wo 2010/093699 A1 I T IA0FO 0 OO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /g ]I ) 0MNF 00N 01000100 00000 0O O
International Bureau Wi )
3\ ) 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
19 August 2010 (19.08.2010) PCT WO 2010/093699 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
HO1L 29/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
A L. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR. HU. ID. IL. IN. IS. JP. KE. KG. KM. KN, KP
PCT/US2010/023762 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
10 February 2010 (10.02.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. ) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/151,529 11 February 2009 (11.02.2009) Us GM, KE, LS, MW, MZ, NA, SD, SL, $Z, TZ, UG, ZM,
12/703,139 9 February 2010 (09.02.2010) Us ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant (for all designated States except US): MEGI- ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
CA CORPORATION; 8F -1, No. 29, Puding Road, East MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, SM,
Dist., Hsinchu, 30072 (TW). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(72) Inventors; and ML, MR, NE, SN, TD, TG).

(75) Inventors/Applicants (for US only): LIN, Mou-Shiung Declarations under Rule 4.17:
[US/—]; 28 Ginsan 10th Street, Hsinchu, 30072 (TW).

LEE, Jin-Yuan: No. 11, Lane 4, An-ho Street, Hsinchu, — as to applicant’s entitlement to apply for and be granted

a patent (Rule 4.17(i1))

30072 (TW).
(74) Agents: DUCHENE, Dennis ct al.; Mcdermott, Will & © uPlished:
Emery LLP, 11682 El Camino Real, Suite 400, San —  with international search report (Art. 21(3))

Diego, CA 92130-2047 (US). —  with amended claims and statement (Art. 19(1))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: IMAGE AND LIGHT SENSOR CHIP PACKAGES

e
Y )Y \\\\\*_\\\\\\\\\\\\—k\\\{\\\\\\\\\\

——— N o\ —
_\\\__\\\\\\\\\\\\\\;‘ NN \\?\\\\\\‘\\\\\\\\\
2 2

999
Fig. 1P
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IMAGE AND LIGHT SENSOR CHIP PACKAGES

[0001] This application claims priority to U.S. provisional application No. 61/151,529,
entitled “Image Sensor”, filed on Feb. 11, 2009, which is incorporated herein by

reference in its entirety.

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure
[0002] The present disclosure relates to image or light sensor chip packages, and, more
specifically, to image or light sensor chip packages having an image or light sensor chip
with metal structures connected to an external circuit through wirebonded wires or a

flexible substrate.

Brief Description of the Related Art

[0003] In recent years electronic technology has advanced, with each passing day
presenting more new high-tech electronic products to the public. Such products have
typically followed a trend of being lighter, thinner, and handier in order to provide more
convenient and comfortable usage. Electronic packaging plays an important role in the
fulfillment in the communication industry and for digital technology. Such electronic
products have increasingly included digital imaging functions such as provided by digital
camera and video features.

[0004] The key component that makes a digital camera and a digital video camera
capable of sensing images is a photo-sensitive device. The photo-sensitive device is able
to sense the intensity of light and transfer electrical signals based on the light intensity
for further processing. Such photo-sensitive devices typically utilize a chip package to
make the photo-sensitive chip connectable to an outer electrical circuit through the
substrate and also to protect the photo-sensitive chip from external contamination and

prevent impurities and moisture from contacting the sensitive area of the chip.

SUMMARY OF THE DISCLOSURE
[0005] Aspects of the present disclosure provide image, or light sensor, chip packages
for enhancing electric properties and products while reducing manufacture cost.

[0006] In accordance with exemplary embodiments of the present disclosure, an image
1
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or light sensor chip package is provided with an image or light sensor chip having a
photosensitive area and metal structures, and wirebonded wires or a flexible substrate
connected to the metal structures. The photosensitive area can be used to sense light and
transfer electrical signals.

[0007] In one aspect of the disclosure, a light sensor chip includes a semiconductor
substrate, multiple transistors each including a diffusion or doped area in the
semiconductor substrate and a gate over a top surface of the semiconductor substrate, a
first dielectric layer over the top surface of the semiconductor substrate, an
interconnection layer over the first dielectric layer, a second dielectric layer over the
interconnection layer and over the first dielectric layer, and a metal trace over the second
dielectric layer, wherein the metal trace has a width smaller than 1 micrometer. The
chip also includes an insulating layer on a first region of the metal trace, over the
interconnection layer and over the first and second dielectric layers, wherein an opening
in the insulating layer is over a second region of the metal trace, and the second region is
at a bottom of the opening, and a polymer layer on the insulating layer. Further
included are a metal layer on the second region of the metal trace, wherein the metal
layer includes a portion in the polymer layer, wherein the metal layer is connected to the
second region of the metal trace through the opening, wherein the metal layer has a
thickness between 3 and 100 micrometers and a width between 5 and 100 micrometers,
and a transparent substrate on a top surface of the polymer layer and over the multiple
transistors, wherein an air space is between the insulating layer and the transparent
substrate and over the multiple transistors, wherein a bottom surface of the transparent
substrate provides a top wall of the air space, and the polymer layer provides a sidewall
of the air space.

[0008] These, as well as other components, steps, features, benefits, and advantages of
the present disclosure, will now become clear from a review of the following detailed

description of illustrative embodiments, the accompanying drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The drawings disclose illustrative embodiments of the present disclosure. They
do not set forth all embodiments of the present disclosure; other embodiments may be used
in addition or instead. Details that may be apparent or unnecessary may be omitted to save

space or for more effective illustration. Conversely, some embodiments may be practiced
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without all of the details that are disclosed. When the same numeral or reference character

appears in different drawings, it refers to the same or like features, components, or steps.

[0010] Aspects of the present disclosure may be more fully understood from the
following description when read together with the accompanying drawings, which are to
be regarded as illustrative in nature, and not as limiting. The drawings are not necessarily
to scale, emphasis instead being placed on the principles of the disclosure. In the

drawings:

[0011] Figs. 1A-1P are cross-sectional views depicting a process of forming an image or
light sensor package according to an embodiment of the present disclosure;

[0012] Figs. 2A-2D are cross-sectional views depicting a process of forming an image or
light sensor package according to an embodiment of the present disclosure;

[0013] Figs. 3A-3D are cross-sectional views depicting a process of forming an image or
light sensor package according to an embodiment of the present disclosure;

[0014] Figs. 3E and 3F are cross-sectional views depicting image or light sensor
modules according to an embodiment of the present disclosure;

[0015] Figs. 4A-4E are cross-sectional views depicting a process of forming an image or
light sensor package according to an embodiment of the present disclosure;

[0016] Figs. 4F and 4G are cross-sectional views depicting image or light sensor
modules according to an embodiment of the present disclosure;

[0017] Figs. SA-5C are cross-sectional views depicting a process of forming an image or
light sensor package according to an embodiment of the present disclosure;

[0018] Figs. 6A-6C are cross-sectional views depicting a process of forming a quad flat
no-lead (QFN) package according to an embodiment of the present disclosure;

[0019] Fig. 7 is a cross-sectional view depicting a plastic leaded chip carrier (PLCC)
package according to an embodiment of the present disclosure;

[0020] Figs. 8A-8F are cross-sectional views depicting a process of forming an image or
light sensor chip according to an embodiment of the present disclosure;

[0021] Figs. 8G and 8H are cross sectional views depicting image or light sensor
packages according to an embodiment of the present disclosure;

[0022] Figs. 9A-9H are cross-sectional views depicting a process of forming an image or
light sensor chip according to an embodiment of the present disclosure;

[0023] Figs. 91 and 9J are cross-sectional views depicting a process of forming an image
3
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or light sensor package according to an embodiment of the present disclosure;

[0024] Fig. 9K is a cross sectional view depicting a plastic leaded chip carrier (PLCC)
package according to an embodiment of the present disclosure;

[0025] Figs. 10A-10G are cross-sectional views depicting a process of forming an image
or light sensor chip according to an embodiment of the present disclosure;

[0026] Fig. 10H is a cross-sectional view depicting a process of attaching an infrared (IR)
cut filter to an image or light sensor chip according to an embodiment of the present
disclosure;

[0027] Figs. 101-10L are cross-sectional views depicting a process of forming an image
or light sensor chip according to an embodiment of the present disclosure;

[0028] Fig. 10M is a cross-sectional view depicting a process of attaching an infrared
(IR) cut filter to an image or light sensor chip according to an embodiment of the present
disclosure;

[0029] Figs. 11A-110 are cross-sectional views depicting a process of forming an image
or light sensor chip according to an embodiment of the present disclosure;

[0030] Fig. 11P is a cross-sectional view depicting an image or light sensor package
according to an embodiment of the present disclosure;

[0031] Figs. 12A-12G are cross-sectional views depicting a process of forming an image
or light sensor chip according to an embodiment of the present disclosure;

[0032] Fig. 12H 1is a cross-sectional view depicting an image or light sensor package
according to an embodiment of the present disclosure;

[0033] Fig. 13A is a cross-sectional view depicting an image or light sensor module
according to an embodiment of the present disclosure; and

[0034] Fig. 13B-13D are cross-sectional views depicting image or light sensor packages
according to an embodiment of the present disclosure.

[0035] While certain embodiments are depicted in the drawings, one skilled in the art
will appreciate that the embodiments depicted are illustrative and that variations of those
shown, as well as other embodiments described herein, may be envisioned and practiced

within the scope of the present disclosure.
DETAILED DESCRIPTION

[0036] [Mustrative embodiments are now described. Other embodiments may be used

in addition or instead. Details that may be apparent or unnecessary may be omitted to save
4
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space or for a more effective presentation. Conversely, some embodiments may be
practiced without all of the details that are disclosed. As noted previously, when the same
numeral or reference character appears in different drawings, it refers to the same or like

features, components, or steps.

[0037] Figs. LA-1P illustrate a process for forming an image or light sensor package, and
related structure, according to exemplary embodiments of the present disclosure.
Referring to Fig. 1A, a semiconductor wafer 100 can include a semiconductor substrate 1
having a top surface la and a bottom surface 1b, multiple semiconductor devices 2 in
and/or on the semiconductor substrate 1, multiple light sensors 3 including multiple
transistors each having two diffusions (or areas with different doping characteristics) in
the semiconductor substrate 1 and a gate over the top surface la between the two
diffusions, multiple interconnection layers 4 over the top surface 1a, multiple dielectric
layers 5 over the top surface la, multiple via plugs 17 and 18 in the dielectric layers 5,
multiple metal traces or pads 19 over the top surface la and over the interconnection
layers 4, and an insulating layer 6, that is, passivation layer, over the semiconductor
devices 2, over the light sensors 3, over the dielectric layers 5, over the interconnection
layers 4, over the via plugs 17and 18, and on the metal traces or pads 19. Multiple
openings 6a in the passivation layer 6 expose multiple regions of the metal traces or pads
19 and have a desired suitable width, e.g., between 10 and 100 micrometers, and
preferably between 20 and 60 micrometers. The openings 6a are over the regions of the
metal traces or pads 19, and the regions of the metal traces or pads 19 are at bottoms of
the openings 6a.

[0038] The semiconductor substrate 1 can be a suitable substrate, e.g., a silicon substrate,
a silicon-germanium (SiGe) based substrate, a gallium arsenide (GaAs) based substrate,
a silicon indium (Siln) based substrate, a silicon antimony (SiSb) based substrate, or an
indium antimony (InSb) based substrate, with a suitable thickness, e.g., between 50
micrometers and 1 millimeter, and preferably between 75 and 250 micrometers. Of
course, the foregoing examples of substrates are for illustration only; any suitable
substrates may be used.

[0039] Each of the semiconductor devices 2 can be a diode or a transistor, such as
p-channel metal-oxide-semiconductor (MOS) transistor or n-channel

metal-oxide-semiconductor transistor, which is connected to the interconnection layers 4.
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The semiconductor devices 2 can, for example, be provided for NOR gates, NAND gates,
AND gates, OR gates, flash memory cells, static random access memory (SRAM) cells,
dynamic random access memory (DRAM) cells, non-volatile memory cells, erasable
programmable read-only memory (EPROM) cells, read-only memory (ROM) cells,
magnetic random access memory (MRAM) cells, sense amplifiers, inverters, operational
amplifiers, adders, multiplexers, diplexers, multipliers, analog-to-digital (A/D)
converters, digital-to-analog (D/A) converters or analog circuits.

[0040] The light sensors 3 can include, e.g., complementary-metal-oxide-semiconductor
(CMOS) sensors or charge coupled devices (CCD), which can be connected to the
interconnection layers 4 and to circuit devices, which can include the semiconductor
devices 2, such as sense amplifiers, flash memory cells, static random access memory
(SRAM) cells, dynamic random access memory (DRAM) cells, non-volatile memory
cells, erasable programmable read-only memory (EPROM) cells, read-only memory
(ROM) cells, magnetic random access memory (MRAM) cells, inverters, operational
amplifiers, multiplexers, adders, diplexers, multipliers, analog-to-digital (A/D)
converters, or digital-to-analog (D/A) converters, through the interconnection layers 4.
[0041] The dielectric layers 5 can be formed by a CVD (Chemical Vapor Deposition)
process, a PECVD (Plasma-Enhanced CVD) process, a High-Density-Plasma (HDP)
CVD process or a spin-on coating method. The material of the dielectric layers 5 may
include silicon oxide, silicon nitride, silicon oxynitride, silicon oxycarbide (SiOC) or
silicon carbon nitride (SiCN). Each of the dielectric layers 5 can be composed of one or
more inorganic layers, and may have a thickness between 0.1 and 1.5 micrometers. For
example, each of the dielectric layers 5 may include a layer of silicon oxynitride or
silicon carbon nitride and a layer of silicon oxide or silicon oxycarbide on the layer of
silicon oxynitride or silicon carbon nitride. Alternatively, each of the dielectric layers 5
may include an oxide layer, such as silicon-oxide layer, having a suitable thickness, e.g.,
between 0.02 and 1.2 micrometers, and a nitride layer, such as silicon-nitride layer,
having a thickness between 0.02 and 1.2 micrometers on the oxide layer.

[0042] The interconnection layers 4 can be connected to the semiconductor devices 2
and the light sensors 3. Each of the interconnection layers 4 can have a suitable thickness,
e.g., between 20 nanometers and 1.5 micrometers, and preferably between 100
nanometers and 1 micrometer. Each of the interconnection layers 4 may include a metal

trace having a suitable width, e.g., smaller than 1 micrometer, such as between 0.05 and
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0.95 micrometers. The material of the interconnection layers 4 may include electroplated
copper, aluminum, aluminum-copper alloy, carbon nanotubes or a composite of the
above-mentioned materials.

[0043] For example, each of the interconnection layers 4 may include an electroplated
copper layer having a suitable thickness, e.g., between 20 nanometers and 1.5
micrometers, and preferably between 100 nanometers and 1 micrometer, in one of the
dielectric layers 5, an adhesion/barrier layer, such as titanium-nitride layer,
titanium-tungsten-alloy layer, tantalum-nitride layer, titanium layer or tantalum layer, at
a bottom surface and sidewalls of the electroplated copper layer, and a seed layer of
copper between the electroplated copper layer and the adhesion/barrier layer. The seed
layer of copper is at the bottom surface and sidewalls of the electroplated copper layer
and contacts with the bottom surface and sidewalls of the electroplated copper layer. The
electroplated copper layer, the seed layer of copper and the adhesion/barrier layer can be
formed by a damascene or double-damascene process including an electroplating process,
a sputtering process and a chemical mechanical polishing (CMP) process. Other suitable
processes may be used, however, to form such layers.

[0044] Alternatively, each of the interconnection layers 4 may include an
adhesion/barrier layer on a top surface of one of the dielectric layers 5, a sputtered
aluminum or aluminum-copper-alloy layer having a suitable thickness, e.g., between 20
nanometers and 1.5 micrometers, and preferably between 100 nanometers and 1
micrometer, on a top surface of the adhesion/barrier layer, and an anti-reflection layer on
a top surface of the sputtered aluminum or aluminum-copper-alloy layer. The sputtered
aluminum or aluminum-copper-alloy layer, the adhesion/barrier layer and the
anti-reflection layer can be formed by a process including a sputtering process and an
etching process. Sidewalls of the sputtered aluminum or aluminum-copper-alloy layer
are not covered by the adhesion/barrier layer and the anti-reflection layer. In exemplary
embodiments, the adhesion/barrier layer and the anti-reflection layer can be a titanium
layer, a titanium-nitride layer or a titanium-tungsten layer.

[0045] The via plugs 17 can be in the bottommost dielectric layer 5 between the
bottommost interconnection layer 4 and the semiconductor substrate 1, and connect the
interconnection layers 4 to the semiconductor devices 2 and the light sensors 3. In
exemplary embodiments, the via plugs 17 may include copper formed by an

electroplating process or tungsten formed by a process including a chemical vapor
7
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deposition (CVD) process and a chemical mechanical polishing (CMP) process. Of
course, other materials may be substituted or used in addition to copper or tungsten.
[0046] The via plugs 18 can be in the dielectric layer 5 that has a top surface having the
metal traces or pads 19 formed thereon, and the via plugs 18 can connect the metal traces
or pads 19 to the interconnection layers 4. In exemplary embodiments, the via plugs 18
may include copper formed by an electroplating process or tungsten formed by a process
including a chemical vapor deposition (CVD) process and a chemical mechanical
polishing (CMP) process or by a process including a sputtering process and a chemical
mechanical polishing (CMP) process. Of course, other materials may be substituted or
used in addition to copper or tungsten.

[0047] The metal traces or pads 19 can be connected to the semiconductor devices 2 and
the light sensors 3 through the interconnection layers 4 and the via plugs 17 and 18. Each
of the metal traces or pads 19 can have a suitable thickness, e.g., between 0.5 and 3
micrometers or between 20 nanometers and 1.5 micrometers , and a width smaller than 1
micrometer, such as between 0.2 and 0.95 micrometers.

[0048] For example, each of the metal traces or pads 19 may include an electroplated
copper layer having a suitable thickness, ¢.g., between 0.5 and 3 micrometers or between
20 nanometers and 1.5 micrometers in the topmost diclectric layer 5 under the
passivation layer 6, an adhesion/barrier layer, such as titanium layer,
titanium-tungsten-alloy layer, titanium-nitride layer, tantalum-nitride layer or tantalum
layer, at a bottom surface and sidewalls of the electroplated copper layer, and a seced
layer of copper between the electroplated copper layer and the adhesion/barrier layer.
The seed layer of copper is at the bottom surface and sidewalls of the electroplated
copper layer and contacts with the bottom surface and sidewalls of the electroplated
copper layer. The electroplated copper layer can have a top surface substantially coplanar
with a top surface of the topmost dielectric layer 5 under the passivation layer 6, and the
passivation layer 6 can be formed on the top surfaces of the electroplated copper layer
and the topmost dielectric layer 5, where one of the openings 6a in the passivation layer
6 exposes a region of the top surface of the electroplated copper layer, and one of the
below-mentioned metal pads or bumps 10 and metal structures 57 can be formed on the
region of the top surface of the electroplated copper layer. The electroplated copper layer,
the seed layer of copper and the adhesion/barrier layer can be formed by a damascene or

double-damascene process including an electroplating process, a sputtering process and a
8
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chemical mechanical polishing (CMP) process or other suitable processes.

[0049] Alternatively, each of the metal traces or pads 19 may include an adhesion/barrier
layer on a top surface of the topmost dielectric layer 5 under the passivation layer 6, a
sputtered aluminum or aluminum-copper-alloy layer having a suitable thickness, e.g.,
between 0.5 and 3 micrometers or between 20 nanometers and 1.5 micrometers on a top
surface of the adhesion/barrier layer, and an anti-reflection layer on a top surface of the
sputtered aluminum or aluminum-copper-alloy layer. The sputtered aluminum or
aluminum-copper-alloy layer, the adhesion/barrier layer and the anti-reflection layer can
be formed by a process including a sputtering process and an etching process. Sidewalls
of the sputtered aluminum or aluminum-copper-alloy layer are not covered by the
adhesion/barrier layer and the anti-reflection layer. The adhesion/barrier layer and the
anti-reflection layer can be, for example, a titanium layer, a titanium-nitride layer or a
titanium-tungsten layer. Other materials may be used. The passivation layer 6 can be
formed on a top surface of the anti-reflection layer and on the top surface of the topmost
dielectric layer 5, and one of the openings 6a in the passivation layer 6 exposes a region
of the top surface of the sputtered aluminum or aluminum-copper-alloy layer, where one
of the below-mentioned metal pads or bumps 10 and metal structures 57 can be formed
on the region of the top surface of the sputtered aluminum or aluminum-copper-alloy
layer.

[0050] The passivation layer 6 can protect the semiconductor devices 2, the light sensors
3, the via plugs 17 and 18, the interconnection layers 4 and the metal traces or pads 19
from being damaged by moisture and foreign ion contamination. In other words, mobile
ions (such as sodium ions), transition metals (such as gold, silver and copper) and
impurities can be prevented from penetrating through the passivation layer 6 to the
semiconductor devices 2, the light sensors 3, the via plugs 17 and 18, the interconnection
layers 4 and the metal traces or pads 19.

[0051] The passivation layer 6 can be formed by a chemical vapor deposition (CVD)
method, or other suitable technique(s), to a desired thickness, e.g., greater than 0.2
micrometers, such as between 0.3 and 1.5 micrometers. For exemplary embodiments, the
passivation layer 6 can be made of silicon oxide (such as SiO,), silicon nitride (such as
Si3Ny), silicon oxynitride (such as SiON), silicon oxycarbide (SiOC), PSG
(phosphosilicate glass), silicon carbon nitride (such as SiCN) or a composite of the

above-mentioned materials, though other suitable materials may be used.
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[0052] The passivation layer 6 can be composed of one or more inorganic layers. For
example, the passivation layer 6 can be a composite layer of an oxide layer, such as
silicon oxide or silicon oxycarbide (SiOC), having a suitable thickness, e.g., between 0.2
and 1.2 micrometers and a nitride layer, such as silicon nitride, silicon oxynitride or
silicon carbon nitride (SiCN), having a thickness, e.g., between 0.2 and 1.2 micrometers
on the oxide layer. Alternatively, the passivation layer 6 can be a single layer of silicon
nitride, silicon oxynitride or silicon carbon nitride (SiCN) having a thickness, e.g.,
between 0.2 and 1.2 micrometers. In a preferred case, the passivation layer 6 includes a
topmost inorganic layer of the semiconductor wafer 100, and the topmost inorganic layer
of the semiconductor wafer 100 can be a silicon nitride layer having a suitable thickness,
for example, greater than 0.2 micrometers, such as between 0.2 and 1.5 micrometers.
Other thicknesses for these identified layers may be used within the scope of the present
disclosure.

