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(54) TITLE OF THE INVENTION: Method for the Production of Semiconductor Devices

(57) ABSTRACT
OBJECTIVE: To provide a method for the —
production of semiconductors, such a method making T e 1 e

2 Insulating filme NN AR )

it possible to obtain fine-pitch, thick metallic L\;\/>/\/>>/>>/‘/ st © D

interconnect films. substratee

7 The second interconnect
trench pattern ¢

«3 The first interconnect e

MEANS FOR ACHIEVING THE OBJECTIVE: french paternc
The present invention is characterized by forming the 2
interconnect using the RIE method, doing so by N2 X

=N el

forming a first resist mask pattern necessary for the it 8
fformat%on of the first interconnect trench pattern on :(«i. P73 »\‘ﬁ@ 6
insulating film 2 formed on semiconductor substrate  © Y 7777/7A . w YV A

1, forming an interconnect trench pattern on
insulating film 2 through the RIE method, etc., and —
then removing the unnecessary portion of the resist MZ
pattern, forming films (4, 5, and 6) made of metals @ ! » Yz
that serve as interconnect materials, doing so on the |

insulating film where the trench pattern has been

formed, and forming a second resist mask pattern 7

necessary for the formation of a second interconnect
pattern, doing so on said metallic layer.
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WHAT IS CLAIMED IS:

CLAIM 1
A method for the production of semiconductor devices, said method comprising the

following steps:

A step for forming an insulating film on a semiconductor substrate and then forming a

first interconnect trench pattern on said insulating film, doing so by using a resist,

A step for forming interconnect trenches on the insulating film, doing so by using the

first interconnect trench pattern as a mask,

A step for removing the interconnect trench pattern and then forming a metallic layer
of interconnect material on the insulating film that includes the interconnect trenches

formed thereon,

A step for forming a second interconnect pattern on said metallic layer, and

A step for forming interconnects through RIE, doing so by using the second

interconnect pattern as a mask.

CLAIM 2
The method for the production of semiconductor devices according to Claim 1, wherein the
width of the second interconnect pattern is greater than that of the aforementioned first

interconnect trench pattern.

CLAIM 3

The method for the production of semiconductor devices according to Claim 1 or Claim 2,
wherein the interconnects formed in the aforementioned interconnect trenches are connected
to other metal interconnects, semiconductor interconnects, or conductive parts provided in

connection holes.

CLAIM 4
The method for the production of semiconductor devices according to Claim 1 or Claim 2,
wherein the shape of the parts enabling connection between the interconnects formed in the

aforementioned interconnect trenches and other metallic interconnects, semiconductor
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interconnects, or conductive part provided in the connection holes is oval, rectangular, or

polygonal that is elongated in the longitudinal direction of the interconnects.

DETAILED DESCRIPTION OF THE INVENTION

[0001]
TECHNOLOGICAL FIELD OF THE INVENTION
The present invention relates to a method for the production of semiconductor devices.

Particularly, it pertains to a method for forming metallic interconnect films.

[0002]
PRIOR ART

In the conventional process of producing semiconductor devices, the pattern of an
interconnection layer is formed as follows: First, an insulating film layer is formed on a
semiconductor substrate. Then, a metallic laminate film used as the interconnect is formed
on said insulating film layer through a sputtering method, vapor deposition method, CVD
method, or the like. Typically, aluminum containing about 0.3% to 1.0% copper, or an
aluminum film containing about 0.3% to 1.0% copper and about 0.5% to 2.0% silicon, is
used as the interconnection film. In terms of the interconnection layer, the above-mentioned
aluminum alloys are rarely used in the form of a single layer, but are typically used as an
interconnect in the form of a laminate film laminated with a barrier layer consisting of a Ti
film, TiN film, etc. A resist is used to form the desired interconnect pattern on said laminated
metal film. In this case, an I-line resist will be used if the desired spacing between
interconnects is 0.35 um or more, but a deep-UV resist will be used if the desired spacing is
less than that. When a deep-UV resist is used, a coated-type organic anti-reflective film is
commonly used to prevent reflection of exposure light from the underlying substrate.
[0003] The RIE method is typically used for the interconnect fabrication for laminated
metallic films that have been patterned as desired. According to the RIE method, a patterned
wafer is placed on an electrode installed in a reduced-pressure chamber; high-frequency
waves are applied to the electrode, on which the wafer has been placed, doing so while
introducing a reactive gas, thereby creating plasma discharge; and the neutral activated
species or ions thus generated are used to etch the areas unprotected by the mask pattern.

