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IMAGE SENSOR DEVICE

CROSS REFERENCE

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 17/397,049, filed on Aug. 9, 2021, which is a
Continuation of U.S. application Ser. No. 16/595,729, filed
on Oct. 8, 2019, which is a Divisional of U.S. application
Ser. No. 15/807,980, filed on Nov. 9, 2017, the entirety of
which is incorporated by reference herein.

BACKGROUND

[0002] The semiconductor integrated circuit (IC) industry
has experienced rapid growth. Technological advances in IC
materials and design have produced generations of ICs
where each generation has smaller and more complex cir-
cuits than the previous generation. In the course of IC
evolution, functional density (i.e., the number of intercon-
nected devices per chip area) has generally increased while
geometric size (i.e., the smallest component that can be
created using a fabrication process) has decreased. Such
advances have increased the complexity of processing and
manufacturing ICs. For these advances, similar develop-
ments in IC processing and manufacturing are needed.
[0003] Along with the advantages realized from reducing
geometric size, improvements are being made directly to the
IC devices. One such IC device is an image sensor device.
An image sensor device includes a pixel array (or grid) for
detecting light and recording intensity (brightness) of the
detected light. The pixel array responds to the light by
accumulating a charge. The higher the light intensity, the
greater the charge that is accumulated in the pixel array. The
accumulated charge is then used (for example, by other
circuitry) to provide image information for use in a suitable
application, such as a digital camera.

[0004] However, since the feature sizes continue to
decrease, fabrication processes continue to become more
difficult to perform. Therefore, it is a challenge to form
reliable image sensor devices at smaller and smaller sizes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It should be noted that, in
accordance with the standard practice in the industry, vari-
ous features are not drawn to scale. In fact, the dimensions
of the various features may be arbitrarily increased or
reduced for clarity of discussion.

[0006] FIGS. 1A-1E are cross-sectional views of various
stages of a process for forming an image sensor device, in
accordance with some embodiments.

[0007] FIG. 2A is a top view of the semiconductor sub-
strate, the etch stop layer, and the insulating layer of FIG.
1B, in accordance with some embodiments.

[0008] FIG. 2B is a top view of the light-blocking struc-
ture and the insulating layer of FIG. 1D, in accordance with
some embodiments.

[0009] FIG. 3 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.

[0010] FIG. 4 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.

[0011] FIG. 5 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.
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[0012] FIG. 6 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.

[0013] FIG. 7 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.

[0014] FIG. 8 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.

[0015] FIG. 9 is a cross-sectional view of an image sensor
device, in accordance with some embodiments.

[0016] FIG. 10 is a cross-sectional view of an image
sensor device, in accordance with some embodiments.

DETAILED DESCRIPTION

[0017] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0018] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly. It is understood that additional operations can be
provided before, during, and after the method, and some of
the operations described can be replaced or eliminated for
other embodiments of the method.

[0019] FIGS. 1A-1E are cross-sectional views of various
stages of a process for forming an image sensor device 100,
in accordance with some embodiments. As shown in FIG.
1A, a semiconductor substrate 110 is provided. The semi-
conductor substrate 110 has a front surface 112 and a back
surface 114 opposite to the front surface 112. The semicon-
ductor substrate 110 has a thickness T1, in accordance with
some embodiments. The thickness T1 is equal to a distance
between the front surface 112 and the back surface 114, in
accordance with some embodiments.

[0020] The semiconductor substrate 110 may be a silicon
substrate doped with a P-type dopant such as boron, in
which case the semiconductor substrate 110 is a P-type
substrate. Alternatively, the semiconductor substrate 110
could be another suitable semiconductor material. For
example, the semiconductor substrate 110 may be a silicon
substrate doped with an N-type dopant such as phosphorous
or arsenic, in which case the substrate is an N-type substrate.
The semiconductor substrate 110 may include other elemen-
tary semiconductor materials such as germanium.
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[0021] As shown in FIG. 1A, a portion of the semicon-
ductor substrate 110 is removed to form a trench 116 in the
semiconductor substrate 110, in accordance with some
embodiments. The trench 116 extends from the front surface
112 into the semiconductor substrate 110, in accordance
with some embodiments. The trench 116 surrounds the
portions of the semiconductor substrate 110, in accordance
with some embodiments.

[0022] The trench 116 has a bottom surface 116a and inner
walls 1165, in accordance with some embodiments. The
inner walls 1165 are connected to (or adjacent to) the bottom
surface 1164, in accordance with some embodiments. The
trench 116 has a depth D1, in accordance with some embodi-
ments. In some embodiments, a ratio of the depth D1 to the
thickness T1 ranges from about 0.02 to about 0.5.

[0023] As shown in FIG. 1A, an etch stop layer 122 is
formed over the semiconductor substrate 110 to cover the
bottom surface 116a, the inner walls 1165, and the front
surface 112, in accordance with some embodiments. The
etch stop layer 122 covering the bottom surface 1164 has a
thickness T2, in accordance with some embodiments. The
etch stop layer 122 covering the inner walls 1165 has a
thickness T3, in accordance with some embodiments. The
thickness T2 is greater than the thickness T3, in accordance
with some embodiments.

