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may include EMI shielding and may include a lens actuator for moving a movable
lens group. The shutter may be located before or after the movable lens group and
before or atter a fixed lens group that may also be included. The camera module
may also include an IR filter for reducing the amount of IR light that reaches the
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AUTOFOCUS-ZOOM CAMERA MODULE INTEGRATING LIQUID CRYSTAL
DEVICE AS HIGH SPEED SHUTTER

Cross Reference

{0001] This application is the nonprovisional of U.S. Provisional Pat. Appl. No.
61/446,151, filed February 24, 2011, entitled "AUTOFOCUS-ZOOM CAMERA
MODULE INTEGRATING LIQUID CRYSTAL DEVICE AS HIGH SPEED
SHUTTER,” which is hereby incorporated by reference into this application.

Background
[0002] Digital camera modules are currently being incorporated into a variety of

host devices such as, for example, celiular telephones, personal data assistanis
(PDAs}, computers, efc. Such host devices are becoming increasingly more
compact and, therefore, permitting less and less space for camera module form
factors. Accordingly, host device manufacturers prefer digital camera modules to
be small, so that they can be incorporated into the host device without increasing
the overall size of the host device. Of course, host device manufacturers also
prefer camera modules that capture images of the highest possible quality.
Therefore, the goal in designing and manufacturing camera modules is to minimize
size, maximize performance (i.e. image quality, and simplify the overall

manufacturing process.

{0003] it is against this background that the camera module disclosed herein has

been developed.

Summary
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[86004] The disclosed camera module overcomes the issues associated with the
prior art by combining a liquid crystal shutter. A camera module that is attached {o
and is a component in 3 mobile electronic device includes: an image sensor; g
housing having an intemal cavity within which the image sensor is located, the
housing further having an opening at one end thereof to allow ambient light to pass
into the housing; and a liquid crystal shutter positioned in the housing between the
opening and the image sensor, to selectably either allow light to pass therethrough

or block light from passing therethrough.

{0005] The camera module may further include a lens positioned in the housing
between the opening and the image sensor. The lens may include a fixed lens
group. The lens may further include a movable lens group and the camera
module may further include an actuator to selectably move the movable lens
group. The shutter may be positioned between the fixed lens group and the
movabile lens group. The shutter may be positionad between the opening and the
movable lens group. The shutter may be positioned between the movable lens
group and the image sensor. The shutter may be attached directly to the image
sensor. The attachment may be made via glass-on-die (GOD) technology. The

actuator may be formed as a housing located inside of the first housing.

[0008] The camera module may further include a circuit substrate to which the
housing is attached, the substrate having a top side to which the image sensor is
attached and a bottom side on which a plurality of electrical contact pads are
provided for electrical connection of the image sensor and the shutter to circuitry
external to the camera module. The housing may include a shield for reducing
electromagnetic interference in the interior of the cavity from electromagnetic

signals outside of the housing.

100071 A camera module that is attached to and is a component in a mobile
electronic device, including: an image sensor; a housing having an internal cavity

within which the image sensor is located, the housing further having an opening at
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one end thereof to allow ambient light to pass into the housing; a lens positioned in
the housing between the opening and the image sensor, wherein the lens further
includes a movable lens group; an actuator {o selectably move the movable lens
group; and a liquid crystal shutter positioned in the housing between the opening
and the image sensor, to selectably either allow light to pass therethrough or block

light from passing therethrough.

{8008] The lens may further include a fixed lens group. The shutter may be
positioned between the fixed lens group and the movabile lens group. The shutier
may be puositioned between the opening and the movable lens group. The shutter
may be positioned between the movable lens group and the image sensor. The
shutter may be altached directly {o the image sensor. The attachment may be
made via glass-on-die (GOD) technology. The actuator may be formed as a
housing located inside of the first housing. The camera module may further
include a circuit substrate to which the housing is attached, the substrate having a
top side to which the image sensor is atlached and a botlom side on which a
plurality of electrical contact pads are provided for electrical connection of the
image sensor and the shutter to circuitry external {o the camera module. The
housing may include a shield for reducing electromagnetic interference in the

interior of the cavity from electromagnetic signals outside of the housing.