[0053] After providing the above-mentioned semiconductor wafer 100, a layer 7 of
optical or color filter array having a suitable thickness, e.g., between 0.3 and 1.5
micrometers, can be formed on the passivation layer 6, over the light sensors 3 and over
the transistors of the light sensors 3. The material of the layer 7 of optical or color filter
array may include dye, pigment, epoxy, acrylic or polyimide. The layer 7 of optical or
color filter array, for example, may contain green filters, blue filters and red filters.
Alternatively, the layer 7 of optical or color filter array may contain green filters, blue
filters, red filters and white filters. Alternatively, the layer 7 of optical or color filter
array may contain cyan filters, yellow filters, green filters and magenta filters. Other
combinations of filters may be used.

[0054] Next, a buffer layer 20 having a suitable thickness, e.g., between 0.2 and 1
micrometers, can be formed on the layer 7 of optical or color filter array. The material of
the buffer layer 20 may include epoxy, acrylic, siloxane or polyimide, and the like. Next,
multiple microlenses § having a suitable thickness, e.g., between 0.5 and 2 micrometers,
can be formed on the buffer layer 20, over the layer 7 of optical or color filter array and
over the light sensors 3. The microlenses 8 may be made of PMMA (poly methyl
methacrylate), siloxane, silicon oxide, or silicon nitride. Other suitable materials may be
used for such microlenses 8.

[0055] Accordingly, the semiconductor wafer 100 can include a photosensitive area 55

where there are the light sensors 3, the layer 7 of optical or color filter array and the
10
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microlenses 8. The external light illuminating on the photosensitive area 55 can be
focused by the microlenses 8, filtered by the layer 7 of optical or color filter array, and
sensed by the light sensors 3 to generate electrical signals corresponding to the light
intensity. The semiconductor wafer 100 also includes a non-photosensitive area 56 where
there are the openings 6a in the passivation layer 6 exposing the regions of the metal
traces or pads 19. The photosensitive area 55 is surrounded by the non-photosensitive
area 56. Multiple metal pads or bumps 10 can be formed on the non-photosensitive area
56, as illustrated in Figs. 1 B-1F.

[0056] Referring to Fig. 1B, an adhesion/barrier layer 21 having a suitable thickness, e.g.,
between 1 nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7
micrometers, can be formed on the regions of the metal traces or pads 19 exposed by the
openings 6a, on the passivation layer 6, on the buffer layer 20, and on the microlenses 8.
The adhesion/barrier layer 21 can be formed by sputtering a titanium-containing layer,
such as titanium-tungsten-alloy layer, titanium-nitride layer or titanium layer, having a
suitable thickness, e.g., between 1 nanometer and 0.8 micrometers, and preferably
between 0.01 and 0.7 micrometers, on the regions of the metal traces or pads 19 exposed
by the openings 6a, on the passivation layer 6, on the buffer layer 20, and on the
microlenses 8. Alternatively, the adhesion/barrier layer 21 can be formed by sputtering a
chromium-containing layer, such as chromium layer, having a thickness, e.g., between 1
nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7 micrometers, on
the regions of the metal traces or pads 19 exposed by the openings 6a, on the passivation
layer 6, on the buffer layer 20, and on the microlenses 8. Alternatively, the
adhesion/barrier layer 21 can be formed by sputtering a tantalum-containing layer, such
as tantalum layer or tantalum-nitride layer, having a thickness, e.g., between 1 nanometer
and 0.8 micrometers, and preferably between 0.01 and 0.7 micrometers, on the regions
of the metal traces or pads 19 exposed by the openings 6a, on the passivation layer 6, on
the buffer layer 20, and on the microlenses 8. Alternatively, the adhesion/barrier layer 21
can be formed by sputtering a nickel (or nickel alloy) layer having a suitable thickness,
c.g., between 1 nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7
micrometers, on the regions of the metal traces or pads 19 exposed by the openings 6a,
on the passivation layer 6, on the buffer layer 20, and on the microlenses 8.

[0057] After forming the adhesion/barrier layer 21, a seed layer 22 having a suitable

thickness, e.g., between 0.01 and 2 micrometers, and preferably between 0.02 and 0.5
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micrometers, can be formed on the adhesion/barrier layer 21. The seed layer 22, for
example, can be formed by sputtering a copper layer having a thickness between 0.01
and 2 micrometers, and preferably between 0.02 and 0.5 micrometers, on the
adhesion/barrier layer 21 of any above-mentioned material. Alternatively, the seed layer
22 can be formed by sputtering a gold layer having a thickness between 0.01 and 2
micrometers, and preferably between 0.02 and 0.5 micrometers, on the adhesion/barrier
layer 21 of any above-mentioned material. Alternatively, the seed layer 22 can be formed
by sputtering a silver layer having a thickness between 0.01 and 2 micrometers, and
preferably between 0.02 and 0.5 micrometers, on the adhesion/barrier layer 21 of any
above-mentioned material. Alternatively, the seed layer 22 can be formed by sputtering
an aluminum-containing layer, such as aluminum layer, aluminum-copper alloy layer or
Al-Si-Cu alloy layer, having a thickness between 0.01 and 2 micrometers or between 0.4
and 3 micrometers on the adhesion/barrier layer 21 of any above-mentioned material.
Other materials, techniques, and dimensions may be used for the see layer 22.

[0058] Referring to Fig. 1C, after forming the seed layer 22, a patterned photoresist layer
23 can be formed on the seed layer 22 of any above-mentioned material, and multiple
openings 23a in the patterned photoresist layer 23 can expose multiple regions 22a of the
seed layer 22 of any above-mentioned material. Next, referring to Fig. 1D, a metal layer
24 can be formed on the regions 22a of the seed layer 22 of any above-mentioned
material. The metal layer 24 may have a thickness T1 between, for example, 1 and 15
micrometers, between 5 and 50 micrometers or between 3 and 100 micrometers, and
greater than that of the seed layer 22, that of the adhesion/barrier layer 21, that of each of
the metal traces or pads 19, and that of each of the interconnection layers 4, respectively.

[0059] For example, the metal layer 24 can be a single metal layer formed by
electroplating a gold layer having a thickness between 1 and 15 micrometers, between 5
and 50 micrometers or between 3 and 100 micrometers on the regions 22a of the seed
layer 22, preferably the above-mentioned gold layer for the seed layer 22, with an
clectroplating solution containing gold of between 1 and 20 grams per litter (g/1), and
preferably between 5 and 15 g/l, and sulfite ion of 10 and 120 g/1, and preferably
between 30 and 90 g/l. The electroplating solution may further include sodium ion, to be
turned into a solution of gold sodium sulfite (NazAu(SOs),), or may further include
ammonium ion, to be turned into a solution of gold ammonium sulfite

((NH4)3[ Au(SOs),2]). The electroplated gold layer can be used to be bonded with bond
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pads or inner leads 15 of the below-mentioned flexible substrate 9 or 9a by a
chip-on-film (COF) process or to be wirebonded thereto by the below-mentioned
wirebonded wires 42a, such as gold wires or copper wires.

[0060] Alternatively, the metal layer 24 can be a single metal layer formed by
electroplating a copper layer having a thickness between 1 and 15 micrometers, between
5 and 50 micrometers or between 3 and 100 micrometers on the regions 22a of the seed
layer 22, preferably the above-mentioned copper layer for the seed layer 22, with an
clectroplating solution containing CuSQ4, Cu(CN), or CuHPO,. The clectroplated
copper layer can be used to be bonded with bond pads or inner leads 15 of the
below-mentioned flexible substrate 9 or 9a by a chip-on-film (COF) process or to be
wirebonded thereto by the below-mentioned wirebonded wires 42a, such as gold wires or
copper wires.

[0061] Alternatively, the metal layer 24 can be a single metal layer formed by
electroplating a silver layer having a thickness between 1 and 15 micrometers, between 5
and 50 micrometers or between 3 and 100 micrometers on the regions 22a of the seed
layer 22, preferably the above-mentioned silver layer for the seed layer 22. The
electroplated silver layer can be used to be bonded with bond pads or inner leads 15 of
the below-mentioned flexible substrate 9 or 9a by a chip-on-film (COF) process or to be
wirebonded thereto by the below-mentioned wirebonded wires 42a, such as gold wires or
copper wires.

[0062] Alternatively, the metal layer 24 can include two (double) metal layers formed by
electroplating a copper layer having a thickness between 1 and 15 micrometers, between
5 and 50 micrometers or between 3 and 100 micrometers on the regions 22a of the seed
layer 22, preferably the above-mentioned copper layer for the seed layer 22, using the
above-mentioned electroplating solution for electroplating copper, and then
electroplating or electroless plating a gold layer having a thickness between 0.1 and 10
micrometers, and preferably between 0.5 and 5 micrometers, on the electroplated copper
layer in the openings 23a. The electroplated or electroless plated gold layer can be used
to be bonded with bond pads or inner leads 15 of the below-mentioned flexible substrate
9 or 9a by a chip-on-film (COF) process or to be wirecbonded thercto by the
below-mentioned wirebonded wires 42a, such as gold wires or copper wires.

[0063] Alternatively, the metal layer 24 can include three (triple) metal layers formed by

electroplating a copper layer having a thickness between 1 and 15 micrometers, between
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5 and 50 micrometers or between 3 and 100 micrometers on the regions 22a of the seed
layer 22, preferably the above-mentioned copper layer for the seed layer 22, using the
above-mentioned electroplating solution for electroplating copper, then electroplating or
electroless plating a nickel layer having a thickness between 0.5 and 8 micrometers, and
preferably between 1 and 5 micrometers, on the electroplated copper layer in the
openings 23a, and then electroplating or electroless plating a gold layer having a
thickness between 0.1 and 10 micrometers, and preferably between 0.5 and 5
micrometers, on the electroplated or electroless plated nickel layer in the openings 23a.
The electroplated or electroless plated gold layer can be used to be bonded with bond
pads or inner leads 15 of the below-mentioned flexible substrate 9 or 9a by a
chip-on-film (COF) process or to be wirebonded thereto by the below-mentioned
wirebonded wires 42a, such as gold wires or copper wires.

[0064] Alternatively, the metal layer 24 can include three (triple) metal layers formed by
electroplating a copper layer having a suitable thickness, e.g., between 1 and 15
micrometers, between 5 and 50 micrometers or between 3 and 100 micrometers on the
regions 22a of the seed layer 22, preferably the above-mentioned copper layer for the
seed layer 22, using the above-mentioned electroplating solution for electroplating
copper, then electroplating or electroless plating a nickel layer having a thickness
between 0.5 and 8 micrometers, and preferably between 1 and 5 micrometers, on the
electroplated copper layer in the openings 23a, and then electroplating or electroless
plating a platinum layer having a thickness between 0.1 and 10 micrometers, and
preferably between 0.5 and 5 micrometers, on the electroplated or electroless plated
nickel layer in the openings 23a. The electroplated or electroless plated platinum layer
can be used to be bonded with bond pads or inner leads 15 of the below-mentioned
flexible substrate 9 or 9a by a chip-on-film (COF) process or to be wirebonded thereto
by the below-mentioned wirebonded wires 42a, such as gold wires or copper wires.
[0065] Alternatively, the metal layer 24 can be formed by electroplating a copper layer
having a thickness between 1 and 15 micrometers, between 5 and 50 micrometers or
between 3 and 100 micrometers on the regions 22a of the seed layer 22, preferably the
above-mentioned copper layer for the seed layer 22, then electroplating or electroless
plating a nickel layer having a thickness between 0.5 and 8 micrometers, and preferably
between 1 and 5 micrometers, on the electroplated copper layer in the openings 23a, then

electroplating or electroless plating a platinum layer having a thickness between 0.1 and
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10 micrometers, and preferably between 0.5 and 5 micrometers, on the electroplated or
electroless plated nickel layer in the openings 23a, and then electroplating or electroless
plating a gold layer having a thickness between 0.1 and 10 micrometers, and preferably
between 0.5 and 5 micrometers, on the electroplated or electroless plated platinum layer
in the openings 23a. The electroplated or electroless plated gold layer can be used to be
bonded with bond pads or inner leads 15 of the below-mentioned flexible substrate 9 or
9a by a chip-on-film (COF) process or to be wirebonded thereto by the below-mentioned
wirebonded wires 42a, such as gold wires or copper wires.

[0066] Next, referring to Fig. 1E, the patterned photoresist layer 23 can be removed, as
indicated. Referring to Fig. 1F, after removing the photoresist layer 23, the seed layer 22
not under the metal layer 24 is removed by using a wet-etching process or a dry-etching
process. After removing the seed layer 22 not under the metal layer 24, the
adhesion/barrier layer 21 not under the metal layer 24 is removed by using a wet-etching
process or a dry-etching process.

[0067] After removing the adhesion/barrier layer 21 not under the metal layer 24, the
metal pads or bumps 10 can be formed on the regions of the metal traces or pads 19
exposed by the openings 6a and on the passivation layer 6. The metal pads or bumps 10
can be composed of the adhesion/barrier layer 21 of any above-mentioned material on
the regions of the metal traces or pads 19 exposed by the openings 6a and on the
passivation layer 6, the seed layer 22 of any above-mentioned material on the
adhesion/barrier layer 21, and the metal layer 24 of any above-mentioned material on the
seed layer 22. Sidewalls of the metal layer 24 are not covered by the adhesion/barrier
layer 21 and the seed layer 22. The metal pads or bumps 10 may have a suitable
thickness or height HI1, e.g, between 1 and 15 micrometers, between 5 and 50
micrometers or between 3 and 100 micrometers, and a suitable width W1, e.g., between
5 and 100 micrometers, and preferably between 5 and 50 micrometers. From a top
perspective view, each of the metal pads or bumps 10 can be a circle-shaped metal pad or
bump with a diameter, e.g., between 5 and 100 micrometers, and preferably between 5
and 50 micrometers, a square-shaped metal pad or bump with a width between 5 and 100
micrometers, and preferably between 5 and 50 micrometers, or a rectangle-shaped metal
pad or bump having a shorter width between 5 and 100 micrometers, and preferably
between 5 and 50 micrometers.

[0068] Next, referring to Fig. 1G, a patterned adhesive polymer 25 having a suitable
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thickness, e.g., between 10 and 300 micrometers, and preferably between 20 and 100
micrometers, can be formed on a bottom surface 11a of a transparent substrate 11 by
using a screen printing process, using a process including a laminating and a
photolithography process, or using a spin-coating process and a photolithography
process. The material of the patterned adhesive polymer 25 can be epoxy, polyimide,
SU-8 or acrylic or other suitable material. The transparent substrate 11, such as silicon
based glass or acrylic, may have a thickness T2, ¢.g., between 200 and 500 micrometers,
and preferably between 300 and 400 micrometers. The transparent substrate 11 may also
include silica, alumina, gold, silver or metal oxide, e.g., Cu,O, CuO, CdO, CO,03, NizOs
or MnO,. The glass substrate may contain a UV absorption composition, such as cerium,
iron, copper, lead. The glass substrate may have a thickness between 100 and 1000
microns or between 100 and 500 microns or 100 and 300 microns.

[0069] Next, referring to Fig. 1H, the patterned adhesive polymer 25 attaches the
transparent substrate 11, such as glass substrate, to the semiconductor wafer 100 using a
thermal compressing process at a temperature between 150° C and 500° C, and
preferably between 180° C and 250° C. After attaching the transparent substrate 11 to the
semiconductor wafer 100, a cavity, free space or air space 26 is formed between and
enclosed by the patterned adhesive polymer 25, the passivation layer 6 and the bottom
surface 11a of the transparent substrate 11. The bottom surface 11a of the transparent
substrate 11 provides the top end of the cavity, free space or air space 26, and the
patterned adhesive polymer 25 provides the sidewall(s) of the cavity, free space or air
space 26. A vertical distance D1 between a top of one of the microlenses 8 and the
bottom surface 11a of the transparent substrate 11 can be, e.g., between 10 and 300
micrometers, and preferably between 20 and 100 micrometers. An air gap is between a
top of one of the microlenses § and the bottom surface 11a of the transparent substrate 11,
and the cavity, free space or air space 26 can be an airtight space or a space
communicating with an ambient environment through an opening or gap in the patterned
adhesive polymer 25.

[0070] Alternatively, the patterned adhesive polymer 25 can be formed on the
semiconductor wafer 100 by a screen printing process and the photosensitive area 55 of
the semiconductor wafer 100 is uncovered by the patterned adhesive polymer 25. Next,
the transparent substrate 11 is mounted on the patterned adhesive polymer 25 by using a

thermal compressing process at a temperature between 150° C and 500° C, and
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preferably between 180° C and 250° C. Next, the patterned adhesive polymer 25 can be
optionally cured at the temperature between 130° C and 300° C. Accordingly, the
transparent substrate 11 can be attached to the semiconductor wafer 100 by the patterned
adhesive polymer 25, and the cavity, free space or air space 26 can be formed between
and enclosed by the patterned adhesive polymer 25, the semiconductor wafer 100 and
the bottom surface 11a of the transparent substrate 11.

[0071] Next, referring to Fig. 11, an adhesive material 27, for example, epoxy, polyimide,
SU-8 or acrylic having a suitable thickness, e.g., between 20 and 150 micrometers, and
preferably between 30 and 70 micrometers, can be formed on a top surface 11b of the
transparent substrate 11, then an infrared (IR) cut filter 12 having a thickness, e.g.,
between 50 and 300 micrometers, and preferably between 100 and 200 micrometers, is
mounted on the adhesive material 27. The adhesive material 27 can then be cured at a
suitable temperature, e.g., between 130° C and 300° C, to attach the infrared (IR) cut
filter 12 to the top surface 11b of the transparent substrate 11. The material of the
infrared (IR) cut filter 12 may include soda-lime silica or borosilicate; other suitable
material(s) may of course be used for filter 12.

[0072] Accordingly, the infrared (IR) cut filter 12 can be formed over the cavity, free
space or air space 26, over the microlenses 8, over the layer 7 of optical or color filter
array and over the light sensors 3, and a cavity, free space or air space 28 can be formed
between and enclosed by the adhesive material 27, a bottom surface 12b of the infrared
(IR) cut filter 12 and the top surface 11b of the transparent substrate 11. The cavity, free
space or air space 28 is over the cavity, free space or air space 26, over the microlenses 8,
the layer 7 of optical or color filter array, and over the light sensors 3. The bottom
surface 12b of the infrared (IR) cut filter 12 provides the top end of the cavity, free space
or air space 28, the top surface 11b of the transparent substrate 11 provides the bottom
end of the cavity, free space or air space 28, and the adhesive material 27 provides the
sidewall(s) of the cavity, free space or air space 28. A vertical distance D2 between the
top surface 11b of the transparent substrate 11 and the bottom surface 12b of the infrared
(IR) cut filter 12 can be between 20 and 150 micrometers, and preferably between 30
and 70 micrometers. An air gap can be present between the top surface 11b of the
transparent substrate 11 and the bottom surface 12b of the infrared (IR) cut filter 12, and
the cavity, free space or air space 28 can be an airtight space or a space communicating

with an ambient environment through an opening or gap in the adhesive material 27.
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[0073] Next, referring to Fig. 1J, a portion of suitable covering material, e.g., low or
medium tack blue tape of suitable thickness (not shown), can be attached to the bottom
surface 1b of the semiconductor substrate 1 of the semiconductor wafer 100, and then
multiple portions of the transparent substrate 11 and the patterned adhesive polymer 25
over the metal pads or bumps 10 can be removed, ¢.g., by a self-cutting process of a
thick sawing blade cutting it with a cutting depth D3 between 200 and 500 micrometers.
Accordingly, top surfaces 10a of the metal pads or bumps 10 are not covered by any of
the transparent substrate 11 and the patterned adhesive polymer 25. The patterned
adhesive polymer 25 can have a first region 25a contacting with the bottom surface 11a
of the transparent substrate 11 and a second region 25b uncovered by the transparent
substrate 11 and existing substantially coplanar with the top surfaces 10a of the metal
pads or bumps 10, where the first region 25a is at a first horizontal level higher than a
second horizontal level, where the second region 25b is.

[0074] Next, referring to Fig. 1K, a die-sawing process can be performed by using a thin
sawing blade or a laser cutting process to cut through the semiconductor wafer 100 to
form an image or light sensor chip 99. An oxygen plasma etching process, used to
remove a portion of the patterned adhesive polymer 25 not under the transparent
substrate 11 to expose upper portions of the metal pads or bumps 10, can be performed
before or after the die-sawing (or cutting) process, such that the metal pads or bumps 10
have a suitable height H2, extruding from the patterned adhesive polymer 25, e.g.,
between 0.5 and 20 micrometers, and preferably between 5 and 15 micrometers. After
the die-sawing process and the oxygen plasma etching process, the covering tape (such
as low tack blue tape) can be removed from the image or light sensor chip 99. The
oxygen plasma etching process can be omitted if the metal layer 24 of the metal pads or
bumps 10 of the image or light sensor chip 99 is used to be wirebonded thereto, and
Accordingly, the top surfaces 10a of the metal pads or bums 10 can be substantially
coplanar with the second region 25b of the patterned adhesive polymer 25.

[0075] If a thin sawing blade is used to cut through the semiconductor wafer 100 in the
die-sawing process, the thick sawing blade used in the step illustrated in Fig. 1J may
have a width greater than that of the thin sawing blade used in the die-sawing process by
more than 150 micrometers, such as between 150 micrometers and 1 millimeter or
between 200 and 500 micrometers.

