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GUARD RING STRUCTURE FOR
IMPROVING CROSSTALK OF BACKSIDE
ILLUMINATED IMAGE SENSOR

BACKGROUND

In semiconductor technologies, backside-illuminated sen-
sors are used for sensing a volume of exposed light projected
towards the backside surface of a substrate. The backside-
illuminated sensors can be formed on the front side of the
substrate and light projected towards the backside of the
substrate can reach the sensors. However, light targeted for
one sensor pixel may also have a portion of the light directed
toward other pixels, which causes crosstalk among various
sensor pixels. Improvements in backside illuminated sensors
and/or the corresponding substrate are desired.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance 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 discus-
sion.

FIG. 1 illustrates a sectional view of one embodiment of a
semiconductor device having a plurality of backside illumi-
nated sensors and sensor isolation features constructed
according to aspects of the present disclosure.

FIG. 2 illustrates a top view of one embodiment of a semi-
conductor device having a plurality of backside illuminated
sensors and sensor isolation features constructed according to
aspects of the present disclosure.

DETAILED DESCRIPTION

It is to be understood that the following disclosure provides
many different embodiments, or examples, for implementing
different features of various embodiments. 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. In addition, the
present disclosure may repeat reference numerals and/or let-
ters in the various examples. This repetition is for the purpose
of simplicity and clarity and does not in itself dictate a rela-
tionship between the various embodiments and/or configura-
tions discussed. Moreover, 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 embodi-
ments in which additional features may be formed interpos-
ing the first and second features, such that the first and second
features may not be in direct contact.

FIG. 1 illustrates a sectional view of one embodiment of a
semiconductor device 100 having a plurality of backside illu-
minated (or back-illuminated) sensors and sensor isolation
features constructed according to aspects of the present dis-
closure. FIG. 2 illustrates a top view of one embodiment of
the semiconductor device 100 having a plurality of backside
illuminated sensors and sensor isolation features formed in
the backside of the semiconductor device. Some features in
FIG. 1 are not illustrated in FIG. 2 for simplicity and clarifi-
cation. The semiconductor device 100 will be described with
reference to FIGS. 1 and 2.

The semiconductor device 100 includes a semiconductor
substrate 110. The substrate 110 includes silicon. The sub-
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strate 110 may alternatively or additionally include other
elementary semiconductor such as germanium, and diamond.
The substrate 110 may also include a compound semiconduc-
tor such as silicon carbide, gallium arsenic, indium arsenide,
and indium phosphide. The substrate 110 may include an
alloy semiconductor such as silicon germanium, silicon ger-
manium carbide, gallium arsenic phosphide, and gallium
indium phosphide. The substrate 110 may include various
p-type doped regions and/or n-type doped regions. All doping
may be implemented using a process such as ion implantation
or diffusion in various steps and techniques. The substrate
110 may include conventional isolation features, known in
the art, to separate different devices formed in the substrate
110. The substrate 110 may include other features such as an
epi layer, a semiconductor on insulator (SOI) structure, or
combinations thereof.

