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(57) ABSTRACT

Various embodiments of the present disclosure are directed
towards an integrated circuit (IC) including a first through
substrate via (IT'SV) within a first semiconductor substrate.
The first semiconductor substrate has a front-side surface
and a back-side surface respectively on opposite sides of the
first semiconductor substrate. The first semiconductor sub-
strate 1ncludes a first doped channel region extending from
the front-side surface to the back-side surface. The first
through substrate via (ISV) 1s defined at least by the first
doped channel region. A first interconnect structure on the
front-side surface of the first semiconductor substrate. The
first interconnect structure includes a plurality of first con-
ductive wires and a plurality of first conductive vias, and the
first conductive wires and the first conductive vias define a
conductive path to the first TSV.
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Perform a first implant process on a semiconductor substrate such that the | 302
semiconductor substrate comprises a first doping type (e.g., P-type) -
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masking layer, thereby defining a third doped channel region and a first
through-substrate via (TSV) that comprises a first doped channel region

type (e.g., N-type) mto the semiconductor substrate according to the first 1306

Form a second masking layer over the front-side of the semiconductor | ;444
substrate

............................................................................................ Y o

into the semiconductor substrate according to the second masking layer, "
thereby defining a second doped channel region and a second TSV that
comprises the second and third doped channel regions

Perform a second removal process to remove the second masking layer —1314
v
Form a first isolation structure around the first TSV and a second isolation
- - 1316
structure around the second TSV

Form an mterconnect structure over the front-side of the semiconductor
substrate and a bonding structure over the interconnect structure
____________________________________________________________________________________________ Y
Bond the bonding structure to a first integrated circuit (IC) die -— 1320
v

Perform a thinning process on a back-side of the semiconductor substrate }—1322

Form a back-side bonding structure over the back-side of the semiconductor 1324
substrate

Bond the back-side bonding structure to a pixel IC die, such that
photodetectors on the pixel IC die are electrically coupled to semiconductor | 445 ¢
devices disposed on the first IC die and/or the front-side of the
semiconductor substrate by way of the first and second TSVs
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ION THROUGH-SUBSTRATE VIA

REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/749,752, filed on Oct. 24, 2018,
the contents of which are incorporated by reference 1n their
entirety.

BACKGROUND

[0002] The semiconductor industry has continually
improved the processing capabilities and power consump-
tion of integrated circuits (ICs) by shrinking the minimum
feature size. However, 1n recent years, process limitations
have made 1t diflicult to continue shrinking the minimum
feature size. The stacking of two-dimensional (2D) ICs into
three-dimensional (3D) ICs has emerged as a potential
approach to continue improving processing capabilities and
power consumption of ICs. Commonly, through-substrate
vias (ISVs) are used to electrically couple stacked 2D ICs
together.

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 1s noted that, 1n 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. 1A 1llustrates a cross-sectional view of some
embodiments of a three-dimensional (3D) integrated circuit
(IC) comprising a first IC die and a second IC die that
respectively comprise first semiconductor devices and 1on
through-substrate vias (TSVs).

[0005] FIG. 1B illustrates a top view of some embodi-
ments of the 3D IC of FIG. 1A according to the cut-line in
FIG. 1A.

[0006] FIGS. 1C-1E 1illustrate cross-sectional views of
various alternative embodiments of the 3D IC of FIG. 1A.

[0007] FIG. 2A 1llustrates a cross-sectional view of vari-
ous alternative embodiments of the 3D IC of FIG. 1A 1n
which the second IC die further comprises second semicon-
ductor devices.

[0008] FIG. 2B 1illustrates a top view of some embodi-
ments of the 3D IC of FIG. 2A according to the cut-line in
FIG. 2A.

[0009] FIG. 3A 1illustrates a cross-sectional view of some
embodiments of a pixel sensor device comprising a pixel
sensor IC die and further comprising a 3D IC die underlying
the pixel sensor IC die, where the 3D IC die comprises a first
IC die and a second IC die that respectively comprise first
semiconductor devices and 1on TSVs.

[0010] FIG. 3B 1illustrates a top view of some embodi-
ments of the pixel sensor device of FIG. 3A according to the

cut-line 1in FIG. 3A.

[0011] FIG. 3C 1illustrates a cross-sectional view of vari-
ous alternative embodiments of the pixel sensor device of

FIG. 3A in which the second IC die further comprises
second semiconductor devices.

[0012] FIGS. 4-12 1illustrate a series of cross-sectional
views of some embodiments of a method for forming a pixel
sensor device that comprises a pixel sensor IC die and a 3D
IC die, where the 3D IC die underlies the pixel sensor IC die
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and comprises a first IC die and a second IC die that
respectively comprise first semiconductor devices and 1on
TSVs

[0013] FIG. 13 illustrates a block diagram of some
embodiments of the method of FIGS. 4-12.

DETAILED DESCRIPTION

[0014] The present disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of this disclosure. Specific examples of components
and arrangements are described below to simplify the pres-
ent 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 descrip-
tion that follows may 1include embodiments in which the first
and second features are formed 1n direct contact, and may
also 1include embodiments 1n which additional 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 numer-
als and/or letters 1n the various examples. This repetition 1s
for the purpose of simplicity and clarity and does not 1n itself
dictate a relationship between the various embodiments
and/or configurations discussed.

[0015] 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 1in
use or operation 1n 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.

[0016] One type of three-dimensional (3D) integrated cir-
cuit (IC) comprises a first IC die and a second IC die over
the first IC die. The first and second IC dies are two-
dimensional (2D) IC dies, and comprise respective semi-
conductor substrates, respective iterconnect structures, and
respective bonding structures. The interconnect structures
are between the semiconductor substrates, and the bonding
structures are between the interconnect structures. The inter-
connect structures comprise alternating stacks of wiring
layers (e.g., horizontal routing) and via layers (e.g., vertical
routing). The bonding structures comprise respective bond-
ing dielectric layers and respective bonding contacts. The
bonding dielectric layers contact at a bonding interface
between the first and second IC dies, and the bonding
contacts contact at the bonding interface.

[0017] The 3D IC further comprises a plurality of metal
(e.g., copper or aluminum) through-substrate vias (TSVs)
extending through a semiconductor substrate of the second
IC die, from a back-side of the second IC die to a front-side
of the second IC die. The interconnect structure of the
second IC 1s on the front-side of the second IC die, and one
or more electrodes 1s/are disposed directly over the 3D IC on
the back-side of the second IC die. The electrode(s) electri-
cally couple correspondingly with the metal TSVs, and the
metal TSVs electrically couple to wiring layers in the
interconnect structure of the second IC die. A challenge 1s
that the metal TSVs may cause a mechanical stress to
neighboring semiconductor devices (e.g., transistors, pho-
todetectors, etc.). This mechanical stress may, 1n turn, cause

2?2 &¢
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tailure (e.g., a short circuit) of the semiconductor devices.
Therefore, a “keep-out-zone” may be established 1n the 3D
IC to indicate a minimum lateral distance between the
semiconductor devices and the metal TSVs. Semiconductor
devices are disposed within a center device region of the 3D
IC, and the metal TSVs are disposed in a peripheral region
of the 3D IC that surrounds the center device region and 1s
laterally separated from the center device region by the
keep-out-zone. A challenge with the keep-out-zone 1s that a
large amount of the 3D IC 1s devoted to the keep-out-zone,
thereby limiting scaling down of the 3D IC and contributing
to design and modeling complexity.

[0018] It has been appreciated that the above structure
and/or materal of the metal TSVs may present a number of
practical difliculties. For example, widths of the metal TSV's
and/or spacing of the metal TSVs may be too large (e.g.,
respectively greater than approximately 0.5 micrometers and
0.4 micrometers) and may limit the number of metal TSVs
that may be disposed within the 3D IC. Further, reducing
widths of the metal TSVs and/or spacing of the metal TSVs
may be limited by the capabilities of tools used to form the
metal TSVs. As another example, formation of the metal
TSVs may be complex. For example, forming the metal
TSVs may comprise: patterning a substrate to form an
opening extending through an entire thickness of the sub-
strate; depositing a dielectric layer covering the substrate
and lining the opening; etching back the dielectric to localize
the dielectric layer to sidewalls of the opening; depositing a
conductive layer filling the opening and covering the sub-
strate; and performing a planarization into the conductive
layer until the substrate. Further, reducing the complexity for
forming the metal TSVs may be impeded by the material
(1.e., metal) of the metal TSVs.