[0076] Using the above-mentioned steps illustrated in Figs. 1A-1K, the image or light
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sensor chip 99 can be fabricated as shown in Fig. 1K. The image or light sensor chip 99
includes the photosensitive area 55 where there are the light sensors 3, the layer 7 of
optical or color filter array over the light sensors 3, the microlenses 8 over the layer 7 of
optical or color filter array and over the light sensors 3, the transparent substrate 11 over
the microlenses 8, over the layer 7 of optical or color filter array and over the light
sensors 3, and the infrared (IR) cut filter 12 over the transparent substrate 11, over the
microlenses &, over the layer 7 of optical or color filter array and over the light sensors 3,
and includes the non-photosensitive area 56 where there are the patterned adhesive
polymer 25 on the passivation layer 6 and the metal pads or bumps 10 in the patterned
adhesive polymer 25, on the regions of the metal traces or pads 19 and on the passivation
layer 6. A vertical distance D4 between the bottom surface 1la of the transparent
substrate 11 and the top surface of the passivation layer 6 can be, e.g., between 20 and
150 micrometers, and preferably between 30 and 70 micrometers, and can be greater
than the height H1 of the metal pads or bumps 10. A vertical distance D5 between the top
surface 10a of the metal pad and bump 10 and the bottom surface 11a of the transparent
substrate 11 can be greater than 5 micrometers, such as between 5 and 50 micrometers or
between 50 and 100 micrometers. The metal traces or pads 19 are the topmost metal
traces or pads having a width smaller than 1 micrometer under the passivation layer 6,
that is, over the metal traces or pads 19 is no metal layer having a width smaller than 1
micrometer, in the image or light sensor chip 99. It is noted that an element in Fig. 1K
indicated by the same reference number as indicated for a like or similar element in Figs.
1A-1L can have the same material(s) and/or specification as the respective element
illustrated in Figs. 1A-1L.

[0077] Fig. 1L shows cross-sectional views of a flexible substrate 9 and the image or
light sensor chip 99 illustrated in Fig. 1K. The flexible substrate 9 may be a flexible
circuit film, a flexible printed-circuit board or a tape-carrier-package (TCP) tape. The
flexible substrate 9, for example, can include a polymer layer 14a having a suitable
thickness, e.g., between 10 and 50 micrometers, multiple bond pads or inner leads 15
having a thickness between 0.1 and 3 micrometers, and preferably between 0.2 and 1
micrometers, multiple metal traces 13 having a thickness between 5 and 20 micrometers
on the polymer layer 14a and on the bond pads or inner leads 15, a polymer layer 14b
having a thickness between 10 and 50 micrometers on the metal traces 13, and multiple

connection pads or outer leads 16 having a thickness between 0.25 and 16 micrometers,
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and preferably between 3 and 10 micrometers, on the metal traces 13 exposed by
multiple openings 140 in the polymer layer 14b.

[0078] The metal traces 13 can include a copper layer 13a having a thickness, e.g.,
between 5 and 20 micrometers on the polymer layer 14a and on the bond pads or inner
leads 15, and an adhesion layer 13b having a thickness between 0.01 and 0.5
micrometers on a top surface of the copper layer 13a. The polymer layer 14b is on the
adhesion layer 13b of the metal traces 13, and the connection pads or outer leads 16 are
on the adhesion layer 13b of the metal traces 13 exposed by the openings 140 in the
polymer layer 14b. The adhesion layer 13b can be a chromium layer having a thickness
between 0.01 and 0.1 micrometers on the top surface of the copper layer 13a, or a nickel
layer having a thickness between 0.01 and 0.5 micrometers on the top surface of the
copper layer 13a. Other suitable adhesion layer materials may be used.

[0079] The polymer layer 14a can be, e.g., a polyimide layer, an epoxy layer, a
polybenzobisoxazole (PBO) layer, a polyethylene layer or a polyester layer on a bottom
surface of the copper layer 13a. The polymer layer 14b can be, e.g., a polyimide layer, an
epoxy layer, a polybenzobisoxazole (PBO) layer, a polyethylene layer or a polyester
layer on the adhesion layer 13b.

[0080] The bond pads or inner leads 15, for example, can be formed by suitable
techniques including, but not limited to, electroless plating a tin-containing layer of pure
tin, a tin-silver alloy, a tin-silver-copper alloy or a tin-lead alloy having a thickness, e.g.,
between 0.1 and 3 micrometers, and preferably between 0.2 and 1 micrometers, on the
bottom surface of the copper layer 13a, or electroless plating a gold layer having a
thickness, e.g., between 0.1 and 3 micrometers, and preferably between 0.2 and 1
micrometers, on the bottom surface of the copper layer 13a. The bond pads or inner leads
15 of the flexible substrate 9 can be used to be joined with the metal pads or bumps 10 of
the image or light sensor chip 99 or with the below-mentioned metal structures 57 of the
below-mentioned image or light sensor chip 99b.

[0081] The connection pads or outer leads 16, for example, can be formed by electroless
plating a nickel layer having a thickness, e.g., between 0.2 and 15 micrometers, and
preferably between 3 and 10 micrometers, on the adhesion layer 13b exposed by the
openings 140 in the polymer layer 14b, and then electroless plating a wettable layer of
pure tin, a tin-silver alloy, a tin-silver-copper alloy, a tin-lead alloy, gold, platinum,

palladium or ruthenium having a thickness between 0.05 and 1 micrometers on the
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electroless plated nickel layer. Alternatively, before electroless plating the nickel layer,
the adhesion layer 13b exposed by the openings 140 in the polymer layer 14b can be
optionally dry or wet etched until the copper layer 13a under the openings 140 is
exposed. Next, the nickel layer can be electroless plated on the copper layer 13a exposed
by the openings 140, and then the wettable layer of pure tin, a tin-silver alloy, a
tin-silver-copper alloy, a tin-lead alloy, gold, platinum, palladium or ruthenium is
electroless plated on the electroless plated nickel layer.

[0082] Referring to Fig. 1M, the bond pads or inner leads 15 of the flexible substrate 9
are bonded with the metal pads or bumps 10 of the image or light sensor chip 99 by a
chip-on-film (COF) process. For example, the bond pads or inner leads 15 of the flexible
substrate 9 can be thermally pressed onto the metal pads or bumps 10 of the image or
light sensor chip 99 at a temperature of between 490° C and 540° C, and preferably of
between 500° C and 520° C, for a time of between 1 and 10 seconds, and preferably of
between 3 and 6 seconds.

[0083] After the chip-on-film process, an alloy 29, such as a tin alloy, a tin-gold alloy or
a gold alloy, may be formed between the copper layer 13a and the metal layer 24 of the
metal pads or bumps 10. For example, if the bond pads or inner leads 15 are formed with
the above-mentioned tin-containing layer and boned with a gold layer at the top of the
metal layer 24 of the metal pads or bumps 10, the alloy 29 of tin and gold can be formed
between the copper layer 13a and the metal layer 24 of the metal pads or bumps 10 after
the metal pads or bumps 10 are bonded with the bond pads or inner leads 15.

[0084] Alternatively, if the material of the bond pads or inner leads 15 is the same as that
of the top of the top of the metal layer 24, there is no alloy formed between the copper
layer 13a and the metal layer 24 of the metal pads or bumps 10 after the chip-on-film
process. For example, if the bond pads or inner leads 15 are formed with the
above-mentioned gold layer and boned with a gold layer at the top of the metal layer 24
of the metal pads or bumps 10, there is no alloy formed between the copper layer 13a
and the metal layer 24 of the metal pads or bumps 10 after the metal pads or bumps 10
are bonded with the bond pads or inner leads 15.

[0085] The metal pads or bumps 10 after being bonded with the flexible substrate 9 have
a thickness or height, e.g., between 1 and 15 micrometers, between 5 and 50 micrometers
or between 3 and 100 micrometers and smaller than the vertical distance D4 between the

bottom surface 11a of the transparent substrate 11 and the top surface of the passivation
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layer 6, and a width, e.g., between 5 and 100 micrometers, and preferably between 5 and
50 micrometers, after the chip-on-film process. Each of the metal pads or bumps 10
bonded with the flexible substrate 9 can be a circle-shaped metal pad or bump with a
diameter, e.g., between 5 and 100 micrometers, and preferably between 5 and 50
micrometers, a square-shaped metal pad or bump with a width between 5 and 100
micrometers, and preferably between 5 and 50 micrometers, or a rectangle-shaped metal
pad or bump having a shorter width between 5 and 100 micrometers, and preferably
between 5 and 50 micrometers.

[0086] The metal pads or bumps 10 after being bonded with the flexible substrate 9 have
a desired thickness or height, e.g., between 1 and 15 micrometers, between 5 and 50
micrometers or between 3 and 100 micrometers, and include the adhesion/barrier layer
21 of any above-mentioned material on the regions of the metal traces or pads 19
exposed by the openings 6a and on the passivation layer 6, the seed layer 22 of any
above-mentioned material on the adhesion/barrier layer 21, and the metal layer 24 of any
above-mentioned material on the seed layer 22.

[0087] For example, the metal pads or bumps 10 after being bonded with the flexible
substrate 9 may include the adhesion/barrier layer 21 of a titanium-tungsten alloy,
titanium nitride, titanium, tantalum nitride or tantalum having a thickness between 1
nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7 micrometers, on
the regions of the metal traces or pads 19 exposed by the openings 6a and on the
passivation layer 6, the seed layer 22 of copper having a thickness between 0.01 and 2
micrometers, and preferably between 0.02 and 0.5 micrometers, on the adhesion/barrier
layer 21 of above-mentioned material, and the metal layer 24 including an electroplated
copper layer having a thickness between 1 and 15 micrometers, between 5 and 50
micrometers or between 8 and 20 micrometers on the seed layer 22 of copper, an
electroplated or electroless plated nickel layer having a thickness between 0.5 and 8
micrometers, and preferably between 1 and 5 micrometers, on the electroplated copper
layer, and an electroplated or electroless plated gold layer having a thickness between
0.1 and 10 micrometers, and preferably between 0.5 and 5 micrometers, between the
electroplated or electroless plated nickel layer and the alloy 29 of tin and gold when the
bond pads or inner leads 15 are formed of a tin-containing layer or between the
electroplated or electroless plated nickel layer and the bond pads or inner leads 15 of

gold on a bottom surface of the copper layer 13a uncovered by the polymer layer 14a
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when the bond pads or inner leads 15 are formed of a gold layer.

[0088] Alternatively, the metal pads or bumps 10 after being bonded with the flexible
substrate 9 may include the adhesion/barrier layer 21 of a titanium-tungsten alloy,
titanium nitride, titanium, tantalum nitride or tantalum having a thickness between 1
nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7 micrometers, on
the regions of the metal traces or pads 19 exposed by the openings 6a and on the
passivation layer 6, the seed layer 22 of copper having a thickness between 0.01 and 2
micrometers, and preferably between 0.02 and 0.5 micrometers, on the adhesion/barrier
layer 21 of above-mentioned material, and the metal layer 24 including an electroplated
copper layer having a thickness between 1 and 15 micrometers, between 5 and 50
micrometers or between 8 and 20 micrometers on the seed layer 22 of copper, and an
electroplated or electroless plated nickel layer having a thickness between 0.5 and 8
micrometers, and preferably between 1 and 5 micrometers, between the electroplated
copper layer and the alloy 29 of tin and gold when the bond pads or inner leads 15 are
formed of a tin-containing layer or between the eclectroplated copper layer and a gold
layer on the bottom surface of the copper layer 13a uncovered by the polymer layer 14a
when the bond pads or inner leads 15 are formed of a gold layer.

[0089] Alternatively, the metal pads or bumps 10 after being bonded with the flexible
substrate 9 may include the adhesion/barrier layer 21 of a titanium-tungsten alloy,
titanium-nitride or titanium having a thickness between 1 nanometer and 0.8
micrometers, and preferably between 0.01 and 0.7 micrometers, on the regions of the
metal traces or pads 19 exposed by the openings 6a and on the passivation layer 6, the
seed layer 22 of gold having a thickness between 0.01 and 2 micrometers, and preferably
between 0.02 and 0.5 micrometers, on the adhesion/barrier layer 21 of above-mentioned
material, and the metal layer 24 of gold having a thickness between 1 and 15
micrometers, between 5 and 50 micrometers or between 3 and 100 micrometers on the
seed layer 22 of gold. When the bond pads or inner leads 15 are formed of a
tin-containing layer, the metal layer 24 of gold is between the seed layer 22 of gold and
the alloy 29 of tin and gold and contacts with the seed layer 22 of gold and the alloy 29
of tin and gold. When the bond pads or inner leads 15 are formed of a gold layer, the
metal layer 24 of gold is between the seed layer 22 of gold and the bond pads or inner
leads 15 of gold on the bottom surface of the copper layer 13a uncovered by the polymer

layer 14a.
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[0090] Next, referring to Fig. IN, an encapsulation material 30, such as epoxy or
polyimide with carbon or glass filler, encloses upper portions of the metal pads or bumps
10 and a portion of the flexible substrate 9 bonded with the metal pads or bumps 10 by
using a molding or dispensing process. An adhesive material 31 having a thickness, e.g.,
between 20 and 80 micrometers, can be formed on the bottom surface 1b of the
semiconductor substrate 1 of the image or light sensor chip 99 before or after forming
the encapsulation material 30. The material of the adhesive material 31 may be silver
epoxy, polyimide, polybenzobisoxazole (PBO) or acrylic. After forming the adhesive
material 31, the flexible substrate 9 can be bent to have the polymer layer 14a of the
flexible substrate 9 attached to the bottom surface 1b of the semiconductor substrate 1 of
the image or light sensor chip 99 by the adhesive material 31 using a thermal
compressing process at a temperature between 150° C and 500° C, and preferably
between 180° C and 250 °C, e.g., as indicated in Fig. 10.

[0091] After attaching the polymer layer 14a of the flexible substrate 9 to the bottom
surface 1b of the semiconductor substrate 1, the connection pads or outer leads 16 of the
flexible substrate 9 are under the bottom surface 1b of the semiconductor substrate 1, and
the flexible substrate 9 has a first portion bonded with the metal pads or bumps 10, a
second portion at a sidewall of the image or light sensor chip 99, and a third portion
attached to the bottom surface 1b of the semiconductor substrate 1. The first portion of
the flexible substrate 9 is connected to the third portion of the flexible substrate 9
through the second portion of the flexible substrate 9.

[0092] Next, referring to Fig. 1P, using a suitable process, e.g., a ball-planting process
and a reflowing process or using a solder printing process and a reflowing process,
multiple solder balls 50 of a suitable solder, e.g., Sn-Ag-Cu alloy, a Sn-Ag alloy, a
Sn-Ag-Bi alloy, a Sn-Au alloy, an In layer, a Sn-In alloy, a Ag-In alloy and/or a Sn-Pb
alloy, can be formed on the wettable layer of the connection pads or outer leads 16, and
an alloy 32, such as a tin-gold alloy, a tin-silver alloy, a tin-silver-copper alloy, a tin-lead
alloy, may be formed between the copper layer 13a and the solder balls 50. As a result,
the solder balls 50 having a height, e.g., between 50 and 500 micrometers, can be formed
under the bottom surface 1b of the semiconductor substrate 1.

[0093] Accordingly, as shown in Fig. 1P, an image or light sensor package 999 can be
provided with the image or light sensor chip 99, the flexible substrate 9 and the solder

balls 50. The image or light sensor package 999 can be mounted on an external circuit,
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such as ball-grid-array (BGA) substrate, printed circuit board, semiconductor chip, metal
substrate, glass substrate or ceramic substrate, through the solder balls 50, and the metal
pads or bumps 10 of the image or light sensor chip 99 can be connected to the external
circuit through the metal traces 13 of the flexible substrate 9 and the solder balls 50.
[0094] Figs. 2A-2G depict another process for forming the image or light sensor package
999, in accordance with exemplary embodiments of the present disclosure. Referring to
Fig. 2A, after performing the steps illustrated in Figs. 1A-1H, the step illustrated in Fig.
1T can be skipped and the step illustrated in Fig.1J can be performed to make the top
surfaces 10a of the metal pads or bumps 10 uncovered by any of the transparent substrate
11 and the patterned adhesive polymer 25. Next, referring to Fig. 2B, the step illustrated
in Fig. 1K can be performed to form an image or light sensor chip 99 that is similar to
the image or light sensor chip 99 shown in Fig. 1K except that there is no infrared (IR)
cut filter (such as filter 12 shown in Fig. 1K) attached to the transparent substrate 11 by
the adhesive material 27. Next, the steps/processes shown and described for Figs. 1M-1P
can be performed as shown in Fig. 2C. Next, referring to Fig. 2D, the step/process shown
and described for Fig. 11 can be performed to attach an infrared (IR) cut filter 12 to the
top surface 11b of the transparent substrate 11 by the adhesive material 27. It should be
noted that an element in Figs. 2A-2D indicated by the same reference number as for a
like or similar element indicated in Figs. 1A-1P can have the same material(s) and/or
specification as the respective element illustrated in Figs. 1A-1P.

[0095] Figs. 3A-3D show a process for forming an image or light sensor package
according to exemplary embodiments of the present disclosure. Referring to Fig. 3A, an
adhesive material 33, e.g., one of silver epoxy, polyimide or acrylic, etc., is formed on a
top surface of a package substrate 34 by a dispensing process or a screen-printing
process, then the image or light sensor chip 99 illustrated in Fig. 1K is mounted onto the
adhesive material 33, and then the adhesive material 33 is baked at a suitable
temperature, e.g., between 100° C and 200° C to attach the image or light sensor chip 99
to the top surface of the package substrate 34.

[0096] For example, the package substrate 34, such as rigid printed circuit board,
flexible printed circuit board, flexible substrate or ball-grid-array substrate, may include
a metallization structure having multiple connection traces or pads 35, multiple copper
layers 41 and multiple metal traces or pads 36, a layer 37 of solder mask or solder resist

at the bottom surface of the package substrate 34, a layer 38 of solder mask or solder
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resist at the top surface of the package substrate 34, and an insulating layer, e.g., made of
ceramic, Bismaleimide Triazine (BT), Flame Retardant material (FR-4 or FR-5),
polyimide and/or Polybenzobisoxazole (PBO), between the copper layers 41. Multiple
openings 37a in the layer 37 of solder mask or solder resist expose bottom surfaces of
the connection traces or pads 35, and a metal layer 39 is formed on the bottom surfaces
of the connection traces or pads 35 exposed by the openings 37a. Multiple openings 38a
in the layer 38 of solder mask or solder resist expose top surfaces of the metal traces or
pads 36, and a metal layer 40 is formed on the top surfaces of the metal traces or pads 36
exposed by the openings 38a.

[0097] The connection traces or pads 35 can be connected to the metal traces or pads 36
through the copper layers 41. The copper layers 41 have a thickness between 5 and 30
micrometers, and can be formed by an electroplating process. The layers 37 and 38 of
solder mask or solder resist can be a photo sensitive epoxy, polyimide or acrylic.

[0098] The connection traces or pads 35 can be formed with a copper layer having a
thickness between 5 and 30 micrometers, and the metal layer 39 can be formed with a
nickel layer having a thickness between 0.1 and 10 micrometers on a bottom surface of
the copper layer exposed by the openings 37a, and a wettable layer of gold, platinum,
palladium, ruthenium or a ruthenium alloy having a thickness between 0.05 and 5
micrometers on a bottom surface of the nickel layer.

[0099] The metal traces or pads 36 can be formed with a copper layer having a thickness
between 5 and 30 micrometers, and the metal layer 40 can be formed with a nickel layer
having a thickness between 1 and 10 micrometers on a top surface of the copper layer
exposed by the openings 38a, and a layer of gold, copper, aluminum or palladium having
a thickness, e.g., between 0.01 and 5 micrometers, and preferably between 0.05 and 1
micrometers, on a top surface of the nickel layer.

[0100] Next, referring to Fig. 3B, using a wire-bonding process, one end of each
wirebonded wire 42 can be ball bonded with the metal layer 24 of one of the metal pads
or bumps 10 of the image or light sensor chip 99, and the other end of each wirebonded
wire 42 can be wedge bonded with the metal layer 40 of the package substrate 34.
Accordingly, the metal pads or bumps 10 of the image or light sensor chip 99 can be
connected to the metal traces or pads 36 of the package substrate 34 through the
wirebonded wires 42.

[0101] The wirebonded wires 42 may each be made of suitable wire material, e.g.,
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include a wire 42a of gold or copper having a suitable wire diameter D9 between, e.g.,
10 and 20 micrometers or between 20 and 50 micrometers. The wires can each have a
ball bond 42b at an end of the wire 42a to be ball bonded with the metal layer 24 of one
of the metal pads or bumps 10, and a wedge bond at the other end of the wire 42a to be
wedge bonded with the metal layer 40 of the package substrate 34. For example, the
wirebonded wires 42 can be wirebonded gold wires each having the wire 42a of gold
having the wire diameter D9 and the ball bond 42b at an end of the wire 42a to be ball
bonded with the gold layer, the copper layer, the aluminum layer or the palladium layer
of the metal layer 24, where a contact area between the ball bond 42b and the metal layer
24 may have a width, e.g., between 10 and 25 micrometers or between 25 and 75
micrometers. Each of the wirebonded gold wires can be wedge bonded with the layer of
gold, copper, aluminum or palladium of the metal layer 40 of the package substrate 34.
[0102] Alternatively, the wirebonded wires 42 can be wirebonded copper wires each
having the wire 42a of copper having the wire diameter D9 and the ball bond 42b at an
end of the wire 42a to be ball bonded with the gold layer, the copper layer, the aluminum
layer or the palladium layer of the metal layer 24, where a contact area between the ball
bond 42b and the metal layer 24 may have a suitable width, e.g., between 10 and 25
micrometers or between 25 and 75 micrometers. Each of the wirebonded copper wires
can be wedge bonded with the layer of gold, copper, aluminum or palladium of the metal
layer 40 of the package substrate 34.

