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(57) ABSTRACT 

A semiconductor device includes an epitaxy layer formed on 
semiconductor Substrate, a device layer formed on the epitaxy 
layer, a trench formed within the semiconductor substrate and 
including a dielectric layer forming a liner within the trench 
and a conductive core forming a through-silicon via conduc 
tor, and a deep trench isolation structure formed within the 
Substrate and Surrounding the through-silicon via conductor. 
A region of the epitaxy layer formed between the through 
silicon via conductor and the deep trenchisolation structure is 
electrically isolated from any signals applied to the semicon 
ductor device, thereby decreasing parasitic capacitance. 
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TILTED IMPLANT 
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THROUGH SILICON VAN N. EPITAXY 
WAFERS WITH REDUCED PARASITIC 

CAPACITANCE 

BACKGROUND 

0001. The present invention relates to integrated circuits, 
and more specifically, to through-silicon vias (TSVs) formed 
through an n+ epitaxy layer which reduces parasitic capaci 
tance. 

0002. In integrated circuit technology, TSVs are used to 
create a vertical electrical connection (e.g., a via) passing 
completely through a silicon wafer or die, and can be used to 
connect integrated circuits together. FIG. 1 is an example of a 
TSV in a semiconductor device in the conventional art. As 
shown in FIG. 1, a semiconductor device 10 includes a semi 
conductor substrate 12 formed of a low dopant concentration 
(e.g., ap-layer) and having a device layer 14 formed on atop 
surface thereof. A trench 16 is etched through the substrate 12 
to form a TSV and a dielectric layer 18 is deposited within the 
trench 16 to form a lineralongsidewalls surfaces of the trench 
16 for isolation purposes. The trench 16 is then filled with a 
conductive layer to form a TSV conductor 19. 
0003 FIG. 2 is another example of a TSV in a semicon 
ductor device in the conventional art. As shown in FIG. 2, the 
semiconductor device 20 includes a semiconductor Substrate 
22 having an n+ epitaxy layer 23 formed thereon and a device 
layer 24 formed on the n+ epitaxy layer 23. A trench 26 is 
etched through the substrate 22 and a dielectric layer 18 is 
deposited within the trench 26 to form a liner along sidewall 
surfaces of the trench 26. The trench 26 is then filled with a 
conductive layer to form a TSV conductor 29. 
0004. In both examples shown in FIGS. 1 and 2, a MOS 
(metal oxide semiconductor) capacitor is formed. There may 
be several problems associated with the MOS capacitors 
when a n+ epitaxy layer is included as shown in FIG. 2. One 
of the problems includes capacitance issues. FIG. 3 is a dia 
gram illustrating capacitance Vs. gate Voltage regarding the 
TSVs shown in FIGS. 1 and 2. As shown in FIG. 3, for 
voltages placed on the TSV conductor 19 (as represented by 
line 32) Such as Zero or a positive Voltage, the capacitance per 
unit area is very low for example, approximately 1x10-8 
F/cm2. On the other hand, when voltage is placed on the TSV 
conductor 29 (as represented by line 34), there is a significant 
increase in the capacitance with the inversion (as represented 
by arrow 36). Furthermore, when the TSV capacitor operates 
in the inversion mode, it introduces significant Voltage and 
frequency dependence that thus complicates the TSV model 
1ng. 
0005. In eDRAM (i.e., embedded capacitor-based 
dynamic random access memory) technology, it is necessary 
to have the n+ epitaxy layer but when combined with the TSV. 
capacitance significantly increases as shown in FIG. 3. 