[0019] Various embodiments of the present application are
directed towards 1on TSVs and/or a method for forming the
ion TSVs. In some embodiments, an 1on TSV 1s formed by
forming a masking layer over a semiconductor substrate and
implanting dopants (e.g., N-type and/or P-type) into the
semiconductor substrate. The 1on TSV extends and provides
electrical coupling from a front-side surface of the semicon-
ductor substrate to an opposing back-side surface of the
semiconductor substrate. Ion TSVs mitigate mechanical
stress to overlying, underlying, and/or adjacent semiconduc-
tor devices (e.g., transistors, photodetectors, etc.). This, in
turn, removes the “keep-out-zone” 1n a 3D IC, such that at
least some 1on TSVs may, for example, directly underlie
and/or overlie the semiconductor devices. Further, the afore-
mentioned method may, for example, form 1on TSVs: 1)
with small lengths and/or small width (e.g., length and width
may each be approximately between 0.3-0.5 micrometers);
2) with small spacing (e.g., spacing may be between
approximately 0.2-0.4 micrometers); 3) at reduced complex-
ity; or 4) or any combination of the foregoing.

[0020] FIG. 1A illustrates a cross-sectional view of some
embodiments of a three-dimensional (3D) integrated circuit

(IC) 100 having a first IC die 102a underlying a second IC
die 1025.

[0021] In some embodiments, the first and second IC dies
102a, 10256 may comprise respective semiconductor sub-
strates 104a, 1045. The semiconductor substrates 104a,
1046 are spaced from one another, respectively under and
over respective mterconnect structures 106a, 1065. In some
embodiments, the semiconductor substrates 104a, 1045
may, for example, be bulk substrates of monocrystalline
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silicon or some other semiconductor, some other type of
semiconductor substrate, or a combination of the foregoing.

[0022] Insomeembodiments, a plurality of semiconductor
devices 108 1s laterally spaced over a first semiconductor
substrate 104a of the first IC die 102a. The semiconductor
devices 108 may, for example, be metal-oxide-semiconduc-
tor field-eflect transistor (MOSFETs), some other metal-
oxide-semiconductor (MOS) devices, some other insulated-
gate field-eflect ftransistors (IGFETs), some other
semiconductor devices, or any combination of the foregoing.
In some embodiments, the semiconductor devices 108 are
configured as ftransistors and comprise corresponding
source/drain regions 110, corresponding gate dielectric layer
112, corresponding gate electrode 114, and corresponding
sidewall spacers 116.

[0023] The interconnect structures 106a, 1065 of the first
and second IC dies 102a, 10256 are between the semicon-
ductor substrates 104a, 104> and are spaced from one
another by bonding structures 118a, 11806 (e.g., hybrid
bonding layers). A first interconnect structure 106a of the
first IC die 102a comprises a first interconnect dielectric
structure 120a, first conductive contacts 122a, first conduc-
tive vias 124a, and first conductive wires 126a. Similarly, a
second 1nterconnect structure 10656 of the second IC die
1026 comprises a second interconnect dielectric structure
1205, second conductive contacts 12254, second conductive
vias 12454, second conductive wires 1265, and a channel
control contact 132. In some embodiments, the channel
control contact 132 1s configured to provide control of a
conductive channel within a complementary metal-oxide-
semiconductor (CMOS) device (such as adjacent transistors
(not shown)). In some embodiments, the first and second
interconnect dielectric structures 120a, 1206 may comprise
a plurality of dielectric layers, respectively. In further
embodiments, the first and second interconnect dielectric
structures 120a, 1206 may, for example, be or comprise
silicon dioxide, a low K dielectric, some other dielectric, or
a combination of the foregoing. As used herein, a low K
dielectric 1s a dielectric with a dielectric constant K less than
about 3.9. The first conductive wires 126a are alternatingly
stacked with the first conductive vias 124a 1in the first
interconnect dielectric structure 120a. The second conduc-
tive wires 12656 are alternatingly stacked with the second

conductive vias 12456 in the second interconnect dielectric
structure 1205.

[0024] The bonding structures 118a, 1185 of the first and
second IC dies 102a, 1025 are between the first and second
interconnect structures 106a, 1065. In some embodiments, a
first bonding structure 118a 1s bonded to a second bonding
structure 1185 by way of a hybrid bond, or some other
suitable bond. The first bonding structure 118a comprises a
first bonding dielectric structure 119a, first redistribution
vias 128a, and first redistribution wires 130a. Similarly, the
second bonding structure 1185 comprises a second bonding
dielectric structure 11956, second redistribution vias 1285,
and second redistribution wires 13056. First redistribution
vias 128a and first redistribution wires 130a are disposed
within the first bonding dielectric structure 119a. Second
redistribution vias 1286 and second redistribution wires
1306 are disposed within the second bonding dielectric
structure 11954. The first and second redistribution vias 128a,
1285 and the first and second redistribution wires 130a,
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13056 facilitate electrical coupling between the first intercon-
nect structure 106a and the second interconnect structure

106b.

[0025] A second semiconductor substrate 1045 overlies
the second interconnect structure 1065. The second semi-
conductor substrate 1045 comprises a first doping type (e.g.,
P-type). A first through-substrate via (ITSV) 134a and a
second TSV 134b overlie the second conductive contacts
1226 and are electrically coupled to the semiconductor
devices 108 by way of the first and second interconnect
structures 106a, 1065. In some embodiments, the first TSV
134a comprises a first doped channel region 138 surrounded
by a first 1solation structure 136. In some embodiments,
outer sidewalls of the first doped channel region 138 adjoin
inner sidewalls of the first 1solation structure 136. In further
embodiments, the first doped channel region 138 1s a doped
region of the second semiconductor substrate 1045 compris-
ing a second doping type (e.g., N-type) opposite the first
doping type (e.g., P-type). Therefore, 1n some embodiments,
the first TSV 134a may, for example, comprise a semicon-
ductor substrate material (e.g., silicon).

[0026] In some embodiments, the second TSV 1345 com-
prises a second doped channel region 140 surrounded by a
third doped channel region 142. Outer sidewalls of the
second doped channel region 140 adjoin the inner sidewalls
of the second 1solation structure 144. In some embodiments,
the second doped channel region 140 comprises the first
doping type (e.g., P-type) and the third doped channel region
142 comprises the second doping type (e.g., N-type). In
further embodiments, the second and third doped channel
regions 140, 142 are respectively doped regions of the
second semiconductor substrate 1045. Therefore, 1n some
embodiments, the second TSV 134H may, for example,
comprise the semiconductor substrate material (e.g., sili-
con).

[0027] A first back-side bonding structure 145 overlies a
back-side 104bb of the second semiconductor substrate
1045. The first back-side bonding structure 145 comprises a
first back-side bonding dielectric structure 146, first back-
side redistribution vias 148, and first back-side redistribution
wires 150. First back-side redistribution vias 148 and first
back-side redistribution wires 150 are within the first back-
side bonding dielectric structure 146 and directly overlie the

first and second TSVs 134a, 13454.

[0028] In some embodiments, a depletion region forms at
outer regions of the first TSV 1344 (e.g., due to p-n junctions
between the first doped channel region 138 and a doped
region of the second semiconductor substrate 1046 that
surrounds the first TSV 134a). In further embodiments, a
depletion region forms at outer regions of the second TSV
1346 (e.g., due to p-n junctions between the third doped
channel region 142 and a doped region of the second
semiconductor substrate 1045 that surrounds the second
TSV 134bH) and a depletion region forms at an interface
between the second and third doped channel regions 140,
142 (e.g., due to p-n junctions between the second and third
doped channel regions 140, 142). The first and second TSV
134a, 1345H provide electrically coupling between the semi-
conductor devices 108 and the first back-side redistribution
vias and wires 148, 150 by way of the first and second
interconnect structures 106a, 1065. In yet further embodi-
ments, the formation of depletion regions at the outer
regions of the first and second TSVs 134a, 134H facilitates
electrical 1solation between the first and second TSVs 134a,
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1346 and adjacent regions of the second semiconductor
substrate 1045. This, 1n part, 1s because under certain
operating conditions, for example, the p-n junctions may act
as diodes, such that current tflows from a P-type region to an
N-type region (but current may not flow from the N-type
region to the P-type region).

[0029] By virtue of the first and second TSVs 134a, 134H
comprising doped regions of the second semiconductor
substrate 1045 (e.g., first, second, and third doped channel
regions 138, 140, 142), the first and second TSVs 134a,
1346 may be laterally spaced above the semiconductor
devices 108. The semiconductor substrate material (e.g.,
silicon) of the first and second TSVs 134a, 13456 mitigates
mechanical stress induced upon the underlying semiconduc-
tor devices 108, which in turn may prevent device break-
down (e.g., due to mechanical stress) of the semiconductor
devices 108. Therefore, the first and second TSVs 134a,
13456 may facilitate electrical coupling between the back-
side redistribution wires 150 and the semiconductor devices
108 while being laterally spaced above the semiconductor
devices 108. This, 1n turn, may eliminate a “keep-out zone”
while designing the 3D IC 100. Thus, the 3D IC 100 may be

further shrunk, and the design and modeling complexity of
the 3D IC 100 can be reduced.