[0103] Next, referring to Fig. 3C, an encapsulation material 43 of epoxy or polyimide
containing carbon or glass filler can be formed on the wirebonded wires 42, on the top
surface of the package substrate 34 and at sidewalls of the image or light sensor chip 99,
encapsulating the wirebonded wires 42 and a top portion of the metal layer 24 of the
metal pads or bumps 10, by a molding process or a dispensing process.

[0104] Next, referring to Fig. 3D, a solder can be formed on the wettable layer of the
metal layer 39 of the package substrate 34 by a ball planting process or a screen printing
process, and then the solder can be reflowed and fused with the wettable layer to form
multiple solder balls 44 having a suitable diameter, e.g., between 0.25 and 1.2
millimeters on the nickel layer of the metal layer 39 of the package substrate 34.
Accordingly, an image or light sensor package 998 can be provided with the package
substrate 34, the image or light sensor chip 99 attached to the top surface of the package

substrate 34, the wirebonded wires 42 connecting the metal pads or bumps 10 of the
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image or light sensor chip 99 to the metal traces or pads 36 of the package substrate 34,
and the solder balls 44 formed on the bottom surface of the package substrate 34. The
material of the solder balls 44 can be a Sn-Ag-Cu alloy, a Sn-Ag alloy, a Sn-Ag-Bi alloy,
a Sn-Au alloy or a Sn-Pb alloy in preferred embodiments, though others may be used.
The solder balls 44 can be connected to the wirebonded wires 42 through the connection
traces or pads 35, the copper layers 41 and the metal traces or pads 36.

[0105] Next, referring to Fig. 3E, a lens holder 45, for holding one or more lenses 46,
can be attached to the layer 38 of solder mask or solder resist of the package substrate 34
by an adhesive polymer or metal solder. Accordingly, an image or light sensor module
can be provided with the package substrate 34, the image or light sensor chip 99 attached
to the top surface of the package substrate 34, the wirebonded wires 42, encapsulated
with the encapsulation material 43, connecting the metal pads or bumps 10 of the image
or light sensor chip 99 to the metal traces or pads 36 of the package substrate 34, the
solder balls 44 formed on the bottom surface of the package substrate 34, and the lens
holder 45 with the set of lens 46 attached to the layer 38 of solder mask or solder resist
of the package substrate 34 by the adhesive polymer or metal solder. The set of lens 46
can be over the infrared (IR) cut filter 12, the transparent substrate 11, the microlenses &,
the layer 7 of optical or color filter array and the light sensors 3 of the image or light
sensor chip 99.

[0106] Fig. 3F is a cross sectional view depicting another example of an image or light
sensor module, in accordance with an embodiment of the present disclosure. The image
or light sensor module shown in Fig. 3F is similar to that shown in Fig. 3E except that
there is no encapsulation material enclosing the wirebonded wires 42, and there are no
solder balls formed on the bottom surface of the package substrate 34. The process flow
for forming the image or light sensor module shown in Fig. 3F is similar to that for
forming the image or light sensor module shown in Fig. 3E except that there is no step of
forming the encapsulation material 43 shown in Fig. 3C and there is no step of forming
the solder balls 44 shown in Fig. 3D.

[0107] Figs. 4A-4E show a process for forming an image or light sensor package
according to exemplary embodiments of the present disclosure. Referring to Fig. 4A, the
image or light sensor chip 99 illustrated in Fig. 1K can be attached to the top surface of
the package substrate 34 illustrated in Fig. 3A by the adhesive material 33 of silver

epoxy, polyimide or acrylic, and the step shown in Fig. 4A can be referred to as the step
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illustrated in Fig. 3A.

[0108] After attaching the image or light sensor chip 99 to the top surface of the package
substrate 34, a flexible substrate 9a, such as flexible circuit film, tape-carrier-package
(TCP) tape or flexible printed-circuit board, is going to be bonded with the metal pads or
bumps 10 of the image or light sensor chip 99. The flexible substrate 9a shown in Fig.
4A is similar to the flexible substrate 9 shown in Fig. 1L except that there are no
connection pads or outer leads 16 on the metal traces 13 exposed by the openings 140 in
the polymer layer 14b, and there are multiple connection pads or outer leads 16a formed
on a bottom surface of the copper layer 13a of the metal traces 13 uncovered by the
polymer layer 14a. The connection pads or outer leads 16a, for example, can be formed
form a metal layer of pure tin, a tin-silver alloy, a tin-silver-copper alloy, a tin-lead alloy,
gold, platinum, palladium or ruthenium having a thickness between 0.1 and 3
micrometers, and preferably between 0.2 and 1 micrometers, on the bottom surface of
the copper layer 13a of the metal traces 13 by an electroless plating. It is noted that an
element in Fig. 4A indicated by the same reference number as indicated for a like or
similar element in Fig. 1L can have the same material(s) and/or specification as the
respective element illustrated in Fig. 1L.

[0109] Referring to Fig. 4B, the bond pads or inner leads 15 (shown in Fig. 4A) of the
flexible substrate 9a can be bonded with the metal pads or bumps 10 of the image or
light sensor chip 99 by a chip-on-film (COF) process, and the step shown in Fig. 4B can
be referred to as the step illustrated in Fig. 1M.

[0110] After the chip-on-film process, the alloy 29, such as a tin alloy, a tin-gold alloy or
a gold alloy, may be formed between the copper layer 13a and the metal layer 24 of the
metal pads or bumps 10. Alternatively, if the material of the bond pads or inner leads 15
is the same as that of the top of the metal layer 24, there is no alloy formed between the
copper layer 13a of the flexible substrate 9a and the metal layer 24 of the metal pads or
bumps 10 after the chip-on-film process. For more detailed description, please refer to
the illustration in Fig, 1M.

[0111] The metal pads or bumps 10 after being bonded with the flexible substrate 9a
may have a thickness or height between 5 and 50 micrometers, and preferably between
10 and 20 micrometers, and a width between 5 and 100 micrometers, and preferably
between 5 and 50 micrometers, after the chip-on-film process. The specification of the

metal pads or bumps 10 after being bonded with the flexible substrate 9a as shown in Fig,
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4B can be referred to as the specification of the metal pads or bumps 10 after being
bonded with the flexible substrate 9 as illustrated in Fig. 1M.

[0112] Next, referring to Fig. 4C, the connection pads or outer leads 16a (shown in Fig,
4B) of the flexible substrate 9a are bonded with the metal layer 40 of the package
substrate 34 by a heat pressing process. For example, the connection pads or outer leads
16a of the flexible substrate 9a can be thermally pressed onto the metal layer 40 of the
package substrate 34 at a temperature of between 490° C and 540° C, and preferably of
between 500° C and 520° C, for a time of between 1 and 10 seconds, and preferably of
between 3 and 6 seconds.

[0113] After the heat pressing process, a metal layer 47 may be formed between the
copper layer 13a of the flexible substrate 9a and the nickel layer of the metal layer 40 of
the package substrate 34. For example, if the connection pads or outer leads 16a are
formed of a tin-containing layer and boned with the gold layer of the metal layer 40, the
metal layer 47, e.g., of a tin-gold alloy can be formed between the copper layer 13a of
the flexible substrate 9a and the nickel layer of the metal layer 40 of the package
substrate 34 after the connection pads or outer leads 16a are bonded with the gold layer
of the metal layer 40. Alternatively, if the connection pads or outer leads 16a are formed
of a gold layer and bonded with the gold layer of the metal layer 40, the metal layer 47
of gold can be formed between the copper layer 13a of the flexible substrate 9a and the
nickel layer of the metal layer 40 of the package substrate 34 after the connection pads or
outer leads 16a are bonded with the gold layer of the metal layer 40.

[0114] Accordingly, the flexible substrate 9a has a first portion bonded with the metal
layer 24 of the metal pads or bumps 10, a second portion at a sidewall of the image or
light sensor chip 99, and a third portion bonded with the metal layer 40 of the package
substrate 34. The first portion of the flexible substrate 9a can be connected to the third
portion of the flexible substrate 9a through the second portion of the flexible substrate 9a.
The metal pads or bumps 10 of the image or light sensor chip 99 can be connected to the
metal traces or pads 36 of the package substrate 34 through the metal traces 13 of the
flexible substrate 9a.

[0115] Next, referring to Fig. 4D, an encapsulation material 43 of epoxy or
polyimide containing carbon or glass filler can be formed on the flexible substrate 9a and
at sidewalls of the image or light sensor chip 99, encapsulating the flexible substrate 9a

and a top portion of the metal layer 24 of the metal pads or bumps 10, by a molding
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process or a dispensing process.

[0116] Next, referring to Fig. 4E, the solder balls 44 can be formed on the metal layer 39
of the package substrate 34, and the step shown in Fig. 4E can be referred to as the step
illustrated in Fig. 3D. The solder balls 44 can be connected to the flexible substrate 9a
through the connection traces or pads 35, the copper layers 41 and the metal traces or
pads 36. Accordingly, an image or light sensor package 997 can be provided with the
package substrate 34, the image or light sensor chip 99 attached to the top surface of the
package substrate 34, the flexible substrate 9a connecting the metal pads or bumps 10 of
the image or light sensor chip 99 to the metal traces or pads 36 of the package substrate
34, and the solder balls 44 formed on the bottom surface of the package substrate 34.
[0117] Next, referring to Fig. 4F, a lens holder 45, for holding one or more lenses 46,
can be attached to the layer 38 of solder mask or solder resist of the package substrate 34
by an adhesive polymer or a metal solder. Therefore, an image or light sensor module
can be provided with the package substrate 34, the image or light sensor chip 99 attached
to the top surface of the package substrate 34, the flexible substrate 9a, encapsulated
with the encapsulation material 43, connecting the metal pads or bumps 10 of the image
or light sensor chip 99 to the metal traces or pads 36 of the package substrate 34, the
solder balls 44 formed on the bottom surface of the package substrate 34, and the lens
holder 45 with the set of lens 46 attached to the layer 38 of solder mask or solder resist
of the package substrate 34 by the adhesive polymer or metal solder. The set of lens 46 is
over the infrared (IR) cut filter 12, the transparent substrate 11, the microlenses 8, the
layer 7 of optical or color filter array and the light sensors 3 of the image or light sensor
chip 99.

[0118] Fig. 4G is a cross sectional view depicting another example of an image or light
sensor module, in accordance with the present disclosure. The image or light sensor
module shown in Fig. 4G is similar to that shown in Fig. 4F except that there is no
encapsulation material enclosing the flexible substrate 9a, and there are no solder balls
formed on the bottom surface of the package substrate 34. The process flow for forming
the image or light sensor module shown in Fig. 4G is similar to that for forming the
image or light sensor module shown in Fig. 4F except that there is no step of forming the
encapsulation material 43 shown in Fig. 4D and there is no step of forming the solder
balls 44 shown in Fig. 4E.

[0119] Figs. SA-5C show a process for forming an image or light sensor package
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according to exemplary embodiments of the present disclosure. Referring to Fig. SA, the
image or light sensor chip 99 illustrated in Fig. 1K can be attached to the top surface of a
substrate 48 by an adhesive material 33 of silver epoxy, polyimide or acrylic. The
substrate 48, such as ceramic substrate or organic substrate, may include multiple metal
pads 49 at the top surface of the substrate 48, multiple metal pads 50 at the bottom
surface of the substrate 48, and a metallization structure between the top surface and the
bottom surface of the substrate 48. The metal pads 49 are connected to the metal pads 50
through the metallization structure of the substrate 48.

[0120] Next, referring to Fig. 5B, using a wire-bonding process, one end of each
wirebonded wire 42 can be ball bonded with the metal layer 24 of one of the metal pads
or bumps 10 of the image or light sensor chip 99, and the other end of each wirebonded
wire 42 can be wedge bonded with one of the metal pads 49 of the substrate 48.
Accordingly, the metal pads or bumps 10 of the image or light sensor chip 99 can be
connected to the metal pads 49 of the substrate 48 through the wirebonded wires 42. The
specification of the wirebonded wires 42 ball bonded with the metal layer 24 as shown in
Fig. 5B can be referred to as the specification of the wirebonded wires 42 ball bonded
with the metal layer 24 as illustrated in Fig. 3B.

[0121] Next, referring to Fig. 5C, an encapsulation material 51 of epoxy or polyimide
containing carbon or glass filler can be formed on the wirebonded wires 42, on the top
surface of the substrate 48 and at sidewalls of the image or light sensor chip 99,
encapsulating the wirebonded wires 42 and a top portion of the metal layer 24 of the
metal pads or bumps 10, by a molding process. The top surface 12a of the infrared (IR)
cut filter 12 is not covered with the encapsulation material 51, and the top surface S1a of
the encapsulation material 51 is substantially coplanar with the top surface 12a of the
infrared (IR) cut filter 12 of the image or light sensor chip 99.

[0122] Accordingly, an image or light sensor package 996 can be provided with the
substrate 48, the image or light sensor chips 99 attached to the top surface of the
substrate 48 by the adhesive material 33, the wirebonded wires 42 connecting the metal
pads or bumps 10 of the image or light sensor chip 99 to the metal pads 49 of the
substrate 48, and the encapsulation material 51 formed by a molding process on the top
surface of the substrate 48, on the wirebonded wires 42 and at sidewalls of the image or
light sensor chip 99, encapsulating the wirebonded wires 42 and a top portion of

the metal layer 24 of the metal pads or bumps 10. The image or light sensor package 996
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can be connected to an external circuit, such as printed circuit board, ball-grid-array
(BGA) substrate, metal substrate, ceramic substrate or glass substrate, through the metal
pads 50. If the substrate 48 is a ceramic substrate, the image or light sensor package 996
is a ceramic leadless chip carrier (CLCC) package. If the substrate 48 is an organic
substrate, the image or light sensor package 996 is an organic leadless chip carrier
(OLCC) package.

[0123] Figs. 6A-6C show a process for forming a quad flat no-lead (QFN) package
according to exemplary embodiments of the present disclosure. Referring to Fig. 6A, the
image or light sensor chips 99 illustrated in Fig. 1K can be attached to a die paddle 52a
of a lead frame 52 by an adhesive material 33 of silver epoxy, polyimide or acrylic. The
lead frame 52 has leads 52b arranged around the periphery of the die paddle 52a, and a
gold or silver layer (not shown) may be formed on top surfaces of the leads 52b.

[0124] Next, referring to Fig. 6B, using a wire-bonding process, one end of each
wirebonded wire 42 can be ball bonded with the metal layer 24 of one of the metal pads
or bumps 10 of the image or light sensor chip 99, and the other end of each wirebonded
wire 42 can be wedge bonded with the gold or silver layer formed on the leads 52b of the
lead frame 52. Accordingly, the metal pads or bumps 10 of the image or light sensor chip
99 can be connected to the leads 52b of the lead frame 52 through the wirebonded wires
42. The specification of the wirebonded wires 42 ball bonded with the metal layer 24 as
shown in Fig. 6B can be referred to as the specification of the wirebonded wires 42 ball
bonded with the metal layer 24 as illustrated in Fig. 3B.

[0125] Next, referring to Fig. 6C, an encapsulation material 51 of suitable composition,
¢.g., epoxy or polyimide containing carbon or glass filler, can be formed on the lead
frame 52, on the wirebonded wires 42 and at sidewalls of the image or light sensor chip
99, encapsulating the wirebonded wires 42 and a top portion of the metal layer 24 of the
metal pads or bumps 10, by a molding process. The top surface 12a of the infrared (IR)
cut filter 12 is not covered with the encapsulation material 51, and the top surface S1a of
the encapsulation material 51 is coplanar with the top surface 12a of the infrared (IR) cut
filter 12 of the image or light sensor chip 99.

[0126] Accordingly, a quad flat no-lead (QFN) package 995 is provided with the lead
frame 52, the image or light sensor chips 99 attached to the die paddle 52a of the lead
frame 52 by the adhesive material 33, the wirebonded wires 42 connecting the metal

pads or bumps 10 of the image or light sensor chip 99 to the leads 52b of the lead frame
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52, and the encapsulation material 51 formed by a molding process on the lead frame 52,
on the wirebonded wires 42 and at sidewalls of the image or light sensor chip 99,
encapsulating the wirebonded wires 42 and a top portion of the metal layer 24 of the
metal pads or bumps 10. The quad flat no-lead (QFN) package 995 can be connected to
an external circuit, such as printed circuit board, ball-grid-array (BGA) substrate, metal
substrate, ceramic substrate or glass substrate, through the leads 52b.

[0127] Fig. 7 is a cross sectional view depicting an example of a plastic leaded chip
carrier (PLCC) package, in accordance with further embodiments of the present
disclosure. The PLCC can be formed with a lead frame 53, the image or light sensor
chip 99 illustrated in Fig. 1K attached to a die attach pad 53a of the lead frame 53 by an
adhesive material 33 of silver epoxy, polyimide or acrylic, the wirebonded wires 42
comnecting the metal pads or bumps 10 of the image or light sensor chip 99 to J-shaped
leads 53b of the lead frame 53, and an encapsulation material 54 formed by a molding
process, encapsulating the wirebonded wires 42, a top portion of the metal layer 24 of
the metal pads or bumps 10, and inner leads of the J-shaped leads 53b, and covering
sidewalls of the image or light sensor chip 99 and a bottom surface of the die attach pad
53a. The J-shaped leads 53b are arranged around the periphery of the die attach pad 53a,
and have outer leads not covered with the encapsulation material 54. The top surface 12a
of the infrared (IR) cut filter 12 is not covered with the encapsulation material 54, and
the top surface 54a of the encapsulation material 54 is substantially coplanar with the top
surface 12a of the infrared (IR) cut filter 12 of the image or light sensor chip 99. The
specification of the wirebonded wires 42 ball bonded with the metal layer 24 as shown in
Fig. 7 can be referred to as the specification of the wirecbonded wires 42 ball bonded with
the metal layer 24 as illustrated in Fig. 3B. The plastic leaded chip carrier (PLCC)
package can be connected to an external circuit, such as printed circuit board, ceramic
substrate, ball-grid-array (BGA) substrate, metal substrate or glass substrate, through the
J-shaped leads 53b.

[0128] Figs. 8A-8F show a process for forming an image or light sensor chip according
to further embodiments of the present disclosure. Referring to Fig. 8A, a semiconductor
wafer 100 is similar to the semiconductor wafer 100 shown in Fig. 1A except that there
is a polymer layer 58 having a thickness between 2 and 30 micrometers formed on the
passivation layer 6. Multiple openings 58a and 58b in the polymer layer 58 are over

multiple regions 19a and 19b of the metal traces or pads 19 exposed by the openings 6a
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in the passivation layer 6 and expose them. The openings 6a are over the regions 19a and
19b, and the regions 19a and 19b are at bottoms of the openings 6a.

[0129] After forming the polymer layer 58, a layer 7 of optical or color filter array can
be formed on the polymer layer 58, over the light sensors 3 and over the transistors of
the light sensors 3, then the buffer layer 20 is formed on the layer 7 of optical or color
filter array, and then the microlenses 8 are formed on the buffer layer 20, over the layer 7
of optical or color filter array and over the light sensors 3. An element in Fig. 8A
indicated by the same reference number as indicated for a like or similar element in Fig,
1A can have the same material(s) and/or specification as the respective element
illustrated in Fig. 1A.

[0130] Next, referring to Fig. 8B, multiple structures 57, such as metal pads, metal
bumps, metal pillars or metal traces, can be formed on the regions 19a and 19b exposed
by the openings 58a and 58b, on the polymer layer 58 and in the openings 58a and 58b.
The metal structures 57 may have a thickness T3 between 1 and 15 micrometers,
between 5 and 50 micrometers or between 3 and 100 micrometers, and a width between
5 and 100 micrometers, and preferably between 5 and 50 micrometers. The metal
structures 57 can be connected to the semiconductor devices 2 and the light sensors 3
through the metal traces or pads 19, the interconnection layers 4 and the via plugs 17 and
18.

[0131] The metal structures 57 can be formed by the following steps, which are similar
to the steps illustrated in Figs. 1B-1F. First, the adhesion/barrier layer 21 illustrated in
Fig. 1B can be formed on the regions 19a and 19b of the metal traces or pads 19 exposed
by the openings 58a and 58b, on the polymer layer 58 and on the microlenses 8. Next,
the seed layer 22 illustrated in Fig. 1B can be formed on the adhesion/barrier layer 21.
Next, the patterned photoresist layer 23 can be formed on the seed layer 22, and multiple
openings in the photoresist layer 23 can expose multiple regions of the seed layer 22.
Next, the metal layer 24 illustrated in Fig. 1D can be formed on the regions of the seed
layer 22 exposed by the openings in the patterned photoresist layer 23. Next, the
patterned photoresist layer 23 can be removed. Next, the seed layer 22 not under the
metal layer 24 can be removed by using a wet-etching process or a dry-etching process.
Next, the adhesion/barrier layer 21 not under the metal layer 24 can be removed by using
a wet-etching process or a dry-etching process. Accordingly, each of the metal structures

57 can be composed of the adhesion/barrier layer 21 of any material mentioned in Fig.
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1B on the regions 19a and 19b of the metal traces or pads 19 and on the polymer layer 58,
the seed layer 22 of any material mentioned in Fig. 1B on the adhesion/barrier layer 21,
and the metal layer 24 of any material mentioned in Fig. 1D on the seed layer 22, where
the metal layer 24 has sidewalls not covered by the adhesion/barrier layer 21 and the
seed layer 22.

[0132] Next, referring to Fig. 8C, a patterned adhesive polymer 25 attaches a transparent
substrate 11, such as glass substrate, to the top surface of the semiconductor wafer 100
using a thermal compressing process, e.g., at a temperature between 150° C and 500° C,
and preferably between 180° C and 250° C. After attaching the transparent substrate 11
to the top surface of the semiconductor wafer 100, a cavity, free space or air space 26 is
formed between and enclosed by the patterned adhesive polymer 25, the polymer layer
58 and a bottom surface 11a of the transparent substrate 11. An air gap is between a top
of one of the microlenses 8 and the bottom surface 11a of the transparent substrate 11,
and a vertical distance D1 between a top of one of the microlenses 8 and the bottom
surface 1la of the transparent substrate 11 is between 10 and 300 micrometers, and
preferably between 20 and 100 micrometers. The specification of the cavity, free space
or air space 26 as shown in Fig. 8C can be referred to as the specification of the cavity,
free space or air space 26 as illustrated in Fig. 1H.

