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(57) ABSTRACT

A semiconductor device capable of reducing electrical leak-
age generated when a contact hole is misaligned and a
manufacturing method thereof is disclosed. The semicon-
ductor device includes three conductive layers with various
and different portions overlapping each other. The conduc-
tive layers are separated by insulating layers and connected
by contact holes formed in the insulating layers between the
overlapping potions. Thus, electric leakage, caused by mis-
alignment when forming the contact hole to electrically
connect the conductive layers to each other, can be pre-
vented.
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2005-0039534, filed
on May 11, 2005, in the Korean Intellectual Property Office,
the entire content of which is incorporated herein by refer-
ence.

BACKGROUND
[0002]

[0003] The present invention relates to a semiconductor
device and a manufacturing method thereof, and more
particularly, to a semiconductor device capable of reducing
the electrical leakage of a semiconductor device caused
when a contact hole is misaligned and a manufacturing
method thereof.

[0004] 2. Discussion of Related Art

1. Field of the Invention

[0005] Recently, in conjunction with the development of
ever higher density semiconductor devices which provide
greater functionality, various information devices in which
semiconductor devices are installed, such as computers,
mobile phones, personal digital assistants, and the like, have
grown ever more popular. Semiconductors installed in these
information devices are required to have a high operating
speed and a great deal of storage capacity. In order to satisty
these requirements, semiconductor device manufacturing
technology is developing to improve integration, reliability,
and response speed.

[0006] Moreover, as the degree of integration increases
and the size of devices decrease, the distances between
conductive layers forming the semiconductor devices gradu-
ally decrease. At its most basic level, the semiconductor
device includes a plurality of conductive layers formed on a
substrate and a plurality of insulating layers formed between
the conductive layers. In order to form a semiconductor
device with higher density in a more accurate way, a
reduction in the thickness of the conductive layer or a
reduction in the distance between the conductive layers
(e.g., the thickness of the insulating layers) is typically
proposed. However, by reducing the thickness of the con-
ductive layers or the distance between the conductive layers,
formation a contact hole electrically connecting the conduc-
tive layers to each other becomes more difficult.

[0007] Hereinafter, the conventional formation of a con-
tact hole will be described with reference to the accompa-
nying drawings.

[0008] FIG. 1A is a schematic plan view illustrating a
conventional semiconductor device formed with a contact
hole. FIG 1B is an enlarged side view taken along line I-I'
in FIG. 1A. As shown in FIG. 1A and FIG 1B, a semicon-
ductor device 100 includes a plurality of conductive layers
110, 120, and 130 formed on a substrate (not shown), a
plurality of insulating layers 115 and 125 formed between
the conductive layers 110 and 120 and between the conduc-
tive layers 120 and 130, respectively, and a contact hole 140
for electrically connecting a pair of conductive layers among
the conductive layers 110, 120, and 130.
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[0009] As shown in FIG. 1A, on top of the substrate, a
“line-shaped” first conductive layer 110 is formed. When
discussing “line-shaped” or “minus-shaped” conductive lay-
ers throughout the specification, the conductive layers may
be a line segment or a displayed portion of a longer line, and
the length, width, angle, and shape of the conductive layers
are not limited to the sizes, angles, and shapes displayed by
the drawings. Moreover, line-shaped and minus-shaped con-
ductive layers may be shaped similarly, and the nomencla-
ture is adopted only to identify the approximate orientation
of the conductive layers in the drawings. Although not
depicted in the drawings, a buffer layer is generally formed
between the substrate and the first conductive layer 110, and
can act as an insulating layer between the substrate and the
first conductive layer 110. On top of the first conductive
layer 110, a first insulating layer 115 is formed to cover at
least the first conductive layer 110. On top of the first
insulating layer 115, a minus-shaped second conductive
layer 120 overlapped with at least some portion of the first
conductive layer 110, is formed. On top of the second
conductive layer 120, a second insulating layer 125 is
formed to cover at least some of the second conductive layer
120. On top of the second insulating layer 125, a line-shaped
third conductive layer 130 is formed at least partially
overlapping the first conductive layer 110 and the second
conductive layer 120. Within the second insulating layer
125, the contact hole 140 is formed to electrically connect
the second conductive layer 120 to the third conductive layer
130. Thus, the contact hole 140 electrically connects the two
adjacent conductive layers to each other.

