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SHALLOW TRENCH TEXTURED REGIONS AND ASSOCIATED METHODS

BACKGROUND

The wteraction of light with semiconductor materials has been a significant
innovation. Stlicon imaging devices are used in various technologies, such as digital
carueras, optical mice, video cameras, cell phoues, and the hike. Charge-coupled devices
{CCDs) were widely used in digital imaging, and were later improved upon by
complementary metal-oxide-semiconductor (CMOS) imagers having improved
performance. Many traditional CMOS imagers utilize front side tllumination (FS1). In
such cases, clectromagnetic radiation is incident upon the semiconductor surface
containing the CMOS devices and circuits. Backside illumination CMOS imagers bave
also been used, and in many designs electrormagnetic radiation is incident on the
seratconductor surface opposite the CMOS devices and circuits. CMOS sensors are
typically manufactured from silicon and can covert visible incident light into a
photocurrent and ultimately into a digital image. Silicon-based technologies for detecting
infrared incident electromagnetic radiation have been problematic, however, because
silicon 1s an indirect bandgap semaiconductor having a bandgap of about 1.IeV. Thus the
absorption of electromagnetic radiation baving wavelengths of greater than about 1100

am is, therefore, very low in silicon.

BRIEEF DESCRIPTION OF THE BDRAWINGS

For a further understanding of the nature and advantage of the present disclosure,
reference is being made to the following detailed description of embodiments and in
connection with the accompanying drawings, in which:

FIG. 1 provides data showing the optical absorption of textured silicon compared
to standard silicon as a function of wavelength in accordance with an embodiment of the
present disclosure;

FIG. 2 1s a cross-sectional view of an image sensor in accordance with another
embodiment of the present disclosure;

FI3. 3 is a cross-sectional view of an timage sensor in accordance with another

embodiment of the present disclosure;

-
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FIG. 4 is a cross-sectional view of a textured region associated with a silicon
substrate in accordance with another emabodiment of the present disclosure;
FIG. 5 is a cross-sectional view of a textured region associated with the silicon
substrate in accordance with another embodiment of the present disclosure;
FIG. 6 1s a cross-sectional view of a textured region associated with the silicon
substrate in accordance with another embodiruent of the present disclosure; and
FIG. 7 is a cross-sectional view of a textured region associated with the silicon

substrate in accordance with another embodiment of the present disclosure.

DETAILED DESCRIPTION

Before the present disclosure is deseribed herein, it is to be understood that this
disclosure is not limited to the particular structures, process steps, or materials disclosed
herein, but is extended to equivalents thereof as would be recognized by those ordinarily
skilled in the relevant arts. It should also be understood that terminoclogy emiployed
herein is used for the purpose of describing particular embodiments only and s not
intended to be limiting,

Definitions

The following terminology will be used in accordance with the definitions set
forth below.

It should be noted that, as used in this specification and the appended claims, the
singular forms “a,” and, “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a dopant” includes one or more of such
dopants and reference to “the layer” includes reference to one or more of such layers.

As used herein, the terms “light” and “clectromagnetic radiation” can be used
interchangeably and can refer to electromagnetic radiation in the ultraviolet, visible, vear
infrared and infrared spectra. The terms can further more broadly include
clectromnagnetic radiation such as radio waves, rmicrowaves, x~-rays, and gamma rays.
Thus, the term “light” is not limited to clectromagnetic radiation in the visible spectrum.
Many examples of Hight described herein refer specifically to electromagnetic radiation in
the visible and infrared {and/or near infrared) spectra. For purposes of this disclosure,

visible range wavelengths are considered to be from approximately 350 nm to 800 nm

()
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and non-visible wavelengths are considered to be longer than about 800 nm or shorter
than about 350 nm. Furthermore, the infrared spectrum is considered to include a near
infrared portion of the spectrum including wavelengths of approximately 800 to 1160 nm,
a short wave 1afrared portion of the spectrurn including wavelengths of approximately
1100 nm to 3 micrometers, and a mid-to-long wavelength infrared (or thermal infrared)
portion of the spectrurn including wavelengths greater than about 3 micrometers up to
about 30 micrometers. These are generally and collectively referred to herein as
“infrared” portions of the clectromagnetic spectrum unless otherwise noted.

