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(57) Abstract: A method for fabricating a back-illuminated semiconductor imaging device on an ultra-thin semiconductor-on-in-
sulator wafer (UTSOI) is disclosed The UTSOI wafer includes a mechanical substrate, an insulator layer, and a seed layer At least
one dopant is applied to the semiconductor substrate A first portion of an epitaxial layer is grown on the seed layer A predefined
concentration of carbon impurities is introduced into the first portion of the epitaxial layer A remaining portion of the epitaxial
layer is grown During the epitaxial growth process, the at least one dopant diffuses into the epitaxial layer such that, at completion
of the growing of the epitaxial layer, there exists a net dopant concentration profile which has an initial maximum value at an in-
terface between the seed and the insulator layers and which decreases monotonically with increasing distance from the interface
within the semiconductor substrate and the epitaxial layer
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HIGH-EFFICIENCY THINNED IMAGER WITH REDUCED BORON UPDIFFUSION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional patent application No. 61/057,363

filed May 30, 2008, the disclosure of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0002]) The field of the invention is semiconductor device fabrication, and more specifically, the
fabrication of back-illuminated semiconductor imaging devices having a monotonically

decreasing doping profile for driving charge carriers to the front of the imaging devices.

BACKGROUND OF THE INVENTION

[0003] Thinned, back illuminated, semiconductor imaging devices are advantageous over front-
illuminated imagers for high fill factor and better overall efficiency of charge carrier generation
and collection. A goal of the operation of such devices is for the charge carriers generated by
light of other emanation incident on the backside to be driven to the frontside quickly to avoid
any horizontal drift, which may smear the image. It is also desirable to minimize the
recombination of the generated carriers before they reach the front side, since such
recombination reduces overall efﬁciency and sensitivity of the device.

[0004] Such desirable features may be aéhieved by providfng a thin semiconductor layer and a
high electric field within this layer. The field should extend to the back surface, so that the
generated carriers, such as electrons or holes, can be driven quickly to the front side. U.S. Patent.
No. 7,238,583 by Swain et. al. (the "583 patent '), which is incorporated herein by reference in

its entirety, describes a method for producing a back-illuminated imaging device that exhibits the
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desired internal electric field. The device of the 'S83 patent also employs ultra-thin Silicon-on-
Insulator (UTSOI) technology for providing a semiconductor substrate on which the back-
illuminated imager is constructed. The practical work flow for using the method of described in
the '583 patent in production is shown in FIG. 1.

[0005] In FIG. 1, the starting structure is an initial substrate 10, sometimes referred to in the art
as a UTSOI substrate. The starting UTSOI substrate 10 is composed of a mechanical substrate
12 (handle wafer) configured to provide mechanical support during processing, an insulator layer
14 (which can be, for example, a buried oxide layer of silicon (BOX)), and a semiconductor
substrate 16 (also referred to as the "seed layer"). In Step A; the UTSOI wafer 10 is cleaned and
then an oxide layer 18 is grown overlying the seed layer 16 opposite the mechanical substrate 12.
In Step B, the seed layer 16 is doped. Dopants are introduced into the seed layer 16 in sufficient
concentration to produce a desired net doping profile. The initial net doping concentration in the
seed layer 16 may be on the order of 10" charge carriers per cubic centimeter or higher, and may
be either p-type or n-type. Common dopants include boron, phosphorous, antimony, and arsenic.
[0006] In the specific case where the semiconductor is silicon, the ‘583 patent cites boron as the
most suitable dopant for producing p-type regions. In this example, the boron dopant is
incorporated within the semiconductor before the growth of the epitaxial layer. Although the
'S83 patent outlines several techniques for introducing the boron dopant, the preferred method
for introduction of p-type dopants is through the use of ion-implantation. With reference to this
example, in Stép B, ions of borén are implanted ballistically through the oxide layer 18 into the
| seed layer 16 of UTSOI wafer 10.

