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(57) ABSTRACT
OBJECTIVE: To prevent surface oxidation of
interconnects formed through embedded interconnect
technology to prevent an increase in the resistance
and a decrease in the reliability.
MEANS FOR ACHIEVING THE OBJECTIVE:
A semiconductor device comprising trench-type
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interconnect 5 being formed by forming interconnect §\§\§@ ~—10
trench 2 on insulating film 1, which is formed on (
substrate 10, and filling said interconnect trench 2 5%

with interconnect material 4, wherein antioxidant film
11 is formed on the surface of trench-type
interconnect 5 in a self-aligned manner.
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WHAT IS CLAIMED IS:

CLAIM1

A semiconductor device comprising trench-type interconnect being formed by forming
interconnect trenches on an insulating film, which is formed on a substrate, and filling said
interconnect trenches with an interconnect material, wherein an antioxidant film is formed
on the surface of the trench-type interconnect in a self-aligned manner.

CLAIM 2
The semiconductor device according to Claim 1, wherein the trench-type interconnect is
formed from copper-based interconnect material.

CLAIM 3
The semiconductor device according to Claim 1 or Claim 2, wherein the antioxidant film is
composed of an electroless plated film or a selective CVD film.

CLAIM 4
The semiconductor device according to Claim 3, wherein the antioxidant film is an
electroless plating film containing cobalt.

CLAIM S

The semiconductor device according to Claim 3, wherein the antioxidant film is a tungsten
film through selective CVD.

CLAIM 6

A method for the production of semiconductor devices, said method comprising the
following steps (a) to (e):

(a) A step for forming an insulating film on a substrate;

(b) A step for forming interconnect trenches on an insulating film;
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(c) A step for embedding an interconnect material into the interconnect trenches as
well as forming an interconnect material film over the insulating film;

(d) A step for forming a trench-type interconnect by removing the interconnect
material film formed on the insulating film; and

(e) A step for forming an antioxidant film on the surface of the trench-type
interconnect in a self-aligned manner.

CLAIM 7
The production method according to Claim 6, wherein copper-based interconnect material is
used as interconnect material in step (c).

CLAIM 8
The production method according to Claim 6 or Claim 7, wherein the antioxidant film is
formed, in step (e), through an electroless plating method or selective CVD method.

CLAIM 9
The production method according to Claim 8, wherein an electroless plated film containing
cobalt is formed as an antioxidant film in step (e).

CLAIM 10

The production method according to Claim 8, wherein a tungsten film is formed as an
antioxidant film through selective CVD in step (e).
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DETAILED DESCRIPTION OF THE INVENTION
[0001]
TECHNOLOGICAL FIELD OF THE INVENTION
The present invention pertains to a semiconductor device having a trench-type

(embedded) interconnect structure and a process for the production thereof.

[0002]
PRIOR ART

With the adoption of LSIs’ high integration, the miniaturization and multilayering of the
interconnects is progressing, highlighting the importance of planarization technology during
interconnect formation, processing technology for fine interconnects, and ensuring the
reliability of the interconnects.
[0003] Embedded interconnect technology has been explored as a solution for these
objectives. As shown in Figure 6, such embedded interconnect technology involves forming
interconnect trenches 2 for the interconnect pattern (i.e., interconnect trenches) on insulating
film 1 (diagram (a) of said figure), embedding interconnect material 4 in said interconnect
trenches 2 typically after forming metallic barrier layer 3 in the interconnect trenches 2 in
advance (diagram (b) of said figure), and removing excess portions of interconnect material
4 through etchback or chemical mechanical polishing (CMP), leaving interconnect material
4 in interconnect trench 2, thus forming trench-type interconnect 5 (diagram (c) of said
figure). According to the embedded interconnect technology, the interconnect part is
embedded in insulating film 1, which has the advantage of facilitating interlayer planarization
in the subsequent process.
[0004] Dual-damascene interconnect is attracting attention as an application of embedded
interconnect technology. As shown in Figure 7, for example, damascene interconnect
technology involves forming interconnect trenches 2, which are used to embed interconnect
lines in insulating film 1 on interconnect 5b in the lower layer, and connection holes 6 for
connecting the upper and lower interconnect layers (diagram (a) of said figure), filling both
trenches and holes with interconnect material 4 after the formation of metallic barrier layer
3 (diagram (b) of said figure), and shaving excess portions of interconnect material 4 through
CMP (Chemical Mechanical Polish), thereby concurrently forming trench-type interconnect
5 in the upper layer and interconnect plugs 7 in connection holes 6 (diagram (c) of said figure).