As used herein, the term “detection” refers to the sensing, absorption, and/or
collection of electromagnetic radiation.

As used herein, the terms “disordered surface” and “textured surface” can be used
interchangeably, and refer to a surface having a topology with nano- to micron-sized
surface variations. Such a surface topology can be formed by a variety of kuown
technigques, including chemical etching (e.g. anisotropic etching, isotropic etching), wet
or dry etching including masked or maskless etching, lithographic patterning, porous
stlicon etching, nanoimprinting, material deposition, selective epitaxial growth, reactive
1on etching, plasma etching or any other technique that can be used to form such a
topology except for laser ablation techniques, which, at least in one aspect, are
specifically disclaimed. While the characteristics of such a surface can be variable
depending on the waterials and technigues exaployed, 10 one aspect such a surface can
include micron-sized structures {e.g. about | yum to about 60 um). In yet another aspect,
the surtace can include nano-sized and/or ratcron-sized structures from about 5 mm and
about 500 pn. A variety of criteria can be utilized to measure the size of such structures.
For example, for cone-like structures the above ranges are intended to be measured from
the peak of a structure to the valley formed between that structure and an adjacent
neighboring structure. For structures such as nanopores, the above ranges are intended to
be approximate diameters, Additionally, the surface structures can be spaced at various
average distances from one anocther, In one aspect, neighboring structures can be spaced
at a distance of trom about 50nm to about 50 pm. In another aspect, neighboring
structures can be spaced at a distance of frony about 50nm to about 2 pm. Such spacing is

mtended to be frorm a center point of one structure to the center point of a neighboring
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structure.

As used herein, the term “backside illumination™ refers to a device architecture
design whereby clectromagnetic radiation is incident on a surface of a semiconductor
waterial that 1s opposite a surface containing the device cireutry. In other words,
electromagnetic radiation is incident upon and passes through a semiconductor material
prior to contacting the device cireuitry.

As used herein, the term “frontside illumination” refers to a device architecture
design whereby clectromagnetic radiation is incident on a surface of a semiconductor
naterial that contains the device circuitry. In other words, electromagnetic radiation is
incident upon and passes through the device circuitry prior to contacting the
semiconductor material,

As used herein, the term “absorptance” refers to the fraction of incident
clectromagnetic radiation absorbed by a material or device.

As used herein, the term “target region” refers to an area of a semiconductor
material that 1s intended to be surtace modified. The target region of a semiconductor
material can vary as the surface modifving process progresses. For example, after a first
target region is doped or surface moditied, a second target region may be selected on the
same semiconductor matenal.

As used herein, the term “substantially” refers to the complete or nearly
complete extent or degree of an action, characieristic, property, state, structure, item, or
result. For examiple, an object that is “substantially” enclosed would mean that the object
1s cither completely enclosed or nearly corapletely enclosed. The exact allowable degree
of deviation from absolute completeness may in some cases depend on the specific
context. However, generally speaking the nearness of corapletion will be so as to have
the same overall result as if absolute and total completion were obtained. The use
of “substantially” is equally applicable when used in a negative connotation to refer to
the complete or near complete lack of an action, characteristic, property, state, structure,
item, or result. For example, a composition that is “substantially free of” particles would
either completely lack particles, or so nearly completely lack particles that the effect

would be the same as if it completely lacked particles. In other words, a composition that
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is “substantially free of” an ingredient or element may still actually countain such ttern as
fong as there is no measurable effect thereof

As used herein, the term “about” is used to provide flexibility to a numernical
range endpoint by providing that a given value may be “a hitle above” or “a hitle below”
the endpoint.