[0007) In Step C, the UTSOI wafer 10 is cleaned and annealed in a furnace to remove the |

damage introduced by the ion implantation of dopants, i.e., broken bonds are reformed and
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dopants are incorf)orated at lattice sites. In Step D, the oxide layer 18 is removed and the
resulting doped wafer 10' is cleaned. In Step E, an epitaxial layer 20 is grown overlying doped
semiconductor substrate 16, using semicondpctor substrate 16 as the template. The epitaxial
layer 20 provides a layer for fabricating front side components which complete the overall
imaging device. Still referring to FIG. 1, during the growth of epitaxial layer 20, dopants
previously introduced into the seed layer 16 diffuse into the epitaxial layer 20 as a result of
processing at or above 1000°C. At the conclusion of the growth of the epitaxial layer 20, the net
doping profile is very close to the desired profile, in that at each distance from interface 22
between the insulator layer 14 and the seed layer 16, within the seed layer 16 and epitaxial layer
20, the net carrier concentration is close to its final desired value, as shown in FIG. 1B. All
remaining steps in the process are then carried out at lower temperatures, so that relatively little
diffusion of dopants takes place, and the profile is essentially unchanged at the end of the
ﬁrocess

[0008) In Step F, once the epitaxial layer 20 is grown, with the simultaneous formation of a
desired dopant profile, one or more imaging components 24 may be fabricated using known
methods of semiconductor fabrication, as shown in FIG. 1. These imaging components may
include charge-coupled device (CCD) components, CMOS irﬁaging components, photodiodes,
avalanche photodiodes, phototransistors, or other optc;electronic devices, in any combination.
Components 24 may include both CCD and CMOS components fabricated in separate areas of
the epitaxial layer 20 using known masking methods. Also included may be other electronic
components such as CMOS transistors, (not shown) bipolar transistors (not shown), capacitors
(not shown), or resistors (not shown). One or more p-n junctions 26 of various depths may be

formed during the fabrication of imaging components 24.
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[0009] In Step G, the mechanical substrate 12 is removed. Once the fabrication of components
24 is complete, the mechanical substrate 12 is no longer needed to provide mechanical stability.
Removal of the mechanical substrate 12 may also be desirable in order to allow the emanation
being detected to reach the backside semiconductor. Removal of the mechanical substrate 12
may be accomplished by such methods as chemical etching, mechanical grinding, or a
combination of these methods. With chemical etching, the mechanical substrate 12 may be
removed selectively, without removing the insulator layer 14. Alternatively, at least a portion of
the mechanical substrate 12 may be left in place (not removed) if the remaining portion at least
partially transmits the radiation or particl‘es being detected and imaged.

[0010] If the mechanical substrate 12 is entirely removed, the insulator layer 14 may be
removed, either partially or entirely, by chemical or physical methods or a combination of the
two methods. In one embodiment, the insulator layer 14 is made to act as an anti-reflection
coating for electromagnetic waves having wavelengths in a predetermined range, thereby
allowing more photons to reach, and be absorbed in, the semiconductor layers 16, 20. This may
be accomplished by reducing thickness of the insulator layer 14 to a thickness which minimizes
reflection in the predetermined wavelength range. The thickness may be determined by the
wavelength range and the index of refraction of the material of the insulator layer 14 in this
wavelength range.

[0011] After partially removing the insulator layer 14, one or more anti-reflective coating layers
(e.g., zirconium oxide or bismuth oxide) (not shown) can be deposited on the insulation layer 14
to function as an overall anti-reflective coating stack for a desired range of wavelengths. In still

other embodiments, the insulation layer 14 can be completely etched away, and one or more anti-

4.
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reflective coating layers can be deposited on the seed layer 16 so as to function as an overall
antireflective coating.

[0012) FIG. 2 shows a complete laminated imaging device 28 as described in the '583 pétent,
with an anti-reflection coating 30. For thin devices, a sufficiently rigid lamination layer 32 may
be added to provide mechanical stability. In FIG. 2 the lamination layer 32 is shown on the front
side of the imaging device 28. Lamination layer 32 may be .bonded to the front side of the wafer
with cement after concluding the fabrication of imaging components 24 and other front-side
components. Alternatively, the lamination layer may be bonded to the back' of the imaging
device 28. If the lamination layer 32 is bonded to the back of the imaging device 28, laminati;m
layer material, any cement used to bond the lamination layer, and any other materials between
the lamination layer 32 and the back of the imaging device 28 must be transparent to, and not
degraded by, detected radiation.