[0030] The first and second conductive contacts 122a,
1225, the first and second conductive vias 124a, 1245, the
first and second conductive wires 126a, 1265, the first and
second redistribution vias 128a, 1285, the first and second
redistribution wires 130a, 1305, and the first back-side
redistribution vias and wires 148, 150 are conductive and
may, for example, be or comprise aluminum copper, alumi-
num, copper, tungsten, some other metal or conductive
material, a combination of the foregoing, or the like. In some
embodiments, the channel control contact 132 may, for
example, be a conductive material comprising doped poly-
silicon and/or metal. In some embodiments, the first and
second interconnect structures 106a, 1065 comprise a con-
ductive material different than a material the first and second
TSVs 134a, 134b are comprised of. In some embodiments,
the first and second 1solation structures 136, 144 may, for
example, be or comprise a dielectric maternial (e.g., silicon
dioxide), a shallow trench isolation (STI) structure, a deep
trench 1solation (DTI) structure, or some other suitable
1solation structure. The first and second bonding dielectric
structures 119a, 11956 and the first back-side bonding dielec-
tric structure 146 may, for example, be or comprise silicon
dioxide, another dielectric, or a combination of the forego-
ing

[0031] In some embodiments, the second semiconductor
substrate 1045 comprises the first doping type (e.g., P-type)
with a doping concentration of approximately 1*10'> atoms/
cm’. In some embodiments, the P-type dopants of the first
doping type may, for example be or comprise boron, dii-
luoroboron (e.g., BF,), indium, some other suitable P-type
dopants, or any combination of the foregoing. In some
embodiments, the first and third doped channel regions 138,
142 comprise the second doping type (e.g., N-type) with a
doping concentration within a range of approximately
1*10%° to 1*10°° atoms/cm’. In some embodiments, the
N-type dopants of the second doping type may, for example
be or comprise phosphorous, arsenic, antimony, some other
suitable N-type dopants, or any combination of the forego-
ing. In some embodiments, the second doped channel region
140 may comprise the first doping type with a doping
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concentration within a range of approximately 1*10'° to
1*#10°° atoms/cm”. In some embodiments, a doping concen-
tration of the second doped channel region 140 1s greater
than a doping concentration of the second semiconductor

substrate 1045.

[0032] With reference to FIG. 1B, a top view of some
embodiments of the 3D IC 100 of FIG. 1A according to the
cut-lines 1 FIGS. 1A and 1B 1s provided.

[0033] As illustrated in FIG. 1B, an edge of the first TSV
134a 1s laterally spaced from an edge of the second TSV
1345 by a first lateral distance d_. In some embodiments, the
first lateral distance d_ 1s within a range of approximately 0.2
to 0.4 micrometers. In some embodiments, 1f the first lateral
distance d. 1s less than approximately 0.2 micrometers, then
the first and second TSVs 134a, 13456 may become electri-
cally shorted together, rendering the 3D IC 100 mnoperable.
In further embodiments, if the first lateral distance d. 1s
greater than approximately 0.4 micrometers, then the first
lateral distance d. may mitigate the number of TSVs and/or
semiconductor devices that may be formed on and/or under
the second semiconductor substrate 1045.

[0034] In some embodiments, the first TSV 134a may
have a first lateral width w, within a range of approximately
0.3 to 0.5 micrometers. In some embodiments, 11 the first
lateral width w, 1s less than approximately 0.3 micrometers,
then a conductivity of the first TSV 134a may be too low,
thus reducing the performance of the 3D IC 100. In further
embodiments, 1f the first lateral width w, 1s greater than
approximately 0.5 micrometers, then the first TSV 134a may
use too much space on the second semiconductor substrate
1045, thereby reducing the number of TSVs and/or semi-
conductor devices that may be formed on and/or under the
second semiconductor substrate 1045.

[0035] In some embodiments, the second TSV 13456 may
have a second lateral width w, within a range of approxi-
mately 0.3 to 0.5 micrometers. In some embodiments, 11 the
second lateral width w, 1s less than approximately 0.3
micrometers, then a conductivity of the second TSV 134bH
may be too low, thus reducing the performance of the 3D IC
100. In further embodiments, 1f the second lateral width w,
1s greater than approximately 0.5 micrometers, then the
second TSV 1346 may use too much space on the second
semiconductor substrate 1045, thereby reducing the number
of TSVs and/or semiconductor devices that may be formed
on and/or under the second semiconductor substrate 10456. In
yet further embodiments, the second doped channel region
140 may have a third lateral width w; within a range of
approximately 0.1 to 0.3 micrometers. In some embodi-
ments, the second lateral width w, of the second TSV 13456
1s greater than the first lateral width w, of the first TSV 134a,
or vice versa. In further embodiments, the first and second
lateral widths w,, w, are approximately equal (not shown).

[0036] In some embodiment, the semiconductor substrate
material (e.g., silicon) of the first and second TSVs 134a,
1346 reduces a width and spacing (1.e., the first lateral
distance d_, the first lateral width w,, and the second lateral
width w,) of the first and second TSVs 134a, 1345. This, 1n
part, 1s because tools (e.g., tools used to perform a doping
process) used to form the first and second TSVs 134a, 1345
tacilitate the reduction of the width and spacing (1.e., the first
lateral distance d_, the first lateral width w,, and the second
lateral width w,) of the first and second TSVs 134a, 1345.

Thus, capabilities of the tools (e.g., tools used to perform the
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doping process) facilitating shrinking of the 3D IC 100
and/or increasing a number of TSVs disposed on the 3D IC

100.

[0037] With reference to FIG. 1C, a cross-sectional view
of a 3D IC 100c¢ according to some alternative embodiments
of the 3D IC 100 of FIG. 1A 1s provided in which the first
and second TSVs 134a, 1345 respectively comprise a single
doped channel region.

[0038] As 1illustrated in FIG. 1C, the second TSV 1345
comprises a second doped channel region 140 surrounded by
the second 1solation structure 144. In some embodiments,
outer sidewalls of the second doped channel region 140
adjoin mner sidewalls of the second 1solation structure 144.
In further embodiments, the second doped channel region
140 1s a doped region of the second semiconductor substrate
10456 comprising the second doping type (e.g., N-type)
opposite the first doping type (e.g., P-type). Theretore, the
second TSV 1345b 1s configured the same as the first TSV
134a. In some embodiments, the first and second doped
channel regions 138, 140 comprise the second doping type
with approximately the same doping concentration. In some
embodiments, a first lateral width w, of the first TSV 134qa
1s approximately equal to a second lateral w, of the second
TSV 134b4. In further embodiments, the second semicon-
ductor substrate 1045 comprises N-type dopants and the first
and second TSVs 134a, 134b comprise P-type dopants.

[0039] With reference to FIG. 1D, a cross-sectional view
of a 3D IC 1004 according to some alternative embodiments
of the 3D IC 100 of FIG. 1A 1s provided 1in which the first
and second TSVs 134a, 134b each comprise two doped
channel regions.

[0040] As illustrated in FIG. 1D, the first TSV 134a
comprises a first doped channel region 138 surrounded by a
fourth doped channel region 152. Outer sidewalls and 1nner
sidewalls of the first 1solation structure 136 adjoin outer
sidewalls and 1nner sidewalls of the fourth doped channel
region 152, respectively. In some embodiments, the first
doped channel region 138 comprises the first doping type
(e.g., P-type) and the fourth doped channel region 152
comprises the second doping type (e.g., N-type). In further
embodiments, the first and second doped channel regions
138, 140 are respectively doped regions of the second
semiconductor substrate 1045. Therefore, for example, the
first TSV 134a 1s configured the same as the second TSV
134H. In some embodiments, the first and second doped
channel regions 138, 140 comprise the first doping type with
approximately the same doping concentration. In further
embodiments, the third and fourth doped channel regions
142, 152 comprise the second doping type with approxi-
mately the same doping concentration. In yet further
embodiments, a first lateral width w, of the first TSV 134qa

1s approximately equal to a second lateral w, of the second
TSV 1346.

[0041] With reference to FIG. 1E, a cross-sectional view
of a 3D IC 100e according to some alternative embodiments
of the 3D IC 100 of FIG. 1A 1s provided in which the first
and second TSVs 134a, 1346 each comprise a single doped
channel region.