[0024] The etch stop layer 122 is used to control a sub-
sequent etch process performed on the semiconductor sub-
strate 110, in accordance with some embodiments. The etch
stop layer 122 and the semiconductor substrate 110 are made
of different materials, in accordance with some embodi-
ments. The etch stop layer 122 is made of an insulating
material, in accordance with some embodiments.

[0025] The etch stop layer 122 is made of silicon nitride,
silicon oxynitride, silicon dioxide, silicon carbide, a com-
bination thereof, or the like, in accordance with some
embodiments. The etch stop layer 122 is formed using a
deposition process, such as a chemical vapor deposition
process, a physical vapor deposition process, an atomic layer
deposition process, or another suitable deposition process.
[0026] As shown in FIG. 1A, an insulating layer 124 is
formed over the etch stop layer 122, in accordance with
some embodiments. The insulating layer 124 is filled in the
trench 116, in accordance with some embodiments. The etch
stop layer 122, the insulating layer 124, and the semicon-
ductor substrate 110 are made of different materials, in
accordance with some embodiments.

[0027] The insulating layer 124 is made of silicon dioxide,
silicon nitride, silicon oxynitride, fluoride-doped silicate
glass (FSG), a low-K dielectric material, another suitable
insulating material, or combinations thereof. The insulating
layer 124 is formed using a deposition process, such as a
chemical vapor deposition process, a physical vapor depo-
sition process, or another suitable deposition process.
[0028] As shown in FIG. 1B, the insulating layer 124 and
the etch stop layer 122 outside of the trench 116 are
removed, in accordance with some embodiments. After the
removal process, the insulating layer 124 and the etch stop
layer 122 remaining in the trench 116 together form an
isolation structure 120, in accordance with some embodi-
ments.

[0029] Insome embodiments, the isolation structure 120 is
used to define subsequently formed light-sensing regions in
the semiconductor substrate 110, and to electrically isolate
neighboring devices (e.g. transistors) from one another. In
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some embodiments, the isolation features 120 are formed
adjacent to or near the front surface 112.

[0030] The removal process includes a planarization pro-
cess, such as a chemical mechanical polishing process, in
accordance with some embodiments. Therefore, a top sur-
face 122a of the etch stop layer 122 and a top surface 124a
of the insulating layer 124 are substantially coplanar (or
substantially aligned with each other), in accordance with
some embodiments. The term “substantially coplanar” in the
application may include small deviations from coplanar
geometries. The deviations may be due to manufacturing
processes.

[0031] FIG. 2A is a top view of the semiconductor sub-
strate 110, the etch stop layer 122, and the insulating layer
124 of FIG. 1B, in accordance with some embodiments. As
shown in FIGS. 1B and 2A, light-sensing regions 118 are
formed in the portions of the semiconductor substrate 110
surrounded by the trench 116 (or the isolation structure 120),
in accordance with some embodiments. The light-sensing
regions 118 are also referred to as radiation-sensing regions,
in accordance with some embodiments.

[0032] The light-sensing regions 118 are formed using one
or more ion implantation processes or diffusion processes, in
accordance with some embodiments. The light-sensing
regions 118 are doped with a doping polarity opposite from
that of the semiconductor substrate 110. The light-sensing
regions 118 are formed close to (or adjacent to, or near) the
front surface 112 of the semiconductor substrate 110.

[0033] The light-sensing regions 118 are operable to sense
incident light (or incident radiation) that enters the light-
sensing regions 118. The incident light may be visible light.
Alternatively, the incident light may be infrared (IR), ultra-
violet (UV), X-ray, microwave, other suitable types of light,
or a combination thereof.

[0034] Image sensing elements are formed over the light-
sensing regions 118, and for the sake of simplicity, detailed
structures of the image sensing elements are not shown in
figures of the present disclosure, in accordance with some
embodiments. The image sensing elements include pinned
layers, photodiode gates, reset transistors, source follower
transistors, and transfer transistors, in accordance with some
embodiments.

[0035] The transfer transistors are electrically connected
with the light-sensing regions 118 to collect (or pick up)
electrons generated by incident light (incident radiation)
traveling into the light-sensing regions 118 and to convert
the electrons into voltage signals, in accordance with some
embodiments.

[0036] As shown in FIG. 1B, an interconnection structure
130 is formed over the front surface 112, in accordance with
some embodiments. The interconnection structure 130
includes a number of patterned dielectric layers and con-
ductive layers that couple to various doped features, cir-
cuitry, photodiode gates, reset transistors, source follower
transistors, and transfer transistors. For example, the inter-
connection structure 130 includes an interlayer dielectric
(ILD) layer 132 and a multilayer interconnection (MLI)
structure 134 in the ILD layer 132.