[0013] Referring again to FIG. 1, a goal of the process for manufacturing a back-illuminated
imaging device described in the '583 patent is the creation of a final net dopant concentration
profile in semiconductor substrate 16 and epitaxial layer 20 which has a maximum value at the
interface 22 between semiconductor substrate 16 and insulator layer 14. The final net dopant
concentration profile after the epitaxial growth (i.e., Step E) decreases monotonically with
increasing distance from the interface 22 within a portion of semiconductor substrate 16 and
epitaxial layer 20 between interface 22 and p-n junctions 26 shown in FIG. 1 (p-n junctions 26
are created during fabrication of the front-side components 24). Such a profile may give rise to
an electric field within semiconductor substrate 16 and epitaxial layer 20 tending to drive photo-
generated electrons toward the front side imaging components 24 and minimizing the trapping of

these electrons near the backside.
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[0014] One of the concemns expressed about high-resolution imaging devices made using
technology that is similar to that disclosed in the '583 patent is that boron doping diffuses too far
from the seed layer 16 into and through the lightly doped epitaxial layer 20 before and during the
fabrication of the imaging components 24. Although the resulting device produces a desired
monotonically decreasing doping profile in the seed layer 16 and the epitaxial layer 20, the
resulting profile may have a slope that is too gradual, resulting in reduced performance of the
imager with regard to light sensitivity and spatial resolution. There are cases where a more
abrupt transition from heavy doping to uniform doping is an advantage.

[0015] Accordingly, what would be desirable, but has not yet been provided, is a method and
resulting device for producing imagers that exhibit a more abrupt doping profile as compared to

prior art devices.

SUMMARY OF THE INVENTION

[0016] The above-described problems are addressed and a technical solution achieved in the art
by providing a method for fabricating a semiconductor device, the method comprising the steps
of: providing a wafer comprising: a mechanical substrate, an insulator layer ’substantiallby
overlying the mechanical substrate, and a seed layer substantially overlying the insulator layer;
applying at least one dopant to the seed layer; growing a first portion of an epitaxial layer on the
seed layer; introducing a predeﬁned concentration of carbon impurities into the first portion of
the epitaxial layer; and growing a remaining portion of the epitaxial layer, wherein at least one
dopant diffuses into the epitaxial layer such that, at completion of the growing of the epitaxial
layer, there exists a net dopant concentration profile which has an initial maximum value at an

interface between the seed layer and the insulator layer and which decreases monotonically with
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increasing distance from the interface within at least a portion of at least one of the seed Iayer‘
and the epitaxial layer. The net dopant concentration profile may have a slope which decreases
mondtonically at a first average rate within the seed layer, and decreases monotonically at a
second average rate that is faster than the first average rate. within the first portion of the epitaxial
layer. The net doping concentration may meet a background doping concentration substantially
within the epitaxial layer.

[0017] In a preferred embodiment, the first portion of the epitaxial layer may have a thickness in
the range of about 0.1 um to 1.0 um. The predefined concentration of carbon impurities
introduced into the first portion of the epitaxial layer may be in the range of 1E19-1E21/cc. The
carbon impurities may be introduced by means of one of chemical vapor deposition and ion
implantation. The at least one dopant may be at least one of boron, phosphorous, indium and
gallium.

[0018] The method may further comprise the step of fabricating at least one imaging component
in the epitaxial layer. The at least one imaging component may be at least one of a CMOS
imaging component, a charge-coupled device component, a photodiode, an avalanche
photodiode, and a phototransistor.

