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(57) Abstract: A semiconductor device structure and a method for manufacturing the same are provided. The semiconductor de-
vice structure includes a semiconductor substrate having a device area and a virtual area, the virtual area being located at an edge
of the semiconductor substrate; a first conductive plug and a second conductive plug, wherein the first conductive plug is provid-
ed in the virtual area and electrically connected to the substrate; a metal layer disposed in contact with the first and second plugs
to provide a conductive path; wherein the first conductive plug, the second conductive plug, and metal layer form an interconnec-
tion line structure electrically grounded through a portion of the substrate in the virtual area via the first conductive plug.
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SEMICONDUCTOR DEVICE STRUCTURE AND METHOD FOR
MANUFACTURING THE SAME

Field of the Disclosure

[0001] The present disclosure relates to the field of manufacturing a semiconductor
device and, more particularly, to a semiconductor device structure in which accumulated
charges are released by a virtual conductive plug connected with a semiconductor

substrate, and a method for manufacturing the same.

Background of the Disclosure

[0002] Along with rapid development of Ultra Large Scale Integration (ULSI)
technologies, miniaturization of the layout design principle of a semiconductor device
has been continuously advancing, the number of integrated elements has been increasing,
the wiring of a large scale integrated circuit has been increasingly complicated, and the
metal wiring has become finer, thinner and narrower. In this case, attention has been
paid to a multilayer interconnection formed, in part, by deposition of a conductive plug in
a contact hole as one interconnection technology playing a role in improving a product

yield.

[0003] In a common interconnection line process used during existing manufacturing of
a semiconductor product, a conductive plug is formed to interconnect metal lines at

respective layers, which is outlined below.

[0004] Referring to Figure 1, a semiconductor substrate 1 includes a first insulation
layer 2 with trenches 3 formed by etching, with the first insulation layer 2 and the
trenches 3 provided on a surface of the semiconductor substrate 1. The semiconductor
substrate 1 may be either a logic structure with layers of metal lines or a metal line layer
on the surface of a layer of logic structure, and the first insulation layer 2 electrically
isolates the current of the generated semiconductor product so that it flows only through

an interconnection line.

[0005] Referring to Figure 2, the trenches 3 are filled up with a conductive substance
layer to form first conductive plugs 4, wherein the material of the conductive substance
may be tungsten, copper, etc. The first conductive plugs 4 are connected with the logic
structure with layers of metal lines or with the metal line layer on the surface of a layer of
logic structure, both of which may be formed in the semiconductor substrate 1. A
process of forming the first conductive plugs 4 is as follows. The conductive substance

layer is deposited (not shown) on the surface of the first insulation layer 2 to fill up the
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trenches 3 with the conductive substance layer, using a chemical vapor deposition method.
Next, the conductive substance layer on the surface of the first insulation layer 2 is
removed using a chemical mechanical polishing method to leave only the conductive

substance layer in the trenches 3.

[0006] Referring to Figure 3, first metal wiring layers 5, comprising a material of
aluminum or copper, etc., are deposited on the surface of the first insulation layer 2 to
cover the first conductive plugs 4. The first metal wiring layers 5 are isolated by first
medium layers 6, where the first metal wiring layers 5 and the first medium layers 6 have

the same thickness.

[0007] Referring to Figure 4, a second insulation layer 7 is deposited on the first metal
wiring layers 5 and the first medium layers 6. The second insulation layer 7 is etched to
form trenches therein traversing the thickness thereof to expose the first metal wiring
layers 5. Using a chemical vapor deposition method, a conductive substance is
deposited on the second insulation layer 7 to fill up the trenches with the conductive
substance. Using a chemical mechanical polishing method, the conductive substance
layer on the second insulation layer 7 is removed to leave only the conductive substance
in the trenches. Thus, second conductive plugs 8 are formed, connected with the first
metal wiring layers 5. Second metal wiring layers 9, comprising a material of aluminum,
copper, etc., are deposited on the surface of the second insulation layer 7 to cover the
second conductive plugs 8. The second metal wiring layers 9 are isolated by second
medium layers 10, where the second metal wiring layers 9 and the second medium layers

10 have the same thickness.