Currently, this method is most commonly used to fabricate semiconductor interconnects.
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[0004] For the etching of aluminum alloys commonly used in semiconductor devices, a gas
mainly composed of chlorine serves as the etching gas to create compounds with high vapor
pressure, such as AIC13. However, because the resist used as a mask is a polymer primarily
made of carbon, the chlorine-based gas transforms it into CC14 or similar compounds, which
also possess high vapor pressure and will be affected by the etching. Consequently, the so-
called “etching selectivity ratio” is not high. Therefore, increasing the thickness of the resist
mask is necessary to ensure adequate maskability.

[0005] However, the integration of semiconductor devices in recent years has demanded an
extremely fine pitch for the interconnect width and the spacing between interconnects. This
necessitates finer pitch patterns for resist masks.

[0006] To form a fine-pitch resist pattern, the focal depth that allows for proper exposure
must be reduced. This reduction can hinder the formation of a satisfactory pattern due to
slight fluctuations in conditions and undulation, etc., of the underlying substrate. The
thickness of the resist film is commonly reduced to resolve this issue.

[0007] When the resist is thinner, a sufficient etching selectivity ratio is not achieved when
an aluminum alloy is used for fabrication through the RIE method, as mentioned above,
making it difficult to use a resist mask for fabrication.

[0008] Furthermore, when the interconnect pattern has a finer pitch, the thickness of the
aluminum alloy film must increase to ensure interconnect resistance, making it increasingly
difficult to process an aluminum alloy film with a resist mask.

[0009] As mentioned above, the advancement of integration of semiconductor devices makes
it difficult to process an aluminum alloy film to fabricate interconnects through the RIE
method using a resist as a mask. A process that has been used in recent years is called a
“damascene process,” whereby trenches are formed on an insulating film so that a metallic
film is embedded in those trenches.

[0010] In the damascene process, the desired interconnect-trench pattern is formed on an
insulating film, and a metallic film is created to serve as the interconnect on the trenched
insulating film. While this metallic film is typically made of an aluminum alloy, it is
commonly used as a laminate with metals such as Ti, TiN, and Nb for various purposes,
including improving embeddability in interconnect trenches or increasing the reliability of
the interconnect. Although a sputtering method is usually employed for the formation of this
metallic film, the CVD method has also started to gain popularity in recent years. Once
formed, the metallic film is removed through the CMP (Chemical Mechanical Polishing)
method, except for the portion embedded in the interconnect trenches on the insulating film.
This ensures that the metallic interconnect film remains only in the interconnect trenches

formed on the insulating film, thus forming the interconnect.
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[0011] Currently, the primary method used for forming interconnects primarily made of
aluminum alloys has shifted from the RIE method to the damascene method. However, this
damascene method presents various challenges due to the integration of semiconductor
devices.

[0012] Although the interconnect trenches are typically grooved on an insulating film using
the RIE method with a resist as the mask, this approach requires stopping the grooving at the
desired depth. However, since it is necessary to halt the grooving during the fabrication of a
uniform film, there will be no so-called etching stopper film, which makes it difficult to form
trenches of uniform depth.

[0013] Additionally, when the etching speed varies with the width of the trench, i.e., in the
case of a so-called micro-loading effect, the trench depth is deeper for wide trenches but
shallower for narrow ones.

[0014] These problems have become more significant in recent years because the
interconnect patterns have finer pitches, requiring deeper trenches to reduce the resistance of
the interconnects. The insulating film processed for grooving trenches may include a
dissimilar insulating film, such as SiN film, in a manner that allows the dissimilar film to be
formed at a desired depth and used as an etching stopper film by leveraging the difference in
etching speeds between the interlayer insulating films. In this case, the number of steps
required to form the insulating film will increase, and an insulating film with a high dielectric
constant will be sandwiched between the layers, negatively affecting device performance.
[0015] Additionally, for the low-resistance, fine-pitch interconnect that is further required
this year, a metal must be embedded in narrow, deep trenches, making the embedding process
increasingly difficult. As a result, the current methods for forming fine-pitch interconnects,

whether through the RIE method or the damascene method, are becoming more challenging.

