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LOWER ELECTRODE OF DRAM CAPACITOR 

AND MANUFACTURING METHOD THEREOF 

Field of the Invention 

The disclosure relates to a lower electrode of a DRAM 

capacitor and a manufacturing method thereof. 

Background of the Invention 

Recently, a high-k film made of a high-k material is 

used for a capacitor unit in order to increase a capacity of 

a DRAM. 

As for the high-k film, a laminated film of oxides 

15 such as Hf02 and Zr02 or A1203 and Zr02 is used. However, in 

the case of using such an oxide material for the 

semiconductor devices, an oxygen vacancy may occur in the 

high-k film. If the oxygen vacancy occurs in the high-k 

film, a dipole is generated at an interface of the electrode 

20 or the metal gate adjacent to the high-k film and a band is 

bent by the dipole, which leads to a low effective work 

function. As a result, electrons readily flow and a leakage 

current is increased. 

As for a technique for solving the above drawback, 

25 techniques for reducing oxygen vacancy in a high-k film by 

adding oxygen to a TiN film used as the electrode adjacent 
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to the high-k film are disclosed in Japanese Patent 

Application Publication No. 2015-506097 and E. Cartier, et 

al., Appl. Phys. Lett., Vol. 95, 2009, p. 042901. 

As for a DRAM capacitor, there is known a structure in 

5 which a dielectric film is formed on a lower electrode made 

of a TiN film and an upper electrode made of a TiN film is 

formed on the dielectric film (see, Japanese Patent 

Application Publication No. 2007-201083). As for a method 

for manufacturing a DRAM capacitor having a large capacity, 

10 there is known a method disclosed in u.s. Patent No. 6911364. 

In this method, first, a mold oxide film is formed on a 

substrate and, then, a recess is formed by etching the mold 

oxide film. Next, a film serving as a lower electrode is 

formed at an inner wall of the recess and a field portion of 

15 the film is etched back. Then, the mold oxide film is 

removed by dilute hydrofluoric acid, so that a cylindrical 

lower electrode remains. Next, a high-k film is formed on a 

surface of the cylindrical lower electrode and an upper 

electrode is formed thereon. 

20 However, in the case of forming a capacitor of a DRAM 

by the method disclosed in u.s. Patent No. 6911364, the 

lower electrode is immersed in the fluoric acid HF during 

the removal of the mold oxide film and is exposed to an 

oxygen-based gas (e. g. , 02 gas or 03 gas) serving as an 

25 oxidizing agent during the formation of the high-k film. 

Therefore, the lower electrode needs to have high 
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resistance to hydrofluoric acid and less stress change 

caused by the oxygen-based gas. 

However, in the case of using as the lower electrode a 

TiN film added with oxygen which is disclosed in Japanese 

5 Patent Application Publication No. 2015-506097 and E. 

10 

Cartier, et al., Appl. Phys. Lett., Vol. 95, 2009, p. 042901, 

it is difficult to realize high resistance to hydrofluoric 

acid and suppression of stress change caused by the oxygen­

based gas. 

Summary of the Invention 

In view of the above, the disclosure provides a lower 

electrode of a DRAM capacitor which is capable of realizing 

15 high resistance to hydrofluoric acid and suppression of 

stress changes caused by an oxygen-based gas, and a 

manufacturing method thereof. 

In accordance with an aspect, there is provided a 

lower electrode which is made of a TiN-based material and 

20 provided at a base of a dielectric film in a DRAM capacitor, 

including: first TiON films provided at opposite outer sides, 

the first TiON films having a relatively low oxygen 

concentration; and a second TiON film provided between 

the first TiON films, the second TiON film having a 

25 relatively high oxygen concentration. 