[0008] More information on the foregoing process flow can be found in Chinese Patent
Application No. 03109677.8.

[0009] In the existing process of forming an interconnection line(s) discussed above,
plasma etching used for forming conductive plugs may result in residual charges being
accumulated gradually in the metal wiring layers, and a discharging phenomenon may be
induced under some conditions. Therefore, a discharging phenomenon between the
metal wiring layers and the semiconductor substrate may arise during a subsequent test

process, resulting in a failure of the test.

Summary of the Disclosure

[0010] A semiconductor device structure and a method for manufacturing the same for
preventing residual charges due to plasma etching from being gradually accumulated

within metal wiring layers during formation of a conductive plug through etching is
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provided.

[0011] A semiconductor device structure, including a semiconductor substrate having a
device area and a virtual area, the virtual area being located at an edge of the
semiconductor substrate; a first conductive plug and a second conductive plug, wherein
the first conductive plug is provided in the virtual area and electrically connected to the
substrate; a metal layer disposed in contact with the first and second plugs to provide a
conductive path therebetween; wherein the first conductive plug, the second conductive
plug, and metal layer form an interconnection line structure electrically grounded through

a portion of the substrate in the virtual area via the first conductive plug.

[0012] Optionally, the material of the metal layer is copper or aluminum. The metal

layer is formed using an electroplating method or a chemical vapor deposition method.

[0013] Optionally, the material of the insulation layer is silicon dioxide or doped silicon
oxide. The thickness of the insulation layer is less than 10000A. The insulation layer is

formed using chemical vapor deposition method.

[0014] A method for manufacturing a semiconductor device structure, includes forming
a first conductive plug and a second conductive plug, wherein the first conductive plug is
provided in a virtual area located at an edge of a semiconductor substrate and electrically
connected to the substrate; forming a metal layer disposed in contact with the first and
second plugs to provide a conductive path therebetween; wherein the first conductive
plug, the second conductive plug, and metal layer form an interconnection line structure
electrically grounded through a portion of the substrate in the virtual area via the first

conductive plug.
[0015]  Optionally, the material of the metal layer is copper or aluminum.

[0016] Optionally, the material of the insulation layer is silicon dioxide or doped silicon
oxide. The thickness of the insulation layer is less than 10000A.

[0017] A semiconductor device structure, including a semiconductor substrate having a
device area and a virtual area, the virtual area being located at an edge of the
semiconductor substrate; a first conductive plug and a second conductive plug, wherein
the first conductive plug is provided in the virtual area and electrically connected to the
substrate; a first insulating layer provided on the substrate surface and between the first
and second conductive plugs; a metal layer disposed in contact with the first and second
plugs to provide a conductive path therebetween; a second insulating layer formed on the
metal layer; wherein the first conductive plug passes through the first and second

insulating layers to provide the electrical connection to the substrate, and the first
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conductive plug, the second conductive plug, and metal layer form an interconnection
line structure electrically grounded through a portion of the substrate in the virtual area

via the first conductive plug.

[0018] A method for manufacturing a semiconductor device structure, including
forming a first conductive plug and a second conductive plug, wherein the first
conductive plug is provided in a virtual area located at an edge of a semiconductor
substrate and electrically connected to the substrate; forming a first insulating layer
provided on the substrate surface and between the first and second conductive plugs;
forming a metal layer disposed in contact with the first and second plugs to provide a
conductive path therebetween; forming a second insulating layer formed on the metal
layer; wherein the first conductive plug passes through the first and second insulating
layers to provide the electrical connection to the substrate, and the first conductive plug,
the second conductive plug, and metal layer form an interconnection line structure
electrically grounded through a portion of the substrate in the virtual area via the first

conductive plug.

[0019] Any of the metal wiring layers are extended into a virtual area for direct
connection with a semiconductor substrate in the virtual area through a virtual conductive
plug in an insulation layer. The semiconductor substrate has a function of grounding,
and the direct connection of the metal wiring layers with the semiconductor substrate can
release charges accumulated in the metal wiring layers and the insulation layer during
etching to thereby avoid both a crystal lattice defect and device damage due to the

residual charges.