[0037] The MLI structure 134 includes conductive lines
134a and vias (or contacts) 1345 connected between the
conductive lines 134a. It should be understood that the
conductive lines 134a and the vias 1345 are merely exem-
plary. The actual positioning and configuration of the con-
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ductive lines 134a and the vias 1345 may vary depending on
design needs and manufacturing concerns.

[0038] Afterwards, a carrier substrate 140 is bonded with
the interconnection structure 130, in accordance with some
embodiments. The carrier substrate 140 includes a silicon
substrate, a glass substrate or another suitable substrate.
Thereafter, as shown in FIGS. 1B and 1C, a thinning process
is performed to thin the semiconductor substrate 110 from
the back surface 114. The thinning process may include a
chemical mechanical polishing process.

[0039] Afterwards, as shown in FIG. 1C, the semiconduc-
tor substrate 110 is flipped over, and a trench 119 is formed
in the semiconductor substrate 110, in accordance with some
embodiments. The trench 119 extends from the back surface
114 into the semiconductor substrate 110, in accordance
with some embodiments. The trench 119 is between each
two adjacent light-sensing regions 118, in accordance with
some embodiments. The trench 119 surrounds each of the
light-sensing regions 118, in accordance with some embodi-
ments.

[0040] In some embodiments, the trench 119 is above the
isolation structure 120. In some embodiments, the trench
119 exposes the isolation structure 120. The isolation struc-
ture 120 has a surface (or an end surface) 120a facing the
back surface 114, in accordance with some embodiments.
The trench 119 exposes the surface 1204, in accordance with
some embodiments. The trench 119 exposes the etch stop
layer 122, in accordance with some embodiments.

[0041] The trench 119 has a depth D2, in accordance with
some embodiments. In some embodiments, a ratio of the
depth D2 of the trench 119 to the thickness T1 of the
semiconductor substrate 110 ranges from about 0.2 to about
0.98. In some embodiments, the ratio of the depth D1 of the
trench 119 to the thickness T1 of the semiconductor sub-
strate 110 ranges from about 0.5 to about 0.98. The depth D2
is greater than the depth D1, in accordance with some
embodiments.

[0042] Afterwards, as shown in FIG. 1D, an insulating
layer 150 is formed over the back surface 114 and in the
trench 119, in accordance with some embodiments. The
insulating layer 150 continuously and conformally covers a
bottom surface 119a (i.e. the surface 120a) and the inner
walls 1195 of the trench 119 and the back surface 114, in
accordance with some embodiments.

[0043] The insulating layer 150 is also referred to as a liner
layer, in accordance with some embodiments. The insulating
layer 150 is in direct contact with the isolation structure 120
and the semiconductor substrate 110, in accordance with
some embodiments. The insulating layer 150 is in direct
contact with the etch stop layer 122, in accordance with
some embodiments.

[0044] In some embodiments, the insulating layer 150 is
used to passivate the back surface 114, the bottom surface
1194, and the inner walls 1195. In some embodiments, the
insulating layer 150 is also used to electrically isolate the
light-sensing regions 118 from one another to reduce elec-
trical crosstalk between the light-sensing regions 118.
[0045] The insulating layer 150 includes silicon dioxide,
in accordance with some embodiments. The insulating layer
150 includes a high-k material, a dielectric material, or other
suitable insulating materials. The high-k material may
include hafnium oxide, tantalum pentoxide, zirconium diox-
ide, aluminum oxide, other suitable materials, or a combi-
nation thereof.
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[0046] The dielectric material includes, for example, sili-
con nitride, silicon oxynitride, other suitable materials, or a
combination thereof. The insulating layer 150 is formed by,
for example, a thermal oxidation process or a deposition
process, such as a chemical vapor deposition process or a
physical vapor deposition process.

[0047] Thereafter, as shown in FIG. 1D, a light-blocking
structure 160 is formed in the trench 119, in accordance with
some embodiments. The light-blocking structure 160 is
formed over the insulating layer 150, in accordance with
some embodiments. A top surface 150a of the insulating
layer 150 and a top surface 160a of the light-blocking
structure 160 are substantially coplanar, in accordance with
some embodiments.

[0048] FIG. 2B is a top view of the light-blocking struc-
ture 160 and the insulating layer 150 of FIG. 1D, in
accordance with some embodiments. FIG. 1D is a cross-
sectional view illustrating an intermediate structure of an
image sensor device along a sectional line I-I' in FIG. 2B, in
accordance with some embodiments. As shown in FIGS. 1D
and 2B, the trench 119 and the light-blocking structure 160
therein surround each of the light-sensing regions 118, in
accordance with some embodiments.

[0049] The insulating layer 150 is between the light-
blocking structure 160 and the semiconductor substrate 110
to separate the light-blocking structure 160 from the semi-
conductor substrate 110, in accordance with some embodi-
ments. The insulating layer 150 electrically insulates the
light-blocking structure 160 from the semiconductor sub-
strate 110, in accordance with some embodiments.

