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(57) ABSTRACT 

A camera module (40) of the present invention includes: an 
optical section (1) having an image pickup lens (2) and a 
lens barrel (3); and a lens driving device (10) including a 
lens holder (11). The optical section (1) and the lens driving 
device (10) are provided on an upper side of a sensor cover 
(23) covering an image pickup element (22) of an image 
pickup section (20). The lens barrel (3) is positioned at such 
a location that the lens barrel (3) does not make contact with 
the sensor cover (23), so that the lens barrel (3) is fixed to 
the lens holder (11) at the location. Before being fixed to the 
lens holder (11), the lens barrel (3) is slidable in the optical 
axis direction with respect to the lens holder (11). 
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CAMERAMODULE AND ELECTRONIC 
APPARATUS 

TECHNICAL FIELD 

0001. The present invention relates to: a method for 
producing a camera module which is incorporated in an 
electronic apparatus Such as a mobile phone and which has 
an autofocus function and/or an image stabilization function; 
the camera module; and the electronic apparatus. The pres 
ent invention particularly relates to a technique for prevent 
ing a camera module not performing focus adjustment with 
use of a screw from hysteresis at a starting position, and a 
technique for preventing Such a camera module from caus 
ing sliding between a lens barrel of an optical section and a 
sensor cover of an image pickup section at a height of an 
initial position of the optical section. 

BACKGROUND ART 

0002 On the recent mobile phone market, types of 
mobile phones having built-in camera modules have been 
dominant. These camera modules are meant to be embedded 
in the mobile phones. Therefore, they face greater demands 
for being compact and lightweight, compared with camera 
modules to be embedded in digital cameras. 
0003. Among such camera modules, there have been an 
increasing number of camera modules that (i) operate their 
autofocus (AF) systems with the use of lens drive devices 
and (ii) are mounted on electronic devices such as mobile 
phones. Examples of lens drive devices that have been 
developed so far encompass those employing stepper 
motors, piezoelectric elements, and VCM (Voice Coil 
Motor). Such lens drive devices have already been distrib 
uted on the market. 

0004 Meanwhile, now that such camera modules having 
autofocus (AF) systems have become new standards, a 
system for image stabilization is becoming the focus of 
attention as a next distinctive feature. Although a system for 
image stabilization has been widely used for digital cameras 
and camcorders, there have been only a few mobile phones 
equipped with systems for image stabilization, due to the 
issue of a limited size of mobile phone. Nevertheless, it is 
expected that mobile-phone-specified camera modules hav 
ing systems for image stabilization will be more widespread 
in years to come, and, in fact, a new system (configuration) 
for image stabilization, which can be made compact, has 
been suggested. 
0005. A camera module capable of image stabilization 
and intended to be incorporated into a mobile phone is 
disclosed in Patent Literature 1, for example. The technique 
disclosed in Patent Literature 1 relates to an Optical Image 
Stabilizer (OIS). 
0006. The optical image stabilizer disclosed in Patent 
Literature 1 has a structure in which a conventional AF 
camera module called an imaging unit (movable module) is 
Supported by four Suspension wires at four corners of the 
imaging unit, and the imaging unit is driven in directions of 
two axes each orthogonal to an optical axis, thereby stabi 
lizing an image. A mechanism for driving the imaging unit 
is such that magnets are provided on four circumferential 
side Surfaces of a cover section on which the imaging unit 
is mounted, and coils are provided at yokes of a fixed part 
So as to face the magnets. This mechanism enables the 
imaging unit (movable module) to stabilize an image inde 
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pendently in the two axes orthogonal to the optical axis. 
According to Patent Literature 1, the optical image stabilizer 
disclosed therein is designed such that the imaging unit as a 
whole is driven in directions orthogonal to the optical axis. 
A generally employed arrangement for image stabilization is 
such that relative displacement is provided between an 
image pickup lens and an image pickup element. 
0007. In a case of an AF camera module involving fixing 
of the lenses to the lens driving device, it is necessary to 
appropriately set an initial position of the lenses in an optical 
axis direction with respect to an image pickup element. 
Otherwise, a defocused image is caused. 
0008. In view of this, among the conventional AF camera 
modules, dominating AF camera modules have a mechanism 
in which a screw structure is provided in a lens barrel 
(housing in which a plurality of lenses are built) and a lens 
holder so that the position of the lenses in an optical axis 
direction is adjusted. 
0009. On the other hand, in a case of a fixed-focus camera 
module which does not require movement of lenses in 
carrying out the setting for an initial position of the lenses, 
it is possible to set the initial position of the lens with high 
precision by directly attaching the lens or a lens holder 
holding the lenses to an image pickup element or a member 
holding the image pickup element. 
0010 For example, Patent Literature 2 discloses an AF 
camera module which does not have a screw structure and 
in which focus adjustment for the setting of an initial 
position during the production of the AF camera module is 
not performed with a screw. 
0011 FIG. 23 shows a cross sectional view of a repre 
sentative example of the AF camera module disclosed in 
Patent Literature 2. 
0012. As shown in FIG. 23, an AF camera module 100 
disclosed in Patent Literature 2 includes an optical section 
101 serving as an image pickup optical system, a lens 
driving device 102 which drives the optical section 101, and 
an image pickup section 103 which carries out photoelectric 
conversion of light having passed through the optical section 
101. The image pickup section 103 includes a sensor section 
104 and a substrate 105 on which the sensor section 104 is 
mounted. The sensor section 104 includes a glass Substrate 
120, a sensor chip 121, and a sensor cover 122. 
0013 The optical section 101 includes a plurality of 
image pickup lenses 106 and a lens barrel 107 which holds 
the image pickup lenses 106. The lens barrel 107 is fixed to 
a lens holder 108 in the lens driving device 102. The lens 
holder 108 is supported by two (upper and lower) springs 
109a and 109b so as to be movable in an optical axis 
direction with respect to a fixed section. Coils 110 are fixed 
on the periphery of the lens holder 108. The fixed section 
includes a yoke 111, a permanent magnet 112, a cover 114, 
a base 115 etc. The lens driving device 102 is mounted on 
a sensor cover 122. 

0014. The lens barrel 107 and the lens holder 108 are not 
threaded. Accordingly, the lens barrel 107 is so positioned as 
to abut the upper surface of the sensor cover 122 while the 
lens holder 108 is located at a mechanical end on an 
infinite-distance side, and the lens barrel 107 is adhesively 
fixed to the lens holder 108 with an adhesive 124. 
0015 This configuration enables the height of the image 
pickup lenses 106 with respect to the sensor chip 121 to have 
only minor tolerances, such as a tolerance for the thickness 
of the sensor cover 122 and a tolerance for the position 
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where the image pickup lenses 106 are attached in the lens 
barrel 107. Consequently, it is possible to determine the 
initial position of the image pickup lenses 106 with high 
precision without adjusting the height of the lenses with use 
of a screw, and so it is possible to omit a focus adjustment 
process for determining the initial position. 

CITATION LIST 

Patent Literatures 

Patent Literature 1 
0016 Japanese Patent Application Publication No. 2009 
288770 (published on Dec. 10, 2009) 

Patent Literature 2 
0017 Japanese Patent Application Publication No. 2010 
134409 (published on Jun. 17, 2010) 

SUMMARY OF INVENTION 

Technical Problem 

0.018. However, the conventional camera modules dis 
closed in Patent Literatures 1 and 2 have problems below. 
0019. Initially, the following description will discuss a 
problem caused by the image-stabilizer-equipped camera 
module as disclosed in Patent Literature 1 performing the 
focus adjustment for the initial position setting by screwing 
the lens barrel into the lens holder, as in a conventional AF 
camera module. 
0020. In the image-stabilizer-equipped camera module as 
disclosed in Patent Literature 1, a movable section including 
the lenses is Supported in Such a manner as to be movable in 
directions orthogonal to an optical axis. Accordingly, in 
order to avoid friction between the movable section includ 
ing a lens and a fixed section when the movable section is 
driven, Some gap along the optical axis needs to be provided 
between the movable section and the fixed section. The lens 
barrel needs to be screwed into the lens holder by application 
of a force to some extent also in the optical axis direction as 
well, and the force applied in the optical axis direction may 
break a spring (four Suspension wires in the example of 
Patent Literature 1) supporting the movable section. Even if 
the spring is not broken, applying the force to screw against 
the spring force may return the spring to its original position 
when the applied force is removed, resulting in misplace 
ment of the position of the lens having been adjusted. In 
order to avoid such a problem, it is necessary to employ an 
adjustment method which eliminates the need for applica 
tion of a force in the optical axis direction or a structure 
which does not require the adjustment itself. 
0021 Next, the following description will discuss giving 
an image stabilization function to an AF camera module 
which does not require adjustment of an initial position of a 
lens, as disclosed in Patent Literature 2. In this case, since 
the lens barrel 107 is so positioned to abut the upper surface 
of the sensor cover 122, the lens barrel 107 slides over the 
sensor cover 122 when the optical section 101 is moved in 
a direction orthogonal to the optical axis during the image 
stabilization. 
0022. This gives rise to the risk of scraping of a reference 
plane which is a plane where the lens barrel 107 abuts the 
sensor cover 122 and the risk of generating foreign matters. 
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0023. In the AF camera module which does not require 
adjusting the initial position of the lens, as disclosed in 
Patent Literature 2, a lower reference plane of the lens 
holder 108 abuts an upper reference plane of the base 115 at 
a mechanical end on an infinite-distance side. At the same 
time, a lower reference plane of the lens barrel 107 abuts an 
upper reference plane of the sensor cover 122. 
0024. On the other hand, in a general lens driving device, 
when adhesive foreign matters exist on a contacting plane of 
reference planes at a mechanical end on an infinite-distance 
side, stroke characteristics in an advance direction (upward 
direction on the sheet of FIG. 23) differ from stroke char 
acteristics in a retraction direction (downward direction on 
the sheet of FIG. 23), as shown in FIGS. 23 and 24. As a 
result, hysteresis may occur at and near the starting position 
of lenses (position where a lens starts to move from stroke 
O). This is because when lenses are displaced in the advance 
direction, existence of adhesive matters exert a restituting 
force against a force to advance the lens holder 108 and the 
lens barrel 107, and at a moment when a force larger than 
this resistance is exerted to separate the reference planes 
from each other, the resistance disappears, resulting in 
Sudden displacement of the lens to a position proportional to 
a spring force. In contrast, in the case of displacement in the 
retraction direction, such resistance is not exerted until the 
reference planes come into contact with each other, so that 
stroke characteristics in which a current is Substantially 
proportional to a stroke are exhibited. 
0025 Hysteresis occurs at and around the starting posi 
tion due to the above principle. Such hysteresis at and 
around the starting position is not preferable because it 
prevents minute position control at an infinite-distance side. 
0026. Examples of the adhesive foreign matters include a 
case where an adhesive for fixing the lens barrel 107 is fixed 
while being not cured, a case where a solder flux in a 
cleaning solution is deposited, and a case where a releasing 
agent for a resin member is fixed. 
0027. As the area where the reference planes contact each 
other is larger, the possibility that adhesive foreign matters 
adhere is higher. Besides, as the area is larger, resistance 
caused when the adhesive foreign matters adhere is larger. 
Accordingly, it is desirable that the area where the reference 
planes contact each other is Smaller. However, if one area 
where the reference planes contact each other is too small, 
there is a possibility that the contact planes are crushed or 
broken due to a drop impact or the like. Accordingly, the 
area cannot be made Small indefinitely. It is also important 
to reduce the number of the area where the reference planes 
contact each other. 
0028. As described above, in the configuration disclosed 
in Patent Literature 2, at the end of the mechanism which is 
closer to a point at infinity, the lower reference plane of the 
lens holder 108 abuts the upper reference plane of the base 
115, and the lower reference plane of the lens barrel 107 
abuts the upper reference plane of the sensor cover 122. This 
results in increased number of the area where the reference 
planes contact each other, resulting in larger area where the 
reference planes contact each other. This problematically 
creates an environment where hysteresis is likely to occur at 
and around the starting position. 
0029. The present invention was made in view of the 
foregoing problems. An object of the present invention is to 
provide a method for producing a camera module capable of 
preventing sliding between a lens barrel which holds an 
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image pickup lens and a sensor cover of an image pickup 
section and thus preventing generation of foreign matters 
due to the sliding, even in a case where the height of an 
initial position of the image pickup lens is not adjusted by 
using a screw; the camera module; and an electronic appa 
ratus including the camera module. 

Solution to Problem 

0030. In order to solve the foregoing problems, a camera 
module of the present invention is a camera module, com 
prising: an optical section having an image pickup lens and 
a lens barrel holding the image pickup lens; and a lens 
driving device which includes a lens holder holding the 
optical section and which drives the optical section and the 
lens holder integrally with each other in at least an optical 
axis direction, the optical section and the lens driving device 
being provided on an upper side of a sensor cover covering 
an image pickup element of an image pickup section, the 
lens barrel being positioned at Such a location that the lens 
barrel does not make contact with the sensor cover, so that 
the lens barrel is fixed to the lens holder at the location, and 
before being fixed to the lens holder, the lens barrel being 
slidable in the optical axis direction with respect to the lens 
holder. 
0031. With the invention, the lens barrel is caused to slide 
in the optical axis direction with respect to the lens holder in 
order to be positioned at such a location that the lens barrel 
does not make contact with the sensor cover, and thereafter 
the lens barrel is fixed to the lens holder. 
0032 Consequently, it is unnecessary to adjust a height of 
an initial position of the image pickup lens with use of a 
screw, it is possible to simplify or omit a step of adjusting 
a focus at the initial position, and it is possible to prevent 
sliding between the lens barrel and the sensor cover, thereby 
preventing generation of foreign matters etc. due to the 
sliding. Furthermore, since it is unnecessary to adjust the 
height of the initial position of the image pickup lens with 
use of a screw, this configuration is applicable to a small 
camera module. 
0033. Therefore, it is possible to provide a small camera 
module capable of preventing sliding between the lens 
barrel, which holds the image pickup lens, and the sensor 
cover of the image pickup section and thus preventing 
generation of foreign matters due to the sliding, even in a 
case where the height of the initial position of the image 
pickup lens is not adjusted with use of a screw. 
0034) Furthermore, it is possible to reduce the cost etc. 
for molds for causing the lens barrel and the lens holder to 
have threaded parts used for the focus adjustment at the 
initial position, and the need for a step of carrying out 
screwing for the focus adjustment at the initial position is 
eliminated. In consideration of this, at least one of the lens 
barrel and the lens holder may be provided with a screw such 
as screw-thread cutting for adhesive collection. 
0035. A method of the present invention for producing a 
camera module is a method for producing a camera module 
including: an optical section having an image pickup lens 
and a lens barrel holding the image pickup lens; and a lens 
driving device which includes a lens holder holding the 
optical section and which drives the optical section and the 
lens holder integrally with each other in at least an optical 
axis direction, the optical section and the lens driving device 
being provided on an upper side of a sensor cover covering 
an image pickup element of an image pickup section, the 
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method comprising the steps of sliding the lens barrel of the 
optical section in the optical axis direction with respect to 
the lens holder of the lens driving device; and carrying out 
positioning of the optical section with use of a jig by 
determining a height of an initial position of the optical 
section so that the lens barrel is located at Such a position 
that the lens barrel does not make contact with the sensor 
cover, and then fixing the optical section to the lens driving 
device. 
0036 Consequently, a vertical position of the image 
pickup lens is determined by using a jig. This eliminates the 
need for the step of carrying out screwing for the focus 
adjustment at the initial position, and makes it possible to 
simplify the focus adjustment at the initial position. 
0037. Therefore, it is possible to provide (i) a small 
camera module capable of preventing sliding between the 
lens barrel, which holds the image pickup lens, and the 
sensor cover of the image pickup section and thus prevent 
ing generation of foreign matters due to the sliding, even in 
a case where the height of the initial position of the image 
pickup lens is not adjusted with use of a screw, and (ii) a 
method for producing the camera module. 
0038. In order to solve the foregoing problems, an elec 
tronic apparatus of the present invention includes the afore 
mentioned camera module. 
0039. According to the invention described above, it is 
possible to provide an electronic apparatus including a small 
camera module capable of preventing sliding between the 
lens barrel, which holds the image pickup lens, and the 
sensor cover of the image pickup section, and thus prevent 
ing generation of foreign matters due to the sliding, even in 
a case where the height of the initial position of the image 
pickup lens is not adjusted with use of a screw. 