With such dual-damascene interconnect technology, interconnects and interconnect plugs can
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be formed at once, resulting in a significant reduction in process costs.

[0005]
PROBLEMS TO BE RESOLVED BY THE INVENTION

However, the conventional embedded interconnect technology described above poses the
following problems: That is, when interconnect material 4 is embedded in interconnect
trenches 2 and then the excess portions are removed through etchback or CMP to form trench-
type interconnect 5, the surface of said trench-type interconnect 5 is exposed, as shown in
Figure 6 (c¢) or Figure 7 (c). Consequently, trench-type interconnect 5 is oxidized while its
surface is being exposed to the atmosphere until the subsequent process or while an interlayer
insulating film is being formed on trench-type interconnect 5, as shown in Figure 6 (d) or
Figure 7 (d). This leads to the formation of an oxide layer on the surface of the trench-type
interconnect, causing problems such as an increase in interconnect resistance and a decrease
in the reliability of the interconnects and elements. This problem is especially noticeable
when the trench-type interconnect 5 consists of copper interconnect, which is susceptible to
oxidation. Due to the surface oxidation, copper ions diffuse into the interlayer insulating film
on trench-type interconnect 5, diminishing the reliability of the interconnects and elements.
[0006] The present invention is intended to resolve the above-mentioned problems of the
conventional art, doing so by preventing an increase in resistance due to the oxidation of
interconnects and a reduction in the reliability of interconnects and elements when forming
the interconnects through embedded interconnect technology.
[0007]
MEANS FOR RESOLVING THE PROBLEMS

In order to achieve the objective mentioned above, the present invention provides a
semiconductor device comprising trench-type interconnect being formed by forming
interconnect trenches on an insulating film, which is formed on a substrate, and filling said
interconnect trenches with an interconnect material, wherein an antioxidant film is formed
on the surface of the trench-type interconnect in a self-aligned manner.
[0008] The present invention also provides a method for the production of semiconductor

devices, said method comprising the following steps (a) to (e):

(a) A step for forming an insulating film on a substrate;

(b) A step for forming interconnect trenches on an insulating film;
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(c) A step for embedding an interconnect material into the interconnect trenches as well
as forming an interconnect material film over the insulating film;

(d) A step for forming a trench-type interconnect by removing the interconnect material
film formed on the insulating film; and

(e) A step for forming an antioxidant film on the surface of the trench-type interconnect

in a self-aligned manner.

[0009] The semiconductor device according to the present invention enables the prevention
of oxidation on the surface of the trench-type interconnect by forming an antioxidant film on
the trench-type interconnect in a self-aligned manner. Therefore, it becomes possible to
prevent an elevation in interconnect resistance and a diminishment in interconnect reliability
due to oxidation of the interconnect.

[0010] In particular, by forming such an antioxidant film through an electroless plating
method or a selective CVD method, it becomes possible to form an antioxidant film in a self-

aligned manner at low cost.

[0011]
EMBODIMENT OF THE INVENTION

The following provides a detailed explanation of the present invention, with reference to
the accompanying drawings. It should be noted that the same reference code in each figure
represents the same or equivalent constituent element.
[0012] Figure 1 shows a cross-sectional view of a semiconductor device according to one
aspect of the present invention. The semiconductor device shown in the figure comprises
trench-type interconnect 5 formed by embedding an interconnect material in interconnect
trench 2 formed in insulating film 1 on substrate 10, and further comprises antioxidant film
11 formed in a self-aligned manner on the surface of trench-type interconnect 5. Said

semiconductor device is formed through the following steps (a) to (e):

(a) A step for forming an insulating film on a substrate;
(b) A step for forming interconnect trenches on an insulating film;
(c) A step for forming an interconnect material film over the insulating film as well as

embedding the interconnect material into the interconnect trenches;
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(d) A step for forming a trench-type interconnect by removing the interconnect
material film formed on the insulating film; and
(e) A step for forming an antioxidant film on the surface of the trench-type interconnect

in a self-aligned manner.