[0016]
OBJECTIVE TO BE ACHIEVED BY THE INVENTION

The purpose of the present invention is to provide a method for the production of
semiconductor devices, such a method making it possible to readily obtain fine-pitch, thick
metallic interconnect films of high quality. The present invention is especially suited for

interconnection layers made from alloys primarily consisting of aluminum.

[0017]
MEANS FOR ACHIEVING THE OBJECTIVE
The present invention is a method for the production of semiconductor devices, said

method comprising the following steps:
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A step for forming an insulating film on a semiconductor substrate and then
forming a first interconnect trench pattern on said insulating film, doing so by

using a resist,

A step for forming interconnect trenches on the insulating film, doing so by

using the first interconnect trench pattern as a mask,

A step for removing the interconnect trench pattern and then forming a metallic
layer of interconnect material on the insulating film that includes the

interconnect trenches formed thereon,

A step for forming a second interconnect pattern on said metallic layer, and

A step for forming interconnects through RIE, doing so by using the second

interconnect pattern as a mask, wherein:

The width of the second interconnect pattern exceeds that of the aforementioned first

interconnect trench pattern;

The interconnect formed in the aforementioned interconnect trenches connects to
another metallic interconnect, semiconductor interconnect, or conductive part

provided in a connection hole; and

The shape of the parts enabling connection between the interconnects formed in the
aforementioned interconnect trenches and other metallic interconnects, semiconductor
interconnects, or conductive part provided in the connection holes is oval, rectangular,

or polygonal that is elongated in the longitudinal direction of the interconnects.

[0018] In other words, the first interconnect formation process in the method for the
production of semiconductor devices according to the present invention is characterized by

forming the interconnect using the RIE method, doing so by:

Forming a first resist mask pattern necessary for the formation of the first interconnect

trench pattern on the insulating film formed on a semiconductor substrate,
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Forming an interconnect trench pattern on the insulating film through the RIE method,

etc., and then removing the unnecessary portion of the resist pattern,

Forming films made of metals that serve as interconnect materials, doing so on the

insulating film where the trench pattern has been formed, and

Forming a second resist mask pattern necessary for the formation of a second

interconnect pattern, doing so on said metallic layer.

[0019] The second interconnect formation process in the method according to the present
invention is characterized by the width of the interconnect formed through the use of the
second resist mask pattern exceeding that of the interconnect trenches formed on the
insulating film through the use of the first resist mask pattern.

[0020] The third interconnect formation process in the method according to the present
invention allows the interconnect formed on the insulating film to connect with other metallic
interconnects, semiconductor interconnects, or conductive parts located in connection holes
(contact holes) pre-formed on the semiconductor substrate before the formation of
interconnect trenches. It should be noted that, after the formation of the interconnect trenches
on the insulating film, contact holes may be formed for conduction with metallic
interconnects, semiconductor interconnects, or substrate in the lower level. In this case, it is
preferable to embed contact holes concurrently with the formation of the layer made of metal
that serves as the interconnect material on the insulating film.

[0021] The fourth interconnect formation process in the method according to the present
invention is characterized by the shape of the connection part between the interconnect
formed in the aforementioned interconnect trenches and other metal interconnects,
semiconductor interconnects, or conductive parts provided in connection holes being oval,
rectangular, or polygonal that is elongated in the longitudinal direction of the interconnect.
[0022] Incidentally, it is preferable to use two or more types of films as the metallic materials
for interconnects employed in the method according to the present invention. For instance, if
the embedment aspect is high, one may select materials that exhibit good wettability
concerning aluminum alloys or materials that diminish the native oxide on the metal surface

embedded in the contact holes on an as-needed basis.