[0050] The trench 119 is filled with the insulating layer
150 and the light-blocking structure 160, in accordance with
some embodiments. The light-blocking structure 160 is
between each two adjacent light-sensing regions 118, in
accordance with some embodiments. The light-blocking
structure 160 is used to block incident light to prevent the
incident light from traveling between different light-sensing
regions 118, in accordance with some embodiments.
[0051] In some embodiments, the light-blocking structure
160 includes a light reflection structure. In some embodi-
ments, the light reflection structure has a lower refractive
index than that of the semiconductor substrate 110, and
therefore a portion of the incident light arriving at the light
reflection structure is reflected, which is a phenomenon
called “total internal reflection”. The light reflection struc-
ture includes dielectric materials, such as silicon dioxides,
silicon nitrides, or silicon carbides.

[0052] Insome embodiments, the light reflection structure
has a light reflectivity ranging from about 60% to about
100%. In some embodiments, the light reflection structure
includes a metal material or an alloy material. The light
reflection structure includes Al, W, Cu, Ti, an alloy thereof,
a combination thereof, or another suitable reflective mate-
rial.

[0053] Alternatively, in some embodiments, the light-
blocking structure 160 includes a light absorption structure.
In some embodiments, the light absorption structure has a
light absorptivity ranging from about 60% to about 100%. In
some embodiments, the light absorption structure is used to
absorb the incident light arriving at the light absorption
structure to prevent the incident light from traveling between
different light-sensing regions 118.

[0054] In some embodiments, the light absorption struc-
ture includes a black silicon material, a semiconductor
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material with a band gap smaller than 1.5 eV (e.g., Ge, InSb,
or InAs), or a polymer material (e.g., an opaque polymer
material). In some embodiments, the light absorption struc-
ture includes a non-visible light filter (e.g. an IR filter or a
UV filter) enabled to block visible light and transmit non-
visible light.

[0055] In some embodiments, the method of forming the
light-blocking structure 160 includes depositing a light-
blocking material layer on the semiconductor substrate 110
and filled in the trench 119; and removing the light-blocking
material layer outside of the trench 119.

[0056] The method of depositing the light-blocking mate-
rial layer includes performing a chemical vapor deposition
(CVD) process, a physical vapor deposition (PVD) process,
a coating process, or another suitable process. The method
of removing the light-blocking material layer outside of the
trench 119 includes performing a chemical mechanical pol-
ishing (CMP) process or another suitable process.

[0057] The light-blocking structure 160 and the insulating
layer 150 together form an isolation structure S, in accor-
dance with some embodiments. In some embodiments, the
isolation structure S is used to separate the light-sensing
regions 118 from one another, and to electrically isolate
neighboring devices (e.g. transistors) from one another.
[0058] The isolation structure S extends from the back
surface 114 into the semiconductor substrate 110, in accor-
dance with some embodiments. The isolation structure S
surrounds each of the light-sensing regions 118, in accor-
dance with some embodiments. The isolation structure S is
substantially aligned with the isolation structure 120, in
accordance with some embodiments.

[0059] The isolation structure S is in direct contact with
the isolation structure 120, in accordance with some
embodiments. In some embodiments, there is no gap (or no
semiconductor substrate 110) between end surfaces 120a
and S1 of the isolation structures 120 and S. Therefore, the
isolation structures 120 and S may reduce optical crosstalk
and electrical crosstalk between adjacent light-sensing
regions 118.

[0060] Thereafter, as shown in FIG. 1E, an anti-reflection
coating (ARC) layer 170 and a buffer layer 180 are sequen-
tially formed over the back surface 114 of the semiconductor
substrate 110, in accordance with some embodiments. The
ARC layer 170 is used to reduce optical reflection from the
back surface 114 of the semiconductor substrate 110 to
ensure that most of an incident light enters the light-sensing
regions 118 and is sensed.

[0061] The ARC layer 170 may be made of a high-k
material, a dielectric material, other applicable materials, or
a combination thereof. The high-k material may include
hafnium oxide, tantalum pentoxide, zirconium dioxide, alu-
minum oxide, other suitable materials, or a combination
thereof. The dielectric material includes, for example, sili-
con nitride, silicon oxynitride, other suitable materials, or a
combination thereof.

[0062] The buffer layer 180 is used as a buffer between the
ARC layer 170 and subsequently formed overlying layers.
The buffer layer 180 may be made of a dielectric material or
other suitable materials. For example, the buffer layer 180 is
made of silicon dioxide, silicon nitride, silicon oxynitride,
other applicable materials, or a combination thereof.
[0063] Thereafter, as shown in FIG. 1E, a reflective grid
190 is formed over the buffer layer 180, in accordance with
some embodiments. The reflective grid 190 may include
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reflective elements 192. In some embodiments, the reflective
elements 192 are aligned with the light-blocking structure
160. That is, the reflective elements 192 are right over the
light-blocking structure 160, in accordance with some
embodiments. In some other embodiments, the reflective
elements 192 are not right over the light-blocking structure
160, in accordance with some embodiments. Each of the
reflective elements 192 is used to prevent the incident light
from entering a neighboring light-sensing region 118. The
crosstalk problems between the light-sensing regions 118 are
thus prevented or reduced.

