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SHALLUW TRENCH TEXTURED REGJONS AND ASSOCIATED lVIETHODS 

BACKGROUND 

The interaction of light with semiconductor materials bas been a significant 

5 innovation. Silicon imaging devices are used in various technologies, such as digital 

cameras, optical mice, video cameras, cell phones, and the like. Charge-coupled devices 

(CCDs) were widely used in digital imaging, and were later improved upon by 

complementary metal-oxide-semiconductor (CMOS) imagers having improved 

perfomrnnce. Many traditional CMOS imagers utilize front side illumination (FSl). In 

10 such cases, electromagnetic radiation is incident upon the semiconductor surface 

containing the CMOS devices and circuits. Backside illumination CMOS inmgers have 

also been used, and in many designs electromagnetic radiation is incident on the 

semiconductor surface opposite the CMOS devices and circuits. CMOS sensors are 

typically manufactured from silicon and can covert visible incident light into a 

15 photocurrent and ultimately into a digital image, Silicon-based technologies for detecting 

infrared incident electromagnetic radiation have been problematic, however, because 

silicon is an indirect bandgap semiconductor having a bandgap of about l.leV. Thus the 

absorption of electromagnetic radiation having vvavelengths of greater than about 1100 

nm is, therefore, very hnv in silicon. 

20 

25 

30 

BR.H:F DESCRIPTION OF THE DRA\.VINGS 

For a further understanding of the na lure and advantage of the present disclosure, 

reference is being made to the following detailed description of embodiments and in 

connection vvith the accompanying drawings, in which: 

FIG. 1 provides data sho-vving the optical absorption of textured silicon cornpared 

to standard silicon as a fi.mction of wavelength in accordance with an embodiment of the 

present disclosure; 

FIG. 2 is a cross-sectional view of an image sensor in accordance with another 

embodiment of the present disclosure; 

FIG. 3 is a cross-sectional view of an image sensor in accordance with another 

embodiment of the present disclosure; 

' - l -
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FIG. 4 is a cross-sectional view of a textured region associated with a silicon 

substrate in accordance with another embodiment of the present disclosure; 

FIG-. 5 is a cross-sectional view of a textured region associated with the silicon 

substrate in accordance v;,1ith another embodiment of the present disclosure; 

FIG. 6 is a cross-sectional view· of a textured region associated \Vith the silicon 

substrate in accordance with another embodiment 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. 

10 DETAILED DESCRIPTION 

Before the present disclosure is described 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 vvould be recognized by those ordinarily 

skilled in the relevant arts. It should also be understood that terminology employed 

15 herein is used for the purpose of describing particular embodiments only and is not 

intended to be limiting. 

20 

Definitions 

The fol lowing tenninology 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 

sinb:rular 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 tenns "light" and "electromagnetic radiation" can he used 

25 interchangeably and can refr~r to eiectronmgnetic radiation in the ultraviolet, visible, near 

infrared and infrared spectra. The tem1s can farther more broadly include 

electromagnetic radiation such as radio waves, microwaves, x-rays, and gamma rays. 

Thus, the term "light" is not limited to electromagnetic radiation in the visible spectrum. 

Many examples of light described herein refer specifically to electromagnetic radiation in 

30 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 

. 2. 
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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 spectmm is considered to include a near 

infrared portion of the spectrum including \Vavelengths of approximately 800 to l 100 nm, 

a short vvave infrared portion of the spectrum including wavelengths of approximately 

5 1100 nm to 3 micrometers, and a mid-to-long wavelength infrared ( or thermal infrared) 

portion of the spectrum including vvavelengths greater than about 3 micron1eters up to 

about 30 micrometers. These are generally and collectively referred to herein as 

"infrared" portions of the electromagnetic spectrum unless otherwise noted. 

As used herein, the term "detection" refers to the sensing, absorption, and/or 

10 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 fonned by a variety of known 

techniques, including chemical etching (e.g. anisotropic etching, isotropic etching), wet 

15 or dry etching including masked or maskless etching, lithographic patterning, porous 

silicon etching, nanoimprinting, material deposition, selective epitaxial grovvth, reactive 

ion 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 

20 depending on the materials and techniques employed, in one aspect such a surface can 

include micron-sized structures ( e.g. about 1 µm to about 60 ~nn). In yet another aspect, 

the surface can include nano-sized and/or micron-sized structures from about 5 nm and 

about 500 µm. A variety of criteria can be utilized to measure the size of such stmctures. 

