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(57) ABSTRACT 

Photosensitive semiconductor devices and associated meth 
ods are provided. In one aspect, a semiconductor device can 
include a semiconductor Substrate and a semiconductor layer 
coupled to the semiconductor Substrate, where the semicon 
ductor layer has a device Surface opposite the semiconductor 
substrate. The device also includes at least one textured 
region coupled between the semiconductor Substrate and the 
semiconductor layer. In another aspect, the device further 
includes at least one dielectric layer coupled between the 
semiconductor Substrate and the semiconductor layer. 
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DEVICES HAVING ENHANCED 
ELECTROMAGNETIC RADATION 

DETECTION AND ASSOCATED METHODS 

PRIORITY DATA 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application Ser. No. 61/317,147, filed on Mar. 
24, 2010, which is incorporated herein by reference. 

BACKGROUND 

0002 Semiconductor on Insulator (SOI) wafer technol 
ogy is an outgrowth of MicroElectroMechanical Systems 
(MEMS) technologies. An SOI wafer is a stacked wafer sub 
strate where a device wafer (typically silicon) is bonded to a 
dielectric layer that is bonded to a support wafer, otherwise 
known as a handle wafer. A typical process flow for the 
fabrication of SOI wafers can be as follows: two wafers are 
polished and coated with an oxide or other dielectric material. 
The wafers are mounted polished side face to face and bonded 
under high temperature and pressure. Then one of the two 
wafers is ground down using mechanical grinding and chemi 
cal mechanical polishing to a specific thickness. In this way it 
is possible to generate semiconductor wafers that are electri 
cally isolated from the underlying Substrate. 

SUMMARY 

0003. The present disclosure provides semiconductor 
structures and devices that can exhibit various enhanced 
properties. Such as, for example, enhanced light detection 
properties. In one aspect, a semiconductor device is provided. 
Such a device can include a semiconductor Substrate and a 
semiconductor layer coupled to the semiconductor Substrate, 
where the semiconductor layer has a device Surface opposite 
the semiconductor substrate. The device also includes at least 
one textured region coupled between the semiconductor Sub 
strate and the semiconductor layer. In another aspect, the 
device further includes at least one dielectric layer coupled 
between the semiconductor Substrate and the semiconductor 
layer. In one aspect, the semiconductor layer is an epitaxially 
grown semiconductor layer. In another aspect, the semicon 
ductor layer is a silicon layer. In a further aspect, a secondary 
semiconductor layer is disposed between the textured region 
and the semiconductor layer. 
0004 Various positional configurations for the layers 
according to aspects of the present disclosure are contem 
plated, and any such configuration is considered to be within 
the present scope. In one specific aspect, for example, the 
dielectric layer is coupled between the semiconductor sub 
strate and the textured region, and the textured region is 
disposed between the dielectric layer and the semiconductor 
layer. In one specific aspect, a reflective region is disposed 
between the semiconductor Substrate and the textured region. 
In another specific aspect, the textured region is coupled 
directly to the semiconductor layer. In yet another specific 
aspect, a secondary semiconductor layer is disposed between 
the textured region and the semiconductor layer. In a further 
specific aspect, at least one cavity region disposed between 
the textured region and the dielectric layer. As another aspect 
of positional arrangement, the textured region is disposed 
between the semiconductor substrate and the dielectric layer, 
and the dielectric layer is disposed between the textured 
region and the semiconductor layer. 
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0005. In one aspect of the present disclosure, a polysilicon 
layer is directly coupled to the dielectric layer. In another 
aspect, the polysilicon layer is disposed between multiple 
dielectric layers. In some aspects, the polysilicon layer can be 
doped. 
0006. In one aspect of the present disclosure, at least one 
photodiode optically active region is disposed on the device 
Surface. In another aspect, the photodiode optically active 
region comprises a doped region. In yet another aspect, the 
device forms at least one photodetector. In a further aspect, 
the at least one photodetector is a plurality of photodetectors 
arranged in an array. In yet a further aspect, the textured 
region is arranged in a discontinuous pattern that corresponds 
spatially to the array of photodetectors. In another aspect, the 
device includes a plurality of isolation features in at least the 
semiconductor layer to isolate each photodetector in the array 
of photo detectors, where the isolation features isolate each 
photodetector electrically, optically, or both electrically and 
optically. In yet another aspect, the device includes at least 
one optical lens associated with the at least one photodetector. 
In a further aspect, the device includes at least one color filter 
associated with the at least one photodetector. 
0007. In one aspect of the present disclosure, the textured 
region is doped with a dopant to form an electrical back 
surface field. In another aspect, the electrical back surface 
field has been doped by a technique Such as, without limita 
tion, laser doping, ion implanting, diffusion doping, in situ 
doping, and the like, including combinations thereof. In yet 
another aspect, the textured region has a higher dopant con 
centration than the semiconductor layer. In a further aspect, 
the dopant has the same polarity as the semiconductor layer. 
Non-limiting examples of Such dopants can include boron, 
indium, gallium, arsenic, antimony, phosphorus, and the like, 
including combinations thereof. Additionally, in other 
aspects a back Surface field can be created by doping the 
semiconductor layer outside of the textured region. In one 
aspect, for example, the semiconductor layer is doped with a 
dopant to form an electrical back surface field, where the 
electrical back surface field is distinct from the textured 
region. 
0008. The present disclosure additionally provides meth 
ods of making semiconductor devices. In one aspect, one Such 
method includes texturing at least a portion of a surface of a 
semiconductor layer to form a textured region, depositing a 
first dielectric layer onto the semiconductor layer such that 
the textured region is disposed between the semiconductor 
layer and the first dielectric layer, and wafer bonding the first 
dielectric layer to a second dielectric layer disposed on a 
semiconductor Substrate. In one aspect, the semiconductor 
layer is an epitaxially grown semiconductor layer. In another 
aspect, texturing at least a portion of a surface of a semicon 
ductor layer to form a textured region further includes form 
ing the epitaxially grown semiconductor layer on a growth 
Substrate and texturing at least a portion of a Surface of the 
epitaxially grown semiconductor layer to form a textured 
region. In yet another aspect, the method includes removing 
the growth Substrate to expose the epitaxially grown semi 
conductor layer. In an alternative aspect, the method can 
include forming an epitaxially grown semiconductor layer on 
the semiconductor layer on an opposite side from the textured 
region. 
0009. In another aspect, wafer bonding includes deposit 
ing a polysilicon layer on the first dielectric layer and then 
bonding the polysilicon layer between the first dielectric layer 
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and the second dielectric layer. In yet another aspect, at least 
a portion of the polysilicon layer can be doped. It is also 
contemplated that the present scope can include multiple 
dielectric and/or semiconductor material layers disposed 
between the semiconductor Substrate and semiconductor 
layer. 
0010. In a further aspect, texturing at least a portion of a 
surface of the semiconductor layer to form the textured region 
further includes forming an opening in the semiconductor 
substrate, the second dielectric layer, and the first dielectric 
layer to expose a portion of the semiconductor layer and 
texturing at least a portion of the exposed portion of the 
semiconductor layer to form the textured region. 
0011. In another aspect, the present disclosure provides a 
method of protecting a textured region from contamination 
during manufacture of a semiconductor device. Such a 
method includes texturing at least a portion of a surface of a 
semiconductor layer to form a textured region, depositing a 
first dielectric layer onto the semiconductor layer such that 
the textured region is disposed between the semiconductor 
layer and the dielectric layer, and wafer bonding the first 
dielectric layer to a second dielectric layer disposed on a 
semiconductor Substrate, wherein the textured region is pro 
tected from contamination during further manufacturing pro 
cesses by the semiconductor layer and the semiconductor 
substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 For a further understanding of the nature and advan 
tage of the present disclosure, reference is being made to the 
following detailed description of embodiments and in con 
nection with the accompanying drawings, in which: 
0013 FIG. 1 is a cross-sectional view of a semiconductor 
structure in accordance with an embodiment of the present 
disclosure; 
0014 FIG. 2A is a cross-sectional view of a semiconduc 
tor structure in accordance with another embodiment of the 
present disclosure; 
0.015 FIG. 2B is a cross-sectional view of a semiconduc 
tor structure in accordance with another embodiment of the 
present disclosure; 
0016 FIG. 2C is a cross-sectional view of a semiconduc 
tor structure in accordance with another embodiment of the 
present disclosure; 
0017 FIG. 2D is a cross-sectional view of a semiconduc 
tor structure in accordance with another embodiment of the 
present disclosure; 
0.018 FIG. 3 is a cross-sectional view of a semiconductor 
structure in accordance with another embodiment of the 
present disclosure; 
0.019 FIG. 4 is a cross-sectional view of a semiconductor 
structure in accordance with another embodiment of the 
present disclosure; 
0020 FIG. 5 is a cross-sectional view of a semiconductor 
photodiode in accordance with another embodiment of the 
present disclosure; 
0021 FIG. 6 is a cross-sectional view of a semiconductor 
photodetecting imager in accordance with another embodi 
ment of the present disclosure; 
0022 FIG. 7 is a cross-sectional view of a semiconductor 
structure in accordance with another embodiment of the 
present disclosure; 
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0023 FIG. 8 is a cross-sectional view of a semiconductor 
structure in accordance with another embodiment of the 
present disclosure; 
0024 FIG. 9 is a cross-sectional view of a semiconductor 
structure in accordance with another embodiment of the 
present disclosure; 
0025 FIG.10 is a cross-sectional view of a semiconductor 
structure in accordance with another embodiment of the 
present disclosure; 
0026 FIG. 11A is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0027 FIG. 11B is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0028 FIG. 11C is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0029 FIG. 12A is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0030 FIG.12B is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0031 FIG. 12C is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0032 FIG. 13A is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0033 FIG. 13B is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0034 FIG. 13C is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; 
0035 FIG.13D is a cross-sectional view of a semiconduc 
tor structure showing the manufacture of a semiconductor 
device in accordance with another embodiment of the present 
disclosure; and 
0036 FIG. 14 is a depiction of a method of making a 
semiconductor device in accordance with yet another aspect 
of the present disclosure. 