In accordance with another aspect, there is provided a 
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method of manufacturing a lower electrode which is made of a 

TiN-based material and provided at a base of a dielectric 

film in a DRAM capacitor, the method including: 

accommodating a target substrate in a processing chamber, 

5 maintaining an inside of the processing chamber in a 

depressurized state, and forming a first TiON film having a 

relatively low oxygen concentration by repeating a 

predetermined number of times a cycle of forming a unit 

ni tride film at a predetermined processing temperature by 

10 al ternately supplying a Ti -containing gas and a ni triding 

gas multiple times with a process of purging the inside of 

the processing chamber interposed therebetween and then 

oxidizing the unit nitride film by supplying an oxidizing 

agent; forming a second TiON film having a relatively high 

15 oxygen concentration on the first TiON film by repeating a 

predetermined number of times a cycle of forming a unit 

nitride film by alternately supplying the Ti-containing gas 

and the ni triding gas multiple times with the process of 

purging the inside of the processing chamber interposed 

20 therebetween and then oxidizing the unit nitride film by 

supplying the 

TiON film 

concentrations 

oxidizing agent; and forming another first 

as an 

of the 

uppermost layer, wherein oxygen 

first TiON film and the second TiON 

film are controlled by at least one of the number of 

25 alternate supply of the Ti-containing gas and the nitriding 

gas in the case of forming the unit nitride film, an 
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oxidation time of the unit nitride film, and a flow rate of 

the oxidizing agent in the oxidation process. 

In accordance with still another aspect, there is 

provided a method of manufacturing a lower electrode which 

5 is made of a TiN-based material and provided at a base of a 

dielectric film in a DRAM capacitor, the method including: 

accommodating a target substrate in a processing chamber, 

maintaining an inside of the processing chamber in a 

depressurized state, and forming a first TiON film having a 

10 relatively low oxygen concentration by repeating a 

predetermined number of times a cycle of forming a unit 

ni tride film at a predetermined processing temperature by 

al terna tely supplying a Ti -containing gas and a ni tr iding 

gas multiple times with a process of purging the inside of 

15 the processing chamber interposed therebetween and then 

oxidizing the unit nitride film by supplying an oxidizing 

agent; forming a second TiON film having a relatively high 

oxygen concentration on the first TiON film by repeating a 

predetermined number of times a cycle of forming a unit 

20 nitride film by alternately supplying the Ti-containing gas 

and the ni triding gas multiple times with the process of 

purging the inside of the processing chamber interposed 

therebetween and then oxidizing the unit nitride film by 

supplying the oxidizing agent; forming a TiN film on the 

25 second TiON film by alternately supplying the Ti-containing 

gas and the nitriding gas with the process of purging the 
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inside of the processing chamber interposed therebetween; 

forming another second TiON film on the TiN film; and 

forming another first TiON film on the another second TiON 

film, wherein oxygen concentrations of the first and the 

5 second TiON film are controlled by at least one of the 

number of alternate supply of the Ti-containing gas and the 

nitriding gas in the case of forming the unit nitride film, 

an oxidation time of the unit nitride film, and a flow rate 

of the oxidizing agent in the oxidation process. 

10 

Brief Description of the Drawings 

The objects and features of the disclosure will become 

apparent from the following description of embodiments, 

15 given in conjunction with the accompanying drawings, in 

which: 

Figs. lA to IG are process cross sectional views 

schematically showing 

capaci tor having a 

20 embodiment; 

a method for manufacturing 

lower electrode according 

a DRAM 

to an 

Fig. 2 is a cross sectional view showing an example of 

the lower electrode according to the embodiment; 

Fig. 3 shows a test result of corrosion resistance of 

a TiN film, a TiON film having a low oxygen concentration, a 

25 TiON film having an intermediate oxygen concentration, and a 

TiON film having a high oxygen concentration against 
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hydrofluoric acid; 

Fig. 4 shows stress changes of the TiN film, the TiON 

film having a low oxygen concentration, the TiON film having 

an intermediate oxygen concentration, and the TiON film 

5 having a high oxygen concentration; 

Fig. 5 is a cross sectional view showing another 

example of the lower electrode according to the embodiment; 