Advantageous Effects of Invention 
0040. As described above, the method of the present 
invention comprises the steps of sliding the lens barrel of 
the optical section in the optical axis direction with respect 
to the lens holder of the lens driving device; and carrying out 
positioning of the optical section with use of a jig by 
determining a height of an initial position of the optical 
section so that the lens barrel is located at Such a position 
that the lens barrel does not make contact with the sensor 
cover, and then fixing the optical section to the lens driving 
device. 
0041. As described above, the camera module of the 
present invention is arranged Such that the lens barrel is 
positioned at Such a location that the lens barrel does not 
make contact with the sensor cover, so that the lens barrel is 
fixed to the lens holder at the location, and before being fixed 
to the lens holder, the lens barrel is slidable in the optical 
axis direction with respect to the lens holder. 
0042. As described above, the electronic apparatus of the 
present invention includes the aforementioned camera mod 
ule. 
0043. Therefore, it is possible to provide: a method for 
producing a camera module capable of preventing sliding 
between the lens barrel, which holds the image pickup lens, 
and the sensor cover of the image pickup section, and thus 
preventing generation of foreign matters due to the sliding, 
even in a case where the height of the initial position of the 
image pickup lens is not adjusted with use of a screw; the 
camera module; and an electronic apparatus including the 
camera module. 
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BRIEF DESCRIPTION OF DRAWINGS 

0044 FIG. 1 is a cross sectional view showing one 
embodiment of a camera module of the present invention, 
showing a configuration of a camera module having an 
image stabilization function, taken along an arrow line X-X 
of the camera module shown in FIG. 2. 
0045 FIG. 2 is a perspective view showing a whole 
configuration of the camera module having an image stabi 
lization function. 
0046 FIG. 3 is a cross sectional view showing a produc 
tion step for the camera module, showing a step of preparing 
a dummy sensor cover serving as a jig. 
0047 FIG. 4 is a cross sectional view showing a produc 
tion step for the camera module, showing a state where a 
lens driving device is mounted on the dummy sensor cover. 
0048 FIG. 5 is a cross sectional view showing a produc 
tion step for the camera module, showing a state where a 
lens barrel is mounted on the lens driving device in Such a 
manner that the lens barrel touches a protrusion of the 
dummy sensor cover. 
0049 FIG. 6 is a cross sectional view showing a produc 
tion step for the camera module, showing a state where the 
dummy sensor cover is removed from the lens driving 
device. 
0050 FIG. 7 is a cross sectional view showing a produc 
tion step for the camera module, showing a step of preparing 
an image pickup section and replacing the dummy sensor 
cover with the image pickup section. 
0051 FIG. 8 is a cross sectional view showing a produc 
tion step for the camera module, showing a step of mounting 
the lens driving device containing an optical section therein 
on the image pickup section. 
0052 FIG. 9 is a cross sectional view showing a produc 
tion step for the camera module, showing a state where the 
lens driving device containing the optical section therein is 
mounted on the image pickup section. 
0053 (a) and (b) of FIG. 10 are cross sectional views of 
main parts, for explaining the influence of inclination of a 
lens holder on the camera module. 
0054 FIG. 11 is a cross sectional view showing another 
production step for the camera module. 
0055 FIG. 12 is a cross sectional view showing a still 
another embodiment of the camera module of the present 
invention, showing a configuration of a camera module 
having an image stabilization function. 
0056 FIG. 13 is a cross sectional view showing still 
another embodiment of the camera module of the present 
invention, showing a configuration of a camera module 
having an AF function, taken along an arrow line Y-Y of the 
camera module shown in FIG. 14. 
0057 FIG. 14 is a perspective view showing a whole 
configuration of the camera module having an AF function. 
0058 FIG. 15 is a cross sectional view showing a pro 
duction step for the camera module, showing a step of 
preparing a dummy Sensor cover serving as a jig. 
0059 FIG. 16 is a cross sectional view showing a pro 
duction step for the camera module, showing a state where 
a lens driving device is mounted on the dummy sensor cover. 
0060 FIG. 17 is a cross sectional view showing a pro 
duction step for the camera module, showing a state where 
a lens barrel is mounted on the lens driving device in Such 
a manner that the lens barrel touches a protrusion of the 
dummy sensor cover. 

May 25, 2017 

0061 FIG. 18 is a cross sectional view showing a pro 
duction step for the camera module, showing a state where 
the dummy sensor cover is removed from the lens driving 
device. 
0062 FIG. 19 is a cross sectional view showing a pro 
duction step for the camera module, showing a step of 
replacing the dummy sensor cover with an image pickup 
section. 
0063 FIG. 20 is a cross sectional view showing a pro 
duction step for the camera module, showing a state where 
the lens driving device containing an optical section therein 
is mounted on the image pickup section. 
0064 FIG. 21 is a cross sectional view showing another 
production step for the camera module. 
0065 FIG. 22 is a cross sectional view showing still 
another embodiment of a camera module having an AF 
function, showing a configuration of the camera module 
having an AF function. 
0.066 FIG. 23 is a cross sectional view showing a con 
figuration of a conventional camera module. 
0067 FIG. 24 is a graph showing stroke characteristics in 
an advance direction and a retraction direction of the optical 
section of the camera module. 
0068 FIG. 25 is a cross sectional view showing a con 
figuration of a camera module having an image stabilization 
function in accordance with Comparative Example of the 
present invention. 

DESCRIPTION OF EMBODIMENTS 

Comparative Example 

0069. Initially, prior to the description of one embodi 
ment of the present invention, with reference to FIG. 25, the 
following description will discuss, as a comparative 
example, a configuration example of imparting an image 
stabilization function to an AF camera module as disclosed 
in Patent Literature 2, i.e. an AF camera module which 
eliminates the need for adjustment of an initial position of a 
lens. 
0070 FIG. 25 shows a configuration example of applying 
the arrangement as disclosed in Patent Literature 2, i.e. the 
arrangement which eliminates the need for adjustment of an 
initial position of a lens, to the image-stabilizer-equipped 
camera module as disclosed in Patent Literature 1. 
(0071. As shown in FIG. 25, a camera module 200 of the 
Comparative Example includes: an optical section 201 serv 
ing as an image pickup optical system; a lens driving device 
202 which drives the optical section 201; and an image 
pickup section 203 which carries out photoelectric conver 
sion of light having passed through the optical section 201. 
The image pickup section 203 includes a sensor section 204 
and a substrate 205 on which the sensor section 204 is 
mounted. The sensor section 204 includes a glass Substrate 
220, a sensor chip 221, and a sensor cover 222. 
0072 The optical section 201 includes a plurality of 
image pickup lenses 206 and a lens barrel 207 which holds 
the image pickup lenses 206. The lens barrel 207 is fixed to 
a lens holder 208 in the lens driving device 202. The lens 
holder 208 is supported by two (upper and lower) springs 
209a and 209b so as to be movable in an optical axis 
direction with respect to an intermediate member 225. AF 
coils 210 are fixed on the periphery of the lens holder 208. 
A permanent magnet for AF driving and a permanent magnet 
for image stabilization are fixed to the intermediate member 



US 2017/O 146767 A1 

225. In this example, a permanent magnet 212, which 
doubles as these two kinds of permanent magnets, is fixed to 
the intermediate member 225. The intermediate member 225 
is Supported by four elastic wires 226 in Such a manner as 
to be movable, with respect to a fixed section, in directions 
of two axes each orthogonal to the optical axis direction. The 
intermediate member 225, the permanent magnet 212, the 
springs 209a and 209b, the lens holder 208, the AF coils 210, 
the lens barrel 207, and the image pickup lenses 206 are 
driven integrally in the directions orthogonal to the optical 
axis. The fixed section includes a cover 211, OIS coils 227, 
and a base 215. The lens driving device 202 is provided on 
the sensor cover 222. 
0073. The lens barrel 207 and the lens holder 208 are not 
threaded. Accordingly, the lens barrel 207 is so positioned as 
to abut an upper surface of the sensor cover 222 while the 
lens holder 208 is located at a mechanical end on an 
infinite-distance side, and the lens barrel 207 is adhesively 
fixed to the lens holder 208 with an adhesive 224. 
0074 This configuration enables the height of the image 
pickup lenses 206 with respect to the sensor chip 221 to have 
only minor tolerances, such as a tolerance for the thickness 
of the sensor cover 222 and a tolerance for the position 
where the image pickup lenses 206 are attached in the lens 
barrel 207. Consequently, positioning of the lenses with high 
precision can be made without adjusting the height of the 
lenses with use of a screw. 
0075. However, the Comparative Example is different 
from the example of Patent Literature 2 shown in FIG. 23 in 
that by virtue of the image stabilization function thus 
imparted, the lens barrel 207 can be driven in the directions 
orthogonal to the optical axis as well as in the optical axis 
direction. The lens barrel 207 is in abutment with the sensor 
cover 222. Accordingly, driving of the lens barrel 207 in the 
directions orthogonal to the optical axis causes sliding 
between the lens barrel 207 and the sensor cover 222. This 
may result in scraping of reference planes of the lens barrel 
207 and the sensor cover 222 and/or generation of foreign 
matterS. 

0076. In fact, in a case where the camera module 200 
operates as a camera module, the lens barrel 207 is often 
extended out in the optical axis direction by means of the 
autofocus function. This does not cause sliding between the 
lens barrel 207 and the sensor cover 222. However, in a case 
where the camera module 200 is subjected to external 
vibration such as shake of a mobile phone while the auto 
focus function is not operated, the lens barrel 207 and the 
sensor cover 222 remain in contact with each other, and 
sliding between the lens barrel 207 and the sensor cover 222 
inevitably occurs. 

First Embodiment 

0077. The following description will discuss one embodi 
ment of the present invention with reference to FIGS. 1 to 
11. 
0078. A method for producing a camera module having 
an image stabilization function, a camera module having an 
image stabilization function, and an electronic apparatus, 
each in accordance with the present embodiment, solve the 
problem caused by the Comparative Example. That is, the 
present embodiment provides a method for producing a 
Small camera module having an image stabilization func 
tion, the camera module capable of preventing sliding 
between a lens barrel and a sensor cover and thus preventing 
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generation of foreign matters due to the sliding, even in a 
case where the height of an initial position of an image 
pickup lens is not adjusted with use of a screw; the camera 
module having an image stabilization function; and an 
electronic apparatus. 
007.9 The camera module having an image stabilization 
function in accordance with the present embodiment has not 
only an image stabilization function but also an autofocus 
function. 