Brief Description of the Drawings

[0020] Figure 1 to Figure 4 are schematic diagrams of manufacturing an interconnection

line structure in the prior art;

[0021] Figure 5 is a flow chart of an embodiment of manufacturing a semiconductor

device structure including an interconnection line structure according to the invention;

[0022] Figure 6 to Figure 9 are schematic diagrams of a first embodiment of forming an

interconnection line structure according to the invention; and

[0023] Figure 10 to Figure 13 are schematic diagrams of a second embodiment of

forming an interconnection line structure according to the invention.
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Detailed Description of Embodiments

[0024] In order to address one or more of the above discussed problem, methods and
apparatuses that extend metal wiring layers into a virtual area to provide a direct
connection with the semiconductor substrate in the virtual area through a virtual
conductive plug in an insulation layer are provided. Such apparatuses and methods
provide for a semiconductor substrate with a grounding function. This direct connection
of the metal wiring layer with the semiconductor substrate can provide a release of
charges accumulated in the metal wiring layer and the insulation layer during etching to

avoid both a crystal lattice defect and device damage due to the residual charges.

[0025] Figure 5 is a flow chart of an embodiment of manufacturing a semiconductor
device structure including an interconnection line structure. Step S11 is performed to
prepare a semiconductor substrate divided into a device area and a virtual area, which is
located at an edge of the semiconductor substrate. Step S12 provides for several
alternately formed insulation layers. The alternately formed insulation layers are
provided with conductive plugs in the device area and in the virtual area, which are
formed to traverse the thickness thereof, and several metal wiring layers provided on the
semiconductor substrate. In step S13, the respective metal wiring layers are connected
to conductive plugs in the device area, such that the metal wiring layers directly connect

with the semiconductor substrate through the conductive plugs in the virtual area.

[0026] Various embodiments will be discussed hercinafter with reference to the

drawings.

[0027] Figure 6 to Figure 9 are schematic diagrams of a first embodiment of forming an
interconnection line structure. As illustrated in Figure 6, a semiconductor substrate 100
is prepared, which may be either a logic structure with layers of metal lines or a metal line
layer on the surface of a layer of logic structure. The semiconductor substrate 100 is
divided into a device area II, and a virtual area I which is located at an edge of the
semiconductor substrate 100. A first insulation layer 102 is formed on the surface of the
semiconductor substrate 100. The first insulation layer 102 may, for example, be formed
having a thickness of less than 10000A. The first insulation layer 102 may be formed
using, for example, a chemical vapor deposition method. In the present embodiment, the
material of the first insulation layer 102 may be silicon oxide. Alternatively, the first
insulation layer 102 may be formed of doped silicon oxide. One or more first trenches
103 traversing the thickness of the first insulation layer 102 are formed in the device area
I, and one or more other first trenches 103 traversing the thickness of the first insulation

layer 102 are formed in the virtual area I. The number and arrangement of trenches 103
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illustrated in Figure 6 is exemplary only. It will now be apparent to one of ordinary skill
in the art that the multiple trenches 103 may be provided to the substrate 100 as a different
number with a different arrangement, without departing from the scope of the discussion

herein. For example, more than one trench 103 may be provided in virtual area 1.

[0028] With reference to Figure 6, the first insulation layer 102 provides electric
isolation, so that current of a resulting semiconductor product will flow only through an
interconnection line. A formation process consistent with the above embodiment is as
follows. A photoresist layer (not shown) is spin-coated on the first insulation layer 102
and subject to exposure and development processes to define corresponding first trench
patterns, corresponding to the first trenches 103, on the photoresist layer in the virtual
area [ and the device area II. The first insulation layer 102 is etched using the photoresist
layer as a mask along the trench patterns. For example, a dry etching method may be
used to etch the first insulation layer 102 and expose the semiconductor substrate 100
using the photoresist layer as a mask. For example, C4Fg may be used as the etching gas
for the dry etching method. A dose of the etchant may depend upon the thickness of the

first insulation layer 102.

[0029] Figure 7 illustrates another step in the formation of a semiconductor device
consistent with the first embodiment. As illustrated in Figure 7, the first trenches 203 in
the virtual area I are filled with a conductive substance layer to form first conductive
plugs 104; and the first trenches 203 in the device area II are filled with the same
conductive substance layer to form others of the first conductive plugs 104. The first

conductive plugs 104 provide electrical connections to the substrate 100.