[0042] As 1illustrated mm FIG. 1E, the first and second
1solation structures 136, 144 are configured as deep trench
1solation (DTTI) structures that extend from a front-side 1045/
of the second semiconductor substrate 1045 to the back-side
104565 of the second semiconductor substrate 1045. In some
embodiments, the DI structure configuration of the first
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and second 1solation structures 136, 144 may enhance elec-
trical 1solation between the first and second TSVs 134a,
1346 and any adjacent semiconductor devices (e.g., transis-
tors) disposed on the front-side 10457 of the second semi-
conductor substrate 10456 (not shown). This, 1n part, may
increase a stability and performance of the 3D IC 100e,
thereby further increasing an ability to shrink the 3D IC
100e. The second TSV 1345 comprises a second doped
channel region 140 surrounded by the second isolation
structure 144. In some embodiments, outer sidewalls of the
second doped channel region 140 adjoin inner sidewalls of
the second 1solation structure 144. In further embodiments,
the second doped channel region 140 1s a doped region of the
second semiconductor substrate 1045 comprising the first
doping type (e.g., P-type). In yet further embodiments, the
first and second TSVs 134a, 13456 may both comprise the
first doping type (e.g., P-type) or the first and second TSVs
134a, 13456 may both comprise the second doping type (e.g.,
N-type).

[0043] With reference to FIG. 2A, a cross-sectional view
of a 3D IC 200 according to some alternative embodiments
of the 3D IC 100 of FIG. 1A 1s provided in which a second
plurality of semiconductor devices 202 underlies the second
semiconductor substrate 1045.

[0044] As illustrated 1n FIG. 2A, the second plurality of
semiconductor devices 202 1s laterally adjacent to the first
and second TSVs 134a, 134H. At least one semiconductor
device of the second plurality of semiconductor devices 202
1s disposed laterally between the first and second TSVs
134a, 134b. The second plurality of semiconductor devices
202 may, for example, be metal-oxide-semiconductor field-
ellect transistors (MOSFETs), some other metal-oxide-semi-
conductor (MOS) devices, some other insulated-gate field-
effect transistors (IGFETs), some other semiconductor
devices, or any combination of the foregoing. In some
embodiments, the semiconductor devices 202 are configured
as transistors and respectively comprise source/drain regions
204, gate dielectric 206, gate electrode 208, and sidewall
spacers 210. The source/drain regions 204 are in the second
semiconductor substrate 1045. The source/drain regions 204
are respectively at ends of the gate electrode 208. The
source/drain regions 204 have the second doping type (e.g.,
N-type) and directly adjoin portions of the second semicon-
ductor substrate 1045 having the first doping type (e.g.,
P-type).

[0045] The gate dielectrics 206 respectively underlie the
second semiconductor substrate 104H, and the gate elec-
trodes 208 respectively underlie the gate dielectrics 206. The
gate dielectrics 206 may, for example, be or comprise silicon
dioxide and/or some other dielectric material, and/or the gate
clectrodes 208 may be or comprise, for example, doped
polysilicon, metal, some other conductive material, or any
combination of the foregoing. The sidewall spacers 210
may, for example, be or comprise silicon dioxide, silicon
nitride, silicon oxynitride, silicon carbide, some other
dielectric, or any combination of the foregoing. In some
embodiments, the second plurality of semiconductor devices
202 1s electrically coupled to other semiconductor devices
(e.g., photodetectors) by way of the second interconnect
structure 10656 (not shown). In some embodiments, the
channel control contact 132 1s configured to apply a bias
voltage to the gate electrode 208 of one of the semiconductor
devices 202 to control a conductive channel within the
second semiconductor substrate 1045.
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[0046] In some embodiments, if the first and second TSVs
134a, 134b6 comprised a metal matenal (e.g., aluminum,
copper, tungsten, etc.), then the second plurality of semi-
conductor devices 202 may not be disposed on the second
semiconductor substrate 1045 (not shown). In the aforemen-
tioned example, the metal material of the first and second
TSVs 134a, 1346 may cause mechanical strain to adjacent
semiconductor devices (e.g., the second plurality of semi-
conductor devices 202), thereby rendering the adjacent
semiconductor devices noperable and/or prone to failure.
Theretfore, according to some embodiments of the present
disclosure, the semiconductor substrate material (e.g., sili-
con) of the first and second TSVs 134a, 1346 1n FIG. 2A
mitigates mechanical strain on the second plurality of semi-
conductor devices 202. Placing the second plurality of
semiconductor devices 202 on a front-side 1045f of the
second semiconductor substrate 1045 may reduce an overall
size of the 3D IC 200, reduce a complexity in the design
and/or formation of the 3D IC 200, and/or facilitate the
omission of an additional IC die (not shown) (e.g., that
comprises the second plurality of semiconductor devices
202).

[0047] Although the 3D IC 200 of FIG. 2A 1s 1llustrated
with the first and second TSVs 134a, 1345 of FIG. 1A, 1t
may be appreciated, for example, that the first and second
TSVs 134a, 134H from FIGS. 1C-1E may be used in FIG.
2A. Additionally, any combination of the first and second
TSVs 134a, 1346 tfrom FIGS. 1A-1E may be used in FIG.
2 A. Further, the first and second 1solation structures 136, 144
of FIG. 2A may be configured, for example, as DTI struc-
tures as 1llustrated and described in FIG. 1E.

[0048] With reference to FIG. 2B, a top view of some
embodiments of the 3D IC 200 of FIG. 2A according to the
cut-lines 1n FIGS. 2A and 2B 1s provided.

[0049] As illustrated 1n FIG. 2B, the first and second TSV
134a, 1345 are laterally spaced from adjacent semiconduc-
tor devices 202 by a first lateral distance d.. In some
embodiments, the first lateral distance d_ 1s approximately 60
nanometers or greater. In some embodiments, 1f the first
lateral distance d_ 1s less than approximately 60 nanometers,
then the first and second TSVs 134a, 1345 and the adjacent
semiconductor devices 202 may become electrically shorted
together, rendering the 3D IC 200 inoperable. In further
embodiments, 11 the first and second isolation structures
(136, 144 of FIG. 2A) are configured as D11 structures, then
electrical 1solation between the first and second TSVs 134a,
1346 and the adjacent semiconductor devices 202 may be
enhanced, thereby reducing a possibility of rendering the 3D

IC 200 1noperable.

[0050] With reference to FIG. 3A, a cross-sectional view
of some embodiments of a pixel sensor device 300 including

a pixel sensor IC die 302 overlying various embodiments of
the 3D IC 100 of FIG. 1A.

[0051] As illustrated 1n FIG. 3A, the first and second IC
dies 102a, 10256 comprise bonding etch stop layers 301
disposed between the first and second bonding structures
1184, 1185 and the first and second interconnect structures
106a, 1065, respectively. In some embodiments, the bonding
etch stop layers 301 may, for example, be or comprise
silicon nitride, silicon carbide, or the like. The first back-side
bonding structure 145 further comprises passivation layers
304a-c. In some embodiments, a first passivation layer 304a
and a third passivation layer 304¢ may, for example, be or
comprise an oxide, silicon dioxide, or the like. In further
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embodiments, a second passivation layer 30456 may, for
example, be or comprise silicon nitride, or the like. The pixel

sensor IC die 302 overlies and 1s bonded (e.g., a hybnd
bond) to the second IC die 1025.

[0052] The pixel sensor IC die 302 comprises a second
back-side bonding structure 303, a third interconnect struc-
ture 314, a third semiconductor substrate 328, and a plurality
of photodetectors 350a, 3505. In some embodiments, the
second back-side bonding structure 305 comprises passiva-
tion layers 312a-c¢, a second back-side bonding dielectric
structure 306, second back-side redistribution wires 308, and
second back-side redistribution vias 310. The second back-
side redistribution wires 308 directly overlie and contact the
back-side redistribution wires 150. Second back-side redis-
tribution vias 310 overlie the second back-side redistribution
wires 308 and extend through the second back-side bonding
dielectric structure 306 and the passivation layers 312a-c. In
some embodiments, a first passivation layer 312a and a third
passivation layer 312¢ may, for example, be or comprise an
oxide, silicon dioxide, or the like. In further embodiments,
a second passivation layer 3126 may, for example, be or
comprise silicon nitride, or the like.

[0053] A third interconnect structure 314 of the pixel
sensor 1C die 302 comprises a third interconnect dielectric
structure 318, third conductive contacts 3164, third conduc-
tive vias 31654, and third conductive wires 316¢. In some
embodiments, the third interconnect dielectric structure 318
may comprise a plurality of inter-layer dielectric (ILD)
and/or a plurality of inter-metal dielectric (IMD) layers. The
third iterconnect dielectric structure 318 may, for example,
be or comprise silicon dioxide, a low Kk dielectric, some other
dielectric, or a combination of the foregoing. The third
conductive wires 316¢ are alternatingly stacked with the
third conductive vias 3165 1n the third interconnect dielec-
tric structure 318.

