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100 (57) Abstract: A camera module including an image
L sensor and a circuit substrate that are each attached to a
bottom surface of a glass substrate. The image sensor is
positioned between the circuit substrate and the glass sub-
strate. This arrangement allows passive components nor-
mally associated with the image sensor to be mounted to a
—~11 top surface of the glass substrate rather than to the image
I sensor, thus reducing the necessary size of the top surface
of the image sensor, which in turn can reduce the overall
size of the image sensor. A lens assembly, including a
housing and a lens, is attached to the circuit substrate to
position the image sensor and the glass substrate within a
“— 110 cavity provided in the housing.
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LOW PROFILE CAMERA MODULE PACKAGING

Cross Reference

[0001] This application is the non-provisional of U.S. Provisional Pat. Appl. No.
61/446,163, filed February 24, 2011, entitled “LOW PROFILE CAMERA
MODULE PACKAGING,” 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, cellular telephones, personal data
assistants (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 capiure images of
the highest possible quality.

{00031 A conventional digital camera module generally includes an integrated
image capture device (ICD), passive components, a printed circuit board (PCB),
a housing, and a lens. Typically, the ICD and passive components are
mounted on the PCB, and then the housing is aftached to the PCB so that the
ICD and passive components arg covered by the bottom of the housing. Then,
the lens is mounted on the opposite end of the housing 1o focus incident light
onto an image capture surface of the ICD.

[0004] One problem with conventional camera module designs is that they have
a relatively large footprint and, therefore, occupy a significant amount of real-
estate area on the host device. This is because the base of the housing has fo
be large enough to cover the ICD and the passive components mounted
around the ICD. Further, conventional camera modules typically cannot satisfy
small form factor requirements without sacrificing image quality.
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[0005] it is against this background that a camera module that can satisfy
stricter form factor requirements and capture high guality images has been
developed.

Summary
10006] The disclosed camera module overcomes the issues associated with the

prior art by providing a novel design for a low profile camera module package.
Such a camera module includes a circuit substrate having a top side and a
bottom side; a lens assembly including a housing and a lens, wherein the
housing is attached to the top side of the circult substrate; a glass substrate
having a top side and a botlom side, wherein the bottom side of the glass
substrate is attached to the top side of the circuit substrate; and an image
sensor having a top side and a bottom side, wherein the top side of the image
sensor is attached 1o the bottom side of the glass substrate.

10007] The lens housing may have a cavity formed therein and the glass
substrate and image sensor are positioned inside of the cavity. The glass
substrate may be attached 10 the circuit substrate with a plurality of SMT
bumps. The SMT bumps may provide both a mechanical attachment and an
electrical attachment between the glass substrate and the circuit substrate.
The glass substrate may be attached to the image sensor with a plurality of
stud bumps. The stud bumps may provide both a mechanical attachment and
an electrical attachment between the glass substrate and the image sensor.
The camera module may further include one or more passive components
attached to the top side of the glass substrate in a region of the glass substrate
opposite from either the attachment of the glass substrate to the circuit
substrate or {0 the image sensor. The glass substrate may include circuitry on
the top side thereof and one or moré conductive paths through the substrate {0
connect the circuitry on the top side 1o an electrical attachment point on the
bottom side. The circuifry may include transparent conductive material. One or
more of the conductive paths may include a via with a conductive material

therein. The conductive material may include tungsten. The camera module
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may further include an IR filter to reduce the amount of IR light energy that
reaches the image sensor. The IR filter may be located on the top surface of
the glass substrate.

[0008] A process for producing a camera module includes altaching a top
surface of an image sensor 1o a bottom surface of a glass substrate; attaching
a top surface of a circuit substrate to the bottom surface of the glass substrate
so that the image sensor is then positioned between the glass substrate and
the circuit substrate; and attaching a lens assembly having an internal cavity to
the top surface of the circuit substrate so that the glass substrate and the image

sensor are positioned within the internal cavity.

[0009] The method may further include attaching one or more passive
components 1o a top surface of the glass substrate at some point in the
process. The attachment of the image sensor {o the glass substrate may
include the use of solder bumps. The attachment of the circuit substrate to the
glass substrate may include the use of solder bumps. The solder bumps
connecting the image sensor to the glass substrate may be smaller than the
solder bumps connecting the circuit substrate to the glass substrate. The lens

assembly may include a housing and 2 lens.

Brief Description of the Drawings

[0010] Figure 1 is a sectional view of a camera module.