[0019] The method may further comprise the step of removing a portion of the mechanical
substrate such that the thickness of the remaining mechanical substrate functions as an anti-
reflection coating for electromagnetic radiation. The method may further comprise the step of
removing a portion of the insulator layer following complete removal of the mechanical substrate
such that the thickness of the remaining insulator layer functions as an anti-reflection coating for

electromagnetic radiation.
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[0020) The resulting semiconductor device includes an insulator layer; a seed layer substantially
overlying and having an interface with the insulator layer; and an epitaxial layer grown
substantially overlying the seed layer by epitaxial growth, the epitaxial layer having a first
portion adjacent to the seed layer and a remaining portion adjacent to the first portion and distai
to the semiconductor substrate; wherein the first portion of the epitaxial layer is doped with
carbon impurities and wherein the seed layer and the epitaxial layer exhibit a net doping
concentration having a maximum value at the interface between the seed layer and the insulator
layer and decreasing monotonically with increasing distance from the interface within at least a

portion of at least one of the seed layer and the epitaxial layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention may be more readily understood from the detailed description of an
exemplary embodiment presented below.considered in conjunction with the attached drawings
and in which like reference numerals refer to similar elerﬁems and in which:

[0022] FIG. 1 shows a process for fabricating a back-illuminated imaging device on a UTSOI
substrate in accordance with the 'S83 patent;

[0023] FIG. 2 shows a complete device structure according to the 'S83 patent;

[0024]) FIG. 3 shows an initial doping profile in a semiconductor substrate as described in the
'583 patent;

[0025) FIG. 4 shows a doping profile following growth of an epitaxial layer as described in the
'583 patent;

[0026) FIG. S shows the doping profile of FIG. 3 on a larger distance scale as described in the

‘583 patent;
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[0027) FIG. 6 is a block diagram illustrating the steps of manufacturing a back illuminated
imager based on an ultra-thin silicon-on-insulator starting wafer wherein carbon impurities are
introduced into the epitaxial layer at the start of the epitaxial growth cycle, constructed in
accordance with an embodiment of the present invention;

[0028) F1G. 7 shows a doping profile of a UTSO! imager manufactured according to the process
illustrated in FIG. 6 after growth of the epitaxial layer but before thermal processing; and

[0029] FIG. 8 shows a doping profile of a UTSOI imager manufactured according to the process
illustrated in FIG. 6 after thermal processing.

[0030) It is to be understood that the attached drawings are for purposes of illustrating the

concepts of the invention and may not be to scale.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Processing parameters such as doping levels, initial doping profiles, and temperatures are
chosen to give a desired doping profile. FIGS. 3 through 5, reproduced from the '583 patent,
illustrateA the results of computer simulations of desired net doping profiles. In these figures,
various regions correspond to regions of the structures shown in FIG. 1, as follows:

[0032) Region 150 (FIG. 5) corresponds to the mechanical substrate 12; Region 130 (FIGS. 3-5)
corresponds to the insulator layer 14 comprising an oxide of silicon; Region 120 (FIGS. 3-5)
corresponds to the seed layer 16 comprising silicon; Region 100 corresponds to the epitaxial
layer 20 comprising silicon;, Reference number 125 corresponds to thg interface 22 between the
seed layer 16 and the insulator layer 14; and Reference number 110 corresponds to an interface

between the seed layer 16 and the epitaxial layer 20.
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[0033] FIG. 3 shows an initial doping profile 135 in the seed layer 120, before growth of the
epitaxial layer 100, according to the '583 patent. Boron is used as the dopant, and it may be
introduced into semiconductor substrate 120 by any of the methods for introducing dopants
described above. Initial profile 135 is created by bofon doping (or, equivalently, net p-type
doping) with a net p-type concentration of about 1x10'” carriers per cubic centimeter, assumed
~ uniform through semiconductor substrate 220.