[0010] However, when a plurality of conductive layers and
insulating layers between adjacent conductive layers is built
using either a reduction in thickness of the conductive layers
or a reduction in distance between the conductive layers, the
problem shown in FIGS. 2A and 2B may occur. FIG. 2A is
microscopic photograph of a contact hole in an unconven-
tional formation position, and FIG. 2B is an enlarged side
view taken along line II-II' in FIG. 2A. As shown in the
drawings, contact hole 140 is electrically connected to
conductive layers 120 and 130 to which the contact hole 140
must be electrically connected, and contact hole 140 is also
electrically connected to conductive layer 110 to which
contact hole 140 must not be electrically connected. More-
over, as shown in FIGS. 2A and 2B, when the formation
position of the contact hole 140 is such that it is electrically
connected to the conductive layer 110 to which the contact
hole 140 must not be electrically connected, electric leakage
may occur.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0011] Accordingly, it is an aspect of the present invention
to provide a semiconductor device in which the formation of
the contact hole position may not deviate from the two
adjacent conductive layers, which prevents electric leakage
generated by such misalignment, and a manufacturing
method thereof.

[0012] Another aspect is a semiconductor device includ-
ing a first insulating layer formed on a substrate, a first
conductive layer formed on the first insulating layer, a
second insulating layer formed on the first conductive layer,
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a second conductive layer formed on the second insulating
layer and having a first overlapping portion overlapped with
the first conductive layer, a third insulating layer formed on
the second conductive layer, a third conductive layer formed
on the third insulating layer and having a second overlap-
ping portion overlapped with the second conductive layer at
a position different from the position of the first overlapping
portion, and a contact hole formed in either the first over-
lapping portion or the second overlapping portion and
electrically connecting two overlapped conductive layers to
each other. A skilled technologist will recognize that such
layering and formation of further contact holes can continue
as much as needed for the particular device.

[0013] In one embodiment, each of the conductive layers
is line-shaped, minus-shaped, or crank-shaped (e.g., |, |, ],
[, or L) and has at least one extending portion which extends
from the shaped configuration a predetermined width and at
a predetermined angle. In this embodiment, at least one of
the plurality of line-shaped, minus-shaped, or crank-shaped
conductive layers will have at least one extending portion
extended to a predetermined width and having a predeter-
mined angle.

[0014] The diameter of the contact hole preferably should
not exceed the width of the conductive layers.

[0015] Other aspects of the present invention are achieved
by providing a method of manufacturing a semiconductor
device including the steps of forming a first insulating layer
on a substrate, forming a first conductive layer on the first
insulating layer, forming a second insulating layer on the
first conductive layer, forming a second conductive layer on
the second insulating layer and having a first overlapping
portion overlapped with the first conductive layer, forming
a third insulating layer on the second conductive layer,
forming a third conductive layer on the third insulating layer
and having a second overlapping portion overlapped with
the second conductive layer at a position different from the
position of the first overlapping portion, and forming a
contact hole either between the first overlapping portion or
between the second overlapping portion and electrically
connecting two overlapped conductive layers to each other.

[0016] The third conductive layer further includes a third
overlapping portion overlapped with the first conductive
layer at a position different from the first and second
overlapping portions. A contact hole is formed between the
third overlapping portion and electrically connects two
conductive layers to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and/or other aspects and advantages of the
invention will become apparent and more readily appreci-
ated from the following description of the preferred embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

[0018] FIG. 1A is a partial schematic plan view illustrat-
ing a conventional contact hole structure formation;

[0019] FIG. 1B is an enlarged side view taken along line
I-I' in FIG 1A;
[0020] FIG. 2A is a microscopic photograph of the con-

tact hole structure in an unconventional formation position;
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[0021] FIG. 2B is an enlarged side sectional view taken
along the line II-II' in FIG. 2A;

[0022] FIG. 3A is a partial schematic plan view illustrat-
ing a semiconductor device in which a contact hole is
formed according to an embodiment of the present inven-
tion;

[0023] FIG. 3B is an enlarged side view taken along line
II-1IT in FIG. 3A;

[0024] FIG. 4A is a partial schematic plan view illustrat-
ing a semiconductor device in which a contact hole is
formed according to another embodiment of the present
invention;

[0025] FIG. 4B is an enlarged side view taken along line
IV-IV' in FIG. 4A;

[0026] FIG. 5A is a partial schematic plan view illustrat-
ing a semiconductor device in which a contact hole is
formed according to yet another embodiment of the present
invention; and

[0027] FIG. 5B is an enlarged side view taken along line
V-V'in FIG. 5A.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0028] Hereinafter, various embodiments according to
aspects of the present invention will be described with
reference to the accompanying drawings.