DETAILED DESCRIPTION 

0037. 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 would be 
recognized by those ordinarily skilled in the relevant arts. It 
should also be understood that terminology employed herein 
is used for the purpose of describing particular embodiments 
only and is not intended to be limiting. 
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0038. Definitions 
0039. The following terminology will be used in accor 
dance with the definitions set forth below. 
0040. 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. 
0041. 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. Although any texturing technique is considered to 
be within the present scope, in one aspect the texturing is 
formed by the irradiation of laser pulses. Furthermore, while 
the characteristics of a textured surface can be variable 
depending on the materials and techniques employed, in one 
aspect such a Surface can be several hundred nanometers 
thick and made up of nanocrystallites (e.g. from about 10 to 
about 50 nanometers), nanopores, and the like. In another 
aspect, such a Surface can include micron-sized structures 
(e.g. about 2 Lum to about 60 um). In yet another aspect, the 
Surface can include nano-sized and/or micron-sized struc 
tures from about 5 nm and about 500 um. 
0042. As used herein, the terms “surface modifying.” “sur 
face modification, and "texturing can be used interchange 
ably, and refer to the altering of a surface of a semiconductor 
material using a texturing technique. In one specific aspect, 
surface modification can include processes using primarily 
laser radiation or laser radiation in combination with a 
dopant, whereby the laser radiation facilitates the incorpora 
tion of the dopant into a Surface of the semiconductor mate 
rial. Accordingly, in one aspect Surface modification includes 
doping the material. 
0043. As used herein, the term “fluence” refers to the 
amount of energy from a single pulse of laser radiation that 
passes through a unit area. In other words, “fluence' can be 
described as the energy density of one laser pulse. 
0044 As used herein, the term “target region” refers to an 
area of a semiconductor material that is intended to be doped 
or Surface modified using laser radiation. 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 semiconductor material. 
0045. As used herein, the term “absorptance” refers to the 
fraction of incident electromagnetic radiation absorbed by a 
material or device. 
0046. As used herein, the term “substantially refers to the 
complete or nearly complete 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 allowable 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 the same overall result as if 
absolute and total completion were obtained. The use of “sub 
stantially is equally applicable when used in a negative con 
notation 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 
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same as if it completely lacked particles. In other words, a 
composition that is “substantially free of an ingredient or 
element may still actually contain Such item as long as there 
is no measurable effect thereof. 
0047. 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 the 
endpoint. 
0048. As used herein, a plurality of items, structural ele 
ments, compositional elements, and/or materials may be pre 
sented in a common list for convenience. However, these lists 
should be construed 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 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 contrary. 
0049 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 flex 
ibly to include not only 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 explic 
itly recited values of about 1 to about 5, 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. 
0050. This same principle applies to ranges reciting only 
one numerical value as a minimum or a maximum. Further 
more, such an interpretation should apply regardless of the 
breadth of the range or the characteristics being described. 
0051. The Disclosure 
0.052 The present disclosure provides semiconductor 
devices and associated methods that can exhibit various 
enhanced properties, such as, for example, enhanced light 
detection properties. Additionally, the present disclosure pro 
vides an integrated approach for the fabrication and applica 
tion of textured semiconductor materials resulting in 
enhancement of image sensors and photodetectors. Specific 
types of semiconductor texturing can enhance the spectral 
bandwidth, absorption, and quantum efficiency of a semicon 
ductor material. Performance can also be enhanced through 
various architecture configurations. Such configurations can 
also significantly improve the process integration of a par 
ticular device architecture with traditional process flows such 
as, for example, traditional CMOS process flows. 
0053 A device design having a textured region located on, 
for example, the back Surface of a photodetector, provides 
significant performance benefits. The textured region can 
have surface features that can lead to higher recombination of 
photocarriers for short wavelengths (e.g. in the blue green 
part of the spectrum) due to the very shallow penetration of 
those wavelengths into the detecting volume of the device. By 
physically locating the textured on the back surface of the 
device, a pristine surface is provided for the collection of 
short wavelengths on the top surface (i.e. the light incident 
Surface), and the longer wavelengths that penetrate deep into 
or through the detecting region of the semiconductor material 
are collected by or with the help of the textured region oppo 
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site the light incident surface. It should be noted that, in 
addition to backside illuminated, frontside illuminated archi 
tectures are also contemplated to be within the present scope. 
In addition, enhanced performance and ease of manufacture 
can also be accomplished by locating a textured region within 
a semiconductor Stack or wafer. In some aspects, the textured 
layer can be located within the semiconductor stack early in 
the manufacturing process prior to the deposition of struc 
tures or circuitry that may be negatively affected by a textur 
ing process. Additionally, such a semiconductor stack can be 
sent to an outside fabrication process for further manufactur 
ing without exposing technological details regarding the tex 
tured region embedded between the semiconductor layers or 
any interaction between the textured region and the semicon 
ductor layers. 
0054. In one aspect, as is shown in FIG.1, a semiconductor 
device 10 is provided. While various semiconductor func 
tions are contemplated, in one aspect the semiconductor 
device can exhibit enhanced electromagnetic radiation detec 
tion. Such a device can include a semiconductor Substrate 12 
and a semiconductor layer 14 coupled to the semiconductor 
substrate. The semiconductor layer has a device surface 15 
opposite the semiconductor Substrate. The device also 
includes at least one textured region 16 located or coupled 
between the semiconductor Substrate and the semiconductor 
layer. As such, the textured region is enclosed between the 
semiconductor Substrate and the semiconductor layer. Sub 
sequent processing of the semiconductor device such as, for 
example, the formation of structures on the device surface, 
does not affect this buried textured region. In one aspect, the 
textured region can be formed on the semiconductor Sub 
strate. In another aspect, the textured region can beformed on 
the semiconductor layer. Additionally, for FIG. 1 and subse 
quent figures, the textured region can be a single textured 
region as is shown, or the textured region can be multiple 
discrete textured regions. Also, the textured region can cover 
only a portion of the Surface area between the semiconductor 
Substrate and the semiconductor layer as is shown, or the 
textured region can cover the entire Surface area there 
between. 