Here, steps (a) to (d) can be performed in the same way as the conventional trench-type
interconnect formation technology shown in figures 6 (a) to (c) and 7 (a) to (c), and
conventional materials can be used for the substrate, interconnect material, insulating film
material, etc.

[0013] For example, substrate 10 can be an Si substrate comprising elements formed thereon
through a regular LSI process.

[0014] For example, silicon compounds publicly known as insulating materials, such as SiO»,
BPSG, PSG, BSG, AsSG, NSG, SOG, LTO, SiN, SiON, SiOF, etc., and -- to the extent that
the maximum process temperature satisfies the heat resistance requirement -- organic low-
dielectric materials, such as amorphous Teflon (poly tetrafluoroethylene), BCB
(benzocyclobutene), Parylene, and Flare (fluorinated arylene ether), or the laminate film
thereof may be used as insulating film 1 that is formed in step (a).

[0015] The interconnect trench 2 formed in step (b) can also be formed using publicly known
lithography and etching techniques. In addition to interconnect trench 2, connection hole 6
can also be formed in a similar manner.

[0016] In step (c) for forming a film of interconnect material 4 over insulating film 1 and
embedding interconnect trench 2 therewith, metallic barrier layer 3 is formed in interconnect
trench 2 first, and then interconnect material 4 is formed and embedded in the trench through,
a reflow method (whereby, after the formation of a film from interconnect material 4, the
film of interconnect material 4 is heated to a temperature equal to or higher than the
crystallization temperature but lower than the melting point of interconnect material 4 so that
the film is softened and fluidized so that interconnect material 4 flows into and thus fills
interconnect trench 2), a high-pressure reflow method (whereby interconnect material 4 is
heated in a high-pressure inert gas so that interconnect material 4 is highly efficiently forced
into and thus fills interconnect trench 2 in which metallic barrier layer 3 has been formed), a
high-temperature sputtering method, or the like. In addition to the interconnect trench 2,
connection hole 6 is also filled with interconnect material 4 at the same time. When an

interconnect plug 7 is formed, the formation of the metallic barrier layer 3 and the embedding
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of the interconnect material 4 are achieved in a similar way.

[0017] Here, metallic barrier layer 3 may be a single film of a high-melting-point metal such
as Ti, TiN, TiON, W, WN, TiW, TiWN, Ta or TaN, or a compound film thereof, or a laminate
film thereof.

[0018] Additionally, examples of the interconnect material 4 include pure Al, Al-Cu, Al-Si,
Al-Si-Cu, Al-Ge, Al-Si-Ge, Al-Ge-Cu, Al-Cu-Ti, Al-Si-Ti, Al-Sc, Al-Sc-Cu, and various Al-
based alloys, as well as pure Cu, Cu-Ti, Cu-Zr, other Cu-based alloys, and Ag. Among these
interconnect materials, it is preferable to use copper-based interconnect materials.

[0019] Once interconnect material 4 is embedded, the excess portions of interconnect
material 4 are removed through etchback or chemical mechanical polishing (CMP), etc.,
while leaving the rest of the interconnect material 4 in interconnect trench 2 to thereby obtain
trench-type interconnect 5.

[0020] Step (e) for forming antioxidant film 11 on the surface of trench-type interconnect 5
in a self-aligned manner is characteristic of the production process according to the present
invention. This step enables the prevention of oxidation on the surface of trench-type
interconnect 5, thereby enhancing the reliability of the interconnect and its elements. Here,
the phrase “forming an antioxidant film 11 on the surface of trench-type interconnect 5 in a
self-aligned manner” means forming antioxidant film 11 selectively on the surface of trench-
type interconnect 5 from the start.