SUMMARY 

0006. According to one embodiment of the present inven 
tion, a semiconductor device is provided. The semiconductor 
device includes an epitaxy layer formed on semiconductor 
Substrate, a device layer is formed on the epitaxy layer, a 
trench formed within the semiconductor substrate and includ 
ing a dielectric layer forming a liner within the trench and a 
conductive core forming a through-silicon via conductor, and 
a deep trench isolation structure formed within the substrate 
and Surrounding the through-silicon via conductor. A region 
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of the epitaxy layer formed between the through-silicon via 
conductor and the deep trench isolation structure is electri 
cally isolated from any signals applied to the semiconductor 
device, thereby decreasing parasitic capacitance. 
0007 According to another embodiment of the present 
invention, a semiconductor device is provided. The semicon 
ductor device includes an epitaxy layer formed on a semicon 
ductor Substrate, a device layer is formed on the epitaxy layer, 
a trench formed within the semiconductor substrate and 
including a dielectric layer forming a liner within the trench 
and a conductive core forming a through-silicon via conduc 
tor, and a grounded through-silicon via formed within the 
Substrate and Surrounding the through-silicon via conductor. 
A region of the epitaxy layer formed between the through 
silicon via conductor and the grounded through-silicon via is 
electrically isolated from any signals applied to the semicon 
ductor device. 
0008 According to another embodiment of the present 
invention, a semiconductor device is provided. The semicon 
ductor device includes a p-doped layer formed on a semicon 
ductor Substrate and comprising a higher dopant concentra 
tion than that of the semiconductor Substrate, an epitaxy layer 
formed on the p-doped layer, a device layer formed on the 
epitaxy layer, and a trench formed within the semiconductor 
Substrate and including a dielectric layer forming a liner 
within the trench and a conductive core forming a through 
silicon via conductor. 
0009. According to another embodiment of the present 
invention, a semiconductor device is provided. The semicon 
ductor device includes an epitaxy layer formed on a semicon 
ductor substrate, a device layer 44 is formed on the epitaxy 
layer, a trench formed within the semiconductor substrate and 
including a dielectric layer forming a liner within the trench 
and a conductive core forming a through-silicon via conduc 
tor, and a p-doped region implanted beneath the epitaxy layer 
and adjacent to the through-silicon via conductor and the 
semiconductor Substrate and comprising a higher dopant con 
centration than that of the semiconductor Substrate. 
0010. According to another embodiment of the present 
invention, a method is provided. The method includes form 
ing an epitaxy layer on a semiconductor Substrate, forming a 
trench having a dielectric liner and conductive core within the 
trench to form a through-silicon via conductor, and implant 
ingap-doped region beneath the epitaxy layer and adjacent to 
the through-silicon via conductor. 
0011 Additional features and advantages are realized 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed inven 
tion. For a better understanding of the invention with the 
advantages and the features, refer to the description and to the 
drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0012. The subject matter which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the specification. The forgoing and 
other features, and advantages of the invention are apparent 
from the following detailed description taken in conjunction 
with the accompanying drawings in which: 
0013 FIG. 1 is a diagram illustrating an example of a 
through-silicon via for a semiconductor device in the conven 
tional art. 
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0014 FIG. 2 is a diagram illustrating another example of a 
through-silicon via for a semiconductor device including an 
n+ epitaxy layer in the conventional art. 
0015 FIG. 3 is a graph illustrating capacitance Vs. gate 
Voltage regarding the through-silicon Vias shown in FIGS. 1 
and 2. 
0016 FIG. 4 is a diagram illustrating a through-silicon via 
and a deep trench isolation structure for a semiconductor 
device that can be implemented within embodiments of the 
present invention. 
0017 FIG. 5 is a diagram illustrating a through-silicon via 
and a grounded through-silicon via for a semiconductor 
device that can be implemented within alternative embodi 
ments of the present invention. 
0018 FIG. 6 is a diagram illustrating a through-silicon via 
and a grounded through-silicon via for a semiconductor 
device that can be implemented within alternative embodi 
ments of the present invention. 
0019 FIG. 7 is a diagram illustrating a through-silicon via 
and a p-doped layer formed beneath the n+ epitaxy layer in a 
semiconductor device that can be implemented within alter 
native embodiments of the present invention. 
0020 FIG. 8 is a diagram illustrating a through-silicon via 
and an implanted p-doped region beneath the n+ epitaxy layer 
and adjacent to the through-silicon via in a semiconductor 
device that can be implemented within alternative embodi 
ments of the present invention. 
0021 FIG.9 is a diagram illustrating a method of implant 
ing the p-doped region beneath the n+ epitaxy layer and 
adjacent to the through-silicon via as shown in FIG. 8that can 
be implemented within embodiments of the present inven 
tion. 
0022 FIG. 10 is a diagram illustrating a method of 
implanting the p-doped region beneath the n+ epitaxy layer 
and adjacent to the through-silicon via as shown in FIG.8 that 
can be implemented within alternative embodiments of the 
present invention. 
0023 FIG. 11 is a graph illustrating capacitance vs. gate 
Voltage regarding the through-silicon Vias implemented 
within embodiments of the present invention. 