0055. In another aspect, as is shown in FIG. 2A, a semi 
conductor device 20A is provided. Such a device can include 
a semiconductor Substrate 22 and a semiconductor layer 24 
coupled to the semiconductor substrate. The device also 
includes at least one textured region 26 located or coupled 
between the semiconductor Substrate and the semiconductor 
layer, and at least one dielectric layer 28 coupled between the 
semiconductor substrate and the semiconductor layer. While 
various utilities are contemplated for the dielectric layer, in 
one aspect such a layer can be used to wafer bond the semi 
conductor layer to the semiconductor Substrate. In one aspect, 
the dielectric layer can be formed on the semiconductor sub 
strate. In another aspect, the dielectric layer can be formed on 
the textured region. Also, in Some aspects the textured region 
can be formed on the dielectric layer. Additionally, in one 
aspect the semiconductor layer can be an epitaxially grown 
semiconductor layer. Thus in some aspects, the textured 
region can beformed on the epitaxially grown semiconductor 
layer. 
0056. It should be noted that, for all aspects, the present 
Scope can also include multiple dielectric layers and/or mul 
tiple semiconductor material layers disposed between the 
semiconductor Substrate and semiconductor layer. Addition 
ally, the semiconductor layer itself can be multiple semicon 
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ductor layers and the semiconductor Substrate can include 
multiple layers. It should also be noted that the semiconductor 
Substrate refers to a Substrate for a semiconductor, and can be 
comprised of semiconductor materials and/or non-semicon 
ductor materials. 

0057 FIG. 2B shows a semiconductor device 20B having 
a secondary semiconductor layer 27 located between the tex 
tured region and the semiconductor layer. A semiconductor 
layer 24 is formed on the secondary semiconductor layer. In 
one aspect the semiconductor layer is an epitaxially grown 
semiconductor layer. Thus in some aspects, the textured 
region can be formed on the secondary semiconductor layer 
or on the dielectric layer 28. It should be noted that all refer 
ence numbers in FIGS. 2B-D that have been reused from FIG. 
2A denote the same or similar materials and/or structures 
whether or not further description is provided. 
0058 FIG. 2C shows a semiconductor device 20O 
whereby the dielectric layer 28 coupled between the semi 
conductor layer and the textured region. In this case, the 
dielectric layer can be formed on the semiconductor layer 24, 
the textured region 28, or on both the semiconductor layer and 
the textured region. In one aspect, the textured region can be 
formed on the semiconductor Substrate 22. In another aspect, 
the textured region can be formed on the dielectric layer. 
0059. Additionally, in some aspects, as is shown in FIG. 
2D for semiconductor device 20D, the dielectric layer can be 
a plurality of dielectric layers 28. In the case of wafer bond 
ing, for example, a first dielectric layer can be associated with 
the textured layer and a second dielectric layer can be asso 
ciated with the semiconductor substrate. The first dielectric 
layer and the second dielectric layer are heated and pressed 
together, with or without the aid of further pressure, tempera 
ture, or plasma Surface activation, to cause the dielectric 
layers to bond to one another, thus forming a single wafer 
bonded structure. It should be noted, however, that wafer 
bonding can be accomplished without one or more dielectric 
layers, and as such the present scope should also include 
wafer-bonding that lacks such dielectric materials. Addition 
ally, in Some aspects, the textured region can be located in 
between the plurality of dielectric layers (not shown). 
0060 A variety of semiconductor materials are contem 
plated for use with the devices and methods according to 
aspects of the present disclosure. Such materials can be uti 
lized as the semiconductor layer and/or the semiconductor 
Substrate, as well as for the secondary semiconductor layer 
and the epitaxially grown semiconductor layer. Non-limiting 
examples of such semiconductor materials 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 group IV materials can include 
silicon, carbon (e.g. diamond), germanium, and combina 
tions thereof. Various exemplary combinations of group IV 
materials can include silicon carbide (SiC) and silicon ger 
manium (SiGe). In one specific aspect, the semiconductor 
material can be or include silicon. Exemplary silicon materi 
als can include amorphous silicon (a-Si), microcrystalline 
silicon, multicrystalline silicon, and monocrystalline silicon, 
as well as other crystal types. In another aspect, the semicon 
ductor material can include at least one of silicon, carbon, 
germanium, aluminum nitride, gallium nitride, indium gal 
lium arsenide, aluminum gallium arsenide, and combinations 
thereof. 
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0061 Exemplary combinations of group II-VI materials 
can include cadmium selenide (CdSe), cadmium Sulfide 
(CdS), cadmium telluride (CdTe), zinc oxide (ZnO), Zinc 
selenide (ZnSe), zinc sulfide (ZnS), Zinc telluride (ZnTe). 
cadmium zinc telluride (CdZnTe. CZT), mercury cadmium 
telluride (HgCdTe), mercury Zinc telluride (HgZnTe), mer 
cury Zinc selenide (HgznSe), and combinations thereof. 
0062) Exemplary combinations of group III-V materials 
can include aluminum antimonide (AlSb), aluminum ars 
enide (AlAS), aluminum nitride (AIN), aluminum phosphide 
(AlP), boron nitride (BN), boron phosphide (BP), boronars 
enide (BAS), gallium antimonide (GaSb), gallium arsenide 
(GaAs), gallium nitride (GaN), gallium phosphide (GaP), 
indium antimonide (InSb), indium arsenide (InAs), indium 
nitride (InN), indium phosphide (InP), aluminum gallium 
arsenide (AlGaAs. AlGaAs), indium gallium arsenide (In 
GaAs, InGaAs), indium gallium phosphide (InGaP), alu 
minum indium arsenide (AlInAs), aluminum indium anti 
monide (AlInSb), gallium arsenide nitride (GaAsN), gallium 
arsenide phosphide (GaAsP), aluminum gallium nitride (Al 
GaN), aluminum gallium phosphide (A1GaP), indium gal 
lium nitride (InGaN), indium arsenide antimonide (InAsSb). 
indium gallium antimonide (InGaSb), aluminum gallium 
indium phosphide (A1GanP), aluminum gallium arsenide 
phosphide (AlGaAsP), indium gallium arsenide phosphide 
(InGaAsP), aluminum indium arsenide phosphide (AlI 
nAsP), aluminum gallium arsenide nitride (AlGaAsN), 
indium gallium arsenide nitride (InGaASN), indium alumi 
num arsenide nitride (InAlAsN), gallium arsenide anti 
monide nitride (GaAsSbN), gallium indium nitride arsenide 
antimonide (GalinNAsSb), gallium indium arsenide anti 
monide phosphide (GainAsSbP), and combinations thereof. 
0063. The semiconductor material can be of anythickness 
that allows the desired property or functionality of the semi 
conductor device, and thus any Such thickness of semicon 
ductor material is considered to be within the present scope. 
The textured region can increase the efficiency of the device 
Such that, in Some aspects, the semiconductor material can be 
thinner than has previously been possible. Decreasing the 
thickness reduces the amount of semiconductor material used 
to make Such a device. In one aspect, for example, a semicon 
ductor material Such as the semiconductor layer has a thick 
ness of from about 500 nm to about 50 um. In another aspect, 
the semiconductor material has a thickness of less than or 
equal to about 500 um. In yet another aspect, the semicon 
ductor material has a thickness of from about 1 um to about 10 
um. In a further aspect, the semiconductor material can have 
a thickness of from about 5 um to about 750 um. In yet a 
further aspect, the semiconductor material can have a thick 
ness of from about 5um to about 100 Lum. 
0064. Additionally, various configurations of semicon 
ductor materials are contemplated, and any such material 
configuration that can be incorporated into a semiconductor 
device is considered to be within the present scope. In one 
aspect, for example, the semiconductor material can include 
monocrystalline materials. In another aspect, the semicon 
ductor material can include multicrystalline materials. In yet 
another aspect, the semiconductor material can include 
microcrystalline materials. It is also contemplated that the 
semiconductor material can include amorphous materials. 
0065. As has been described, the semiconductor substrate 
can be of any size, shape, and material capable of supporting 
the semiconductor layer and associated components during 
manufacture and/or use. The semiconductor Substrate can be 
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made from various materials, including the semiconductor 
materials described above, as well as non-semiconductor 
materials. Non-limiting examples of Such materials can 
include metals, polymeric materials, ceramics, glass, and the 
like. In some aspects, the semiconductor Substrate and the 
semiconductor layer have the same or Substantially the same 
thermal expansion properties. 
0.066 Furthermore, the semiconductor material according 
to aspects of the present disclosure can comprise multiple 
layers. In some aspects, layers can vary in majority carrier 
polarity (i.e. donor or acceptor impurities). The donor or 
acceptor impurities are typically determined by the type of 
dopant/impurities introduced into the device either through a 
growth process, deposition process, epitaxial process, 
implant process, lasing process or other known process to 
those skilled in the art. In some aspects such semiconductor 
materials can include an n-type layer, an intrinsic (i-type) 
layer, and a p-type layer, thus forming a p-i-n semiconductor 
material stack that creates a junction and/or depletion region. 
A semiconductor material devoid of an i-type layer is also 
contemplated in accordance with the present disclosure. In 
other aspects the semiconductor material may include mul 
tiple junctions. Additionally, in some aspects, variations of 
n(--), n(-), n(+), n(++), p(--), p(-), p(+), O p(++) type 
semiconductor layers can be used. The minus and positive 
signs are indicators of the relative magnitude of the doping of 
the semiconductor material. 