[0021] The electroless plating method, selective CVD method, and nitride film formation,
among others, can be used to form such an antioxidant film 11. When using the electroless
plating method, substrate 10, on which trench-type interconnect 5 is formed, is immersed in
an electroless plating solution of a metal that does not react with interconnect material 4 of
trench-type interconnect 5, to thereby form an electroless plating film. For example, when
copper or a copper alloy is used as an interconnect material, an electroless plating solution
of Co, Cr, W, Ta, and Mo, etc., can be used as the electroless plating solution. The electroless
plated film formed on the trench-type interconnect 5 preferably contains cobalt, in particular.
[0022] When using the selective CVD method, an antioxidant film 11 can be formed by
forming a film of interconnect-material barrier metal, such as W and TiN, through the
selective CVD method.

[0023] When using nitride film formation, antioxidant film 11 can be formed by heat-treating
trench-type interconnect 5 using N>, NH3, etc., as process gases, or by irradiating nitrogen

plasma, which may be generated through various techniques such as ICP (Inductive coupled
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Plasma), ECR plasma, parallel plate plasma, and magnetron plasma, onto the surface of
trench-type interconnect 5.

[0024]
WORKING EXAMPLES
The following is a detailed explanation of the present invention with reference to working
examples:
[0025] Working Example 1
Figure 2 shows an illustrative drawing of the production process according to the present

working example.
[0026] First, elements were formed on the Si substrate in accordance with a regular LSI
process, followed by the formation of insulating film 1 on substrate 10, on which the lower-
layer interconnect 5b has been formed, so as to form interconnect trench 2 and connection
hole 6 on insulating film 1 through a regular PR or RIE method (Figure 2 (a)). In this case,
the width of interconnect trench 2 was 0.4 um, and the depth was 0.5 pm.
[0027] Next, a Ti layer and a TiN layer were sequentially formed as metallic barrier layers 3,
doing so through the magnetron sputtering method in high vacuum under the following film-
formation conditions, respectively (Figure 2 (b)).
[0028] Conditions for Ti film formation

DC power: SkW

Process gas: Ar 100 sccm

Pressure: 0.4 Pa

Substrate temperature: 150°C

Film thickness: 20 nm
[0029] Conditions for TiN film formation

DC power: SkW

Process gas: Ar 30 sccm, N> 80 sccm

Pressure: 0.4 Pa

Substrate temperature: 150°C

Film thickness: 50 nm
[0030] Subsequently, pure-Cu (interconnect material 4) was continuously formed in high
vacuum through the magnetron sputtering method under the following film formation

conditions (Figure 2 (b)). With said film formation, the Cu structure was formed in such a
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way that Cu was connected at the openings of interconnect trench 2 or connection hole 6 but
had a void 12 inside.
[0031] Conditions for Cu film formation

DC power: 15 kW

Process gas: Ar 100 sccm

Pressure: 0.4 Pa

Substrate temperature: 400°C

Film thickness: 1200 nm
[0032] Next, in accordance with the following high-pressure reflow conditions, Ar gas was
introduced to the substrate in a high-pressure AR atmosphere in a high vacuum, and
interconnect material (Cu) 4 was caused to reflow so as to fill interconnect trench 2 and
connection hole 6 concurrently (Figure 2 (¢)). Then, the substrate temperature was increased
to 400°C or higher, near the recrystallization temperature of Cu, thereby improving
embeddability.
[0033] High-pressure reflow conditions

Pressure: 10° Pa or higher

Substrate temperature: 450°C

Time: 1 min
[0034] Next, the surface of interconnect material (Cu) 4 constituting trench-type interconnect
5 was exposed through the CMP method by chemically and mechanically polishing and thus
removing interconnect material (Cu) 4 and metallic barrier layer (Ti/TiN) 3 from sections
other than trench-type interconnect 5 and interconnect plug 7 (Figure 2 (d)). The Cu CMP
conditions in this case are listed below:
[0035] Cu CMP Conditions

Polishing pressure: 100 g/cm?