[0064] In some embodiments, the reflective grid 190 is
made of a reflective material such as a metal material. The
reflective grid 190 may be made of aluminum, silver, copper,
titanium, platinum, tungsten, tantalum, tantalum nitride,
other suitable materials, or a combination thereof. In some
embodiments, the reflective grid 190 is formed over the
buffer layer 180 using a suitable process. The suitable
process includes, for example, a PVD process, an electro-
plating process, a CVD process, other applicable processes,
or a combination thereof.

[0065] Afterwards, a dielectric layer 210 is formed over
the buffer layer 180 to cover the reflective grid 190, in
accordance with some embodiments. The dielectric layer
210 may be made of silicon dioxide, silicon nitride, silicon
oxynitride, or other suitable materials. The dielectric layer
210 is formed by a CVD process or another suitable process.
The dielectric layer 210 has multiple recesses 212R, 212G,
and 212B.

[0066] Thereafter, visible light filters (such as color filters
220R, 220G, and 220B) are formed in the recesses 212R,
212G, and 212B, respectively. In some embodiments, the
visible light filters may be used to filter through visible light.
The color filters 220R, 220G, and 220B may be used to filter
through a red wavelength band, a green wavelength band,
and a blue wavelength band, respectively. In some embodi-
ments, the light-blocking structure 160 includes a non-
visible light filter (e.g. an IR filter or a UV filter) enabled to
block the visible light passing though the visible light filters.

[0067] Afterwards, lenses 230 are respectively formed
over the color filters 220R, 220G, and 220B, in accordance
with some embodiments. The lenses 230 are used to direct
or focus the incident light. The lenses 230 may include a
microlens array. The lenses 230 may be made of a high
transmittance material. For example, the high transmittance
material includes transparent polymer material (such as
polymethylmethacrylate, PMMA), transparent ceramic
material (such as glass), other applicable materials, or a
combination thereof. In this step, an image sensor device
100 is substantially formed, in accordance with some
embodiments.

[0068] As shown in FIG. 1E, an incident light L. passing
through the color filters 220R and arriving at the light-
blocking structure 160 may be absorbed or reflected by the
light-blocking structure 160. Therefore, the light-blocking
structure 160 may reduce optical crosstalk between adjacent
light-sensing regions 118.

[0069] Furthermore, since the isolation structure 120 is in
direct contact with the isolation structure S, the isolation
structures 120 and S together completely separate the light-
sensing regions 118 from one another, in accordance with
some embodiments. As a result, the isolation structures 120
and S may further reduce optical crosstalk.
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[0070] In the image sensor device 100, the isolation struc-
ture 120 extends from the front surface 112 into the semi-
conductor substrate 110, in accordance with some embodi-
ments. The isolation structure 120 surrounds the light-
sensing regions 118, in accordance with some embodiments.
[0071] The insulating layer 124 extends from the front
surface 112 into the semiconductor substrate 110, in accor-
dance with some embodiments. The etch stop layer 122 is
positioned between the insulating layer 124 and the isolation
structure S, in accordance with some embodiments. The
light-blocking structure 160 extends from the back surface
114 into the semiconductor substrate 110, in accordance
with some embodiments.

[0072] A minimum width W1m of the isolation structure S
in the trench 119 is less than a minimum width W2m of the
isolation structure 120, in accordance with some embodi-
ments. A width W1 of the isolation structure S in the trench
119 continuously decreases from the back surface 114 to the
isolation structure 120 thereunder, in accordance with some
embodiments. The width W1 of the isolation structure S in
the trench 119 continuously decreases in a direction V1
toward the front surface 112, in accordance with some
embodiments.

[0073] A width W2 of the isolation structure 120 continu-
ously decreases from the front surface 112 to the isolation
structure S thereabove, in accordance with some embodi-
ments. The width W2 of the isolation structure 120 continu-
ously decreases in a direction V2 toward the back surface
114, in accordance with some embodiments.

[0074] FIG. 3 is a cross-sectional view of an image sensor
device 300, in accordance with some embodiments. As
shown in FIG. 3, the image sensor device 300 is similar to
the image sensor device 100 of FIG. 1E, except that the etch
stop layer 122 of the image sensor device 300 covers only
a portion of the inner walls 1165 adjacent to the bottom
surface 116a of the trench 116, in accordance with some
embodiments.

[0075] The etch stop layer 122 of the image sensor device
300 does not cover the inner walls 1165 adjacent to the front
surface 112, in accordance with some embodiments. There-
fore, the aspect ratio of the trench 116 may be reduced,
which may improve the yield of the process for filling the
insulating layer 124 into the trench 116.