For example, for cone-like structures the above ranges are intended to be measured from 

25 the peak of a structure to the valley formed between that stmcture and an adjacent 

neighboring structure. For structures such as nanopores, the above ranges are intended to 

he approximate diameters. Additionally, the surface structures can be spaced at various 

average distances from one another. In one aspect, neighboring structures can be spaced 

at a distance of from about 50nm to about 50 ~tm, In another aspect, neighboring 

30 stmctures can be spaced at a distance of from about 50nm to about 2 µm. Such spacing is 

intended to he from a center point of one structure to the center point of a neighboring 

- 3 -
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As used herein, the term "backside illumination" refers to a device architecture 

design whereby electromagnetic radiation is incident on a surface of a semiconductor 

material that is opposite a surface containing the device circuitry. In other words, 

5 electromagnetic radiation is incident upon and passes through a semiconductor material 

prior to contacting the device circuitry. 

As used herein, the term "frontside illumination" refers to a device architecture 

design whereby electromagnetic radiation is incident on a surface of a semiconductor 

material that contains the device circuitry. In other words, electromagnetic radiation is 

10 incident upon and passes through the device circuitiy prior to contacting the 

semiconductor material. 

As used herein, the tem1 ''absorptance" refers to the fraction of incident 

electromagnetic radiation absorbed by a rnaterial or device. 

As used herein, the term "target region" refers to an area of a semiconductor 

15 material that is intended to be surface modified. The target region of a semiconductor 

material can vary as the surface modifying process progresses. For example, after a first 

target region is doped or surface modified, a second target region may be selected on the 

same serniconductor material. 

As used herein, the term "substantially" refers to the complete or nearly 

20 coinplete extent or degree of an action, characteristic, property, state, structure, item, or 

result. For example, an object that is "substantially" enclosed would mean that the object 

is either completely enclosed or nearly completely enclosed. The exact allmvable degree 

of deviation from absolute completeness may in some cases depend on the specific 

context. However, generally speaking the nearness of completion will be so as to have 

25 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 

30 would be the same as if it completely lacked particles. rn other words, a composition that 

- 4 -
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is "substantially free of' an ingredient or element may still actually contain such item as 

long as there is no measurable effect thereof. 

As used herein, the term ''about" is used to provide flexibility to a numerical 

range endpoint by providing that a given value may be "a little above" or "a little below" 

5 the endpoint 

As used herein, a plurality of iterns, structural eienients, coinpositional eiernents, 

and/or materials may be presented in a common list for convenience. However, these 

lists should be constrned as though each member of the list is individually identified as a 

separate and unique member. Thus, no individual member of such list should be 

10 construed as a de facto equivalent of any other member of the same list solely based on 

their presentation in a coinmon group v;,1ithout indications to the contrary. 

Concentrations, amounts, and other numerical data may be expressed or presented 

herein in a range format. It is to be understood that such a range format is used merely 

for convenience and brevity and thus should be interpreted tlexibly to include not only 

15 the numerical 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 illustration, a numerical range 

of "about 1 to about 5" should be interpreted to include not only the explicitly recited 

values of about 1 to about 5, but also include individual values and sub-ranges within the 

20 indicated range, Thus, included in this nurnerical 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 \Vell 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 

25 the breadth of the range or the characteristics being described. 

The Disclosure 

Traditional silicon photodetecting imagers have limited light absorption/detection 

properties. For example, such silicon based detectors are mostly transparent to infrared 

30 light. While other expensive or exotic materials, such as InGaAs, can be used to detect 

infrared electromagnetic radiation having wavelengths greater than about l 000 nm, 

- 5 -
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silicon is still commonly used because it is relatively cheap to manufacture and can be 

used to detect wavelengths in the visible spectmm (i.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 v;,1avelengths longer than 

5 approximately 700 nm. \Vhile visible light can be absorbed at relatively shallow depths 

in silicon, absorption of longer wavelengths ( e.g. 900 mn) in silicon of a standard vvafer 

depth (e.g. approximately 750 µrn) is poor if at all. 

