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(57) ABSTRACT

In some embodiments, the present disclosure relates to a
method for forming an integrated chip (IC), including form-
ing a plurality of image sensing elements including a first
doping type within a substrate, performing a first removal
process to form deep trenches within the substrate, the deep
trenches separating the plurality of image sensing elements
from one another, performing an epitaxial growth process to
form an isolation epitaxial precursor including a first mate-
rial within the deep trenches and to form a light absorbing
layer including a second material different than the first
material within the deep trenches and between sidewalls of
the isolation epitaxial precursor, performing a dopant acti-
vation process on the light absorbing layer and the isolation
epitaxial precursor to form a doped isolation layer including
a second doping type opposite the first doping type, and
filling remaining portions of the deep trenches with an
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LIGHT ABSORBING LAYER TO ENHANCE
P-TYPE DIFFUSION FOR DTI IN IMAGE
SENSORS

PRIORITY CLAIM AND CROSS-REFERENCE

[0001] This application claims priority to U.S. Provisional
Application No. 63/188,251 filed on May 13, 2021, entitled
“DSA LIGHT ABSORBER TO ENHANCE P-TYPE DIF-
FUSION FOR BDTI IN IMAGE SENSORS”, which appli-
cation is hereby incorporated herein by reference.

BACKGROUND

[0002] Many modern day electronic devices, such as digi-
tal cameras and video cameras, contain image sensors to
convert optical images to digital data. To achieve this, an
image sensor comprises an array of pixel regions. Each pixel
region contains a photodiode configured to capture optical
signals (e.g., light) and convert it to digital data (e.g., a
digital image). Complementary metal-oxide-semiconductor
(CMOS) image sensors are often used over charge-coupled
device (CCD) image sensors because of their many advan-
tages, such as lower power consumption, faster data pro-
cessing, and lower manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0004] FIG. 1 illustrates a cross-sectional view of some
embodiments of an integrated chip (IC) comprising a sub-
strate having a dopant diffusion region extending from a
deep trench isolation (DTI) structure into the substrate.
[0005] FIG. 2 illustrates a cross-sectional view of some
embodiments of an IC comprising a substrate having a light
absorbing material diffusion region and a dopant diffusion
region extending from a DTI structure into the substrate.
[0006] FIG. 3 illustrates a graphical representation of
some embodiments of a relationship between a concentra-
tion of light absorbing material and dopants in a substrate
and distance from a doped isolation layer.

[0007] FIG. 4 illustrates a cross-sectional view of some
alternative embodiments of the IC of FIG. 1 in which the
image sensing die is bonded together with a logic die.
[0008] FIG. 5 illustrates a cross-sectional view of some
alternative embodiments of the IC of FIG. 1 in which the
DTI structure is varied.

[0009] FIG. 6 illustrates a cross-sectional view of some
alternative embodiments of the IC of FIG. 1 in which the
DTI structure comprises a light absorbing layer disposed
along sidewalls of an isolation filler structure.

[0010] FIGS. 7A-7B illustrate cross-sectional views of
some alternative embodiments of the IC of FIG. 6 in which
the DTI structure is further varied.

[0011] FIG. 8 illustrates a cross-sectional view of some
alternative embodiments of the IC of FIG. 1 in which the
DTI structure comprises a light absorbing layer entirely
below an overlying isolation structure.

Nov. 17, 2022

[0012] FIGS. 9A-9B illustrate cross-sectional views of
some alternative embodiments of the IC of FIG. 8 in which
the DTI structure is further varied.

[0013] FIGS. 10-21, 22A-22B, 23A-23E, 24A-24D, and
25A-25D illustrate a series of cross-sectional views of
various embodiments of a method for using a light absorbing
layer to form an IC comprising a substrate having a dopant
diffusion region extending from a DTI structure into the
substrate.

[0014] FIG. 26 illustrates a flowchart of some embodi-
ments of a method for using a light absorbing layer to form
an IC comprising a substrate having a dopant diffusion
region extending from a DTI structure into the substrate.

DETAILED DESCRIPTION

[0015] 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.
[0016] 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.

[0017] A complementary metal-oxide-semiconductor
(CMOS) image sensor (CIS) device may include a plurality
of pixel regions arranged on or within a substrate. Each pixel
region comprises an image sensing element, such as a
photodiode, that is configured to receive incident light
comprising photons. The pixel regions may be separated
from one another by a deep trench isolation (DTI) structure
to improve the quantum efficiency of the CIS. To accom-
modate shrinkage of CIS devices while at least maintaining
an amount of charge that can be stored in an individual pixel
region without the pixel region becoming saturated (e.g., full
well capacity), the DTI comprises a doped isolation layer.
[0018] In fabrication, the doped isolation layer undergoes
a dopant activation process (e.g., dynamic surface anneal) to
diffuse dopants into the substrate. However, the high tem-
peratures of the dopant activation process may induce
imperfections such as, for example, dislocations, cracks, a
change in a cross-sectional profile of the DTI, and/or surface
peeling. These imperfections can lead to performance issues
for the CIS device. To avoid this, the dopant activation
process may be performed at a lower temperature. However,
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in doing so, dopants are only slightly diffused into the
substrate, which may decrease the full well capacity. Fur-
ther, too small of a diffusion distance may adversely affect
the number of white pixels and/or the dark current of the
device, leading to performance issues.

[0019] In view of the above, various embodiments of the
present disclosure relate to a method for forming a CIS
device comprising a DTI structure and a doped isolation
layer for avoiding imperfections and at least maintaining the
full well capacity. In some embodiments, a plurality of
image sensing elements having a first doping type (e.g.,
n-type) is formed into a substrate, and deep trenches are
etched into the substrate to separate the plurality of image
sensing elements from one another. An epitaxial growth
process forms a doped isolation layer having a second
doping type opposite the first (e.g., p-type) into the deep
trenches and between sidewalls of the substrate. A light
absorbing layer is formed into the deep trenches and
between sidewalls of the doped isolation layer. A dopant
activation process is then performed on the light absorbing
layer.

[0020] The light absorbing layer absorbs light from the
dopant activation process and correspondingly heats up. In
doing so, the light absorbing layer prevents the induction of
imperfections in the CIS device at high annealing tempera-
tures. Further, by heating up, the light absorbing layer
provides tensile stress to the doped isolation layer, which
promotes diffusion of dopants from the doped isolation layer
into the substrate. Hence, dopants are diffused into the
substrate a sufficient distance so as to improve full well
capacity, the number of white pixels, and/or the dark current
without impairing device performance.

[0021] FIG. 1 illustrates a cross-sectional view 100 of
some embodiments of an integrated chip (IC) comprising a
substrate 102 having a dopant diffusion region 128 extend-
ing from a DTI structure 122 into the substrate 102. An
image sensing die 103 comprises the substrate 102 and the
DTI structure 122. The substrate 102 has a frontside 136 and
a backside 138. The DTI structure 122 comprises a plurality
of deep trenches extending into the backside 138 of the
substrate 102, defining the substrate 102 into a plurality of
pixel regions that may be arranged in an array comprising
rows and/or columns, such as pixel regions 105a, 1054
shown in FIG. 1. In the pixel regions 105a, 1054, the
respective image sensing elements 104a, 1045 are config-
ured to convert incident radiation (e.g., photons) into an
electric signal. A deep well region 106, a deep photodiode
region 108, and a pinned photodiode region 110 are disposed
within the substrate 102 and between individual trenches of
the DTT structure 122, and respectively define the image
sensing elements 104a, 1045. In some embodiments, the
deep well region 106, the deep photodiode region 108, and
the pinned photodiode region 110 may have a first doping
type (e.g., n-type). In some embodiments, the deep well
region 106 may have a dopant concentration less than that of
the deep photodiode region 108. In some embodiments, the
deep photodiode region 108 may have a dopant concentra-
tion less than that of the pinned photodiode region 110.
[0022] An isolation well 112 is further disposed within the
substrate 102 and between pixel regions 105a, 1056. The
isolation well 112 extends from the frontside 136 of the
substrate 102 to a position within the substrate 102. In some
embodiments, the isolation well 112 may be vertically
aligned with an individual trench of the DTI structure 122.

Nov. 17, 2022

In some embodiments, the isolation well 112 and the sub-
strate 102 may have a second doping type (e.g., p-type)
opposite the first doping type. In some embodiments, the
substrate 102 may have a dopant concentration less than that
of'the isolation well 112. A floating diffusion well 115, which
corresponds to a source/drain region next to a transfer gate
114, extends from the frontside 136 of the substrate 102 to
a position within the substrate 102. Although the DTI
structure 122 is illustrated in FIG. 1 as extending partially
into the isolation well 112, it will be appreciated that in some
alternative embodiments (not shown), the DTI structure 122
may alternatively extend to a location overlying the isolation
well 112.