(Configuration of Camera Module) 
0080. Initially, with reference to FIGS. 1 and 2, the 
following description will discuss a configuration of the 
camera module having an image stabilization function in 
accordance with the present embodiment. FIG. 2 is a per 
spective view of the camera module having an image 
stabilization function in accordance with the present 
embodiment, and FIG. 1 is a cross sectional view taken 
along an arrow line X-X of the camera module shown in 
FIG 2. 
I0081. A camera module 40 having an image stabilization 
function in accordance with the present embodiment is a 
camera module used for an electronic apparatus such as a 
mobile phone equipped with a camera. The camera module 
40 has a substantially rectangular solid shape as shown in 
FIG. 2. The camera module 40 having an image stabilization 
function (hereinafter simply referred to as “camera module 
40') includes: a rectangular image pickup section 20 pro 
vided at a lower part thereof an optical section 1 contained 
in a box-shaped module cover 17 which is provided above 
the image pickup section 20; and a lens driving device 10 
which drives the optical section 1. The module cover 17 has, 
at the center of the upper surface thereof, an opening 17a for 
exposing image pickup lenses 2 (mentioned later) of the 
optical section 1. For convenience, the following description 
assumes that an optical section 1 side is an upper side of the 
camera module 40, and that an image pickup section 20 side 
is a lower side of the camera module 40. 
I0082. As shown in FIG. 1, the optical section 1 of the 
camera module 40 includes the image pickup lenses 2 and a 
lens barrel 3 for accommodating the image pickup lenses 2. 
Around the optical section 1, there is provided the lens 
driving device 10 for driving the optical section 1, and the 
lens driving device 10 includes a lens holder 11 which holds 
the lens barrel 3 of the optical section 1 therein with the lens 
barrel 3 being adhesively fixed to the lens holder 11 with an 
adhesive 4. 
I0083. The image pickup section 20 provided below the 
lens driving device 10 includes: a Substrate 21; an image 
pickup element 22, provided on the Substrate 21, carrying 
out photoelectric conversion of light having passed through 
the optical section 1; and a sensor cover 23 and a glass 
Substrate 24 each of which covers the image pickup element 
22. The substrate 21, the image pickup element 22, the 
sensor cover 23, and the glass Substrate 24 are stacked in this 
order in the optical axis direction. 
I0084. In the lens driving device 10, the lens holder 11 to 
which the optical section 1 is fixed with the adhesive 4 is 
Supported by two AF (autofocus) springs, i.e. an upper AF 
spring 12a and a lower AF spring 12b, so as to be movable 
in the optical axis direction with respect to an intermediate 
member 13. AF coils 14 are fixed on the periphery of the lens 
holder 11. A permanent magnet for AF driving and a 
permanent magnet for image stabilization are fixed to the 
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intermediate member 13. In the present embodiment, a 
permanent magnet 15, which doubles as these two kinds of 
permanent magnets, is fixed to the intermediate member 13. 
0085. The lens holder 11 has a protrusion 11a at the lower 
part thereof. The protrusion 11a is in abutment with the 
intermediate member 13 at a mechanical end on an infinite 
distance side in a movable range in the optical axis direction 
(reference position on the image pickup element side in a 
movable range). The intermediate member 13 is supported 
by four elastic wires 16 (two wires shown in the drawing) so 
as to be movable, with respect to a fixed section, in direc 
tions of two axes each orthogonal to the optical axis direc 
tion. Thus, the intermediate member 13, the permanent 
magnet 15, the AF springs 12a and 12b, the lens holder 11, 
the AF coils 14, the lens barrel 3, and the image pickup 
lenses 2 are driven integrally in the directions orthogonal to 
the optical axis. 
0086. The fixed section includes a module cover 17, OIS 
(Optical Image Stabilizer) coils 18, and a base 19. The 
optical section 1 is embedded in the base 19 in such a 
manner that the lens barrel 3 partially reaches inside of an 
opening 19a of the base 19. Such a configuration can be 
often employed because it is difficult to secure a sufficiently 
large flange focal distance of the image pickup lenses 2 (a 
distance between the bottom surface of the lens barrel 3 and 
the top Surface of the image pickup element 22). 
0087 Here, it is necessary to set a gap between the lens 
barrel 3 and the opening 19a of the base 19 to have an 
appropriate value. The reason is as follows. When the lens 
holder 11 is displaced in a lateral direction due to a drop 
impact or the like, the lateral displacement of the lens holder 
11 causes a collision between the lens barrel 3 and the base 
19, resulting in a great impact on the lens barrel 3. This may 
result in breakage of the lens barrel 3 or separation of the 
image pickup lens 2 from inside the lens barrel 3. In order 
to avoid Such an event, in the present embodiment, the gap 
between the lens barrel 3 and the opening 19a of the base 19 
is set to such a value that the lens barrel 3 does not directly 
abut the base 19 even when the lateral displacement of the 
lens holder 11 occurs to the maximum amount. 
0088. In the image pickup section 20, the sensor cover 23 
on which the lens driving device 10 is mounted is placed on 
the image pickup element 22 in Such a manner as to cover 
the whole image pickup element 22. The sensor cover 23 has 
a protrusion 23a at a lower part thereof, and a reference 
plane S of an end portion of the protrusion 23a is in 
abutment with the image pickup element 22. The sensor 
cover 23 has an opening 23b at an image pickup lens 2 side 
of the sensor cover 23, and the opening 23b is covered with 
the glass Substrate 24 having an infrared cutting function. 
0089. The image pickup element 22 is mounted on the 
substrate 21. Although a gap between the substrate 21 and 
the sensor cover 23 may be caused due to a tolerance, the 
substrate 21 is adhesively fixed to the sensor cover 23 with 
the gap filled with an adhesive 25. 
0090. In the present embodiment, the lens barrel 3 and the 
lens holder 11 are not threaded, and the lens barrel 3 is fixed 
at a predetermined position while the lens holder 11 is 
located at the mechanical end on the infinite-distance side. 
That is, the camera module 40 is greatly different from the 
conventional art configuration shown in FIG. 23 in that the 
lens barrel 3 is not in abutment with the upper surface of the 
sensor cover 23 at the mechanical end on the infinite 
distance side. In the present embodiment, a gap of approxi 
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mately 10 um is provided between the lens barrel 3 and the 
sensor cover 23. A method for producing the camera module 
40 in which the lens barrel 3 and the sensor cover 23 are not 
in abutment with each other, as described above, will be 
discussed later. 
0091. The camera module 40 in accordance with the 
present embodiment, by virtue of the configuration 
described above, obviates, even when the image stabiliza 
tion function is operated at the mechanical end on the 
infinite-distance side, sliding between the lens barrel 3 and 
the sensor cover 23, and thus avoids a trouble, such as 
generation of foreign matters due to the sliding. 
(AF Function and Image Stabilization Function of Camera 
Module) 
0092. The following description will discuss an AF func 
tion and an image stabilization function of the camera 
module 40 configured as above in accordance with the 
present embodiment. 
(0093. Initially, the AF function is described below. For 
the sake of focus adjustment, the optical section 1 of the 
camera module 40 is caused to move back and forth in the 
optical axis direction in the following manner. A current is 
caused to pass through the AF coils 14 of the lens driving 
device 10 under a driving instruction from a control section 
of for example, a mobile phone or a digital camera in which 
the camera module 40 is provided. Thus, the current passing 
through the AF coils 14 acts on a magnetic field generated 
from the permanent magnet 15, thus generating a thrust 
force to move the AF coils 14 in the optical axis direction. 
This causes the AF springs 12a and 12b and the lens holder 
11 to move the optical section 1 back and forth in the optical 
axis direction. In this manner, the optical section 1 can be 
controlled to perform autofocus (AF). Therefore, the AF 
coils 14, the permanent magnet 15, the AF Springs 12a and 
12b, and the lens holder 11 serve as autofocus means of the 
present invention. 
0094. Next, the image stabilization function is described 
below. 
0.095 The camera module 40 in accordance with the 
present embodiment includes an OIS (Optical Image Stabi 
lizer). The optical section 1 is driven integrally in directions 
orthogonal to the optical axis direction, in the following 
manner. A current is caused to pass through OIS coils 18 of 
the lens driving device 10 under a driving instruction from 
the control section of for example, a mobile phone or a 
digital camera in which the camera module 40 is provided. 
Thus, the current passing through the OIS coils 18 acts on 
a magnetic field generated from the permanent magnet 15, 
thus generating a thrust force to move the OIS coils 18 in the 
directions orthogonal to the optical axis direction. This 
causes the elastic wires 16, the intermediate member 13, the 
AF springs 12a and 12b and the lens holder 11 to move the 
optical section 1 back and forth in the directions orthogonal 
to the optical axis direction. In this manner, the optical 
section 1 can be controlled to perform image stabilization. 
Therefore, the OIS coils 18, the permanent magnet 15, the 
elastic wires 16, the intermediate member 13, the AF springs 
12a and 12b, and the lens holder 11 serve as image stabi 
lization means of the present invention. 
(Attachment Position of the Optical Section to the Lens 
Holder) 
0096. The following description will discuss the position 
at which the optical section 1 including the image pickup 
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lenses 2 and the lens barrel 3 is attached to the lens holder 
11 of the lens driving device 10. 
0097. It is desirable that the image pickup lenses 2 are 
provided, in the lens holder 11, at such a distance away from 
the image pickup element 22 that a focal point of the image 
pickup lenses 2 is located at the mechanical end on the 
infinite-distance side. 

0098. However, an error remains in a case where posi 
tioning of the image pickup lenses 2 is carried out with use 
of a mechanical stopper without focus adjustment. This is 
because there exist (i) the tolerance in the location at which 
the image pickup lenses 2 are attached to the lens barrel 3. 
and (ii) the tolerance in the thickness of the sensor cover 23, 
resulting in the unevenness of the members. Consequently, 
it is necessary to find a focal point within a stroke of the lens 
driving device 10 even when there is such an error. Accord 
ingly, it is necessary to attach the image pickup lens 2 to the 
lens holder 11 at a position which is slightly shifted from a 
designed center location of the focal point to the image 
pickup element 22. Such a slight shift is referred to as “over 
infinity”. As the over infinity is set to be large, the stroke of 
the lens driving device 10 becomes large accordingly. The 
over infinity therefore needs to be kept to a minimum. 
0099. According to cumulative total of the variety of 
tolerances above, the amount of an appropriate over infinity 
is approximately 25 Lum. However, since this value is sus 
ceptible to the tolerances for manufacturing and assembling 
of the members, it is desirable that the over infinity is set to 
a realistic minimum one. In a structure of the camera module 
40 in accordance with the present embodiment, a reference 
plane S (on the bottom part) of the sensor cover 23 is caused 
to directly abut the image pickup element 22. Furthermore, 
using the sensor cover 23, in which thickness accuracy is 
improved, highly precise positioning of the lens barrel 3 is 
carried out with respect to the upper plane of the sensor 
cover 23 (in other words, with respect to the lower plane of 
the lens driving device 10 since the lower reference plane of 
the lens driving device 10 is mounted on the upper plane of 
the sensor cover 23). Such a structure allows the camera 
module 40 to achieve the over infinity of approximately 25 
lm. 
0100 Assume that in FIG. 1, the lens barrel 3 is provided 
at a position which is shifted closer by 25 um to the image 
pickup element 22 from a location where an object at infinity 
is to be focused, while a gap exists between the sensor cover 
23 and the lens barrel 3. A description will be provided 
below based on the assumption. 
0101. As shown in FIG. 1, the lens barrel 3 is positioned 
with respect to the lens holder 11, and the lens barrel 3 is 
then fixed to the lens holder 11 with the adhesive 4. In the 
present embodiment is arranged Such that the adhesive 4 
does not flow into a part where the adhesive 4 is not 
required. Specifically, a position where the adhesive 4 is 
applied to the lens holder 11 is set to be lower than a top 
plane 11b of the lens holder 11, which top plane 11b is 
opposite to a bottom plane of the lens holder 11 on a sensor 
cover 23 side. The top plane 11b of the lens holder 11 may 
be elongated toward a top surface, i.e. toward the module 
cover 17. Furthermore, the position where the adhesive 4 is 
applied to the lens barrel 3 may be lowered. 
0102 The lens holder 11 does not necessarily have a 
perfect cylindrical shape. Normally, the adhesive 4 is 
applied to the lens barrel 3 at approximately four points near 
the circumference of the lens barrel 3. Accordingly, the lens 
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holder 11 may be constituted by, for example, four split parts 
spaced at a distance therebetween. In this case, the lens 
holder 11 forms not the entire walls of an imaginary cylinder 
but partial walls of the cylinder. This may cause the lens 
holder 11 to have a lower strength. The lens holder 11 of a 
low strength increases the risk of being broken or chipped 
when an impactive force is directly applied onto the top 
plane 11b of the lens holder 11 due to a drop impact or the 
like. For this reason, in order to avoid an impactive force 
from being directly applied onto the lens holder 11, it is 
desirable to provide a gap between the top plane 11b of the 
lens holder 11 and the module cover 17 within a range where 
the lens holder 11 is movable, so that a collision between the 
top plane 11b and the module cover 17 can be prevented. 

(Method for Producing Camera Module) 
(0103) Another main feature of the camera module 40 in 
accordance with the present embodiment lies in that the 
camera module 40 eliminates the need for adjusting the 
height of the lens barrel 3 with use of a screw, while 
preventing sliding between the lens barrel 3 and the sensor 
cover 23. 
0104. The conventional technique of adjusting the height 
of an initial position of a lens barrel with use of a screw can 
easily prevent sliding between the lens barrel 3 and the 
sensor cover 23. However, in order to determine the height 
of the lens barrel without adjusting the height of the initial 
position, it is necessary to determine the position by causing 
the lens barrel to abut a member of some kind. Accordingly, 
the conventional technique of causing the lens barrel 3 to 
abut the sensor cover 23 inevitably results in sliding between 
the lens barrel 3 and the sensor cover 23. In contrast, the 
camera module 40 in accordance with the present embodi 
ment is also distinguished by a production method which 
determines an initial position of the lens barrel 3 with high 
precision without causing the lens barrel 3 to abut a member 
such as the sensor cover 23. 
0105. With reference to FIGS. 3 to 9, the following 
description will discuss a production method which (i) 
determines an initial position of the lens barrel 3 with high 
precision and (ii) fixes the lens barrel 3, without use of a 
screw for focus adjustment at an initial position and without 
height adjustment. FIGS. 3 to 9 are views showing produc 
tion steps of the camera module 40. 
0106 Initially, with reference to FIG. 3, the following 
description will discuss the steps of preparing the optical 
section 1, the lens driving device 10, and a dummy sensor 
cover 26 and then mounting the lens driving device 10 on the 
dummy sensor cover 26. 
0107 Specifically, as shown in FIG. 3, for the camera 
module 40 in accordance with the present embodiment, the 
dummy sensor cover 26 Serving as a jig is prepared for use 
in the production of the camera module 40. The dummy 
sensor cover 26 has (i) a flat plane 26a on which the lens 
driving device 10 is to be mounted and (ii) a protrusion 26b 
protruding from the flat plane 26a. A difference D in height 
between the protrusion 26b and the flat plane 26a may be set 
as a gap for preventing the lens barrel 3 from making contact 
with the sensor cover 23 and/or the glass substrate 24 when 
the lens barrel 3 is displaced in directions orthogonal to the 
optical axis. Normally, if the difference D is not less than 
approximately 5 um to 10 Jum, the difference D can serve as 
a gap. A designed value of the difference D may be 5 um or 
10 um, but it is desirable to prepare the dummy sensor cover 
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26 with the difference D as close to the designed value as 
possible. In the description with reference to FIG. 1, the 
designed value of the difference D is approximately 10 um. 
0108. With reference to FIG.4, the following description 
will discuss a state where the lens driving device 10 is 
mounted on the dummy sensor cover 26. 
0109 As described above, the lens driving device 10 is 
mounted on the flat plane 26a of the dummy sensor cover 26, 
so that the protrusion 26b reaches inside the opening 19a of 
the base 19 in the lens driving device 10. 
0110. During a period in which the lens driving device 10 

is mounted on the flat plane 26a of the dummy sensor cover 
26, it is desirable to apply a pressing force on the lens 
driving device 10 in a direction indicated by a hatched arrow 
A in FIG. 4. The reason is as follows. As described above, 
since it is necessary to determine the position of the lens 
barrel 3 with high precision with respect to the bottom plane 
of the lens driving device 10, the lens driving device 10 
being lifted with respect to the dummy sensor cover 26 
would result in deterioration in accuracy. Accordingly, it is 
preferable to apply the pressing force as above. 
0111. With reference to FIG. 5, the following description 
will discuss a state where the lens barrel 3 (optical section 
1) is mounted on the lens driving device 10 in Such a manner 
as to abut the protrusion 26b of the dummy sensor cover 26. 
0112. As shown in FIG. 5, the shape of the lens barrel 3 
is designed such that while the bottom plane of the lens 
barrel 3 is in abutment with the protrusion 26b of the dummy 
sensor cover 26, the image pickup lenses 2 are located at a 
position shifted closer by 25um to the image pickup element 
22 from a focal point located on the infinite-distance side. Of 
course, an actual shape of the lens barrel 3 exhibits a 
tolerance with respect to the designed value. During a period 
in which the bottom plane of the lens barrel 3 is in abutment 
with the protrusion 26b of the dummy sensor cover 26, it is 
desirable to apply a pressing force in a direction indicated by 
a hatched arrow B in FIG. 5. It is desirable that the 
aforementioned pressing force applied on the lens driving 
device 10, which force is indicated by the hatched arrow A 
in FIG. 4, is continuously applied. Since reference positions 
of the lens barrel 3 and the lens driving device 10 are set by 
a mechanical stopper, lifting of the lens barrel 3 and the lens 
driving device 10 would result in errors in their reference 
positions. With the pressing force applied as above (in Such 
a state that lifting of the lens barrel 3 and the lens driving 
device 10 is prevented), the lens barrel 3 is adhesively fixed 
to the lens holder 11 with the adhesive 4. 