0067. As has been described, the textured region is buried 
between the semiconductor Substrate and the semiconductor 
layer in various architectural arrangements. The textured can 
be of various thicknesses, depending on the desired use of the 
material. In one aspect, for example, the textured region has a 
thickness of from about 500 nm to about 100 m. In another 
aspect, the textured region has a thickness of from about 500 
nm to about 15um. In yet another aspect, the textured region 
has a thickness of from about 500 nm to about 2 Lum. In a 
further aspect, the textured region has a thickness of from 
about 500 nm to about 1 lum. In another aspect, the textured 
region has a thickness of from about 200 nm to about 2 um. 
0068. The textured region can function to diffuse electro 
magnetic radiation, to redirect electromagnetic radiation, 
and/or to absorb electromagnetic radiation, thus increasing 
the quantum efficiency of the device. The textured region can 
include surface features to further increase the effective 
absorption length of the device. Non-limiting examples of 
shapes and configurations of Surface features include cones, 
pillars, pyramids, micolenses, quantum dots, inverted fea 
tures, gratings, protrusions, sphere-like structures, and the 
like, including combinations thereof. Additionally, Surface 
features can be micron-sized, nano-sized, or a combination 
thereof. For example, cones, pyramids, protrusions, and the 
like can have an average height within this range. In one 
aspect, the average height would be from the base of the 
feature to the distal tip of the feature. In another aspect, the 
average height would be from the Surface plane upon which 
the feature was created to the distal tips of the feature. In one 
specific aspect, a feature (e.g. a cone) can have a height of 
from about 50 nm to about 2 um. As another example, quan 
tum dots, microlenses, and the like can have an average diam 
eter within the micron-sized and/or nano-sized range. 
0069. In addition to or instead of surface features, the 
textured region can include a textured layer. In one aspect, for 
example, the textured region can include a substantially con 
formal textured layer. Such a textured layer can have an 
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average thickness of from about 1 nm to about 20 Lum. In those 
aspects where the textured region includes Surface features, 
the conformal textured layer can have a varying thickness 
relative to the location on the surface features upon which is 
deposited. In the case of cones, for example, the conformal 
textured layer can become thinner toward the tips of the 
cones. Such a conformal layer can include various materials, 
including, without limitation, SiO, SiNa, amorphous sili 
con, polysilicon, a metal or metals, and the like, including 
combinations thereof. The conformal textured layer can also 
be one or more layers of the same or different materials, and 
can be formed during the creation of Surface features or in a 
separate process. 
0070 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 absorption 
length to be greater than the thickness of the semiconductor 
layer. This increase in absorption length increases the quan 
tum efficiency of the device, leading to an improved signal to 
noise ratio. 
0071. The materials used for making the textured region 
can vary depending on the design and the desired character 
istics 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, for example, the 
texture region can be a textured portion of a specific material, 
such as a portion of the semiconductor layer or the semicon 
ductor substrate. If the texture layer is to be associated with 
the semiconductor layer, for example, a Surface facing the 
semiconductor Substrate can be textured prior to an attach 
ment process Such as wafer bonding. In another aspect, the 
textured region can be formed from a material that is depos 
ited onto the semiconductor layer or semiconductor Substrate, 
or the textured layer itself can be deposited. Such materials 
can include a semiconductor material, a dielectric material, or 
the like, including combinations thereof. In one specific 
example, the deposited material can include a silicon mate 
rial. In another specific example, the deposited material can 
be polysilicon. In yet another aspect, the deposited material 
can be a dielectric material. 
0072 The texturing process can texture the entire sub 
strate to be processed or only a portion of the Substrate. In one 
aspect, for example, a Substrate Such as the semiconductor 
layer can be textured and patterned by an appropriate tech 
nique over an entire Surface to form the texture region. In 
another aspect, a Substrate such as the semiconductor layer 
can be textured and patterned across only a portion of a 
Surface by using a selective etching technique. Such as a mask, 
photolithography, and an etch or a laser process to define a 
specific structure or pattern. 
0073. In addition to surface features, the textured region 
can have a surface morphology that is designed to focus or 
otherwise direct electromagnetic radiation. For example, in 
one aspect the textured region has a surface morphology 
operable to direct electromagnetic radiation into the semicon 
ductor layer. Non-limiting examples of various Surface mor 
phologies include sloping, pyramidal, inverted pyramidal, 
spherical, square, rectangular, parabolic, asymmetric, sym 
metric, and the like, including combinations thereof. 
0074 The textured region, including surface features as 
well as Surface morphologies, can be formed by various tech 
niques, including plasma etching, reactive ion etching, 
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porous silicon etching, lasing, chemical etching (e.g. aniso 
tropic etching, isotropic etching), nanoimprinting, material 
deposition, selective epitaxial growth, and the like. 
0075 One effective method of producing a textured region 
is through laser processing. Such laser processing allows 
discrete target areas of a Substrate to be textured, as well as 
entire Surfaces. A variety oftechniques of laser processing to 
form a textured region are contemplated, and any technique 
capable of forming such a region should be considered to be 
within the present scope. Laser treatment or processing can 
allow, among other things, enhanced absorption properties 
and thus increased electromagnetic radiation focusing and 
detection. 
0076. In one aspect, for example, a target region of the 
substrate to be textured can be irradiated with laser radiation 
to form a textured region. Examples of such processing have 
been described in further detail in U.S. Pat. Nos. 7,057,256, 
7.354,792 and 7,442,629, which are incorporated herein by 
reference in their entireties. Briefly, a surface of a substrate 
material is irradiated with laser radiation to forma textured or 
Surface modified region. Such laser processing can occur with 
or without a dopant material. In those aspects whereby a 
dopant is used, the laser can passed through a dopant carrier 
and onto the Substrate Surface. In this way, dopant from the 
dopant carrier is introduced into the target region of the Sub 
strate material. Such a region incorporated into a substrate 
material can have various benefits in accordance with aspects 
of the present disclosure. For example, the textured region 
typically has a textured surface that increases the surface area 
and increases the probability of radiation absorption. In one 
aspect, such a textured region is a Substantially textured Sur 
face including micron-sized and/or nano-sized Surface fea 
tures that have been generated by the laser texturing. In 
another aspect, irradiating the Surface of a Substrate material 
includes exposing the laser radiation to a dopant such that 
irradiation incorporates the dopant into the Substrate. Various 
dopant materials are known in the art, and are discussed in 
more detail herein. 

