined ring 
shape region Surrounds an exposed part of the top portion 
while the bottom surfaces of the leads are positioned outside 
the predetermined ring shape region. 

31. A method of forming a sensor, the method comprising: 
preparing a lead frame that comprises a plurality of leads 

that have bottom surfaces extending in a first plane, a 
stage that extends in a second plane that tilts from the 
first plane, a sensor chip that is Supported on the stage, 
a modified connection lead structure that Supports the 
stage, and at least one projecting part extending from 
the stage in a first direction that tilts from the first and 
second planes, the at least one projecting part having a 
top portion; and 

dividing the modified connection lead structure into first 
and second portions that are electrically disconnected 
from each other, the first portion being electrically 
connected to the at least one projecting part, the second 
portion being electrically connected to the plurality of 
leads. 

32. The method according to claim 31, further compris 
1ng: 

forming, before dividing the modified connection lead 
structure, a resin mold that encapsulates the plurality of 
leads, the stage, the modified connection lead structure 
and the at least one projecting part except for the 
bottom Surfaces and the top portion, the resin mold 
further having a bottom portion with a first flat surface 
that is leveled to the bottom surfaces; and 

exposing the bottom surfaces of the leads and the top 
portion of the at least one projecting part to a plating 
Solution so as to form plating layers on the bottom 
Surfaces without forming any plating layer on the top 
portion. 
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33. The method according to claim 31, further compris 
ing: 

forming, after dividing the modified connection lead 
structure, an insulating member that mechanically con 
nects and electrically disconnects the first and second 
portions; 

forming, after forming the insulating member, a resin 
mold that encapsulates the plurality of leads, the stage, 
the modified connection lead structure with the insu 
lating member and the at least one projecting part 
except for the bottom surfaces and the top portion, the 
resin mold further having a bottom portion with a first 
flat surface that is leveled to the bottom surfaces; and 

exposing the bottom surfaces of the leads and the top 
portion of the at least one projecting part to a plating 
Solution so as to form plating layers on the bottom 
Surfaces without forming any plating layer on the top 
portion. 

34. A method of forming a sensor for sensing a physical 
quantity, the method comprising: 

preparing a lead frame that comprises a rectangle frame 
portion, leads extending inwardly from the rectangle 
frame portion, modified connection leads extending 
inwardly from the rectangle frame portion, stages Sup 
ported by the modified connection leads, and projecting 
parts that project from the stages downwardly and tilt 
from the stages; 

securing sensor chips for sensing the physical quantity on 
the stages; 

pushing upwardly the projecting parts So as to tilt the 
stages with the sensor chips from the rectangle frame 
portion; 

forming, in a cavity, a resin mold that encapsulates the 
stages, the sensor chips, the projecting parts, the leads 
and the modified connection leads; and 

positioning top portions of the projecting parts at a first 
level that is higher than a second level of bottom 
surfaces of the leads. 

35. The method according to claim 34, wherein position 
ing top portions of the projecting parts comprises partially 
removing, after forming the resin mold, the projecting parts 
so that the projecting parts have the top portions that are 
positioned at the first level. 

36. (canceled) 
37. (canceled) 
38. The method according to claim 34, wherein position 

ing top portions of the projecting parts comprises: 
immersing, after forming the resin mold, the lead frame 

with the resin mold into a plating solution to form 
plating layers on the bottom Surfaces of the leads and 
on the top portions of the projecting parts; and 

removing the plating layers from the top portions of the 
projecting parts while leaving the plating layers on the 
bottom surfaces. 

39. The method according to claim 34, wherein position 
ing top portions of the projecting parts comprises pushing 
upwardly the projecting parts with a die that has a first flat 
surface that makes contact with the bottom surfaces of the 
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leads and a second flat Surface that makes contact with the 
top portions of the projecting parts, and the second flat 
surface is higher in level than the first flat surface. 

40. The method according to claim 34, wherein position 
ing the top portions of the projecting parts comprises: 

pushing upwardly the projecting parts with a third flat 
Surface of an ejector pin engaged within an opening of 
a die by moving the ejector pin toward the projecting 
parts. 

41. A method of forming a sensor for sensing a physical 
quantity, the method comprising: 

preparing a lead frame that comprises a rectangle frame 
portion, leads extending inwardly from the rectangle 
frame portion, modified connection leads extending 
inwardly from the rectangle frame portion, stages Sup 
ported by the modified connection leads, and projecting 
parts that project from the stages downwardly and tilt 
from the stages; 

securing sensor chips for sensing the physical quantity on 
the stages; 

pushing upwardly the projecting parts So as to tilt the 
stages with the sensor chips from the rectangle frame 
portion; 

forming, in a cavity, a resin mold that encapsulates the 
stages, the sensor chips, the projecting parts, the leads 
and the modified connection leads; and 

immersing the lead frame with the resin mold into a 
plating solution so as to form plating layers on bottom 
Surfaces of the leads without forming a plating layer on 
each of the top portions of the projecting parts. 

42. The method according to claim 41, further compris 
ing: forming an insulating layer on each of the top portions 
of the projecting parts before forming the resin mold so that 
the projecting parts are coated with the resin mold and the 
insulating layers. 

43. The method according to claim 41, further compris 
ing: forming an insulating layer on each of the top portions 
of the projecting parts before immersing the lead frame with 
the resin mold into the plating Solution while the projecting 
parts are coated with the resin mold and the insulating 
layers. 

44. The method according to claim 41, further compris 
ing: dividing, before immersing the lead frame with the resin 
mold into the plating solution, each of the modified connec 
tion leads into inner and outer portions that are separated 
from each other by a disconnection gap, the inner portion 
being connected to the projecting parts, and the outer portion 
being connected to the leads. 

45. The method according to claim 41, further compris 
ing: forming, after forming the resin mold, a cover member 
that covers exposed surfaces of the top portions of the 
projecting parts so that when the lead frame with the resin 
mold is immersed into a plating Solution, the projecting parts 
are isolated by the resin mold and the cover member from 
the plating Solution. 

46. (canceled) 
47. (canceled) 
48. (canceled) 