[0023]
EMBODIMENT OF THE INVENTION
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On the premise of a device that requires a rule of about 0.175 um, the inventors of the
present invention formed aluminum interconnects using both the conventional RIE method
and the damascene method, comparing these with the present invention, through which they
confirmed the superiority of the present invention.

[0024] Suppose the sheet resistance of the interconnect required for a device with a rule of
about 0.175 um is estimated to be around 0.1 Q. In this case, a film thickness of about 4000
A is necessary for an AlCu alloy.

[0025] (COMPARATIVE EXAMPLE 1)

Figure 3 shows the open-short yield as measured when mask patterns with various line
widths and space widths are patterned on the 4000A AlCu interconnect films, which are then
processed through the conventional RIE method. The detailed structure of the interconnect
films consists of TiN / Ti/AlCu/TiN/Ti =400 A/ 50 A /4000 A/ 100 A /200 A, from top
to bottom. A deep-UV resist is used for the resist, and the thickness of the resist film is 6000
A. An organic anti-reflective film of 600 A is utilized to inhibit light reflection from the
interconnect film during exposure. Before the interconnect film is fabricated, such an organic
anti-reflective film must be fabricated, during which about 700 A of the resist is etched. The
fabrication process was conducted using inductively coupled RIE for the interconnect film’s
RIE, doing so under the following over-etching conditions: pressure = 12 m Torr, plasma
induced output = 450 W, bias output = 180 W, gas = C12/BC13/CHF; = 80/30/5 SCCM, and
etching time = 70% as measured from the time of the endpoint detected by the device. The
results indicate a sharp drop in yield when the space width is 0.2 um or less, as illustrated in
Figure 3.

[0026] Next, Figure 4 illustrates the relationship between yield and over-etching time for a
pattern with a 0.175-um space. The yield increased as the over-etching time was extended.
However, the resist disappeared at 120% or more over-etching, after which etching of the
shoulders of interconnect began.

[0027] According to the results of the failure analysis, etching residues were identified in a
short section of the interconnect, which is suspected to have caused a short circuit. This
residue can be removed by extending the over-etching time. However, this approach cannot
achieve sufficient over-etching because the thickness of the resist cannot be increased, and

the etching rate of Al itself is slow due to the narrow space.

[0028] (COMPARATIVE EXAMPLE 2)
Next, the inventors evaluated the conventional damascene method. Samples were

prepared by creating interconnect trenches on oxide films, with these trenches having a width
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0of 0.175 um but varying in depth. Then, AICu was embedded in the samples and subsequently
removed from areas outside the interconnect trenches through CMP. Following this, the
resistance of each interconnect was measured. The results are shown in Figure 5. Variation
in interconnect resistance was observed at depths exceeding 3500 A. An examination of the
cross-sections of the interconnects on the samples, which indicated a variation in interconnect
resistance, revealed slit-like voids in the center of the interconnects. The inference is that the
increased depth of the trenches and the greater aspect ratio likely caused the gap openings to

close, preventing AlCu from being embedded during the formation of the AlCu coating.

[0029] (WORKING EXAMPLE 1)

The following is an explanation of the results of the experiment conducted using the
method according to the present invention:

The flow of sample creation is illustrated in Figure 1. First, (b) a first interconnect trench
pattern 3 used to groove interconnect trenches was formed on oxide film 2 acting as an
insulating film on semiconductor substrate 1, (c) shallow interconnect trenches were formed
through the RIE method, followed by (d) the removal of resist pattern 3. After that, (e) the
interconnect-material metallic layers Ti/TiN 6, AICu 4, and Ti/TiN 5 were deposited through
sputtering. Subsequently, in order to form the interconnect, (f) a second interconnect pattern
7 was formed, (g) metallic layers 5, 4, and 6 were fabricated using the RIE method, and then
(h) the second interconnect pattern 7 was removed to create the desired interconnect.