Rotation frequency: Surface plate 30 rpm, polishing head 30 rpm

Abrasive pad: SUBA IV

Slurry: NH3 base (containing foamed silica)

Flow rate: 100 cc/min

Temperature: 25°C to 30°C
[0036] Next, in order to prevent oxidation of the surface of interconnect material (Cu) 4 thus

exposed, the substrate was immersed in an electroless Co plating solution under the following
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electroless plating conditions to form an antioxidant film 11a consisting of electroless Co
plating film (Figure 2 (e)).
[0037] Electroless plating conditions

Chemical solution: Combus M (manufactured by World Metal Corporation)

Temperature: 70°C to 80°C

[0038] Working Example 2
In the same way as Working Example 1, interconnect trench 2 and connection hole 6 were

formed on insulating film 1 on substrate 10, and Ti and TiN layer films were sequentially
formed as metallic barrier layers 3 through the magnetron sputtering method in high vacuum
under the following film-formation conditions, after which a film was formed using Cu acting
as interconnect material 4 (Figure3 (a)).
[0039] Conditions for Ti film formation

DC power: SkW

Process gas: Ar 100 sccm

Pressure: 0.4 Pa

Substrate temperature: 150°C

Film thickness: 20 nm
[0040] Conditions for TiN film formation

DC power: SkW

Process gas: Ar 30 sccm, N> 80 sccm

Pressure: 0.4 Pa

Substrate temperature: 150°C

Film thickness: 50 nm
[0041] Conditions for Cu film formation

DC power: 15 kW

Process gas: Ar 100 sccm

Pressure: 0.4 Pa

Substrate temperature: 150°C

Film thickness: 1000 nm
[0042] The state as observed after the Cu film is formed through the magnetron sputtering
method is shown in Figure 3 (a). In the figure, neither the interconnect trench 2 nor the

connection hole 6 is completely filled with Cu, i.e., interconnect material 4. Given this factor,
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interconnect material 4 was caused to reflow in a reduced-pressure reducing atmosphere
under the following reflow conditions so that it can fill interconnect trench 2 or connection
hole 6 (Figure 3 (b)).
[0043] Cu reflow conditions

Process gas: H> 500 sccm

Pressure: 67 Pa

Substrate temperature: 400°C

Annealing time: 5 min
[0044] Next, the surface of interconnect material (Cu) 4 constituting trench-type interconnect
5 was exposed through the CMP method by chemically and mechanically polishing and thus
removing interconnect material (Cu) 4 and metallic barrier layer (Ti/TiN) 3 from the sections
other than trench-type interconnect 5 and interconnect plug 7 (Figure 3 (c)).
[0045] Next, in order to prevent oxidation of the surface of the interconnect material (Cu) 4
thus exposed, an antioxidant film 11b consisting of W was formed on the surface of
interconnect material (Cu) 4 through the selective CVD method under the following W-film
formation conditions.
[ 0046] W-film formation conditions

Process gas: WF¢/SiH 4/Ho/AR = 10/7/1000/10 sccm

Pressure: 30 Pa

Substrate temperature: 260°C

Film thickness: 30 nm

[0047] Working Example 3

In the same way as Working Example 2, interconnect trench 2 and connection hole 6 were
formed on insulating film 1 on substrate 10, and Ti and TiN layer films were sequentially
formed as metallic barrier layers 3 through the magnetron sputtering method in high vacuum
under the following film-formation conditions, after which a Cu was used as interconnect
material 4 to further form a film. The Cu, i.e., interconnect material 4, was caused to reflow,
and excess interconnect material 4 was polished through the CMP method to thereby expose
the surface of interconnect material (Cu) 4 that constitutes trench-type interconnect 5 (Figure
4 (a)).
[0048] Next, in order to prevent oxidation of the surface of interconnect material (Cu) 4 thus

exposed, the surface of interconnect material (Cu) 4 was heat-treated through the lamp
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heating method under the following nitriding conditions, so as to form antioxidant film 11c
consisting of a copper nitride film (Figure 4 (b)).
[0049] Cu nitriding conditions

Process gas: N»

Flow rate: 5 1/sec

Substrate temperature: 400°C

Time: 2 min

[0050] Working Example 4
In the same way as Working Example 3, interconnect trench 2 and connection hole 6 were

formed on insulating film 1 on substrate 10, after which the Cu (copper), i.e., interconnect
material 4, was caused to reflow, and excess interconnect material 4 was polished through
CMP method to thereby expose the surface of trench-type interconnect 5 (Figure 5 (a)).
[0051] Next, in order to prevent oxidation of the surface of the interconnect material (Cu) 4
thus exposed, the surface of interconnect material (Cu) 4 was converted into a nitride through
the use of nitrogen plasma 13 under the following Cu-nitriding conditions, thus obtaining
antioxidant film 11d (Figure 4 (b)). Incidentally, ICP (Inductive Coupled Plasma) was used
as nitrogen plasma 13.
[0052] Conditions for plasma nitriding of Cu

