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(54) [Title of invention] Semiconductor Device and Method for the Production Thereof 

 

(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 

interconnect 5 being formed by forming interconnect 

trench 2 on insulating film 1, which is formed on 

substrate 10, and filling said interconnect trench 2 

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: 

 

CLAIM 1 

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 5 

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; 

TSMC EX1006 p. 6



JP, H11-16906, A 

(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 SiO2, 

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 N2, 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 μm, and the depth was 0.5 μm. 

[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: 5kW 

 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: 5kW 

 Process gas: Ar 30 sccm, N2 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 (c)). 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: 106 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/cm2 

 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: 5kW 

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: 5kW 

 Process gas: Ar 30 sccm, N2 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: H2 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: WF6/SiH 4/H2/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: N2 

 Flow rate: 5 l/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:  N 2 

 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. 

 

  

TSMC EX1006 p. 14



JP, H11-16906, A 

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 

 

 

 

 

 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 

 

Figure 5 
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Figure 6 
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Figure 7 
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2. I am a translator at Nelles Translations, which is located at 3 Grant Square, #336, 
Hinsdale, IL 60521. 
 

3. I possess 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. I declare 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. 
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