[0023] The transfer gate 114 is arranged along the fron-
tside 136 of the substrate 102. The transfer gate 114 may
include a protrusion that extends from the frontside 136 of
the substrate 102 to a position within the pinned photodiode
region 110. During operation, the transfer gate 114 controls
charge transfer from the corresponding image sensing ele-
ment 104a, 1045 to the floating diffusion well 115. If the
charge level is sufficiently high within the floating diffusion
well 115, a source follower transistor (not shown) is acti-
vated and charges are selectively output according to opera-
tion of a row select transistor (not shown) used for address-
ing. A reset transistor (not shown) can be used to reset the
image sensing element 104a, 1045 between exposure peri-
ods. A metallization stack 107 comprising a plurality of
metal lines 130 and a plurality of metal interconnect vias 132
is disposed within a first inter-dielectric layer (ILD) struc-
ture 134, and is electrically coupled to the transfer gate 114
and the diffusion well 115.

[0024] The DTI structure 122 comprises an isolation filler
structure 120, a doped isolation layer 116, and a high-k
dielectric layer 118. The doped isolation layer 116 lines a
sidewall surface of a deep trench of the substrate 102, the
high-k dielectric layer 118 lines a sidewall surface of the
doped isolation layer 116, and the isolation filler structure
120 fills a remaining space of the deep trench between inner
sidewalls of the high-k dielectric layer 118. In some embodi-
ments, the isolation filler structure 120 comprises a void or
air gap 142. In some of such embodiments, the isolation
filler structure 120 and the void or air gap 142 entirely fill the
remaining space of the deep trench. In some embodiments,
the deep trench may refer to a trench that extends at least
halfway into the substrate 102. The doped isolation layer 116
comprises the second doping type. In some embodiments,
the doped isolation layer 116 is more heavily doped than the
substrate 102. The doped isolation layer 116, the high-k
dielectric layer 118, and the isolation filler structure 120 may
extend laterally along the backside 138 of the substrate 102
overlying the image sensing elements 104a, 1045. In alter-
native embodiments, the DTI structure 122 is absent of a
high-k dielectric layer, and the doped isolation layer 116 is
in direct contact with the isolation filler structure 120.

[0025] The dopant diffusion region 128 is a portion of the
substrate 102 that is more heavily doped with the second
doping type as compared to the rest of the substrate 102. The
dopant diffusion region 128 extends into the substrate 102
from the doped isolation layer 116 to an outer edge 128e,
such that the dopant diffusion region 128 continuously
extends along the backside 138 of the substrate 102 and
along inner sidewalls of the substrate 102. The doped
isolation layer 116, the dopant diffusion region 128, and the
isolation well 112 collectively isolate the image sensing
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elements 104a, 1045 from one another, and the dopant
diffusion region 128 extends a sufficient distance into the
substrate 102 so as to improve to improve full well capacity,
the number of white pixels, and/or the dark current without
impairing device performance. In some embodiments, the
dopant diffusion region 128 may be approximately 10 to
approximately 20 times more heavily doped than the sub-
strate 102, approximately 15 to approximately 20 times
more heavily doped than the substrate 102, or some other
suitable value.

[0026] A plurality of color filters 124 is arranged over the
substrate 102 and over the DTT structure 122. The plurality
of color filters 124 are respectively configured to transmit
specific wavelengths of incident radiation. For example, a
first color filter (e.g., a red color filter) may transmit light
having wavelengths within a first range, while a second
color filter may transmit light having wavelengths within a
second range different than the first range. A plurality of
micro-lenses 126 is arranged over the plurality of color
filters 124. Respective micro-lenses 126 are aligned laterally
with the color filters 124 and overlie the pixel regions 105a,
1055. In some embodiments, the plurality of micro-lenses
126 have a substantially flat bottom surface abutting the
plurality of color filters 124 and a curved upper surface. The
curved upper surface is configured to focus the incident
radiation (e.g., light towards the underlying pixel regions
105a, 1055). During operation, the incident radiation is
focused by the micro-lenses 126 to the underlying pixel
regions 105a, 10556. When incident radiation of sufficient
energy strikes the image sensing elements 104a, 1045, it
generates an electron-hole pair that produces a photocurrent.
Notably, though the micro-lenses 126 are shown as fixing
onto the IC in FIG. 1, it is appreciated that the IC may not
include micro-lenses, and the micro-lenses may be attached
to the IC later in a separate manufacture activity.

[0027] In some embodiments, the substrate 102 may be or
comprise, for example crystalline silicon or some other
suitable semiconductor material(s). In some embodiments,
the doped isolation layer 116 may be or comprise, for
example silicon or some other suitable semiconductor mate-
rial(s). In some embodiments, the image sensing elements
104a, 1045 may, for example, be or comprise a photodiode,
an avalanche photodiode, a single-photon avalanche diode,
some other suitable photodetector, or the like. In some
embodiments, the isolation filler structure 120 comprises
silicon dioxide, silicon nitride, or some other suitable dielec-
tric material(s). In some embodiments, the high-k dielectric
layer 118 may be or comprise, for example, aluminum oxide
(AL,0;), hafhium oxide (HfO,), hafnium silicon oxide (Hf-
Si0), hafnium aluminum oxide (HfAlO), tantalum oxide
(Ta,Os), or hafhium tantalum oxide (HMO), or some other
suitable high-k dielectric material(s). In some embodiments,
the first ILD structure 134 may be or comprise, for example,
nitride (e.g., silicon nitride, silicon oxynitride), a carbide
(e.g., silicon carbide), an oxide (e.g., silicon oxide), boro-
silicate glass (BSG), phosphoric silicate glass (PSG), boro-
phosphosilicate glass (BPSG), a low-k oxide (e.g., a carbon
doped oxide, SICOH), or the like. The plurality of metal
lines 130 and the plurality of metal interconnect vias 132 are
or comprise, for example, copper, aluminum, some other
suitable metal(s), or a combination of the foregoing.
Although the IC illustrated in FIG. 1 is backside illuminated
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(BSI), it will be appreciated that in some alternative embodi-
ments (not shown), the IC may alternatively be frontside
illuminated (FSI).

[0028] During fabrication of the IC of FIG. 1, a light
absorbing layer (not shown) is temporarily formed to absorb
light during a dopant activation process and heats up, and
may be removed before the high-k dielectric layer 118. In
doing so, the light absorbing layer prevents the induction of
imperfections in the device at high annealing temperatures.
Further, by heating up, the light absorbing layer provides
tensile stress to the doped isolation layer 116, which pro-
motes diffusion of dopants from the doped isolation layer
116 into the substrate 102, forming the dopant diffusion
region 128. Hence, dopants are diffused into the substrate
102 a sufficient distance so as to improve full well capacity,
the number of white pixels, and/or the dark current without
impairing device performance.

[0029] FIG. 2 illustrates a cross-sectional view 200 of
some embodiments of an IC comprising a substrate 102
having a light absorbing material diffusion region 202 and a
dopant diffusion region 128 extending from a DTI structure
122 into the substrate 102. In some embodiments, the
cross-sectional view 200 may be the portion 140 of the IC
of FIG. 1. The DTI structure 122 comprises a doped isola-
tion layer 116 having a second doping type (e.g., p-type) and
a first thickness T1 disposed between sidewalls of the
substrate 102, a high-k dielectric layer 118 disposed between
sidewalls of the doped isolation layer 116, and an isolation
filler structure 120 disposed between sidewalls of the high-k
dielectric layer 118. The first thickness T1 is measured along
a lateral portion of the DTI structure 122 directly overlying
the substrate 102.

[0030] The dopant diffusion region 128 is a portion of the
substrate 102 that is more heavily doped with the second
doping type. The dopant diffusion region 128 extends into
the substrate 102 from the doped isolation layer 116 to an
outer edge 128e. The doped isolation layer 116 and the
dopant diffusion region 128 collectively isolate the image
sensing elements 104a, 1045 from one another during the
operation, and the dopant diffusion region 128 extends a
sufficient distance into the substrate 102 so as to improve full
well capacity, the number of white pixels, and/or the dark
current without impairing device performance. The light
absorbing material diffusion region 202 is a portion of the
substrate 102 that comprises particles of light absorbing
material. The light absorbing material diffusion region 202
extends into the substrate 102 from the doped isolation layer
116 to an outer edge 202e.

[0031] The dopant diffusion region 128 extends from the
doped isolation layer 116 into the substrate 102 by a first
distance D1. The light absorbing material diffusion region
202 extends from the doped isolation layer 116 into the
substrate 102 by a second distance D2 that is less than the
first distance D1.

[0032] In some embodiments, the first thickness T1 may
range from approximately 1 nanometer to approximately 10
nanometers, approximately 5 nanometers to approximately
10 nanometers, approximately 1 nanometer to approxi-
mately 5 nanometers, or some other suitable value. In some
embodiments, if the first thickness T1 is too small (e.g.,
below 1 nanometer), the doped isolation layer 116 may be
unable to effectively isolate the image sensing elements (not
shown) from one another. In some embodiments, if the first
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thickness T1 is too large (e.g., above 10 nanometers), a film
quality of the doped isolation layer 116 may degrade.
[0033] In some embodiments, the first distance D1 may
range from approximately 5 nanometers to approximately 10
nanometers, approximately 5 nanometers to approximately 7
nanometers, approximately 7 nanometers to approximately
10 nanometers, or some other suitable value. In some
embodiments, if the first distance D1 is too small (e.g.,
below 5 nanometers), the dopant diffusion region 128 may
be unable to effectively isolate the image sensing elements
(not shown) from one another. In some embodiments, if the
first distance D1 is too large (e.g., above 10 nanometers), a
method for forming the dopant diffusion region 128 may
result in impaired device performance. In some embodi-
ments, the second distance D2 may range from approxi-
mately 1 nanometer to approximately 3 nanometers,
approximately 2 nanometers to approximately 3 nanometers,
or some other suitable value.