Process gas: N2

Flow rate: 100 sccm

Pressure: 0.4 Pa

Substrate power: 300 W (13.5 W) 56 MHz)

Substrate power: 500 W (13.00 W) 56 MHz)

Substrate temperature: 300°C

Time: 2 min

[0053]
EFFECTS OF THE INVENTION

According to the present invention, an antioxidant film is formed on the surface of the
trench-type interconnect formed through the embedded interconnect technology, making it

possible to prevent an increase in interconnect resistance due to the oxidation of the trench-
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type interconnect surface, and to also prevent a reduction in the reliability of the interconnects

and elements.

BRIEF EXPLANATION OF THE DRAWINGS
Figure 1 shows a cross-sectional view of the semiconductor device according to the present

invention.

Figure 2 shows diagrams (diagrams (a) to (e) of said figure) that illustrate steps according to
the method for the production of semiconductor devices according to a working example of

the present invention.

Figure 3 shows diagrams (diagrams (a) to (d) of said figure) that illustrate steps according to
the method for the production of semiconductor devices according to a working example of

the present invention.

Figure 4 shows diagrams (diagrams (a) and (b) of said figure) that illustrate steps according
to the method for the production of semiconductor devices according to a working example

of the present invention.
Figure 5 shows diagrams (diagrams (a) and (b) of said figure) that illustrate steps according
to the method for the production of semiconductor devices according to a working example

of the present invention.

Figure 6 shows diagrams (diagrams (a) to (d) of said figure) that illustrate steps according to

a conventional method for the production of semiconductor devices.

Figure 7 shows diagrams (diagrams (a) to (d) of said figure) that illustrate steps according to

a conventional method for the production of semiconductor devices.
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EXPLANATION OF REFERENCE CODING

1...insulating film, 2...interconnect trench, 3...metallic barrier layer, 4...interconnect material,
5...trench-type interconnect, 6...connection hole, 7...Interconnect plug, 8...oxidized layer,
10...substrate, 11...antioxidant film
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Figure 3
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Figure 6
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I, Yukie Hirose, hereby declare as follows:

1. I, Yukie Hirose, hereby certify that I am a professional translator fluent in both
Japanese and English and I am competent to translate from Japanese into English.

2. I am a translator at Nelles Translations, which is located at 3 Grant Square, #336,
Hinsdale, IL 60521.

3. Ipossess advanced knowledge of the Japanese and English languages.

4. The attached translation is, to the best of my knowledge and belief, a true and
accurate translation from the Japanese patent JP, H11-16906, A to English.

5. Tdeclare under penalty of perjury that all statements made herein of my own
knowledge are true and all statements made on information and belief are believed to
be true, and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment or
both, under Section 1001 of Title 18 of the United States Code.

Dated: 5/13/25 B

Loy A T

Ms. Yukie Hirose

US.107080211.01
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CRrEF R D& ]

(GERHE 1] R BB S hGER BRI EGRE
R3F, TORRBICERM I E AL Z 212X DB
RINBEGRE F T 5 PEAEEICE W, BEHRD
R HOESWZBALEEP R I TWE L &

Tl e 775 FEEREE,
(FERIEZ2]  BEGRS . SRECREN, SIS T

WEEERIE 1 Sl R E .

(GERIE3 ] BRAGEAIENES | SRR A o R US58ER
CVD P &7 5 75RIA 1 X3 230 S E .,

(GERIEA]  BRUBGIERES . 2000 S HEER A v
FHET B B 55K 3 GiEOFERIEE .

(FARIES ] BRALPEEES . ERCVDICKE Y > 7
AT BT 8 & FORTE 3 R D HERIEE .