[0029] FIG. 3A is a partial schematic plan view illustrat-
ing a semiconductor device in which a contact hole is
formed according to an embodiment. FIG. 3B is an enlarged
side view taken along line III-III' in FIG. 3A.

[0030] As shown in FIG. 3A and FIG. 3B, a semicon-
ductor device 300 includes a buffer layer (not shown)
formed on a substrate (not shown), a first conductive layer
310 formed on the buffer layer, a first insulating layer 315
formed on the first conductive layer 310, a second conduc-
tive layer 320 formed on the first insulating layer 315, a
second insulating layer 325 formed on the second conduc-
tive layer 320, and a third conductive layer 330 formed on
the second insulating layer 325.

[0031] In addition, the first conductive layer 310, formed
on the buffer layer in the embodiment, is minus-shaped, and
the first insulating layer 315 is formed on the first conductive
layer 310. The first insulating layer 315 covers at least some
region of the first conductive layer 310 such that the first
conductive layer 310 does not contact the second and third
conductive layers 320 and 330, respectively. The first insu-
lating layer 315 has at least the same shape as the first
conductive layer 310 in order to provide complete coverage
of conductive layer 310.

[0032] The second conductive layer 320, formed on the
first insulating layer 315, is line-shaped and has a first
overlapping portion 320q partially overlapped with the first
conductive layer 310. The second insulating layer 325,
formed on the second conductive layer 320, covers at least
some region of the second conductive layer 320, and, in this
embodiment, has at least the same shape as that of the
second conductive layer 320 in order to provide complete
coverage of conductive layer 320.
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[0033] The third conductive layer 330, formed on the
second insulating layer 325, is cranked-shaped with at least
one portion extended to a predetermined width and angle.
FIG. 3A depicts a |-type crank-shaped third conductive
layer 330. The third conductive layer 330 includes a second
overlapping portion 330a which is overlapped with the
second conductive layer 320, but is not overlapped with the
first overlapping portion 320aq, as well as a third overlapping
portion 3305 which is overlapped with the first conductive
layer 310, but is not overlapped with the first overlapping
portion 320a or the second overlapping portion 330a.

[0034] Between each of the conductive layers 310, 320,
and 330, contact holes may be formed for electrically
connecting two of the conductive layers 310, 320, and 330
to each other conductive layer. Although formed between
conductive layers, a skilled technologist will recognize that
the contact holes may extend into the conducting layers, for
example as a result of over-etching. FIG. 3A depicts a
contact hole 340 for electrically connecting the second
conductor 320 layer to the third conductive layer 330 in the
second overlapping portion 330a, although one will recog-
nize that other configurations are possible. For example,
contact hole 340 may alternatively be formed in the third
overlapping portion 3305 or the first overlapping portion
320a. The widths of the conductive layers 310, 320, and 330
may be identical or different. The diameter of the contact
hole 340 preferably does not exceed the width of the
overlapped conductive layer portion within which it is
formed. Particularly, when the widths of the overlapped
conductive layers are different from each other, the diameter
of the contact hole 340 preferably does not exceed the width
of the overlapped conductive layers. This is because any
misalignment may lead to etching into areas that should be
insulated from the conductive layers being connected. In
order to avoid unnecessary duplication, a detailed descrip-
tion of structure formation is omitted if it would be identical
to the description provided for by the previously described
embodiment.

[0035] FIG. 4A is a partial schematic plan view illustrat-
ing a semiconductor device in which a contact hole is
formed according to another embodiment of the present
invention. FIG. 4B is an enlarged side view taken along line
IV-IV' in FIG. 4A.

[0036] As shown in FIG. 4A and FIG. 4B, a semicon-
ductor device 400 includes a buffer layer (not shown)
formed on a substrate (not shown), a first conductive layer
410, a first insulating layer 415, a second conductive layer
420, a second insulating layer 425, and a third conductive
layer 430.

[0037] In addition, in this embodiment, the first conduc-
tive layer 410, formed on the buffer layer, is |-type crank-
shaped. The first insulating layer 415 is formed on the first
conductive layer 410 to prevent the first conductive layer
410 from contacting the second conductive layer 420 and the
third conductive layer 430, and to cover the first conductive
layer 410. The second conductive layer 420, formed on the
first insulating layer 415, is |-type cranked-shaped and has
a first overlapping portion 420apartially overlapped with the
first conductive layer 410. The second insulating layer 425
is formed on the second conductive layer 420 to prevent the
second conductive layer 420 from directly contacting the
third conductive layer 430, and to cover the second conduc-
tive layer 420.
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[0038] The third conductive layer 430, formed on either
the first insulating layer 415 or the second insulating layer
425, is minus-shaped in this embodiment. The third con-
ductive layer 430 includes the second overlapping portion
430a which is overlapped with the first conductive layer
410, but is not overlapped with the first overlapping portion
420qa, and the third overlapping portion 4305 which is
overlapped with the second conductive layer 420, but is not
overlapped with the first overlapping portion 420a or the
second overlapping portion 430a.