[0030] To ensure that the interconnect’s sheet resistance is 0.1 €, the width and depth of the
trenches grooved in Figure 1(c) were 0.15 um and 2000 A, respectively. The metallic layers
depicted in (e) were TiN/Ti/AlCu/TiN/Ti=400/50/2500/100/200 A from the top, with the
resist width in Figure 1(f) measuring 0.175 um. Additionally, the film thickness of resist mask
3 was 4000 A. The thickness of the organic anti-reflective film was 600 A for anti-reflective
purpose. The thickness of resist mask 7 was 6000 A. An organic anti-reflective film 600 A
was utilized for anti-reflective purpose. The fabrication was conducted using inductively
coupled RIE for the RIE of metallic layers 5, 4, and 6, doing so under the following over-
etching conditions: pressure = 12 m Torr, plasma induced output = 450 W, bias output = 180
W, gas = C12/BC13/CHF3 = 80/30/5 SCCM, and etching time = 100% to 200% as measured
from the time the endpoint was detected by the device.

[0031] Figure 2 shows the measurement results of the over-etching time, open-short yield,
and interconnect resistance. The results for the open-short yield and the variation in
interconnect resistance were satisfactory compared to the conventional comparative

examples.
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[0032] The following is an explanation of a working example of applying the method

according to the present invention to a specific semiconductor device.

(WORKING EXAMPLE 2)

Figure 6 illustrates a process flow when the method according to the present invention is
applied to a 0.175um-rule DRAM. In diagram (a), reference code 10 represents an interlayer
insulator. Reference code 11 represents a WBIt line. Reference code 12 represents a contact
hole in which W is embedded. Next, in diagram (b), the interlayer insulating film with
reference code 13 is deposited to a thickness of 2000 A. In diagram (c), a first interconnect
trench pattern 14 is formed so as to groove interconnect trenches on interlayer insulating film
13. The resist film thickness of this interconnect pattern is 3000A, and an organic anti-
reflective film is used to prevent reflection from the substrate. Its film thickness is 600 A.
Additionally, the resist pattern space is 0.15um. A magnetron RIE device was used for the
fabrication of interlayer insulating film 13 in order to form interconnect trenches together
with the anti-reflective film. During the fabrication of interlayer insulating film 13, the W
embedded in contact holes 12 is exposed where the contact holes exist; however, this does
not present any particular issue due to the high selection ratio for W. After the fabrication of
interlayer insulating film 13, the resist pattern 14 was removed through dry ashing, as shown
in diagram (d). Next, the metallic layer for interconnects was formed using the high-
temperature (350 degrees) sputtering method, as illustrated in diagram (e). The film structure
is TiN/Ti/AICuw/TiN/Ti = 400 A/50 A/3000 A/100 A/200 A (reference codes 16 through 19).
Following the formation of the films, the resist mask pattern 20 is formed as a second
interconnect pattern in order to form the upper section of the interconnect, as shown in
diagram (f). The resist film thickness of this interconnect pattern is 6000 A, and an organic
anti-reflective film is used to block reflection from the substrate. Its film thickness is 600 A.
Additionally, the resist pattern space is 0.22 um. A magnetron RIE device was employed to
fabricate the anti-reflective film. After the fabrication of the anti-reflective film, an Al RIE
device was used to fabricate metallic layers 16 through 19, as illustrated in diagram (g).
Metallic layers 16 through 19 are fabricated using inductively coupled RIE under the
following over-etching conditions: pressure = 12 m Torr, plasma induced output = 450 W,
bias output = 180 W, gas = C12/BC13/CHF3 = 80/30/5 SCCM, and etching time = 150% as
measured from the time of endpoint detection by the device. Thus, the interconnect is formed.
[0033] In this case, if the positional relationship between the interconnect trenches formed
on interlayer insulating film 13 and the second interconnect pattern used to form the upper
section of the interconnect is misaligned, the interconnect film in the interconnect trenches

will also be etched during the fabrication of metallic layers 16 through 19. Accordingly, the
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width of the second interconnect pattern 20 for the formation of the upper section of the
interconnect is preferably greater than the width of the interconnect trenches formed in 13. It
should also be noted that, essentially, the desired Al film thickness is 4000 A, with a 2300 A
film being sufficient on the interlayer insulation film. However, in the present working
example, the film must have a thickness of about 3000 A because the interconnect film on
the interconnect trenches is recessed. It is preferable to use the reflow sputter or CVD method.
[0034] Furthermore, in order to increase the contact area between contact 12 and the
interconnect formed through the method according to the present invention, the shape of the
contact holes is preferably oval, rectangular, or polygonal that is long in the longitudinal

direction of the interconnect, as shown in Figure 7.