[0054] The plurality of photodetectors 350a, 3505 1s dis-
posed within the third semiconductor substrate 328. In some
embodiments, the third semiconductor substrate 328 may,
for example, be a bulk substrate of monocrystalline silicon
or some other semiconductor, some other type of semicon-
ductor substrate, or a combination of the foregoing. The
third semiconductor substrate 328 comprises the first doping
type (e.g., P-type). The photodetectors 350a, 35056 are
configured to convert electromagnetic radiation (e.g., pho-
tons) 1nto electric signals (1.e., to generate electron-hole
pairs from the electromagnetic radiation). The photodetec-
tors 350a, 3505 respectively comprise photodetector collec-
tor regions 334. The photodetector collector regions 334 are
regions of the third semiconductor substrate 328 having the
second doping type (e.g., N-type). A floating diffusion node
342 1s disposed within the third semiconductor substrate 328
between the photodetectors 350a, 3506. The floating diffu-
sion node 342 1s a region of the third semiconductor sub-
strate 328 having the second doping type (e.g., N-type).

[0055] A plurality of transfer transistors 320 directly
underlie the third semiconductor substrate 328. The transier
transistors 320 are disposed between the floating diffusion
node 342 and a center of the photodetectors 350a, 35056. The
plurality of transfer transistors 320 may, for example, be
metal-oxide-semiconductor field-eflect transistors (MOS-
FETs), some other metal-oxide-semiconductor (MOS)
devices, some other insulated-gate field-effect transistors
(IGFETs), some other semiconductor devices, or any com-
bination of the foregoing. The transfer transistors 320 may
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selectively form a conductive channel between the photo-
detectors 350a, 3505 and the floating diffusion node 342 to
transfer accumulated charge (e.g., via absorbing incident
radiation) in the photodetectors 350a, 3506 to the floating
diffusion node 342. In some embodiments, the transfer
transistors 320 comprise corresponding transier gate dielec-
tric layer 324, corresponding transier gate electrode 326, and
corresponding transfer sidewall spacers 322. In some
embodiments, the transfer transistors 320 are electrically
coupled to the semiconductor devices 108 by way of the
first, second, and third interconnect structures 106a, 1065,
314 and the first and second TSVs 134a, 1345. The semi-
conductor substrate material (e.g., silicon) of the first and
second TSVs 134a, 1345 mitigates mechanical strain on the
transfer transistors 320, the semiconductor devices 108, and
the photodetectors 350a, 3505. Thus, the first and second
TSVs 134a, 1346 may be vertically spaced between the
transfer transistors 320, the semiconductor devices 108, and
the photodetectors 350a, 3505.

[0056] Back-side i1solation structures 330, 332 are dis-
posed over and between the photodetectors 350a, 35056. An
anti-reflection layer 336 directly overlies the back-side 1so-
lation structure 332. The anti-reflection layer 336 1s config-
ured to mitigate reflection of electromagnetic radiation off of
the back-side 1solation structures 330, 332 and the third
semiconductor substrate 328. A plurality of color filters 338
(e.g., a red color filer, a blue color filter, a green color filer,
etc.) directly contacts or 1s otherwise on the anti-reflection
layer 336. The color filters 338 are respectively configured
to transmit specific wavelengths of electromagnetic radia-
tion. Further, a plurality of micro-lenses 340 1s disposed over
the color filters 338. The micro-lenses 340 are configured to
focus electromagnetic radiation (e.g., photons) towards the

photodetectors 350a, 350b.

[0057] Although the pixel sensor device 300 of FIG. 3A 1s
illustrated with the first and second TSVs 1344, 1345 of FIG.
1A, it may be appreciated, for example, that the first and
second TSVs 134a, 1346 from FIGS. 1C-1E may be used 1n
FIG. 3A. Additionally, any combination of the first and
second TSVs 1344, 134H from FIGS. 1A-1E may be used 1n
FIG. 3A. Further, the first and second isolation structures
136, 144 of FIG. 3A may be configured, for example, as DTI
structures as 1llustrated i FIG. 1E.

[0058] With reference to FIG. 3B, a top view of some
embodiments of the pixel sensor device 300 of FIG. 3A
according to the cut-lines in FIGS. 3A and 3B 1s provided.

[0059] As illustrated in FIG. 3B, a plurality of pixel cells
350 1s arranged 1n an array comprising a plurality of rows
(e.g., along an x-axis) and columns (e.g., along a y-axis) of
similar pixel sensors. The plurality of pixel cells 350 1s
surrounded by an outer ring structure 352. The outer ring
structure 352 1s surrounded by an edge region 354 of the
pixel sensor device 300. The first and second TSVs 134a,

1345 repeat directly under each pixel cell 350 in the array.

[0060] In some embodiments, the first and second TSVs
134a, 134b are confined to a “keep-out-zone” laterally
spaced from the back-side isolation structure 332 (e.g.,
within the outer ring structure 352). This, 1n turn, may limit
a number of pixel cells 350 and/or TSV's that may be formed
on a single IC die. The “keep-out-zone” 1s established
because the first and second TSVs 134a, 1345 may cause
stress on overlying, underlying, and/or adjacent semicon-
ductor devices (e.g., transistors, photodetectors, etc.). How-
ever, because the first and second TSVs 134a, 1345 com-
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prise the semiconductor substrate material (e.g., silicon),
stress on overlying, underlying, and/or adjacent semicon-
ductor devices 1s mitigated. Therefore, the first and second
TSVs 134a, 1346 may be disposed directly beneath each
pixel cell. Thus, elimination of the “keep-out-zone”
increases available space on a chip (i.e., increasing the
number of semiconductor devices (e.g., transistors, photo-
detectors, etc.) that may be disposed on the chip), facilitates
chip shrinking ability, and decreases design/modeling com-
plexity.

[0061] With reference to FIG. 3C, a cross-sectional view
of a pixel sensor device 300¢ according to some alternative
embodiments of the pixel sensor device 300 of FIG. 3A 1s
provided 1n which a second plurality of semiconductor
devices 202a-c 1s disposed on the front-side 1045/ of the
second semiconductor substrate 1045.

[0062] In some embodiments, the second plurality of
semiconductor devices 202a-c¢ may, for example, be tran-
sistors, varactors, diodes, resistors, etc. In further embodi-
ments, the semiconductor devices 202a-c are configured as
transistors and respectively comprise floating nodes 212,
gate dielectric 206, gate electrode 208, and sidewall spacers
210. The floating nodes 212 are respectively at sides of the
gate electrode 208. The tloating nodes 212 have the second
doping type (e.g., N-type) and directly adjoin portions of the
second semiconductor substrate 1045 having the first doping
type (e.g., P-type). In yet further embodiments, at least one
semiconductor device of the second plurality of semicon-
ductor devices 202a-c 1s electrically coupled to at least one

TSV of the first and second TSVs 134a, 1345 by way of the
second interconnect structure 1065.

[0063] In some embodiments, the second plurality of
semiconductor devices 202a-c 1s configured to control the
plurality of photodetectors 350a, 3505. For example, a reset
transistor 202a, a source follower transistor 20254, and a row
select transistor 202¢ may be electrically coupled to at least
one photodetector 350a, 3506 by way of the second inter-
connect structure 1065 and/or the first and second TSVs
134a, 134H. During operation of the pixel sensor device
300c, the transter gate electrode 326 controls charge transfer
from the photodetector collector region 334 to the floating
diffusion node 342. If the charge level 1s sufliciently high
within the floating diffusion node 342, the source follower
transistor 20256 1s activated and charges are selectively
output according to operation of the row select transistor
202¢ used for addressing. The reset transistor 202a can be
used to reset the photodetector collector region 334 between
exposure periods. In some embodiments, the photodetectors
350a, 3505 within the pixel sensor IC die 302 may be
implemented within an organic film layer.

[0064] FIGS. 4-12 1illustrate cross-sectional views 400-
1200 of some embodiments of a method of forming a pixel
sensor device including a pixel sensor integrated circuit (I1C)
die overlying an IC die comprising through-substrate vias
(TSVs) according to the present disclosure. Although the
cross-sectional views 400-1200 shown in FIGS. 4-12 are
described with reference to a method, i1t will be appreciated
that the structures shown 1n FIGS. 4-12 are not limited to the
method but rather may stand alone separate of the method.
Although FIGS. 4-12 are described as a series of acts, 1t will
be appreciated that these acts are not limiting 1n that the
order of the acts can be altered in other embodiments, and
the methods disclosed are also applicable to other structures.
In other embodiments, some acts that are i1llustrated and/or
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described may be omitted 1n whole or in part. In some
embodiments, FIGS. 4-12 may, for example, be employed to
form the pixel sensor device 300 of FIG. 3A.