[0039] Between each of the conductive layers 410, 420,
and 430, a plurality of contact holes may be formed to
electrically connect two of the conductive layers 410, 420,
and 430 to each other. In this embodiment, a contact hole
440 is formed in the first overlapping portion 420a, where
the first conductive layer 410 is overlapped with the second
conductive layer 420, and electrically connects the first
conductive layer 410 to the second conductive layer 420. A
contact hole 450 is formed in the third overlapping portion
4305, where the second conductive layer 420 is overlapped
with the third conductive layer 430, and electrically con-
nects the second conductive layer 420 to the third conduc-
tive layer 430. The contact holes 440 and 450 generally do
not have diameters that exceed the widths of the overlapped
conductive layers 410 and 420 and the overlapped conduc-
tive layers 420 and 430, respectively, and are formed by
etching. Moreover, not shown in the drawing, a contact hole
may be further formed in the second overlapping portion
430q for electrically connecting the third conductive layer
430 and the first conductive layer 410.

[0040] FIG. 5A is a partial schematic plan view illustrat-
ing a semiconductor device in which a contact hole is
formed according to yet another embodiment of the present
invention. FIG. 5B is an enlarged side view taken along line
V-V'in FIG. 5A.

[0041] As shown in FIG. 5A and FIG. 5B, a semicon-
ductor device 500 includes a buffer layer (not shown)
formed on a substrate (not shown), a first conductive layer
510, a first insulating layer 515, a second conductive layer
520, a second insulating layer 525, a third conductive layer
530, a third insulating layer 535, and a fourth conductive
layer 540.

[0042] In addition, in this embodiment, the first conduc-
tive layer 510, formed on the buffer layer, is ]-type crank-
shaped. The first insulating layer 515 is formed on the first
conductive layer 510 to prevent the first conductive layer
510 from directly contacting the second, third, and fourth
conductive layers 520, 530, and 540, respectively, and to
cover the first conductive layer 510. The second conductive
layer 520, formed on the first insulating layer 515, is [-type
crank-shaped and has a first overlapping portion 520a par-
tially overlapped with the first conductive layer 410. The
second insulating layer 525 is formed on the first conductive
layer 520 to prevent the second conductive layer 520 from
directly contacting the third conductive layer 530 and the
fourth conductive layer 540, and to cover the second con-
ductive layer 520.

[0043] The third conductive layer 530, formed on either
the first insulating layer 515 or the second insulating layer
525, is |-type crank-shaped in this embodiment. The third
conductive layer 530 includes a second overlapping portion
530a which is overlapped with the second conductive layer
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520. The third insulating layer 535 is formed on the third
conductive layer 530 to prevent the third conductive layer
530 from directly contacting the fourth conductive layer
540, and to cover the third conductive layer 530. The fourth
conductive layer 540, formed on the third conductive layer
530, is |-type crank-shaped. The fourth conductive layer 540
includes the third overlapping portion 540a overlapped with
the third conductive layer 530 and the fourth overlapping
portion 5405 overlapped with the first conductive layer 510.

[0044] Between each of the conductive layers 510, 520,
530, and 540, a plurality of contact holes may be formed to
electrically connect two of the conductive layers to each
other. A contact hole 550 is formed in the first overlapping
portion 520a and electrically connects the first conductive
layer 510 to the second conductive layer 520.

[0045] Moreover, not shown in the drawing, a contact hole
may be formed in the second overlapping portion 530a
where the second conductive layer 520 is overlapped with
the third conductive layer 530 to electrically connect the
second conductive layer 520 to the third conductive layer
530. Contact holes may be further formed in the third
overlapping portion 540a where the third conductive layer
530 is overlapped with the fourth conductive layer 540 to
electrically connect the third conductive layer 530 to the
fourth conductive layer 540 and/or in the fourth overlapping
portion 5405 where the first conductive layer 510 is over-
lapped with the fourth conductive layer 540 to electrically
connect the first conductive layer 510 to the fourth conduc-
tive layer 540. The widths of the first, second, third, and
fourth conductive layers 510, 520, 530, and 540, respec-
tively may be identical or different. The contact hole 550
preferably does not have a diameter that exceeds the width
of the overlapped conductive layers. If the widths of the
overlapped conductive layers are different from each other,
the diameter of the contact hole 550 preferably does not
exceed the thinnest width of the overlapped conductive
layers.