0113. With reference to FIG. 6, the following description 
will discuss a state where the dummy sensor cover 26 is 
removed from the lens driving device 10. 
0114. As shown in FIG. 6, the dummy sensor cover 26 is 
a jig for positioning the lens barrel 3, and becomes unnec 
essary after the lens barrel 3 has been adhesively fixed to the 
lens holder 11. 

0115 With reference to FIG. 7, the following description 
will discuss the step of preparing the image pickup section 
20 and then replacing the dummy sensor cover 26 with the 
image pickup section 20. 
0116. As shown in FIG. 7, instead of the dummy sensor 
cover 26, the image pickup section 20 including the image 
pickup element 22 needs to be connected to the lens driving 
device 10 into which the optical section 1 has been already 
fixed. 
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0117. With reference to FIG. 8, the following description 
will discuss the step of mounting, on the image pickup 
section 20, the lens driving device 10 including the optical 
section 1 therein. 
0118. As shown in FIG. 8, the lens driving device 10 
including the optical section 1 therein is mounted on the 
upper Surface of the sensor cover 23 of the image pickup 
section 20, and then adhesively fixed to the sensor cover 23 
with an adhesive (not shown). 
0119). With reference to FIG.9, the following description 
will discuss a state where the lens driving device 10 includ 
ing the optical section 1 therein is mounted on the image 
pickup section 20. 
0.120. As shown in FIG. 9, it is desirable to apply a 
pressing force in a direction indicated by a hatched arrow C 
in FIG. 9 until the adhesive with which the lens driving 
device 10 is adhered to the sensor cover 23 is cured to have 
a required strength. The application of Such a pressing force 
is, for the same reason as above, intended to prevent the lens 
driving device 10 from being lifted with respect to the upper 
surface of the sensor cover 23. 
I0121 The method as described above allows production 
of the camera module 40 in which the image pickup lenses 
2 are positioned with high precision and in which a gap is 
provided between the lens barrel 3 and the sensor cover 23. 
I0122. It is desirable that the dummy sensor cover 26 
explained above is made of a non-magnetic material. In a 
case where the dummy sensor cover is made of a magnetic 
material, the permanent magnet 15 mounted on the OIS 
movable section of the lens driving device 10 is attracted by 
Such a dummy sensor cover. This may cause the lens barrel 
3 to be fixed while the position of the lens holder 11 is 
changed or while the lens holder 11 is inclined. In this case, 
the removal of the dummy sensor cover may cause the lens 
holder 11 to be put back in its original position, so that the 
attachment location of the lens barrel 3 becomes eccentric or 
inclined. This may result in inclination of the lens barrel 3. 
Therefore, it is desirable that at least the dummy sensor 
cover 26 is made of a non-magnetic material, and it is more 
desirable that other jigs and tools positioned around the lens 
driving device 10 are made of non-magnetic materials, too. 

(Examination on Inclination of Lens Holder) 
(0123. In the camera module 40 in accordance with the 
present embodiment, (i) the height of the position where the 
lens barrel 3 is attached and (ii) the inclination of the lens 
barrel 3 are regulated with the dummy sensor cover 26 as a 
reference. Conversely, even if a cylindrical hole of the lens 
holder 11 to which hole the lens barrel 3 is to be attached is 
inclined, the lens barrel 3 is not influenced by the inclination 
provided that the inclination is within a tolerable range, and 
it is thus possible to realize the camera module 40 with a 
small initial inclination, i.e. with a small static tilt. With 
reference to (a) and (b) of FIG. 10, the following description 
will discuss the tolerable range of the tilt of the lens holder 
11. (a) of FIG. 10 is a cross sectional view of a main part, 
for explaining the influence of the inclination of the lens 
holder 11, and (b) of FIG. 10 is a view showing a state where 
the lens holder 11 is inclined. 
0.124. The cross sectional view of the camera module 40 
shown in FIG. 1 omits a detailed outer shape of the lens 
barrel 3. The actual lens barrel 3 is provided such that as 
shown in (a) of FIG. 10, a maximum external diameter 
portion 3a does not exist along an entire height of the lens 



US 2017/O 146767 A1 

barrel 3, but exists only at a limited portion of the lens barrel 
3, and the other circumferential portions of the lens barrel 3 
are provided with slightly smaller diameters. Here, assume 
that D, represents an external diameter of the maximum 
external diameter portion 3a of the lens barrel 3. H repre 
sents a thickness of the maximum external diameter portion 
3a of the lens barrel 3, and D, represents a cylindrical 
internal diameter of the lens holder 11. 
0.125 Here, as shown in (b) of FIG. 10, an inclination 
angle 0 at which the maximum external diameter portion 3a 
of the lens barrel 3 makes contact with the lens holder 11 is 
represented, with use of the external diameter D, and the 
thickness H, by the following equation: 

0-tan'(H/D). 

0126 Here, assume that the external diameter D, is 5 mm 
and the thickness H is 0.5 mm. In this case, the inclination 
angle 0 is 5.71 degrees. Normally, the inclination angle 0 of 
the lens holder 11 does not reach 5.71 degrees, and a relation 
between the inclination angle 0 of the lens holder 11 and the 
inclination angle 0 is as shown in (b) of FIG. 10. Accord 
ingly, a difference 0 between the inclination angle 0 and the 
inclination angle 0 is represented by the following equa 
tion: 

0127. Accordingly, the tolerable inclination angle 0 of the 
lens holder 11 is represented by 

0128. In a case where the inclination angle 0 of the lens 
holder 11 falls in this range, the inclination of the lens barrel 
3 is not increased by the inclination of the lens holder 11, so 
that the lens barrel 3 can be fixed with the dummy sensor 
cover 26 as a reference. This allows realizing the camera 
module 40 with a small inclination angle. 
0129. For example, in a case where the cylindrical inter 
nal diameter D, is 5.005 mm, the difference 0–5.11 degrees, 
and the tolerable inclination angle is 0–0.6 degrees. 

(Another Method for Producing Camera Module) 
0130. With reference to FIG. 11, the following descrip 
tion will discuss another production method different from 
the aforementioned method. FIG. 11 is a cross sectional 
view for explaining another method for producing the cam 
era module 40 in accordance with the present embodiment. 
0131. In a case where the camera module 40 is produced 
by another method, initially, a height adjustment device 30 
is provided on an upper surface of the lens driving device 10, 
as shown in FIG. 11. 
0.132. As shown in FIG. 11, the height adjustment device 
30 includes a seat 31 fixed to the lens driving device 10, an 
arm section 32 for holding the lens barrel 3, a Support spring 
33 for supporting the arm section 32 in such a manner that 
the arm section 32 is movable in an optical axis direction 
with respect to the seat 31, and the like. 
0.133 Means for driving the arm section 32 is not shown 
in particular. The arm section 32 may be driven by a voice 
coil motor as in the case of the lens driving device 10, or may 
be driven by driving means Such as a piezoelectric element. 
Furthermore, a grasping section 32a provided at an end of a 
lower part of the arm section 32 may be made openable/ 
closable, so that the grasping section 32a can firmly grasp 
the lens barrel 3 by a pressurizing spring (not shown). As 
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described above, the arm section 32 is moved up and down 
by the driving means (not shown) while grasping the lens 
barrel 3, and the lens barrel 3 is then adhesively fixed to the 
lens holder 11 with the adhesive 4 at a position where a focus 
has been detected. 
0.134 Thus, it is important to provide a gap between the 
lens barrel 3 and the sensor cover 23, with the lens barrel 3 
being adhesively fixed to the lens holder 11. In the present 
embodiment, since the height of the lens barrel 3 is adjusted, 
an excess stroke corresponding to the over infinity is not 
required. In view of the stroke of the lens driving device 10, 
it is most desirable to position the lens barrel 3 with over 
infinity which can cover an adjustment error (about several 
micrometers) that may occur in a slight amount. After the 
lens barrel 3 has been adhesively fixed, the arm section 32 
stops holding the lens barrel 3 and releases the lens barrel 3. 
and the height adjustment device 30 is removed from the 
lens driving device 10. 
0.135 The adjustment method as above eliminates the 
need for carrying out screwing for focus adjustment at an 
initial position, thus eliminating the need for application of 
a force of a large strength. Only a minor friction force is 
applied on the lens holder 11 when the lens barrel 3 is 
inserted into the lens holder 11. Accordingly, a low risk of 
damage to a spring for Supporting the movable section can 
be achieved, and a positional change due to the deformation 
of the spring can be reduced to a minimum. 
0.136. As described above, the camera module 40 in 
accordance with the present embodiment includes: the opti 
cal section 1 including the image pickup lenses 2 and the 
lens barrel 3 holding the image pickup lenses 2; and the lens 
driving device 10 which includes the lens holder 11 holding 
the optical section 1 and which drives the optical section 1 
and the lens holder 11 integrally in an optical axis direction 
and in directions orthogonal to the optical axis. The optical 
section 1 and the lens driving device 10 are provided on the 
upper side of the sensor cover 23 which covers the image 
pickup element 22 of the image pickup section 20. The lens 
barrel 3 is positioned at such a location that the lens barrel 
3 does not make contact with the sensor cover 23, so that the 
lens barrel 3 is fixed to the lens holder 11 at the location. 
Furthermore, before being fixed, the lens barrel 3 is slidable 
in the optical direction with respect to the lens holder 11. 
0.137 With the arrangement, the lens barrel 3 is caused to 
slide in the optical axis direction with respect to the lens 
holder 11 in order to be positioned at such a location that the 
lens barrel 3 does not make contact with the sensor cover 23, 
and thereafter the lens barrel 3 is fixed to the lens holder 11. 
0.138 Consequently, it is unnecessary to adjust the height 
of the initial position of the image pickup lens 2 with use of 
a screw, and it is possible to simplify or omit a step of 
adjusting a focus at the initial position. Furthermore, even 
when the present invention is applied to the camera module 
40 having both of an autofocus function and an image 
stabilization function, it is possible to prevent sliding 
between the lens barrel 3 and the sensor cover 23 and to thus 
prevent generation of foreign matters or the like event due 
to the sliding. Furthermore, since it is unnecessary to adjust 
the height of the initial position of the image pickup lenses 
2 with use of a screw, the present invention is applicable to 
a small camera module having an image stabilization func 
tion. 
0.139. Therefore, it is possible to provide the small cam 
era module 40 capable of preventing sliding between the 
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lens barrel 3, which holds the image pickup lenses 2, and the 
sensor cover 23 of the image pickup section 20 and thus 
preventing generation of foreign matters due to the sliding, 
even in a case where the height of the initial position of the 
image pickup lenses 2 is not adjusted with use of a screw. 
0140. Furthermore, it is possible to reduce the cost, etc. 
for molds for causing the lens barrel 3 and the lens holder 11 
to have threaded parts used for the focus adjustment at the 
initial position, and the need for a step of carrying out 
screwing for the focus adjustment at the initial position is 
eliminated. 
0141 Furthermore, the camera module 40 in accordance 
with the present embodiment is arranged Such that the height 
position of the optical section 1 is determined with use of a 
J12. 
0142 Furthermore, the method for producing the camera 
module 40, in accordance with the present embodiment, is a 
method for producing the camera module 40 including: the 
optical section 1 having the image pickup lenses 2 and the 
lens barrel 3 holding the image pickup lenses 2; and the lens 
driving device 10 which includes the lens holder 11 holding 
the optical section 1 and which drives the optical section 1 
and the lens holder 11 integrally with each other in an optical 
axis direction and in directions orthogonal to the optical 
axis, the optical section 1 and the lens driving device 10 
being provided on the sensor cover 23 which covers the 
image pickup element 22 of the image pickup lens 2. The 
method includes the steps of sliding the lens barrel 3 of the 
optical section 1 in the optical axis direction with respect to 
the lens holder 11 of the lens driving device 10, and carrying 
out positioning of the optical section 1 with use of a jigby 
determining the height position of the optical section 1 so 
that the lens barrel 3 is located at such a position that the lens 
barrel 3 does not make contact with the sensor cover 23, and 
then fixing the optical section 1 to the lens driving device 10. 
0143. As described above, a vertical position of the 
image pickup lens 2 is determined by using a jig. This 
eliminates the need for the step of carrying out Screwing for 
the focus adjustment at the initial position, and makes it 
possible to simplify the focus adjustment at the initial 
position. 
0144. Therefore, it is possible to provide (i) the small 
camera module 40 capable of preventing sliding between the 
lens barrel 3, which holds the image pickup lenses 2, and the 
sensor cover 23 of the image pickup section 20 and thus 
preventing generation of foreign matters due to the sliding 
even in a case where the height of the initial position of the 
image pickup lenses 2 is not adjusted with use of a screw, 
and (ii) a method for producing the camera module 40. 
0145 The camera module 40 in accordance with the 
present embodiment is arranged such that the dummy Sensor 
cover 26 Serving as a jig is constituted by a flat plate having 
the protrusion 26b. Furthermore, the height of the initial 
position of the optical section 1 is determined with use of the 
jig in Such a manner that a top plane of the protrusion 26b 
of the dummy sensor cover 26 is caused to abut a bottom 
plane of the optical section 1 which bottom plane is located 
on the image pickup element 22 side. 
0146 Furthermore, the method for producing the camera 
module 40, in accordance with the present embodiment, may 
be arranged such that the step of sliding the lens barrel 3 of 
the optical section 1 in the optical axis direction with respect 
to the lens holder 11 of the lens driving device 10 is carried 
out after the optical section 1 is inserted into the lens driving 
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device 10 while the lens driving device 10 is mounted on the 
dummy sensor cover 26 Serving as the jig, the step of fixing 
the optical section 1 to the lens driving device 10 is carried 
out while a part of the optical section 1 is caused to abut a 
reference plane of the dummy sensor cover 26, and the 
dummy sensor cover 26 is replaced with the image pickup 
section 20, and the lens driving device 10 is then fixed to the 
sensor cover 23 of the image pickup section 20. 
0147 Thus, a vertical position of the image pickup lens 
is determined by causing the optical section 1 to abut the jig. 
This eliminates the need for the step of carrying out screw 
ing for the focus adjustment at the initial position and also 
eliminates the need for the focus adjustment itself. 
0.148. Furthermore, the camera module 40 in accordance 
with the present embodiment is arranged Such that the height 
adjustment device 30 Serving as a jig has the grasping 
section 32a which grasps the lens barrel 3 of the optical 
section 1 in such a manner that the lens barrel 3 is slidable, 
with respect to the lens holder 11, in the optical axis 
direction, and the height of the initial position of the optical 
section 1 is determined with use of the height adjustment 
device 30 serving as a jig in Such a manner that the grasping 
section 32a of the height adjustment device 30 grasps the 
lens barrel 3 of the optical section 1 so as to displace the 
optical section 1 in the optical axis direction. 
014.9 Thus, the positioning can be made merely by 
moving the optical section 1 upward and downward in the 
optical axis direction by means of the height adjustment 
device 30 serving as a jig which grasps the lens barrel 3. 
Consequently, it is possible to eliminate the need for the step 
of carrying out Screwing for the focus adjustment at the 
initial position, and to simplify the focus adjustment at the 
initial position. 
0150. Furthermore, the camera module 40 in accordance 
with the present embodiment is arranged Such that the lens 
driving device 10 includes, on a the sensor cover 23 side, the 
base 19 supporting the lens holder 11 so that the lens holder 
11 freely swings, the base 19 having the opening 19a to 
which the lens barrel 3 is fit loosely, and a gap between the 
opening 19a of the base 19 and the lens barrel 3 is so set that 
the base 19 does not make contact with the lens barrel 3 even 
when the lens holder 11 is displaced to a maximum extent 
toward the lens barrel 3. 
0151 Consequently, even in a case where the camera 
module 40 undergoes a drop impact or the like event, a part 
that defines a movable range of the lens driving device 10 (a 
part serving as a stopper) makes contact with the base 19 
firstly. This avoids the lens barrel 3 from directly colliding 
with the base 19, thus making it possible to protect the lens 
barrel 3 from damage caused by the drop impact. 
0152. Furthermore, the camera module 40 in accordance 
with the present embodiment is arranged Such that the lens 
barrel 3 having been positioned is fixed to the lens holder 11 
with the adhesive 4, and a position where the adhesive 4 is 
applied to the lens holder 11 is lower than a top plane 11b 
of the lens holder 11, the top plan 11b being opposite to a 
bottom plane of the lens holder 11 which bottom plane is 
located on the sensor cover 23 side. 