[0030] With further reference to Figure 7, a formation process consistent with the above
described embodiment is described. First, a first conductive substance layer is deposited
(not shown) on the first insulation layer 102 to fill up the first trenches 103 with the first
conductive substance layer. Next, the first conductive substance layer on the first
insulation layer 102 is removed to form the first conductive plugs 104. A chemical
machine polishing method may, for example, be used to form the first conductive plugs
104 from the first conductive substance layer in the first trenches 103. The material of the
first conductive substance layer in the present embodiment may be tungsten, copper, etc.
Tungsten may be deposited, for example, using a physical vapor deposition method,
wherein a solid target of tungsten is bombarded using plasma, so that tungsten is

deposited as a film in the first trenches 103.

[0031] Figure 8 illustrates a further step in the formation of a semiconductor device

consistent with the first embodiment. As illustrated in Figure 8, first metal wiring layers
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105 are provided on the surface of the first insulation layer 102 to cover the first
conductive plugs 104. A part of the first metal wiring layers 105 covers the first
conductive plugs 104 in the virtual area I. First metal wiring layers 105 are isolated by
first medium layers 106, the first medium layers 106 having the same thickness as the first
metal wiring layer 105. First metal wiring layers 105 may comprise, for example,

tungsten, aluminum or copper, etc.

[0032] With further reference to Figure 8, in order to form the first metal wiring layers
105, a first metal layer of a material, for example, tungsten, aluminum or copper, etc, is
formed on the first insulation layer 102 (not shown). The first metal layer may be
formed, for example, using a physical vapor deposition method. A photoresist layer (not
shown) is provided on the surface of the first metal layer. In order to prevent the
photoresist from being stripped due to insufficient adhesion of the photoresist to, for
example, tungsten, an adhesive layer (not shown) may be formed on the surface of the
first metal layer before coating the photoresist, and subsequently the photoresist layer can
be coated on the adhesive layer. A Dielectric Anti-Reflection Coating (DARC) layer,
e.g., SION, may be formed the material of the adhesive layer. Next the photoresist layer
is exposed and developed to form first metal wiring pattern corresponding to the first
metal wiring layers 105. Then the first metal layer is etched using the photoresist layer
as a mask along the first metal wiring pattern to form the first metal wiring layers 105
connected with the first conductive plugs 104. The first metal layer can be etched, for
example, using a reactive ion etching method. The first medium layers 106 are formed
above the first metal wiring layers 105 and in the gaps therebetween. The first medium
layers 106 may be formed, for example, using a chemical vapor deposition method. The
first medium layers 106 on the first metal wiring layers 105 are removed, for example,
using a chemical mechanical polishing, to leave the first medium layers 106 in the gaps

between the first metal wiring layers 105.

[0033] In an alternative embodiment, the first metal wiring layers 105 may comprise
copper. The first medium layers 106 may be formed on the first insulation layer 102
using, for example, a chemical vapor deposition method. A photoresist layer is formed
on the first medium layers 106 using, for example, a spin-coating method, and subjected
to exposure and development processes to define the first metal wiring patterns on the
photoresist layer (not shown). The first medium layers 106 are etched using the
photoresist layer as a mask along the first metal wiring patterns until the first conductive
plugs 104 and a part of the first insulation layer 102 are exposed to form first metal wiring
openings. A first metal layer (not shown) comprised of copper is formed on the first

medium layers 106 using, for example, an electroplating method, to fill up the first metal
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wiring openings with the first metal layer. The first metal layer on the first medium
layers 106 is removed using, for example, a chemical mechanical polishing method that
leaves the first metal layer in the first metal wiring openings, thus forming the first metal

wiring layers 105.

[0034] Figure 9 illustrates yet another step in the formation of a semiconductor device
consistent with the first embodiment. As illustrated in Figure 9, a second insulation
layer 107 is deposited on the first metal wiring layers 105 and the first medium layers 106.
The second insulation layer 107 may have, for example, a thickness of less than 10000A.
Second conductive plugs 108 are formed in the second insulation layer 107 to connect
second metal wiring layers 109 to the first metal wiring layers 105. The second metal
wiring layers 109 are isolated by second medium layers 110. The number and
arrangement of the second conductive plugs 108 is exemplary only. One or more

conductive of the second conductive plugs 108 can be provided.