[0035] (WORKING EXAMPLE 3)

The following is an explanation of the method according to the present invention, with
reference to Figure 8, which illustrates an example of its application to thick-film
interconnects for the top-level power-supply interconnection of a 25 um-rule logic device.
[0036] In diagram (a), reference code 21 represents an interlayer insulation film, and
reference code 22 represents a lower-level Al interconnect. The thickness of the interlayer
insulating film 21 is 2 um above the lower-level Al interconnect. In order to form the
interconnect trenches that make up the lower section of the interconnect, resist mask pattern
23 is formed as the first interconnect trench pattern on interlayer insulating film 21, as
depicted in diagram (b). The interlayer insulating film is processed to create a trench to the
depth of 1 um, as shown in diagram (c), and then resist mask 23 is removed, as illustrated in
diagram (d). Following this, resist mask 25 is formed to form a via contact hole, as displayed
in diagram (e). Subsequently, a hole is formed in interlayer insulating film 21 using the RIE
method, as shown in diagram (f). After the fabrication process, resist mask 25 is removed, as
shown in diagram (g). Next, the top-level interconnect (metallic layer) 27 is formed to a
thickness of 1.3 um using the high-temperature sputtering method, as illustrated in diagram
(h). After the formation of the film, resist mask pattern 28 is formed as a second interconnect
pattern in order to form the upper section of the interconnect, as shown in diagram (i).
Subsequently, metallic layer 27 is fabricated with an Al RIE apparatus, as shown in diagram
(j), and resist mask 28 is removed, as shown in diagram (k) to form a thick film.

[0037] Essentially, the desired Al film thickness is 20000 A, and a 100000-A film is adequate
for the interlayer insulation film. However, in the present working example, the film must
have a thickness of about 13000 A because the interconnect film in the interconnect trenches

is recessed. Preferably, it is better to use either the reflow sputter or CVD method.
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[0038]
EFFECTS OF THE INVENTION

As described above, by utilizing the method of the present invention, it becomes easier
to form fine-pitch, thick interconnects primarily composed of Al compared to the

conventional method.

BRIEF EXPLANATION OF THE DRAWINGS
Figure 1 shows a diagram that illustrates the flow of the interconnect formation process
using the method according to the present invention.
Figure 2 shows a diagram that illustrates the yield and resistance of the interconnect formed
through the method according to the present invention.
Figure 3 shows a diagram that illustrates the relationship between the space and the yield
of the interconnect formed using the conventional RIE method.
Figure 4 shows a diagram that illustrates the relationship between the amount of over-
etching and the yield of the interconnect formed using the conventional RIE method.
Figure 5 shows a diagram that illustrates the relationship between the damascene trench
depth and the resistance of the interconnect formed using the conventional damascene
method.
Figure 6 shows a diagram that illustrates a working example of the method according to
the present invention.
Figure 7 shows a diagram that illustrates a working example of the method according to
the present invention.
Figure 8 shows a diagram that illustrates a working example of the method according to

the present invention.

EXPLANATION OF REFERENCE CODING
1...Semiconductor substrate

2...Insulating film

3...The first interconnect trench pattern

4...AlCu film

5..Ti/TiN film

6...Ti/TiN film

7...The second interconnect pattern

10...Interlayer insulating film

11...Lower-level tungsten interconnect
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12..
13..
14..
15..
16..
17..
18..
19..
20..
21..
22..
23..
24..
25..
26..
27..
28..

.Tungsten embedded in contact hole
UInterlayer insulating film

.The first interconnect trench pattern
AlCu film

.TiN film

.Ti film

.TiN film

.Ti film

.The second interconnect pattern
.nterlayer insulating film

Jower Al interconnect

first interconnect trench pattern
Interconnect trench

.Resist pattern used to form via contact
.Via contact hole

.Top-level power-supply interconnect (metallic layer)

.The second interconnect pattern
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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