The semiconductor device 100 includes sensor elements
120 (or sensor pixels) formed “on” the front surface of the
semiconductor substrate 110. In one embodiment, the sensor
elements may be disposed over the front surface and extended
into the semiconductor substrate 110. In another embodi-
ment, the sensor elements may be disposed above the front
surface. The sensor elements 120 each may include a light-
sensing region (or photo-sensing region) which may be a
doped region having N-type and/or P-type dopants formed in
the semiconductor substrate 110 by a method such as diffu-
sion or ion implantation. The light-sensing region may have a
doping concentration ranging between about 10'* and 10**
atoms/cm”. The light-sensing region may have a surface area
ranging between about 10% and 80% area of the associated
sensor element, being operable to receive light (or radiation
from an object to be imaged) illuminated on. The sensor
elements 120 may include photodiodes, complimentary
metal-oxide-semiconductor (CMOS) image sensors, charged
coupling device (CCD) sensors, active sensor, passive sensor,
and/or other sensors diffused or otherwise formed in the
substrate 110. As such, the sensor elements 120 may com-
prise conventional and/or future-developed image sensing
devices. The sensor elements 120 may include a plurality of
pixels disposed in a sensor array or other proper configura-
tion. The plurality of sensor pixels may be designed having
various sensor types. For example, one group of sensor pixels
are CMOS image sensors and another group of sensor pixels
are passive sensors. Moreover, the sensor elements 120 may
include color image sensors and/or monochromatic image
sensors. The device 100 is designed to receive light (or radia-
tion) 150 directed towards the back surface of the semicon-
ductor substrate 110 during applications, eliminating
obstructing the optical paths by other objects such as gate
features and metal lines, and maximizing the exposure of the
light-sensing region to the illuminated light. The substrate
110 may be thinned such that the light directed through the
back surface thereof may effectively reach the sensor ele-
ments 120.

The semiconductor device 100 further includes a multi-
layer interconnect (MLI) 130 coupled to the sensor elements
120, such that the sensor elements 120 are operable to prop-
erly respond to illuminated light (imaging radiation). The
multilayer interconnect (MLI) 130 may be formed on the
semiconductor substrate 110 and disposed on the front sur-
face overlying the sensor elements 120. The multilayer inter-
connect may include conductive materials such as aluminum,
aluminuny/silicon/copper alloy, titanium, titanium nitride,
tungsten, polysilicon, metal silicide, or combinations, being
referred to as aluminum interconnects. Aluminum intercon-
nects may be formed by a process including physical vapor
deposition (or sputtering), chemical vapor deposition (CVD),
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or combinations thereof. Other manufacturing techniques to
form the aluminum interconnect may include photolithogra-
phy processing and etching to pattern the conductive materi-
als for vertical (via and contact) and horizontal connects
(conductive line). Still other manufacturing processes such as
thermal annealing may be used to form metal silicide. Alter-
natively, copper multilayer interconnect may be used and
include copper, copper alloy, titanium, titanium nitride, tan-
talum, tantalum nitride, tungsten, polysilicon, metal silicide,
or combinations. The copper multilayer interconnect may be
formed by a technique including CVD, sputtering, plating, or
other suitable processes. The metal silicide used in multilayer
interconnects may include nickel silicide, cobalt silicide,
tungsten silicide, tantalum silicide, titanium silicide, plati-
num silicide, erbium silicide, palladium silicide, or combina-
tions thereof.

The semiconductor device 100 further includes an inter-
layer dielectric (inter-level dielectric or ILD) 140 to isolate
the multilayer interconnect 130 disposed therein. The inter-
layer dielectric structure 140 may include silicon dioxide,
silicon nitride, silicon oxynitride, polyimide, spin-on glass
(SOG), fluoride-doped silicate glass (FSG), carbon doped
silicon oxide, Black Diamond® (Applied Materials of Santa
Clara, Calif.), Xerogel, Aerogel, amorphous fluorinated car-
bon, Parylene, BCB (bis-benzocyclobutenes), SiLK (Dow
Chemical, Midland, Mich.), polyimide, and/or other suitable
materials. The IL.D 140 may be formed by a technique includ-
ing spin-on, CVD, sputtering, or other suitable processes. The
MLI1130 and ILD 140 may be formed in an integrated process
including a damascene process such as dual damascene pro-
cessing or single damascene processing.

The semiconductor device 100 further includes sensor iso-
lation feature 160 (radiation isolation feature or sensor guard
ring) formed in the substrate 110 and configured to isolate
light (radiation, or signal) targeted for each sensor element
and minimize the light spreading into other sensor elements.
Thus crosstalk among various sensor pixels are reduced or
eliminated. Alternatively or additionally, the sensor isolation
feature 160 may be designed to reduce electrical crosstalk
among various sensor pixels in which an electric signal may
be transformed from an imaging radiation signal.