[0065] As shown 1n cross-sectional view 400 of FIG. 4, a
second semiconductor substrate 1045 1s provided and a first
masking layer 402 1s formed over a front-side 10451 of the
second semiconductor substrate 1045. In some embodi-
ments, the second semiconductor substrate 1045 may be, for
example, a bulk substrate (e.g., a bulk silicon substrate), a
s1licon-on-insulator (SOI) substrate, or some other suitable
substrate. In some embodiments, before forming the first
masking layer 402, a first implant process 1s performed to
dope the second semiconductor substrate 1045 with a first
doping type (e.g., P-type) to a doping concentration of
approximately 1*10"> atoms/cm”. In some embodiments,
the first masking layer 402 may, for example, be or comprise
an oxide, silicon dioxide, silicon nitride, or the like. In
further embodiments, the first masking layer 402 may be a
photoresist layer. In the aforementioned embodiment, an
oxide layer may be formed between the first masking layer
402 and the second semiconductor substrate 1045 (not
shown). The oxide layer may, for example, be configured to
prevent channeling effect and/or protect a lattice structure of
the second semiconductor substrate 1045. The first masking
layer 402 defines a plurality of openings 404 and has a
plurality of sidewalls in the plurality of openings 404. In
some embodiments, the P-type dopants of the first doping
type may, for example be or comprise boron, difluoroboron
(e.g., BF,), indium, some other suitable P-type dopants, or
any combination of the foregoing.

[0066] Further, as seen 1n cross-sectional view 400 of FIG.
4, a second implant process 1s performed to form a first
doped channel region 138 and a third doped channel region
142 within the second semiconductor substrate 1045, where
the first doped channel region 138 defines a first TSV 134a.
In some embodiments, the first and third doped channel
regions 138, 142 underlie the plurality of openings 404. In
some embodiments, the first and third doped channel regions
138, 142 may have a second doping type (e.g., N-type)
opposite the first doping type and may further have a doping
concentration within a range of approximately 1*10'° to
1*#10°° atoms/cm”. After the second implant process is
performed, a first removal process may be performed to
remove the first masking layer 402 (not shown). In some
embodiments, the first removal process may include an etch
process and/or a planarization process (e.g., a chemical
mechanical planarization (CMP) process). In some embodi-
ments, the N-type dopants of the second doping type may,
for example be or comprise phosphorous, arsenic, antimony,
some other suitable N-type dopants, or any combination of
the foregoing.

[0067] As shown 1n cross-sectional view 500 of FIG. 5, a
second masking layer 502 1s formed over the front-side
1045/ of the second semiconductor substrate 1045. The
second masking layer 502 defines at least one opening 504
and has a plurality of sidewalls 1n the at least one opening
504. In further embodiments, the second masking layer 502
may be a photoresist layer. In the aforementioned embodi-
ment, an oxide layer may be formed between the second
masking layer 502 and the second semiconductor substrate
1045 (not shown). The oxide layer may, for example, be
configured to prevent channeling eflect and/or protect a
lattice structure of the second semiconductor substrate 1045.
In further embodiments, the oxide layer may remain over the
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second semiconductor substrate 10456 for subsequent pro-
cessing steps (not shown). A third implant process 1s per-
formed to form a second doped channel region 140 within
the second semiconductor substrate 1045, where the second
and third doped channel regions 142, 140 define a second
TSV 1345b. In some embodiments, the second doped channel
region 140 has the first doping type and a doping concen-
tration within a range of approximately 1*10'° to 1*10°°
atoms/cm”. In some embodiments, a doping concentration of
the second doped channel region 140 1s greater than a doping
concentration of the second semiconductor substrate 1045.
In further embodiments, the second doped channel region
140 may be formed by a counter-doping process.

[0068] In some embodiments, after forming the first and
second TSVs 134a, 1345H, a rapid thermal annealing (RTA)
process 1s performed on the second semiconductor substrate
1045, for example, to repair any damage to the second
semiconductor substrate 1045 from forming the first and/or
second TSVs 134a, 1345H. In yet further embodiments, the
RTA process may reach a temperature within a range of
approximately 995 to 1010 degrees Celsius. After perform-
ing the RTA process, a second removal process may be
performed to remove the second masking layer 502 (not
shown). In some embodiments, the second removal process
may 1nclude an etch process and/or a planarization process
(e.g., a chemical mechanical planarization (CMP) process).

[0069] As shown 1n cross-sectional view 600 of FIG. 6, a
first 1solation structure 136 and a second 1solation structure
144 are formed on the front-side 104b6f of the second
semiconductor substrate 10454. In some embodiments, for-
mation of the first and second isolation structures 136, 144
may include: forming a masking layer (not shown) over the
second semiconductor substrate 104H; performing an etch
process according to the masking layer to define openings in
the second semiconductor substrate 104b; filling the open-
ings 1n the second semiconductor substrate 10456 with a
dielectric material; performing a removal process to remove
the masking layer and/or excess dielectric maternial (not
shown). In further embodiments, the first and second 1sola-
tion structures 136, 144 may, for example, be or comprise a
dielectric material, silicon dioxide, or the like.

[0070] Insome embodiments, a plurality of semiconductor
devices (e.g., transistors) (not shown) may be formed on the
front-side 10451 of the second semiconductor substrate 10456
before and/or after forming the first and/or second TSVs
134a, 134b (not shown). In further embodiments, a bottom
surface of first 1solation structure 136 1s aligned with or
below a bottom surface of the first TSV 134a and a top
surface of the first 1solation structure 136 1s aligned with the
front-side 1045f of the second semiconductor substrate
1045. In yet further embodiments, a bottom surface of the
second 1solation structure 144 1s aligned with or below a
bottom surface of the second TSV 1345b and a top surface of
the second 1solation structure 144 1s aligned with the front-
side 104561 of the second semiconductor substrate 1045.

[0071] As shown 1n cross-sectional view 700 of FIG. 7, a
second 1nterconnect structure 10656 1s formed over the front-
side 10451 of the second semiconductor substrate 1045. The
second 1nterconnect structure 10656 comprises a second
interconnect dielectric structure 1205, second conductive

contacts 12254, second conductive vias 124b, and second
conductive wires 1265. The second conductive vias 1245 are
within the second interconnect dielectric structure 12056 and
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extend respectively from second conductive wires 1265 to
the first and second TSVs 134a, 1345.

[0072] In some embodiments, a process for forming the
second interconnect structure 1066 comprises forming the
second conductive contacts 1226 by a single damascene
process, and subsequently forming a bottommost layer of
the second conductive wires 1265 by the single damascene
process. Further, 1n some embodiments, the process com-
prises forming the second conductive vias 1245 and remain-
ing layers of the second conductive wires 1265 by repeat-
edly performing a dual damascene process. In some
embodiments, the single damascene process comprises
depositing a dielectric layer, patterning the dielectric layer
with openmings for a single layer of conductive features (e.g.,
a layer of contacts, vias, or wires), and filling the openings
with conductive materials to form the single layer of con-
ductive features. In some embodiments, the dual damascene
process comprises depositing a dielectric layer, patterning
the dielectric layer with openings for two layers of conduc-
tive features (e.g., a layer of vias and a layer of wires), and
filling the openings with conductive material to form the two
layers of conductive features. In some embodiments, the
second conductive contacts, vias, and wires 12256, 1245,
1266 may, for example, be or comprise aluminum copper,
copper, aluminum, or the like.

[0073] As shown 1n cross-sectional view 800 of FIG. 8, a

second bonding structure 1185 1s formed over the second
interconnect structure 1065. In some embodiments, the
second bonding structure 11856 comprises a bonding etch
stop layer 301, a second bonding dielectric structure 1195,
second redistribution vias 1285, and second redistribution
wires 13056. The bonding etch stop layer 301 1s formed over
the second interconnect structure 10656 and the second
bonding dielectric structure 1195 1s formed over the bonding
etch stop layer 301. Second redistribution vias 1285 and
second redistribution wires 1306 are formed over the inter-
connect structure 1065 such that the second redistribution
vias and wires 1286, 1306 are electrically coupled to con-
ductive layers within the second interconnect structure 1065.
In some embodiments, a single and/or dual damascene

process may be performed to form the second redistribution
vias and/or wires 1285, 1305.