Fig. 6 is a cross sectional view showing still another 

example of the lower electrode according to the embodiment; 

10 Fig. 7 is a schematic cross sectional view showing an 

example of a film forming apparatus for forming films of the 

lower electrode according to the embodiment; 

Fig. 8 is a flowchart for explaining the entire 

process of manufacturing the lower electrode according to 

15 the embodiment; 

Fig. 9 is a timing chart showing an example of a 

technique of forming a TiON film of the lower electrode; 

Fig. 10 is a flowchart showing the example of the 

technique of forming the TiON film of the lower electrode; 

20 Fig. 11 schematically shows a film forming state in 

25 

the case of forming films by the film forming techniques of 

Figs. 9 and 10; and 

Fig. 12 is a flowchart showing an example of a 

technique of forming a TiN film of the lower electrode. 
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Detailed Description of the Embodiments 

Hereinafter, embodiments will be described in detail 

with reference to accompanying drawings. 

5 (Method for manufacturing DRAM capacitor) 

Figs. 1A to 1G are process cross sectional views 

schematically showing a method for manufacturing a DRAM 

capacitor having a lower electrode according to one 

embodiment. 

10 First, a mold oxide film 202 made of Si02 and having a 

thickness of 1 ]Jm or above is formed on a semiconductor 

substrate 201 such as a silicon substrate or the like (see 

Fig. 1A). Then, the mold oxide film 202 is etched, thereby 

forming a cylindrical recess 203 having an aspect ratio of 

15 100 or above (see Fig. 1B). Next, as will be described 

later, a lower electrode 204 made of a TiN-based material 

including a TiON film is formed on the mold oxide film 202 

and the exposed semiconductor substrate 201 (see Fig. 1e). 

Thereafter, a top surface of the mold oxide film 202 is 

20 etched-back (see Fig. 1D). Then, the mold oxide film 202 is 

removed by hydrofluoric acid HF and only the cylindrical 

lower electrode 204 exists on the semiconductor substrate 

201 (see Fig. 1E). 

Then, a dielectric film (high-k film) 205 made of a 

25 high-k material is formed on the surface of the cylindrical 

lower electrode 204 (see Fig. 1F). The high-k film 205 is 
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used as a capacitor insulating film. As for the high-k film 

205, a laminated film of oxides such as Hf02 and Zr02 or 

A1203 and Zr02 is used. The high-k film 205 is formed by an 

Atomic Layer Deposition (ALD) method in which a raw material 

5 gas containing Hf or the like and an oxygen-based gas (e.g., 

02 gas or 03 gas) as an oxidizing agent are alternately 

supplied. 

Then, an upper electrode 206 including a TiON film is 

formed on the surface of the high-k film 205 (see Fig. lG). 

10 As a consequence, a DRAM capacitor is manufactured. 

(Lower electrode structure) 

Hereinafter, the lower electrode of the DRAM capacitor 

which is manufactured as described above will be explained. 

Fig. 2 is a cross sectional view showing an example of 

15 the lower electrode of the DRAM capacitor. 

In this example, the lower electrode 204 has a five­

layer laminated structure made of a TiN-based material, in 

which two first TiON films 241 are provided at opposite 

outer sides, two second TiON films 242 are provided between 

20 the first TiON films 241, and a TiN film 243 serving as a 

central layer is provided between the second TiON films 242. 

film. 

the 

The TiON film is obtained by adding oxygen to the TiN 

By forming the TiON film at the uppermost side and 

lowermost side of the lower electrode 204, it is 

25 possible to suppress occurrence of oxygen deficiency which 

is caused by separation of oxygen from the oxide forming the 
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dielectric film (high-k film) 205 formed on the surface of 

the lower electrode 204. 