[0133] Next, referring to Fig. 8D, the step illustrated in Fig. 1I can be performed to
attach the infrared (IR) cut filter 12 to the top surface 11b of the transparent substrate 11
by the adhesive material 27. For more detailed description, please refer to the illustration
in Fig. 11.

[0134] Next, referring to Fig. 8E, a covering material, e.g., blue tape (not shown), can be
attached to the bottom surface 1b of the semiconductor substrate 1, and then multiple
portions of the transparent substrate 11 and the patterned adhesive polymer 25 over the
metal structures 57 can be removed by a self-cutting process of a thick sawing blade
cutting it with a cutting depth D6 between 200 and 500 micrometers. Accordingly, top
surfaces 57a of the metal structures 57 are not covered by any of the transparent
substrate 11 and the patterned adhesive polymer 25. The patterned adhesive polymer 25
have a first region 25a contacting with the bottom surface 1la of the transparent
substrate 11 and a second region 25b uncovered by the transparent substrate 11 and
existing substantially coplanar with the top surfaces 57a of the metal structures 57,

where the first region 25a is at a first horizontal level higher than a second horizontal
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level, at which the second region 25b is, and a vertical distance D7 between the first
region 25a and the second region 25b is greater than 5 micrometers, such as between 5
and 50 micrometers or between 50 and 100 micrometers. A vertical distance D8 between
the top surface of the polymer layer 58 and the bottom surface 11a of the transparent
substrate 11 can be between 20 and 150 micrometers, and preferably between 30 and 70
micrometers, and can be greater than the thickness T3 of the metal structures 57.

[0135] Next, referring to Fig. 8F, a die-sawing process is performed by using a thin
sawing blade or a laser cutting process to cut through the semiconductor wafer 100 to
form an image or light sensor chip 99b. If a thin sawing blade is used to cut through the
semiconductor wafer 100 in the die-sawing process, the thick sawing blade used in the
self-cutting process may have a width greater than that of the thin sawing blade used in
the die-sawing process by more than 150 micrometers, such as between 150 micrometers
and 1 millimeter or between 200 and 500 micrometers. After the die-sawing process, the
image or light sensor chip 99b is detached from the covering material, e.g., blue tape.
[0136] The image or light sensor chip 99b includes a photosensitive area 55 where there
are the light sensors 3, the layer 7 of optical or color filter array over the light sensors 3,
the microlenses 8 over the layer 7 of optical or color filter array and over the light
sensors 3, the transparent substrate 11 over the microlenses 8, over the layer 7 of optical
or color filter array and over the light sensors 3, and the infrared (IR) cut filter 12 over
the transparent substrate 11, over the microlenses 8, over the layer 7 of optical or color
filter array and over the light sensors 3, and includes a non-photosensitive area 56 where
there are the patterned adhesive polymer 25 on the polymer layer 58 and the metal
structures 57 in the patterned adhesive polymer 25, on the regions 19a and 19b of the
metal traces or pads 19, on the polymer layer 58 and in the openings 58a and 58b. The
metal structure 57 of the image or light sensor chip 99b connect one of the metal traces
or pads 19 to another one of the metal traces or pads 19, that is, the region 19a of the
metal trace or pad 19 can be connected to the region 19b of the metal trace or pad 19
through the metal structure 57, where a gap can be between the metal traces or pads 19
can be connected through the metal structure 57.

[0137] Alternatively, an oxygen plasma etching process, used to remove a portion of the
patterned adhesive polymer 25 not under the transparent substrate 11 to expose upper
portions of the metal structures 57, can be performed before or after the die-sawing

process, such that the metal structures 57 have a height, extruding from the patterned
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adhesive polymer 25, , e.g., between 0.5 and 20 micrometers, and preferably between 5
and 15 micrometers. Accordingly, the metal structures 57 of the image or light sensor
chip 99b have the upper portions uncovered by the patterned adhesive polymer 25, and
bonded with the bond pads or inner leads 15 of the above-mentioned flexible substrate 9
or 9a by a chip-on-film (COF) process or with multiple metal pads of another substrate,
such as ball-grid-array (BGA) substrate, printed circuit board, metal substrate, glass
substrate or ceramic substrate.

[0138] Fig. 8G is a cross-sectional view depicting an image or light sensor package 994
according to the present disclosure. The image or light sensor chip 99b shown in Fig. 8F
can be packaged by the steps illustrated in Figs. 3A-3D to form an image or light sensor
package 994. The wirecbonded wires 42 can each have one end ball bonded with the
metal layer 24 of one of the metal structures 57 of the image or light sensor chip 99b,
and the other end wedge bonded with the metal layer 40 of the package substrate 34. The
specification of the wirebonded wires 42 ball bonded with the metal layer 24 as shown in
Fig. 8G can be referred to as the specification of the wirebonded wires 42 ball bonded
with the metal layer 24 as illustrated in Fig. 3B. The encapsulation material 43 can be
formed on the wirebonded wires 42, on the top surfaces 57a of the metal structures 57,
on the top surface of the package substrate 34 and at sidewalls of the image or light
sensor chip 99b, encapsulating the wirebonded wires 42. An element in Fig. 8G
indicated by the same reference number as indicated for a like or similar element in Figs.
3A-3D and 8A-8F can have the same material(s) and/or specification as the respective
element illustrated in Figs. 3A-3D and 8A-8F.

[0139] Fig. 8H is a cross sectional view depicting an image or light sensor package 993
that is similar to the image or light sensor package 994 shown in Fig. 8G except that the
polymer layer 58 is omitted. An element in Fig. 8H indicated by the same reference
number as indicated for a like or similar element in Figs. 3A-3D and 8A-8F can have or
be made of the same material(s) and have the same specification as the respective
element illustrated in Figs. 3A-3D and 8A-8F.

[0140] Figs. 9A-9H show a process for forming an image or light sensor chip according
to further embodiments of the present disclosure. Referring to Fig. 9A, a semiconductor
wafer 100 is provided with a semiconductor substrate 1, multiple etching stops 9%,
multiple semiconductor devices 2, multiple light sensors 3, multiple interconnection

layers 4, multiple dielectric layers 5, multiple via plugs 17 and 18, multiple metal traces
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or pads 19 and a passivation layer 6. Multiple openings 6a in the passivation layer 6 are
over multiple regions of the metal traces or pads 19 and expose them, and the regions of
the metal traces or pads 19 are at bottoms of the openings 6a. The semiconductor
substrate 1 can be a silicon substrate, a silicon-germanium substrate or a gallium
arsenide (GaAs) substrate, and has a thickness T4 between 50 micrometers and 1
millimeter, and preferably between 75 and 250 micrometers. An element in Fig. 9A
indicated by the same reference number as indicated for a like or similar element in Fig,
1A can have the same material(s) and/or specification as the respective element
illustrated in Fig. 1A.

[0141] The etching stops 98 having a width W2, e.g., between 0.05 and 10 micrometers,
between 0.1 and 5 micrometers or between 0.1 and 2 micrometers are formed in the
semiconductor substrate 1 and have first surfaces 98¢ and second surfaces 98d opposite
to the first surfaces 98c. The second surfaces 98d may be substantially coplanar with the
top surface 1a of the semiconductor substrate 1, and a vertical distance D13 between the
first surface 98¢ and the second surface 98d can be between, e.g., 1.5 and 5 micrometers,
between 1 and 10 micrometers or between 5 and 50 micrometers. The etching stops 98
may include a first layer 98a and a second layer 98b at a bottom surface and sidewalls of
the first layer 98a. For example, when the first layer 98a may include a layer of silicon
oxide or polysilicon having a thickness between, e.g., 1.5 and 5 micrometers, between 1
and 10 micrometers or between 5 and 50 micrometers, the second layer 98b may include
a nitride layer, such as silicon nitride or silicon oxynitride, having a thickness, e.g.,
between 0.05 and 2 micrometers or between 1 and 5 micrometers at a bottom surface and
sidewalls of the layer of silicon oxide or polysilicon, where the nitride layer 98b and the
layer 98a of silicon oxide or polysilicon can be formed by a chemical vapor deposition
(CVD) process. Alternatively, when the first layer 98a may include a metal layer of
copper, gold or aluminum having a thickness, e.g., between 1.5 and 5 micrometers,
between 1 and 10 micrometers or between 5 and 50 micrometers, the second layer 98b
may include a nitride layer, such as silicon nitride or silicon oxynitride, having a
thickness, e.g., between 0.05 and 2 micrometers or between 1 and 5 micrometers at a
bottom surface and sidewalls of the metal layer of copper, gold or aluminum, where the
metal layer 98a of copper, gold or aluminum can be formed by a process including
electroplating, electroless plating or sputtering, and the nitride layer 98b can be formed

by a chemical vapor deposition (CVD) process.
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[0142] Next, referring to Fig. 9B, multiple metal structures 59 including metal structures
59a and 59b can be formed on the regions of the metal traces or pads 19 exposed by the
openings 6a and on the passivation layer 6. The metal structure 59a is formed on two
metal traces or pads 19 exposed by the openings 6a and connects the two metal traces or
pads 19, where a gap can be between the metal traces or pads 19 connected through the
metal structure 59a. The metal structure 59b is formed on two regions of one of the metal
traces or pads 19 exposed by the openings 6a. The metal structures 59 including the
metal structures 59a and 59b can be metal pads, metal bumps, metal pillars or metal
traces, and may have a height or thickness H3, e.g., between 1 and 15 micrometers,
between 5 and 50 micrometers or between 3 and 100 micrometers. The metal structures
59 can be connected to the semiconductor devices 2 and the light sensors 3 through the
metal traces or pads 19, the via plugs 17 and 18 and the interconnection layers 4.

[0143] The metal structures 59 including the metal structures 59a and 59b can be formed
by the following steps, which are similar to the steps illustrated in Figs. 1B-1F. First, the
adhesion/barrier layer 21 illustrated in Fig. 1B can be formed on the regions of the metal
traces or pads 19 exposed by the openings 6a and on the passivation layer 6. Next, the
seed layer 22 illustrated in Fig. 1B can be formed on the adhesion/barrier layer 21. Next,
the patterned photoresist layer 23 can be formed on the seed layer 22, and multiple
openings in the photoresist layer 23 can expose multiple regions of the seed layer 22.
Next, the metal layer 24 illustrated in Fig. 1D can be formed on the regions of the seed
layer 22 exposed by the openings in the patterned photoresist layer 23. Next, the
patterned photoresist layer 23 can be removed. Next, the seed layer 22 not under the
metal layer 24 can be removed by using a wet-etching process or a dry-etching process.
Next, the adhesion/barrier layer 21 not under the metal layer 24 can be removed by using
a wet-etching process or a dry-etching process. An element in Fig. 9B indicated by the
same reference number as indicated in Figs. 1B-1F can have or be made of the same
material(s) and/or have the same specification as the respective element illustrated in
Figs. 1B-1F.

[0144] Next, referring to Fig. 9C, an adhesive polymer 60 attaches a substrate 61 to the
top surface of the semiconductor wafer 100 using a thermal compressing process at a
temperature between 150° C and 500° C, and preferably between 180° C and 250° C.
The metal structures 59 are enclosed by the adhesive polymer 60, and the adhesive

polymer 60 contacts with sidewalls of the metal structures 59. The material of the
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adhesive polymer 60 includes epoxy, polyimide, SU-8 or acrylic. The substrate 61 has a
top surface 61a and a bottom surface 61b, and a vertical distance D10 between the top
surface of the passivation layer 6 and the bottom surface 61b is between, e.g., 5 and 300
micrometers, and preferably between 10 and 50 micrometers. The substrate 61 can be a
silicon substrate, a polymer-containing substrate, a glass substrate, a ceramic substrate or
a metal substrate including copper or aluminum, where the polymer-containing substrate
may include, e.g., acrylic. The substrate 61 has a thickness TS5 between, e.g., 50
micrometers and 1 millimeter, between 100 and 500 micrometers or between 100 and
300 micrometers.

[0145] Next, referring to Fig. 9D, the semiconductor wafer 100 is flipped over, and then
the semiconductor substrate 1 is thinned to expose the first surfaces 98c of the etching
stops 98 by grinding or chemical mechanical polishing (CMP) the bottom surface 1b of
the semiconductor substrate 1. Accordingly, the thinned semiconductor substrate 1 has a
thickness T6 between, e.g., 1.5 and 5 micrometers, between 1 and 10 micrometers or
between 3 and 50 micrometers, and the first surfaces 98c of the etching stops 98 are
substantially coplanar with the bottom surface 1b of the thinned semiconductor substrate
1. Alternatively, the above-mentioned step of flipping over the semiconductor wafer 100
can be moved after the above-mentioned step of thinning the semiconductor substrate 1,
to perform the following processes.

[0146] Next, referring to Fig. 9E, a layer 7 of optical or color filter array can be formed
on the bottom surface 1b of the thinned semiconductor substrate 1, over the light sensors
3 and over the transistors of the light sensors 3, then a buffer layer 20 can be formed on
the layer 7 of optical or color filter array, and then multiple microlenses 8 can be formed
on the buffer layer 20, over the layer 7 of optical or color filter array and over the light
sensors 3. The specification of the layer 7 of optical or color filter array, the buffer layer
20 and the microlenses 8 as shown in Fig. 9E can be referred to as the specification of
the layer 7 of optical or color filter array, the buffer layer 20 and the microlenses 8 as
illustrated in Fig. 1A.

[0147] Next, referring to Fig. 9F, a patterned adhesive polymer 25 attaches a transparent
substrate 11 to the bottom surface 1b of the thinned semiconductor substrate 1 using a
thermal compressing process at a temperature between 150° C and 500° C, and
preferably between 180° C and 250° C. After attaching the transparent substrate 11 to the

bottom surface 1b of the thinned semiconductor substrate 1, a cavity, free space or air
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space 26 is formed between and enclosed by the patterned adhesive polymer 25, the
bottom surface 1b of the thinned semiconductor substrate 1 and a bottom surface 11a of
the transparent substrate 11. An air gap is between a top of one of the microlenses 8 and
the bottom surface 11a of the transparent substrate 11, and a vertical distance D1
between a top of one of the microlenses 8 and the bottom surface 11a of the transparent
substrate 11 is between 10 and 300 micrometers, and preferably between 20 and 100
micrometers. The specification of the cavity, free space or air space 26 as shown in Fig,.
9F can be referred to as the specification of the cavity, free space or air space 26 as
illustrated in Fig. 1H.

[0148] Referring to Fig. 9G, after the step illustrated in Fig. 9F, the semiconductor wafer
100 is flipped over, then a covering material, e.g., blue tape (not shown), can be attached
to the transparent substrate 11, and then multiple portions of the substrate 61 and the
adhesive polymer 60 over the metal structures 59 are removed, e.g., by a self-cutting
process of a thick sawing blade cutting it with a cutting depth D11 between 200 and 500
micrometers. Accordingly, top surfaces 59a of the metal structures 59 are not covered by
any of the substrate 61 (shown with top and bottom surfaces 61a and 61b, respectively)
and the adhesive polymer 60. The adhesive polymer 60 has a first region 60a contacting
with the bottom surface 61b of the substrate 61 and a second region 60b uncovered by
the substrate 61 and existing substantially coplanar with the top surfaces 59a of the metal
structures 59, where the first region 60a is at a first horizontal level higher than a second
horizontal level, at which the second region 60b is, and a vertical distance D12 between
the first region 60a and the second region 60b is, e.g., greater than 5 micrometers, such
as between 5 and 50 micrometers or between 50 and 100 micrometers.

[0149] Next, referring to Fig. 9H, a die-sawing/cutting process can be performed, e.g.,
by using a thin sawing blade or a laser cutting process to cut through the semiconductor
wafer 100 to form an image or light sensor chip 99c. If a thin sawing blade is used to cut
through the semiconductor wafer 100 in the die-sawing process, the thick sawing blade
used in the step illustrated in Fig. 9G may have a width greater than that of the thin
sawing blade used in the die-sawing process by more than 150 micrometers, such as
between 150 micrometers and 1 millimeter or between 200 and 500 micrometers. After
the die-sawing process, the image or light sensor chip 99¢ can be detached or removed
from the covering material, e.g., blue tape.

[0150] Alternatively, an oxygen plasma etching process, used to remove a portion of the
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adhesive polymer 60 not under the substrate 61 to expose upper portions of the metal
structures 59, can be performed before or after the die-sawing process, such that the
metal structures 59 have a height, extruding from the adhesive polymer 60, ¢.g., between
0.5 and 20 micrometers, and preferably between 5 and 15 micrometers. Accordingly, the
metal structures 59 of the image or light sensor chip 99c¢ have the upper portions
uncovered by the adhesive polymer 60, and bonded with the bond pads or inner leads 15
of the above-mentioned flexible substrate 9 or 9a by a chip-on-film (COF) process or
with multiple metal pads of a substrate, such as ball-grid-array (BGA) substrate, printed
circuit board, metal substrate, glass substrate or ceramic substrate.

[0151] Alternatively, a polymer layer having a thickness between 2 and 30 micrometers
can be formed on the passivation layer 6 before forming the metal structures 59
illustrated in Fig. 9B, where multiple openings in the polymer layer are over the regions
of the metal traces or pads 19 exposed by the openings 6a and expose them. After
forming the polymer layer, the step illustrated in Fig. 9B can be performed to form the
metal structures 59 on the polymer layer, in the openings in the polymer layer and on the
regions of the metal traces or pads 19 exposed by the openings in the polymer layer,
where the adhesion/barrier layer 21 can be formed on the polymer layer, in the openings
in the polymer layer and on the regions of the metal traces or pads 19 exposed by the
openings in the polymer layer. Next, the steps illustrated in Figs. 9C-9H can be
performed to form the image or light sensor chip 99c.

[0152] Figs. 91-9] show a process for forming an image or light sensor package
according to embodiments of the present disclosure. Referring to Fig. 91, the top surface
61a of the substrate 61 of the above-mentioned image or light sensor chip 99¢ can be
attached to a top surface of a package substrate 34 by an adhesive material 33 of silver
epoxy, polyimide or acrylic. The package substrate 34 shown in Fig. 91 is similar to that
shown in Fig. 3A except that there are multiple openings 34a in the package substrate 34.
The metal layer 39 which is formed on the bottom surfaces of the connection traces or
pads 35 includes the metal layers 39a and 39b.

[0153] After attaching the substrate 61 of the image or light sensor chip 99¢ to the
package substrate 34, multiple wirebonded wires 42 can connect the metal structures 59
of the image or light sensor chip 99¢ to the metal layer 39a of the package substrate 34
passing through the openings 34a using a wire-bonding process. The wirebonded wires

42 each include a wire 42a of gold or copper having a wire diameter D9 between 10 and
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20 micrometers or between 20 and 50 micrometers, a ball bond 42b at an end of the wire
42a to be ball bonded with the metal layer 24 of one of the metal structures 59, and a
wedge bond at the other end of the wire 42a to be wedge bonded with the metal layer
39a of the package substrate 34. The specification of the wirebonded wires 42 ball
bonded with the metal layer 24 as shown in Fig. 91 can be referred to as the specification
of the wirebonded wires 42 ball bonded with the metal layer 24 as illustrated in Fig. 3B.
[0154] After forming the wirebonded wires 42, an encapsulation material 43 of epoxy or
polyimide containing carbon or glass filler can be formed on the wirebonded wires 42,
on the top surfaces 59a of the metal structures 59, on the layers 37 and 38 of solder mask
or solder resist, at the sidewalls of the substrate 61 and in the openings 34a,
encapsulating the wirebonded wires 42, by a dispensing process.

[0155] Next, referring to Fig. 9J, after forming the encapsulation material 43, multiple
solder balls 44 having a diameter, e.g., between 0.25 and 1.2 millimeters can be formed
on the metal layer 39b of the package substrate 34. The material of the solder balls 44
can be, e¢.g., a Sn-Ag-Cu alloy, a Sn-Ag alloy, a Sn-Ag-Bi alloy, a Sn-Au alloy or a
Sn-Pb alloy. The process of forming the solder balls 44 on the metal layer 39b of the
package substrate 34 as shown in Fig. 9J can be referred to as the process of forming the
solder balls 44 on the metal layer 39 of the package substrate 34 as illustrated in Fig. 3D.
[0156] After forming the solder balls 44, an encapsulation material 62 of epoxy or
polyimide containing carbon or glass filler can be formed on the layer 38 of solder mask
or solder resist and at the sidewalls of the image or light sensor chip 99¢ by a molding
process.

[0157] After forming the encapsulation material 62, the step illustrated in Fig. 11 can be
performed to attach the infrared (IR) cut filter 12 to the top surface 11b of the transparent
substrate 11 by the adhesive material 27. For more detailed description, please refer to
the illustration in Fig. 11.

[0158] Accordingly, an image or light sensor package 992 can be provided with the
image or light sensor chip 99c, the package substrate 34, the wirebonded wires 42, the
solder balls 44, and the infrared (IR) cut filter 12. The top surface 12a of the infrared (IR)
cut filter 12 and the top surface 11b of the transparent substrate 11 are not covered with
the encapsulation material 62, and the top surface 62a of the encapsulation material 62
can be substantially coplanar with the top surface 11b of the transparent substrate 11.

The wirebonded wires 42 can be connected to the solder balls 44 through the connection
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traces or pads 35 and the copper layers 41 of the package substrate 34, and the solder
balls 44 can be connected to an external circuit, such as ball-grid-array (BGA) substrate,
printed circuit board, semiconductor chip, metal substrate, glass substrate or ceramic
substrate.