[0074] As shown 1n cross-sectional view 900 of FIG. 9, a
first IC die 102a 1s provided and the structure of FIG. 8 1s
flipped and subsequently bonded to the first IC die 102a. The
second bonding structure 1185 interfaces with a first bond-
ing structure 118a of the first IC die 1024 at a hybrid bond.
In some embodiments, the first IC die 102a 1s configured as
the first IC die 102a of FIG. 1A. The hybrid bond comprises
a dielectric-to-dielectric bond between the first and second
bonding dielectric structures 119a, 1195. Further, the hybrid
bond comprises a conductor-to-conductor bond between the
first and second redistribution wires 130a, 1305. The process
of bonding the first and second bonding structures 118a,
1185 may comprise, for example, fusion bonding processes
and/or metallic bonding processes. In some embodiments,
the second semiconductor substrate 1045 has a thickness T
defined between the front-side 10456 of the second semi-
conductor substrate 1045 and a back-side 104bb of the
second semiconductor substrate 1045. In some embodi-
ments, the thickness T, 1s within a range of approximately
750 to 800 micrometers.

[0075] As shown 1n cross-sectional view 1000 of FIG. 10,
a thinning process 1s performed on the back-side 104565 of
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the second semiconductor substrate 1045 to expose an upper
surface the first and second TSVs 134a, 1345. In some
embodiments, the thinning process reduces the thickness T
of the second semiconductor substrate 1045 by approxi-
mately 795 to 799 micrometers, such that the thickness T 1s
within a range of approximately 1 to S micrometers. In some
embodiments, the thinning process includes a grinding pro-
cess and/or an etching process.

[0076] As shown 1n cross-sectional view 1100 of FIG. 11,

a first back-side bonding structure 145 1s formed over the
second semiconductor substrate 1045, thereby defining a
second IC die 1025. The first back-side bonding structure
145 comprises passivation layers 304a-c, a first back-side
bonding dielectric structure 146, first back-side redistribu-
tion vias 148, and first back-side redistribution wires 150.
The passivation layers 304a-c are formed over the second
semiconductor substrate 1045. In some embodiments, a first
passivation layer 304a and a third passivation layer 304c¢
may, for example, be or comprise an oxide, silicon dioxide,
or the like. In further embodiments, a second passivation
layer 3045 may, for example, be or comprise silicon nitride,
or the like. The first back-side bonding dielectric structure
146 1s formed over the passivation layers 304a-c. First
back-side redistribution vias 148 and first back-side redis-
tribution wires 150 are formed over the second semicon-
ductor substrate 1045. The first back-side redistribution vias
and wires 148, 150 are electrically coupled to conductive
layers within the second 1nterconnect structure 1065 by way

of the first and second TSVs 134a, 13454.

[0077] As shown 1n cross-sectional view 1200 of FIG. 12,
a pixel sensor IC die 302 1s provided and subsequently
bonded to the second IC die 10254, such that the second
back-side bonding structure 305 and the first back-side
bonding structure 143 interface to define a hybrid bond. In
some embodiments, the pixel sensor IC die 302 1s configured
as the pixel sensor IC die 302 of FIG. 3A. The hybrid bond
comprises a dielectric-to-dielectric bond between the second
back-side bonding dielectric structure 306 and the first
back-side bonding dielectric structure 146. Further, the
hybrid bond comprises a conductor-to-conductor bond
between the first back-side redistribution wires 150 and the
second back-side redistribution wires 308. The process of
bonding the pixel sensor IC die 302 to the second IC die
1026 may comprise, for example, fusion bonding processes
and/or metallic bonding processes.

[0078] In some embodiments, 1t may be appreciated that

the method outlined 1n FIGS. 4-12 may be employed, for
example, to form the 3D ICs of FIGS. 1A-1E, the 3D IC 200

of FIG. 2A, and/or the pixel sensor device 300C of FIG. 3C.
In some embodiments, the first and second isolation struc-
tures 136, 144 may be formed before forming the first and
second TSVs 134a, 1346 (such that the first and second
1solation structures 136, 144 may, for example, act as
masking layers for the doping process). In further embodi-
ments, the third doped channel region 142 may be formed,
for example, as a doped well and the second doped channel
region 140 may be formed by a counter-doping process in a
center portion of the doped well.

[0079] FIG. 13 illustrates a block diagram of a method
1300 of forming a pixel sensor device in accordance with
some embodiments. Although the method 1300 1s illustrated
and/or described as a series of acts or events, 1t will be
appreciated that the method 1s not limited to the illustrated
ordering or acts. Thus, 1n some embodiments, the acts may
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be carried out 1n different orders than 1llustrated, and/or may
be carried out concurrently. Further, in some embodiments,
the illustrated acts or events may be subdivided into multiple
acts or events, which may be carried out at separate times or
concurrently with other acts or sub-acts. In some embodi-
ments, some illustrated acts or events may be omitted, and
other un-illustrated acts or events may be included.

[0080] Atact 1302, a first implant process 1s performed on
a semiconductor substrate, such that the semiconductor
substrate comprises a first doping type (e.g., P-type). FIG. 4
illustrates a cross-sectional view 400 corresponding to some
embodiments of act 1302.

[0081] At act 1304, a first masking layer 1s formed over a
front-side of the semiconductor substrate. FIG. 4 illustrates
the cross-sectional view 400 corresponding to some embodi-
ments of act 1304.

[0082] Atact 1306, a second implant process 1s performed
to 1mplant dopants of a second doping type (e.g., N-type)
into the semiconductor substrate according to the first mask-
ing layer. The second implant process defines a third doped
channel region and a first through-substrate via (TSV) that
comprises a first doped channel region.

[0083] Atact 1308, a first removal process 1s performed to
remove the first masking layer. FIG. 4 1llustrates the cross-
sectional view 400 corresponding to some embodiments of
act 1308.

[0084] Atact 1310, a second masking layer 1s formed over
the front-side of the semiconductor substrate. FIG. 5 illus-
trates a cross-sectional view 500 corresponding to some
embodiments of act 1310.

[0085] At act 1312, a third implant process 1s performed
according to the second masking layer to implant dopants of
the first doping type into the semiconductor substrate. The
third implant process defines a second doped channel region,
thereby defining a second TSV that comprises the second
and third doped channel regions. FIG. 5 illustrates the
cross-sectional view 500 corresponding to some embodi-
ments of act 1312.

[0086] At act 1314, a second removal process 1s per-
formed to remove the second masking layer. FIG. 5 1llus-
trates the cross-sectional view 500 corresponding to some
embodiments of act 1314.

[0087] At act 1316, a first 1solation structure 1s formed
around the first TSV and a second i1solation structure 1is
formed around the second TSV. FIG. 6 illustrates a cross-
sectional view 600 corresponding to some embodiments of
act 1316.

[0088] At act 1318, an interconnect structure 1s formed
over the front-side of the semiconductor substrate and a
bonding structure 1s formed over the interconnect structure.
FIGS. 7 and 8 illustrate cross-sectional views 700 and 800
corresponding to some embodiments of act 1318.

[0089] At act 1320, the bonding structure 1s bonded to a
first 1integrated circuit (IC) die. FIG. 9 1llustrates a cross-

sectional view 900 corresponding to some embodiments of
act 1320.

[0090] At act 1322, a thinning process 1s performed on a
back-side of the semiconductor substrate. FIG. 10 illustrates
a cross-sectional view 1000 corresponding to some embodi-
ments of act 1322.

[0091] At act 1324, a back-side bonding structure 1is
formed over the back-side of the semiconductor substrate.
FIG. 11 illustrates a cross-sectional view 1100 correspond-
ing to some embodiments of act 1324.



US 2020/0135617 Al

[0092] At act 1326, the back-side bonding structure 1is
bonded to a pixel IC die. Photodetectors on the pixel IC die
are electrically coupled to semiconductor devices disposed
in the first IC die and/or on the front-side of the semicon-
ductor substrate by way of the first and second TSVs. FIG.
12 illustrates a cross-sectional view 1200 corresponding to
some embodiments of act 1326.

[0093] Accordingly, in some embodiments, the present
disclosure relates to a method of forming through-substrate
vias (I'SVs) with at least one implant process 1n a semicon-
ductor substrate of a second integrate circuit (IC) die. The
second IC die 1s bonded to a first IC die and a pixel IC die
such that photodetectors within the pixel IC die are laterally
aligned with the TSVs. Thus, a “keep-out-zone” 1s not
established within the semiconductor substrate of the second

IC die.