[0046] As described in the embodiments, contact holes are
formed in a semiconductor device in which a plurality of
conductive layers are laminated. Since another conductive
layer is not present at the lower portion of the overlapping
portion in which two conductive layers are overlapped, a
contact hole is not formed in a position allowing deviation
from the conductive layers to which the contact hole must be
connected electrically, and not formed in a position where it
may become electrically connected to other conductive
layers to which the contact hole should not be electrically
connected. Moreover, if a contact hole is not formed in the
overlapping portion of two conductive layers but deviates
from its predetermined position, the contact hole is very
unlikely to contact another conductive layer.

[0047] The structures in the embodiments of a plurality of
conductive layers that are not laminated but that differ
slightly in position do not limit the present invention, and are
disclosed for illustrative purposes only. Moreover, overlap-
ping portions where a plurality of layers is overlapped are
described in detail for illustrative purposes only.

[0048] Although the above-mentioned embodiments dis-
close structures in which three or four conductive layers are
laminated, more than three or four layers can be laminated.
The configuration of the laminated conductive layers is not
limited to the disclosed structure.
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[0049] Although a few embodiments of the present inven-
tion have been shown and described, those skilled in the art
would appreciate that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.

[0050] As described above, the contact hole is formed in
the overlapping portion formed by the overlapped conduc-
tive layers so that the contact hole is prevented from
deviating from the conductive layer to which the contact
hole should be electrically connected, and is prevented from
being electrically connected to a conductive layer to which
the contact hole should not be electrically connected. Fur-
ther, electrical leakage generated by misalignment of one of
the conductive layers and the contact hole can also be nearly
prevented.

What is claimed is:
1. A semiconductor device comprising:

a first insulating layer formed on a substrate;

a first conductive layer formed on the first insulating
layer;

a second insulating layer formed on the first conductive
layer;

a second conductive layer formed on the second insulat-
ing layer and having a first overlapping portion that
overlaps with the first conductive layer;

a third insulating layer formed on the second conductive
layer;

a third conductive layer formed on the third insulating
layer and having a second overlapping portion that
overlaps with the second conductive layer at a position
different from the position of the first overlapping
portion; and

a contact hole formed in at least one of the first overlap-
ping portion and the second overlapping portion and
electrically connecting two overlapped conductive lay-
ers to each other.

2. The semiconductor device of claim 1, wherein each of
the conductive layers is one of a minus shape or a line shape
having at least one extending portion extended to a prede-
termined width having a predetermined angle.

3. The semiconductor device of claim 2, wherein at least
one of the plurality of conductive layers is a line shape
having at least one extending portion extended to a prede-
termined width having a predetermined angle.

4. The semiconductor device of claim 3, wherein the
diameter of the contact hole is less than the widths of the
overlapped conductive layers.

5. A method of manufacturing a semiconductor device,
comprising:

forming a first insulating layer on a substrate;

forming a first conductive layer on the first insulating
layer;

forming a second insulating layer on the first conductive
layer;

forming a second conductive layer on the second insu-
lating layer to have a first overlapping portion that
overlaps with the first conductive layer;
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forming a third insulating layer on the second conductive
layer;

forming a third conductive layer on the third insulating
layer to have a second overlapping portion that over-
laps with the second conductive layer at a position
different from the position of the first overlapping
portion; and

forming a contact hole in at least one of the first over-
lapping portion and the second overlapping portion and
electrically connecting two overlapped conductive lay-

ers to each other.
6. The method of claim 5, wherein the third conductive
layer further comprises a third overlapping portion over-
lapped with the first conductive layer at a position different
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from the positions of the first and second overlapping
portions.

7. The method of claim 6, further comprising forming a
contact hole for electrically connecting two conductive
layers formed in the third overlapping portion.

8. The method of claim 7, wherein the first, second, and
third conductive layers are formed in a minus shape or a line
shape having at least one extending portion extended to a
predetermined width having a predetermined angle.

9. The method of claim 7, wherein the contact holes
formed in the overlapping portions have diameters less than
the widths of the overlapped conductive layers.

10. The method of claim 9, wherein the contact holes are
formed by etching.