The sensor isolation feature 160 may be disposed horizon-
tally between two adjacent sensor elements in a top view
toward the backside of the substrate. The sensor isolation
feature 160 may be disposed vertically between the ILD and
the backside surface of the substrate 110. In one exemplary
embodiment illustrated in FIG. 2, the sensor isolation feature
160 is configured as multiple squares each including one
sensor element. The sensor isolation feature 160 may be thin
and deep in dimensions such that to occupy less area of the
substrate 110 and provide efficient isolation functions. As
illustrated in FIGS. 1 and 2, the sensor isolation feature 160
may be disposed between two neighboring sensor elements
and have a width ranging between about 0.1 micron and about
10 micron. The sensor isolation feature 160 may be vertically
extended substantially between the backside surface and the
ILD 140. In one embodiment, the sensor isolation feature 160
may have a depth ranging between about 10% and 90% of the
thickness of the semiconductor substrate 110. The semicon-
ductor substrate may have a thickness ranging between about
0.5 micron and about 500 micron for illumination and imag-
ing efficiency. The sensor isolation feature 160 may include a
plurality of portions, connected or not connected, disposed in
a configuration to substantially eliminate crosstalk between
two adjacent sensor elements. For example, the sensor isola-
tion feature 160 may be designed to include a fence structure
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having a plurality of posts interposed between neighboring
sensor elements and disposed around each sensor element.

The sensor isolation feature 160 may include a plug struc-
ture filled with a proper material such as air, a dielectric
material, an opaque material, a metal material, or combina-
tions thereof. The dielectric material may include silicon
oxide, silicon nitride, silicon oxynitride, low k material, or
combinations thereof. The opaque material may be any suit-
able material, such as a black shield material, capable of
substantially absorbing any imaging radiation crossing over
the sensor isolation feature 160 such as a black shield mate-
rial. The metal material may include aluminum, copper, tung-
sten, titanium, titanium nitride, tantalum, tantalum nitride,
metal silicide, or combinations thereof. Plug-based sensor
isolation feature may function to isolate each sensor element
both optically and electrically.

The plug structure can be formed by a series of processing
steps. In one embodiment, the substrate is patterned to form a
plurality of trenches from the backside surface using pro-
cesses know in the art or new techniques to be developed in
the future. For example, a photoresist layer may be applied on
the backside surface of the substrate 110 and patterned using
a lithography process. An anisotropic etching technique such
as a plasma etching process may be employed to etch the
substrate through the openings of the patterned photoresist
layer and form a plurality of trenches. The trenches are then
filled with a suitable material including dielectric, metal, an
opaque material, or combinations thereof. Alternatively, the
trenches may remain empty.

The sensor isolation feature 160 may include a doped
region having proper dopants. The doping-based sensor iso-
lation feature may function at least to isolate each sensor
element electrically. The doped region of the sensor isolation
feature 160 may have a doping concentration ranging
between about 10'* atoms/cm® and 10*' atoms/cm’. The
doped region may be designed applicable for a biasing volt-
age ranging between about =1 V and 10 V during operation.
Alternatively, the doped region may be designed and config-
urable for being electrically floating during operation. The
doped region of the sensor isolation feature may be formed by
a method known in the art such as ion implantation. As one
example, boron may be used as dopants to form the doped
region in the sensor isolation feature 160. A doped region and
a plug may be alternatively or collectively used for the pur-
pose if necessary.

The device 100 may include a passivation layer 170 dis-
posed over the MLI and ILD. The device 100 may further
include a transparent layer attached to the back surface of the
semiconductor substrate 110 to mechanically support thereof
and optically allow the backside-illuminated light passing
through. The device 100 may include color filters interposed
between the sensor elements 120 and the back surface of the
semiconductor substrate 110 for color imaging applications.
The device 100 may include a plurality of micro-lens inter-
posed between the sensor elements 120 and the back surface
of the semiconductor substrate 110, or between the color
filters and the back surface if the color filters are imple-
mented, such that the backside-illuminated light can be
focused on the light-sensing regions. The sensor isolation
feature 160 may be formed by various processes compatible
and integral to the conventional processing technologies.