DETAILED DESCRIPTION 

0024. It is desirable to have an n+ epitaxy layer within an 
eDRAM, without the increased parasitic capacitance for the 
through-silicon-via (TSV) structures. Embodiments of the 
present invention provide semiconductor devices including 
n+ epitaxy layers and alternative ways for reducing the TSV 
capacitance. FIG. 4 is a diagram illustrating a through-silicon 
via and a deep trench isolation structure for a semiconductor 
device that can be implemented within embodiments of the 
present invention. As shown in FIG. 4, a semiconductor 
device 40 is provided. A semiconductor substrate 42 is 
formed. The semiconductor substrate 42 is formed of a low 
dopant concentration (e.g., a p-layer). The semiconductor 
substrate 42 may be formed of silicon (Si), but is not limited 
hereto and may beformed of any semiconductor material. An 
epitaxy layer 43 (e.g., an n+ epitaxy layer) is formed on the 
semiconductor Substrate 42 and a device layer 44 is formed on 
the epitaxy layer 43. According to an embodiment of the 
present invention, the n+ epitaxy layer 43 is formed of a 
predetermined thickness usually ranging from approximately 
1 micrometer to approximately 10 micrometers. Further, the 
n+ epitaxy layer 43 has a doping level above approximately 
1x1019 atoms/cm3. 
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0025 A through-silicon via (TSV) is also formed within 
the semiconductor substrate 42. As shown in FIG. 4, a trench 
45 is etched through the substrate 42 using a reactive ion etch 
(RIE) process, for example. According to an embodiment of 
the present invention, the trench 45 is between approximately 
2 micrometers and approximately 10 micrometers in diam 
eter and a depth in the range of approximately 20 micrometer 
to 50 micrometers. 

(0026. The trench 45 is then lined with a dielectric layer 46 
for isolation purposes. According to an embodiment of the 
present invention, the dielectric layer 46 may be formed of 
silicon dioxide (SiO2) or silicon nitride (SiN), for example, 
and may have a thickness of between approximately 50 
nanometers (nm) to approximately 100 nanometers (nm). The 
trench 45 is then filled with an electrically conductive mate 
rial Such as copper or tungsten, for example, to thereby form 
a TSV conductor 47. Depending on the requirements of the 
process flow, the formation and filling of the trench can be 
performed before or after other devices are formed as known 
in the art. According to this embodiment of the present inven 
tion, a deep trench isolation structure 48 surrounds the TSV 
conductor 47. That is, the deep trench isolation structure 48 is 
formed as a ring around the TSV conductor 47. As shown in 
FIG.4, region 43a of the n+ epitaxy layer between the deep 
trench isolation structure 48 and the TSV conductor 47 is 
electrically isolated from any signals applied to the semicon 
ductor device 40, therefore the TSV capacitance cannot go to 
inversion mode since there is no source to supply minority 
carriers (i.e., electrons). Hence, at high frequencies e.g., 
above approximately 10 kHz and thus for any practical pur 
pose the TSV capacitance operates in the depletion mode and 
not inversion mode. Further, the region 43a of the epitaxy 
layer 43 is formed of a predetermined thickness ranging from 
approximately 1 micrometer to approximately 10 microme 
ters. The present invention is not limited to the use of a deep 
trench isolation structure as shown in FIG. 4 to reduce para 
sitic capacitance. Other embodiments of the present invention 
will now be described below with reference to FIGS. 5 
through 8. 
0027 FIG. 5 is a diagram illustrating a through-silicon via 
and an isolating through-silicon via for a semiconductor 
device 50 that can be implemented within alternative embodi 
ments of the present invention. As shown in FIG. 5, a semi 
conductor substrate 52 is formed. An n-- epitaxy layer 53 is 
formed on the semiconductor substrate 52. A device layer 54 
is then formed on the n+ epitaxy layer 53. A plurality of 
trenches 55 and 56 are etched within the semiconductor Sub 
strate 52 using an etching process. These trenches 55 and 56 
are then lined with a dielectric layer 57. The trench 55 is filled 
with an electrically conductive material to form a signal TSV 
58. The trench 56 is also filled with the conductive material 
and used to form an isolating TSV 59 surrounding the TSV 
conductor 58. Therefore, similar to FIG.4, a region 53a of the 
n+ epitaxy layer 53 between the isolating TSV 59 and the 
signal TSV 58 is electrically isolated to prevent the TSV 
capacitance from going to inversion mode. According to an 
embodiment of the present invention, the region 53a of the n+ 
epitaxy layer 53 is formed of a predetermined thickness rang 
ing from approximately 1 micrometer to approximately 10 
micrometers. The isolating TSV 59 is preferably grounded to 
reduce the noise coupling between different devices and sig 
nal TSV 58. However, it can be kept floating if desired. As 
shown in FIG. 5, according to an embodiment of the present 
invention, the isolating TSV 59 is of a length and width 
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comparable to that the signal TSV 58. However, the present 
invention is not limited to the isolating TSV 59 being of a 
particular length or width. An alternative embodiment of the 
isolating TSV 59 will now be discussed with reference to FIG. 
6 