The devices of the present disclosure increase the absorption of semiconductor 

materials by increasing the effective optical path length for longer wavelengths of 

10 electromagnetic radiation as compared to traditional materials. The absorption depth in 

conventional silicon detectors is the depth into silicon at vvhich 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 abso111tion depth, 

or a reduced apparent or effective absorption depth. For example, the effective 

15 absorption depth of silicon can be reduced such that these longer wavelengths can be 

absorbed at depths ofless than or equal to about 850 µm. In other words, by increasing 

the optical path length, these devices are able to absorb longer wavelengths (e.g.> 1000 

nm for silicon) within a thin semiconductor material. In addition to absorbing light 

having longer \Vavelengths in thin silicon materials ( e.g. less than 30 microns thick as 

20 coinpared to 700 microns 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. 

lt is noted that the present devices can be either frontside illuminated (FSl) or backside 

illuminated (BSI). Such devices provide, among other things, increased absorption and 

25 enhanced response in the near infrared light portion of the optical spectrurn, and 

enhanced response and quantum efficiency in converting electromagnetic radiation to 

electrical 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 

30 increased quantum efficiency over traditional photosensitive devices. Any increase in the 

quantum efficiency makes a large difference in the signal to noise ratio. r-.fore complex 

. 6. 
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structures can provide not only increased quantum efficiency but also good uniformity 

from pixel to pixel. ln addition, devices of the present disclosure exhibit increased 

responsivity as compared to traditional photosensitive devices. For example, in one 

aspect the responsivity can be greater than or equal to 0.8NvV for wavelengths greater 

5 than l 000 nm for semiconductor substrate that is less than l 00 ~nn thick. In other 

embodinient the responsivity can be greater than 0.5 A/W for wavelengths greater than 

1100nm for semiconductor substrate that is less than 50 µm thick. 

As has been described, photosensitive imagers can be front side illumination (FSI) 

or back side illumination (BSI) devices. In a typical FSI imager, incident light enters the 

10 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 sensing active 

region of the device, thus partially avoiding the circuitry. In one aspect the lens can be a 

15 micro-lens. BSI imagers, one the other hand, are configured 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 is mostly absorbed prior 

to reaching the circuitry. BSI designs allovv fix smaller pixel architecture and a high fill 

factor for the imager. It should also be understood that devices according to aspects of 

20 the present disclosure can be incorporated into coinplimentary 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 electromagnetic radiation, 

25 including associated methods of rnaking such devices. A photosensitive diode can 

include a semiconductor substrate having multiple doped regions forming at least one 

junction, a textured region coupled to the serniconductor substrate and positioned to 

interact with electromagnetic radiation. As is shown in FIG. 1, for example, a textured 

region can increase the optical absoqJtion of silicon as compared to non-textured silicon 

30 over an electromagnetic spectmm range of at least about 700 nm to about 1100 nm. 

- 7 -

SAMSUNG EX. 1003 - 10/31



Thorpe North & Western. LLP 
Attomev Docket No. 3035-060.PROV 

A photosensitive imager 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 

5 textured region and the at least one junction. The passivation region is positioned to 

isolate the at least one junction frorn the textured region, and the semiconductor substrate 

and the textured region are positioned such that incoming electromagnetic radiation 

passes through the semiconductor substrate before contacting the textured region. It is 

noted, that with or without the passivation region, the textured region can he located on 

10 the light incident side of the semiconductor material, on a side of the semiconductor 

rnaterial opposite the light incident side, or both on the light incident side and opposite 

the light incident side. Additionally, the photosensitive pixel can also include an 

electrical transfer elenient coupled to the serniconductor substrate and operable to transfi.~r 

an electrical signal from the at least one junction. A photosensitive imager can include 

15 multiple photosensitive pixels. Additionally, an electrical transfer element can include a 

variety of devices, including without limitation, transistors, sensing nodes, transfer gates, 

transfer electrodes, and the like. 