[0094] In some embodiments, the present application pro-
vides an integrated circuit (IC) including a first semicon-
ductor substrate having a front-side surface and a back-side
surface respectively on opposite sides of the first semicon-
ductor substrate, wherein the first semiconductor substrate
includes a first doped channel region extending from the
front-side surface to the back-side surface; a first through
substrate via (ISV) defined at least by the first doped
channel region; and a first interconnect structure on the
front-side surface of the first semiconductor substrate,
wherein the first interconnect structure includes a plurality
of first conductive wires and a plurality of first conductive
vias, and wherein the first conductive wires and the first
conductive vias define a conductive path to the first TSV,

[0095] In some embodiments, the present application pro-
vides an 1integrated circuit (IC) including a first IC die
including a first semiconductor substrate and a first inter-
connect structure overlying the first semiconductor sub-
strate; a second IC die over the first IC die, wherein the
second IC die includes a second semiconductor substrate
and a second interconnect structure underlying the second
semiconductor substrate, and wherein the first and second IC
dies contact at a bond interface between the first and second
interconnect structures; a plurality of semiconductor devices
on the first semiconductor substrate and/or the second semi-
conductor substrate; and a first through-substrate via (TSV)
and a second TSV within the second semiconductor sub-
strate and electrically coupled to the first interconnect struc-
ture through the second interconnect structure, and wherein
the first and second TSVs and the second semiconductor
substrate are comprised of a semiconductor material.

[0096] In some embodiments, the present application pro-
vides a method for forming an integrated circuit (IC), the
method including performing an 1on implant process into a
front-side surface of a first semiconductor substrate to form
a first doped channel region, the first doped channel region
extends from the front-side surface to a position in the first
semiconductor substrate; forming a first interconnect struc-
ture over the front-side surface of the first semiconductor
substrate; performing a thinning process on a back-side
surface of the first semiconductor substrate, the back-side
surface of the first semiconductor substrate 1s opposite the
front-side surface of the first semiconductor substrate,
wherein the thinning process removes a material of the first

semiconductor substrate between the back-side surface of

the first semiconductor substrate and the position in the first
semiconductor substrate; and forming a conductive pad
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overlying and electrically coupled to the first doped channel
region on the back-side surface of the first semiconductor
substrate.

[0097] 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 1n 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 1n 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 1s claimed 1is:

1. An integrated circuit (IC) comprising:

a first semiconductor substrate having a front-side surface
and a back-side surface respectively on opposite sides
of the first semiconductor substrate, wherein the first
semiconductor substrate comprises a first doped chan-
nel region extending from the front-side surface to the
back-side surface;

a first through substrate via (1SV) defined at least by the
first doped channel region; and

a first interconnect structure on the front-side surtace of
the first semiconductor substrate, wherein the first
interconnect structure comprises a plurality of first
conductive wires and a plurality of first conductive
vias, and wherein the first conductive wires and the first
conductive vias define a conductive path to the first
TSV.

2. The IC of claim 1, wherein the first semiconductor
substrate comprises a second doped channel region and a
third doped channel region respectively extending from the
front-side surface to the back-side surface, wherein the
second doped channel region 1s surrounded by the third
doped channel region, and wherein the IC further comprises:

a second TSV defined at least by the second and third
doped channel regions, wherein the first and third
doped channel regions comprise a first doping type and
the second doped channel region comprises a second
doping type opposite the first doping type.

3. The IC of claim 2, wherein the first TSV and the second
TSV are comprised of silicon and the first conductive wires
and vias are comprised of copper or aluminum.

4. The IC of claim 2, further comprising:

a first 1solation structure extending into the front-side
surface of the first semiconductor substrate, wherein an
outer sidewall of the first doped channel region adjoins
an 1mner sidewall of the first 1solation structure; and

a second 1solation structure extending into the front-side
surface of the first semiconductor substrate to an 1so-
lation-structure surface facing the back-side surface of
the first semiconductor substrate, wherein an outer
sidewall of the second doped channel region adjoins an
inner sidewall of the second i1solation structure, and
wherein the 1solation-structure surface adjoins the third
doped channel region.

5. The IC of claim 1, wherein the first semiconductor

substrate, the first interconnect structure, and the first TSV

partially define a first IC die, and wherein the IC further

COmprises:
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a second IC die underlying and bonded to the first IC die,
wherein the second IC die comprises a second semi-
conductor substrate, a semiconductor device, and a
second 1nterconnect structure, wherein the semicon-
ductor device overlies and 1s on the second semicon-
ductor substrate, between the second semiconductor
substrate and the second interconnect structure, and
wherein the first TSV 1s electrically coupled to the
semiconductor device through the first and second
interconnect structures.

6. The IC of claim 5, further comprising:

a third IC die overlying and bonded to the first IC die,
wherein the third IC die comprises a third semiconduc-
tor substrate, a photodetector, and a third interconnect
structure, wherein the photodetector 1s in the third
semiconductor substrate and overlies the first TSV,
wherein the third interconnect structure 1s between the
third semiconductor substrate and the first IC die, and
wherein the photodetector 1s electrically coupled to the
semiconductor device through the first TSV and the
first, second, and third interconnect structures.

7. The IC of claim 6, wherein the first, second, and third
interconnect structure each comprise an alternating stack of
wires and vias, wherein the wires and the vias are comprised
of metal, and wherein the first TSV 1s comprise of silicon.

8. The IC of claim 6, wherein the first TSV overlies the
semiconductor device.

9. An integrated circuit (IC) comprising;

a first IC die comprising a first semiconductor substrate
and a first interconnect structure overlying the first
semiconductor substrate;

a second IC die over the first IC die, wherein the second
IC die comprises a second semiconductor substrate and
a second interconnect structure underlying the second
semiconductor substrate, and wherein the first and
second IC dies contact at a bond 1nterface between the
first and second interconnect structures;

a plurality of semiconductor devices on the first semicon-
ductor substrate and/or the second semiconductor sub-
strate; and

a first through-substrate via (ISV) and a second TSV
within the second semiconductor substrate and electri-
cally coupled to the first interconnect structure through
the second interconnect structure, and wherein the first
and second TSVs and the second semiconductor sub-
strate are comprised of a semiconductor material.

10. The IC according to claim 9, wherein the first and
second 1nterconnect structures are comprised of a conduc-
tive material different than the semiconductor material.

11. The IC according to claim 10, wherein the semicon-
ductor material comprises silicon and the conductive mate-
rial comprises copper.

12. The IC according to claim 9, wherein a maximum
width of the first TSV 1s less than a minimum width of the
second TSV.

13. The IC according to claim 9, wherein the second
semiconductor substrate comprises a first doping type,
wherein the first TSV comprises a second doping type
opposite the first doping type, wherein the second TSV
comprises and 1ner region surrounded by an outer region,
and wherein the inner region comprises the first doping type
and the outer region comprises the second doping type.

11
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14. The IC according to claim 13, wherein the inner
region comprises a higher doping concentration of the first
doping type than the second semiconductor substrate.

15. The IC according to claim 9, turther comprising;:

a first 1solation structure extending from a front-side
surface of the second semiconductor substrate to a
position 1n the second semiconductor substrate,
wherein an outer sidewall of the first TSV adjoins an
imnner sidewall of the first 1solation structure; and

a second 1solation structure extending from the front-side
surface of the second semiconductor substrate to an
1solation-structure surface of the second 1solation struc-
ture, wherein the 1solation-structure surface is at the
position and adjoins the second TSV,

16. A method for forming an integrated circuit (IC), the

method comprising:

performing an 1on 1implant process nto a front-side sur-
face of a first semiconductor substrate to form a first
doped channel region extending into the first semicon-
ductor substrate from the front-side surface;

forming a first interconnect structure on the front-side
surface of the first semiconductor substrate;

thinning the first semiconductor substrate from a back-
side surface of the first semiconductor substrate until
the first doped channel region 1s exposed, wherein the
back-side surface 1s opposite the front-side surface of
the first semiconductor substrate; and

forming a conductive pad overlying and electrically
coupled to the first doped channel region on the back-
side surface of the first semiconductor substrate.

17. The method according to claim 16, further compris-

ng:

forming an 1solation structure around the first doped
channel region.

18. The method according to claim 16, wherein the 1on

implant process further comprises:

forming a second doped channel region in the first semi-
conductor substrate and laterally oflset from the first
doped channel region, wherein the first and second
doped channel regions comprise a first doping type;

forming a third doped channel region in the first semi-
conductor substrate, wherein the third doped channel
region comprises a second doping type opposite the
first doping type and an outer sidewall of the third
doped channel region adjoins an inner sidewall of the
second doped channel region; and

performing a rapid thermal anneal (RTA) process.

19. The method according to claim 18, wherein the first
doping type 1s n-type and the second doping type 1s p-type,
and wherein the RTA process has a maximum temperature of
approximately 1010 degrees Celsius.

20. The method according to claim 16, turther compris-
ng:

bonding the first interconnect structure to a second inter-
connect structure of a logic IC die, wherein the logic IC
die comprises a second semiconductor substrate under-
lying the second interconnect structure, and wherein at
least one semiconductor device 1s disposed on the
second semiconductor substrate and underlies the first
doped channel region.
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