As used berein, a plurality of items, structural elemeuts, composttional elements,
and/or materials may be presented in a common list for convenience. However, these
tists should be construed as though cach member of the list s individually identified as a
separate and unique member. Thus, no individual member of such list should be
construed as a de facto equivalent of any other member of the same list solely based on
their presentation in a common group without indications to the countrary,

Concentrations, amounts, and other numerical data may be expressed or presented
herein in a range format. [t 1s to be understood that such a range forrat is used merely
for convenience and brevity and thus should be interpreted flexibly to include not only
the numcrical values explicitly recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed within that range as if each
numerical value and sub-range is explicitly recited. As an dlustration, a numerical range
of “about 1 to about 57 should be interpreted to include not only the explicitly recited
values of about 1 to about 3, but also include individual values and sub-ranges within the
indicated range. Thus, included in this numerical range are individual values such as 2,
3, and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc., as well as 1, 2, 3,
4, and 5, individually.

This same principle applies to ranges reciting only one numerical value as a
minimum or a maximum, Furthermore, such an interpretation should apply regardless of

the breadth of the range or the characteristics being described.

The Disclosure

Traditional silicon photodetecting imagers have limited light absorption/detection
properties. For exarple, such silicon based detectors are mostly transparent to infrared
light. While other expensive or exotic materials, such as InGaAs, can be used to detect

infrared electromagnetic radiation having wavelengths greater than about 1000 nm,
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stlicon is still commuonly used because i 1s relatively cheap to manufacture and can be
used to detect wavelengths in the visible spectrum (1.e. visible light, 350 nm — 800 nm).
Traditional silicon materials require substantial optical path lengths and absorption depths
to detect photons from electromagnetic radiation having wavelengths longer than
approximately 700 nm. While visible light can be absorbed at relatively shallow depths
in silicon, absorption of longer wavelengths {(e.g. 900 nm} in silicon of a standard waler
depth (e.g. approximately 750 um} is poor if at all.

The devices of the present disclosure increase the absorption of semiconductor
naterials by increasing the effective optical path length for longer wavelengths of
electromagnetic radiation as compared to traditional materials. The absorption depth in
conventional silicon detectors is the depth into stlicon at which the radiation intensity is
reduced to about 36% of the value at the surface of the semiconductor. The increased
optical path length of the photons results in an apparent reduction in the absorption depth,
or a reduced apparent or effective absorption depth, For example, the effective
absorption depth of silicon can be reduced such that these longer wavelengths can be
absorbed at depths of less than or equal to abowt 856 pn. In other words, by increasing
the optical path length, these devices are able to absorb longer wavelengths (e.g. > 1000
am for silicon) within a thin sericonductor material, In addition to absorbing light
having longer wavelengths in thin silicon materials (e.g. less than 30 microns thick as
compared to 700 wicrons thick), the response rate or response speed can also be
increased by using such thin materials.

Accordingly, photosensitive imager devices and associated methods are provided,
It is noted that the present devices can be either frontside illuminated (FS1) or backside
iltluminated (BSE. Such devices provide, among other things, increased absorption and
enhanced response in the near nfrared hght portion of the optical spectrum, and
enhanced response and quantum efficiency in converting clectromagnetic radiation to
clectrical signals. In some aspects, for example, a quantum efficiency (QE) of over 60%
can be obtained in the visible region.

The various devices according to aspects of the present disclosure can exhibit
increased quantum efficiency over traditional photosensitive devices. Any increase in the

guantum efficiency makes a large ditference in the signal to noise ratio. More cornplex
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structures can provide not only increased guantum etficiency but also good uniformity
from pixel to pixel. In addition, devices of the present disclosure exhibit increased
responsivity as compared to traditional photosensitive devices. For example, in one
aspect the respousivity can be greater than or equal to 0.8A/W for wavelengths greater
than 1000 nm for semiconductor substrate that is less than 100 pm thick. In other
emabodiment the responsivity can be greater than 0.5 A/W for wavelengths greater than
1100um for semiconductor substrate that is less than 50 pm thick.