Photosensitive or photo detecting imagers include photodiodes or pixels that are 

capable of absorbing electromagnetic radiation \Vi thin a given wavelength range. Such 

20 imagers can be passive pixel sensors (PPS), active pixel sensors (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 vvould necessarily vary depending on the particular configuration 

25 and intended results. As an example, a 4T configuration as is shovvn in FIG. 1 can 

additionally include, among other things, a transfer gate 2, a reset transistor l, a source 

follower 3, a rovv select transistor 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 in current state of the art CMOS 

30 1magers. 

- 8 -
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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 multiple doped regions can have the same 

5 doping profile or different doping profiles, depending on the device. While the device 

shown in FIG, 2 contains three doped regions, it should be noted that other aspects 

containing one or more doped regions are considered to be within the present scope. 

Additionally, the semiconductor 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 he 

10 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 electromagnetic radiation passes through the semiconductor substrate 

before contacting the textured region. The photosensitive diode is BSI by 

15 electromagnetic radiation 210 that is incident on the side of the semiconductor substrate 

202 opposite the multiple doped regions 203,204. Additionally, present scope also 

includes FSI imagers vvhere the incident light impinges on the junction side of the 

semiconductor 1naterial (not shovvn). Further details regarding both BSI and FSI 

photodiodes, pixels, imagers, and other optoelectronic devices can be found in US Patent 

20 Application Serial Nmnber 12/885,158, filed on September 17, 2010, and in US Patent 

Number 8,476,68 l, filed on March l 7, 2011, both of which are incorporated herein by 

reference. 

Turning 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 

25 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 enhancing QE. Additionally, the device can include deep trench isolation 

(DTI) to isolate the imager and to provide light trapping functionality. In addition, in 

some aspects such a device can include a silicon handle wafer to facilitate manipulation 

30 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 isolation features can 

- 9 -

SAMSUNG EX. 1003 - 12/31



Thorpe North & Western. LLP 
Attomev Docket No. 3035-060.PROV 

be formed on a surface of the silicon epi-layer, the silicon handle vvafer 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 he frmnd in US Patent 

5 Application Serial Number 13/069, 135, filed on March 22, 2011, which is incorporated 

herein by reference. 

The textured region can function to diffhse electromagnetic radiation, to redirect 

electromagnetic radiation, and to thus increase the quantum efficiency of the device. In 

some cases, electromagnetic radiation passing through the semiconductor substrate can 

1 o 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 confi6:rurations. 

Non-limiting examples of such shapes and configurations include cones, pillars, 

pyramids, inverted features, trenches, gratings, protrnsions, and the like, including 

15 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 vva velength. 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 w·avelengths to be reduced or 

20 eliminated via filtering, 

Textured regions according to aspects of the present disclosure can allow a 

photosensitive device to experience multiple passes of incident electromagnetic radiation 

within the device, particularly at longer wavelengths (i.e. infrared). Such internal 

reflection increases the effective optical path length, thus allo'\iving the silicon material to 

25 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 

efficiency of the device, thus leading to an irnproved 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 

30 utilized in the constrnction 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 like, including composites and 

5 combinations thereof. In one specific aspect, the textured layer can be a textured 

polysilicon layer. Thus a polysilicon layer can be deposited onto 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 

10 region disposed on the silicon epi-layer, In yet another aspect the textured layer can he a 

transparent conductive oxide or another sen1iconductor 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 fonned from other dielectric material deposited over a passivation 

region. The texturing process can texture the entire substrate material or only a portion of 

15 the material. 

Various methods can be utilized to form shallow trench isolation features, and any 

such shallow trench formation technique is considered to be vvithin the present scope. 

Non-liJniting examples can include chemical etching (e.g. anisotropic etching, isotropic 

etching), wet or dry etching including masked or maskless etching, lithographic 

20 patterning, porous silicon etching, nanoimprinting, material deposition, selective epitaxial 

growih, reactive ion etching, plasma etching or any other technique that can he used to 

form such a topology. It is noted that, in one aspect, texturing techniques that involve 

laser ablation are specifically disclaimed from the present scope. 