In the disclosed structure and the method to make the same,
the illuminated light during applications may not be limited to
visual light beam, it can be extended to other optical light such
as infrared (IR) and ultraviolet (UV), and other proper radia-
tion beam. Accordingly, the sensor isolation feature 160 may
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be properly chosen and designed to effectively reflect and/or
absorb the corresponding radiation beam.

Thus, the present disclosure provides a backside illumi-
nated semiconductor device. In one embodiment, the device
includes a substrate having a front surface and a back surface,
with a plurality of sensor elements formed in the substrate.
Each of the plurality of sensor elements is designed and
configured to receive light directed towards the back surface.
The device also includes a sensor isolation feature formed in
the substrate and disposed horizontally between two adjacent
sensor elements of the plurality of sensor elements, and ver-
tically between the back surface and the front surface.

In some embodiments, the sensor isolation feature may be
designed to reduce at least one of optical and electrical inter-
ferences between the two adjacent elements. The sensor iso-
lation feature may include a doped region. The doped region
may include a doping concentration ranging between about
10" atoms/cm® and 10> atoms/cm’. The sensor isolation
feature may be designed and configurable for a biasing volt-
age ranging from about -1 V to 10 V during operation. The
sensor isolation feature may be alternatively designed and
configurable for being electrically floating during operation.

In some embodiments, the sensor isolation feature may
include a plug. The plug may be filled with a material selected
from the group consisting of air, a dielectric material, an
opaque material, a metal material, and combinations thereof.
The metal material may be selected from the group consisting
of aluminum, copper, tungsten, titanium, titanium nitride,
tantalum, tantalum nitride, metal silicide, and combinations
thereof. The dielectric material may be selected from the
group consisting of silicon oxide, silicon nitride, silicon
oxynitride, low k material, and combinations thereof.

In some embodiments, the sensor isolation feature may
include a width ranging between about 0.1 micron and about
10 micron. The sensor isolation feature may include a depth
ranging between about 10% and 90% of the thickness of the
substrate. The substrate may include a thickness ranging
between about 0.5 micron and about 500 micron. The sub-
strate may include a portion selected from the group consist-
ing of an epi layer, a semiconductor on insulator (SOI) struc-
ture, and combinations thereof. Each of the plurality of sensor
elements may be selected from the group consisting of
complementary metal-oxide-semiconductor (CMOS) image
sensor, charge-coupled device sensor, active pixel sensor,
passive pixel sensor, and combinations thereof.

In another embodiment, the device includes a semiconduc-
tor substrate having a front surface and a back surface; a
sensor element disposed in the front surface; a conductive
interconnect feature disposed on the front surface, overlying
the sensor element; and a sensor isolation feature formed in
the semiconductor substrate. The sensor isolation feature is
disposed horizontally around the sensor element and verti-
cally between the back surface and the conductive intercon-
nect feature.

In one embodiment, the sensor isolation feature may
include a material selected from the group consisting of air, a
dielectric material, an opaque material, a metal material, a
doped material, and combinations thereof. The sensor isola-
tion feature may be configured to substantially include the
sensor element in top view perpendicular to the semiconduc-
tor device. The device may further include a microlens dis-
posed on the back surface, and designed to receive radiation
towards the back surface and direct the radiation to the sensor
element.

The present disclosure also provides a method to fabricate
a semiconductor device. In one embodiment, the method
includes providing a semiconductor substrate having a front
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surface and a back surface; forming a sensor element in the
front surface; forming conductive interconnect on the front
surface, overlying the sensor element; and forming a sensor
isolation feature in the semiconductor substrate, disposed
horizontally around the sensor element and vertically
between the back surface and the conductive interconnect.