0028 FIG. 6 is a diagram illustrating a through-silicon via 
and an isolating through-silicon via for a semiconductor 
device 60that can be implemented within alternative embodi 
ments of the present invention. As shown in FIG. 6, a semi 
conductor substrate 62 is provided. An n-- epitaxy layer 63 is 
formed on the semiconductor substrate 62. A device layer 64 
is then formed on the n+ epitaxy layer 63. A plurality of 
trenches 65 and 66 are etched through the semiconductor 
Substrate 62 using an etching process. According to an 
embodiment of the present invention, the trench 66 is etched 
narrower than that of the trench 65 and is thus has less depth 
due to loading effect in the etch process. A dielectric liner 67 
is then formed within each trench 65 and 66. An electrically 
conductive material is then deposited within the trench 65 to 
form a signal TSV 68. An isolating TSV 69 is formed within 
the trench 66. The isolating TSV 69 has the same effect as that 
shown in FIG. 5. That is, a region 63a of the n+ epitaxy layer 
63 is electrically isolated to prevent an increase in parasitic 
capacitance when voltage is applied to the signal TSV 68. 
Since the isolating 69 (in FIG. 6) is made narrower than the 
isolating TSV 59 (in FIG. 7) it adds less area penalty. Yet, it 
has similar effect in preventing the TSV capacitance from 
operating in the inversion mode and thus reduces the parasitic 
capacitance. 
0029 FIG. 7 is a diagram illustrating a through-silicon via 
and a p-doped layer formed beneath the n+ epitaxy layer in a 
semiconductor device 70 that can be implemented within 
alternative embodiments of the present invention. As shown 
in FIG. 7, a semiconductor substrate 71 formed of a low 
dopant concentration (e.g., a p-layer) is provided. A p-doped 
layer 72 formed on the semiconductor substrate 71. An n-- 
epitaxy layer 73 is formed on the p-doped layer 72 and a 
device layer 74 is formed on the n+ epitaxy layer 73. A 
through-silicon via is formed within the semiconductor Sub 
strate 71. The through-silicon via is formed by etching a 
trench 75 through the semiconductor substrate 71 and depos 
iting a dielectric layer 76 to form a liner on the sidewalls 
within the trench 75. The trench 75 is then filled with an 
electrically conductive material to form a through-silicon via 
conductor 77. According to an embodiment of the present 
invention, the p-doped layer 72 is formed without been deac 
tivated by the n+ diffusion. Further, the p-doped layer 72 is 
formed of a higher dopant concentration than the semicon 
ductor substrate 71, thereby increasing a threshold voltage of 
the semiconductor device and decreasing the parasitic capaci 
tance (as depicted in FIG. 11 (line 95)). According to an 
embodiment of the present invention, the p-doped layer 72 is 
of a predetermined width ranging from approximately 200 
nanometer to approximately 2 micrometer and includes a 
doping concentration of 1x1018 atoms/cm3 or greater. 
According to an embodiment of the present invention, it is not 
necessary for the p-doped layer to be formed over the entire 
surface of the semiconductor substrate in order to increase the 
threshold voltage. An alternative embodiment will now be 
discussed below with reference to FIG. 8. 
0030 FIG. 8 is a diagram illustrating a through-silicon via 
and an implanted p-doped region beneath the n+ layer and 
adjacent to the through-silicon via in a semiconductor device 
80 that can be implemented within alternative embodiments 
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of the present invention. As shown in FIG. 8, a semiconductor 
substrate 81 is provided. The semiconductor substrate is 
formed of a low dopant concentration. An n-- epitaxy layer 82 
is formed on the semiconductor substrate 81 and a device 
layer 83 is formed on the n+ epitaxy layer. A through-silicon 
via is then formed by etching a trench 85 through the semi 
conductor substrate 81 and depositing a dielectric layer 86 to 
form a liner on sidewalls surfaces within the trench 85. The 
trench 85 is then filled with an electrically conductive mate 
rial to form a through-silicon via conductor 87. A p-doped 
region 90 implanted beneath the n+ epitaxy layer and adjacent 
to the through-silicon via conductor 87 and formed of a higher 
dopant concentration than that of the semiconductor Substrate 
81, to increase threshold voltage of the semiconductor device 
and in turn lower the parasitic capacitance. According to an 
embodiment of the present invention, p-doped region 90 is of 
a predetermined width ranging from approximately 200 
nanometer to approximately 2 micrometer and includes a 
doping concentration of 1x1018 atoms/cm3 or greater. Meth 
ods for implanting the p-doped region 90 will be discussed 
below with reference to FIGS. 9 and 10. 