[0034] FIG. 4 shows a net final doping profile 140 after growth of epitaxial layer- 100, according
to the '583 patent. The net final doping profile 140 in this embodiment is p-type; alternatively it
could be n-type. Boron atoms starting in the seed layer 120 diffuse into epitaxial layer 100
during growth of that layer to produce what may become essentially net final doping profile 140,
as discussed above. The net final doping profile 140 in this simulated process exhibits tﬂe
following desirable features: it has a maximumAvalue at interface 125 of the seed layer 120 and
the insulator layer 130 and decreases monotonically with increasing distance frorﬁ interface 125
within one of the seed layer 120 and epitaxial layer 100. |

[0035] FIG. 5 shows the same doping profile as FIG. 4 on a larger scale of distance, in order to
show essentially the entire profile. At some distance from the interface 125 the net final doping
profile 140 meets the background doping level 145 in the epitaxial layer 100. The doping level
remains at this concentration level 145 all the way to the junctions (not shown in FIG. 5). As
long as net doping concentration 140, 145 does not increase with distance away from interface
125, carriers generated in the seed layer 120 or epitaxial layer 100 by electromagnetic waves or
particles incident on the backside may tend to be driven toward front side imaging components

(not shown) and not in the opposite direction.

-10-
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[0036) The following embodiments of illuétrative methods for manufacturing a back illuminated
imager as depicted in FIGS. 6-8 produce a more abrupt doping profile than that disclosed in the
'583 patent. In FIGS. 6-8, the steps of fabricating one or more imaging components in the
epitaxial layer, removing the mechanical substrate, creating optional anti-reflection
layers/coatings, and adding a lamination layer are omitted from the diagrams, but optionally may |
be employed.

[0037] Referring now to FIG. 6, steps for manufacturing a back-illuminated imager based on a
UTSOI wafer 10 according to an embodiment of the present invention is depicted. In Step 6A,
the UTSOI wafer 10 is cleaned and then an oxide layer 18 is grown overlying the seed layer 16
opposite the mechanical substraté 12. In Step 6B, the seed layer 16 is doped. Dopants are
introduced into the éeed layer 16 in sufficient concentration to produce a desired net doping
profile. The initial net doping concentration in the seed layer 16 may be on the order of 10"
charge carriers per cubic centimeter or highef, and may be either p-type or n-type. Common
dopants include boron, phosphorous, antimony, arsenic, indium and gallium.

[0038] In the spegiﬁc case where the semicondﬁctor is silicon, the '583 patent cites boron as the
most suitable dopant for producing p-type regions. The boron dopant is incorporated within the
semiconductor before the growth of the epitaxial layer 20. The boron dopant is introduced into
the seed layer 16 (i.e., the superficial Si layer 16) by means of chemical vapor deposition, ion
implantation, or other suitable method. In a preferred embodiment, ion implantation is used for
introducing dopants. Continuing with S.tep 6B, ions of boron are implanted ballistically through

the oxide layer 18 into the seed layer 16 of the UTSOI wafer 10.

-11-
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[0039] In Step 6C, the UTSOI wafer 10 is cleaned and annealed in a furnace to remove the
damage introduced by the ion implantation of dopants, i.e., broken bonds are reformed and
dopants are incorporated at lattice sites.

[0040] In Step 6D, the oxide layer 18 is removed and the resulting doped wafer 10' is cleaned.
In Step 6E, a first portion 34 of the epitaxial layer 20 is grown overlying doped seed layer 16',
using the seed layer 16 as the template. The first portion 34 comprises a silicon crystal layer
doped with a predefined percentage of carbon as a thin film (i.e., the Si:C layer 34). The Si:C
layer 34 of the epitaxial layer 20 has a preferred thickness in the range of about 0.1 ym to 1.0
um. A predefined amount (in the range of lel9-1e21/cc) of carbon may be introduced at the
beginning of the growth of the epitaxial layer 20 by means of chemical vapor deposition, i.e, the
first portion 34 of the epitaxial layer 20 is exposed to a carbon-containing gas which is shut off
after a predetermined amount of time when the first portion 34 reaches the predetermined
thickness. Alternatively, in Step 6E, the first portion 34, comprising preferably silicon, can be
grown on the highly boron-doped seed layer 16’ to a thickness of no more than abdut one micron.
Then the wafer 10' may be taken out of the epitaxial growth machine and carbon can be
int.roduced by ion implantation followed by suitable annealing to incorporate carbon into the first
portion 34 of the epitaxial layer 20. The wafer 10' may then be put back into the epitaxial
. growth machine.