In one embodiment of the method, the forming of the
sensor isolation feature may include forming a plug filled
with a material selected from the group consisting of air, a
dielectric material, an opaque material, a metal material, and
combinations thereof. The forming of the sensor isolation
feature may include forming a doped region.

The foregoing has outlined features of several embodi-
ments so that those skilled in the art may better understand the
detailed description that follows. Those skilled in the art
should appreciate that they may readily use the present dis-
closure 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 intro-
duced 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 backside illuminated semiconductor device, compris-
ing:

a substrate having a front surface and a back surface;

aplurality of sensor elements formed in the substrate, each

of the plurality of sensor elements designed and config-
ured to receive light directed towards the back surface;
and

a sensor isolation feature formed in the substrate, and dis-

posed horizontally between two adjacent sensor ele-
ments of the plurality of sensor elements, and vertically
between the back surface and the front surface.

2. The device of claim 1, the sensor isolation feature is
designed to reduce at least one of optical and electrical inter-
ferences between the two adjacent elements.

3. The device of claim 1, wherein the sensor isolation
feature comprises a doped region.

4. The device of claim 3, wherein the doped region com-
prises a doping concentration ranging between about 10'*
atoms/cm® and 10*! atoms/cm’.

5. The device of claim 3, wherein the sensor isolation
feature is designed and applicable for a biasing voltage rang-
ing from about -1 V to 10V during operation.

6. The device of claim 3, wherein the sensor isolation
feature is designed and configurable for being electrically
floating during operation.

7. The device of claim 1, wherein the sensor isolation
feature comprises a plug.

8. The device of claim 7, wherein the plug is filled with a
material selected from the group consisting of air, a dielectric
material, an opaque material, a metal material, and combina-
tions thereof.

9. The device of claim 8, wherein the metal material is
selected from the group consisting of aluminum, copper,
tungsten, titanium, titanium nitride, tantalum, tantalum
nitride, metal silicide, and combinations thereof.

10. The device of claim 8, wherein the dielectric material is
selected from the group consisting of silicon oxide, silicon
nitride, silicon oxynitride, low k material, and combinations
thereof.

11. The device of claim 1, wherein the sensor isolation
feature comprises a width ranging between about 0.1 micron
and about 10 micron.
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12. The device of claim 1, wherein the sensor isolation
feature comprises a depth ranging between about 10% and
90% of the thickness of the substrate.

13. The device of claim 1, wherein the substrate comprises
a thickness ranging between about 0.5 micron and about 500
micron.

14. The device of claim 1, wherein the substrate comprises
aportion selected from the group consisting of an epi layer, a
semiconductor on insulator (SOI) structure, and combina-
tions thereof.

15. The device of claim 1, wherein each of the plurality of
sensor elements is selected from the group consisting of
complementary metal-oxide-semiconductor (CMOS) image
sensor, charge-coupled device sensor, active pixel sensor,
passive pixel sensor, and combinations thereof.

16. A semiconductor device, comprising:

asemiconductor substrate having a front surface and a back

surface;

a sensor element disposed in the front surface;

8

a conductive interconnect feature disposed on the front

surface, overlying the sensor element; and

a sensor isolation feature formed in the semiconductor

substrate, disposed horizontally around the sensor ele-
ment and vertically between the back surface and the
conductive interconnect feature.

17. The device of claim 16, wherein the sensor isolation
feature comprises a material selected from the group consist-
ing of air, a dielectric material, an opaque material, a metal
material, a doped material, and combinations thereof.

18. The device of claim 16, wherein the sensor isolation
feature is configured to substantially include the sensor ele-
ment in top view perpendicular to the semiconductor device.

19. The device of claim 16, further comprising a microlens
disposed on the back surface, and designed to receive radia-
tion towards the back surface and direct the radiation to the
sensor element.
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