0031. As shown in FIGS. 9 and 10, the p-doped region 90 
is formed by forming a photo resist layer 84 on the device 
layer and performing angled implantation of p-dopants after 
the trench 85 is formed. The implantation is performed from 
various angles, at least four different angles (the so-called 
“quad” implant), for example, 0°, 90°, 180°, and 270°. Other 
“quad” implant direction, such as 45°, 135°, 225, 315° can 
be also used. The implantation of the p dopants is formed at a 
predetermined implantation depth A just beneath the n+ 
epitaxy layer 82 by propertilting of the implant. According to 
an embodiment of the present invention, the p dopants may 
comprise boron (B) or indium (In), for example. In FIG.9, the 
implantation of p-dopants is performed prior to depositing the 
dielectric layer 86 within the trench 85. In FIG. 10, the 
implantation of p-dopants is performed after depositing the 
dielectric layer 86 within the trench 85. In both cases a “dif 
fusion-less' process is used to activate the p doping without 
causing significant diffusion of the n+ doping from the n+ 
epitaxy layer 82 into the p-doped region. This can be done by 
annealing at low temperatures so that the n+ dopants do not 
diffuse or by a laser annealing, for example. 
0032 FIG. 11 is a graph 100 illustrating capacitance vs. 
gate Voltage regarding the through-silicon Vias implemented 
within embodiments of the present invention. As shown in 
FIG. 11, and discussed above with reference to FIG. 2, the 
semiconductor device having an n+ epitaxy layer shows 
increased parasitic capacitance (as indicated by line 90). The 
use of an n+ epitaxy and ap doped layer or region adjacent to 
the through-silicon via and having a dopant concentration 
higher than that of the semiconductor Substrate increasing the 
threshold Voltage while decreasing the parasitic capacitance. 
0033. Thus, embodiments of the present invention provide 
a way to use n+ epitaxy layer within eIDRAM technology, for 
example, while reducing parasitic capacitance. By preventing 
the TSV capacitance from operating in the inversion mode, 
these embodiments also remove the Voltage and frequency 
dependency of the TSV capacitance and simplify the device 
modeling. 
0034. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
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It will be further understood that the terms “comprises” and/ 
or “comprising, when used in this specification, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, element components, and/or groups thereof. 
0035. The corresponding structures, materials, acts, and 
equivalents of all means or step plus function elements in the 
claims below are intended to include any structure, material, 
or act for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principles of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. 
0036. The flow diagrams depicted herein are just one 
example. There may be many variations to this diagram or the 
steps (or operations) described therein without departing 
from the spirit of the invention. For instance, the steps may be 
performed in a differing order or steps may be added, deleted 
or modified. All of these variations are considered a part of the 
claimed invention. 

0037. While the preferred embodiment to the invention 
had been described, it will be understood that those skilled in 
the art, both now and in the future, may make various 
improvements and enhancements which fall within the scope 
of the claims which follow. These claims should be construed 
to maintain the proper protection for the invention first 
described. 