Brief Description of the Drawings

[0008] Figure 1 is a exploded perspeclive view of a camera module.
[6010] Figure 2 is a fop perspective view of the camera module of Figure 1.
{0011} Figure 3 is a bottom perspective view of the camera module of Figure 1.

[6012] Figure 4 is a cross-sectional view of the camera module of Figure 1
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(6013} Figure 5 is a schematic view of an alternative embodiment of a camera

module.

[0014] Figure 6 is a schematic view of a second alternative embodiment of a

camera module.

{0015] Figure 7 is a schematic view of a third aiternative embodiment of a camera

module.

[0016] While the embodiments of the present invention are susceptible to various
maodifications and alternative forms, specific embodiments thereof have been
shown by way of example in the drawings and are herein described in detail. it
should be understood, however, that it is not intended to limit the invention {o the
particular form disclosed, but rather, the invention is to cover all modifications,
equivalents, and alternatives of embodiments of the invention as defined by the
claims. The present invention is described with reference 1o the drawings, wherein

like reference numbers denocte substantially similar elements:

[0017] FIG. 1 shows a perspective view of a camera module 100 according to one
ambodiment of the present invention. The camera module 100 includes a circuit
substrate 102, a plurality of electrical components 104, an image sensor 106, an
infrared (IR) filter 108, an actuator system 110, a lens system 112, a liquid crystal
shutter device 114, and an actuator housing which acts as an electromagnetic
interference shield 116. As shown, the camera module 100 is exploded along a Z-
axis that is coaxially aligned with the optical center of the lens system 112 and
perpendicularly centered with respect o a planar image sensor surface 118 of the

image sensor 1086.
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[0018] The circuit substrate 102 includes electrical circuitry that facilitales electrical
communication between the camera module 100 and a hosting device such as a

mobile electronic device (e.g., a mobile phone).

[00198] Electrical components 104 {(e.g., resistors, capacitors, IC chips, electrical
conneclors, terminals, processors, memory storage device, efc.) are mounted on
the top surface of the circuit substrate 102 and electrically connected to the
circuitry formed thereon. More specifically, the electrical components 104 are

mounted on the circuit substrate via surface mount technology (SMT).

[0620] The image sensor 106 is also mounted on the top surface of the circuit
subsirate 102 and electrically connected {o the circuitry formed thereon. The
image sensor surface 118 of the image sensor 106 is operative {o convert light,

focused thereon via the lens system 112, into image data.

[0021] The IR filter 108 is mounted in the actuator system 110 so as {o filter
infrared radiation ouf of the light focused onto the image sensor surface 118 by the
lens system 112. The IR filter 108 also prevents debris from accumulating on the
image sensor surface 118. Alternatively, an IR filter could be incorporated into the
lens system 112 and the IR filter 108 could be substituted by a noniltering

substrate that protects the image sensor surface 118 from debris.

[8822] The actuator systemn 110 is, for example, an autofocus/izoom actuator
systemn that includes a bottom portion 120 and an opposite top portion 122. The
bottom portion 120 is adapted to receive the IR filter 108 and is mounted on the
top surface of the circuit substrate 102, over the electrical components 104 and the
image sensor 106. The top portion 122 is adaptled to receive the lens system 112.
In this particular embodiment, the actuator system 110 includes a voice coll motor
(VCM) for driving the lens system 112 along the Z-axis during autofocus/zoom

operations.
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[0023] The lens system 112 is a VUM driven lens barrel that houses a lens
assembly {not visible} and is movably coupled to the top portion 122 of the
actuator system 110. Further, the lens system 112 is responsible to move along
the Z-axis when actuated by the actuator system 104 during autofocus/zoom

operations.