[0011] Figure 2 is a flow ¢hart of a process for producing the camera module.
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Detailled Description

[0012] While the embodiments of the present invention are susceptible to
various modifications and alternative forms, specific embodiments thereof have
been shown by way of example in the drawings and are herein described in
detall. it should be understood, however, that it is not intended {o limit the
invention to the particular form disclosed, but rather, the invention is 1o cover all
modifications, equivalents, and aiterhatives of embodiments of the invention as
defined by the claims.

[0013] Figure 1 is cross-sactional view of a low profile camera module 100 that
includes a transparent glass substrate 102, an image sensor 104 (e.g., CMOS
chip), a set of passive components 106, a circuit substrate 108, a housing 110,
and a lens 112. The image sensor 104 and the passive components 106 are
mounted on opposite sides of substrate 102 (bottom and top, respectivaly), the
housing 110 and the substrate 102 are mounted on the top surface of circuit
substrate 108, and the lens 112 is mounted to the housing 110. Together, the
lens 112 and housing 110 may be referred 1o as a lens assembly. While top
and bottom are used herein, the same meaning could be obtained by referring
to opposite sides A and B.

10014] The glass substrate 102 includes transparent circuitry 114 (e.g.,
composed of indium Tin Oxide (ITO)} on a top side thereof, a selective infrared
coating 116, and a plurality of vias 118, In this particular embodiment, the glass
substrate 102 prevenis debris from accumulating on the image sensor 104.
The transparent circuitry 114 is formed on the top surface of the glass substrate
102 via ITO technology commonly used in manufacturing liquid crystal display
(LCD) devices. Infrared (IR) coating 116 is formed on the top surface of the
glass substrate 102 s0 as to filter infrared light from the light that is focused
onto image sensor 104 by the lens 112. Optionally, IR coating 116 could be
omitted and an IR filter could be incorporated into lens 112, or the IR filter could
be located at another appropriate location in the camera module. The vias 118
may be, for exampile, plated fungsten vias formed through the glass substrate
102 using technology developed by SCHOTT/NEC.
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[0015] Figure 2 shows a process 200 for producing the camera module 100,
The image sensor 104 is flip chip mounted (202) to the bottom surface of the
glass substrate 102 such that electrical contacts (not shown) formed on the top
surface of image sensor 104 are electrically coupled to ITQ circuitry 114 by vias
118. For example, a stud bump 120 is formed on each electrical contact of
image sensor 104 and then image sensor 104 is flip chip by some suitable
means {e.g., thermocomprassion bonding, thermosonic bonding, etc.). The
contacts of image sensor 104 could be connected directly to vias 118 and/or
indirectly to vias 118 by, for example, additional ITO circuitry formed on the
bottom surface of substrate.

{0016] One example of a technique for forming the stud bumps 120 may
include using gold wire to form a Free Air Ball (FAB) of gold. This may be
achieved with what is known as Electronic Flame Off where a spark is caused
to jump between the gold wire and the contact pad with a high current. The
high voltage spark melts the end of the gold wire and forms a gold bail. A
capillary is formed on the contact pad with ultrasonic energy, force, and high
temperature. The wirg is then cut from the ball, just above the surface of the
bali.

[0017] After the image sensor 104 is flip chip bonded fo the glass substrate
102, the glass substrate 102 is mounted (204) and elsctrically coupled to the
electrical substrate 108 via surface mount technology (SMT) wherein the
electrical connection is facilitated by a set of SMT bumps 122, which are larger
than the previously-described stud bumps 120. One example of a technigue
for forming the SMT bumps 122 is that a solder ball is first dipped into flux for
deoxidization purposes, and then solder paste is printed (or otherwise
dispensed) onto the gold contact pads. The solder balls are then aftached to
the gold contact pads and then they are reflowed by a reflow oven to partially
collapse the solder balls, thus forming SMT bumps 122.

{0018] After the SMT process of attaching the glass substrate 102 to the
electrical substrate 108 is performed, the passive components 104 are directly

mounted on the top surface of the glass substrate 102 via passive on glass
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(POG) processes similar to passive on die (POD) processes. Accordingly, the
passive components 108 are electrically coupled to the ITO circuitry 114 and/or
vias 118. The housing 110 is then mounted (206) to the electrical substrate
108. It should be recognized that by positioning the passive components 106
above the image sensor 104 on a different substrate rather than around and on
the same substrate of the image sensor 104, the inner perimeter of the base of
the housing 110 can be smaller than that of conventional camera modules that
have passive componenis positionad around the image sensor. Accordingly,
the overall footprint of the camera module 100 can have less area than
conventional camera modules and, therefore, occupy less host device real
estate.