0077. Thus the surface of the substrate at the target region 
is thus chemically and/or structurally altered by the laser 
treatment, which may, in some aspects, result in the formation 
of Surface features appearing as structures or patterned areas 
on the Surface and, if a dopant is used, the incorporation of 
Such dopants into the Substrate material. In some aspects, the 
features or structures can be on the order of 50 nm to 20 Lum in 
size and can assist in the absorption of electromagnetic radia 
tion. In other words, the textured Surface can increase the 
probability of incident radiation being absorbed. 
0078. The type of laser radiation used to surface modify a 
material can vary depending on the material and the intended 
modification. Any laser radiation known in the art can be used 
with the devices and methods of the present disclosure. There 
are a number of laser characteristics, however, that can affect 
the Surface modification process and/or the resulting product 
including, but not limited to, the wavelength of the laser 
radiation, pulse width, pulse fluence, pulse frequency, polar 
ization, laser propagation direction relative to the semicon 
ductor material, etc. In one aspect, a laser can be configured to 
provide pulsatile lasing of a material. A short-pulsed laser is 
one capable of producing femtosecond, picosecond, and/or 
nanosecond pulse durations. Laser pulses can have a central 
wavelength in a range of about from about 10 nm to about 8 
um, and more specifically from about 200 nm to about 1200 
nm. The pulse width of the laser radiation can be in a range of 
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from about tens of femtoseconds to about hundreds of nano 
seconds. In one aspect, laser pulse widths can be in the range 
of from about 50 femtoseconds to about 50 picoseconds. In 
another aspect, laser pulse widths can be in the range of from 
about 50 picoseconds to 100 nanoseconds. In another aspect, 
laser pulse widths are in the range of from about 50 to 500 
femtoseconds. 
007.9 The number of laser pulses irradiating a target 
region can be in a range of from about 1 to about 2000. In one 
aspect, the number of laser pulses irradiating a target region 
can be from about 2 to about 1000. Further, the repetition rate 
or frequency of the pulses can be selected to be in a range of 
from about 10Hz to about 10 uHz, or in a range of from about 
1 kHz to about 1 MHz, or in a range from about 10Hz to about 
1 kHz. Moreover, the fluence of each laser pulse can be in a 
range of from about 1 kJ/m to about 20 kJ/m, or in a range 
of from about 3 kJ/m to about 8 kJ/m. 
0080 A variety of dopant materials are contemplated for 
both the formation of doped regions in the semiconductor 
layer and for doping of the textured region, and any dopant 
that can be used in Such processes to modify a material 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 material. 
0081. A dopant can be either a charge donating or a charge 
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 Substrate upon which the rests. In one aspect, for example, 
the doped region can be p-doped. In another aspect the doped 
region can be n-doped. 
0082 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 
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 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, H2S, SFSO and the like, including combinations 
thereof. In one specific aspect, the dopant can be S. Sulfur can 
be present at an ion dosage level of from about 5x10" to 
about 3x10' ions/cm. Non-limiting examples of fluorine 
containing compounds can include ClF., PFs, FSF, BF, 
GeF, WF SiF, HF, CF CHF, CHF, CHF, CF, 
CHFs, CFs, CFs, NF, and the like, including combina 
tions thereof. Non-limiting examples of boron-containing 
compounds can include B(CH), BF, BCls, BN, CBH, 
borosilica, BH and the like, combinations thereof. Non 
limiting examples of phosphorous-containing compounds 
can include PFs, PH, POCl, P.O.s, and the like, including 
combinations thereof. Non-limiting examples of chlorine 
containing compounds can include C1, SiHCl, HCl, SiCl, 
and the like, including combinations thereof Dopants can also 
include arsenic-containing compounds such as ASH and the 
like, as well as antimony-containing compounds. Addition 
ally, dopant materials can include mixtures or combinations 
across dopant groups, i.e. a sulfur-containing compound 
mixed with a chlorine-containing compound. In one aspect, 
the dopant material can have a density that is greater than air. 
In one specific aspect, the dopant material can include Se. 
HS, SF, or mixtures thereof. In yet another specific aspect, 
the dopant can be SF and can have a predetermined concen 
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tration range of about 5.0x10 mol/cm to about 5.0x10' 
mol/cm. As one non-limiting example, SF gas is a good 
carrier for the incorporation of sulfur into a substrate via a 
laser process without significant adverse effects on the mate 
rial. 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. 
I0083. In one aspect, the textured region can be doped with 
a dopant to form an electrical back surface field (EBSF). The 
EBSF impedes the movement of minority carriers from 
reaching the textured region, thus keeping Such carriers away 
from potential recombination sites near the interface. Simi 
larly, dark current generation can also be minimized by pin 
ning the interface generation states at certain band energy 
states through band structure optimization so that the dark 
carrier generation mechanism is Suppressed. Band structure 
optimization can be achieved by using a variety of methods. It 
should be noted that any method that forms an electrical field 
near or within the textured region can be used. Non-limiting 
examples of Such methods can include shifting the Fermi 
level energy, bending the minority carrier band, inserting a 
material with a different bandgap, and the like, including 
combinations thereof. 
I0084. In one aspect, for example, the band structure opti 
mization can be realized by modifying the interface doping 
concentration. For example, for a p-type lasertextured region, 
a more heavily p-doped layer that partially overlaps with the 
laser modified interface can be used. The conduction band 
thus bends toward the higher energy direction when reaching 
towards the more p-doped layer, and hence the laser modified 
interface. One specific aspect is a heavily doped p--+ layer 
that partially overlaps with the laser modified interface layer 
in a p-episubstrate where both the p--+ layer and the modified 
interface layer sit between the bottom of an epitaxial device 
layer and the top of a carrier wafer. 
I0085. As such, in one aspect, the EBSF has been doped by 
a technique Such as, without limitation, laser doping, ion 
implanting, diffusion doping, in situ doping, and the like, 
including combinations thereof. In another aspect, the tex 
tured region or the EBSF has a higher dopant concentration 
than the semiconductor layer. In yet another aspect, the 
dopant has the same polarity as the semiconductor layer. 
Various dopants for use in generating an EBSF are contem 
plated. Non-limiting examples include boron, indium, gal 
lium, arsenic, antimony, phosphorus, and the like, including 
combinations thereofIt should also be noted that an EBSF can 
be produced in the semiconductor layer, the dielectric layer, 
or the semiconductor Substrate. In one aspect, for example, 
semiconductor layer or the semiconductor Substrate is doped 
with a dopant to form an electrical back surface field, where 
the EBSF is distinct from the textured region. 
I0086. In another aspect, the band structure optimization 
can be realized by forming a heterojunction along a modified 
semiconductor interface. For example, a layer of 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. 
I0087. The dielectric layer can be made from a variety of 
materials, and Such materials can vary depending on the 
device design and desired characteristics. One use for Such a 
layer involves the coupling of the semiconductor layer to the 
semiconductor Substrate. In some cases, wafer bonding can 
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be used as a coupling technique. The dielectric layer can thus 
facilitate the attachment of these materials together, as has 
been described. The dielectric layer can be associated with 
the semiconductor layer, the semiconductor Substrate, or both 
the semiconductor layer and the semiconductor Substrate 
prior to bonding. In those aspects having a dielectric layer 
associated with both materials, the dielectric layers can be 
bonded directly together, or in some cases, bonded together 
with an intervening textured region. Additionally, in some 
aspects a textured region can be formed on one or more 
dielectric layers. In some aspects, a dielectric layer can be 
bonded to a semiconductor material Such as, for example, 
polysilicon. In other aspects, the semiconductor layer and the 
semiconductor Substrate can be bonded together without an 
intervening dielectric layer. 
0088. Non-limiting examples of dielectric layer materials 
can include oxides, nitrides, oxynitrides, and the like, includ 
ing combinations thereof. In one specific aspect, the dielectric 
layer includes an oxide. In another aspect, the dielectric layer 
includes a buried oxide. Additionally, the dielectric layer can 
be of various thicknesses. In one aspect, for example, the 
dielectric layer has a thickness of from about 100 nm to about 
4 microns. In another aspect, the dielectric layer has a thick 
ness of from about 500 nm to about 2 microns. In yet another 
aspect, the dielectric layer has a thickness of from about 500 
nm to about 1000 microns. 