[0035] With further reference to Figure 9, the method of forming the second insulation
layer 107 is described next. The second insulation layer 107 is etched using, for example,
a dry etching method, to form therein second trenches, corresponding to the second
conductive plugs 108, traversing the thickness thereof to expose the first metal wiring
layers 105. A conductive substance is deposited (not shown) on the second insulation
layer 107 using, for example, a chemical vapor deposition method, to fill up the second
trenches with the conductive substance; and the conductive substance layer on the second
insulation layer 107 is removed using, for example, a chemical mechanical polishing
method, to leave only the conductive substance in the second trenches, thus forming the
second conductive plugs 108 connected with the first metal wiring layers 105. The
second metal wiring layers 109 comprising a material of tungsten, aluminum, or copper,
etc., are deposited on the surface of the second insulation layer 107 to cover the second
conductive plugs 108 with the second metal wiring layers 109 for connection with the
first metal wiring layers 105 through the second conductive plugs 108. The second
metal wiring layers 109 are isolated by the second medium layers 110, the second
medium layers 110 having, for example, the same thickness as second metal wiring layers
109.

[0036] In the present embodiment, the second metal wiring layers 109 may be formed,
for example, of tungsten. A process of formation consistent with such an embodiment
follows. The second metal layer comprising tungsten is formed on the second insulation
layer 107 using, for example, a physical vapor deposition method. A photoresist layer is
provided on the surface of the second metal layer. Next the photoresist layer is exposed

and developed to form second metal wiring patterns. Then the second metal layer is
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etched using the photoresist layer as a mask along the second metal wiring pattern to form
the second metal wiring layers 109 connected with the second conductive plugs 108.
Tungsten can be etched in a reactive ion etching, for example. The second medium
layers 110 are formed on the second metal wiring layers 109 and in the gaps therebetween
in a chemical vapor deposition method, and the second medium layers 110 on the second

metal wiring layers 109 are removed in the chemical mechanical polishing.

[0037] Inan alternative embodiment, the second metal wiring layers 109 may be formed,
for example, of copper. A process of formation consistent with such an embodiment
follows. The second medium layers 110 are formed on the second insulation layer 107
using, for example, a chemical vapor deposition method. Next, a photoresist layer is
formed on the second medium layers 110, using a spin-coating method, and subject to
exposure and development processes to define the second metal wiring patterns on the
photoresist layer. The second medium layers 110 are etched using the photoresist layer
as a mask along the second metal wiring patterns until the second conductive plugs 108
and a part of the second insulation layer 107 are exposed to form second metal wiring
openings. The second metal layer comprising copper is formed on the second medium
layers 110 by an electroplating method to fill up the second metal wiring openings with
the second metal layer; and the second metal layer on the second medium layers 110 is
removed using, for example, a chemical mechanical polishing method, to leave the

second metal layer in the second metal wiring openings.

[0038] Further to the embodiment, several insulation layers and metal wiring layers
including conductive plugs can also be formed sequentially at an interval on the second

metal wiring layers 109 and the second medium layers 110.

[0039] The respective metal wiring layers in the device area II are connected with the
semiconductor substrate 100 through the first metal wiring layers 105 and the first
conductive plugs 104 in the virtual area I. In such a configuration, the semiconductor
substrate 100 has a grounding function, capable of timely release of charges accumulated
in the metal wiring layers and the insulation layers during formation of the conductive
plugs by etching, thus avoiding both a crystal lattice defect and a device damage due to

the residual charges.