10018] The circuit substrate 108 can be suitable type of circuit substrate
including, but not limited to, a rigid flex printed circult (RFPC), a flexible printed
circuit (FPC), PCB, glass circuit substrate, etc. While it is disclosed above that
the passive components 108 are attached to the top of the glass substrate 102
between process steps 204 and 206, it is also possible that the passive
components 106 could be attached to the glass substrate 102 between process
steps 202 and 204, or before process step 202.

100207 it should be undersiood that the particular focusing mechanism of
camera module 100 is not particularly important herein and is, therefore, not
presented in detall. Indsed, any suitable focusing means can be used without
deviating from the concepts taught herein. That is, these technigues can be
practiced with both fixed focus camera modules and autofocus camera
modules. For example, the novel features of camera madule 100 can be
implemanted on video graphics array one megapixe! fixed focus (VGA/TMP FF)

camera modules.

[0021] While the embodiments of the invention have been illustrated and
dascribed 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
6
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with other described embodiments and/or arranged in other ways (e.g., process
elements may be performed in cther'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, comprising:

a circuit substrate having a top side and a botiom side;

a lens assembly including a housing and a lens, wherein the housing is
attached to the top side of the circuit substrate;

a glass substrate having a top side and a bottom side, wherein the bottom
side of the glass substrate is attached to the top side of the circuit substrate; and

an image sensor having a top side and a bottom side, wherein the top
side of the image sensor is attached to the bottom side of the glass substraie.

2. A camera module as defined in claim 1, wherein the lens housing
has a cavity formed therein and the glass substrate and image sensor are
positioned inside of the cavity.

3. A camera module as defined in claim 1, wherein the glass
substrate is attached to the circuit substrate with a plurality of SMT bumps.

4, A camera module as defined in claim 3, wherein the SMT bumps
provide both a mechanical attachment and an electrical attachment between the
glass substrate and the circuit substrate.

5. A camera module as defined in claim 1, wherein the glass
substrate is aitached 1o the image sensor with a plurality of stud bumps.

6. A camera module as defined in claim 5, wherein the stud bumps
provide both a mechanical attachment and an electrical attachment between the
glass substrate and the image sensor.

7. A camera module as defined in claim 1, further including one or
more passive components attached to the top side of the glass substrate in a
region of the glass substrate opposite from either the attachment of the glass
substrate to the circuit substrate or to the image sensor.

8. A camera module as defined in claim 1, wherein the glass
substrate includes circuitry on the top side thereof and one or more conductive
paths through the substrate to connect the circuitry on the top side to an

electrical attachment point on the bottom side.
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8. A camera module as defined in claim 8, wherein the circuilry
includes transparent conductive maisrial.

10. A camera module as defined in claim 8, whersin one or more of the
conductive paths include a via with a conductive material therein.

11. A camera module as defined in claim 10, whersin the conductive
material includes tungsten.

12. A camera module as defined in claim 1, further including an IR filter
o reduce the amount of IR light energy that reaches the image sensor.

13. A camera module as defined in claim 12, wherein the IR filter is
located on the top surface of the glass substrale.

14. A process for producing a camera module, comprising:

aftaching a top surface of an image sensor 1o a bottom surface of a glass
substrate;

aftaching a top surface of a circuit substrate to the bottom surface of the
glass substrate so that the image sensor is then positioned between the glass
substrate and the circuit substrate; aréd

attaching a lens assembly having an internal cavily to the top surface of
the circuit substrate so that the glass subsirate and the image sensor are
positioned within the internal cavity.

15, A method as defined in claim 14, further including attaching ons or
more passive components to a top surface of the glass substrate at some point
in the process.

18. A method as defined in claim 14, wherein the attachment of the
image sensor to the glass substrate includes the use of solder bumps.

17. A method as defined in claim 14, wherein the attachment of the
circuit substrate to the glass substrate includes the use of solder bumps.

18. A method as defined in claim 17, wherein the attachment of the
circuit substraie fo the glass substrate includes the use of solder bumps.
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19. A method as defined in claim 18, wherein the solder bumps
connecting the image sensor to the glass substrate are smaller than the solder
bumps connecting the circuit substraie fo the glass substrate.

20. A method as defined in claim 14, wherein the lens assembly
include a housing and a lens.

10
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