What is claimed is: 
1. A semiconductor device comprising: 
an epitaxy layer formed on a semiconductor Substrate; 
a device layer formed on the epitaxy layer, 
a trench formed within the semiconductor substrate and 

including a dielectric layer forming a liner within the 
trench and a conductive core forming a through-silicon 
via conductor; and 

a deep trench isolation structure formed within the sub 
strate and Surrounding the through-silicon via conductor 
whereina region of the epitaxy layer formed between the 
through-silicon via conductor and the deep trench isola 
tion structure is electrically isolated from any signals 
applied to the semiconductor device. 

2. The semiconductor device of claim 1, wherein the region 
of the epitaxy layer is formed of a predetermined thickness 
ranging from approximately 1 micrometer to approximately 
10 micrometers. 

3. The semiconductor device of claim 1, wherein the epit 
axy layer is an n+ epitaxy layer. 

4. The semiconductor device of claim 3, wherein the epit 
axy layer has a doping level of about 1x1019 atoms/cm3 or 
greater. 

5. A semiconductor device comprising: 
an epitaxy layer formed on a semiconductor Substrate; 
a device layer formed on the epitaxy layer, 
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a trench formed within the semiconductor substrate and 
including a dielectric layer forming a liner within the 
trench and a conductive core forming a through-silicon 
via conductor, and 

an isolating through-silicon via formed within the Substrate 
and Surrounding the through-silicon via conductor 
whereina region of the epitaxy layer formed between the 
through-silicon via conductor and the grounded 
through-silicon via is electrically isolated from any sig 
nals applied to the semiconductor device. 

6. The semiconductor device of claim 5, wherein the 
through-silicon via conductor and the isolating through-sili 
con via are of a same length and width. 

7. The semiconductor device of claim 5, wherein the 
through-silicon via conductor is of a larger length and width 
than that of the isolating through-silicon Via. 

8. The semiconductor device of claim 5, wherein the region 
of the epitaxy layer is formed of a predetermined thickness 
ranging from approximately 1 micrometer to approximately 
10 micrometers. 

9. The semiconductor device of claim 5, wherein the epit 
axy layer is an n+ epitaxy layer. 

10. The semiconductor device of claim 9, wherein the 
epitaxy layer has a doping level above approximately of about 
1x1019 atoms/cm3 or greater. 

11. A semiconductor device comprising: 
a p-doped layer formed on a semiconductor Substrate and 

comprising a higher dopant concentration than that of 
the semiconductor Substrate; 

an epitaxy layer formed on the p-doped layer; 
a device layer formed on the epitaxy layer, and 
a trench formed within the semiconductor substrate and 

including a dielectric layer forming a liner within the 
trench and a conductive core forming a through-silicon 
via conductor. 

12. The semiconductor device of claim 11, wherein the 
p-doped layer is of a predetermined width ranging from 
approximately 200 nanometer to approximately 2 microme 
terand includes a doping concentration of 1x1018 atoms/cm3 
or greater. 

13. A semiconductor device comprising: 
an epitaxy layer formed on a semiconductor Substrate; 
a device layer formed on the epitaxy layer, 
a trench formed within the semiconductor substrate and 

including a dielectric layer forming a liner within the 
trench and a conductive core forming a through-silicon 
via conductor, and 

a p-doped region implanted beneath the epitaxy layer and 
adjacent to the through-silicon via conductor and the 
semiconductor Substrate and comprising a higher 
dopant concentration than that of the semiconductor 
Substrate. 

14. The semiconductor device of claim 13, wherein the 
p-doped region is of a predetermined width ranging from 
approximately 200 nanometer to approximately 2 microme 
ters and includes a doping concentration of 1x1018 atoms/ 
cm3 or greater. 

15. A method comprising: 
forming an epitaxy layer on a semiconductor Substrate; 
forming a trench having a dielectric liner and conductive 

core within the trench to form a through-silicon via 
conductor, and 

implanting a p-doped region beneath the epitaxy layer and 
adjacent to the through-silicon via conductor. 
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16. The method of claim 15, wherein, the p-doped region is 
formed by performing angled implantation p dopants. 

17. The method of claim 16, wherein the p dopants com 
prise boron (B) or Indium (In). 

18. The method of claim 16, wherein the angled implanta 
tion is performed after the trench is formed and prior to 
forming the dielectric liner within the trench. 
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19. The method of claim 16, wherein the angled implanta 
tion is performed after the trench and the dielectric liner are 
formed. 

20. The method of claim 16, wherein the angled implanta 
tion is performed from at least four different angles. 

c c c c c 