As has been described, photosensitive irmagers can be front side ilummination (FSE
or back side illumination (BSI) devices. In a typical FSI imager, incident Hght enters the
semiconductor device by first passing by transistors and metal circuitry, The light,
however, can scatter off of the transistors and circuitry prior to entering the light sensing
portion of the imager, thus causing optical loss and noise. A lens can be disposed on the
topside of a FSI pixel to direct and focus the incident light to the light seusing active
region of the device, thus partially avoiding the circuitry. In one aspect the lens can bea
micro-lens. BSIimagers, one the other hand, are contigured to have the depletion region
of the junction extending to the opposite side of the device. In one aspect, for example,
incident light enters the device via the light sensing portion and s mostly absorbed prior
to reaching the circuitry. BSI designs allow for smaller pixel architecture and a high fill
factor for the imager. It should also be understood that devices according to aspects of
the present disclosure can be incorporated into complimentary metal-oxide-
semiconductor (CMOS) imager architectures or charge-coupled device (CCD) imager
architectures,

The present disclosure provides broadband photosensitive diodes, pixels, and
imagers capable of detecting visible as well as infrared clectromagnetic radiation,
including associated wethods of makiong such devices. A photosensitive diode can
include a somiconductor substrate having multiple doped regions forming at least one
Junction, a textured region coupled to the semiconductor substrate and positiouned to
interact with electromagnetic radiation. As is shown in FIG. 1, for example, a textured
region can increase the optical absorption of silicon as compared to non-textured silicon

over an electromagnetic spectrum range of at least about 700 am to about 1100 nm.
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A photosensitive tmager or pixel can include a semiconductor substrate having
multiple doped regions forming at least one junction, and a textured region coupled to the
semiconductor substrate and positioned to interact with electromagnetic radiation. In
some aspects, the imager can include a passivation region positioned between the
textured region and the at least one junction. The passivation region is positioned to
isolate the at least one junction from the textured region, aud the sermiconductor substrate
and the textured region are positioned such that incoming electromagnetic radiation
passes through the semiconductor substrate betore contacting the textured region, It is
noted, that with or without the passivation region, the textured region can be located on
the light incident side of the semiconductor material, on a side of the semiconductor
material opposite the light imcident side, or both on the light incident side and opposite
the light incident side. Additionally, the photosensitive pixel can also include an
electrical transfer element coupled to the semiconductor substrate and operable to transfer
an electrical signal from the at least one junction. A photosensitive imager can include
multiple photosensitive pixels. Additionally, an electrical transter element can include a
variety of devices, including without limitation, transistors, sensing nodes, transfer gates,
transfer electrodes, and the like.

Photosensitive or photo detecting umagers 1nclade photodiodes or pixels that are
capable of absorbing electromagnetic radiation within a given wavelength range. Such
imagers can be passive pixel sensors (PPS), active pixel seusors (APS), digital pixel
sensor imagers (DPS), or the like, with one difference being the image sensor read out
architecture. For example, a semiconducting photosensitive imager can be a three or four
transistor active pixel sensor (3T APS or 4T APS). Various additional components are
also contemplated, and would necessarily vary depending on the particular configuration
and intended results. As an example, a 4T configuration as is shown o FIG. 1 can
additionally include, among other things, a transfer gate 2, a reset transistor |, a source
follower 3, a row select trausistor 4, and a photodiode sensor 5. Additionally, devices
having greater than 4 transistors are also within the present scope. Photosensor diode 5
can be a conventional pinned photodiode as used 1n current state of the art CMOS