0089. The devices according to aspects of the present dis 
closure can additionally include one or more reflecting 
regions. In one aspect, as is shown in FIG.3, a photosensitive 
semiconductor device 30 can include a semiconductor sub 
strate 32 and a semiconductor layer 34 coupled to the semi 
conductor Substrate. The device also includes at least one 
textured region 36 located or coupled between the semicon 
ductor Substrate and the semiconductor layer, and at least one 
dielectric layer 38 coupled between the semiconductor sub 
strate and the semiconductor layer. A reflecting region 39 is 
coupled to the semiconductor Substrate, and positioned to 
interact with electromagnetic radiation. The reflecting region 
can be separated from the textured region by a dielectric layer 
as is shown, or the reflecting region can be associated directly 
with the textured region without an intervening dielectric 
layer. The reflecting region can be deposited over the entire 
interface between the semiconductor substrate and the next 
adjacent layer, or only over a portion of the interface. In some 
aspects, the reflecting region can be deposited over a larger 
area of the device compared to the textured region. The 
reflecting region can be positioned to reflect electromagnetic 
radiation that has passed through the texture region back 
through the textured region toward the semiconductor layer. 
In other words, as electromagnetic radiation passes through 
the semiconductor layer, a portion that is not absorbed con 
tacts the textured region. Of that portion that contacts the 
textured region, a smaller portion may pass though the tex 
tured region to strike the reflecting region and be reflected 
back through the textured region toward the semiconductor 
layer. 
0090 A variety of reflective materials can be utilized in 
constructing the reflecting region, and any Such material 
capable of incorporation into a photosensitive device is con 
sidered to be within the present scope. Non-limiting examples 
of such materials include a Bragg reflector, a metal reflector, 
a metal reflector over a dielectric material, a transparent con 
ductive oxide Such as Zinc oxide, indium oxide, or tin oxide, 
and the like, including combinations thereof. Non-limiting 
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examples of metal reflector materials can include silver, alu 
minum, gold, platinum, reflective metal nitrides, reflective 
metal oxides, and the like, including combinations thereof. In 
one aspect, a dielectric material can be coupled to the reflect 
ing region along the side facing the textured region. In one 
specific aspect, the dielectric material can include an oxide 
layer and the reflecting region can include a metal layer. The 
Surface of the metal layer on an oxide acts as a mirror-like 
reflector for the incident electromagnetic radiation from the 
backside. 
0091 Additionally, the textured surface of a metal on a 
roughened oxide can act as a diffusive scattering site for the 
incident electromagnetic radiation and also as a mirror-like 
reflector. Other aspects can utilize porous materials for the 
texturing. Porous polysilicon, for example, can be oxidized or 
oxide deposited and a reflective region Such as a metal reflec 
tor can be associated therewith to provide a scattering and 
reflecting Surface. In another aspect, aluminum can be Sub 
jected to anodic oxidation to provide porous aluminum oxide, 
a high dielectric constant insulator. This insulator can be 
coated with aluminum or other metals to provide a scattering 
and reflecting Surface. 
0092. In one specific aspect, a reflective region can include 
a transparent conductive oxide, an oxide, and a metal layer. 
The transparent oxide can be textured and a metal reflector 
deposited thereupon. The textured surface of the metal on a 
roughened transparent conductive oxide can act as a diffusive 
scattering site for the incident electromagnetic radiation. 
0093. In another specific aspect, a Bragg reflector can be 
utilized as a reflective region. A Bragg reflector is a structure 
formed from multiple layers of alternating materials with 
varying refractive indexes, or by a periodic variation of some 
characteristic (e.g. height) of a dielectric waveguide, result 
ing in periodic variation in the effective refractive index in the 
guide. Each layer boundary causes a partial reflection of an 
optical wave. For waves whose wavelength is close to four 
times the optical thickness of the layers, the many reflections 
combine with constructive interference, and the layers act as 
a high-quality reflector. Thus the coherent Super-positioning 
of reflected and transmitted light from multiple interfaces in 
the structure interfere so as to provide the desired reflective, 
transmissive, and absorptive behavior. In one aspect, the 
Bragg reflector layers can be alternating layers of silicon 
dioxide and silicon. Because of the high refractive index 
difference between silicon and silicon dioxide, and the thick 
ness of these layers, this structure can be fairly low loss even 
in regions where bulk silicon absorbs appreciably. Addition 
ally, because of the large refractive index difference, the opti 
cal thickness of the entire layer set can be thinner, resulting in 
a broader-band behavior and fewer fabrications steps. 
0094. Additional scattering can be provided by position 
ing a textured forward Scattering layer on the side of the 
device that receives incident electromagnetic radiation. These 
forward scattering layers can be, without limitation, textured 
oxides or polysilicon without a reflector. 
0095. In another aspect, as is shown in FIG.4, a photosen 
sitive semiconductor device 40 can also include a polysilicon 
layer 42 disposes between multiple dielectric layers 38. It 
should be noted that all reference numbers in FIG. 4 that have 
been reused from previous figures denote the same or similar 
materials and/or structures whether or not further description 
is provided. The addition of the polysilicon layer can provide 
various improvements in manufacturing in some cases. For 
example, a rough Surface of a textured region can be chal 
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lenging to wafer bond. By depositing a thin dielectric layer 
followed by a thick polysilicon layer it can be possible to 
create a surface that can be polished. Thus, the polysilicon 
layer can be planarized and polished until Smooth, and the 
resulting surface can be wafer bonded to the dielectric layer 
on the opposing material, e.g. the semiconductor Substrate if 
the polysilicon is deposited on the semiconductor layer struc 
ture. It is also contemplated that such a process can be per 
formed with only one dielectric layer or even without any 
dielectric layers being present. In another aspect, the polysili 
con layer can be doped with a dopant. In yet another aspect, 
the polysilicon layer can be a monosilicon layer. In one spe 
cific aspect, the polysilicon layer is a monosilicon layer and 
the semiconductor layer is an epitaxial layer that has been 
etched from the backside to form the textured region. 
0096. In another aspect, as is shown in FIG. 5, a photo 
diode 50 having enhanced light detection performance is 
provided. The photodiode includes contacts 52 and a photo 
diode junction 54 formed on the semiconductor layer 34. In 
another aspect, as is shown in FIG. 6, a CMOS image sensor 
having improved light detection performance is provided. 
The CMOS image sensor includes photodiode junctions 64 
and circuitry 62 formed on the semiconductor layer 34. It 
should be noted that all reference numbers in FIGS. 5 and 6 
that have been reused from previous figures denote the same 
or similar materials and/or structures whether or not further 
description is provided. In this way, the textured region36 can 
be introduced into fabrication process at the start of the flow, 
at a lower cost and lower technical risk approach. Because the 
textured region is buried within the semiconductor materials 
at an early stage in the flow, the textured region can be pro 
tected from contamination during the further fabrication of 
the device. Additionally, potentially proprietary details such 
as the specific architecture of the texture region can be pro 
tected from view during the later stages of fabrication. This 
method could further include a step of removing the semi 
conductor Substrate. It is understood that once the semicon 
ductor device is formed the semiconductor Substrate may no 
longer be necessary in Some cases. In this way the semicon 
ductor device can be mounted on various Substrates as nec 
essary for specific applications. 
0097. In one aspect, isolation features can be utilized in 
order to isolate various portions of the device from one 
another. For example, in one aspect a semiconductor device 
can include a plurality of isolation features in at least the 
semiconductor layer that function to isolate each photodetec 
tor in an array of photodetectors from one another. The iso 
lation features isolate each photodetector electrically, opti 
cally, or both electrically and optically. Isolation features can 
thus maintain uniformity across an array by reducing optical 
and electrical crosstalk between the photodetectors. FIG. 7 
shows a semiconductor device 70 having an array of photo 
detectors 72. It should be noted that all reference numbers in 
FIG. 7that have been reused from previous figures denote the 
same or similar materials and/or structures whether or not 
further description is provided. The photodetectors are sepa 
rated by a plurality of isolation features, in this case extending 
through the semiconductor layer 34 and the textured region 
36. In one aspect, the isolation features extend through the 
semiconductor layer but not through the textured region. In 
another aspect, the isolation features extend beyond the tex 
tured region and into the dielectric layer or even into the 
semiconductor Substrate. In some aspects, other structures 
Such as polysilicon layers and reflective regions can contain 
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isolation features. Accordingly, the isolation features can be 
deep or shallow, depending on the desired configuration of 
the device. 