[0041] In Step F, a remaining portion 36 of the epitaxial layer 20 is grown substantially
overlying thevﬁrst portion 34. Still refem'ngito FIG. 6, during the growth of the remaining
portion 36 of the epitaxial layer 20, the boron dopant previously introduced into the sged layer
16' diffuse into epitaxial layer 20 as a result of processing at or above 1000°C. At the conclusion

of the growth of the epitaxial layer 20, the net doping profile is very close to the desired profile,

-12-
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in that at each distance from interface 22 between the insulator layer 14 and the seed layer 16,
within one of the seed layer 16 and epitaxial layer 20, the net carrier concentration is close to its
final desired value. All remaining steps in the process are then carried out at lower temperatures,
so that rélatively little diffusion of dopants takes place, and the profile is essentially unchanged at
the end of the process.

[0042] FIG. 7 shows a doping profile with the Si:C layer 34 grown according to the method of
FIG. 6 before thermal processing. FIG. 8 shows a doping profile grown according to the method
of FIG. 6 after thermal processing. Region 150 corresponds to the mechanical substrate 12;
Région 130 corresponds to the_:'insulator layer 14; Region 120 corresponds to the seed layer 16
(i.e., the superficial Si layer) comprisiné silicon;, Region 100 corresponds to epitaxial layer 20,
Region 160 corresponds to the first portion 34 of the epitaxial layer 20 containing carbon-doped
- silicon; Region 170 corresponds to the remaining portion 36 of the epitaxial {ayer 20; Reference
number 180 corresponds to the initial boron dopant concentration profile before thermal
processing, while reference number 190 corresponds to the final net boron concentration profile
after thermal processing, Reference number 200 corresponds to the front surface of the wafer
10; and Reference number 125 corresponds to the interface 22 between the seed layer 16 and
insulator layer 14.

[0043] In FIG. 7, the boron dopant profile 180 abruptly decreases in concentration when entering
the region 160 containing carbon. In F1G. 8, after thermal processing, the slope of the net boron
doping profile 190 decreases, but remains substantially confined to the region 160. In some
embodiments, the net doping concentration meets a background doping concentration
substantially within the region 160. The net boron doping profile 190 has a “dual" slope which

decreases monotonically from the interface 125 at a first average rate (190A), and decreases

-13-
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monotonically at a second average rate (190B) that is faster than the first average rate
substantially within the region 160.

[0044) Nérmally, processing conditions are such that boron up-diffuses in non-carbon doped
imagers several microns toward the front surface 200 of the wafer 10. For relatively thick
imaging layers, such an amount of up-diffusion may be acceptable, but, as imaging layers
become thinner so as to achieve higher pixel density, an up-diffusion of about 1 micron may
limit the performance of imager pixels. The presence of about a few percent or less (in the range
of about 1€20-1E21/cc) in the Si:C layer 160 may reduce the diffusion coefficient of boron by up
to one order of magnitude. This reduced boron diffusion thereby enables the fabrication of
thinner, high-sensitivity silicon imaging layers using UTSOI technology. |

[0045] It is to be understood that the exemplary embodiments are merely illustrative of the
invention and that many variations of the above-described embodiments may be devised by one
skilled in the art without departing from the scope of the invention. It is therefore intended that

all such variations be included within the scope of the following claims and their equivalents.

-14-
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CLAIMS

What is claimed is:
1. A method for fabricating a semiconductor device, comprising the steps of:
providing a wafer comprising:
a mechanical substrate,
an insulator layer substantially overlying the mechanical substrate, and
a seed layer substantially overlying the insulator layer;
applying at least one dopant to the semiconductor substrate;
growing a first portion of an epitaxial layer substantially ,o;zerlying the seed layer;
introducing a predefined concentration of carbon impurities into the first portion of the
epitaxial layer; and
growing a remaining portion of the epitaxial layer,
wherein at least one dopant diffuses into the epitaxial layer such that, at completion of the
growing of the epitaxial layer, there exists a net dopant concentfation profile which has an initial
maximum value at an interface between the seed layer and the insulator layer and decreases
monotonically with increasing distance from the interface within at least a portion of at least one

of the seed layer and the epitaxial layer.