[0040] Figure 10 to Figure 13 are schematic diagrams of a second embodiment of
forming an interconnection line structure. As illustrated in Figure 10, a semiconductor
substrate 200, which may be either a logic structure with layers of metal lines or a metal
line layer on the surface of a layer of logic structure, is provided. The semiconductor

substrate 200 is divided into a device area II, and a virtual area I which is located at an
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edge of the semiconductor substrate. A first insulation layer 202 is formed on the surface
of the semiconductor substrate 200. The insulation layer 202 may be formed using, for
example, a chemical vapor deposition method. The material of the first insulation layer
202 may be formed using, for example, a chemical vapor deposition method. The
material of the first insulation layer 202 may be, for example, silicon oxide or doped
silicon dioxide. First trenches 203 traversing the thickness of the first insulation layer
202 are formed in the device area II, and the first trenches 203 traversing the thickness of
the first insulation layer 202 are also formed in the virtual area I. The number and
arrangement of trenches 203 illustrated in Figure 10 is exemplary only. It will now be
apparent to one of ordinary skill in the art that the substrate 200 may be provided with
trenches 203 different in number and arrangement without departing from the scope of

the discussion herein.

[0041] With reference to Figure 10, the insulation layer 202 provides electric isolation
so that current of a resulting semiconductor product will flow only through an
interconnection line. A formation process consistent with the above embodiment is as
follows. A photoresist layer (not shown) is spin-coated on the first insulation layer 202
and subject to exposure and development processes to define corresponding first trench
patterns, corresponding to the first trenches 203, in the virtual area [ and the device area I1.
The first insulation layer 202 is etched using the photoresist layer as a mask along the
trench patterns until the semiconductor substrate 200 is exposed. The first insulation
layer 202 may be etched, for example, using a dry etching method. A corresponding
etching gas may be selected based on the material of the first insulation layer 202. For
example, C4Fg may be used if the first insulation layer is provided as silicon oxide. A
dose of the etchant may depend upon the thickness of the first insulation layer 202.

[0042] Figure 11 illustrates another step in the formation of a semiconductor device
consistent with the second embodiment. As illustrated in Figure 11, the first trenches
203 in the virtual area I are filled with a first conductive substance layer to form first
conductive plugs 204; and the first trenches 203 in the device area II are filled with the
conductive substance layer to form the first conductive plugs 204 therein. The first

conductive plugs 204 provide an electrical connection to the substrate 200.

[0043] The material of the first conductive substance layer in the present embodiment
may be tungsten or copper, etc. Tungsten may be deposited, for example, using a
physical vapor deposition method, wherein a solid target of tungsten is bombarded using
plasma, so that tungsten is deposited as a film in the first trenches 203. Then the first
conductive substance layer on the first insulation layer is removed by, for example, a

chemical mechanical polishing method to leave the first conductive substance layer in the
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first trenches 203.

[0044] Figure 12 illustrates another step in the formation of a semiconductor device
consistent with the second embodiment. As illustrated in Figure 12, first metal wiring
layers 205 comprising, for example, a material of tungsten, aluminum or copper, etc., are
deposited on the surface of the first insulation layer 202 to cover the first conductive
plugs 204 with the first metal wiring layers 205. The first metal wiring layers 205 are
isolated by first medium layers 206 with the same thickness. A part of the first metal

wiring layers 205 covers the first conductive plugs 204 in the virtual area I.

[0045]  Specific methods for forming the first metal wiring layers 205 of different
materials have been described in the first embodiment, and repeated descriptions thereof

will be omitted here.

[0046] Figure 13 illustrates yet another step in the formation of the semiconductor
device consistent with the second embodiment. As illustrated in Figure 13, a second
insulation layer 207 is formed on the first metal wiring layers 205 and the first medium
layers 206. The second insulation layer 207 may be formed, for example, having a
thickness of less than 10000A. Second conductive plugs 208a and third conductive
plugs 208b are provided in connection with second metal wiring layers 209. The second
metal wiring layers 209 may comprise, for example, a material of tungsten, aluminum or
copper, etc. The second metal wiring layers 209 are provided on the second insulating
layer 207 with portions of the second metal wiring layers 209 provided in contact with the
second conductive plugs 208a and the third conductive plugs 208b. The second metal
wiring layers 209 in the device area II are connected with the first metal wiring layers 205
through the second conductive plugs 208a and the second metal wiring layers 209 in the
virtual area I are connected with the semiconductor substrate 200 through the third
conductive plugs 208b. The second conductive plugs 208a in the device area II are
formed connected with the first metal wiring layers 205 and the third conductive plugs
208b in the virtual area I are formed connected with the semiconductor substrate 200.
The second metal wiring layers 209 are isolated by second medium layers 210. The
second metal wiring layers 209 and the second medium layers 210 may, for example,
have the same thickness. It will now be apparent to one of ordinary skill in the art that
although only one example of the third conductive plugs 208b is illustrated in Figure 13,
other plugs 208b may also be provided in the virtual area I in other portions of the
substrate 200.