0.098 Isolation features can be made from various mate 
rials, including, without limitation, dielectric materials, 
reflective materials, conductive materials, light diffusing fea 
tures, Voids, and the like, including combinations thereof. 
Conductive materials used to fill the isolation feature etches 
or Voids can be passivated in order to maintain electrical 
isolation. In other aspects, conductive materials can be uti 
lized as vias. The isolation can be fabricated at the substrate 
level prior to fabrication of circuitry, the detector device, or 
the imaging array. In one aspect, Voids can be created and 
either left as voids or filled with such materials to form the 
isolation features. For example, a layer Surface can be photo 
lithographically patterned and vertically etched to a desired 
depth (e.g. from the device Surface of the semiconductor layer 
to the dielectric layer). Dielectric material can then be depos 
ited conformally on surfaces within the etch until filled with 
the dielectric or other material. Any dielectric material 
remaining on the device Surface of the semiconductor layer 
can be removed by chemical etching and/or mechanical pol 
ishing. As has been described, the isolation feature does not 
need to fully bisect the semiconductor structure, but rather 
only a portion can be isolated; this is known as shallow trench 
isolation as opposed to deep trench isolation. 
0099. Additionally, isolation features regions can be con 
figured to reflect incident electromagnetic radiation until it is 
absorbed, thereby increase the effective absorption length of 
the device. In other aspects, the sides of isolation features can 
be doped. In some aspects, a doped isolation feature can form 
an electrical Surface field, similar to an electrical back Surface 
field as has been described. The isolation features can be 
formed before or after bonding of the semiconductor sub 
strate to the semiconductor layer. Furthermore, the isolation 
features can be formed from either side of the semiconductor 
layer or from either side of the semiconductor substrate, 
depending on the depth and extent of the features. 
0100. In some aspects, the textured region can be arranged 
in a discontinuous pattern. As is shown in FIG. 8, for example, 
a semiconductor device 80 can have a discontinuous textured 
region 82. It should be noted that all reference numbers in 
FIG. 8 that have been reused from previous figures denote the 
same or similar materials and/or structures whether or not 
further description is provided. Such a discontinuous pattern 
may correspond to structures elsewhere in the device, such as 
the spatial pattern of an array of photo detectors on the device 
Surface (not shown). 
0101. In other aspects, one or more cavities can be dis 
posed in the semiconductor device and associated with the 
textured region or regions. As is shown in FIG.9, for example, 
a semiconductor device 90 can include a cavity region 92 
associated with the textured region36. The cavity region can 
enhance the functionality of the textured region, and can be 
particularly effective when optically coupled to a reflective 
region, whether the reflective region is on the near side or the 
far side of the dielectric layer 38. FIG. 10 shows a semicon 
ductor device 100 having a plurality of cavity regions 102 
arranged in a discontinuous pattern to correspond with the 
discontinuous pattern of the textured region 82. The cavity 
regions shown in FIGS.9 and 10 can beformed prior to wafer 
bonding or following wafer bonding. If a cavity region is 
formed following wafer bonding, etching through the semi 
conductor substrate 32 may be required, following which the 
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etch cavity can be partially filled. Additionally, a cavity region 
can beformed before or after formation of the textured region. 
In those aspects whereby a cavity region is formed after 
formation of the textured region, the intervening material 
would be etched until reaching the textured region. In those 
aspects whereby a cavity region is formed prior to formation 
of the textured region, an etch can be formed into the semi 
conductor layer 34 and the textured region can be formed 
thereon through the etch cavity. The formation of the textured 
region in this manner can be accomplished prior to wafer 
bonding or following wafer bonding by etching through the 
semiconductor substrate. It should be noted that all reference 
numbers in FIGS. 9 and 10 that have been reused from pre 
vious figures denote the same or similar materials and/or 
structures whether or not further description is provided. 
0102 The present disclosure additionally provides vari 
ous methods. In one aspect, as is shown in FIG. 14, for 
example, a method of making a semiconductor device can 
include texturing at least a portion of a surface of a semicon 
ductor layer to form a textured region 142, depositing a first 
dielectric layer onto the semiconductor layer such that the 
textured region is disposed between the semiconductor layer 
and the first dielectric layer 144, and wafer bonding the first 
dielectric layer to a second dielectric layer disposed on a 
semiconductor substrate 146. In another aspect, the textured 
region is protected from contamination during further manu 
facturing processes by the semiconductor layer and the semi 
conductor Substrate. 

0103. In another aspect, a method of making a semicon 
ductor device can include laser texturing at least a portion of 
a surface of a semiconductor layer to form a textured region, 
depositing a first dielectric layer onto the semiconductor layer 
Such that the textured region is disposed between the semi 
conductor layer and the first dielectric layer, and wafer bond 
ing the first dielectric layer to a second dielectric layer dis 
posed on a semiconductor Substrate. 
0104. In yet another aspect, a method of making a semi 
conductor device can include wet etch texturing at least a 
portion of a Surface of a semiconductor layer to form a tex 
tured region, depositing a first dielectric layer onto the semi 
conductor layer Such that the textured region is disposed 
between the semiconductor layer and the first dielectric layer, 
and wafer bonding the first dielectric layer to a second dielec 
tric layer disposed on a semiconductor Substrate. 
0105. In one specific aspect, FIGS. 11 A-C show one 
method of manufacturing a semiconductor device. As is 
shown in FIG. 11A, a semiconductor material 114 can be 
textured to create a textured region 112, and a dielectric layer 
115 can be deposited over the textured region. In one aspect, 
the textured region can be formed by laser processing the 
semiconductor material. In another aspect, the textured 
region can beformed by wet etching the semiconductor mate 
rial. The dielectric layer can then be polished until smooth 
with a process such as CMP processing. The resulting struc 
ture can then be wafer bonded to a semiconductor substrate 
116, as is shown rotated 180° in FIG. 11B, with the polished 
surface of the dielectric layer being bonded to the semicon 
ductor substrate. The dielectric layer can be bonded directly 
to the semiconductor Substrate, or to a second dielectric layer 
formed on the semiconductor substrate (not shown). After 
wafer bonding, the semiconductor material can be polished to 
a specified thickness. In another aspect, an epitaxially grown 
semiconductor layer 118 can be grown on the polished sur 
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face of the semiconductor material to generate a low defect 
device region as shown in FIG. 11C. 
0106. In another aspect, FIGS. 12A-C show another 
method of manufacturing a semiconductor device. As is 
shown in FIG. 12A, a semiconductor material 124 can be 
textured to create a textured region 122, and a dielectric layer 
125 can be deposited over the textured region. In one aspect, 
the semiconductor material can be an epitaxially grown semi 
conductor material. The dielectric layer can then be polished 
and a polysilicon layer 126 can be deposited thereupon, as is 
shown in FIG. 12B. In an alternative aspect, the polysilicon 
layer can beformed directly on the textured region without an 
intervening dielectric layer (not shown). The polysilicon 
layer can then be polished and wafer bonded to a semicon 
ductor substrate 126, as is shown rotated 180° in FIG. 12C. 
The polysilicon layer can be bonded directly to the semicon 
ductor substrate, or to a second dielectric layer 129 formed on 
the semiconductor substrate. After wafer bonding, the semi 
conductor material can be polished to a specified thickness. 
0107. In another aspect, FIGS. 13 A-D show another 
method of manufacturing a semiconductor device. As is 
shown in FIG. 13A, a semiconductor layer 134 can be epi 
taxially grown on a temporary semiconductor Support 139. 
The epitaxially grown semiconductor layer is textured to 
create a textured region 132, and a dielectric layer 135 is 
deposited over the textured region as is shown in FIG. 13B. 
Following polishing, the dielectric layer is wafer bonded to a 
semiconductor substrate 136, as is shown rotated 180° in FIG. 
13C. The dielectric layer can be bonded directly to the semi 
conductor Substrate, or to a second dielectric layer formed on 
the semiconductor Substrate (not shown). The temporary 
semiconductor Support can then be removed from the epitaxi 
ally grown semiconductor layer. This can be accomplished by 
any known process, such as wafer splitting, CMP processing, 
etc. The exposed epitaxial semiconductor layer can be further 
polished and thinned to produce a desired surface for further 
device deposition. In this manner semiconductor materials 
used to grow the epitaxial layer can be removed, leaving a 
higher quality Surface with fewer crystal defects and disloca 
tions. 
0.108 Of course, it is to be understood that the above 
described arrangements are only illustrative of the application 
of the principles of the present disclosure. Numerous modi 
fications and alternative arrangements may be devised by 
those skilled in the art without departing from the spirit and 
Scope of the present disclosure and the appended claims are 
intended to cover Such modifications and arrangements. 
Thus, while the present disclosure has been described above 
with particularity and detail in connection with what is pres 
ently deemed to be the most practical embodiments of the 
disclosure, it will be apparent to those of ordinary skill in the 
art that numerous modifications, including, but not limited to, 
variations in size, materials, shape, form, function and man 
ner of operation, assembly and use may be made without 
departing from the principles and concepts set forth herein. 