The upper and lower first TiON films 241 have a 

relatively low oxygen concentration and the second TiON 

5 films 242 formed therebetween have a relatively high oxygen 

concentration. When the lower electrode 204 is formed, the 

first TiON film 241, the second TiON film 242, the TiN film 

243, the second TiON film 242, and the first TiON film 241 

are formed in that order on the surface of the mold oxide 

10 film 202 after the formation of the recess 203 and the 

exposed surface of the semiconductor substrate 201. The two 

first TiON films 241 and the two second TiON films 242 have 

the same thickness, and the lower electrode 204 has a 

symmetrical structure in a thickness direction. Even after 

15 the mold oxide film 202 is removed, the symmetrical 

structure is maintained. 

20 

The first TiON films 241 having a relatively low 

oxygen concentration are provided at the uppermost side and 

the lowermost side because the resistance of the TiON film 

to hydrofluoric acid HF is improved as the oxygen 

concentration decreases. 

As described above, when the DRAM capacitor is 

manufactured, the step of removing the mold oxide film by 

hydrofluoric acid HF is performed. In that case, the lower 

25 electrode 204 is immersed in hydrofluoric acid HF and, thus, 

the lower electrode 204 requires resistance to hydrofluoric 
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acid HF. As a result of the examination of the relation 

between the oxygen concentration of the TiON film and the 

resistance to hydrofluoric acid HF, the resistance of the 

TiON film is improved as the oxygen concentration decreases. 

5 The test result is shown in Fig. 3. Fig. 3 shows the 

result of the test that has examined the corrosion 

resistance of the TiN film, the TiON film having a low 

oxygen concentration (33 at.% to 38 at.%), the TiON film 

having an intermediate oxygen concentration (46 at. %), and 

10 the TiON film having a high oxygen concentration (55 at.%) 

against hydrofluoric acid. In this case, a sample obtained 

by forming an Si02 film on the silicon substrate and then 

forming the TiN film or the TiON film having the above­

described oxygen concentration with a thickness of 10 nm was 

15 immersed in 49% hydrofluoric acid HF for 30 sec and, then, 

the surface state was monitored by a 5 magnification optical 

microscope and a 50 magnification optical microscope. 

As a result, as can be seen from Fig. 3, the TiN film 

and the TiON film having a low oxygen concentration were 

20 hardly changed after the immersion in hydrofluoric acid. 

However, the TiON film having an intermediate oxygen 

concentration was corroded and the TiON film having a high 

oxygen concentration and the Si02 film formed therebelow 

were lost. Accordingly, a silver-colored silicon substrate 

25 was exposed. 

Since the resistance of the TiON film to hydrofluoric 
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acid HF is improved as the oxygen concentration decreases, 

the first TiON film 241 having a relatively low oxygen 

concentration is formed at the surface region of the lower 

electrode 204 which is immerged in hydrofluoric acid HF. 

5 The oxygen concentration of the first TiON film 241 is 

preferably lower than or equal to 40 at.% in view of 

improvement of the resistance to hydrofluoric acid and more 

preferably higher than or equal to 30 at.% in view of 

suppression of oxygen deficiency caused by separation of 

10 oxygen from the oxide forming the dielectric film (high- k 

film) 205. The film thickness of the first TiON film 241 is 

preferably wi thin a range from 0.5 nm to 5 nm in view of 

improvement of the resistance to hydrofluoric acid. 

The second TiON film 242 having a relatively high 

15 oxygen concentration is provided between the TiN film 243 

and each of the first TiON films 241 in order to reduce the 

stress change of the lower electrode 204 having a laminated 

film structure. 

As described above, when the DRAM capacitor is 

20 manufactured, the step of forming the dielectric film (high­

k film) 205 on the lower electrode 204 is performed. In 

that case, the lower electrode is exposed to the heated 

oxygen-based gas (02 gas or 0 3 gas) used as the oxidizing 

agent. Conventionally, the oxygen-based gas causes a 

25 relatively large stress change in the TiN film used as the 

lower electrode. If the stress change occurs in the film, a 
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5 

problem such as a pattern damage or the like may be 

generated. As a result of the examination of the relation 

between the oxygen concentration of the TiON film and the 

stress change, 

the TiON film 

increases. 

it has been found that the stress change of 

is reduced as the oxygen concentration 

The test result is shown in Fig. 4. Fig. 4 shows 

stress changes of the TiN film, the TiON film having a low 

oxygen concentration (33 at.% to 38 at.%), the TiON film 

10 having an intermediate oxygen concentration (46 at.%), and 

the TiON film having a high oxygen concentration (55 at.%). 