[0159] Fig. 9K is a cross sectional view depicting an example of a plastic leaded chip
carrier (PLCC) package that is provided with a lead frame 53, the image or light sensor
chip 99c illustrated in Fig. 9H attached to a die attach pad 53a of the lead frame 53 by an
adhesive material 33 of silver epoxy, polyimide or acrylic, multiple wirebonded wires 42
connecting the metal structures 59 of the image or light sensor chip 99¢ to J-shaped leads
53b of the lead frame 53, an infrared (IR) cut filter 12 attached to the top surface 11b of
the transparent substrate 11 of the image or light sensor chip 99c by an adhesive material
27 of epoxy, polyimide or acrylic, and an encapsulation material 54 formed by a molding
process, encapsulating the wirebonded wires 42 and inner leads of the J-shaped leads
53b, and covering sidewalls of the image or light sensor chip 99¢ and a bottom surface
53c of the die attach pad 53a. The plastic leaded chip carrier (PLCC) package can be
comnected to an external circuit, such as printed circuit board, ceramic substrate,
ball-grid-array (BGA) substrate, metal substrate or glass substrate, through the J-shaped
leads 53b.

[0160] In Fig. 9K, the J-shaped leads 53b are arranged around the periphery of the die
attach pad 53a, and have outer leads not covered with the encapsulation material 54. The
top surface 12a of the infrared (IR) cut filter 12 and the top surface 11b of the transparent
substrate 11 are not covered with the encapsulation material 54, and the top surface 54a
of the encapsulation material 54 is substantially coplanar with the top surface 11b of the
transparent substrate 11. A cavity, free space or air space 28 can be formed between and
enclosed by the adhesive material 27, the infrared (IR) cut filter 12 and the top surface
11b of the transparent substrate 11, and an air gap is between the top surface 11b of the
transparent substrate 11 and the bottom surface 12b of the infrared (IR) cut filter 12. The
specification of the infrared (IR) cut filter 12, the adhesive material 27 and the cavity,
free space or air space 28 as shown in Fig. 9K can be referred to as the specification of
the infrared (IR) cut filter 12, the adhesive material 27 and the cavity, free space or air
space 28 as illustrated in Fig. 11. Alternatively, the adhesive material 27 and the infrared
(IR) cut filter 12 can be omitted.

[0161] In Fig. 9K, the wircbonded wires 42 each include a wire 42a having a wire
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diameter D9 between 10 and 20 micrometers or between 20 and 50 micrometers, a ball
bond 42b at an end of the wire 42a to be ball bonded with the metal layer 24 of one of
the metal structures 59, and a wedge bond at the other end of the wire 42a to be wedge
bonded with a bottom surface 53d of one of the inner leads of the J-shaped leads 53b.
The specification of the wirebonded wires 42 ball bonded with the metal layer 24 as
shown in Fig. 9K can be referred to as the specification of the wirebonded wires 42 ball
bonded with the metal layer 24 as illustrated in Fig. 3B.

[0162] Figs. 10A-10F show a process for forming an image or light sensor chip
according to further embodiments of the present disclosure. Referring to Fig. 10A, after
performing the steps illustrated in Figs. 9A-9F, the semiconductor wafer 100 is flipped
over, then a covering material, e.g., blue tape (not shown), is attached to the transparent
substrate 11, then multiple portions of the substrate 61 and the adhesive polymer 60 over
the metal structures 59 are removed by a self-cutting process of a thick sawing blade
cutting it with a cutting depth D11, e.g., between 200 and 500 micrometers, and then the
covering material, e.g., blue tape, is detached from the transparent substrate 11.
Accordingly, top surfaces 59a of the metal structures 59 may not be covered by any of
the substrate 61 and the adhesive polymer 60. The adhesive polymer 60 has a first region
60a contacting the bottom surface 61b of the substrate 61 and a second region 60b
uncovered by the substrate 61 and existing substantially coplanar with the top surfaces
59a of the metal structures 59, where the first region 60a is at a first horizontal level
higher than a second horizontal level, at which the second region 60b is, and a vertical
distance D12 between the first region 60a and the second region 60b is greater than 5
micrometers, such as between 5 and 50 micrometers or between 50 and 100 micrometers.
The substrate 61 has can have sloped sidewall 61¢ with a slope angle o between the
sloped sidewall 61c and the bottom surface 61b being between 20 and 80 degrees, and
preferably between 35 and 65 degrees.

[0163] Next, referring to Fig. 10B, an adhesion/barrier layer 21a having a thickness, ¢.g.,
between 1 nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7
micrometers, can be formed on the top surface 61a and the sloped sidewalls 61c of the
substrate 61, on the top surfaces 59a of the metal structures 59 and on the second region
60b of the adhesive polymer 60. The adhesion/barrier layer 21a can be formed by
sputtering a titanium-containing layer, such as titanium layer, titanium-tungsten-alloy

layer or titanium-nitride layer, a tantalum-containing layer, such as tantalum layer or

46



WO 2010/093699 PCT/US2010/023762

tantalum-nitride layer, a chromium-containing layer, such as chromium layer, or a nickel
layer having a thickness between 1 nanometer and 0.8 micrometers, and preferably
between 0.01 and 0.7 micrometers, on the top surface 61a and the sloped sidewalls 61c¢
of the substrate 61, on the top surfaces 59a of the metal structures 59 and on the second
region 60b of the adhesive polymer 60. Other techniques may be used for forming
adhesion/barrier layer 21.

[0164] After forming the adhesion/barrier layer 21a, a seed layer 22b having a suitable
thickness, e.g., between 0.01 and 2 micrometers, and preferably between 0.02 and 0.5
micrometers, can be formed on the adhesion/barrier layer 21a, over the top surface 61a
of the substrate 61, over the top surfaces 59a of the metal structures 59, over the second
region 60b of the adhesive polymer 60 and at the sloped sidewalls 61c¢ of the substrate 61.
The seed layer 22b can be formed by sputtering a copper layer, a gold layer or a silver
layer having a thickness between 0.01 and 2 micrometers, and preferably between 0.02
and 0.5 micrometers, on the adhesion/barrier layer 21a of any above-mentioned material,
over the top surface 6la of the substrate 61, over the top surfaces 59a of the metal
structures 59, over the second region 60b of the adhesive polymer 60 and at the sloped
sidewalls 61c of the substrate 61.

[0165] Next, referring to Fig. 10C, after forming the seed layer 22b, a patterned
photoresist layer 63 is formed on the seed layer 22b of any above-mentioned material,
and multiple openings 63a in the patterned photoresist layer 63 expose multiple regions
22¢ of the seed layer 22b of any above-mentioned material. Next, a metal layer 24a is
formed on the regions 22¢ of the seed layer 22b of any above-mentioned material, over
the top surface 61a of the substrate 61, over the top surfaces 59a of the metal structures
59, over the second region 60b of the adhesive polymer 60 and at the sloped sidewalls
61c of the substrate 61. The metal layer 24a may have a thickness, e.g., between 1 and
15 micrometers, between 5 and 50 micrometers or between 3 and 100 micrometers, and
greater than that of the seed layer 22b, that of the adhesion/barrier layer 21a, that of each
of the metal traces or pads 19, and that of each of the interconnection layers 4,
respectively.

[0166] For example, the metal layer 24a can be a single metal layer formed by
electroplating a gold layer having a thickness between 1 and 15 micrometers, between 5
and 50 micrometers or between 3 and 100 micrometers on the regions 22¢ of the seed

layer 22b, preferably the above-mentioned gold layer for the seed layer 22b, with an
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electroplating solution containing gold with a concentration, e.g., of between 1 and 20
grams per litter (g/1), and preferably between 5 and 15 g/l, and sulfite ion of 10 and 120
g/l, and preferably between 30 and 90 g/l. The electroplating solution may further
include sodium ion, to be turned into a solution of gold sodium sulfite (NazAu(SOs),), or
may further include ammonium ion, to be turned into a solution of gold ammonium
sulfite ((NH4)3[Au(SOs),]).

[0167] Alternatively, the metal layer 24a can be a single metal layer formed by
electroplating a copper layer having a thickness between 1 and 15 micrometers, between
5 and 50 micrometers or between 3 and 100 micrometers on the regions 22¢ of the seed
layer 22b, preferably the above-mentioned copper layer for the seed layer 22b, with an
clectroplating solution containing CuSQO,4, Cu(CN), or CuHPO.,.

[0168] Alternatively, the metal layer 24a can be a single metal layer formed by
electroplating a silver layer having a thickness between 1 and 15 micrometers, between 5
and 50 micrometers or between 3 and 100 micrometers on the regions 22¢ of the seed
layer 22b, preferably the above-mentioned silver layer for the seed layer 22b.

[0169] Alternatively, the metal layer 24a can be two (double) metal layers formed by
electroplating a copper layer having a thickness, e.g., between 1 and 15 micrometers,
between 5 and 50 micrometers or between 3 and 100 micrometers on the regions 22c of
the seed layer 22b, preferably the above-mentioned copper layer for the seed layer 22b,
using the above-mentioned electroplating solution for electroplating copper, and then
electroplating or electroless plating a gold layer having a thickness, e.g., between 0.1 and
10 micrometers, and preferably between 0.5 and 5 micrometers, on the electroplated
copper layer in the openings 63a.

[0170] Alternatively, the metal layer 24a can include three (triple) metal layers formed
by electroplating a copper layer having a suitable thickness, e.g., between 1 and 15
micrometers, between 5 and 50 micrometers or between 3 and 100 micrometers on the
regions 22¢ of the seed layer 22b, preferably the above-mentioned copper layer for the
seed layer 22b, using the above-mentioned electroplating solution for electroplating
copper, then electroplating or electroless plating a nickel layer having a thickness
between 0.5 and 8 micrometers, and preferably between 1 and 5 micrometers, on the
electroplated copper layer in the openings 63a, and then electroplating or electroless
plating a gold layer having a thickness, e.g., between 0.1 and 10 micrometers, and

preferably between 0.5 and 5 micrometers, on the electroplated or electroless plated
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nickel layer in the openings 63a.

[0171] Next, referring to Fig. 10D, after forming the metal layer 24a, a patterned
photoresist layer 64 is formed on the patterned photoresist layer 63 and on the metal
layer 24a of any above-mentioned material, and multiple openings 64a in the patterned
photoresist layer 64 expose multiple regions 24b of the metal layer 24a of any
above-mentioned material. Next, multiple metal bumps 65 can be formed on the regions
24b of the metal layer 24a of any above-mentioned material. The metal bumps 65 may
have a height H4, e.g., between 5 and 50 micrometers, between 50 and 100 micrometers
or between 10 and 250 micrometers, and greater than that of the seed layer 22b, that of
the adhesion/barrier layer 21a, that of each of the metal traces or pads 19, and that of
cach of the interconnection layers 4, respectively.

[0172] For example, the metal bumps 65 can be a single metal layer formed by
electroplating a gold layer having a thickness, e.g., between 5 and 50 micrometers,
between 50 and 100 micrometers or between 10 and 250 micrometers on the regions 24b
of the metal layer 24a of any above-mentioned material using the above-mentioned
electroplating solution for electroplating gold. The electroplated gold layer can be used
to be connected to an external circuit, such as ball-grid-array (BGA) substrate, printed
circuit board, semiconductor chip, metal substrate, glass substrate or ceramic substrate.
[0173] Alternatively, the metal bumps 65 can be a single metal layer formed by
clectroplating a copper layer having a thickness, e.g., between 5 and 50 micrometers,
between 50 and 100 micrometers or between 10 and 250 micrometers on the regions 24b
of the metal layer 24a of any above-mentioned material with an electroplating solution
containing CuSO,4, Cu(CN), or CuHPO,. The electroplated copper layer can be used to
be connected to an external circuit, such as ball-grid-array (BGA) substrate, printed
circuit board, semiconductor chip, metal substrate, glass substrate or ceramic substrate.
[0174] Alternatively, the metal bumps 65 can be a single metal layer formed by
electroplating a silver layer having a thickness, e.g., between 5 and 50 micrometers,
between 50 and 100 micrometers or between 10 and 250 micrometers on the regions 24b
of the metal layer 24a of any above-mentioned material. The electroplated silver layer
can be used to be connected to an external circuit, such as ball-grid-array (BGA)
substrate, printed circuit board, semiconductor chip, metal substrate, glass substrate or
ceramic substrate.

[0175] Alternatively, the metal bumps 65 can be a single metal layer formed by
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electroplating a tin-containing layer of pure tin, a tin-silver alloy, a tin-silver-copper
alloy or a tin-lead alloy having a thickness, e.g., between 5 and 50 micrometers, between
50 and 100 micrometers or between 10 and 250 micrometers on the regions 24b of the
metal layer 24a of any above-mentioned material. The electroplated tin-containing layer
can be used to be connected to an external circuit, such as ball-grid-array (BGA)
substrate, printed circuit board, semiconductor chip, metal substrate, glass substrate or
ceramic substrate.

[0176] Alternatively, the metal bumps 65 can include two (double) metal layers formed
by clectroplating a copper layer having a thickness, e.g., between 1 and 5 micrometers,
between 5 and 15 micrometers or between 15 and 100 micrometers on the regions 24b of
the metal layer 24a of any above-mentioned material using the above-mentioned
electroplating solution for electroplating copper, and then electroplating or electroless
plating a gold layer having a thickness, e.g., between 0.1 and 10 micrometers, and
preferably between 0.5 and 5 micrometers, on the electroplated copper layer in the
openings 64a. The electroplated or electroless plated gold layer can be used to be
connected to an external circuit, such as ball-grid-array (BGA) substrate, printed circuit
board, semiconductor chip, metal substrate, glass substrate or ceramic substrate.

[0177] Alternatively, the metal bumps 65 can include two (double) metal layers formed
by electroplating a copper layer having a thickness between 1 and 5 micrometers,
between 5 and 15 micrometers or between 15 and 100 micrometers on the regions 24b of
the metal layer 24a of any above-mentioned material using the above-mentioned
electroplating solution for electroplating copper, and then electroplating or electroless
plating a tin-containing layer of pure tin, a tin-silver alloy, a tin-silver-copper alloy or a
tin-lead alloy having a thickness between 0.5 and 100 micrometers, and preferably
between 5 and 50 micrometers, on the electroplated copper layer in the openings 64a.
The electroplated or electroless plated tin-containing layer can be used to be connected
to an external circuit, such as ball-grid-array (BGA) substrate, printed circuit board,
semiconductor chip, metal substrate, glass substrate or ceramic substrate.

[0178] Alternatively, the metal bumps 65 can include three (triple) metal layers formed
by electroplating a copper layer having a thickness between 1 and 5 micrometers,
between 5 and 15 micrometers or between 15 and 100 micrometers on the regions 24b of
the metal layer 24a of any above-mentioned material using the above-mentioned

electroplating solution for electroplating copper, then electroplating or electroless plating
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a nickel layer having a thickness between 0.5 and 8 micrometers, and preferably between
1 and 5 micrometers, on the electroplated copper layer in the openings 64a, and then
electroplating or electroless plating a gold layer having a thickness between 0.1 and 10
micrometers, and preferably between 0.5 and 5 micrometers, on the electroplated or
electroless plated nickel layer in the openings 64a. The electroplated or electroless plated
gold layer can be used to be connected to an external circuit, such as ball-grid-array
(BGA) substrate, printed circuit board, semiconductor chip, metal substrate, glass
substrate or ceramic substrate.

[0179] Alternatively, the metal bumps 65 can include three (triple) metal layers formed
by electroplating a copper layer having a thickness between 1 and 5 micrometers,
between 5 and 15 micrometers or between 15 and 100 micrometers on the regions 24b of
the metal layer 24a of any above-mentioned material using the above-mentioned
electroplating solution for electroplating copper, then electroplating or electroless plating
a nickel layer having a thickness between 0.5 and 8 micrometers, and preferably between
1 and 5 micrometers, on the electroplated copper layer in the openings 64a, and then
electroplating or electroless plating a tin-containing layer of pure tin, a tin-silver alloy, a
tin-silver-copper alloy or a tin-lead alloy having a thickness, e.g., between 0.5 and 100
micrometers, and preferably between 5 and 50 micrometers, on the electroplated or
electroless plated nickel layer in the openings 64a. The electroplated or electroless plated
tin-containing layer can be used to be connected to an external circuit, such as
ball-grid-array (BGA) substrate, printed circuit board, semiconductor chip, metal
substrate, glass substrate or ceramic substrate.

[0180] Referring to Fig. 10E, after forming the metal bumps 65, the patterned
photoresist layers 63 and 64 are removed. Alternatively, after forming the metal layer
24a, the patterned photoresist layer 63 can be removed, then the patterned photoresist
layer 64 can be formed on the seed layer 22b and on the metal layer 24a, then the metal
bumps 65 illustrated in Fig. 10D can be formed on the regions 24b of the metal layer 24a
exposed by the openings 64a in the patterned photoresist layer 64, and then the patterned
photoresist layer 64 can be removed.

[0181] Next, referring to Fig. 10F, the seed layer 22b not under the metal layer 24a is
removed by using a wet-etching process or a dry-ctching process, and then the
adhesion/barrier layer 21a not under the metal layer 24a is removed, e.g., by using a

wet-etching process or a dry-etching process. Accordingly, multiple metal traces 66,
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composed of the adhesion/barrier layer 21a, the seed layer 22b and the metal layer 24a,
can be formed on the top surfaces 59a of the metal structures 59, on the top surface 61a
and the sloped sidewalls 61c of the substrate 61 and on the second region 60b of the
adhesive polymer 60, where sidewalls of the metal layer 24a are not covered by the
adhesion/barrier layer 21a and the seed layer 22b. The metal bumps 65 can be formed on
the metal layer 24a of the metal traces 66, over the top surface 61a of the substrate 61,
over the light sensors 3, over the layer 7 of optical or color filter array and over the
microlenses 8, and can be connected to the metal layer 24 of the metal structures 59
through the metal traces 66.

[0182] Referring to Fig. 10G, after removing the adhesion/barrier layer 21a not under the
metal layer 24a, a covering tape, e.g., blue tape, or other suitable material (not shown) is
attached to the transparent substratell, and then a die-sawing process is performed by
using a thin sawing blade or a laser cutting process to cut through the semiconductor
wafer 100 and the transparent substratel1 to form an image or light sensor chip 99d. If a
thin sawing blade is used to cut through the semiconductor wafer 100 and the transparent
substrate11 in the die-sawing process, the thick sawing blade used in the step illustrated
in Fig. 10A may have a width greater than that of the thin sawing blade used in the
die-sawing process by more than 150 micrometers, such as between 150 micrometers
and 1 millimeter or between 200 and 500 micrometers. After the die-sawing process, the
image or light sensor chip 99d is detached from the covering (blue) tape. The metal
bumps 65 of the image or light sensor chip 99d can be connected to an external circuit,
such as ball-grid-array (BGA) substrate, printed circuit board, semiconductor chip, metal
substrate, glass substrate or ceramic substrate.

[0183] Referring to Fig. 10H, after the image or light sensor chip 99d is detached from
the covering blue tape, the step illustrated in Fig. 11 can be performed to attach the
infrared (IR) cut filter 12 to the top surface 11b of the transparent substrate 11 by the
adhesive material 27. The infrared (IR) cut filter 12 is formed over the cavity, free space
or air space 26, over the microlenses 8, over the layer 7 of optical or color filter array
and over the light sensors 3. For more detailed description, please refer to the illustration
in Fig. 11.

[0184] Figs. 10I-10L show a process for forming an image or light sensor chip according
to embodiments of the present disclosure. Referring to Fig. 101, after the steps illustrated

in Figs. 9A-9F and 10A-10C, the patterned photoresist layer 63 is removed, next the seed
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layer 22b not under the metal layer 24a is removed by using a wet-cetching process or a
dry-etching process, and next the adhesion/barrier layer 21a not under the metal layer
24a is removed by using a wet-etching process or a dry-etching process. Accordingly,
multiple metal traces 66, composed of the adhesion/barrier layer 21a, the seed layer 22b
and the metal layer 24a, can be formed on the top surfaces 59a of the metal structures 59,
on the top surface 61a and the sloped sidewalls 61c of the substrate 61 and on the second
region 60b of the adhesive polymer 60, where sidewalls of the metal layer 24a are not
covered by the adhesion/barrier layer 21a and the seed layer 22b.

[0185] Next, referring to Fig. 10J, a polymer layer 71 can be formed on the metal traces
66, on the top surface 61a of the substrate 61, on the second region 60b of the adhesive
polymer 60 and at the sloped sidewalls 61c of the substrate 61. Multiple openings 71a in
the polymer layer 71 are over multiple regions 66a of the metal traces 66 and expose
them, and the regions 66a are at bottoms of the openings 71a.

[0186] Next, referring to Fig. 10K, using a ball-planting process and a reflowing process
or using a solder printing process and a reflowing process, multiple solder balls 72
having a height between 50 and 500 micrometers can be formed on the regions 66a of
copper, gold or silver at the top of the metal layer 24a exposed by the openings 71a and
over the top surface 61a of the substrate 61. The solder balls 50 may include a Sn-Ag-Cu
alloy, a Sn-Ag alloy, a Sn-Ag-Bi alloy, a Sn-Au alloy or a Sn-Pb alloy.

[0187] Next, referring to Fig. 10L, a covering material, e.g., blue tape, (not shown) can
be attached to the transparent substrate 11, and then a die-sawing process is performed
by using a thin sawing blade or a laser cutting process to cut through the semiconductor
wafer 100 and the transparent substrate 11 to form an image or light sensor chip 99a. If a
thin sawing blade is used to cut through the semiconductor wafer 100 and the transparent
substrate 11 in the die-sawing process, the thick sawing blade used in the self-cutting
process illustrated in Fig. 10A may have a width greater than that of the thin sawing
blade used in the die-sawing process by more than 150 micrometers, such as between
150 micrometers and 1 millimeter or between 200 and 500 micrometers. After the
die-sawing process, the image or light sensor chip 99a is detached from the covering
material, e.g., blue tape. The solder balls 72 of the image or light sensor chip 99a can be
connected to an external circuit, such as ball-grid-array (BGA) substrate, printed circuit
board, semiconductor chip, metal substrate, glass substrate or ceramic substrate, and can

be connected to the metal structures 57 through the metal traces 66.
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[0188] Referring to Fig. 10M, after the image or light sensor chip 99a is detached from
the covering material (blue tape), the step illustrated in Fig. 11 can be performed to attach
the infrared (IR) cut filter 12 to the top surface 11b of the transparent substrate 11 by the
adhesive material 27. The infrared (IR) cut filter 12 is formed over the cavity, free space
or air space 26, over the microlenses 8, over the layer 7 of optical or color filter array
and over the light sensors 3. For more detailed description, please refer to the illustration
in Fig. 11.