What is claimed is: 
1. A semiconductor device, comprising: 
a semiconductor Substrate; 
a semiconductor layer coupled to the semiconductor Sub 

strate, the semiconductor layer having a device surface 
opposite the semiconductor Substrate; and 

at least one textured region coupled between the semicon 
ductor Substrate and the semiconductor layer. 
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2. The device of claim 1, further comprising at least one 
dielectric layer coupled between the semiconductor substrate 
and the semiconductor layer. 

3. The device of claim 2, wherein the semiconductor layer 
is an epitaxially grown semiconductor layer. 

4. The device of claim 2, wherein the semiconductor layer 
is a silicon layer. 

5. The device of claim 2, further comprising a secondary 
semiconductor layer disposed between the textured region 
and the semiconductor layer. 

6. The device of claim 2, wherein the dielectric layer is 
coupled between the semiconductor substrate and the tex 
tured region, and wherein the textured region is disposed 
between the dielectric layer and the semiconductor layer. 

7. The device of claim 6, further comprising a reflective 
region disposed between the semiconductor Substrate and the 
textured region. 

8. The device of claim 6, wherein the textured region is 
coupled directly to the semiconductor layer. 

9. The device of claim 6, further comprising a secondary 
semiconductor layer disposed between the textured region 
and the semiconductor layer. 

10. The device of claim 6, further comprising at least one 
cavity region disposed between the textured region and the 
dielectric layer. 

11. The device of claim 2, further comprising a polysilicon 
layer directly coupled to the dielectric layer. 

12. The device of claim 11, wherein the polysilicon layer is 
disposed between multiple dielectric layers. 

13. The device of claim 2, wherein the textured region is 
disposed between the semiconductor substrate and the dielec 
tric layer, and wherein the dielectric layer is disposed between 
the textured region and the semiconductor layer. 

14. The device of claim 2, wherein the textured region is 
doped with a dopant to form an electrical back surface field. 

15. The device of claim 14, wherein the electrical back 
surface field has been doped by a technique selected from the 
group consisting of laser doping, ion implanting, diffusion 
doping, in situ doping, and combinations thereof. 

16. The device of claim 15, wherein the textured region has 
a higher dopant concentration than the semiconductor layer. 

17. The device of claim 15, wherein the dopant has the 
same polarity as the semiconductor layer. 

18. The device of claim 15, wherein the dopant is a member 
selected from the group consisting of boron, indium, gallium, 
arsenic, antimony, phosphorus, and combinations thereof. 

19. The device of claim 2, wherein the semiconductor layer 
is doped with a dopant to forman electrical back surface field, 
and wherein the electrical back surface field is distinct from 
the textured region. 

20. The device of claim 2, further comprising at least one 
photodiode optically active region disposed on the device 
Surface. 

21. The device of claim 2, wherein the photodiode optically 
active region comprises a doped region. 

22. The device of claim 2, wherein the device forms at least 
one photodetector. 

23. The device of claim 22, wherein the at least one pho 
todetector is a plurality of photodetectors arranged in an 
array. 

24. The device of claim 23, wherein the textured region is 
arranged in a discontinuous pattern that corresponds spatially 
to the array of photodetectors. 
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25. The device of claim 23, further comprising a plurality 
of isolation features in at least the semiconductor layer to 
isolate each photodetector in the array of photodetectors, 
wherein the isolation features isolate each photodetector elec 
trically, optically, or both electrically and optically. 

26. The device of claim 23, further comprising at least one 
optical lens associated with the at least one photodetector. 

27. The device of claim 23, further comprising at least one 
color filter associated with the at least one photodetector. 

28. A method of making a semiconductor device, compris 
1ng: 

texturing at least a portion of a Surface of a semiconductor 
layer to form a textured region; 

depositing a first dielectric layer onto the semiconductor 
layer such that the textured region is disposed between 
the semiconductor layer and the first dielectric layer; and 

wafer bonding the first dielectric layer to a second dielec 
tric layer disposed on a semiconductor Substrate. 

29. The method of claim 28, wherein the semiconductor 
layer is an epitaxially grown semiconductor layer. 

30. The method of claim 29, wherein texturing at least a 
portion of a surface of a semiconductor layer to form a tex 
tured region further includes: 

forming the epitaxially grown semiconductor layer on a 
growth Substrate; and 

texturing at least a portion of a surface of the epitaxially 
grown semiconductor layer to form a textured region. 

31. The method of claim 30, further comprising removing 
the growth Substrate to expose the epitaxially grown semi 
conductor layer. 

32. The method of claim 28, further comprising forming an 
epitaxially grown semiconductor layer on the semiconductor 
layer on an opposite side from the textured region. 

33. The method of claim 28, wherein wafer bonding further 
includes: 

depositing a polysilicon layer on the first dielectric layer; 
and 

bonding the polysilicon layer between the first dielectric 
layer and the second dielectric layer. 

34. The method of claim 33, further comprising doping at 
least a portion of the polysilicon layer. 

35. The method of claim 28, wherein texturing at least a 
portion of a surface of the semiconductor layer to form the 
textured region further includes: 

forming an opening in the semiconductor Substrate, the 
second dielectric layer, and the first dielectric layer to 
expose a portion of the semiconductor layer, and 

texturing at least a portion of the exposed portion of the 
semiconductor layer to form the textured region. 

36. The method of claim 28, wherein texturing includes a 
technique selected from the group consisting of plasma etch 
ing, reactive ion etching, porous silicon etching, lasing. 
chemical etching, nanoimprinting, material deposition, selec 
tive epitaxial growth, and combinations thereof. 

37. The method of claim 28, wherein texturing includes 
lasing. 

38. A method of protecting a textured region from contami 
nation during manufacture of a semiconductor device, com 
prising: 

texturing at least a portion of a Surface of a semiconductor 
layer to form a textured region; 

depositing a first dielectric layer onto the semiconductor 
layer such that the textured region is disposed between 
the semiconductor layer and the dielectric layer; and 

wafer bonding the first dielectric layer to a second dielec 
tric layer disposed on a semiconductor Substrate, 
wherein the textured region is protected from contami 
nation during further manufacturing processes by the 
semiconductor layer and the semiconductor Substrate. 

c c c c c 

SAMSUNG EX. 1006 - 21/21