[0024] The liquid crystal shutter device 114 is optically aligned with, and positioned
between, the lens system 112 and the electromagnetic interference shield 1186.
The liguid crystal shutter device 114 is operative 1o control the passage of light info
the camera module 100 via liquid crystal display technology wherein the amount of
light that passes through the liquid crystal shutter device 114 is voltage dependent.
The amount of light passing through a liquid crystal panel can be controlied with
extremely high precision and speed. Accordingly, the passage of light through the
figuid crystal shutter device 114 and, therefors, into the camera module 100 can
be controlied with extremely high precision and speed. Indeed, the liquid crystal
shutter device 114 contributes significantly to the overall performance of the
camera module 100. For example, the liquid crystal shutter device 114 can
change from opaque to transparent (one half cycle) at frequencies greater and
200Hz such that extremely high shutter speeds can be achieved. Notonly can the
liquid crystal shutter device 114 achieve high shutter speeds, but also very low
shutiter speeds and any intermediate speeds therebetween. As another example,
the exposure time can be controlled with extremely high precision such that the
image quality of the camera module 100 can be maximized by exposing the image

sensor 106 to the correct amount of light for given lighting conditions.

10025} In addition 1o excellent performance, the liguid crystal shutter device 114 is
extremely reliable, thin, and energy efficient. For example, the liquid crystal shuiter
device 114 is non-mechanical and, therefore, has a useful operating life that is not
limited by the number of operating cycles. in other words, it does not wear out
and, therefore, has a higher reliability than mechanical shutter devices, which often
fail after less than 100,000 cycles. As another example, the liquid crystal shutter

&
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device 114 is thinner than 0.5mm and, therefore, has minimal affect on the overall
Z-height of the camera module 100. As another example, the liquid crystal shutter
device 114 operates on very little low driver current (e.g., 15-30mA) and, therefore,
consumes only a small amount of host device power. The liquid crystal shuiter
device 114 will typically be one without a polarizer. 1t may have light fransmission

in the open state of approximately 95% or greater.

[0026] The EMI shield 118 is mounted over the actualor system 110, the lens
system 112, and the liquid crystal shutter device 114. The EMI shield 116 may
include a solid enclosure {or a cage) made of electrically conductive or magnetic
materials. it serves {o greatly reduce the amount of electromagnetic (particutarly
RF) energy that passes from outside the shield 116 to the interior of the camera
module 100. H# could also include a plastic housing coated with a metallic
substance, such as a metailic ink. Other possible functions of the EMI shield 116
may be to prevent or reduce light leakage info the camera module 100 and fo
prevent or reduce the intrusion of foreign contaminants into the camera module
100.

{00271 FIG. 2 shows a top perspective view of the camera module 100 assembly.
As shown, the camera module 100 includes a set of voice coil motor terminals 200

and a set of liquid crystal shulter device terminals 202.

{00281 FIG. 3 shows a bottom perspective view of the camera module 100
assembled. As shown, the circuit subsirate 102 includes a bhottom surface wherein
a set of electrical contact pads 300 is formed. Electrical contact pads 300 provide

a means for elactrically connecting the camera module 100 to host device circuitry.
[0028] FIG. 4 shows a cross-sectional view of the camera module 100 assembly.

[8030] FIG. 5 illustrates a camera module 500 accordingly to an alternative
embodiment. The camera module 500 includes a circuit substrate 502, an image

sensor 504, an actuator system 506, a fixed lens group 508, a liquid crystal shutter
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device 510, and a movable lens group 512. The image sensor 504 is fixably
mounted on the circuit substrate 502, the actuator system 506 is fixably mounted
on the circuit substrate 502, the fixed lens group 508 is fixably mounted in the
actuator system 506, the liquid crystal shutter device 510 is fixably mounted in the
actuator system 510 between the fixed lens group 508 and the movable lens group
512, and the movable lens group 512 is movably coupled to the actuator system
506 so as to facilitate autofocus/zoom operations by moving along the Z-axis when

actuated by the actuator system 506.