[0076] FIG. 4 is a cross-sectional view of an image sensor
device 400, in accordance with some embodiments. As
shown in FIG. 4, the image sensor device 400 is similar to
the image sensor device 100 of FIG. 1E, except that the ratio
of the depth D1 of the trench 116 to the thickness T1 of the
semiconductor substrate 110 of the image sensor device 400
is greater than that of the image sensor device 100, in
accordance with some embodiments. Therefore, the aspect
ratio of the trench 119 is reduced.

[0077] As a result, the yield of the process for filling the
light-blocking structure 160 into the trench 119 is improved.
The ratio of the depth D1 of the trench 116 to the thickness
T1 of the semiconductor substrate 110 of the image sensor
device 400 ranges from about 0.3 to about 0.5.

[0078] FIG. 5 is a cross-sectional view of an image sensor
device 500, in accordance with some embodiments. As
shown in FIG. 5, the image sensor device 500 is similar to
the image sensor device 100 of FIG. 1E, except that the
isolation structure S extends into the isolation structure 120
of the image sensor device 500, in accordance with some
embodiments.
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[0079] The trench 119 extends into the isolation structure
120, in accordance with some embodiments. The isolation
structure S in the trench 119 is partially formed in the
isolation structure 120, in accordance with some embodi-
ments. The trench 119 extends into the etch stop layer 122,
in accordance with some embodiments. The trench 119 does
not pass through the etch stop layer 122, in accordance with
some embodiments. A portion of the etch stop layer 122 is
between the insulating layer 124 and the isolation structure
S to separate the insulating layer 124 from the isolation
structure S, in accordance with some embodiments.

[0080] The isolation structure S has a first end portion E1
and a second end portion E2, in accordance with some
embodiments. The first end portion E1 is between the second
end portion E2 and the isolation structure 120, in accordance
with some embodiments. The first end portion E1 partially
extends into the isolation structure 120, in accordance with
some embodiments. The first end portion E1 does not pass
through the etch stop layer 122, in accordance with some
embodiments.

[0081] There is a distance D3 between the bottom surface
1164 of the trench 116 and the back surface 114, in accor-
dance with some embodiments. The depth D2 of the trench
119 is greater than the distance D3, in accordance with some
embodiments. The sum of the depths D1 and D2 is greater
than the thickness T1 of the semiconductor substrate 110, in
accordance with some embodiments.

[0082] FIG. 6 is a cross-sectional view of an image sensor
device 600, in accordance with some embodiments. As
shown in FIG. 6, the image sensor device 600 is similar to
the image sensor device 100 of FIG. 1E, except that the
minimum width Wlm of the isolation structure S in the
trench 119 is greater than the minimum width W2m of the
isolation structure 120, in accordance with some embodi-
ments. A maximum width Wlx of the isolation structure S in
the trench 119 is greater than a maximum width W2x of the
isolation structure 120, in accordance with some embodi-
ments.

[0083] FIG. 7 is a cross-sectional view of an image sensor
device 700, in accordance with some embodiments. As
shown in FIG. 7, the image sensor device 700 is similar to
the image sensor device 600 of FIG. 6, except that the
isolation structure 120 partially extends into the isolation
structure S, in accordance with some embodiments. The etch
stop layer 122 partially extends into the isolation structure S
(or the insulating layer 150), in accordance with some
embodiments.

[0084] There is a distance D3 between the bottom surface
1164 of the trench 116 and the back surface 114, in accor-
dance with some embodiments. The depth D2 of the trench
119 is greater than the distance D3, in accordance with some
embodiments. Before the formation of the isolation structure
S, the trench 119 exposes a surface 120a and sidewalls 1205
of the isolation structure 120, in accordance with some
embodiments.

[0085] The surface 120a faces the back surface 114, and
the sidewalls 1205 are adjacent to the surface 1204, in
accordance with some embodiments. The insulating layer
150 covers the surface 120a and the sidewalls 12056 of the
isolation structure 120, in accordance with some embodi-
ments.

[0086] FIG. 8 is a cross-sectional view of an image sensor
device 800, in accordance with some embodiments. As
shown in FIG. 8, the image sensor device 800 is similar to
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the image sensor device 100 of FIG. 1E, except that the
light-blocking structure 160 of the image sensor device 800
includes a light reflection structure 162 and a light absorp-
tion structure 164, in accordance with some embodiments.

[0087] The light reflection structure 162 and the light
absorption structure 164 are sequentially formed in the
trench 119, in accordance with some embodiments. The light
absorption structure 164 is formed over the light reflection
structure 162, in accordance with some embodiments. The
light absorption structure 164 has a top surface 164a, in
accordance with some embodiments. The top surface 164a
and the top surface 150a of the insulating layer 150 are
substantially coplanar, in accordance with some embodi-
ments. The light absorption structure 164 and the light
reflection structure 162 are made of different materials, in
accordance with some embodiments.

[0088] In some embodiments, the light reflection structure
162 has a lower refractive index than that of the semicon-
ductor substrate 110, and therefore a portion of the incident
light arriving at the light reflection structure 162 is reflected.
The light reflection structure 162 includes dielectric mate-
rials, such as silicon dioxides, silicon nitrides, or silicon
carbides.