[0189] Figs. 11A-110 show a process for forming an image or light sensor chip
according to embodiments of the present disclosure. Referring to Fig. 11A, a
semiconductor wafer 100 is provided with a semiconductor substrate 1, multiple
semiconductor devices 2, multiple light sensors 3, multiple interconnection layers 4,
multiple dielectric layers 5, multiple via plugs 17 and 18, multiple metal traces or pads
19 and a passivation layer 6. The semiconductor substrate 1 can be, e.g., a silicon
substrate, a silicon-germanium substrate or a gallium arsenide (GaAs) substrate, and has
a thickness T4, e.g., between 50 micrometers and 1 millimeter, and preferably between
75 and 250 micrometers. An element in Fig. 11A indicated by the same reference
number as indicated for a like or similar element in Fig. 1A can have or be made from
the same material(s) and/or have the same specification as the respective element in Fig.
1A.

[0190] Referring to Fig. 11B, an adhesive polymer 60 of epoxy, polyimide, SU-8 or
acrylic attaches a substrate 61 to the top surface of the semiconductor wafer 100 using a
thermal compressing process at a temperature between 150° C and 500° C, and
preferably between 180° C and 250° C. The substrate 61 has a top surface 6la and a
bottom surface 61b, and a vertical distance D13 between the top surface of the
passivation layer 6 and the bottom surface 61b is between 5 and 50 micrometers, and
preferably between 15 and 20 micrometers. The substrate 61 may have a thickness, e.g.,
TS5 between 50 micrometers and 1 millimeter, between 100 and 500 micrometers or
between 100 and 300 micrometers, and can be a silicon substrate, a polymer-containing
substrate, a glass substrate, a ceramic substrate or a metal substrate including copper or
aluminum, where the polymer-containing substrate may include acrylic.

[0191] Next, referring to Fig. 11C, the semiconductor wafer 100 is flipped over, and then
the semiconductor substrate 1 is thinned to a thickness T6, e.g., between 1.5 and 5

micrometers, between 1 and 10 micrometers or between 3 and 50 micrometers by a
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suitable process such as grinding or chemical mechanical polishing (CMP) the bottom
surface 1b of the semiconductor substrate 1. Alternatively, the above-mentioned step of
flipping over the semiconductor wafer 100 can be moved after the above-mentioned step
of thinning the semiconductor substrate 1, to perform the following processes.

[0192] Next, referring to Fig. 11D, using a dry etching process, multiple through vias 1c
are formed in the thinned semiconductor substrate 1 and at least one dielectric layer 5,
exposing regions 4a of the interconnection layer 4. The through vias lc penetrate
completely through the thinned semiconductor substrate 1 and the dielectric layer 5. The
through vias 1c have a depth between 1 and 10 micrometers or between 1.5 and 5
micrometers, and a diameter or width W3 between 5 and 100 micrometers or between 10
and 30 micrometers.

[0193] Next, referring to Fig. 11E, an insulating layer 67 having a thickness T7 between
0.2 and 2 micrometers, between 2 and 5 micrometers or between 5 and 30 micrometers
can be formed on the bottom surface 1b of the thinned semiconductor substrate 1 and on
sidewalls of the through vias 1c. The insulating layer 67, for example, can be a polymer
layer, such as polyimide layer, benzocyclobutene layer or polybenzoxazole layer, a
nitride layer, such as silicon-nitride layer, a silicon-oxynitride layer, a
silicon-carbon-nitride (SiCN) layer, a silicon-oxycarbide (SiOC) layer or a silicon-oxide
layer on the bottom surface 1b of the thinned semiconductor substrate 1 and on sidewalls
of the through vias 1c.

[0194] Alternatively, the insulating layer 67 may include a first layer having a thickness,
¢.g., between 0.2 and 30 micrometers or between 0.5 and 5 micrometers on the bottom
surface 1b of the thinned semiconductor substrate 1, and a second layer having a
thickness, e.g., between 0.2 and 30 micrometers or between 0.5 and 5 micrometers on
the sidewalls of the through vias lc. In a first case, the first layer can be formed by
depositing a silicon-nitride or silicon-carbon-nitride layer having a thickness between 0.2
and 1.2 micrometers on the bottom surface 1b of the thinned semiconductor substrate 1
using a chemical mechanical deposition (CVD) process. In a second case, the first layer
can be formed by depositing a silicon-oxide or silicon oxycarbide layer having a
thickness between 0.2 and 1.2 micrometers on the bottom surface 1b of the thinned
semiconductor substrate 1 using a chemical mechanical deposition (CVD) process, and
then depositing a silicon-nitride or silicon-carbon-nitride layer having a thickness

between 0.2 and 1.2 micrometers on the silicon-oxide or silicon oxycarbide layer using a
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chemical mechanical deposition (CVD) process. In a third case, the first layer can be
formed by depositing a silicon-nitride layer having a thickness between 0.2 and 1.2
micrometers on the bottom surface 1b of the thinned semiconductor substrate 1 using a
chemical mechanical deposition (CVD) process, and then coating a polymer layer having
a thickness between 2 and 30 micrometers on the silicon-nitride. The second layer can be
a polymer layer, such as polyimide layer, benzocyclobutene layer, polybenzoxazole layer,
a nitride layer, such as silicon-nitride layer, a silicon-oxynitride layer, a
silicon-carbon-nitride (SiCN) layer, a silicon-oxycarbide (SiOC) layer, a silicon-oxide
layer on the sidewalls of the through vias Ic.

[0195] Next, referring to Fig. 11F, a layer 7 of optical or color filter array can be formed
on the insulating layer 67, over the light sensors 3 and over the transistors of the light
sensors 3, then a buffer layer 20 can be formed on the layer 7 of optical or color filter
array, and then multiple microlenses 8 can be formed on the buffer layer 20, over the
layer 7 of optical or color filter array and over the light sensors 3. The specification of
the layer 7 of optical or color filter array, the buffer layer 20 and the microlenses 8 as
shown in Fig. 11F can be similar to or the same as the specification of the layer 7 of
optical or color filter array, the buffer layer 20 and the microlenses 8 as illustrated in Fig,
1A.

[0196] Next, referring to Fig. 11G an adhesion/barrier layer 21 having a suitable
thickness, e.g., between 1 nanometer and 0.8 micrometers, and preferably between 0.01
and 0.7 micrometers, can be formed on the regions 4a of the interconnection layer 4
exposed by the through vias Ic, on the insulating layer 67 and in the through vias 1c. The
adhesion/barrier layer 21 can be formed by sputtering a titanium-containing layer, such
as titanium layer, titanium-tungsten-alloy layer or titanium-nitride layer, a
tantalum-containing layer, such as tantalum layer or tantalum-nitride layer, a
chromium-containing layer, such as chromium layer, or a nickel layer having a thickness,
c.g., between 1 nanometer and 0.8 micrometers, and preferably between 0.01 and 0.7
micrometers, on the regions 4a of the interconnection layer 4 exposed by the through
vias 1c, on the insulating layer 67 and in the through vias Ic.

[0197] After forming the adhesion/barrier layer 21, a seed layer 22 having a suitable
thickness, e.g., between 0.01 and 2 micrometers, and preferably between 0.02 and 0.5
micrometers, can be formed on the adhesion/barrier layer 21 and in the through vias Ic.

The seed layer 22 can be formed by sputtering a copper layer, a gold layer or a silver
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layer having a thickness, e.g., between 0.01 and 2 micrometers, and preferably between
0.02 and 0.5 micrometers, on the adhesion/barrier layer 21 of any above-mentioned
material and in the through vias Ic.

[0198] Referring to Fig. 11H, after forming the seed layer 22, a patterned photoresist
layer 23 can be formed on the seed layer 22 of any above-mentioned material, and
multiple openings 23a in the patterned photoresist layer 23 can expose multiple regions
22a of the seed layer 22 of any above-mentioned material. Next, referring to Fig. 111, a
metal layer 24 can be formed on the regions 22a of the seed layer 22 of any
above-mentioned material and in the through vias Ic. The metal layer 24 may have a
thickness T1, e.g., between 1 and 15 micrometers, between 5 and 50 micrometers or
between 3 and 100 micrometers, and greater than that of the seed layer 22, that of the
adhesion/barrier layer 21 and that of each of the interconnection layers 4, respectively.
The process of forming the metal layer 24 as shown in Fig. 111 can be referred to as the
process of forming the metal layer 24 as illustrated in Fig. 1D, and the specification of
the metal layer 24 shown in Fig. 111 can be referred to as the specification of the metal
layer 24 as illustrated in Fig. 1D.

[0199] Referring to Fig. 11J, after forming the metal layer 24, the patterned photoresist
layer 23 can be removed. Next, referring to Fig. 11K, the seed layer 22 not under the
metal layer 24 is removed by using a wet-etching process or a dry-etching process, and
then the adhesion/barrier layer 21 not under the metal layer 24 is removed by using a
wet-etching process or a dry-etching process.

[0200] Accordingly, multiple metal structures 68, composed of the adhesion/barrier layer
21, the seed layer 22 and the metal layer 24, can be formed on the regions 4a of the
interconnection layer 4 exposed by the through vias lc, on the insulating layer 67 and in
the through vias 1c, where sidewalls of the metal layer 24 are not covered by the
adhesion/barrier layer 21 and the seed layer 22. The metal structures 68 can be metal
bumps, metal pillars or metal traces, and may have a height HS, e.g., between 1 and 15
micrometers, between 5 and 50 micrometers or between 3 and 100 micrometers, and a
diameter or width W4, ¢.g., between 5 and 100 micrometers, and preferably between 5
and 50 micrometers.

[0201] Next, referring to Fig. 11L, a patterned adhesive polymer 25 attaches a
transparent substrate 11, such as glass substrate, to the insulating layer 67 using a

thermal compressing process at a temperature between 150° C and 500° C, and
57



WO 2010/093699 PCT/US2010/023762

preferably between 180°C and 250°C. After attaching the transparent substrate 11 to the
insulating layer 67, a cavity, free space or air space 26 is formed between and enclosed
by the patterned adhesive polymer 25, the insulating layer 67 and a bottom surface 11a
of the transparent substrate 11. An air gap is between a top of one of the microlenses 8
and the bottom surface 11a of the transparent substrate 11, and a vertical distance D1
between a top of one of the microlenses 8 and the bottom surface 11a of the transparent
substrate 11 is between, e.g., 10 and 300 micrometers, and preferably between 20 and
100 micrometers. The specification of the cavity, free space or air space 26 as shown in
Fig. 11L can be the same as or similar to the specification of the cavity, free space or air
space 26 as illustrated in Fig. 1H.

[0202] Next, referring to Fig. 11M, the step illustrated in Fig. 11 can be performed to
attach the infrared (IR) cut filter 12 to the top surface 11b of the transparent substrate 11
by the adhesive material 27. The infrared (IR) cut filter 12 is formed over the cavity, free
space or air space 26, over the microlenses 8, over the layer 7 of optical or color filter
array and over the light sensors 3. For more detailed description, please refer to the
illustration in Fig. 11.

[0203] Next, referring to Fig. 11N, a covering material, e.g., blue tape of desired tack
and thickness (not shown), can be attached to the substrate 61, and then multiple portions
of the transparent substrate 11 and the patterned adhesive polymer 25 over the metal
structures 68 can be removed by a self-cutting process of a thick sawing blade cutting it
with a cutting depth D14, e.g., between 200 and 500 micrometers. Accordingly, top
surfaces 68a of the metal structures 68 are not covered by any of the transparent
substrate 11 and the patterned adhesive polymer 25. The patterned adhesive polymer 25
have a first region 25a contacting with the bottom surface 1la of the transparent
substrate 11 and a second region 25b uncovered by the transparent substrate 11 and
existing substantially coplanar with the top surfaces 68a of the metal structures 68,
where the first region 25a is at a first horizontal level higher than a second horizontal
level, at which the second region 25b is, and a vertical distance D15 between the first
region 25a and the second region 25b is greater than 5 micrometers, such as between 5
and 50 micrometers or between 50 and 100 micrometers. A vertical distance D16
between the top surface of the insulating layer 67 and the bottom surface 1la of the
transparent substrate 11 can be between 20 and 150 micrometers, and preferably between

30 and 70 micrometers, and can be greater than the height H5 of the metal structures 68.
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[0204] Next, referring to Fig. 110, a die-sawing process is performed by using a thin
sawing blade or a laser cutting process to cut through the semiconductor wafer 100 to
form an image or light sensor chip 99e. If a thin sawing blade is used to cut through the
semiconductor wafer 100 in the die-sawing process, the thick sawing blade used in the
step illustrated in Fig. 11N may have a width greater than that of the thin sawing blade
used in the die-sawing process, e.g., by more than 150 micrometers, such as between 150
micrometers and 1 millimeter or between 200 and 500 micrometers. After the die-sawing
process, the image or light sensor chip 99¢ can be detached from the blue tape.

[0205] Alternatively, an oxygen plasma etching process, used to remove a portion of the
patterned adhesive polymer 25 not under the transparent substrate 11 to expose upper
portions of the metal structures 68, can be performed before or after the die-sawing
process, such that the metal structures 68 have a height, extruding from the patterned
adhesive polymer 25, between, ¢.g., 0.5 and 20 micrometers, and preferably between 5
and 15 micrometers. Accordingly, the metal structures 68 of the image or light sensor
chip 99¢ have the upper portions uncovered by the patterned adhesive polymer 25, and
bonded with the bond pads or inner leads 15 of the above-mentioned flexible substrate 9
or 9a by a chip-on-film (COF) process or with multiple metal pads of a substrate, such as
printed circuit board, ball-grid-array (BGA) substrate, metal substrate, glass substrate or
ceramic substrate.

[0206] The image or light sensor chip 99¢ includes a photosensitive area 55 where there
are the light sensors 3, the layer 7 of optical or color filter array, the microlenses 8, the
transparent substrate 11, the infrared (IR) cut filter 12 and the cavities, free spaces or air
spaces 26 and 28, and a non-photosensitive arca 56 where there are the metal structures
68 and the through vias lc. The photosensitive area 55 is surrounded by the
non-photosensitive area 56.

[0207] Fig. 11P is a cross-sectional view depicting an image or light sensor package
according to an embodiment of the present disclosure. The image or light sensor chip
99¢ shown in Fig. 110 can be packaged by the steps illustrated in Figs. 3A-3D to form
an image or light sensor package 991. The wirebonded wires 42 each have one end ball
bonded with the metal layer 24 of one of the metal structures 68 of the image or light
sensor chip 99e, and the other end wedge bonded with the metal layer 40 of the package
substrate 34. The specification of the wirecbonded wires 42 ball bonded with the metal

layer 24 as shown in Fig. 11P can be referred to as the specification of the wirebonded
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wires 42 ball bonded with the metal layer 24 as illustrated in Fig. 3B. The encapsulation
material 43 can be formed on the wirebonded wires 42, on the top surfaces 68a of the
metal structures 68, on the top surface of the package substrate 34 and at sidewalls of the
image or light sensor chip 99e, encapsulating the wirebonded wires 42. An element in
Fig. 11P indicated by the same reference number as a like or similar element in Figs.
3A-3D and 11A-110 can have the same or similar material(s) and/or specification as the
respective element shown and described for Figs. 3A-3D and 11A-110.

[0208] Figs. 12A-12G show a process for forming an image or light sensor chip
according to further embodiments of the present disclosure. Referring to Fig. 12A, a
semiconductor wafer 100 is similar to that shown in Fig. 9A except that the etching stops
98 each have a width W5, e.g., between 3 and 15 micrometers or between 15 and 35
micrometers. An element in Fig. 12A indicated by the same reference number as a like or
similar element in Figs. 1A and 9A can have or include the same material(s) and/or
specification as the respective element in Figs. 1A and 9A.

[0209] Referring to Fig. 12B, an adhesive polymer 60 of epoxy, polyimide, SU-8 or
acrylic attaches a substrate 61 to the top surface of the semiconductor wafer 100 using a
thermal compressing process at a temperature between 150° C and 500° C, and
preferably between 180° C and 250° C. A vertical distance D13 between the top surface
of the passivation layer 6 and the bottom surface 61b is, e.g., between 5 and 50
micrometers, and preferably between 15 and 20 micrometers. The specification of the
substrate 61 can be the same as the substrate 61 illustrated in Fig. 11B.

[0210] Next, referring to Fig. 12C, the semiconductor wafer 100 is flipped over, and
then the semiconductor substrate 1 is thinned to expose the first surfaces 98c of the
etching stops 98 by grinding or chemical mechanical polishing (CMP) the bottom
surface 1b of the semiconductor substrate 1. Accordingly, the thinned semiconductor
substrate 1 has a thickness T6, e.g., between 1.5 and 5 micrometers, between 1 and 10
micrometers or between 3 and 50 micrometers, and the first surfaces 98c of the etching
stops 98 are substantially coplanar with the bottom surface 1b of the thinned
semiconductor substrate 1. Alternatively, the above-mentioned step of flipping over the
semiconductor wafer 100 can be moved after the above-mentioned step of thinning the
semiconductor substrate 1, to perform the following processes.

[0211] Next, referring to Fig. 12D, an insulating layer 67 having a thickness T7, e.g.,

between 0.2 and 2 micrometers, between 2 and 5 micrometers or between 5 and 30
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micrometers can be formed on the bottom surface 1b of the thinned semiconductor
substrate 1 and on the first surfaces 98c of the etching stops 98. For example, the
insulating layer 67 can be a polymer layer, such as polyimide layer, benzocyclobutene
layer or polybenzoxazole layer, a nitride layer, such as silicon-nitride layer, a
silicon-oxynitride layer, a silicon-carbon-nitride (SiCN) layer, a silicon-oxycarbide
(SiOC) layer or a silicon-oxide layer having a thickness T7 between 0.2 and 2
micrometers, between 2 and 5 micrometers or between 5 and 30 micrometers on the
bottom surface 1b of the thinned semiconductor substrate 1 and on the first surfaces 98c
of the etching stops 98.

[0212] Next, referring to Fig. 12E, a layer 7 of optical or color filter array can be formed
on the insulating layer 67, over the light sensors 3 and over the transistors of the light
sensors 3, then a buffer layer 20 can be formed on the layer 7 of optical or color filter
array, and then multiple microlenses 8 can be formed on the buffer layer 20, over the
layer 7 of optical or color filter array and over the light sensors 3. The specification of
the layer 7 of optical or color filter array, the buffer layer 20 and the microlenses 8 as
shown in Fig. 12E can be referred to as the specification of the layer 7 of optical or color
filter array, the buffer layer 20 and the microlenses 8 as illustrated in Fig. 1 A.

[0213] Next, referring to Fig. 12F, multiple through vias 1c¢ are formed in the thinned
semiconductor substrate 1, at least one dielectric layer 5 and the insulating layer 67,
exposing regions 4a of the interconnection layer 4, by a photolithography process and an
etching process to remove the first layer 98a of the etching stops 98, the insulating layer
67 on the etching stops 98, the second layer 98b at the top of the etching stops 98 and the
dielectric layer 5 under the etching stops 98. The second layer 98b is not completely
removed and has a portion in the thinned semiconductor substrate 1 and at sidewalls of
the through vias lc. The through vias lc have a depth, e.g, between 1.5 and 5
micrometers, between 1 and 10 micrometers or between 5 and 50 micrometers, and a
diameter or width W6 between 2 and 10 micrometers or between 10 and 30 micrometers.
[0214] Next, referring to Fig. 12G, the steps illustrated in Figs. 11G-110 can be
performed to form an image or light sensor chip 99f. If a thin sawing blade is used to cut
through the semiconductor wafer 100 in the die-sawing process, the thick sawing blade
used to remove the portions of the transparent substrate 11 and the patterned adhesive
polymer 25 over the metal structures 68 may have a width greater than that of the thin

sawing blade used in the die-sawing process by more than 150 micrometers, such as
61



WO 2010/093699 PCT/US2010/023762

between 150 micrometers and 1 millimeter or between 200 and 500 micrometers. After
the die-sawing process, the image or light sensor chip 99f is detached from the blue tape.
[0215] Alternatively, an oxygen plasma etching process, used to remove a portion of the
patterned adhesive polymer 25 not under the transparent substrate 11 to expose upper
portions of the metal structures 68, can be performed before or after the die-sawing
process, such that the metal structures 68 have a height, extruding from the patterned
adhesive polymer 25, between, e.g., 0.5 and 20 micrometers, and preferably between 5
and 15 micrometers. Accordingly, the metal structures 68 of the image or light sensor
chip 99f have the upper portions uncovered by the patterned adhesive polymer 25, and
bonded with the bond pads or inner leads 15 of the above-mentioned flexible substrate 9
or 9a by a chip-on-film (COF) process or with multiple metal pads of a substrate, such as
printed circuit board, ball-grid-array (BGA) substrate, metal substrate, glass substrate or
ceramic substrate.

[0216] Fig. 12H is a cross-sectional view depicting an image or light sensor package
according to an embodiment of the present disclosure. The image or light sensor chip 99f
shown in Fig. 12G can be packaged by the steps illustrated in Figs. 3A-3D to form an
image or light sensor package 990. The wirebonded wires 42 each have one end ball
bonded with the metal layer 24 of one of the metal structures 68 of the image or light
sensor chip 991, and the other end wedge bonded with the metal layer 40 of the package
substrate 34. The specification of the wirecbonded wires 42 ball bonded with the metal
layer 24 as shown in Fig. 12H can be referred to as the specification of the wirebonded
wires 42 ball bonded with the metal layer 24 as illustrated in Fig. 3B. The encapsulation
material 43 can be formed on the wirebonded wires 42, on the top surfaces 68a of the
metal structures 68, on the top surface of the package substrate 34 and at sidewalls of the
image or light sensor chip 99f, encapsulating the wirebonded wires 42. An element in
Fig. 12H indicated by the same reference number as a like or similar element indicated
in Figs. 3A-3D and 12A-12G can have the same or similar material(s) and/or
specification as the corresponding element in Figs. 3A-3D and 12A-12G.