{0031] FIG. 6 illustrates a camera module 800 accordingly to another alfernative
embodiment. The camera module 600 includes a circuit substrate 602, an image
sensor 804, a liquid crystal shutter device 606, an IR filter 608, a holder/frame 610
an actuator system 612, and a movabile lens group 614. The image sensor 804 is
fixably mounted on the circuit substrate 602, the liguid crystal shutter device 606
and the IR filter 608 are fixably mounted on opposite sides of the holderfframe
610, the holder/frame 610 is fixably mounted on the circuit substrate 602, the
actuator system 612 is fixably mounted on the holderfframe 610, and the movable
lens group 614 is movably coupled o the actuator system 612 so as to facilitate
autofocus/zoom operations by moving along the Z-axis when actuated by the

actuator system 612,

{0032 FIG. 7 lustrates a camera module 700 accordingly to vet another
alternative embodiment. The camera module 700 includes a circuit substrate 702,
an image sensor 704, a liquid crystal shutier device 706, an IR filter 708, an
actuator system 710, and a movabile lens group 712. The image sensor 704 is
fixably mounted on the circuit substrate 702, the liquid crystal shutter device 708 is
mounted on and/or integrated with the image sensor 704 via glass-on-die (GOD)
technology, the IR filter 708 is fixably mounted to the actuator system 710, the
actuator system 710 is fixably mounted to the circult substrate 702, and the

movable lens group 712 is movably coupled to the actuator system 710 sc as to
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facilitate autofocus/zoom operations by moving along the Z-axis when actuated by
the actuator system 710.

[0033] As can be seen, in particular embodiments of the present invention, a
camera module includes a circuit substrate, an image sensor, an actuator system,

a movable lens system, and a liquid crystal shutter device.

{6034} In one particular embodiment, the image sensor is mounted on the circuit
substrate, the actuator is mounted on the circuit substrate so as to cover the image
sensor, the movabile lens system is coupled o the actuator system, and the liquid
crystal shutter device is disposed over the movable lens system such that the lens

system is located between the liquid crystal shutter device and the image sensor.

{0035] In an alternative embodiment, the camera module further includes a fixed
fens group fixably mounted in the actuator system. Further, the image sensor is
mounted on the circuit substrate, the actuator system is mounted on the circuit
substrate such that the image sensor is positioned between the circuit substrate
and the fixed lens group, the liquid crystal shutter device is positioned in the
actuator system such that the fixed lens group is positioned between the image
sensor and the liquid crystal shutter device, and the movable lens system is
coupled to the actuator system such that the liguid crystal shutter device is

positioned between the fixed lens group and the movable lens system.

(00361 In ancther allernative embodiment, the camera module further includes an
iR filter fixably mounted within the top portion of the actuator system. Further, the
image sensor is mounted on the circuit substrate, the liquid crystal shutter device is
mounted to the bottom portion of the actuator system, the bottom portion of the
actuator system is mounted on the circuit substrate such that the liquid crystal
shutter device is positioned above the image sensor, and the movable lens system
is coupled to the top portion of the actuator system such that the IR filter is

positioned between the movable lens system and the liquid crystal shutter device.
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{0037] In another alternative embodiment, the camera module further includes an
IR filter fixably mounted within the bottom portion nof the actuator system. Further,
the image sensor is mounted on the circuit substrate, the liquid crystal shutter
device is mounted over the image sensor, the actuator system is mounted on the
circuit substrate such that the image sensor and the liquid crystal shutter device
are positioned between the IR filler and the circuit substrate, and the movable lens
system is coupled to the top portion of the acluator system such that the IR filter is
positioned between the movable lens system and liquid crystal shutter device.