[0089] In some embodiments, the light reflection structure
162 has a light reflectivity ranging from about 60% to about
100%. In some embodiments, the light reflection structure
162 includes a metal material or an alloy material. The light
reflection structure 162 includes Al, W, Cu, Ti, an alloy
thereof, a combination thereof, or another suitable reflective
material.

[0090] In some embodiments, the light absorption struc-
ture 164 has a light absorptivity ranging from about 60% to
about 100%. In some embodiments, the light absorption
structure 164 is used to absorb the incident light arriving at
the light absorption structure 164 to prevent the incident
light from traveling between different light-sensing regions
118.

[0091] In some embodiments, the light absorption struc-
ture 164 includes a black silicon material, a semiconductor
material with a band gap smaller than 1.5 eV (e.g., Ge, InSb,
or InAs), or a polymer material (e.g., an opaque polymer
material). In some embodiments, the light absorption struc-
ture 164 includes a non-visible light filter (e.g. an IR filter or
a UV filter) enabled to block visible light and transmit
non-visible light.

[0092] The light absorption structure 164 is positioned
closer to the back surface 114 than to the front surface 112,
in accordance with some embodiments. The light reflection
structure 162 is positioned between the light absorption
structure 164 and the isolation structure 120, in accordance
with some embodiments. A thickness T4 of the light absorp-
tion structure 164 is less than a thickness T5 of the light
reflection structure 162, in accordance with some embodi-
ments.

[0093] As shown in FIG. 8, an incident light .1 passing
through the color filters 220R and arriving at the light
reflection structure 162 is reflected by the light reflection
structures 162, in accordance with some embodiments. An
incident light 1.2 passing through the color filters 220R and
arriving at the light absorption structure 164 may be
absorbed by the light absorption structure 164, which pre-
vents the incident light L2 from being reflected to an
adjacent light-sensing region 118. Therefore, the light-
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blocking structure 160 composed of the light reflection
structure 162 and the light absorption structure 164 may
reduce optical crosstalk.

[0094] FIG. 9 is a cross-sectional view of an image sensor
device 900, in accordance with some embodiments. As
shown in FIG. 9, the image sensor device 900 is similar to
the image sensor device 100 of FIG. 1E, except that the
image sensor device 900 does not have the insulating layer
150 of the image sensor device 100 of FIG. 1E, in accor-
dance with some embodiments. The light-blocking structure
160 is made of an insulating material, in accordance with
some embodiments.

[0095] The light-blocking structure 160 is in direct contact
with the isolation structure 120, in accordance with some
embodiments. The light-blocking structure 160 is in direct
contact with the etch stop layer 122, in accordance with
some embodiments.

[0096] FIG. 10 is a cross-sectional view of an image
sensor device, in accordance with some embodiments. As
shown in FIG. 10, the image sensor device 1000 is similar
to the image sensor device 900 of FIG. 9, except that the
image sensor device 1000 does not have the etch stop layer
122 of the image sensor device 900 of FIG. 9, in accordance
with some embodiments. The light-blocking structure 160 is
in direct contact with the insulating layer 124, in accordance
with some embodiments.

[0097] Inaccordance with some embodiments, image sen-
sor devices and methods for forming the same are provided.
The methods (for forming the image sensor devices) form a
first isolation structure and a second isolation structure in a
semiconductor substrate and between adjacent light-sensing
regions of the semiconductor substrate. The semiconductor
substrate has a front surface and a back surface. The first
isolation structure and the second isolation structure respec-
tively extend from the front surface and the back surface and
meet each other in the semiconductor substrate. The light-
sensing regions are completely separated from each other by
the first isolation structure and the second isolation structure.
Therefore, the first isolation structure and the second isola-
tion structure may block incident light arriving at the first
isolation structure and the second isolation structure to
prevent the incident light from traveling between adjacent
light-sensing regions. Therefore, optical crosstalk between
the light-sensing regions is reduced. The first isolation
structure and the second isolation structure may electrically
isolate the light-sensing regions from one another to reduce
electrical crosstalk between the light-sensing regions.
[0098] In accordance with some embodiments, an image
sensor device is provided. The image sensor device includes
a substrate having a front surface, a back surface, and a
light-sensing region. The image sensor device includes a
first isolation structure extending from the front surface into
the substrate. The first isolation structure surrounds a first
portion of the light-sensing region, the first isolation struc-
ture has an etch stop layer, the etch stop layer has an end
portion, and the end portion has an H-like shape. The image
sensor device includes a second isolation structure extending
into the substrate from the back surface to the end portion.
The second isolation structure surrounds a second portion of
the light-sensing region.