2. The method of claim 1, wherein the net dopant concentration profile has a slope
which decreases monotonically at a first average rate within the seed layer, and decreases
monotonically at a second average rate that is faster than the first average rate within the first

portion of the epitaxial layer.

-15-
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3. The method of claim 2, wherein the net doping concentration meets a background

doping concentration substantially within the first portion of the epitaxial layer.

4 The method of claim 1, wherein the first portion of the epitaxial layer has a

thickness in the range of about 0.1 um to 1.0 ;lm.

5. The method of claim 1, wherein the predefined concentration of carbon impurities

introduced into the first portion of the epitaxial layer is in the range of about 1E19-1E21/cc.

6. The method of claim 5, wherein the carbon impurities are introduced by means of

one of chemical vapor deposition and ion implantation,

7. The method of claim 1, wherein the at least one dopant is at least one of boron,

phosphorous, antimony, arsenic, indium and gallium.

8. The method of claim 1, further comprising the step of fabricating at least one

imaging component in the epitaxial layer.
9. The method of claim 8, wherein the step of fabricating at least one imaging

component includes the step of fabricating at least one of a CMOS imaging component, a

charge-coupled device component, a photodiode, an avalanche photodiode, and a phototransistor.

-16-
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10.  The method of claim 1, wherein the step of applying at least one dopant to the
semiconductor substrate further comprising the steps of:
growing a second insulation layer substantially overlying the seed layer,
implanting doping ions through the second insulation layer; and

removing the second insulation layer.

11.  The method of claim I, further comprising the step of removing a portion of the
mechanical substrate such that a thickness of a remaining portion of the mechanical substrate

functions as an anti-reflection coating for electromagnetic radiation.

12. The method of claim 1, further comprising the step of removing a portion of the
insulator layer following complete removal of the mechanical substrate such that the thickness of
a remaining portion of the insulator layer functions as an anti-reflection coating for

electromagnetic radiation.
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13. A semiconductor device, comprising:

an insulator layer;

a seed layer substantially overlying and having an intgrface with the insulator
layer; and

an epitaxial layer grown substantially overlying the seed layer by epitaxial
growth, the epitaxial layer having a first portion adjacent to the seed layer and a remaining
bortion adjacent to the first portion and distal to the seed layer;

wherein the first portion of the epitaxial layer is doped with carbon impurities and

wherein the seed layer and the epitaxial layer exhibit a net doping concentration
having a maximum value at the interface of the seed layer and the insulator layer and decreasing
monotonically with increasing distance from the interface within at least a portion of at least one

of the seed layer and the epitaxial layer.

14. The semiconductor device of claim 13, wherein the net dopant concentration
profile has a slope which decreases monotonically at a first average rate within the seed layer,
and decreases monotonically at a second average rate that is faster than the first average rate

within the first portion of the epitaxial layer.
15.  The semiconductor device of claim 14, wherein the net doping concentration

meets a background doping concentration substantially within the first portion of the epitaxial

layer.
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16.  The semiconductor device of claim 13, wherein the first portion of the epitaxial

layer has a thickness in the range of about 0.1 pm to 1.0 um.

17. The semiconductor device of claim 13, wherein the predefined concentration of
carbon impurities introduced into the first portion of the epitaxial layer is in the fange of about

1E19-1E21/cc.

18. The semiconductor device of claim 13, wherein the at least one dopant is at least

one of boron, phosphorous, indium and gallium.

19.  The semiconductor device of claim 13, further comprising at least one imaging

component fabricated in the epitaxial layer.
20.  The semiconductor device of claim 19, wherein the at least one imaging
component includes is at least one of a CMOS imaging component, a charge-coupled device

component, a photodiode, an avalanche photodiode, and a phototransistor.

21. The semiconductor device of claim 13, wherein the thickness of the insulator

layer has a thickness so as to function an anti-reflection coating for electromagnetic radiation.
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