In some cases, the textured region can be fom1ed by using a patterned mask and 

25 photo lithography, followed by etching to define a specific stmcture or pattern. In one 

aspect, shallow trench isolation techniques can he used to form the textured region. 

Various shallow trench isolation techniques are conternplated, and any such technique is 

considered to be within the present scope. In one non-limiting example, and oxide 

material is deposited on the substrate to be etched with shallow trenches, Upon the oxide 

30 material is deposited a uniform coating of a nitride material followed by a patterned 

coating of a resist material to he used as a mask. Thus the pattern of the mask will define 

·- l l ·· 
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the future pattern of the textured region. A.ny 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 

located beneath the resist are etched by the etch process. This process is continued such 

5 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. Follo-vving etching 

of the shallow trench, the resist material can be removed by any appropriate process. In 

some aspects vvhere the shallow trenches can be letl is open spaces. In other aspects, 

fhrther processing can be performed to fill in the shallow trenches. For example, in oxide 

10 material can be gnJ\Vn along the sides and bottom of the trenches by a them1al oxide 

process or, by a direct deposition of an oxide 1naterial therein in order to create physical 

passivation. Once the shallow trenches are sufficiently filled, the nitride layer can he 

removed and the resulting surface can be farther processed by techniques such as CMP 

15 

processrng. 

In another aspect, once the trenches are fonned in the substrate the sidewalls and 

possibly the bottoms can be highly doped with a dopant profile to create a hack surface 

field. A back surface field can function to impede the movement of photo-generated 

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 

20 can thus he used to electrically passivate the regions around the shallovv 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

layer, and the shallow trench isolation can subsequently he formed in the separate 

material. As is sho,vn in FIG. 4, for example, a separate material, in this case amorphous 

25 silicon, can be deposited on the silicon epi-layer and subsequently processed to form 

shallow trench isolation features therein. It is noted, that the use of amorphous silicon is 

merely exernplary in this case, and that any suitable material is 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 

30 shallow trench isolation from the silicon epi-layer. 
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The shallovv trench isolation can have a variety of confi5rurations, structure and in 

size, depending on the desired characteristics of the resulting device. In one aspect, as is 

shown in FIG. 5 for example, the shallow trench isolation can be a uniform grid pattern 

comprised of trench is that fonn a series of spaces and lines or pillars. Various uniform 

5 grid patterns are contemplated, and in one aspect the uniform pattern can include a 

unifixmly spaced series pillars surrounded by spaces. In another aspect, the uniform grid 

pattern can include a series oflines surrounding a uniformly spaced series of spaces or 

holes cut between the lines. Additionally, the shallow trench isolation can form a pattern 

that is nonunifi)rm. As is shown in FIG. 6, for example, the spaces are of approximately 

10 the same size and shape and the lines or pillars vary in width. FIG-. 7 shows a shallow 

trench isolation pattern vvere both spaces and the lines 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 limited thereby. With respect to nonuniform patterns, in 

some aspects the patterns can be random, either for the liner pillar, the spaces, or both. In 

15 other aspects, a shallow trench isolation pattern can be nommiforn1 but also nonrandom. 

In addition to the pattern formed by the shallow trench isolation across a surface 

of the silicon epi-layer, the depth of the spaces between the features may also have an 

impact on optical abso111tion. In one aspect, for example, the shallovv trench spaces can 

be cut into the silicon epi-layer to a uniforn1 depth. In another aspect, the shallow trench 

20 spaces can be cut into the silicon epi-layer to a nonuniform depth, with the depths of 

spaces can vary across the surface of the silicon material. Such variation in depth can he 

random in some cases, and nonrandom in other cases depending on the desired design of 

the device. 