[0034] FIG. 3 illustrates a graphical representation 300 of
some embodiments of a relationship between a concentra-
tion of light absorbing material and diffused dopants in a
substrate of an IC and distance from a doped isolation layer
116 of an IC, such as the IC of FIG. 2. A first curve 302
corresponds to a concentration of diffused dopants (e.g.,
p-type dopants) in a dopant diffusion region 128 of a
substrate. A second curve 304 corresponds to a concentra-
tion of light absorbing material in a light absorbing material
diffusion region 202 of a substrate. In some embodiments,
the light absorbing material may be or comprise, for
example, germanium or some other suitable material(s). So,
for example, if the substrate is a monocrystalline silicon
substrate, the monocrystalline silicon substrate may include
p-type dopants according to the first curve 302 and germa-
nium atoms according to the second curve 304.

[0035] The first curve 302 has a first concentration C1 at
a distance of approximately 0 nanometers away from the
doped isolation layer 116. The concentration of the first
curve 302 gradually decreases as the distance from the
doped isolation layer 116 increases. At a first distance D1,
the first curve 302 has a second concentration C2 of diffused
dopants that is equal to the concentration of dopants in the
substrate. Since the substrate comprises a highly doped
dopant diffusion region 128 that extends a sufficient distance
(e.g., the first distance D1) away from the doped isolation
layer 116, the full well capacity, the number of white pixels,
and/or the dark current of the device are improved without
impairing performance.

[0036] The second curve 304 has a third concentration C3
at a distance of approximately O nanometers away from the
doped isolation layer 116. The concentration of the second
curve 304 gradually decreases as the distance from the
doped isolation layer 116 increases, until the concentration
reaches 0 at a second distance D2.

[0037] In some embodiments, the first concentration C1
may range from approximately 10*° atoms per cubic centi-
meter to 3x10° atoms per cubic centimeter, approximately
2x10"° atoms per cubic centimeter to 3x10'° atoms per
cubic centimeter, approximately 10'° atoms per cubic cen-
timeter to 2x10'® atoms per cubic centimeter, or some other
suitable value. In some embodiments, the second concen-
tration C2 may range from approximately 10*7 atoms per
cubic centimeter to 5x10'7 atoms per cubic centimeter,
approximately 2x10"7 atoms per cubic centimeter to 5x10*7
atoms per cubic centimeter, approximately 10'7 atoms per
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cubic centimeter to 2x10'7 atoms per cubic centimeter, or
some other suitable value. In some embodiments, the third
concentration C3 may be less than approximately 3% by
molar ratio. For example, in embodiments in which the
substrate comprises silicon and the light absorbing material
comprises germanium, the substrate may have a composi-
tion Si,Ge,, where x is greater than 0.97 and less than 1, and
y is less than 0.03 and greater than 0. In some embodiments,
the first distance D1 and the second distance D2 may be as
described with respect to the first distance D1 and the second
distance D2 of FIG. 2.

[0038] FIG. 4 illustrates a cross-sectional view 400 of
some alternative embodiments of the IC of FIG. 1 in which
the image sensing die 103 is bonded together with a logic die
416. The logic die 416 may comprise logic devices 412
disposed over a logic substrate 418. The logic die 416 may
further comprise a metallization stack 414 disposed within a
second ILD structure 410 overlying the logic devices 412.
The image sensing die 103 and the logic die 416 may be
bonded face-to-face, face-to-back, or back-to-back. As an
example, FIG. 4 shows a face-to-face bonding structure
where a pair of intermediate bonding dielectric layers 402,
404, and bonding pads 406, 408 are arranged between the
image sensing die 103 and the logic die 416 and respectively
bond the metallization stacks 107, 414 through a fusion or
a eutectic bonding structure.

[0039] In some embodiments, the bonding pads 406, 408
and the metallization stack 414 are or comprise, for
example, copper, aluminum, some other suitable metal(s), or
a combination of the foregoing. In some embodiments, the
second ILD structure 410 and the intermediate bonding
dielectric layers 402, 404 may be or comprise, for example,
nitride (e.g., silicon nitride, silicon oxynitride), a carbide
(e.g., silicon carbide), an oxide (e.g., silicon oxide), boro-
silicate glass (BSG), phosphoric silicate glass (PSG), boro-
phosphosilicate glass (BPSG), a low-k oxide (e.g., a carbon
doped oxide, SiCOH), or the like.

[0040] FIG. 5 illustrates a cross-sectional view 500 of
some alternative embodiments of the IC of FIG. 1 in which
the DTI structure 122 is varied. The DTI structure 122 is as
described in FIG. 1, but the high-k dielectric layer 118 is
omitted. Further, the doped isolation layer 116 has a second
thickness T2 directly overlying the image sensing elements
104a, 10456 that is greater than the first thickness T1 as
described in FIG. 2 to passivate defects and sufficiently
isolate in lieu of a high-k dielectric layer. In some embodi-
ments, the second thickness T2 ranges from approximately
10 nanometers to approximately 15 nanometers, from
approximately 10 nanometers to approximately 12 nanome-
ters, from approximately 12 nanometers to approximately 15
nanometers, or some other acceptable value.

[0041] FIG. 6 illustrates a cross-sectional view 600 of
some alternative embodiments of the IC of FIG. 1 in which
the DTT structure 122 comprises a light absorbing layer 604
disposed along sidewalls of an isolation filler structure 120.
The high-k dielectric layer 118 of FIG. 1 is omitted, and an
insulating layer 606 is disposed along inner sidewalls of the
doped isolation layer 116. A diffusion enhancement layer
602 is disposed along inner sidewalls of the insulating layer
606. The light absorbing layer 604 is disposed along inner
sidewalls of the diffusion enhancement layer 602, and the
isolation filler structure 120 is disposed between inner
sidewalls of the light absorbing layer 604.
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[0042] In some embodiments, a top surface of the diffu-
sion enhancement layer 602, a top surface of the light
absorbing layer 604, a top surface of the insulating layer
606, and a top surface of the doped isolation layer 116 may
directly contact a bottom surface of the isolation filler
structure 120. In alternative embodiments, the diffusion
enhancement layer 602, the light absorbing layer 604, and
the insulating layer 606 each comprise a lateral portion that
continuously extends directly over the image sensing ele-
ments 104a, 1045. In some embodiments, the diffusion
enhancement layer 602 may comprise the second doping
type (e.g., p-type).

[0043] FIGS. 7A-7B illustrate cross-sectional views
700A-700B of some alternative embodiments of the IC of
FIG. 6 in which the DTT structure 122 is further varied.
[0044] With respect to cross-sectional view 700A of FIG.
7A, some alternative embodiments of the IC of FIG. 6 are
illustrated. The DTI structure 122 is as described with
respect to FIG. 6, but the diffusion enhancement layer 602
is omitted. The light absorbing layer 604 is disposed along
inner sidewalls of the insulating layer 606. In some embodi-
ments, this may save material costs at the expense of
diffusion distance. Particularly, without the diffusion
enhancement layer 602, during fabrication, the outer edge
128¢ of the dopant diffusion region 128 may be closer to the
doped isolation layer 116.

[0045] With respect to cross-sectional view 700B of FIG.
7B, some alternative embodiments of the IC of FIG. 6 are
illustrated. The DTI structure 122 is as described with
respect to FIG. 6, but the diffusion enhancement layer 602
and the insulating layer 606 are omitted. The light absorbing
layer 604 is disposed along inner sidewalls of the doped
isolation layer 116. In some embodiments, this may save
material costs at the expense of the formation of dislocations
in the doped isolation layer 116 during fabrication.

[0046] FIG. 8 illustrates a cross-sectional view 800 of
some alternative embodiments of the IC of FIG. 1 in which
the DTI structure 122 comprises a light absorbing layer 604
entirely below an overlying isolation structure 802. The
high-k dielectric layer 118 of FIG. 1 is omitted. An insulat-
ing layer 606 is disposed along inner sidewalls of the doped
isolation layer 116. A diffusion enhancement layer 602 is
disposed along inner sidewalls of the insulating layer 606.
The light absorbing layer 604 is disposed between inner
sidewalls of the diffusion enhancement layer 602. In some
embodiments, the light absorbing layer 604 comprises a
void or air gap 804. In some of such embodiments, the light
absorbing layer 604 and the void or air gap 804 entirely fill
the remaining space of the deep trench. The light absorbing
layer 604 continuously extends between inner sidewalls of
the diffusion enhancement layer 602. In some embodiments,
the light absorbing layer 604 entirely fills the space between
inner sidewalls of the diffusion enhancement layer 602.
[0047] The isolation filler structure 120 of FIG. 1 is
omitted. The overlying isolation structure 802 separates the
plurality of color filters 124 from the DTI structure 122. A
bottommost surface of the overlying isolation structure
contacts an upper surface of the doped isolation layer 116.
In some embodiments, the overlying isolation structure 802
comprises silicon dioxide, silicon nitride, or some other
suitable dielectric material(s).