imagers.
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In one aspect, as is shown in FIG, 2, a BSI photosensitive diode 200 can include a
semiconductor substrate 202 having multiple doped regions 203, 204 forming at least one
junction, and a textured region 206 coupled to the semiconductor substrate and positioned
to interact with electromagnetic radiation. The wultiple doped regions can have the same
doping profile or different doping profiles, depending on the device. While the device
shown in FIG. 2 contaius three doped regions, it should be noted that other aspecis
containing one or more doped regions are considered to be within the present scope.
Additionally, the sermiconductor substrate can be doped, and thus can be considered to be
a doped region in some aspects. In some aspects, a passivation region 208 can be
optionally positioned between the textured region 206 and the at least one junction
203,204, The passivation region is positioned to isolate the at least one junction {from the
textured region, and the semiconductor substrate and the textured region are positioned
such that incoming electromaguetic radiation passes through the semiconductor substrate
betore contacting the textured region. The photosensitive diode is BS by
electromagnetic radiation 210 that 1s incident on the side of the semiconductor substrate
202 opposite the multiple doped regions 203,204, Additionally, present scope also
includes FS1imagers where the incident light impinges on the junction side of the
seratconductor material (not shown). Further details regarding both BSTand FSI
photodiodes, pixels, imagers, and other optoelectronic devices can be found in US Patent
Application Serial Number 12/885,158, filed on September 17, 2010, and 1n US Patent
Number 8,476,681, filed on March 17, 2011, both of which are incorporated herein by
reference.

Turping to FIG. 3, an imager is provided having a silicon epi-layer having a
textured region on one side, and a device layer opposite the textured region. In some
aspects, the textured region can be a pattern of shallow trench isolation features. Such
shallow trench isolation features can function to increase the optical absorption of the
device, thus enhanciog QE. Additionally, the device can include deep trench isolation
(DTI) to isolate the imager and to provide light trapping functionality. In addition, in
sorae aspects such a device can include a silicon handle wafer to facilitate manipulation
of the device. One technique for coupling the silicon handle wafer to the silicon epi-layer

includes oxide bonding, Accordingly, in one aspect shallow trench tsolation features can
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be formed on a surface of the silicon epi-layer, the silicon handle water can be attached to
the silicon epi-layer, and the device layer can then be built on the silicon epi-layer while
using the silicon handle wafer to manipulate the device. Further details regarding such a
substrate, including additional substrate and an imager details can be found in US Patent
Application Serial Number 13/069,135, filed on March 22, 2011, which is incorporated
hereiu by refercuce.

The textured region can function to diffuse electromagnetic radiation, to redirect
clectromagnetic radiation, and to thus increase the quantum efficiency of the device. In
some cases, slectromagnetic radiation passing through the semiconductor substrate can
contact the textured region. The textured region can include surface features to thus
increase the effective optical path length of the photosensitive diode. Such surface
features can be micron-sized and/or nano-sized, and can be any shape or configurations.
Non-timiting examples of such shapes and configurations include cones, pillars,
pyramids, inverted features, trenches, gratings, protrusions, and the like, including
combinations thereof, Additionally, factors such as manipulating the feature sizes,
dimensions, material type, dopant profiles, texture location, etc. can allow the diffusing
region to be tunable for a specific wavelength, In one aspect, tuning the device can allow
specific wavelengths or ranges of wavelengths to be absorbed. In another aspect, tuning
the device can allow specific wavelengths or ranges of wavelengths to be reduced or
eliminated via fltering.

Textured regions according to aspects of the present disclosure can allow a
photosensitive device to experience multiple passes of incident clectromagnetic radiation
within the device, particularly at longer wavelengths (i.c. infrared). Such internal
reflection increases the effective optical path length, thus allowing the silicon material to
absorb light at thicknesses that are less than standard silicon. This increase in the
effective optical path length of electromagnetic radiation in silicon increases the quantum
ethicicncy of the device, thus leading to an improved signal to noise ratio.