[0047] With further reference to Figure 13, a formation process consistent with the
above embodiment is as follows. The second insulating layer 207 is formed on the first
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metal wiring layers 205 and the first medium layers 206. The second insulation layer
207 in the device area II is etched using, for example, a dry etching method to form
therein second trenches, corresponding to the second conductive plugs 208a, traversing
the thickness of the second insulating layer 207 to expose the first metal wiring layers 205.
The second insulation layer 207, the first medium layers 206 and the first insulation layer
202 in the virtual area I are etched using, for example, the dry etching method until the
semiconductor substrate 200 is exposed to form third trenches, corresponding to the third
conductive plugs 208b. A conductive substance is deposited (not shown) on the second
insulation layer 207 using, for example, a chemical vapor deposition method, to fill up the
second and third trenches with the conductive substance. The conductive substance
layer on the second insulation layer 207 is removed using, for example, a chemical
mechanical polishing method, to leave only the conductive substance in the second and
third trenches, thus forming the second conductive plugs 208a in the device area II
connected with the first metal wiring layers 205 and the third conductive plugs 208b in

the virtual area I connected with the semiconductor substrate 200.

[0048] Specific methods for forming the second metal wiring layers 209 of different
materials have been described in the first embodiment, and repeated descriptions thereof

will be omitted here.

[0049] The metal wiring layers 205 and 209 in the device area II are connected with the
semiconductor substrate 200 through the first metal wiring layers 205 and the first
conductive plugs 204 in the virtual area I, and also may be connected to the substrate 200
through the second metal wiring layers 209 and the third conductive plugs 208b in the
virtual area I. The semiconductor substrate 200 has a function of grounding, thus
releasing charges accumulated in the metal wiring layers and the insulation layers during
formation of the conductive plugs through etching, and thereby avoids both a crystal

lattice defect and a device damage due to the residual charges.

[0050]  Further to this embodiment, several insulation layers including conductive plugs
and metal wiring layers can also be formed sequentially at an interval on the second metal
wiring layers 209 and the second medium layers 210. FEach of the metal wiring layers
205 and 209 can be directly connected with the semiconductor substrate 200 through the

conductive plugs.

[0051] Although the invention has been disclosed as above in the preferred
embodiments thereof, the invention will not be limited thereto. Any skilled in the art can
make various modifications and variations thereto without departing from the spirit and

scope of the invention, and accordingly the claimed scope of the invention shall be
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CLAIMS
1. A semiconductor device structure, comprising:

a semiconductor substrate having a device area and a virtual area, the virtual area

being located at an edge of the semiconductor substrate;

a first conductive plug and a second conductive plug, wherein the first

conductive plug is provided in the virtual area and electrically connected to the substrate;

a metal layer disposed in contact with the first and second plugs to provide a

conductive path therebetween,;

wherein the first conductive plug, the second conductive plug, and metal layer
form an interconnection line structure electrically grounded through a portion of the

substrate in the virtual area via the first conductive plug.

2. The semiconductor device structure according to claim 1, wherein the metal

layer is copper or aluminum.

3. The semiconductor device structure according to claim 1, further comprising:

an insulating layer provided between the first conductive plug and the second

conductive plug,

wherein the insulation layer is formed of silicon dioxide or doped silicon oxide.

4. The semiconductor device structure according to claim 3, wherein the
thickness of the insulation layer is less than 10000A.

5. A method for manufacturing a semiconductor device structure, comprising:

forming a first conductive plug and a second conductive plug, wherein the first
conductive plug is provided in a virtual area located at an edge of a semiconductor

substrate and electrically connected to the substrate;

forming a metal layer disposed in contact with the first and second plugs to

provide a conductive path therebetween;

wherein the first conductive plug, the second conductive plug, and metal layer
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form an interconnection line structure electrically grounded through a portion of the

substrate in the virtual area via the first conductive plug.