[0048] FIGS. 9A-9B illustrate cross-sectional views
900A-900B of some alternative embodiments of the IC of
FIG. 8 in which the DTT structure 122 is varied.
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[0049] With respect to cross-sectional view 900A of FIG.
9A, some alternative embodiments of the IC of FIG. 8 are
illustrated. The DTI structure 122 is as described with
respect to FIG. 8, but the diffusion enhancement layer 602
is omitted. The light absorbing layer 604 is disposed along
inner sidewalls of the insulating layer 606. In some embodi-
ments, the light absorbing layer 604 entirely fills the space
between the inner sidewalls of the insulating layer 606. In
some embodiments, this may save material costs at the
expense of diffusion distance. Particularly, without the dif-
fusion enhancement layer 602, during fabrication, the outer
edge 128e¢ of the dopant diffusion region 128 may be closer
to the doped isolation layer 116.

[0050] With respect to cross-sectional view 900B of FIG.
9B, some alternative embodiments of the IC of FIG. 8 are
illustrated. The DTI structure 122 is as described with
respect to FIG. 8, but the diffusion enhancement layer 602
and the insulating layer 606 are omitted. The light absorbing
layer 604 is disposed along inner sidewalls of the doped
isolation layer 116. In some embodiments, the light absorb-
ing layer 604 entirely fills the space between the inner
sidewalls of the doped isolation layer. In some embodi-
ments, this may save material costs at the expense of the
formation of dislocations in the doped isolation layer 116
during fabrication.

[0051] FIGS. 10-21, 22A-22B, 23A-23E, 24A-24D, and
25A-25D illustrate a series of cross-sectional views 1000-
2100, 2200A-2200B, 2300A-2300E, 2400A-2400D, and
2500A-2500D of various embodiments of a method for
using a light absorbing layer 604 to form an IC comprising
a substrate 102 having a dopant diffusion region 128 extend-
ing from a DTI structure 122 into the substrate 102.
[0052] As illustrated by the cross-sectional view 1000 of
FIG. 10, in some embodiments, a plurality of deep well
regions 106 is formed on or within a substrate 102 of an
image sensing die 103. In some embodiments, the plurality
of deep well regions 106 is formed of a first doping type
(e.g., n-type) by a doping process. In some embodiments, the
doping process may be or comprise, for example, implanting
ions having the first doping type (e.g., phosphorous, arsenic,
or some other suitable dopant species), or some other
suitable doping process.

[0053] As illustrated by the cross-sectional view 1100 of
FIG. 11, in some embodiments, a plurality of isolation wells
112 having a second doping type opposite the first doping
type (e.g., p-type) are formed into the substrate 102 between
adjacent pixel regions 105a, 1055 from a frontside 136 of
the substrate 102 to a position within the substrate 102. In
some embodiments, the plurality of isolation wells 112 may
be formed by, for example, a doping process. In some
embodiments, the doping process may comprise implanting
ions having the second doping type (e.g., boron or some
other suitable dopant species), into the substrate 102
between adjacent pixel regions 1054, 1055. In some embodi-
ments, the substrate 102 may be selectively implanted
according to patterned masking layers (not shown) compris-
ing photoresist.

[0054] As illustrated by the cross-sectional view 1200 of
FIG. 12, in some embodiments, a plurality of deep photo-
diode regions 108 having the first doping type is formed into
the substrate 102 by a doping process. In some embodi-
ments, the plurality of deep photodiode regions 108 are
separated from one another by the plurality of isolation wells
112. In some embodiments, the doping process may be or
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comprise, for example, ion implantation, an n-type epitaxial
process, or some other suitable doping process. In some
embodiments, the substrate 102 may be selectively
implanted according to patterned masking layers (not
shown) comprising photoresist. In some embodiments, the
plurality of deep photodiode regions 108 has a greater
dopant concentration than the plurality of deep well regions
106.

[0055] As illustrated by the cross-sectional view 1300 of
FIG. 13, in some embodiments, a plurality of pinned pho-
todiode regions 110 having the first doping type is formed
into the substrate 102 between the plurality of isolation wells
112. In some embodiments, the plurality of pinned photo-
diode regions 110 may be formed by, for example, a doping
process. In some embodiments, the doping process may
comprise implanting n-type dopant species into the substrate
102. In some embodiments, the substrate 102 may be
selectively implanted according to patterned masking layers
(not shown) comprising photoresist. In some embodiments,
the plurality of pinned photodiode regions 110 has a greater
dopant concentration than the plurality of deep photodiode
regions 108. The plurality of deep well regions 106, the
plurality of deep photodiode regions 108, the plurality of
pinned photodiode regions 110, and the substrate 102 col-
lectively define a plurality of image sensing elements 104a,
104b.

[0056] As illustrated by the cross-sectional view 1400 of
FIG. 14, in some embodiments, a transfer gate 114 is formed
over the frontside 136 of the substrate 102. Further, a
floating diffusion well 115 is formed within the substrate
102. The transfer gate 114 extends from the frontside 136 of
the substrate 102 to a position within the plurality of pinned
photodiode regions 110. The transfer gate 114 may be
formed by etching a trench into the substrate 102 and
depositing a gate dielectric layer and a gate electrode layer
into the trench and over the substrate 102. The gate dielectric
layer and the gate electrode layer are subsequently patterned
to form a gate dielectric 1402 and a gate electrode 1404. The
floating diffusion well 115 may be formed by, for example,
a doping process. In some embodiments, the doping process
may be or comprise an ion implantation process performed
within the frontside 136 of the substrate 102, or some other
suitable process. In some embodiments, the floating diffu-
sion well 115 is formed between the transfer gate 114 and
one of the pluralities of isolation wells 112. In some embodi-
ments, a plurality of transfer gates 114 may be formed. In
some embodiments, a plurality of floating diffusion wells
115 may be formed.

[0057] As illustrated by cross-sectional view 1500 of FIG.
15, in some embodiments, a metallization stack 107 may be
formed on the frontside 136 of the substrate 102. In some
embodiments, the metallization stack 107 may be formed by
forming a first ILD structure 134, which comprises one or
more layers of ILD material, on the frontside 136 of the
substrate 102. The first ILD structure 134 is subsequently
etched to form via holes and/or metal trenches. The via holes
and/or metal trenches are then filled with a conductive
material to form the plurality of metal interconnect vias 132
and metal lines 130. In some embodiments, the first ILD
structure 134 may be deposited by physical vapor deposition
(PVD), chemical vapor deposition (CVD), or some other
suitable deposition process. The plurality of metal intercon-
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nect layers may be formed using a deposition process and/or
a plating process (e.g., electroplating, electro-less plating,
etc.).

[0058] As illustrated by cross-sectional view 1600 of FIG.
16, in some embodiments, the image sensing die 103 can
then be bonded to another die. For example, the image
sensing die 103 can be bonded to a logic die 416 prepared
to have logic devices 412 and a logic substrate 418. The
image sensing die 103 and the logic die 416 may be bonded
face-to-face, face-to-back, or back-to-back. For example,
the bonding process may use a pair of intermediate bonding
dielectric layers 402, 404, and bonding pads 406, 408 to
bond the metallization stack 107 of the image sensing die
103 to a metallization stack 414 of the logic die 416. The
bonding process may comprise a fusion or a eutectic bond-
ing process. The bonding process may also comprise a
hybrid bonding process including metal to metal bonding of
the bonding pads 406, 408, and dielectric to dielectric
bonding of the intermediate bonding dielectric layers 402,
404. An anneal process may follow the hybrid bonding
process, and may be performed at a temperature range
between about 250 degrees Celsius to about 450 degrees
Celsius for a time in a range of about 0.5 hour to about 4
hours, for example.

[0059] Insome embodiments, the image sensing die 103 is
thinned to remove an excess portion of the substrate 102.
The image sensing die 103 may be thinned by mechanical
grinding the backside 138 of the substrate 102. As an
example, the substrate 102 can be firstly grinded, then, an
aggressive wet etch can be applied to further thin the
substrate 102. An example of the etchant may include
hydrogen fluoride/nitric/acetic acid (HNA). A chemical
mechanical process and a tetramethylammonium hydroxide
(TMAH) wet etching may then follow to further thin the
substrate 102 so radiation can pass through the backside 138
of the substrate 102.