The materials used for making the textured region can vary depending on the
design and the desired characteristics of the device. As such, any material that can be
utilized in the construction of a textured region is considered to be within the present

scope. In one aspect, the textured region can be formed directly on the silicon epi-layer.
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In another aspect, an additional material can be deposited onto the silicon epi-layer to
support the formation of the textured region. Non-limiting examples of such materials
include semiconductor materials, dielectric materials, silicon, polysilicon, amorphous
silicon, transparent conductive oxides, and the hike, including composites and
combinations thereof. In one specific aspect, the textured layer can be a textured
polysilicon layer. Thus a polysilicon layer can be deposited outo the silicon epi-layer,
either directly or onto an intermediate passivation layer, and then textured to form the
textured region. In another aspect, the textured layer is a textured dielectric layer, In this
case the textured region can be a portion of a dielectric layer making up a passivation
region disposed on the silicon epi-layer. In vet another aspect the textured layer can be a
transparent conductive oxide or another semucounductor material. In the case of dielectric
layers, the textured region can be a textured portion of a passivation region or the
textured region can be formed frow other dielectric matenial deposited over a passivation
region. The texturing process can texture the entire substrate material or only a portion of
the material.

Various methods can be utilized to form shallow trench isolation features, and any
such shallow trench formation technigque 1s considered to be within the present scope.
Non-limiting examples can include cheruical etching (e.g. anisotropic etching, isotropic
etching), wet or dry etching including masked or maskless etching, lithographic
patterning, porous silicon etching, nanotmprinting, material deposition, selective epitaxial
growth, reactive ion etching, plasma etching or any other technigue that can be used to
forr such a topology. It 1s noted that, in one aspect, texturing technigues that involve
faser ablation are specifically disclaimed from the present scope.

In some cases, the textured region can be formed by using a patterned mask and
photolithography, followed by etching to define a specific structure or pattern. In oue
aspect, shallow trench isolation techniques can be used to form the textured region.
Various shallow trench isolation techuiques are contemplated, and any such technique s
considered to be within the present scope. In one non-limiting example, and oxide
material 1s depostted on the substrate to be etched with shallow trenches, Upon the oxide
material is deposited a uniform coating of a nitride material followed by a patterned

coating of a resist material to be used as a mask. Thus the pattern of the mask will define
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the tuture pattern of the textured region. Any of a number of etch processes can then be
applied across the layered material. As a result regions of the layered material beneath the
resist are protected from the edge, while regions of the layered material that are not
focated beneath the resist are etched by the etch process. This process is continued such
that a shallow trench is etched in the unprotected regions between the resist material
through the nitride material, the oxide material, and into the substrate. Following etching
of the shallow trench, the resist material can be removed by any appropriate process. In
some aspects where the shallow trenches can be left 18 open spaces. In other aspects,
further processing can be performed to fill in the shallow trenches. For example, in oxide
material can be grown along the sides and bottom of the trenches by a thermal oxide
process or, by a direct deposition of an oxide material therein in order to create physical
passivation. Once the shallow trenches are sufficiently filled, the nitride layer can be
removed and the resulting surface can be further processed by technigues such as CMP
processing.

In another aspect, once the trenches are formed in the substrate the sidewalls and
possibly the bottoms can be highly doped with a dopant profile to create a back surface
ficld. A back surface field can function to impede the movement of photo-gencrated
carriers from the junction toward the silicon epi-layer, and as such the dopant profile
should be designed accordingly. The use of the back surface field in the shallow trenches
can thus be used to electrically passivate the regions around the shallow trenches.