0153. This allows the inner wall of the lens holder 11 to 
prevent the adhesive 4 for fixing the lens barrel 3 from 
flowing out over the top plane 11b of the lens holder 11. 
0154 Furthermore, the camera module 40 in accordance 
with the present embodiment is arranged Such that the 
module cover 17 having, at a center thereof, the opening 17a 
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for exposing the lens barrel 3 is so provided as to cover the 
lens holder 11 and the lens barrel 3. The lens holder 11 is so 
placed as not to make contact with the module cover 17 even 
when the lens barrel 3 moves to a maximum extent. 

0155 With this arrangement, even in a case where the 
lens holder 11 is Small in thickness and Small in strength, the 
top plane 11b of the lens holder 11 which plane is located on 
the module cover 17 side does not make contact with the 
module cover 17. This allows preventing the lens holder 11 
from damage caused by a drop impact or the like. 
0156 Furthermore, the camera module 40 in accordance 
with the present embodiment is arranged Such that the 
dummy sensor cover 26 is made of only a non-magnetic 
material. 

0157. If a dummy sensor cover is made of a magnetic 
material, the lens holder 11, which includes the permanent 
magnet 15, would be likely to be displaced due to magne 
tism of the dummy sensor cover when the lens barrel 3 is to 
be fixed to the lens holder 11. In contrast, since the dummy 
sensor cover 26 is made of only a non-magnetic material, the 
lens holder 11 is not caused to be excessively displaced 
when the lens barrel 3 is to be fixed to the lens holder 11. 
Accordingly, it is possible to fix the lens barrel 3 to the lens 
holder 11 with high precision. 
0158. The camera module 40 in accordance with the 
present embodiment is arranged Such that the inclination 
angle 0 of the lens holder 11 with respect to a surface of the 
sensor cover 23 is set to meet the relation 

wherein D, represents an external diameter of the maximum 
external diameter portion 3a of the lens barrel 3. H repre 
sents a thickness of the maximum external diameter portion 
3a of the lens barrel 3, and D, represents a cylindrical 
internal diameter of the lens holder 11. 

0159. In the present embodiment, in a case where the lens 
barrel 3 is installed in the lens driving device 10, the dummy 
sensor cover 26 is used for adjustment of a distance between 
the lens barrel 3 and the sensor cover 23. In this case, the 
lens barrel 3 is inserted into a cylindrical hole of the lens 
holder 11 while being slid in the cylindrical hole, and the 
lens barrel 3 is positioned and fixed with the lens barrel 3 
mounted on the dummy sensor cover 26. Accordingly, the 
inclination of the lens barrel 3 depends on a degree of 
precision with which the lens barrel 3 is mounted on the 
mounting plane of the dummy sensor cover 26. However, in 
a case where the cylindrical hole of the lens holder 11 is 
inclined more than necessary, there is a possibility that the 
lens barrel 3 is fixed in conformity with the cylindrical hole 
of the lens holder 11 and is, in turn, mounted on the plane 
of the dummy sensor cover 26 with poor precision. 
0160 Therefore, inclination of the lens holder 11 more 
than necessary with respect to a surface of the sensor cover 
23 which surface is a reference plane of the sensor cover 23 
on which plane the lens driving device 10 is to be mounted, 
causes inclination of the cylindrical hole of the lens holder 
11 with respect to the dummy sensor cover 26 when the lens 
driving device 10 is mounted on the dummy sensor cover 26 
in order to install the lens barrel 3. This may cause the lens 
barrel 3 to be attached to the sensor cover 23 while being 
inclined with respect to the sensor cover 23. 
0161 In contrast, in the present embodiment, the incli 
nation angle 0 of the lens holder 11 is set to fall within such 
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a range that the maximum external diameter section 3a of 
the lens barrel 3 does not make contact with the lens holder 
11. 
0162 Therefore, the inclination angle of the lens barrel 3 
does not depend on the inclination angle 0 of the lens holder 
11. As a result, it is possible to realize the camera module 40 
into which the lens barrel 3, that is, the image pickup lens 2. 
is incorporated at a small inclination angle. 
(0163. Further, in the camera module 40 in accordance 
with the present embodiment, the sensor cover 23 covering 
the image pickup element 22 of the image pickup section 20 
has the protrusion 26b serving as an abutting portion that 
abuts the image pickup element 22. 
(0164. This allows the sensor cover 23 to be mounted 
directly on the upper Surface of the image pickup element 
22, thus making it possible to increase a degree of precision 
in attachment position of the image pickup lens 2. 
0.165. Furthermore, the method for producing the camera 
module 40 in accordance with the present embodiment is 
preferably arranged such that in mounting the lens driving 
device 10 on the dummy sensor cover 26, a pressing force 
toward the dummy sensor cover 26 is applied to the lens 
driving device 10. 
0166 This makes it possible to prevent the lens driving 
device 10 from being lifted in mounting the lens driving 
device 10 on the dummy sensor cover 26. This eliminates an 
unnecessary gap between the lens driving device 10 and the 
dummy sensor cover 26, thus enabling precise positioning of 
the optical section 1. 
0167. The method for producing the camera module 40 in 
accordance with the present embodiment is preferably 
arranged such that in the step of fixing the optical section 1 
to the lens driving device 10, a pressing force toward the 
dummy sensor cover 26 is applied to the optical section 1. 
0.168. This makes it possible to prevent the optical section 
1 from being lifted with respect to the dummy sensor cover 
26 in mounting the optical section 1 on the lens driving 
device 10. This eliminates an unnecessary gap between the 
optical section 1 and the dummy sensor cover 26, thus 
enabling precise positioning of the optical section 1. 
0169. The method for producing the camera module 40 in 
accordance with the present embodiment is preferably 
arranged such that in mounting the lens driving device 10 on 
the image pickup section 20, a pressing force toward the 
image pickup section 20 is applied to the lens driving device 
10. 
0170 This makes it possible to prevent the lens driving 
device 10 from being lifted in mounting the lens driving 
device 10 on the image pickup section 20. This eliminates an 
unnecessary gap between the lens driving device 10 and the 
image pickup section 20, thus enabling precise positioning 
of the optical section 1. 
0171 The method for producing the camera module 40 in 
accordance with the present embodiment is arranged Such 
that a height adjustment device 30 serving as the jig is placed 
on the lens driving device 10 while the lens driving device 
10 is mounted on the image pickup section 20, the step of 
sliding the lens barrel 3 of the optical section 1 in the optical 
axis direction with respect to the lens holder 11 of the lens 
driving device 10 is carried out while the grasping section 
32a of the height adjustment device 30 grasps the lens barrel 
3 of the optical section 1, a height of the optical section 1 is 
adjusted with use of the height adjustment device 30, and in 
the step of fixing the optical section 1, the optical section 1 



US 2017/O 146767 A1 

is fixed to the lens holder 11 of the lens driving device 10, 
and the height adjustment device 30 is then removed. 
0172 Consequently, even if there exist a fixing tolerance 
in the location at which the lens driving device 10 is attached 
to the image pickup section 20 and/or a tolerance in thick 
ness of the sensor cover 23, it is possible to carry out 
positioning of the optical section 1, with use of the height 
adjustment device 30 serving as the jig, by determining the 
height position of the optical section 1 so that the lens barrel 
3 is located at such a position that the lens barrel 3 does not 
make contact with the sensor cover 23, without being 
influenced by these tolerances. 
0173 Therefore, it is possible to provide the small cam 
era module 40 capable of preventing sliding between the 
lens barrel 3, which holds the image pickup lenses 2, and the 
sensor cover 23 of the image pickup section 20 and thus 
preventing generation of foreign matters due to the sliding, 
even in a case where the height of the initial position of the 
image pickup lenses 2 is not adjusted with use of a screw. 
0174. A mobile phone serving as an electronic apparatus 
that is, for example, a mobile phone, in accordance with the 
present embodiment, includes the camera module 40 in 
accordance with the present embodiment. 
0.175. Therefore, it is possible to provide an electronic 
apparatus including the camera module 40 with a small size, 
capable of preventing sliding between the lens barrel 3. 
which holds the image pickup lenses 2, and the sensor cover 
23 of the image pickup section 20 and thus preventing 
generation of foreign matters due to the sliding even in a 
case where the height of the initial position of the image 
pickup lenses 2 is not adjusted with use of a screw. 
0176 The present invention is not limited to the above 
embodiment and is Susceptible of various changes within the 
Scope of the present invention. For example, in the above 
embodiment, both of sliding planes of the lens barrel 3 and 
the lens holder 11 are flat planes. However, the present 
invention is not limited to this. For example, at least one of 
an external Surface of the optical section 1 and an internal 
surface of the lens holder 11 may have threads for collection 
of the adhesive 4. Thus, filling a depressed part of the threads 
for collection of the adhesive 4 with the adhesive 4 enables 
improvement in adhesiveness between the lens barrel 3 and 
the lens holder 11. In this arrangement, the presence of the 
threads for collection of the adhesive 4 may cause difficulty 
in carrying out the sliding between the lens barrel 3 and the 
lens holder 11. For this reason, this arrangement is encom 
passed in the present invention provided that the lens barrel 
3 and the lens holder 11 can slide with each other. That is, 
for example, even when the threads for collection of the 
adhesive 4 is provided, the sliding between a male screw 
(the lens barrel 3) and a female screw (the lens holder 11) is 
possible, provided that an external diameter of the male 
screw is smaller than an internal diameter of the female 
screw. In order to facilitate sliding between the lens barrel 3 
and the lens holder 11, it is preferable that threads for 
collection of the adhesive 4 are provided on either one of the 
lens barrel 3 and the lens holder 11. This is because the 
sliding is difficult if both of the lens barrel 3 and the lens 
holder 11 are threaded. 
0177. The present embodiment has dealt with the image 
stabilization-capable camera module 40 having both the 
autofocus function and the image Stabilization function. 
However, this is not intended to limit the method for 
producing a camera module, a camera module, and an 
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electronic apparatus, each in accordance with the present 
invention. The present invention is also applicable to a 
method for producing a camera module having only the 
image stabilization function, a camera module having only 
the image Stabilization function, and an electronic apparatus 
having only the image stabilization function. 

Second Embodiment 

0.178 The following description will discuss another 
embodiment of the present invention with reference to FIG. 
12. Configurations other than those explained in the present 
embodiment are the same as those described in First 
Embodiment. For the sake of convenience, members having 
the same functions as those shown in the drawings of First 
Embodiment are given the same reference signs and expla 
nations thereof are omitted here. 
0179 The present embodiment deals with another con 
figuration of an image-stabilization-capable camera module. 
As shown in FIG. 1, the camera module 40 in accordance 
with First Embodiment is arranged such that the sensor 
cover 23 of the image pickup section 20 makes contact with 
the image pickup element 22 at the protrusion 23a of the 
sensor cover 23. In contrast, a camera module 40B having 
the image stabilization function (hereinafter simply referred 
to as "camera module 40B) in accordance with the present 
embodiment is different from the camera module 40 in that 
a sensor cover 23B does not make contact with an image 
pickup element 22, as shown in FIG. 12. 
0180. As shown in FIG. 12, the camera module 40B in 
accordance with the present embodiment is arranged Such 
that the sensor cover 23B is mounted on a substrate 21, and 
the sensor cover 23B does not have a protrusion correspond 
ing to the protrusion 23a of the sensor cover 23. Conse 
quently, the sensor cover 23B does not make contact with 
the image pickup element 22, so that there is a gap between 
the sensor cover 23B and the image pickup element 22. 
0181. Of course, a higher degree of precision in attach 
ment position of the image pickup lenses 2 can be obtained 
by the camera module 40 shown in FIG. 1, in which the 
sensor cover 23 is directly mounted on a plane of the image 
pickup element 22. However, there is a case where a space 
for mounting the sensor cover 23 cannot be secured on the 
image pickup element 22. In this case, the sensor cover 23B 
is mounted on the substrate 21. 
0182. As described above, the camera module 40B in 
accordance with the present embodiment is arranged Such 
that the sensor cover 23B which covers the image pickup 
element 22 of the image pickup section 20 is not in contact 
with the image pickup element 22. 
0183 Such a configuration can deal with a case where a 
space for mounting the sensor cover 23 having the protru 
sion 26b cannot be secured on the image pickup element 22. 
0.184 A mobile phone serving as an electronic apparatus 
that is, for example, a mobile phone, in accordance with the 
present embodiment, includes the camera module 40B in 
accordance with the present embodiment. 
0185. Therefore, it is possible to provide an electronic 
apparatus having the camera module 40B of a small size, 
capable of preventing sliding between the lens barrel 3. 
which holds the image pickup lenses 2, and the sensor cover 
23B of the image pickup section 20 and thus preventing 
generation of foreign matters due to the sliding, even in a 
case where the height of the initial position of the image 
pickup lenses 2 is not adjusted with use of a screw. 
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0186 The present embodiment has dealt with the image 
stabilization-capable camera module 40B having both the 
autofocus function and the image Stabilization function. 
However, this is not intended to limit the method for 
producing a camera module, a camera module, and an 
electronic apparatus, each in accordance with the present 
invention. The present invention is also applicable to a 
method for producing a camera module having only the 
image stabilization function, a camera module having only 
the image stabilization function, and an electronic apparatus 
having only the image stabilization function. 