[0060] As illustrated in cross-sectional view 1700 of FIG.
17, in some embodiments, the substrate 102 is selectively
etched to form deep trenches 1702 within the backside 138
of the substrate 102 laterally separating adjacent image
sensing elements 104a, 1045 from one another. In some
embodiments, the deep trenches 1702 may refer to trenches
that extend at least halfway through the substrate 102. In
some embodiments, the substrate 102 may be etched by
forming a masking layer onto the backside 138 of the
substrate 102. The substrate 102 is then exposed to an
etchant in regions not covered by the masking layer. The
etchant etches the substrate 102 to form the deep trenches
1702 extending into the substrate 102.

[0061] In some alternative embodiments, the deep
trenches 1702 extend entirely through the substrate 102 and
may reach the first ILD structure 134, such that complete
isolation is achieved between pixel regions 1054, 10556. In
various embodiments, the masking layer may comprise
photoresist or a nitride (e.g., SiN) patterned using a photo-
lithography process. The masking layer may also comprise
atomic layer deposition (ALD) or plasma enhanced CVD
oxide layer. In various embodiments, the etchant may com-
prise a dry etchant have an etching chemistry comprising a
fluorine species (e.g., CF,, CHF,, C/F,, etc.) or a wet
etchant (e.g., hydroflouric acid (HF) or tetramethylammo-
nium hydroxide (TMAH)). Etching the substrate 102 to
form the deep trenches 1702 forms a damaged portion 102"
of the substrate 102. The damaged portion 102' of the
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substrate 102 is exposed to the deep trench 1702 and the
backside 138 of the substrate 102 as a damage result of the
etching process and may include native oxide and other
unwanted impurity layers.

[0062] As illustrated by cross-sectional view 1800 of FIG.
18, in some embodiments, a removal process is performed
on the substrate 102 to remove the damaged portion 102' and
smoothen sidewall surfaces of the deep trenches 1702. The
removal process may comprise, for example, a wet etching
process and/or a dry etching process to enlarge a lateral
dimension of the deep trenches 1702. In various embodi-
ments, the wet etching process comprises exposing the
sidewalls of the deep trenches 1702 to a wet etchant (e.g.,
tetramethylammonium hydroxide (TMAH)). In various
embodiments, the dry etching process comprises exposing
the sidewalls of the deep trenches 1702 to a dry etchant (e.g.,
chlorine gas (H,), gaseous hydrochloric acid (HCI), or
germane gas (GeH,)). In some embodiments, the dry etching
process is performed in-situ, meaning that a chamber used
for subsequent formation processes (e.g., low pressure
chemical vapor deposition epitaxial tool) is also used for the
dry etching process. In some embodiments, the removal
process increases the lateral dimension of the deep trenches
1702 by a range between approximately 20 nanometers and
approximately 30 nanometers per side, between approxi-
mately 25 nanometers and approximately 30 nanometers per
side, or some other suitable value.

[0063] As illustrated by cross-sectional view 1900 of FIG.
19, in some embodiments, an isolation epitaxial precursor
116' is formed into the deep trenches 1702 and over a
backside 138 of the substrate 102. In some embodiments, the
isolation epitaxial precursor 116' may be formed by a low
temperature epitaxial growth process, for example, an epi-
taxial growth process with a temperature lower than 450
degrees Celsius. Processing gases may comprise silane
(SiH,), disilane (HSi,), or trisilane (H,Si(SiH,),), diborane
(B,Hy), or other applicable gases. In some embodiments, the
processing gases may be configured to provide a p-dopant to
the isolation epitaxial precursor 116'.

[0064] The epitaxial growth process may be performed in
a low-pressure chemical vapor deposition epitaxial tool at a
pressure less than approximately 200 torr to form an epi-
taxial doped layer as the isolation epitaxial precursor 116'
with a first thickness T1 directly over the image sensing
elements 104a, 1045. In some embodiments, the isolation
epitaxial precursor 116" has a thickness along inner sidewalls
of the substrate 102 that is less than the first thickness T1.
The first thickness T1 may range from approximately 1
nanometer to approximately 10 nanometers, approximately
5 nanometers to approximately 10 nanometers, approxi-
mately 1 nanometer to approximately 5 nanometers, or some
other suitable value. The forming temperature should not be
higher than 450 degrees Celsius since a higher forming
temperature would cause a lower dopant concentration and
an increased roughness. The isolation epitaxial precursor
116' is formed on the smoothened sidewall surfaces of the
deep trenches 1702 and results in a better conformity than
conventional beamline implant technique, which suffers
shadowing effect for three-dimensional structure and thus
cannot achieve desired conformity. A concentration of the
p-dopant (e.g., boron) can be in a range from approximately
10*° atoms per cubic centimeter to 3x10"° atoms per cubic
centimeter, approximately 2x10*° atoms per cubic centime-
ter to 3x10' atoms per cubic centimeter, approximately
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10" atoms per cubic centimeter to 2x10"° atoms per cubic
centimeter, or some other suitable value. The concentration
of the p-dopant may further be different than that of the
substrate 102. A thinner isolation epitaxial precursor 116' or
a smaller concentration of dopants may prevent dopants
from being diffused into the substrate 102 a sufficient
distance so as to effectively isolate the plurality of image
sensing elements 104a, 1045 from one another.

[0065] As illustrated by cross-sectional view 2000 of FIG.
20, in some embodiments, an insulating layer 606 is formed
into the deep trenches 1702 and over the isolation epitaxial
precursor 116'. The insulating layer 606 prevents the for-
mation of dislocations in the subsequently formed doped
isolation layer 116 during a subsequently performed dopant
activation process. In some embodiments, the insulating
layer 606 may be deposited by PVD, CVD, or some other
suitable deposition process. In some embodiments, the insu-
lating layer 606 may be a native oxide of the isolation
epitaxial precursor 116', and may be formed by exposing the
insulating layer 606 to air.

[0066] The insulating layer 606 has a third thickness T3
directly over the image sensing elements 104a, 1045. In
some embodiments, the insulating layer 606 has a thickness
along inner sidewalls of the isolation epitaxial precursor 116'
that is less than the third thickness T3. In some embodi-
ments, the third thickness T3 may range from approximately
0.1 nanometer to approximately 3 nanometers, approxi-
mately 0.1 nanometers to approximately 1 nanometer,
approximately 1 nanometer to approximately 2 nanometers,
or some other suitable value. In some embodiments, the
insulating layer 606 may be or comprise, for example,
silicon dioxide, silicon nitride, silicon oXynitride, or some
other suitable material(s).

[0067] As illustrated by cross-sectional view 2100 of FIG.
21, in some embodiments, a diffusion enhancement layer
602 is formed within the deep trenches 1702 and over the
insulating layer 606. In some embodiments, the diffusion
enhancement layer 602 has the second doping type. The
diffusion enhancement layer 602 promotes dopant diffusion
into the substrate 102 during the subsequently performed
dopant activation process. The diffusion enhancement layer
602 may be formed by, for example, the epitaxial growth
process described in FIG. 19. In some embodiments, the
diffusion enhancement layer 602 may have a same thickness
as the isolation epitaxial precursor 116'. In some embodi-
ments, the diffusion enhancement layer 602 may be or
comprise, for example amorphous silicon or some other
suitable material(s).

[0068] As illustrated by cross-sectional view 2200A of
FIG. 22A, in some embodiments, a light absorbing layer 604
is formed within the deep trenches 1702 and along inner
sidewalls of the diffusion enhancement layer 602. In some
embodiments, the light absorbing layer 604 may be formed
by an epitaxial growth process, or some other suitable
formation process. Within the deep trenches 1702, inner
sidewalls of the light absorbing layer 604 face one another.
[0069] The light absorbing layer 604 has a fourth thick-
ness T4 directly over the image sensing elements 104a,
1045. In some embodiments, the light absorbing layer 604
has a thickness along inner sidewalls of the diffusion
enhancement layer 602 that is less than the fourth thickness
T4. In some embodiments, the fourth thickness T4 may
range from approximately 50 nanometers to approximately
100 nanometers, approximately 50 nanometers to approxi-
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mately 64 nanometers, approximately 64 nanometers to
approximately 80 nanometers, or some other suitable value.
If the fourth thickness T4 is too large (e.g., greater than
approximately 100 nanometers), the light absorbing layer
604 will not promote diffusion of dopants from the doped
isolation layer 116 into the substrate 102. If the fourth
thickness T4 is too small (e.g., less than approximately 50
nanometers), the light absorbing layer 604 will not protect
the device from imperfections, leading to performance
issues.

[0070] A dopant activation process is then performed on
the device to facilitate diffusion and to form a doped
isolation layer 116 and a dopant diffusion region 128 extend-
ing from the doped isolation layer 116 to an outer edge 128e.
In some embodiments, the dopant activation process com-
prises or is a dynamic surface anneal process, or some other
similar anneal process. As an example, the dopant activation
process may use a laser (e.g., a green laser (wavelength-532
nm), a UV laser (wavelength-308 nm), a near IR laser
(wavelength-810 nm), or the like) that correspondingly heats
portions of the device to a temperature of greater than
approximately 900 degrees Celsius for a time in a range
between approximately 100 nanoseconds and approximately
200 microseconds per cycle for approximately 8 cycles. The
dopant activation process is beneficial to low thermal budget
products, especially compared to other approaches such as a
deposition process followed by a thermal drive-in process,
which either can’t provide enough junction depth or not
acceptable for low thermal budget product because of the
high temperature junction drive-in and anneal for damage
recovery and dopant activation.