6. The method for manufacturing the semiconductor device structure according

to claim 5, wherein the metal layer is copper or aluminum.

7. The method for manufacturing the semiconductor device structure according
to claim 5 or 6, wherein the metal layer is formed using an electroplating method or a

chemical vapor deposition method.

8. The method for manufacturing the semiconductor device structure according

to claim 5, further comprising:

forming an insulating layer between the first conductive plug and the second

conductive plug,

wherein the insulation layer is formed of silicon dioxide or doped silicon oxide.

9. The method for manufacturing the semiconductor device structure according

to claim 8, wherein the thickness of the insulation layer is less than 10000A.

10. The method for manufacturing the semiconductor device structure according
to claim 9, wherein the insulation layer is formed using a chemical vapor deposition
method.

11. A semiconductor device structure, comprising:

a semiconductor substrate having a device area and a virtual area, the virtual area

being located at an edge of the semiconductor substrate;

a first conductive plug and a second conductive plug, wherein the first

conductive plug is provided in the virtual area and electrically connected to the substrate;

a first insulating layer provided on the substrate surface and between the first and

second conductive plugs;

a metal layer disposed in contact with the first and second plugs to provide a
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conductive path therebetween,;
a second insulating layer formed on the metal layer;

wherein the first conductive plug passes through the first and second insulating

layers to provide the electrical connection to the substrate, and

the first conductive plug, the second conductive plug, and metal layer form an
interconnection line structure electrically grounded through a portion of the substrate in

the virtual area via the first conductive plug.

12. The semiconductor device structure according to claim 11, wherein the metal

layer is copper or aluminum.

13. The semiconductor device structure according to claim 11, wherein the first

and second insulation layers are formed of silicon dioxide or doped silicon oxide.

14. The semiconductor device structure according to claim 13, wherein the

thickness of the first and second insulation layers is less than 10000A.

15. A method for manufacturing a semiconductor device structure, comprising:

forming a first conductive plug and a second conductive plug, wherein the first
conductive plug is provided in a virtual area located at an edge of a semiconductor

substrate and electrically connected to the substrate;

forming a first insulating layer provided on the substrate surface and between the

first and second conductive plugs;

forming a metal layer disposed in contact with the first and second plugs to

provide a conductive path therebetween;
forming a second insulating layer formed on the metal layer;

wherein the first conductive plug passes through the first and second insulating

layers to provide the electrical connection to the substrate, and

the first conductive plug, the second conductive plug, and metal layer form an
interconnection line structure electrically grounded through a portion of the substrate in

the virtual area via the first conductive plug.
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16. The method for manufacturing the semiconductor device structure according

to claim 15, wherein the metal layer is copper or aluminum.

17. The method for manufacturing the semiconductor device structure according
to claim 15 or 16, wherein the metal layer is formed using an electroplating method or a

chemical vapor deposition method.

18. The method for manufacturing the semiconductor device structure according
to claim 15, wherein the first and second insulation layers are formed of silicon dioxide or

doped silicon oxide.

19. The method for manufacturing the semiconductor device structure according
to claim 18, wherein the thickness of the first and second insulation layers is less than
10000A.

20. The method for manufacturing the semiconductor device structure according
to claim 19, wherein the first and second insulation layers are formed using a chemical

vapor deposition method.



WO 2011/044833 PCT/CN2010/077670

-1/5 -

3 3

N

Figure 1
Prior Art

Figure 2
Prior Art

Figure 3
Prior Art



WO 2011/044833 PCT/CN2010/077670

-2/5 -

Figure 4
Prior Art

prepare a semiconductor substrate divided into a
device area and a virtual area, which is located at [\ S11

the edge of the semiconductor substrate

alternatively forming several insulation layers, in
which conductive plugs in the device area and
conductive plugs in the virtual area are formedto '\, S12
traverse the thickness thereof, and forming several
metal wiring layers sequentially on the

semiconductor substrate

interconnect the respective metal wiring layers
through conductive plugs in the device area and
directly connect any of the metal wiring layers M\~ S13
with the semiconductor substrate through the
conductive plugs in the virtual area
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