{6838} While the embodiments of the invention have been illustrated and
described in detail in the drawings and foregoing description, such illustration and
description is to be considered as examples and not restrictive in character. For
example, certain embodiments described hereinabove may be combinable with
other described embodiments and/or arranged in other ways {e.g., process
elements may be performed in other sequences). Accordingly, it should be
understood that only example embodiments and variants thereof have been

shown and described.
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WE CLAIM:

1. A camera module that is attached to and is a component in a
mobile electronic device, the camera module comprising:

an image sensor,

a housing having an internal cavity within which the image sensor is
located, the housing further having an opening at one end thereof to allow
ambient light to pass into the housing; and

a liquid crystal shutter positioned in the housing between the opening and
the image sensor, to selectably either allow light to pass therethrough or block
light from passing therethrough.

2. A camera module as defined in claim 1, further including a lens
positioned in the housing between the opening and the image sensor.

3. A camera module as defined in claim 2, wherein the lens includes a
fixed lens group.

4, A camera module as defined in claim 3, wherein the lens further
includes a movabie lens group and the camera module further including an
actuator to selectably move the movable lens group.

5. A camera module as defined in claim 4, wherein the shufter is
positioned between the fixed lens group and the movable lens group.

6. A camera module as defined in claim 2, wherein the lens includes a
movable lens group and the camera module further including an actuator to
selectably move the movable lens group.

7. A camera module as defined in claim 6, wherein the shutter is
positioned between the opening and the movable lens group.

8. A camera module as defined in claim 6, wherein the shulter is
positioned between the movable lens group and the image sensor.

9. A camera module as defined in claim 8, wherein the shutter is
attached directly to the image sensor.

10. A camera module as defined in claim 9, wherein the attachment is

made via glass-on-die (GOD) technology.
i1
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11. A camera module as defined in claim 8, wherein the actuator is
formed as a housing located inside of the first housing.

12. A camera module as defined in claim 1, further including a circuit
substrate to which the housing is attached, the substrate having a top side to
which the image sensor is attached and a bottom side on which a plurality of
electrical contact pads are provided for electrical connection of the image sensor
and the shutter to circuilry external to the camera module.

13. A camera module as defined in claim 1, wherein the housing
includes a shield for reducing slectromagnetic interference in the interior of the
cavity from electromagnetic signals outside of the housing.

14. A camera module that is attached {0 and is a component in a
mobile electronic device, the camera module comprising:

an image sensor;

a housing having an internal cavity within which the image sensor is
located, the housing further having an opening at one end thereof {o allow
ambient light to pass into the housing;

a lens positioned in the housing between the opening and the image
sensor, wherein the lens further includes a movable lens group;

an actuator to selectably move the movable lens group; and

a liquid crystal shutter positioned in the housing between the opening and
the image sensor, to selectably either allow light to pass therethrough or block
light from passing therethrough.

15. A camera module as defined in claim 14, wherein the lens further
includes a fixed lens group.

16. A camera module as defined in claim 15, wherein the shutter is
positioned between the fixed lens group and the movable lens group.

17. A camera module as defined in claim 14, wherein the shulter is
positioned between the opening and the movable lens group.

18. A camera module as defined in claim 14, wherein the shutter is
positioned between the movable lens group and the image sensor.

12
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18. A camera module as defined in claim 18, wherein the shutter is
attached directly to the image sensor.

20. A camera module as defined in claim 19, wherein the attachment is
made via glass-on-die (GOD) technology.

21. A camera module as defined in claim 14, wherein the actuator is
formed as a housing located inside of the first housing.

22. A camera module as defined in claim 14, further including a circuit
substrate to which the housing is attached, the substrate having a top side to
which the image sensor is attached and a bottom side on which a plurality of
alectrical contact pads are provided for electrical connection of the image sensor
and the shutter {0 circuitry external to the camera module.

23. A camera module as defined in claim 14, wherein the housing
includes a shield for reducing electromagnetic interference in the interior of the

cavity from electromagnetic signals outside of the housing.
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