In some aspects, the shallow trench isolation can be formed on a surface of the
silicon epi-layer. In other aspects, a separate material can be applied to the silicon epi-
fayer, and the shallow trench isolation can subsequently be formed in the separate
material, As is shown in FIG. 4, for example, a separate material, in this case amorphous
stlicon, can be deposited on the silicon epi-layer and subseqguently processed to form
shallow trench isolation features therein. It is noted, that the use of amorphous silicon is
werely exemplary in this case, and that any suitable material s considered to be within
the present scope. Additionally, in some aspects an oxide layer can optionally be
disposed between the silicon epi-layer and the separate material in order to isolate the

shaliow trench isolation from the silicon epi-layer.
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The shallow trench isolation can have a variety of configurations, structure and in
size, depending on the desired characteristics of the resuiting device. In one aspect, as is
shown tn FIG. 5 for example, the shallow trench isolation can be a uniform grid pattern
comprised of trench is that form a series of spaces and lines or pillars. Various uniform
grid patterns are contemplated, and in one aspect the uniform pattern can include a
uniformly spaced series pillars surrounded by spaces. In another aspect, the uniform grid
pattern can include a series of lines surrounding a uniformly spaced series of spaces or
holes cut between the Hnes. Additionally, the shallow trench 1solation can form a pattern
that is nonuniform. As is shown in FIG. 6, for example, the spaces are of approximately
the same size and shape and the lines or piliars vary in width. FIG. 7 shows a shallow
trench isolation pattern were both spaces and the Hines or pillars are varied. It should be
noted that a variety of shallow trench isolation patterns are contemplated, and that the
present scope should not be liratted thereby. With respect to nonuniform patterns, in
some aspects the patterns can be random, either for the liner piliar, the spaces, or both. In
other aspects, a shallow trench tsolation pattern can be nonuniform but also nonrandom.

In addition to the pattern formed by the shallow trench isolation across a surface
of the stlicon epi-layer, the depth of the spaces between the features may also have an
impact on optical absorption. In one aspect, for example, the shallow trench spaces can
be cut into the silicon epi-layer to a uniform depth, In another aspect, the shallow trench
spaces can be cut into the silicon epi-layer to a nonuniforra depth, with the depths of
spaces can vary across the surface of the silicon material. Such variation in depth can be
randomm in some cascs, and nonrandom i other cases depending on the desired design of
the device.

While the present disclosure has focused on silicon materials, 1t should be
understood that a variety of semiconductor materials are also contemplated for use and
should be considered to be within the present scope. Non-limiting examples of such
seratconductor materials can include group 1V wmaterials, compounds and alloys
comprised of materials from groups I and VI, compounds and alloys comprised of
materials from groups I and V, and combinations thereof. More specifically, exeraplary
group 1V materials can inchide silicon, carbon {e.g. diamond}, germanium, and

combinations thereof, Various exemplary combinations of group IV materials can

SAMSUNG EX. 1003 - 16/31



10

15

20

Thorpe North & Western, LLP

Attorney Dacket No. 3035-060.FROV
include silicon carbide (S1C) and silicon germanium (SiGe). In one specific aspect, the
semiconductor material can be or include silicon. Exemplary silicon materials can
include amorphous silicon (a-St), microcrystalline silicon, multicrystaliine silicon, and
wonocrysiaitine silicon, as well as other crystal types. In another aspect, the
semiconductor material can include at least one of silicon, carbon, germanium, aluminum
nitride, gallivim nitride, indium gallium arsenide, aluminum gallium arsenide, and
combinations thereof.

The silicon epi-layer can be of any thickness that allows electromagnetic radiation
detection and conversion functionality, and thus any such thickness of silicon material is
considered to be within the present scope. In some aspects the textured region increases
the efficiency of the device such that the silicon material can be thinner than has
previously been possible. Decreasing the thickness of the silicon material reduces the
amount of silicon reguired to make such a device, In one aspect, for exaruple, the silicon
material has a thickness of from about 500 nm to about 50 um. In another aspect, the
stlicon material has a thickness of less than or equal to about 100 pm. In vet another
aspect, the stlicon material has a thickness of from about 1 um to about 10 um. Ina
further aspect, the silicon material can have a thickness of from about 5 um to about 50
um. In vet a further aspect, the silicon material can have a thickness of from about 5 pm
to about 10 pm,