Third Embodiment 

0187. The following description will discuss one embodi 
ment of the present invention with reference to FIGS. 13 to 
22. 

0188 A method for producing a camera module, a cam 
era module, and an electronic apparatus, each in accordance 
with the present embodiment, solve the aforementioned 
problem of the conventional art example. That is, the present 
embodiment provides a method for producing a camera 
module, a camera module, and an electronic apparatus, each 
capable of reducing the area where a reference plane of a 
movable section makes contact with a reference plane of a 
fixed section, thus reducing a risk of causing the occurrence 
of stroke hysteresis at and near a starting position of a stroke, 
even in a case where the height of an initial position of an 
image pickup lens is not adjusted with use of a screw. 
0189 The camera module in accordance with the present 
embodiment is a camera module having only an autofocus 
function. 

(Configuration of Camera Module) 

(0190. Initially, with reference to FIGS. 13 and 14, the 
following description will discuss a configuration of the 
camera module in accordance with the present embodiment. 
FIG. 14 is a perspective view of the camera module in 
accordance with the present embodiment, and FIG. 13 is a 
cross sectional view taken along an arrow line Y-Y of the 
camera module shown in FIG. 14. 

0191) A camera module 80 in accordance with the present 
embodiment is a camera module used for an electronic 
apparatus Such as a mobile phone equipped with a camera. 
The camera module 80 has a substantially rectangular solid 
shape as shown in FIG. 14. 
0.192 The camera module 80 includes a rectangular 
image pickup section 70 provided at a lower part thereof, an 
optical section 51 contained in a box-shaped cover 67 
provided above the image pickup section 70, and a lens 
driving device 60 which drives the optical section 51. The 
cover 67 has, at the center of the upper surface thereof, an 
opening 67a for exposing image pickup lenses 52 (men 
tioned later) of the optical section 51. For convenience, the 
following description assumes that an optical section 51 side 
is an upper side of the camera module 80, and that an image 
pickup section 70 side is a lower side of the camera module 
80. 

(0193 As shown in FIG. 13, the optical section 51 of the 
camera module 80 includes the image pickup lenses 52 and 
a lens barrel 53 for accommodating the image pickup lenses 
52. Around the optical section 51, there is provided the lens 
driving device 60 for driving the optical section 51, and the 
lens driving device 60 includes a lens holder 61 which holds 
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the lens barrel 53 of the optical section 51 therein with the 
lens barrel 53 being adhesively fixed to the lens holder 61 
with an adhesive 54. 
0194 The image pickup section 70 provided below the 
lens driving device 60 includes: a substrate 71; an image 
pickup element 72, provided on the substrate 71, carrying 
out photoelectric conversion of light having passed through 
the optical section 51; and a sensor cover 73 and a glass 
substrate 74 each of which covers the image pickup element 
72. The substrate 71, the image pickup element 72, the 
sensor cover 73, and the glass substrate 74 are stacked in this 
order in the optical axis direction. 
(0195 In the lens driving device 60, the lens holder 61 to 
which the optical section 51 is fixed with the adhesive 54 is 
Supported by two AF (autofocus) springs, i.e. an upper AF 
spring 62a and a lower AF spring 62b, so as to be movable 
in the optical axis direction with respect to a fixed section. 
AF coils 64 are fixed to a circumferential section of the lens 
holder 61. The fixed section includes a yoke 63, a base 69. 
and a cover 67, and one end of the upper AF spring 62a is 
fixed to the yoke 63, while one end of the lower-positioned 
AF spring 62b is fixed to the base 69. 
0196. The lens holder 61 has a protrusion 61a at the lower 
part thereof. The protrusion 61a is in abutment with the base 
69 at a mechanical end on an infinite-distance side in a 
movable range in the optical axis direction (reference posi 
tion on the image pickup element side in a movable range). 
(0197) The optical section 51 is embedded in the base 69 
in such a manner that the lens barrel 53 partially reaches 
inside the opening 69a of the base 69. Such a configuration 
is often employed in a case where it is difficult to secure a 
Sufficiently large flange focal distance of the image pickup 
lenses 52 (a distance between the bottom surface of the lens 
barrel 53 and the top surface of the image pickup element 
72) (although the drawing shows a sufficient distance 
between the bottom of the image pickup lens 52 and the 
bottom of the lens barrel 53, in many actual cases a sufficient 
distance therebetween cannot be secured). 
0.198. In the image pickup section 70, the sensor cover 73 
on which the lens driving device 60 is mounted is placed on 
the image pickup element 72 in Such a manner as to cover 
the whole image pickup element 72. The sensor cover 73 has 
a protrusion 73a at a lower part thereof, and a reference 
plane S of an end portion of the protrusion 73a is in 
abutment with the image pickup element 72. The sensor 
cover 73 has an opening 73b at an image pickup lens 52 side 
of the sensor cover 73, and the opening 73b is covered with 
the glass Substrate 74 having an infrared cutting function. 
0199 The image pickup element 72 is mounted on the 
substrate 71. Although a gap between the substrate 71 and 
the sensor cover 73 may be caused due to a tolerance, the 
substrate 71 is adhesively fixed to the sensor cover 73 with 
the gap filled with an adhesive 75. 
0200. In the present embodiment, the lens barrel 53 and 
the lens holder 61 are not threaded, and the lens barrel 53 is 
fixed at a predetermined position while the lens holder 61 is 
located at the mechanical end on the infinite-distance side. 
In the present embodiment, a gap of approximately 10um is 
provided between the lens barrel 53 and the sensor cover 73. 
A method for producing the camera module 80 in which the 
lens barrel 53 and the sensor cover 73 are not in abutment 
with each other, as described above, will be discussed later. 
0201 The camera module 80 in accordance with the 
present embodiment, by virtue of the configuration 
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described above, secures a gap between the lens barrel 53 
and the sensor cover 73 at the mechanical end on the 
infinite-distance side even though the camera module 80 is 
arranged to eliminate the need for the adjustment involving 
the use of a screw, and thus makes it possible to reduce the 
risk of causing the occurrence of stroke hysteresis at and 
near a starting position of a stroke. 

(AF Function of Camera Module) 
0202 For the sake of focus adjustment, the optical sec 
tion 51 of the camera module 80 having the above configu 
ration in accordance with the present embodiment is caused 
to move back and forth in the optical axis direction in the 
following manner. A current is caused to pass through the AF 
coils 64 of the lens driving device 60 under a driving 
instruction from a control section of for example, a mobile 
phone or a digital camera in which the camera module 80 is 
provided. Thus, the current passing through the AF coils 64 
acts on a magnetic field generated from the permanent 
magnet 65, thus generating a thrust force to move the AF 
coils 64 in the optical axis direction. This causes the AF 
springs 62a and 62B and the lens holder 61 to move the 
optical section 51 back and forth in the optical axis direction. 
In this manner, the optical section 51 can be controlled to 
perform autofocus (AF). 
0203 Therefore, the AF coils 64, the permanent magnet 
65, the AF springs 62a and 62b, and the lens holder 61 serve 
as autofocus means of the present invention. 

(Attachment Position of the Optical Section to the Lens 
Holder) 
0204 The following description will discuss a position at 
which the optical section 51 including the image pickup 
lenses 52 and the lens barrel 53 is attached to the lens holder 
61 of the lens driving device 60. 
0205. It is desirable that the image pickup lenses 52 of the 
optical section 51 are provided, in the lens holder 61, at such 
a distance away from the image pickup element 72 that a 
focal point of the image pickup lenses 52 is located at the 
mechanical end on the infinite-distance side. 

0206 However, an error remains in a case where posi 
tioning of the image pickup lenses 52 is carried out with use 
of a mechanical stopper without focus adjustment. This is 
because there exist (i) the tolerance in the location at which 
the image pickup lenses 52 are attached to the lens barrel 53, 
and (ii) the tolerance in the thickness of the sensor cover 73, 
resulting in the unevenness of the members. Consequently, 
it is necessary to find a focal point within a stroke of the lens 
driving device 60 even when there is such an error. Accord 
ingly, it is necessary to attach the image pickup lenses 52 to 
the lens holder 61 at a position which is slightly shifted from 
a designed center location of the focal point to the image 
pickup element 72. Such a slight shift is referred to as “over 
infinity”. As the over infinity is set to be large, the stroke of 
the lens driving device 60 becomes large accordingly. The 
over infinity therefore needs to be kept to a minimum. 
0207. According to cumulative total of the variety of 
tolerances above, the amount of an appropriate over infinity 
is approximately 25 Lum. However, since this value is sus 
ceptible to the tolerances for manufacturing and assembling 
of the members, it is desirable that the over infinity is set to 
a realistic minimum one. In a structure of the camera module 
80 in accordance with the present embodiment, a reference 
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plane (on the bottom part) of the sensor cover 73 is caused 
to directly abut the image pickup element 72. Furthermore, 
using the sensor cover 73, in which thickness accuracy is 
improved, highly precise positioning of the lens barrel 53 is 
carried out with respect to the upper plane of the sensor 
cover 73 (in other words, with respect to the lower plane of 
the lens driving device 60 since the lower reference plane of 
the lens driving device 60 is mounted on the upper plane of 
the sensor cover 73). Such a structure allows the camera 
module 48 to achieve the over infinity of approximately 25 
lm. 
0208 Assume that in FIG. 13, the lens barrel 53 is 
provided at a position which is shifted closer by 25um to the 
image pickup element 72 from a location where an object at 
infinity is to be focused, while a gap exists between the 
sensor cover 73 and the lens barrel 3. A description will be 
provided below based on the assumption. 

(Method for Producing Camera Module) 
0209 Another main feature of the camera module 80 in 
accordance with the present embodiment lies in that the 
camera module 80 eliminates the need for adjusting the 
height of the lens barrel 53 with use of a screw, while 
maintaining a gap between the lens barrel 53 and the sensor 
cover 73. 
0210. The conventional technique of adjusting the height 
of an initial position of a lens barrel with use of a screw can 
easily maintain a gap between the lens barrel 53 and the 
sensor cover 73. However, in order to determine the height 
of the lens barrel without adjusting the height of the initial 
position, it is necessary to determine the position by causing 
the lens barrel to abut a member of Some kind. Accordingly, 
the conventional technique of causing the lens barrel 53 to 
abut the sensor cover 73 inevitably results in contact 
between the lens barrel 53 and the sensor cover 73. 
0211. In contrast, the camera module 80 in accordance 
with the present embodiment is also distinguished by a 
production method which determines an initial position of 
the lens barrel 53 with high precision without causing the 
lens barrel 53 to abut a member such as the sensor cover 73. 
0212. With reference to FIGS. 15 to 21, the following 
description will discuss a production method which (i) 
determines an initial position of the lens barrel 53 with high 
precision and (ii) fixes the lens barrel 53, without use of a 
screw for focus adjustment at an initial position and without 
height adjustment. FIGS. 15 to 21 are views showing 
production steps of the camera module 80. 
0213. Initially, with reference to FIG. 15, the following 
description will discuss the steps of preparing the optical 
section 51, the lens driving device 60, and a dummy sensor 
cover 76 and then mounting the lens driving device 60 on the 
dummy sensor cover 76. 
0214 Specifically, as shown in FIG. 15, for the camera 
module 80 in accordance with the present embodiment, the 
dummy sensor cover 76 serving as a jig is prepared for use 
in the production of the camera module 80. The dummy 
sensor cover 76 has (i) a flat plane 76a on which the lens 
driving device 60 is to be mounted and (ii) a protrusion 76b 
protruding from the flat plane 76a. A difference D in height 
between the protrusion 76b and the flat plane 76a may be set 
as a gap for preventing the lens barrel 53 from making 
contact with the sensor cover 73 at a mechanical end at an 
infinite-distance side. Normally, if the difference D is not 
less than approximately 5 um to 10 um, the difference D can 
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function as a gap. However, although the difference D of that 
value is sufficient if adhesive matters which may adhere are 
thin, the difference D may be made a little larger if a 
possibility that adhesive matters in bulk form adhere is taken 
into consideration. A designed value of the difference D may 
be 5 um or 10 Lim, but it is desirable to prepare the dummy 
sensor cover 26 with the difference D as close to the 
designed value as possible. In the description with reference 
to FIG. 13, the designed value of the difference D is 
approximately 10 Lum. 
0215. With reference to FIG. 16, the following descrip 
tion will discuss a state where the lens driving device 60 is 
mounted on the dummy sensor cover 76. 
0216. As described above, the lens driving device 60 is 
mounted on the flat plane 76a of the dummy sensor cover 76, 
so that the protrusion 76b reaches inside the opening 69a of 
the base 69 in the lens driving device 60. 
0217. During a period in which the lens driving device 60 

is mounted on the flat plane 76a of the dummy sensor cover 
76, it is desirable to apply a pressing force on the lens 
driving device 60 in a direction indicated by a hatched arrow 
A in FIG. 16. The reason is as follows. As described above, 
since it is necessary to determine the position of the lens 
barrel 53 with high precision with respect to the bottom 
plane of the lens driving device 60, the lens driving device 
60 being lifted with respect to the dummy sensor cover 76 
would result in deterioration in accuracy. Accordingly, it is 
preferable to apply the pressing force as above. 
0218. With reference to FIG. 17, the following descrip 
tion will discuss a state where the lens barrel 53 (optical 
section 51) is mounted on the lens driving device 60 in such 
a manner as to abut the protrusion 76b of the dummy sensor 
cover 76. 

0219. As shown in FIG. 17, the shape of the lens barrel 
53 is designed such that while the bottom plane of the lens 
barrel 53 is in abutment with the protrusion 76b of the 
dummy sensor cover 76, the image pickup lenses 52 are 
located at a position shifted closer by 25 um to the image 
pickup element 72 from a focal point located on the infinite 
distance side. Of course, an actual shape of the lens barrel 53 
exhibits a tolerance with respect to the designed value. 
During a period in which the bottom plane of the lens barrel 
53 is in abutment with the protrusion 76b of the dummy 
sensor cover 76, it is desirable to apply a pressing force in 
a direction indicated by a hatched arrow B in FIG. 17. It is 
desirable that the aforementioned pressing force applied on 
the lens driving device 60, which force is indicated by the 
hatched arrow A in FIG. 16, is continuously applied. Since 
reference positions of the lens barrel 53 and the lens driving 
device 60 are set by a mechanical stopper, lifting of the lens 
barrel 53 and the lens driving device 60 would result in 
errors in their reference positions. With the pressing force is 
applied as above (in such a state that lifting of the lens barrel 
53 is prevented), the lens barrel 53 is adhesively fixed to the 
lens holder 61 with the adhesive 54. 