((5kH6] LIToTRE (a)~(e) :

(a) FEW EICHEEL PR T4 TR

(b) iU R 2 B T4 T

(c) Ml EICAGRMEI 2 RIR T4 & 302 Blisic
ACRA R & MDA D TR

(d) R LICRBES IR ZRET LS Z 1
L DEERR R TS TR R

(e) WECHRORMICHCESMICERLIEEEERT
HIH; #FATLA I B E T4 PEEHEEENR
EhE.

(GERHET]  TI2 (o) iZ2&BWT | BabEle LTl
SRECHR A 2 57 4 553R0E 6 Bl SGE .

(GERkHES8] Ti2 (e) Z&BWT | BRILELEZ | &
EFA v XFEXLERC VDI L DB T 25EKIE6
XL TR EOEE L.

(GEkHO] TiE (e) fZ&BWT | BRLEALEE LT
2N MEHESEA v X EE BT 5 E KA S E )
BhETE.

(FFRE10) TIiE (e ) iZBWT, BUEEEE L
TERCVDIZL 29 07 25 B BRT 255K
FLEIDEGETT .

CRIADFEHZ A ]

(0001]

(RUHDET L0 ¥ ] RIS HEca (BiAs
AoRR) fEZ2 A9 4 PHEEEE, RS2 0RETEICHE
ER:P

(0002]

(PERDBHT] L S T om&Efafticriva, DR
DAL . ZEILPEATE D o ZIUSHFVECGRIE RIS
DA LR IATECR O I LR R U BGOSR DD
MR EEE oo TS,

(0003] ZhsDREDFRFED 2L LT, #
DIAA BRI ST WA, ZOMEDIAA R
firetd, POl d L5, #dd 1 EICER NS —
O (G, Bltd) 22BKRL (FX (a) ) 0 2o
ACRiE 2 ORIz | SEE TN T A IVE 3 BB,

(2)
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oA 4 2 8diAA (FI (b)) | EGERAEA DR
FERST % L 2Ny 7 BRI (CMP (C
hemical Mechanical Polish}) (2L~ ThEL | B
2B BT Rz K D BEEE S 2B
ARHETHAH (FE () ) . HOAARRENIICL %
& BRI 1 AT R Bk S e A7
o, ZOBRDITETERPHELAES L5 E VI
HTH,

(0004 ] #HOIAARENOIGHE LT, 727
N2l (Dual Damasscene) BHES
FEESNT WA, Fa7ilyi ldeis. w2E.
TIORT L9012, TREEHS b EoiEiahE 1 l2x LT
B & AT EGENE 2 & T OBRER % 35 S EL
6EEBRL (A (a) ) . ZHHNFE., FTH
TAZIE 3 R B GECEM R4 THEOAA ([FEH

(b)). CMP (Chemical Mechani
cal Polish) TE#HMEA DTS ZH
D . LR 5 B UESSTL 6 R 5 77 2[FH
FRZIBR T A2RWMTHL (AR (c) ) . ZDTF 27
T2y EEHEAIC L AL B EEE T I SR —E
2T 5 2 EFTELDT, RigL7at 232D
EREHE ZEBTES,

[00DO05]

(FEHER L L 5 b9 638 LirlZedis . By
ek IAARERGNCIE . RO L D LSR5 .
B, B6 () HAEAWIRT (c)iTpv Lz, B
PR 2 NS R 4 T HEDIAA IS . R 2Ly
FNy 2 XIECMP TlRET S 2 L2k DBERES 28
BT 5L, ZOHERMSORAPBLETLEIEEDS,
FDD . FOERDTRETORTHEFH HWEZD
@G 5 Bz iz g2 BT AEIIC. M6

(d) HBHWEET (d) (ORd &9 EEE 5 R
SNTREICRCES WER S BRs LR L
0. EAEPHETOEHEEMET T2 VWO RN 5,
Frio, BEHSA . B39 VIR OIS SICIL S
OREFEZFTH Y . FEERLIZ X DA 4 > HEE
5 _EoERiERERA LT 700 . Bl R TOEH
HMETT 5.