A variety of dopant materials are contemplated for both the formation of the
multiple doped regions and to create a back surface field at the shallow trench regions,
and any such dopant that can be used in such processes is considered to be within the
present scope. It should be noted that the particular dopant utilized can vary depending
on the material being doped, as well as the intended use of the resulting matenal,

A dopant can be either charge donating or accepting dopant species. More
specifically, an electron donating or a hole donating species can cause a region o become
more posttive or negative in polarity as compared to the semiconductor substrate, In one
aspect, for example, the doped region can be p-doped. In another aspect the doped region
can be n-doped. A highly doped region can also be formed on or near the doped region to
create a pinned diode. In one non-limiting example, the semiconductor substrate can be

negative in polarity, and a doped region and a highly doped region can be doped with p+
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and n dopants respectively,  In some aspects, varnations of n{--}, n{-), n{(+), n(++), p{~),
p{~), p{+), or p{++) type doping of the regions can be used.

In one aspect, non-limiting examples of dopant materials can inchude S, F, B, P,
N, As, Se, Te, Ge, Ar, Ga, In, Sb, and combinations thereof. It should be noted that the
scope of dopant materials should include, not only the dopant materials themselves, but
also materials in forms that deliver such dopants (i.e. dopant carriers). For exawaple, S
dopant materials includes not only §, but also any material capable being used to dope S
into the target region, such as, for exarple, HaS, SFg, 8Os, and the like, inchuding
combinations thereof. In one specific aspect, the dopant can be 5. Sulfur can be present
at an ion dosage level of between about 5 x 10" and about 1 x 10'° fons/em”. Non-
Himiting examples of fluorine-containing compounds can include ClFy, PFs, Fr 8Fy, BF;,
GEEQ; VV/F(,, Si}:4, HF, CF4, CHE‘;., CH;E“, CH}*, C7F6, )QH}i Ca}g C4£“g NE‘; and tht’i
fike, including combinations thereof. Non-limiting examples of boron-countaining
compounds can include B(CHs)s, BF;, BCl, BN, CoBioHip, borosilica, BaHe, and the
like, ncluding corbinations thercof, Non-liraiting examples of phosphorous-containing
compounds can include PFs, PH;, and the like, including combinations thereof. Non-
timiting examples of chlorine-containing compounds can include Chy, SiH,Ch, HCL
SiClL;, and the ke, including combinations thereof. Dopants can also include arsenic-
containing compounds such as AsH; and the like, as well as antimony-containing
compounds. Additionally, dopant materials can include mixtures or combinations across
dopant groups, i.c. a sulfur-containing compound mixed with a chlorine-containing
compound. In one specific aspect, the dopant muaterial can include Se, H)S, SFs, or
miixtures thereof. In yet another specific aspect, the dopant can be SFe and can have a
predetermined concentration range of about 5.0 x 107 mol/er” to about 5.0 x 107
mol/emy’. Additionally, it is noted that dopants can also be liguid solutions of n-type or p-
type dopant materials dissolved in a solution such as water, alcohol, or an acid or basic
solution. Dopants can also be solid materials applied as a powder or as a suspension
dried onto the wafer.

In another aspect, the band structure optitnization can be realized by forming a

heteropunction along a modified semiconductor interface. For example, a layer of
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amorphous silicon can be deposited on the textured region interface, thus forming a

heterojunction that bends the minority carrier band towards the desired energy direction.
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ABSTRACT OF THE BISCLOSURE

Photosensitive devices and associated methods are provided. In one aspect, for
example, a photosensitive imager device can include a silicon substrate having multiple
doped regions formmng a least one junction, a textured region coupled to the
semiconductor substrate and posttioned to interact with electromagnetic radiation. The

textured region can be formed from a series of shallow trench 1solation features,
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