[0071] The light absorbing layer 604 absorbs light from
the dopant activation process and heats up. In doing so, the
light absorbing layer decreases the penetration depth of the
light, preventing the induction of imperfections in the device
at high annealing temperatures (e.g., greater than approxi-
mately 900 degrees Celsius). Further, by heating up, the light
absorbing layer 604 provides tensile stress to the doped
isolation layer 116, which promotes diffusion of dopants
from the doped isolation layer 116 into the substrate 102.
Hence, dopants are diffused into the substrate a sufficient
distance to at least maintain the full well capacity, the
number of white pixels, and/or the dark current above
acceptable values without impairing device performance. In
some embodiments, the light absorbing layer 604 may be or
comprise a light absorbing material such as, for example,
amorphous germanium, an amorphous silicon-germanium
alloy with a germanium percentage ranging from approxi-
mately 16 percent to approximately 80 percent, approxi-
mately 30 percent to approximately 80 percent, or some
other suitable value, titanium nitride, aluminum oxide, or
some other suitable light absorbing material(s). In some
embodiments, the light absorbing material has an absorption
coefficient of greater than approximately 10* centimeters™,
approximately 6x10* centimeters™, approximately 10° cen-
timeters™!, or some other suitable value. In some embodi-
ments, if the absorption coefficient of the light absorbing
material is too low (e.g., less than approximately 10* cen-
timeters™'), the penetration depth of the light may not be
sufficiently decreased, such that the induction of imperfec-
tions in the device may not be prevented at high annealing
temperatures. In some embodiments, the dopant activation
process may diffuse light absorbing material from the light
absorbing layer 604 into the substrate 102. As a consequence
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of this, amorphous germanium or an amorphous silicon-
germanium alloy are preferable to titanium nitride or alu-
minum oxide to prevent metal contamination. Further, amor-
phous germanium or an amorphous silicon-germanium alloy
have a higher absorption coefficient than titanium nitride or
aluminum oxide.

[0072] As illustrated by cross-sectional view 2200B of
FIG. 22B, in some embodiments, a light absorbing layer 604
is formed over the diffusion enhancement layer 602 and
within the deep trenches 1702 to fill the space between inner
sidewalls of the diffusion enhancement layer 602. Thus,
FIG. 22B is an alternative process stage to FIG. 22A, and
follows from FIG. 21. In some embodiments, the light
absorbing layer 604 may be formed by an epitaxial growth
process, or some other suitable formation process. In some
embodiments, the light absorbing layer 604 comprises a
void or air gap 804. In some of such embodiments, the light
absorbing layer 604 and the void or air gap 804 entirely fill
the remaining space of the deep trench.

[0073] The light absorbing layer 604 has a fifth thickness
T5 directly over the image sensing elements 104a, 1045. In
some embodiments, the light absorbing layer 604 has a
thickness along inner sidewalls of the diffusion enhancement
layer 602 that is less than the fifth thickness T5. In some
embodiments, the fifth thickness T5 may range from
approximately 150 nanometers to approximately 200 nano-
meters, approximately 150 nanometers to approximately
180 nanometers, approximately 180 nanometers to approxi-
mately 200 nanometers, or some other suitable value. If the
fifth thickness T5 is too large (e.g., greater than approxi-
mately 200 nanometers), the light absorbing layer 604 will
not promote diffusion of dopants from the doped isolation
layer 116 into the substrate 102. If the fifth thickness T5 is
too small (e.g., less than approximately 150 nanometers), the
light absorbing layer 604 will not protect the device from
imperfections, leading to performance issues.

[0074] A dopant activation process is then performed on
the device to facilitate diffusion and to form a doped
isolation layer 116 and a dopant diffusion region 128. In
some embodiments, the dopant activation process comprises
or is a dynamic surface anneal process, or some other similar
anneal process. As an example, the dopant activation process
may use a laser (e.g., a green laser) that correspondingly
heats portions of the device to a temperature of greater than
approximately 900 degrees Celsius for a time in a range
between approximately 100 nanoseconds and approximately
200 microseconds per cycle for approximately 8 cycles.
[0075] The light absorbing layer 604 absorbs light from
the dopant activation process and heats up. In doing so, the
light absorbing layer decreases the penetration depth of the
light, preventing the induction of imperfections in the device
at high annealing temperatures (e.g., greater than approxi-
mately 900 degrees Celsius). Further, by heating up, the light
absorbing layer 604 provides tensile stress to the doped
isolation layer 116, which promotes diffusion of dopants
from the doped isolation layer 116 into the substrate 102.
Hence, dopants are diffused into the substrate a sufficient
distance to at least maintain the full well capacity, the
number of white pixels, and/or the dark current above
acceptable values without impairing device performance. In
some embodiments, the light absorbing layer 604 may be or
comprise a light absorbing material such as, for example,
germanium, a silicon-germanium alloy with a germanium
percentage ranging from approximately 16 percent to
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approximately 80 percent, approximately 30 percent to
approximately 80 percent, or some other suitable value,
titanium nitride, aluminum oxide, or some other suitable
light absorbing material(s). In some embodiments, the dop-
ant activation process may diffuse light absorbing material
from the light absorbing layer 604 into the substrate 102. As
a consequence of this, germanium or a silicon-germanium
alloy are preferable to titanium nitride or aluminum oxide to
prevent metal contamination. Further, germanium or a sili-
con-germanium alloy have a higher absorption coeflicient
than titanium nitride or aluminum oxide.

[0076] Proceeding from FIGS. 22A-22B, in some embodi-
ments, an IC comprising a substrate having a dopant diffu-
sion region extending from a DTI structure into the substrate
may be formed as described hereafter. In some embodi-
ments, the acts described hereafter with regard to FIGS.
23A-23E are performed following from either FIG. 22A or
FIG. 22B, and the acts described hereafter with regard to
FIGS. 24A-24D and FIGS. 25A-25D are skipped, to form
the IC. The IC may, for example, be as described with regard
to FIG. 4. In some embodiments, the acts described hereafter
with regard to FIGS. 24A-24D are performed following
from FIG. 22A, and the acts described hereafter with regard
to FIGS. 23A-23E and FIGS. 25A-25D are skipped, to form
an alternative embodiment of the IC in which the DTI
structure comprises a light absorbing layer disposed along
sidewalls of an isolation filler structure. The image sensing
die of the IC may, for example, be as described with regard
to the image sensing die 103 of FIG. 6. In some embodi-
ments, the acts described hereafter with regard to FIGS.
25A-25D are performed following from FIG. 22B, and the
acts described hereafter with regard to FIGS. 23A-23E and
FIGS. 24A-24D are skipped, to form an alternative embodi-
ment of the IC in which the DTI structure comprises a light
absorbing layer entirely below an overlying isolation struc-
ture. The image sensing die of the IC may, for example, be
as described with regard to the image sensing die 103 of
FIG. 8.

[0077] As illustrated by the cross-sectional view 2300A of
FIG. 23A, in some embodiments, a removal process is
performed to remove the light absorbing layer 604, the
diffusion enhancement layer 602, and the insulating layer
606. The removal process exposes the upper surface and the
inner sidewalls of the doped isolation layer 116. In some
embodiments, the removal process may be or comprise an
ozone clean, SC1 (a mixture of NH,OH and H,0,), or some
other suitable removal process.

[0078] In alternative embodiments in which the insulating
layer 606 is omitted, the dopant activation process may form
dislocations in a portion of the doped isolation layer 116. In
some of such embodiments, the removal process may further
comprise an etching process to remove the dislocated por-
tion of the doped isolation layer 116. In some embodiments,
the etching process may be or comprise, for example,
tetramethylammonium hydroxide (TMAH) wet etching,
hydrofiuoric acid (HF) wet etching, or some other suitable
etching process.