·while the present disclosure has focused on silicon materials, it should be 

25 understood that a variety of semiconductor materials are also contemplated for use and 

should he considered to be within the present scope. Non-limiting examples of such 

semiconductor 1naterials can include group IV materials, compounds and alloys 

comprised of materials from groups II and VI, compounds and alloys comprised of 

materials from groups III and V, and combinations thereof More specifically, exemplary 

30 group IV materials can include silicon, carbon ( e.g. diamond), germanium, and 

combinations thereof. Various exemplary combinations of group IV materials can 
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include silicon carbide (SiC) and silicon germanium (SiGe). In one specific aspect, the 

semiconductor material can be or include silicon. Exemplmy silicon materials can 

include amorphous silicon (a-Si), microc1ystalline silicon, multicrystalline silicon, and 

monocrystailine silicon, as well as other crystal types. [n another aspect, the 

5 semiconductor material can include at least one of silicon, carbon, germanium, aluminum 

nitride, gallium nitride, indium gailimn arsenide, almninum gallium arsenide, and 

combinations thereof. 

The silicon epi-layer can be of any thickness that allo,vs electromagnetic radiation 

detection and conversion fonctionality, and thus any such thickness of silicon material is 

10 considered to be within the present scope. In some aspects the textured region increases 

the efficiency of the device such that the silicon 1naterial can be thinner than has 

previously been possible. Decreasing the thickness of the silicon material reduces the 

amount of silicon required to make such a device. In one aspect, for example, the silicon 

material has a thickness of from about 500 nm to about 50 µm. In another aspect, the 

15 silicon material has a thickness of less than or equal to about 100 ~tm. In yet another 

aspect, the silicon material has a thickness of from about 1 µrn to about 10 iun. [n a 

farther aspect, the silicon material can have a thickness of from about 5 µm to about 50 

p.m. In yet a further aspect, the silicon material can have a thickness of from about 5 p.m 

to about l 0 ~lm. 

20 

25 

A variety of dopant materials are contemplated for both the fonnation 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 vaiy depending 

on the material being doped, as well as the intended use of the resulting material. 

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 to become 

more positive or negative in polarity as compared to the sen1iconductor 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 

30 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, variations of n(--), 11(-), 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 include S, F, B, P, 

N, As, Se, Te, Ge, Ar, Ga, In, Sb, and combinations thereof It should be noted that the 

5 scope of dopant materials should include, not only the dopant materials themselves, but 

also materials in fonns that deliver such dopants (i.e. dopant caJTiers). For example, S 

dopant materials includes not only S, but also any material capable being used to dope S 

into the target region, such as, for example, R:S, SF6, SO2, and the like, including 

combinations thereof. In one specific aspect, the dopant can be S. Sulfur can be present 

10 at an ion dosage level of bet'vveen about 5 x 1014 and about 1 x 1016 ions/cnl. Non­

limiting examples of fluorine-containing cornpounds can include ClF3, PF5, F2 SF6, BF,, 

like, including combinations thereof. Non-limiting examples of boron-containing 

compounds can include B(CFh)3, BF3, BCb, BN, C2B10H12, borosilica, B2H6, and the 

15 like, including combinations thereof. Non-limiting examples of phosphorous-containing 

compounds can include PF5, Pl-b, and the like, including combinations thereof Non­

limiting examples of chlorine-containing compounds can include Ch, SiR:Cb, HCl, 

SiC14, and the like, including combinations thereof. Dopants can also include arsenic­

containing compounds such as AsH3 and the like, as well as antimony-containing 

20 coinpounds. Additionally, dopant 1naterials can include mixtures or combinations across 

dopant groups, i.e. a sulfor-containing compound mixed with a chlorine-containing 

compound. In one specific aspect, the dopant material can include Se, R,S, SF6, or 

mixtures thereof. In yet another specific aspect, the dopant can he SF6 and can have a 

predetermined concentration range of about 5.0 x 10-8 mol/cm3 to about 5.0 x 10-'' 

25 rnol/cn?, Additionally, it is noted that dopants can also be liquid 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 optimization can be realized by forming a 

30 heterojunction along a modified semiconductor interface. For example, a layer of 
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amoqJhous silicon can be deposited on the textured region interface, thus fom1ing a 

heterojunction that bends the minority carrier band towards the desired energy direction. 
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Photosensitive devices and associated methods are provided. rn one aspect, for 

example, a photosensitive imager device can include a silicon substrate having multiple 

doped regions forming a least one junction, a textured region coupled to the 

5 semiconductor substrate and positioned to interact \Vith electromagnetic radiation. The 

textured region can be formed from a series of shal lo-vv trench isolation features. 
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