0220. With reference to FIG. 18, the following descrip 
tion will discuss a state where the dummy sensor cover 76 
is removed from the lens driving device 60. 
0221. As shown in FIG. 18, the dummy sensor cover 76 

is a jig for positioning the lens barrel 53, and becomes 
unnecessary after the lens barrel 53 has been adhesively 
fixed to the lens holder 61. 
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0222. With reference to FIG. 19, the following descrip 
tion will discuss the step of preparing the image pickup 
section 70 and replacing the dummy sensor cover 76 with 
the image pickup section 70. 
0223) As shown in FIG. 19, instead of the dummy sensor 
cover 76, the image pickup section 70 including the image 
pickup element 72 needs to be connected to the lens driving 
device 60 to which the optical section 51 has been already 
fixed. 
0224. With reference to FIG. 20, the following descrip 
tion will discuss the step of mounting, on the image pickup 
section 70, the lens driving device 60 including the optical 
section 51 therein. 

0225. As shown in FIG. 20, the lens driving device 60 
including the optical section 51 therein is mounted on the 
upper surface of the sensor cover 73 of the image pickup 
section 70, and then adhesively fixed to the sensor cover 73 
with an adhesive (not shown). It is desirable to apply a 
pressing force in a direction indicated by a hatched arrow C 
in FIG. 20 until the adhesive with which the lens driving 
device 60 is adhered to the sensor cover 73 is cured to have 
a required strength. The application of Such a pressing force 
is, for the same reason as above, intended to prevent the lens 
driving device 60 from being lifted with respect to the upper 
surface of the sensor cover 73. 

0226. The method as described above allows production 
of the camera module 80 in which the image pickup lenses 
52 are positioned with high precision and in which a gap is 
provided between the lens barrel 53 and the sensor cover 73. 

(Another Method for Producing Camera Module) 
0227. With reference to FIG. 21, the following descrip 
tion will discuss another production method different from 
the aforementioned method. FIG. 21 is a cross sectional 
view for explaining another method for producing the cam 
era module 80 in accordance with the present embodiment. 
0228. In a case where the camera module 80 is produced 
by another method, initially, a height adjustment device 30 
is provided on a top plane of the lens driving device 60, as 
shown in FIG. 21. That is, the height adjustment device 30 
has an identical structure and an identical function with 
those of the height adjustment device 3 explained in First 
Embodiment. 
0229. Description of the height adjustment device 30 is 
reiterated below. As shown in FIG. 21, the height adjustment 
device 30 includes a seat 31 fixed to the lens driving device 
60, an arm section 32 for holding the lens barrel 53', a 
Support spring 33 for Supporting the arm section 32 in Such 
a manner that the arm section 32 is movable in an optical 
axis direction with respect to the seat 31, and the like. In this 
case, the lens barrel 53' is different from the lens barrel 53 
in that it has risers which allow the arm section 32 of the 
height adjustment device 30 to grasp the lens barrel 53'. 
0230. Means for driving the arm section 32 is not shown 
in particular. The arm section 32 may be driven by a voice 
coil motor as in the case of the lens driving device 60, or may 
be driven by driving means such as a piezoelectric element. 
Furthermore, a grasping section 32a provided at an end of a 
lower part of the arm section 32 may be made openable/ 
closable, so that the grasping section 32a can firmly grasp 
the lens barrel 53' by a pressurizing spring (not shown). As 
described above, the arm section 32 is moved up and down 
by the driving means (not shown) while grasping the lens 
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barrel 53', and the lens barrel 53' is then adhesively fixed to 
the lens holder 61 with the adhesive 54 at a position where 
a focus has been detected. 

0231. Thus, it is important to provide a gap between the 
lens barrel 53' and the sensor cover 73, with the lens barrel 
53' being adhesively fixed to the lens holder 61. In the 
present embodiment, since the height of the lens barrel 53' 
is adjusted, an excess stroke corresponding to the over 
infinity is not required. In view of the stroke of the lens 
driving device 60, it is most desirable to position the lens 
barrel 53' with over infinity which can cover an adjustment 
error (about several micrometers) that may occur in a slight 
amount. After the lens barrel 53' has been adhesively fixed, 
the arm section 32 stops holding the lens barrel 53' and 
releases the lens barrel 53', and the height adjustment device 
30 is removed from the lens driving device 60. 
0232. With the above adjustment method, it is possible to 
produce the camera module 80 (i) which eliminates the need 
for carrying out screwing for focus adjustment at an initial 
position, (ii) which has the image pickup lens 52 precisely 
positioned therein, and (iii) which has a gap between the lens 
barrel 53' and the sensor cover 73. 

0233. The present invention is not limited to the above 
embodiment, and is Susceptible of various changes within 
the scope of the present invention. For example, in the above 
embodiment, both of sliding planes of the lens barrel 53 and 
the lens holder 61 are flat planes. However, the present 
invention is not limited to this. For example, at least one of 
an external surface of the optical section 51 and an internal 
surface of the lens holder 61 may have threads for collection 
of the adhesive 54. Thus, filling a depressed part of the 
threads for collection of the adhesive 54 with the adhesive 
54 enables improvement in adhesiveness between the lens 
barrel 53 and the lens holder 61. In this arrangement, the 
presence of the threads for collection of the adhesive 54 may 
cause difficulty in carrying out the sliding between the lens 
barrel 53 and the lens holder 61. For this reason, this 
arrangement is encompassed in the present invention pro 
vided that the lens barrel 53 and the lens holder 61 can slide 
with each other. That is, for example, even when the threads 
for collection of the adhesive 54 is provided, the sliding 
between a male screw (the lens barrel 53) and a female 
screw (the lens holder 61) is possible, provided that an 
external diameter of the male screw is Smaller than an 
internal diameter of the female screw. In order to facilitate 
sliding between the lens barrel 53 and the lens holder 61, it 
is preferable that threads for collection of the adhesive 54 are 
provided on either one of the lens barrel 53 and the lens 
holder 61. This is because the sliding is difficult if both of the 
lens barrel 53 and the lens holder 61 are threaded. 

0234. As described above, the camera module 80 and the 
method for producing the camera module 80, each in accor 
dance with the present embodiment, have autofocus means. 
0235 Consequently, it is unnecessary to adjust the height 
of the initial position of the image pickup lens 52 with use 
of a screw, and it is possible to simplify or omit a step of 
adjusting a focus at the initial position. Furthermore, even 
when the present invention is applied to the camera module 
80 having an autofocus function, it is possible to prevent 
sliding between the lens barrel 53 and the sensor cover 73 
and to thus prevent generation of foreign matters or the like 
event due to sliding. Furthermore, since it is unnecessary to 
adjust the height of the initial position of the image pickup 
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lenses 52 with use of a screw, the present invention is 
applicable to a small camera module having an autofocus 
function. 
0236 Effects yielded by other configurations are the 
same as those explained in First Embodiment. 
0237. The present embodiment has dealt with the auto 
focus-capable camera module 80 having only the autofocus 
function. However, this is not intended to limit the method 
for producing a camera module, a camera module, and an 
electronic apparatus, each in accordance with the present 
invention. The present invention is also applicable to a 
general method for producing a camera module, a general 
camera module, and a general electronic apparatus, each not 
having the autofocus function. 
0238 An example of the camera module having such a 
configuration includes a camera module which has a driving 
mechanism for Switching between an infinite focus and a 
macro focus, but which does not have an autofocus function. 

Fourth Embodiment 

0239. The following discussion will discuss another 
embodiment of the present invention with reference to FIG. 
22. Configurations other than those described in the present 
embodiment are the same as those described in Second 
Embodiment. For the sake of convenience, members having 
the same functions as those described with reference to the 
drawings of Second Embodiment are given the same refer 
ence signs and explanations thereof are omitted. 
0240. The present embodiment deals with another con 
figuration of a camera module. As shown in FIG. 13, the 
camera module 80 in accordance with Second Embodiment 
is arranged such that a lower reference plane of the sensor 
cover 73 makes contact with the image pickup element 72. 
In contrast, a camera module 80B in accordance with the 
present embodiment is different from the camera module 80 
in that a sensor cover 73B does not make contact with an 
image pickup element 72, as shown in FIG. 21. 
0241. As shown in FIG. 22, the camera module 80B in 
accordance with the present embodiment is arranged Such 
that the sensor cover 73B is mounted on a substrate 71. 
Consequently, the sensor cover 73B does not make contact 
with the image pickup element 72, so that there is a gap 
between the sensor cover 73B and the image pickup element 
72. 
0242. Of course, a higher degree of precision in attach 
ment position of the image pickup lens 52 can be obtained 
by the camera module 80 shown in FIG. 13, in which the 
sensor cover 73 is directly mounted on a plane of the image 
pickup element 72. However, there is a case where a space 
for mounting the sensor cover 73 cannot be secured on the 
image pickup element 72. In this case, the sensor cover 73B 
is mounted on the substrate 71. 
0243 As described above, the camera module 80B in 
accordance with the present embodiment is arranged Such 
that the sensor cover 73B which covers the image pickup 
element 72 of the image pickup section 70 is not in contact 
with the image pickup element 72. 
0244. This configuration can deal with cases such as a 
case where there cannot be a space for forming a reference 
plane on the lower side of the sensor cover 73 and a case 
where the image pickup element 72 does not exist at a 
position of the formed reference plane. 
0245. A mobile phone serving as an electronic apparatus 
that is, for example, a mobile phone, in accordance with the 
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present embodiment, includes the camera module 80B in 
accordance with the present embodiment. 
0246 Consequently, even in a case where the height of 
the initial position of the image pickup lenses 52 is not 
adjusted with use of a screw, a gap is secured between (i) the 
lens barrel 53 holding the image pickup lenses 52 and (ii) the 
sensor cover 73B of the image pickup section 70 at the 
mechanical end on the infinite-distance side. Even when 
adhesive matters are deposited, it is possible to reduce the 
risk of causing stroke hysteresis at and near a starting 
position of a stroke. 
0247 The present embodiment has dealt with the camera 
module 80B having only the autofocus function. However, 
this is not intended to limit the method for producing a 
camera module, a camera module, and an electronic appa 
ratus, each in accordance with the present invention. The 
present invention is also applicable to a general method for 
producing a camera module, a general camera module, and 
a general electronic apparatus, each not having the autofocus 
function. Examples of the camera module with Such a 
configuration include a camera module which has a driving 
mechanism for Switching between an infinite focus and a 
macro focus but which does not have the autofocus function. 
0248. The present invention is not limited to the afore 
mentioned embodiments and is susceptible of various 
changes within the scope of the accompanying claims. That 
is, embodiments obtained by suitable combinations of tech 
nical means disclosed in different embodiments are also 
encompassed within the technical scope of the present 
invention. 
0249. As described above, the camera module of the 
present invention may be arranged so as to further include 
autofocus means. 
0250. The method of the present invention may be 
arranged such that the camera module further includes 
autofocus means. 
0251 Consequently, it is unnecessary to adjust a height of 
an initial position of the image pickup lens with use of a 
screw, and it is possible to simplify or omit a step of 
adjusting a focus at the initial position. Furthermore, even in 
a case where the present invention is applied to a camera 
module having an autofocus function, it is possible to 
prevent sliding between the lens barrel and the sensor cover 
and to thus prevent generation of foreign matters or the like 
event due to the sliding. Furthermore, since it is unnecessary 
to adjust the height of the initial position of the image pickup 
lens with use of a screw, the present invention is applicable 
to a small camera module having an autofocus function. 
0252. The camera module of the present invention may 
be arranged so as to further include image stabilization 
means, the lens driving device driving the optical section 
and the lens holder integrally with each other in the optical 
axis direction and in a direction orthogonal to the optical 
axis. 
0253) The method of the present invention may be 
arranged such that the camera module further includes 
image stabilization means, and the lens driving device of the 
camera module drives the optical section and the lens holder 
integrally with each other in the optical axis direction and in 
a direction orthogonal to an optical axis. 
0254 Consequently, it is unnecessary to adjust a height of 
an initial position of the image pickup lens with use of a 
screw, and it is possible to simplify or omit a step of 
adjusting a focus at the initial position. Furthermore, even in 
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a case where the present invention is applied to a camera 
module having at least an image stabilization function, it is 
possible to prevent sliding between the lens barrel and the 
sensor cover and to thus prevent generation of foreign 
matters or the like event due to the sliding. Furthermore, 
since it is unnecessary to adjust the height of the initial 
position of the image pickup lens with use of a screw, the 
present invention is applicable to a small camera module 
having an image stabilization function. 
0255. The camera module of the present invention is 
preferably arranged such that a height of an initial position 
of the optical section is determined by using a jig. The 
camera module of the present invention may be arranged 
Such that the jig is constituted by a flat plate having a 
protrusion, and the height of the initial position of the optical 
section is determined with use of the jig in Such a manner 
that a top plane of the protrusion of the jig is caused to abut 
a bottom plane of the optical section which bottom plane is 
located on an image pickup element side. 
0256 The method of the present invention may be 
arranged such that the step of sliding the lens barrel of the 
optical section in the optical axis direction with respect to 
the lens holder of the lens driving device is carried out after 
the optical section is inserted into the lens driving device 
while the lens driving device is mounted on a dummy Sensor 
cover serving as the jig, the step of fixing the optical section 
to the lens driving device is carried out while a part of the 
optical section is caused to abut a reference plane of the 
dummy sensor cover, and the dummy sensor cover is 
replaced with the image pickup section and the lens driving 
device is then fixed to the sensor cover of the image pickup 
section. 
0257 Thus, a vertical position of the image pickup lens 
is determined by causing the optical section to abut the jig. 
This eliminates the need for the step of carrying out screw 
ing for the focus adjustment at the initial position and also 
eliminates the need for the focus adjustment itself. 
0258. The camera module of the present invention is 
preferably arranged such that the jig has a grasping section 
grasping the lens barrel of the optical section in Such a 
manner that the lens barrel is slidable, with respect to the 
lens holder, in the optical axis direction, and the height of the 
initial position of the optical section is determined with use 
of the jig in Such a manner that the grasping section of the 
jig grasps the lens barrel of the optical section so as to 
displace the optical section in the optical axis direction. 
0259 Thus, the positioning can be made merely by 
causing the jig grasping the lens barrel to move upward and 
downward in the optical axis direction. Consequently, it is 
possible to eliminate the need for the step of carrying out 
screwing for the focus adjustment at the initial position, and 
to simplify the focus adjustment at the initial position. 
0260 The camera module of the present invention is 
preferably arranged such that the lens driving device 
includes, at a sensor cover side, a base Supporting the lens 
holder so that the lens holder freely swings, the base having 
an opening to which the lens barrel is fit loosely, and a gap 
between the opening of the base and the lens barrel is so set 
that the base does not make contact with the lens barrel even 
when the lens holder is displaced to a maximum extent 
toward the lens barrel. 
0261 Consequently, even in a case where the camera 
module undergoes a drop impact or the like event, for 
example, a part that defines a movable range of the lens 
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driving device (a part serving as a stopper) makes contact 
with the base firstly. This avoids the lens barrel from directly 
colliding with the base, thus making it possible to protect the 
lens barrel from damage caused by the drop impact. 
0262 The camera module of the present invention is 
preferably arranged such that the lens barrel having been 
positioned is fixed to the lens holder with an adhesive, and 
a position where the adhesive is applied to the lens holder is 
lower than a top plane of the lens holder, the top plane being 
opposite to a bottom plane of the lens holder which bottom 
plane is located on the sensor cover side. 
0263. This allows the inner wall of the lens holder to 
prevent the adhesive for fixing the lens barrel from flowing 
out over the top plane of the lens holder. 
0264. The camera module of the present invention is 
preferably arranged Such that a module cover having, at a 
center thereof, an opening for exposing the lens barrel is so 
provided as to cover the lens holder and the lens barrel, and 
the lens holder is so placed as not to make contact with the 
module cover even when the lens barrel moves to a maxi 
mum extent. The phrase “movement (moves) to a maximum 
extent herein includes an event where the lens barrel 
protrudes abnormally due to a drop impact or the like. 
0265. With this arrangement, even in a case where the 
lens holder is Small in thickness and Small in strength, the 
top plane of the lens holder which plane is located on the 
module cover side does not make contact with the module 
cover. This allows preventing the lens holder from damage 
caused by a drop impact or the like. 
0266 The camera module of the present invention is 
preferably arranged such that the jig is made of only a 
non-magnetic material. 
0267 If the jig is made of a magnetic material, the lens 
holder, which includes the permanent magnet, would be 
likely to be displaced due to magnetism of the jig when the 
lens barrel is to be fixed to the lens holder. In contrast, since 
the jig is made up of only a non-magnetic material, the lens 
holder is not caused to be excessively displaced when the 
lens barrel is to be fixed to the lens holder. Accordingly, it 
is possible to fix the lens barrel to the lens holder with high 
precision. 
0268. The camera module of the present invention is 
preferably arranged Such that an inclination angle 0 of the 
lens holder with respect to a surface of the sensor cover is 
set to meet a relation 