[0079] As illustrated by the cross-sectional view 2300B of
FIG. 23B, in some embodiments, a high-k dielectric layer
118 is formed over the doped isolation layer 116 and along
the inner sidewalls of the doped isolation layer 116. In some
embodiments, high-k dielectric layer 118 is formed directly
on and contacting the doped isolation layer 116. In some
embodiments, the high-k dielectric layer 118 may be depos-
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ited using a physical vapor deposition technique or a chemi-
cal vapor deposition technique. In embodiments in which
the doped isolation layer 116 has a sufficient thickness, the
high-k dielectric layer 118 may be omitted. In further
embodiments, the sufficient thickness may be a second
thickness T2 ranging from approximately 10 nanometers to
approximately 15 nanometers, from approximately 10 nano-
meters to approximately 12 nanometers, from approximately
12 nanometers to approximately 15 nanometers, or some
other suitable value,

[0080] As illustrated by cross-sectional view 2300C of
FIG. 23C, in some embodiments, an isolation filler structure
120 is formed to fill the space between inner sidewalls of the
high-k dielectric layer 118. In some embodiments, the
isolation filler structure 120 comprises a void or air gap 142.
In some of such embodiments, the isolation filler structure
120 and the void or air gap 142 entirely fill the remaining
space of the deep trench. In some embodiments, a planar-
ization process is performed after forming the isolation filler
structure 120 to form a planar surface that extends along an
upper surface of the high-k dielectric layer 118. In some
alternative embodiments, the doped isolation layer 116, the
high-k dielectric layer 118, and the isolation filler structure
120 may be subject to a planarization process that removes
lateral portions of the isolation filler structure 120 the high-k
dielectric layer 118, and doped isolation layer 116 directly
overlying pixel regions 105a, 10556. In some embodiments,
the isolation filler structure 120 may be deposited using a
physical vapor deposition technique or a chemical vapor
deposition technique. As a result, the DTI structure 122 is
formed in the image sensing die 103, extending from the
backside 138 of the substrate 102 to a position within the
plurality of isolation wells 112. The DTI structure 122 is
formed between and isolate adjacent pixel regions 105a,
1055.

[0081] As illustrated by cross-sectional view 2300D of
FIG. 23D, in some embodiments, color filters 124 corre-
sponding to pixel sensors are formed over corresponding
pixel regions 105a, 1055. The color filters 124 are formed of
a material that allows light of the corresponding color to pass
therethrough, while blocking light of other colors. Further,
the color filters 124 may be formed with assigned colors. For
example, the color filters 124 are alternatingly formed with
assigned colors of red, green, and blue. The color filters 124
may be symmetrical about vertical axes aligned with a
center of the image sensing elements 104a, 1045 of the
corresponding pixel sensors. The process for forming the
color filters 124 may include, for each of the different colors
of the color assignments, forming a color filter layer and
patterning the color filter layer. The color filter layer may be
planarized subsequent to formation. The patterning may be
performed by forming a photoresist layer with a pattern over
the color filter layer, applying an etchant to the color filter
layer according to the pattern of the photoresist layer, and
removing the pattern photoresist layer.

[0082] As illustrated by cross-sectional view 2300E of
FIG. 23E, in some embodiments, a plurality of micro-lenses
126 corresponding to the pixel regions is formed over the
color filters 124 of the corresponding pixel regions. In some
embodiments, the plurality of micro-lenses 126 may be
formed by depositing a micro-lens material above the plu-
rality of color filters (e.g., by a spin-on method or a
deposition process). A micro-lens template having a curved
upper surface is patterned above the micro-lens material. In
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some embodiments, the micro-lens template may comprise
a photoresist material exposed using a distributing exposing
light dose (e.g., for a negative photoresist, more light is
exposed at a bottom of the curvature and less light is
exposed at a top of the curvature), developed and baked to
form a rounding shape. The micro-lenses 126 are then
formed by selectively etching the micro-lens material
according to the micro-lens template.

[0083] As illustrated by the cross-sectional view 2400A of
FIG. 24A, in some embodiments, a planarization process is
performed to remove laterally extending portions of the
diffusion enhancement layer 602, the light absorbing layer
604, and the insulating layer 606 that directly overlie the
substrate 102. The planarization process aligns top surfaces
of the doped isolation layer 116, the diffusion enhancement
layer 602, the light absorbing layer 604, and the insulating
layer 606. In some embodiments, the planarization process
may be or comprise, for example, grinding, chemical-me-
chanical planarization, or some other suitable planarization
process.

[0084] As illustrated by the cross-sectional view 2400B of
FIG. 24B, in some embodiments, an isolation filler structure
120 is formed to fill the space between inner sidewalls of
light absorbing layer 604. In some embodiments, the isola-
tion filler structure 120 may be deposited using a physical
vapor deposition technique or a chemical vapor deposition
technique. As a result, the DTT structure 122 comprising the
isolation filler structure 120, the doped isolation layer 116,
the diffusion enhancement layer 602, the light absorbing
layer 604, and the insulating layer 606 is formed in the
image sensing die 103, extending from the backside 138 of
the substrate 102 to a position within the plurality of
isolation wells 112. The DTI structure 122 is formed
between and isolate adjacent pixel regions 105a, 10564.
[0085] As illustrated by cross-sectional view 2400C of
FIG. 24C, in some embodiments, color filters 124 corre-
sponding to pixel sensors are formed over corresponding
pixel regions 1054, 10556. In some embodiments, the color
filters 124 may be formed as described with respect to FIG.
23D.

[0086] As illustrated by cross-sectional view 2400D of
FIG. 24D, in some embodiments, a plurality of micro-lenses
126 corresponding to the pixel regions is formed over the
color filters 124 of the corresponding pixel regions. In some
embodiments, the plurality of micro-lenses 126 may be
formed as described with respect to FIG. 23D.

[0087] As illustrated by the cross-sectional view 2500A of
FIG. 25A, in some embodiments, a planarization process is
performed to remove laterally extending portions of the
diffusion enhancement layer 602, the light absorbing layer
604, and the insulating layer 606 that directly overlie the
substrate 102. The planarization process aligns top surfaces
of the doped isolation layer 116, the diffusion enhancement
layer 602, the light absorbing layer 604, and the insulating
layer 606. In some embodiments, the planarization process
may be or comprise, for example, grinding, chemical-me-
chanical planarization, or some other suitable planarization
process.

[0088] As illustrated by the cross-sectional view 25008 of
FIG. 25B, in some embodiments, an overlying isolation
structure 802 is formed to isolate the doped isolation layer
116 from the subsequently formed color filters. In some
embodiments, the overlying isolation structure 802 may be
deposited using a physical vapor deposition technique or a
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chemical vapor deposition technique. As a result, the DTI
structure 122 comprising the doped isolation layer 116, the
diffusion enhancement layer 602, the light absorbing layer
604, and the insulating layer 606 is formed in the image
sensing die 103, extending from the backside 138 of the
substrate 102 to a position within the plurality of isolation
wells 112. The DTI structure 122 is formed between and
isolate adjacent pixel regions 105a, 1055.

[0089] As illustrated by cross-sectional view 2500C of
FIG. 25C, in some embodiments, color filters 124 corre-
sponding to pixel sensors are formed on the overlying
isolation structure 802 and over corresponding pixel regions
105a, 1055. In some embodiments, the color filters 124 may
be formed as described with respect to FIG. 23D.

[0090] As illustrated by cross-sectional view 2500D of
FIG. 25D, in some embodiments, a plurality of micro-lenses
126 corresponding to the pixel regions is formed over the
color filters 124 of the corresponding pixel regions. In some
embodiments, the plurality of micro-lenses 126 may be
formed as described with respect to FIG. 23D.

[0091] FIG. 26 illustrates a flowchart of some embodi-
ments of a method for using a light absorbing layer to form
an IC comprising a substrate having a dopant diffusion
region extending from a deep trench isolation DTT structure
into the substrate.

[0092] At 2602, a plurality of deep well regions, a plural-
ity of isolation wells, a plurality of deep photodiode regions,
and a plurality of pinned photodiode regions are formed
within a substrate of an image sensing die to define a
plurality of image sensing elements. See, for example, FIGS.
10-13.

[0093] At 2604, a transfer gate and a metallization stack
are formed on a frontside of the substrate. See, for example,
FIGS. 14-15.

[0094] At2606, the image sensing die is bonded to another
die. See, for example, FIG. 16.

[0095] At 2608, the substrate is etched to form deep
trenches within a backside of the substrate. See, for example,
FIG. 17.

[0096] At 2610, a damaged portion of the substrate is
removed. See, for example, FIG. 18.

[0097] At 2612, an isolation epitaxial precursor is formed
within the deep trenches. See, for example, FIG. 19.
[0098] At 2614, an insulating layer is formed within the
deep trenches and over the isolation epitaxial precursor. See,
for example, FIG. 20.

[0099] At 2616, a diffusion enhancement layer is formed
within the deep trenches and over the insulating layer. See,
for example, FIG. 21.

[0100] At 2618, a light absorbing layer is formed within
the deep trenches and over the diffusion enhancement layer
and a dopant activation process is performed. See, for
example, FIG. 22A or FIG. 22B.

[0101] In some embodiments, the acts at 2620, 2622,
2626, and 2630 are performed, proceeding from 2618, to
form the IC. At 2620, a removal process is performed to
remove the light absorbing layer, the diffusion enhancement
layer, and the insulating layer. See, for example, FIG. 23A.
At 2622, a high-k dielectric layer is formed over the doped
isolation layer. See, for example, FIG. 23B. At 2626, an
isolation filler structure is formed to fill a remainder of the
deep trenches. See, for example, FIG. 23C. At 2630, color
filters and micro-lenses are formed over the backside of the
substrate. See, for example, FIGS. 23D-23E.
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[0102] In some embodiments, the acts at 2624, 2626, and
2630 are performed, proceeding from 2618, to form an
alternative embodiment of the IC in which the DTT structure
comprises a light absorbing layer disposed along sidewalls
of an isolation filler structure. At 2624, a planarization
process is performed to align top surfaces of the doped
isolation layer, the light absorbing layer, the diffusion
enhancement layer, and the insulating layer. See, for
example, FIG. 24A. At 2626, an isolation filler structure is
formed to fill a remainder of the deep trenches. See, for
example, FIG. 24B. At 2630, color filters and micro-lenses
are formed over the backside of the substrate. See, for
example, FIGS. 24C-24D.