In this case, a sample obtained by forming an Si02 film on a 

silicon substrate and then forming a TiN film or a TiON film 

having the above-described oxygen concentration with a 

15 thickness of 10 nm was subjected to 03 gas annealing at 

300°C for 90 sec and the stress change of the film was 

measured by a stress measuring device. 

As can be seen from Fig. 4, the absolute value of the 

stress change of the TiN film exceeds 1 GPa. The absolute 

20 value of the stress change of the TiON film decreases as the 

oxygen concentration increases. The absolute value of the 

stress change of the TiON film having a high oxygen 

concentration is 0.3 GPa which is about 1/3 of that of the 

TiN film. 

25 The stress change of the TiON film is reduced as the 

oxygen concentration is increased. Therefore, the stress 
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change of the entire lower electrode 204 can be suppressed 

by providing the second TiON film 242 having a relatively 

high oxygen concentration between each of the outer first 

TiON films 241 and the central TiN film 243. Since the 

5 lower electrode 204 has a structure in which the two first 

TiON films 241, the two second TiON films 242, and the 

central TiN film 243 are symmetrical in a thickness 

direction, the film stress becomes uniform. 

The oxygen concentration of the second TiON film 242 

10 is preferably higher than 40 at.% and more preferably higher 

than or equal to 50 at. % in view of suppression of the 

stress change. The film thickness of the second TiON film 

242 is preferably within a range from 0.5 nm to 5 nm in view 

of reduction of the stress change. 

15 It is preferable that the lower electrode 204 has a 

low resistance and the central portion thereof does not need 

to have oxygen. Thus, the TiN film 243 having a resistance 

lower than that of the TiON film is formed at the central 

portion of the lower electrode 204. The thickness of the 

20 TiN film 243 is obtained by subtracting the thicknesses of 

the first TiON films 241 and the second TiON films 242 from 

the entire thickness of the lower electrode 204. The entire 

thickness of the lower electrode 204 is preferably within a 

range from 5 nm to 20 nm. The thickness of the TiN film is 

25 within a range from 3 nm to 10 nm in consideration of the 

film thickness of the first and the second TiON film 241 and 
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242. 

In the example shown in Fig. 2, the lower electrode 

204 has a five-layer structure including the two first TiON 

films 241 provided at the opposite outer sides, the two 

5 second TiON films 242 provided between the two first TiON 

films 241, and the central TiN film 243 provided between the 

two second TiON films 242. However, as shown in Fig. 5, the 

lower electrode 204 may have a three-layer structure 

including the first TiON films 241 formed at the uppermost 

10 side and the lowermost side and the second TiON film 242 

formed at the center. Or, as shown in Fig. 6, the lower 

electrode 204 may have a five-layer structure including a 

TiON film, e.g., the first TiON film 241, having an oxygen 

concentration lower than that of the second TiON film 242 

15 instead of the central TiN film 243 in the structure of Fig. 

2. 

(Method for manufacturing lower electrode) 

Hereinafter, a method for manufacturing a lower 

electrode of a DRAM capacitor which is configured as 

20 described above will be explained. 

25 

First, a film forming apparatus for manufacturing the 

lower electrode 204 will be described. 

Fig. 7 is a schematic cross sectional view showing an 

example of a film forming apparatus used for forming films 

of the lower electrode. 