[0217] The image or light sensor chip 99 illustrated in Figs. 1P, 2D and 4E-4G can be
replaced by the image or light sensor chip 99¢ illustrated in Fig. 110 or the image or
light sensor chip 99f illustrated in Fig. 12G. The top surface 61a of the substrate 61 of the
image or light sensor chip 99¢ or 99f can be attached to the third portion of the flexible

substrate 9 by the adhesive material 31, as shown in Figs. 1P and 2D, and the bond pads
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or inner leads 15 of the flexible substrate 9 can be bonded with the metal layer 24 of the
metal structures 68 of the image or light sensor chip 99¢ or 99f by a chip-on-film (COF)
process. The top surface 61a of the substrate 61 of the image or light sensor chip 99¢ or
99f can be attached to the top surface of the package substrate 34 by the adhesive
material 33, as shown in Figs. 4E-4G, and the bond pads or inner leads 15 of the flexible
substrate 9a can be bonded with the metal layer 24 of the metal structures 68 of the
image or light sensor chip 99¢ or 99f by a chip-on-film (COF) process. The specification
of the metal structures 68 after being bonded with the flexible substrate 9 or 9a can be
referred to as the specification of the metal pads or bumps 10 after being bonded with the
flexible substrate 9 as illustrated in Fig. IM.

[0218] The image or light sensor chip 99 illustrated in Figs. 3E, 3F, 5C, 6C and 7 can be
replaced by the image or light sensor chip 99¢ illustrated in Fig. 110 or the image or
light sensor chip 99f illustrated in Fig. 12G. The top surface 61a of the substrate 61 of the
image or light sensor chip 99¢ or 99f can be attached to the top surface of the package
substrate 34 by the adhesive material 33, as shown in Figs. 3E and 3F, and the
wirebonded wires 42 each can have one end ball bonded with the metal layer 24 of one
of the metal structures 68 of the image or light sensor chip 99¢ or 99f. The top surface
61a of the substrate 61 of the image or light sensor chip 99¢ or 99f can be attached to the
top surface of the substrate 48 by the adhesive material 33, as shown in Fig. 5C, and the
wirebonded wires 42 each can have one end ball bonded with the metal layer 24 of one
of the metal structures 68 of the image or light sensor chip 99¢ or 99f. The top surface
61a of the substrate 61 of the image or light sensor chip 99¢ or 99f can be attached to the
die paddle 52a of the lead frame 52 by the adhesive material 33, as shown in Fig. 6C,
and the wirebonded wires 42 each can have one end ball bonded with the metal layer 24
of one of the metal structures 68 of the image or light sensor chip 99¢ or 99f. The top
surface 61a of the substrate 61 of the image or light sensor chip 99¢ or 99f can be
attached to the die attach pad 53a of the lead frame 53 by the adhesive material 33, as
shown in Fig. 7, and the wirebonded wires 42 each can have one end ball bonded with
the metal layer 24 of one of the metal structures 68 of the image or light sensor chip 99¢
or 99f. The specification of the wirebonded wires 42 ball bonded with the metal layer 24
can be as the same or similar to the specification of the wirebonded wires 42 ball bonded
with the metal layer 24 as illustrated in Fig. 3B.

[0219] The above-mentioned layer 7 of optical or color filter array 7, microlenses 8 and
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buffer layer 20 can be replaced by a microelectromechanical system (also written as
micro-clectro-mechanical system). When the microelectromechanical system (MEMS) is
applied to the processes illustrated in Figs. 1A-1P, 2A-2D, 3A-3F, 4A-4G, 5A-5C, 6A-6C,
7 and 8H, the microelectromechanical system can be formed on the passivation layer 5
and over the transistors of the light sensors 3 and provided in the cavity, free space or air
space 26, as illustrated in the process of Figs. 1A-1P, 2A-2D, 3A-3F, 4A-4G, 5A-5C,
6A-6C, 7 and 8H.

[0220] For example, referring to Fig. 13 A, the layer 7 of optical or color filter array, the
buffer layer 20 and the microlenses 8 of the image or light sensor module shown in Fig.
3E can be replaced by a microelectromechanical system 69, and the
microelectromechanical system 69 can be formed on the passivation layer 6 and over the
transistors of the light sensors 3 and provided in the cavity, free space or air space 26. An
element in Fig. 13A indicated by the same reference number as a like or similar element
indicated in Figs. 3A-3E can have the same or similar material(s) and/or specification as
the respective element shown and described for Figs. 3A-3E.

[0221] When the microelectromechanical system is applied to the processes illustrated in
Figs. 8A-8G, the microelectromechanical system can be formed on the polymer layer 58
and over the transistors of the light sensors 3 and provided in the cavity, free space or air
space 26, as illustrated in the process of Figs.8A-8G. For example, referring to Fig. 13B,
the layer 7 of optical or color filter array, the buffer layer 20 and the microlenses 8 of the
image or light sensor package 994 shown in Fig. 8G can be replaced by the
microelectromechanical system 69, and the microelectromechanical system 69 can be
formed on the polymer layer 58 and over the transistors of the light sensors 3 and
provided in the cavity, free space or air space 26. An element in Fig. 13B indicated by
the same reference number as a like or similar element in Figs. 8A-8G can have the same
or similar material(s) and/or specification as the respective element in Figs. 8A-8G.
[0222] When the microelectromechanical system is applied to the processes illustrated in
Figs. 9A-9K and 10A-10M, the microelectromechanical system can be formed on the
bottom surface 1b of the thinned semiconductor substrate 1 and over the transistors of
the light sensors 3 and provided in the cavity, free space or air space 26, as illustrated in
the process of Figs. 9A-9K and 10A-10M. For example, referring to Fig. 13C, the layer 7
of optical or color filter array, the buffer layer 20 and the microlenses 8 of the image or

light sensor package 992 shown in Fig. 9] can be replaced by the
64



WO 2010/093699 PCT/US2010/023762

microelectromechanical system 69, and the microelectromechanical system 69 can be
formed on the bottom surface 1b of the thinned semiconductor substrate 1 and over the
transistors of the light sensors 3 and provided in the cavity, free space or air space 26. An
clement in Fig. 13C indicated by the same reference number as a like or similar element
indicated in Figs. 9A-9J can have the same material(s) and/or specification as the
respective element illustrated in Figs. 9A-9].

[0223] When the microelectromechanical system is applied to the processes illustrated in
Figs. 11A-11P and 12A-12H, the microelectromechanical system can be formed on the
insulating layer 67 and over the transistors of the light sensors 3 and provided in the
cavity, free space or air space 26, as illustrated in the process of Figs. 11A-11P and
12A-12H. For example, referring to Fig. 13D, the layer 7 of optical or color filter array,
the buffer layer 20 and the microlenses 8 of the image or light sensor package 990 shown
in Fig. 12H can be replaced by the microelectromechanical system 69, and the
microelectromechanical system 69 can be formed on the insulating layer 67 and over the
transistors of the light sensors 3 and provided in the cavity, free space or air space 26. An
element in Fig. 13D indicated by the same reference number as a like or similar element
indicated in Figs. 12A-12H can have the same material(s) and/or specification as the
respective element illustrated in Figs. 12A-12H.

[0224] In Figs. 13A-13D, a vertical distance D17 between the bottom surface 11a of the
transparent substrate 11 and a top surface of the microelectromechanical system 69 can
be between, e.g., 10 and 300 micrometers, and preferably between 20 and 100
micrometers. An air gap is between the bottom surface 11a of the transparent substrate
11 and the top surface of the microelectromechanical system 69. The
microelectromechanical system (MEMS) 69 can be an inertial sensor including a
mechanical movable portion.

[0225] The above-mentioned image or light sensor chips 99 and 99a-99f, the
above-mentioned image or light sensor packages 990-999, the image or light sensor
package shown in Figs. 13B-13D, the image or light sensor modules shown in Figs. 3E,
3F, 4F, 4G and 13 A, and the plastic leaded chip carrier (PLCC) package shown in Figs. 7
and 9K can be used in and for various applications, including but not limited to the
following: telephones, e.g., cordless phones, mobile phones, so-called Smartphones;
computers, e.g., Netbook computers, notebook computers, personal digital assistants

(PDA), pocket personal computers, portable personal computers, electronic books,
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digital books, desktop computers, etc.; cameras and image sensors, e.g., digital cameras,
image scanner devices, digital video cameras, digital picture frames; and, automobile
electronic products such as on-board cameras and sensors, proximity sensors and IR lidar
cruise control systems, and the like. Moreover, light sensor chips and light sensor
packages according to the present disclosure can accommodate virtually any type of
semiconductor materials suitable for forming semiconductor light sensors; and, while the
present disclosure is provided in the context of light sensors, light emitting devices may
be formed by chips and packages according to the present disclosure.

[0226] The components, steps, features, benefits and advantages that have been
discussed are merely illustrative. None of them, nor the discussions relating to them, are
intended to limit the scope of protection in any way. Numerous other embodiments are
also contemplated. These include embodiments that have fewer, additional, and/or
different components, steps, features, benefits and advantages. These also include
embodiments in which the components and/or steps are arranged and/or ordered
differently.

[0227] In reading the present disclosure, one skilled in the art will appreciate that
embodiments of the present disclosure, e.g., design of structure and/or control of
methods described herein, can be implemented in hardware, software, firmware, or any
combinations of such, and over one or more networks. Suitable software can include
computer-readable or machine-readable instructions for performing methods and
techniques (and portions thereof) of designing and/or controlling the implementation of
tailored RF pulse trains. Any suitable software language (machine-dependent or
machine-independent) may be utilized. Moreover, embodiments of the present disclosure
can be included in or carried by various signals, e.g., as transmitted over a wireless RF or
IR communications link or downloaded from the Internet.

[0228] Unless otherwise stated, all measurements, values, ratings, positions, magnitudes,
sizes, and other specifications that are set forth in this specification, including in the
claims that follow, are approximate, not exact. They are intended to have a reasonable
range that is consistent with the functions to which they relate and with what is
customary in the art to which they pertain. Furthermore, unless stated otherwise, the
numerical ranges provided are intended to be inclusive of the stated lower and upper
values. Moreover, unless stated otherwise, all material selections and numerical values

are representative of preferred embodiments and other ranges and/or materials may be
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used.

[0229] The scope of protection is limited solely by the claims, and such scope is
intended and should be interpreted to be as broad as is consistent with the ordinary
meaning of the language that is used in the claims when interpreted in light of this
specification and the prosecution history that follows, and to encompass all structural

and functional equivalents.
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CLAIMS
What is claimed is:
1. A light sensor chip comprising:
a semiconductor substrate;

multiple transistors each including a diffusion or doped area in said semiconductor

substrate and a gate over a top surface of said semiconductor substrate;
a first dielectric layer over said top surface of said semiconductor substrate;
an interconnection layer over said first dielectric layer;

a second dielectric layer over said interconnection layer and over said first dielectric

layer;

a metal trace over said second dielectric layer, wherein said metal trace has a width

smaller than 1 micrometer;

an insulating layer on a first region of said metal trace, over said interconnection
layer and over said first and second diclectric layers, wherein an opening in said
insulating layer is over a second region of said metal trace, and said second region is at a

bottom of said opening;
a polymer layer on said insulating layer;

a metal layer on said second region of said metal trace, wherein said metal layer
includes a portion in said polymer layer, wherein said metal layer is connected to said
second region of said metal trace through said opening, wherein said metal layer has a
thickness between 3 and 100 micrometers and a width between 5 and 100 micrometers;

and

a transparent substrate on a top surface of said polymer layer and over said multiple
transistors, wherein an air space is between said insulating layer and said transparent

substrate and over said multiple transistors, wherein a bottom surface of said transparent
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substrate provides a top wall of said air space, and said polymer layer provides a

sidewall of said air space.

2. The light sensor chip of claim 1, further comprising a microelectromechanical
system in said air space and over said multiple transistors.

3. The light sensor chip of claim 1, further comprising a layer of filter array and
multiple microlenses in said air space and over said multiple transistors.

4. The light sensor chip of claim 1, wherein said multiple transistors compose a
complementary-metal-oxide-semiconductor (CMOS) device or a charge coupled device
(CCD).

5. The light sensor chip of claim 1, wherein said transparent substrate includes a glass
substrate.

6. The light sensor chip of claim 1, wherein said metal layer includes a copper layer or
a gold layer.

7. A light sensor chip comprising:

a semiconductor substrate;

multiple transistors each including a diffusion or doped area in said semiconductor

substrate and a gate over a top surface of said semiconductor substrate;
a first dielectric layer over said top surface of said semiconductor substrate;
an interconnection layer over said first dielectric layer;

a second dielectric layer over said interconnection layer and over said first dielectric

layer;

a metal trace over said second dielectric layer, wherein said metal trace has a width

smaller than 1 micrometer;

an insulating layer on a first region of said metal trace, over said interconnection
layer and over said first and second diclectric layers, wherein an opening in said
insulating layer is over a second region of said metal trace, and said second region is at a

bottom of said opening;

a metal layer on said second region of said metal trace, wherein said metal layer is
69



WO 2010/093699 PCT/US2010/023762

connected to said second region of said metal trace through said opening, wherein said
metal layer has a thickness between 3 and 100 micrometers and a width between 5 and

100 micrometers;
a polymer layer under a bottom surface of said semiconductor substrate; and

a transparent substrate on a bottom surface of said polymer layer, under said bottom
surface of said semiconductor substrate and under multiple transistors, wherein an air
space is between said semiconductor substrate and said transparent substrate and under
said multiple transistors, wherein a top surface of said transparent substrate provides a
bottom wall of said air space, and said polymer layer provides a sidewall of said air

space.

8. The light sensor chip of claim 7, further comprising a microelectromechanical
system in said air space and under said multiple transistors.

9. The light sensor chip of claim 7, further comprising a layer of filter array and
multiple microlenses in said air space and under said multiple transistors.

10. The light sensor chip of claim 7, wherein said multiple transistors compose a
complementary-metal-oxide-semiconductor (CMOS) device or a charge coupled device
(CCD).

11. The light sensor chip of claim 7, wherein said semiconductor substrate has a
thickness between 3 and 50 micrometers.

12. The light sensor chip of claim 7, wherein said metal layer includes a copper layer or
a gold layer.

13. The light sensor chip of claim 7, further comprising an etching stop in said
semiconductor substrate, wherein said etching stop has a first region substantially
coplanar with said top surface of said semiconductor substrate and a second region
substantially coplanar with said bottom surface of said semiconductor substrate.

14. A light sensor chip comprising:

a semiconductor substrate having a thickness between 3 and 50 micrometers,
wherein a through via is in said semiconductor substrate, wherein said semiconductor

substrate has a bottom surface at a horizontal level;

multiple transistors each including a diffusion or doped area in said semiconductor
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substrate and a gate over a top surface of said semiconductor substrate;
a dielectric layer over said top surface of said semiconductor substrate;

a metal trace over said dielectric layer, wherein said metal trace has a width smaller

than 1 micrometer;
a passivation layer over said metal trace and over said dielectric layer;

a metal layer having a first portion in said through via, wherein a bottom surface of

said metal layer is lower than said horizontal level;
a polymer layer under said bottom surface of said semiconductor substrate; and

a transparent substrate on a bottom surface of said polymer layer, under said bottom
surface of said semiconductor substrate and under multiple transistors, wherein an air
space is between said semiconductor substrate and said transparent substrate and under
said multiple transistors, wherein a top surface of said transparent substrate provides a
bottom wall of said air space, and said polymer layer provides a sidewall of said air

space.

15. The light sensor chip of claim 14, further comprising a microelectromechanical
system in said air space and under said multiple transistors.

16. The light sensor chip of claim 14, further comprising a layer of filter array and
multiple microlenses in said air space and under said multiple transistors.

17. The light sensor chip of claim 14, wherein said multiple transistors compose a
complementary-metal-oxide-semiconductor (CMOS) device or a charge coupled device
(CCD).

18. The light sensor chip of claim 14, wherein said metal layer includes a copper layer or
a gold layer.

19. The light sensor chip of claim 14, wherein said metal layer has a second portion in
said polymer layer.

20. The light sensor chip of claim 14, wherein said transparent substrate includes a glass

substrate.
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AMENDED CLAIMS
received by the International Bureau on 17 June 2010 (17.06.10)

What is claimed is;

1. A light sensor chip comprising:

a semiconductor substrate;

multiple transistors each comprising a diffusion or doped area in said semiconductor
substrate and a gate over a top surface of said semiconductor substrate;

a first dielectric layer over said top surface of said semiconductor substrate;

an interconnection layer over said first dielectric layer;

a second dielectric layer over said interconnection layer and said first dielectric layer;

a metal pad over said second dielectric layer;

an insulating layer over said interconnection layer and said first and second dielectric
layers, wherein an opening in said insulating layer is over a contact point of said metal pad,
and said contact point is at a bottom of said opening;

a polymer layer on a top surface of said insulating layer;

a metal bump on said contact point, wherein said metal bump comprises a portion in said
polymer layer, wherein said portion has a sidewall contacting said polymer layer, wherein
said metal bump has a top surface not covered by said polymer layer, wherein said metal
bump is connected to said contact point through said opening, wherein said metal bump has a
thickness between 3 and 100 micrometers; and

a transparent substrate on said top surface of said polymer layer and vertically over said
multiple transistors, wherein said transparent substrate is not vertically over said metal bump,
wherein an air space is between said top surface of said insulating layer and said transparent
substrate and vertically over said multiple transistors, wherein said polymer layer provides a

sidewall of said air space.

2. The light sensor chip of claim 1, further comprising a microelectromechanical system

(MEMS) in said air space and vertically over said multiple transistors.

3. The light sensor chip of claim 1, further comprising a layer of filter array and multiple

microlenses in said air space and vertically over said multiple transistors.
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4. The light sensor chip of claim 1, wherein said multiple transistors compose a

complementary-metal-oxide-semiconductor (CMOS) device.

5. The light sensor chip of claim 1, wherein said transparent substrate comprises a glass

substrate.
6. The light sensor chip of claim 1, wherein said metal bump comprises a copper layer.

7. A light sensor chip comprising:

a semiconductor substrate having a thickness between 1 and 10 micrometers;

multiple transistors each comprising a diffusion or doped area in said semiconductor
substrate and a gate over a top surface of said semiconductor substrate;

a first dielectric layer over said top surface of said semiconductor substrate;

an interconnection layer over said first dielectric layer;

a second dielectric layer over said interconnection layer and said first dielectric layer;

a metal pad over said second dielectric layer and vertically over said top surface of said
semiconductor substrate;

an insulating layer over said interconnection layer and said first and second dielectric
layers, wherein an opening in said insulating layer is over a contact point of said metal pad,
and said contact point is at a bottom of said opening; ‘

a metal bump on said contact point, wherein said metal bump is connected to said contact
point through said opening, wherein said metal bump has a thickness between 3 and 100
micrometers;

a polymer layer under a bottom surface of said semiconductor substrate; and

a transparent substrate on a bottom surface of said polymer layer, under said bottom
surface of said semiconductor substrate and vertically under said multiple transistors, wherein
an air space is between said bottom surface of said semiconductor substrate and said
transparent substrate and vertically under said multiple transistors, wherein said polymer

layer provides a sidewall of said air space.

8. The light sensor chip of claim 7, further comprising a microelectromechanical system

(MEMS) in said air space and vertically under said multiple transistors.

9. The light sensor chip of claim 7, further comprising a layer of filter array and multiple

microlenses in said air space and vertically under said multiple transistors.
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10. The light sensor chip of claim 7, wherein said multiple transistors compose a

complementary-metal-oxide-semiconductor (CMOS) device.

11. The light sensor chip of claim 7, wherein said transparent substrate comprises a glass

substrate.
12. The light sensor chip of claim 7, wherein said metal bump comprises a copper layer.

13. The light sensor chip of claim 7, wherein a through hole passes through said

semiconductor substrate.

14. A light sensor chip comprising:

a semiconductor substrate having a thickness between 1 and 10 micrometers, wherein a
through via passes through said semiconductor substrate;

multiple transistors each comprising a diffusion or doped area in said semiconductor
substrate and a gate over a top surface of said semiconductor substrate;

a dielectric layer over said top surface of said semiconductor substrate;

a metal pad over said dielectric layer and vertically over said top surface of said
semiconductor substrate;

a passivation layer over said metal pad and over said dielectric layer;

a metal layer in said through via and under a bottom surface of said semiconductor
substrate;

a polymer layer under said bottom surface of said semiconductor substrate; and

a transparent substrate on a bottom surface of said polymer layer, under said bottom
surface of said semiconductor substrate and vertically under said multiple transistors, wherein
an air space is between said bottom surface of said semiconductor substrate and said
transparent substrate and vertically under said multiple transistors, wherein said polymer

layer provides a sidewall of said air space.

15. The light sensor chip of claim 14, further comprising a microelectromechanical system

(MEMS) in said air space and vertically under said multiple transistors.

16. The light sensor chip of claim 14, further comprising a layer of filter array and multiple

microlenses in said air space and vertically under said multiple transistors.
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17. The light sensor chip of claim 14, wherein said multiple transistors compose a

complementary-metal-oxide-semiconductor (CMOS) device.

18. The light sensor chip of claim 14, wherein said metal layer comprises a copper layer.

19. The light sensor chip of claim 14, wherein said metal layer comprises a portion in said
polymer layer, wherein said portion has a sidewall contacting said polymer layer, wherein

said metal layer has a bottom surface not covered by said polymer layer.

20. The light sensor chip of claim 14, wherein said transparent substrate comprises a glass

substrate.
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Statement under Article 19(1)

The amendments to claims 1-20 shown above, and submitted herewith in clean form on
the replacement sheets 68-71 at the end of this paper, are not believed to impact the as-filed
description and drawings, which are believed to fully support the amended claims 1-20. The
amendments to claims 1-20, therefore, do not go beyond the disclosure in the international

application as filed, and entry of the replacement sheets 68-71 is respectfully requested.
CONCLUSION

The Examiner is invited to contact the undersigned agent if there are any questions

relating to this matter.
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