wherein D, represents an external diameter of a maximum 
external diameter portion of the lens barrel, H represents a 
thickness of the maximum external diameter portion of the 
lens barrel, and D, represents a cylindrical internal diameter 
of the lens holder. The inclination angle 0 of the lens holder 
with respect to the surface of the sensor cover is an incli 
nation angle 0 of the lens holder with respect to a reference 
plane of the lens driving device. 
0269. In the present invention, in a case where the lens 
barrel is installed in the lens driving device, the jig is used 
for adjustment of a distance between the lens barrel and the 
sensor cover. In this case, the lens barrel is inserted into a 
cylindrical hole of the lens holder while being slid in the 
cylindrical hole, and the lens barrel is positioned and fixed 
with the lens barrel mounted on the jig. Accordingly, the 
inclination of the lens barrel depends on a degree of preci 
sion with which the lens barrel 3 is mounted on the mounting 
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plane of the jig. However, in a case where the cylindrical 
hole of the lens holder is inclined more than necessary, there 
is a possibility that the lens barrel is fixed in conformity with 
the cylindrical hole of the lens holder and is, in turn, 
mounted on the plane of the jig with poor precision. 
0270. Therefore, inclination of the lens holder more than 
necessary with respect to a surface of the sensor cover 23 
which surface is a reference plane of the sensor cover 23 on 
which plane the lens driving device 10 is to be mounted 
causes inclination of the cylindrical hole of the lens holder 
with respect to the jig when the lens driving device is 
mounted on the jig in order to install the lens barrel. This 
may cause the lens barrel to be attached to the sensor cover 
while being inclined with respect to the sensor cover. 
0271 In contrast, in the present embodiment, the incli 
nation angle 0 of the lens holder is set to fall within such a 
range that the maximum external diameter section of the 
lens barrel does not make contact with the lens holder. 
0272. Therefore, the inclination angle of the lens barrel 
does not depend on the inclination angle 0 of the lens holder. 
As a result, it is possible to realize the camera module on 
which the lens barrel, that is, the image pickup lens, is 
incorporated at a small inclination angle. 
0273. The camera module of the present invention may 
be arranged Such that the sensor cover covering the image 
pickup element of the image pickup section has an abutting 
section that abuts the image pickup element. 
0274. This allows the sensor cover to be mounted directly 
on the upper surface of the image pickup element, thus 
making it possible to increase a degree of precision in 
attachment position of the image pickup lens. 
0275. The camera module of the present invention is 
preferably arranged Such that the sensor cover covering the 
image pickup element of the image pickup section does not 
make contact with the image pickup element. 
0276 Such a configuration can deal with a case where a 
space for mounting the sensor cover having the protrusion 
cannot be secured on the image pickup element. 
0277. The method of the present invention is preferably 
arranged such that in mounting the lens driving device on the 
dummy Sensor cover, a pressing force toward the dummy 
sensor cover is applied to the lens driving device. 
0278. This makes it possible to prevent the lens driving 
device from being lifted in mounting the lens driving device 
on the dummy sensor cover. This eliminates an unnecessary 
gap between the lens driving device and the dummy sensor 
cover, thus enabling precise positioning of the optical sec 
tion. 
0279. The method of the present invention is preferably 
arranged such that in the step of fixing the optical section to 
the lens driving device, a pressing force toward the dummy 
sensor cover is applied to the optical section. 
0280. This makes it possible to prevent the optical section 
from being lifted with respect to the dummy sensor cover in 
mounting the optical section on the lens driving device. This 
eliminates an unnecessary gap between the optical section 
and the dummy sensor cover, thus enabling precise posi 
tioning of the optical section. 
0281. The method of the present invention is preferably 
arranged such that in mounting the lens driving device on the 
image pickup section, a pressing force is applied toward the 
image pickup section is applied to the lens driving device. 
0282. This makes it possible to prevent the lens driving 
device from being lifted in mounting the lens driving device 



US 2017/O 146767 A1 

on the image pickup section. This eliminates an unnecessary 
gap between the lens driving device and the image pickup 
section, thus enabling precise positioning of the optical 
section. 
0283. The method of the present invention may be 
arranged such that a height adjustment device serving as the 
jig is placed on the lens driving device while the lens driving 
device is mounted on the image pickup section, the step of 
sliding the lens barrel of the optical section in the optical 
axis direction with respect to the lens holder of the lens 
driving device is carried out while a grasping section of the 
height adjustment device grasps the lens barrel of the optical 
section, a height of the optical section is adjusted with use 
of the height adjustment device, and in the step of fixing the 
optical section, the optical section is fixed to the lens holder 
of the lens driving device, and the height adjustment device 
is then removed. 
0284 Consequently, even if there exists a fixing tolerance 
in the location at which the lens driving device is attached 
to the image pickup section and/or a tolerance in thickness 
of the sensor cover, it is possible to carry out positioning of 
the optical section, with use of the height adjustment device 
serving as the jig, by determining the height of the position 
of the optical section so that the lens barrel is located at such 
a position that the lens barrel does not make contact with the 
sensor cover, without being influenced by these tolerances. 
0285. Therefore, it is possible to provide a small camera 
module capable of preventing sliding between the lens 
barrel, which holds the image pickup lenses, and the sensor 
cover of the image pickup section and thus preventing 
generation of foreign matters due to the sliding, even in a 
case where the height of an initial position of the image 
pickup lenses is not adjusted with use of a screw. 

INDUSTRIAL APPLICABILITY 

0286 The present invention is suitably applicable espe 
cially to a method for producing a camera module and a 
camera module, each mounted in various electronic appa 
ratuses typified by communication devices Such as mobile 
terminals. Furthermore, the present invention is applicable 
to a camera module having an autofocus function and/or an 
image stabilization function, or a general camera module not 
having these functions. 

REFERENCE SIGNS LIST 

(0287| 1 Optical section 
0288 2 Image pickup lens 
0289 3 Lens barrel 
0290 3a Maximum external diameter portion 
0291 4 Adhesive 
0292 10 Lens driving device 
0293 11 Lens holder (image stabilization means, auto 
focus means) 

0294 11a Protrusion 
0295) 11b Top plane of lens holder 
0296 12a AF spring (image stabilization means, autofo 
cus means) 

0297 12b AF spring (image stabilization means, autofo 
cus means) 

0298 13 Intermediate member (image stabilization 
means) 

0299. 14 AF coil (autofocus means) 

0300 
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15 Permanent magnet (image stabilization means, 
autofocus means) 

0301 
0302) 
O303 
0304 
0305 
(0306 
0307 
0308 
0309 
0310 
0311 
0312 
0313 
0314) 
0315 
0316 
0317 
0318 
0319 
0320 
0321 
0322 
0323 
0324 

16 Elastic wire (image stabilization means) 
17 Module cover 
17a Opening 
19 OIS coil (image stabilization means) 
20 Base 
19a Opening 
20 Image pickup section 
21 Substrate 
22 Image pickup element 
23 Sensor cover 
23B Sensor cover 
23a Protrusion 
23b Opening 
24 Glass substrate 
25 Adhesive 
26 Dummy sensor cover (jig) 
26a Flat plane 
26b Protrusion (abutting section) 
30 Height adjustment device 
31 Seat 
32 Arm section 
32a Grasping section 
33 Support spring 
40 Camera module having image stabilization 

function (camera module) 
0325 40B Camera module having image stabilization 
function (camera module) 

0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 
0334 
0335) 
0336 
0337 
0338 
0339 
0340 
0341 
0342 
0343 
0344 
(0345 
0346) 
0347 
0348 
0349 
0350 
0351 
O352 
0353 
0354) 
0355 

51 Optical section 
52 Image pickup lens 
53 Lens barrel 
53' Lens barrel 
54 Adhesive 
60 Lens driving device 
61 Lens holder (autofocus means) 
61a Protrusion 
62a AF spring (autofocus means) 
62b AF spring (autofocus means) 
63 Yoke 
64 AF coil (autofocus means) 
65 Permanent magnet (autofocus means) 
67 Cover 
69 Base 
69a Opening 
70 Image pickup section 
71 Substrate 
73 Image pickup element 
73 Sensor cover 
73B Sensor cover 
73a Protrusion 
73b Opening 
74 Glass substrate 
75 Adhesive 
76 Dummy sensor cover 
76a Flat plane 
76b Protrusion 
80 Camera module 
80B Camera module 

1. (canceled) 
2: A camera module, comprising: 
an optical section having an image pickup lens and a lens 

barrel holding the image pickup lens; and 
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a lens driving device which includes a lens holder holding 
the optical section and which drives the optical section 
and the lens holder integrally with each other in an 
optical axis direction and a direction orthogonal to the 
optical axis direction, 

the optical section and the lens driving device being 
provided on an upper side of a sensor cover covering an 
image pickup element of an image pickup section, 

the lens barrel being positioned at Such a location that the 
lens barrel does not make contact with the sensor cover, 
so that the lens barrel is fixed to the lens holder at the 
location, 

the optical section being Suspended above the upper side 
of the sensor cover without any support between a 
continuous area including respective bottoms of the 
lens barrel and the image pickup lens and the upper side 
of the sensor cover, and 

before being fixed to the lens holder, the lens barrel being 
slidable in the optical axis direction with respect to the 
lens holder. 

3: The camera module as set forth in claim 2, wherein 
the lens driving device further includes an intermediate 
member at an outside of the lens holder and a fixed 
section at an outside of the intermediate member, and 

the lens driving device drives the lens holder in the optical 
direction with respect to the intermediate member and 
drives the intermediate member in the direction 
orthogonal to the optical direction with respect to the 
fixed section. 

4: The camera module as set forth in claim 3, wherein the 
lens barrel is positioned at the location where the lens barrel 
does not make contact with the sensor cover while the lens 
holder is in abutment with the intermediate member, so that 
the lens barrel is fixed to the lens holder at the location. 

5: The camera module as set forth in claim 2, wherein a 
height of an initial position of the optical section is deter 
mined with use of a jig. 

6: The camera module as set forth in claim 5, wherein 
the jig is constituted by a flat plate having a protrusion, 

and 
the height of the initial position of the optical section is 

determined with use of the jig in Such a manner that a 
top plane of the protrusion of the jig is caused to abut 
a bottom plane of the optical section which bottom 
plane is located on an image pickup element side. 

7: The camera module as set forth in claim 5, wherein 
the jig has a grasping section grasping the lens barrel of 

the optical section in Such a manner that the lens barrel 
is slidable, with respect to the lens holder, in the optical 
axis direction, and 

the height of the initial position of the optical section is 
determined with use of the jig in Such a manner that the 
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grasping section of the jig grasps the lens barrel of the 
optical section so as to displace the optical section in 
the optical axis direction. 

8: The camera module as set forth in claim 2, wherein 
the lens driving device includes, on a sensor cover side, a 

base supporting the lens holder so that the lens holder 
freely Swings, the base having an opening to which the 
lens barrel is fit loosely, and 

a gap between the opening of the base and the lens barrel 
is so set that the base does not make contact with the 
lens barrel even when the lens holder is displaced to a 
maximum extent toward the lens barrel. 

9: The camera module as set forth in claim 2, wherein 
the lens barrel having been positioned is fixed to the lens 

holder with an adhesive, and 
a position where the adhesive is applied to the lens holder 

is lower than a top plane of the lens holder, the top 
plane being opposite to a bottom plane of the lens 
holder which bottom plane is located on the sensor 
cover side. 

10: The camera module as set forth in claim 9, wherein 
a module cover having, at a center thereof, an opening for 

exposing the lens barrel is so provided as to cover the 
lens holder and the lens barrel, and 

the lens holder is so placed as not to make contact with the 
module cover even when the lens barrel moves to a 
maximum extent. 

11: The camera module as set forth in claim 5, wherein the 
jig is made of only a non-magnetic material. 

12: The camera module as set forth in claim 5, wherein 
an inclination angle 0 of the lens holder with respect to a 

Surface of the sensor cover is set to meet a relation 

wherein DE represents an external diameter of a maxi 
mum external diameter portion of the lens barrel, H 
represents a thickness of the maximum external diam 
eter portion of the lens barrel, and DI represents a 
cylindrical internal diameter of the lens holder. 

13: The camera module as set forth in claim 2, wherein the 
sensor cover covering the image pickup element of the 
image pickup section has an abutting section that abuts the 
image pickup element. 

14: The camera module as set forth in claim 2, wherein the 
sensor cover covering the image pickup element of the 
image pickup section does not make contact with the image 
pickup element. 

15: An electronic apparatus, comprising a camera module 
as set forth in claim 2. 

k k k k k 