(0006 ] &FEL. DL EOEROFHTOMREL fFR
LD ET5L0THEY . HEOAABREF L DA
PRI EICHD . EloBLic L o ERse.
oA M USSR T OEREDK T 2MEd 4 Z L ZHRE T
5,
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(FREEZERT L7200FE] FEEOBEMEERT A7
&, AFEEHID . ER ISR SRR BlE R
RSN, £ ORAHBICEMMEI 2 EOATL Z 22 OB
RENBAGRRE BT 52 EHREEICB T, B
FRACHOESINICERLEFIEEABR SR TWA Z L &
T L 775 A IEE #RiT 5%,
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{0008] &7, FFFIL, LITOTIE (a) ~
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(a) FEW ICHEREL B 5 1TH ;
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(c) BORRiEICELAATEl 2 AT b F e I E U2 AL
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Moo bz L A BRI L RSCERE O ERENE T
PiiEd a2 EWTES,

(00 10]) %z, ZOBALPTI-IEE mERE A » FFEX
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e FEY SR v o= (BGRMEN o B 2
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WERA v XBEEBRT A, P2, X Es L
HAMELL 9258, EEREA XHELTE. Co, C

r. W, Ta, MoZHDORERA v XREEHTLZE
ATE L, BEGRR D HIZIBR T 2 ER A v S BEOHT
. Bz M EREERA v R ESFE LD,

[0022] BRCVDEFZLAEE&IE. W, T
NEZFEDBSFEA DN T A F N2 FRC VD ETRES
LI EZENBERALERE 1 1 BT 2 2L TE S,

(00 23] EEoEkIc L 25513, 7ot
2 ELTN, NH,F&HRWTEARE S 23R 7>
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2. FTRER T X2, A by T XREO’
AOFNCE VAR LEE TS X% B0 5 ORME
[ZHRGT 2 Z L2 K DER(EPFIERE L 1 28R4 Z &48
TE5,

[0024]

CEREHI] LT . RFEA%E ERMEIC X D BRI
5,

[0025] FEhEM1
FEMHOEGE TROMAR A 2 (2R,

(0026] 7. BEAOLSI7OtAUfEN, S1i
IR L ICRFIBR E1Tv. TIBERED b FIBR L 7= 541
10chieE 1 #IB L . BEDOPR, RIE®EIZED
FEAE 1 ICACHRE 2 HEERTTL o L B TER L7 (2

(a) ), ZoEs. BARE2OEEZ0. 4um, FS
0. bumk L7z,

(0027] Rz, @EZEHIZEITE T A bar s
yBEZEIONTAILVEIL LT, TIiBRUTI
NJB% R E NN OR SR TREL 2 (2

(b)),

[0028] T i mklEsEsF
DCINT—: 5kW
T AHA:Ar100scem
FH:0. 4Pa
FHGRE: 150C
BE: 20nm

[0029] Ti Nkl
DCINT—: 5kW
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(0030]) 53/, SEZEFICTERMIZTZ AT
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KOBRMESEETHREL?: (K2 (b)) . ZOREIZE
Wi, Culdidiid 2 XidHserl o RO T
ORI R 1 228355 o7z,

[0031] CupfEseft
DCHNY7—:15kW
7O AN Arl100scem
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HIFEE: 400°C

EE:1200nm
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FHGRE: 150C
BE: 50nm
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CEWZEDBBEGER L 1 d&5 (K4 (b)) . 7
B, SR77X213:L T, TCP (Inductive Co
upled Plasma) % v 7z,

[0052] Cu7d X2E=H
TR AH A N,
Gig:100sccm
FJi:0. 4Pa
FHF/N7—:300W {13. 56MHz)
HNT—:500W (13, 56MHz)
HEGRE: 300°C

Befl : 2m in

[O005 3]

(FEEHORIEL ] AR s . AL Bl R L
NI L 7= @R ORMA 12 H CESACE LIRS B
A A0T . #idEOFRE OB L 5T B
ZMHIET A ZLIATE | FAERESLETOEEEOET
FbEF A EHTES,

[ AT o) fE B340 ]

(1] ARFEADOFERREDMTTH S .

(B2 ) AFEAHDESEFOPEFREE DTS FEOTE
FHHR (FM (a) ~{e) ) THBE,

(B3 ) AFEEHOE Rl R B DELE ko TIE
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