[0099] In accordance with some embodiments, an image
sensor device is provided. The image sensor device includes
a substrate having a front surface, a back surface, and a
light-sensing region. The image sensor device includes a
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first isolation structure extending from the front surface into
the substrate. The first isolation structure surrounds a first
portion of the light-sensing region, the first isolation struc-
ture has an etch stop layer, the etch stop layer has a thin
portion and a thick portion, and the thin portion is thinner
than the thick portion. The image sensor device includes a
second isolation structure extending from the back surface
into the substrate. The second isolation structure surrounds
a second portion of the light-sensing region, the thin portion
surrounds an end portion of the second isolation structure,
and the thick portion is under the second isolation structure.

[0100] In accordance with some embodiments, an image
sensor device is provided. The image sensor device includes
a substrate having a front surface, a back surface, and a
light-sensing region. The image sensor device includes a
first isolation structure extending from the front surface into
the substrate. The first isolation structure is beside a first
portion of the light-sensing region. The image sensor device
includes a second isolation structure extending into the
substrate from the back surface toward the first isolation
structure. The second isolation structure is beside a second
portion of the light-sensing region, the second isolation
structure has an insulating layer, the insulating layer has an
end portion, and the end portion has an H-like shape.

[0101] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:
1. An image sensor device, comprising:

a substrate having a front surface, a back surface, and a
light-sensing region;

a first isolation structure extending from the front surface
into the substrate, wherein the first isolation structure
surrounds a first portion of the light-sensing region, the
first isolation structure has an etch stop layer, the etch
stop layer has an end portion, and the end portion has
an H-like shape; and

a second isolation structure extending into the substrate
from the back surface to the end portion, wherein the
second isolation structure surrounds a second portion of
the light-sensing region.

2. The image sensor device as claimed in claim 1, wherein

the first isolation structure further has a first insulating layer,
and the etch stop layer surrounds the first insulating layer.

3. The image sensor device as claimed in claim 2, wherein
the second isolation structure comprises a light-blocking
structure and a second insulating layer between the light-
blocking structure and the substrate, and the light-blocking
structure extends from the back surface into the substrate.

4. The image sensor device as claimed in claim 3, wherein
the second insulating layer is in direct contact with the end
portion of the etch stop layer.
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5. The image sensor device as claimed in claim 1, wherein
the end portion of the etch stop layer is wrapped around the
second isolation structure.

6. The image sensor device as claimed in claim 1, wherein
the second isolation structure extends into the etch stop
layer.

7. The image sensor device as claimed in claim 1, wherein
the first isolation structure is in direct contact with the
second isolation structure.

8. The image sensor device as claimed in claim 1, wherein
the second isolation structure is longer than the first isolation
structure.

9. The image sensor device as claimed in claim 1, wherein
the first isolation structure further has an insulating layer,
and the etch stop layer separates the insulating layer from the
second isolation structure.

10. The image sensor device as claimed in claim 9,
wherein the insulating layer and the second isolation struc-
ture are partially embedded in the end portion of the etch
stop layer.

11. An image sensor device, comprising:

a substrate having a front surface, a back surface, and a

light-sensing region;

a first isolation structure extending from the front surface
into the substrate, wherein the first isolation structure
surrounds a first portion of the light-sensing region, the
first isolation structure has an etch stop layer, the etch
stop layer has a thin portion and a thick portion, and the
thin portion is thinner than the thick portion; and

a second isolation structure extending from the back
surface into the substrate, wherein the second isolation
structure surrounds a second portion of the light-sens-
ing region, the thin portion surrounds an end portion of
the second isolation structure, and the thick portion is
under the second isolation structure.

12. The image sensor device as claimed in claim 11,
wherein the front surface is closer to the end portion of the
second isolation structure than the back surface.

13. The image sensor device as claimed in claim 11,
wherein the thick portion of the etch stop layer is between
the thin portion of the etch stop layer and the front surface.

14. The image sensor device as claimed in claim 11,
wherein the second isolation structure extends into the first
isolation structure.

15. The image sensor device as claimed in claim 11,
wherein the first isolation structure further has an insulating
layer, and the thick portion of the etch stop layer surrounds
the insulating layer.

16. An image sensor device, comprising:

a substrate having a front surface, a back surface, and a

light-sensing region;

a first isolation structure extending from the front surface
into the substrate, wherein the first isolation structure is
beside a first portion of the light-sensing region; and

a second isolation structure extending into the substrate
from the back surface toward the first isolation struc-
ture, wherein the second isolation structure is beside a
second portion of the light-sensing region, the second
isolation structure has an insulating layer, the insulating
layer has an end portion, and the end portion has an
H-like shape.

17. The image sensor device as claimed in claim 16,

wherein the first isolation structure is in direct contact with
the second isolation structure.
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18. The image sensor device as claimed in claim 16,
wherein the first isolation structure extends into the end
portion of the insulating layer of the second isolation struc-
ture.

19. The image sensor device as claimed in claim 16,
wherein the second isolation structure is wider than the first
isolation structure.

20. The image sensor device as claimed in claim 16,
wherein the first portion of the light-sensing region is wider
than the second portion of the light-sensing region.

#* #* #* #* #*
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