[0103] In some embodiments, the acts at 2624, 2628, and
2630 are performed, proceeding from 2618, to form an
alternative embodiment of the IC in which the DTT structure
comprises a light absorbing layer entirely below an overly-
ing isolation structure. At 2624, a planarization process is
performed to align top surfaces of the doped isolation layer,
the light absorbing layer, the diffusion enhancement layer,
and the insulating layer. See, for example, FIG. 24A. At
2628, an overlying isolation structure is formed over the
doped isolation layer. See, for example, FIG. 25B. At 2630,
color filters and micro-lenses are formed over the backside
of the substrate. See, for example, FIGS. 25C-25D.

[0104] While flowchart 2600 is illustrated and described
below as a series of acts or events, it will be appreciated that
the illustrated ordering of such acts or events are not to be
interpreted in a limiting sense. For example, some acts may
occur in different orders and/or concurrently with other acts
or events apart from those illustrated and/or described
herein. In addition, not all illustrated acts may be required to
implement one or more aspects or embodiments of the
description herein. Further, one or more of the acts depicted
herein may be carried out in one or more separate acts and/or
phases.

[0105] Accordingly, in some embodiments, the present
disclosure relates to a method for forming an integrated chip
(IC), including forming a plurality of image sensing ele-
ments including a first doping type within a substrate,
performing a first removal process to form deep trenches
within the substrate, the deep trenches separating the plu-
rality of image sensing elements from one another, perform-
ing an epitaxial growth process to form an isolation epitaxial
precursor including a first material within the deep trenches
and to form a light absorbing layer including a second
material different than the first material within the deep
trenches and between sidewalls of the isolation epitaxial
precursor, performing a dopant activation process on the
light absorbing layer and the isolation epitaxial precursor to
form a doped isolation layer including a second doping type
opposite the first doping type, and filling remaining portions
of the deep trenches with an isolation filler structure. The
doped isolation layer and the isolation filler structure form a
deep trench isolation (DTI) structure to isolate image sens-
ing elements from one another.

[0106] In other embodiments, the present disclosure
relates to a method for forming an integrated chip (IC),
including performing a doping process on a substrate to
form a plurality of image sensing elements including a first
doping type, performing a first removal process to form deep
trenches within the substrate between adjacent image sens-
ing elements of the plurality of image sensing elements,
forming an isolation epitaxial precursor within the deep
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trenches, forming an insulating layer within the deep
trenches and between sidewalls of isolation epitaxial pre-
cursor, forming a light absorbing layer within the deep
trenches and between sidewalls of the isolation epitaxial
precursor, performing a dopant activation process on the
light absorbing layer and the isolation epitaxial precursor to
heat the light absorbing layer and to form a doped isolation
layer along sidewall surfaces of the deep trenches having a
second doping type opposite the first doping type filling
remaining portions of the deep trenches with an isolation
filler structure. By heating the light absorbing layer, tensile
stress is provided to the doped isolation layer and the
substrate. The doped isolation layer and the isolation filler
structure form a deep trench isolation (DTI) structure to
isolate image sensing elements from one another.

[0107] In yet other embodiments, the present disclosure
relates to an integrated chip (IC), including a substrate, a
plurality of image sensing elements disposed in the substrate
and including a first doping type, a deep trench isolation
(DTI) structure separating adjacent image sensing elements
of the plurality of image sensing elements from one another
and including an isolation filler structure disposed between
sidewalls of the substrate, a doped isolation layer disposed
between the isolation filler structure and the substrate and
including a second doping type opposite the first doping
type, and a light absorbing layer including a first material
disposed between the isolation filler structure and the doped
isolation layer. The substrate is more heavily doped in a
dopant diffusion region extending from the doped isolation
layer into the substrate by a first distance. The first material
has an absorption coefficient of greater than approximately

10" centimeters™.

[0108] 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. A method for forming an integrated chip (IC), com-
prising:

forming a plurality of image sensing elements comprising
a first doping type within a substrate;

performing a first removal process to form deep trenches
within the substrate, the deep trenches separating the
plurality of image sensing elements from one another;

performing an epitaxial growth process to form an isola-
tion epitaxial precursor comprising a first material
within the deep trenches and to form a light absorbing
layer comprising a second material different than the
first material within the deep trenches and between
sidewalls of the isolation epitaxial precursor;

performing a dopant activation process on the light
absorbing layer and the isolation epitaxial precursor to
form a doped isolation layer comprising a second
doping type opposite the first doping type; and
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filling remaining portions of the deep trenches with an
isolation filler structure, wherein the doped isolation
layer and the isolation filler structure form a deep
trench isolation (DTTI) structure to isolate image sensing
elements from one another.

2. The method of claim 1, further comprising:

performing a second removal process to remove the light

absorbing layer after performing the dopant activation
process.

3. The method of claim 1, wherein during the dopant
activation process, the light absorbing layer provides tensile
stress to the doped isolation layer and the substrate.

4. The method of claim 1, wherein during the dopant
activation process, dopants having the second doping type
diffuse from the doped isolation layer into the substrate by
a distance of more than approximately 5 nanometers.

5. The method of claim 1, wherein the dopant activation
process comprises using a laser that correspondingly heats
the light absorbing layer to a temperature of greater than
approximately 900 degrees Celsius.

6. The method of claim 1, wherein the light absorbing
layer comprises germanium, titanium nitride, aluminum
oxide, or a silicon-germanium alloy.

7. The method of claim 1, wherein during the dopant
activation process, light absorbing material diffuses from the
light absorbing layer into the substrate by a distance of
greater than approximately 1 nanometer.

8. The method of claim 1, further comprising:

forming a high-k dielectric layer along sidewalls of the

doped isolation layer.

9. A method for forming an integrated chip (IC), com-
prising:

performing a doping process on a substrate to form a

plurality of image sensing elements comprising a first
doping type;
performing a first removal process to form deep trenches
within the substrate between adjacent image sensing
elements of the plurality of image sensing elements;

forming an isolation epitaxial precursor within the deep
trenches;
forming an insulating layer within the deep trenches and
between sidewalls of isolation epitaxial precursor;

forming a light absorbing layer within the deep trenches
and between sidewalls of the isolation epitaxial pre-
Ccursor;

performing a dopant activation process on the light
absorbing layer and the isolation epitaxial precursor to
heat the light absorbing layer and to form a doped
isolation layer along sidewall surfaces of the deep
trenches having a second doping type opposite the first
doping type, wherein by heating the light absorbing
layer, tensile stress is provided to the doped isolation
layer and the substrate; and

filling remaining portions of the deep trenches with an

isolation filler structure, wherein the doped isolation
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layer and the isolation filler structure form a deep

trench isolation (DTI) structure to isolate image sensing

elements from one another.

10. The method of claim 9, further comprising:

forming a high-k dielectric layer along sidewalls of the

doped isolation layer.

11. The method of claim 9, further comprising:

performing a second removal process to remove the light

absorbing layer after performing the dopant activation
process.

12. The method of claim 11, wherein the second removal
process removes the insulating layer.

13. The method of claim 9, further comprising:

forming a diffusion enhancement layer within the deep

trenches and between sidewalls of the insulating layer,

the diffusion enhancement layer having the second
doping type.

14. The method of claim 9, wherein the insulating layer
has a thickness of approximately 1 nanometer.

15. An integrated chip (IC), comprising:

a substrate;

a plurality of image sensing elements disposed in the

substrate and comprising a first doping type; and

a deep trench isolation (DTI) structure separating adjacent

image sensing elements of the plurality of image sens-

ing elements from one another and comprising:

an isolation filler structure disposed between sidewalls
of the substrate;

a doped isolation layer disposed between the isolation
filler structure and the substrate and comprising a
second doping type opposite the first doping type,
wherein the substrate is more heavily doped in a
dopant diffusion region extending from the doped
isolation layer into the substrate by a first distance;
and

a light absorbing layer comprising a first material
disposed between the isolation filler structure and the
doped isolation layer, wherein the first material has
an absorption coefficient of greater than approxi-
mately 10* centimeters™".

16. The IC of claim 15, wherein the light absorbing layer
comprises germanium, titanium nitride, aluminum oxide, or
a silicon-germanium alloy.

17. The IC of claim 15, wherein the first material extends
from the DTI structure into the substrate by a second
distance that is less than the first distance.

18. The IC of claim 17, wherein a concentration of the first
material in the substrate is less than approximately 3 percent.

19. The IC of claim 17, wherein the second distance is
greater than approximately 1 nanometer.

20. The IC of claim 15, wherein the first distance is greater
than approximately 5 nanometers.

#* #* #* #* #*