The film forming apparatus 100 includes a 
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substantially cylindrical chamber 1. In the chamber 1, a 

susceptor 2 made of AIN is supported by a cylindrical 

supporting member 3 provided at the center of the bottom 

portion of the chamber 1. The susceptor 2 serves as a stage 

5 for horizontally supporting a semiconductor wafer 

(hereinafter, simply referred to as "wafer") W having a 

structure in which a plurality of recesses 203 are formed at 

a mold oxide film 202. A guide ring 4 for guiding a wafer W 

is provided at an outer peripheral portion of the susceptor 

10 2. A heater 5 made of a high-melting point metal, e.g., 

molybdenum or the like, is buried in the susceptor 2. The 

heater 5 heats the wafer W as a substrate to be processed to 

a predetermined temperature by power supplied from a heater 

power supply 6. 

15 A shower head 10 is provided at a ceiling wall la of 

the chamber 1. The shower head 10 includes a base member 11 

and a shower plate 12. An outer peripheral portion of the 

shower plate 12 is fixed to the base member 11 by screws 

(not shown) through an annular intermediate member 13 for 

20 preventing adhesion. The shower plate 12 is formed in a 

flange shape and has a recess therein. A gas diffusion 

space 14 is formed between the base member 11 and the shower 

plate 12. A flange portion lla is formed at an outer 

periphery of the base member 11 and held on the top wall la 

25 of the chamber 1. A plurality of gas injection holes 15 are 

formed in the shower plate 12. Two gas inlet holes 16 and 
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17 are formed at the base member 11. 

The gas supply unit 20 includes a TiC14 gas supply 

source 21 for supplying TiC1 4 gas as a Ti-containing gas, 

and an NH3 gas supply source 23 for supplying NH3 gas as a 

5 ni triding gas. The TiC1 4 gas supply source 21 is connected 

to a TiC14 gas supply line 22. The TiC1 4 gas supply line 22 

is connected to the first gas inlet hole 16. The NH3 gas 

supply source 23 is connected to an NH3 gas supply line 24. 

The NH3 gas supply line 24 is connected to the second gas 

10 inlet hole 17. 

The TiC1 4 gas supply line 22 is connected to a N2 gas 

supply line 26. N2 gas is supplied as a carrier gas or a 

purge gas from the N2 gas supply source 25 to the N2 gas 

supply line 26. 

15 The NH3 gas supply line 24 is connected to an oxidizing 

agent supply line 28. An oxygen-containing gas such as 02 

gas, 03 gas, H20, N02 or the like is supplied as an oxidizing 

agent from the oxidizing agent supply source 27 to the 

oxidizing agent supply line 28. A plasma of the oxygen-

20 containing gas may be used as the oxidizing agent. At this 

time, the plasma of the oxygen-containing gas may be 

supplied as the oxidizing agent from the oxidizing agent 

supply source 27 or the oxygen-containing gas may be turned 

into a plasma in the shower head 10. The NH3 gas supply 

25 line 24 is connected to an N2 gas supply line 30. N2 gas is 

supplied as a carrier gas or a purge gas from the N2 gas 
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supply source 29 to the N2 gas supply line 30. 

The gas supply unit 20 includes a C1F3 gas supply 

source 31 for supplying C1F3 gas as a cleaning gas. The C1F3 

gas supply source 31 is connected to a C1F3 gas supply line 

5 32a. The C1F3 gas supply line 32a is connected to a TiC1 4 

gas supply line 22. Further, a C1F3 gas supply line 32b 

branched from the C1F3 gas supply line 32a is connected to 

the NH3 gas supply line 24. 

Two valves 34 and a mass flow controller 33 disposed 

10 therebetween are installed in each of the TiC1 4 gas supply 

line 22, the NH3 gas supply line 24, the oxidizing agent 

supply line 28, the N2 gas supply lines 26 and 30, and the 

C1F3 gas supply line 32a. 

C1F3 gas supply line 32b. 

A valve 34 is installed in the 

15 Therefore, TiC1 4 gas from the TiC14 gas supply source 

21 and N2 gas from the N2 gas supply source 25 reach the gas 

diffusion space 14 in the shower head 10 from the first gas 

inlet hole 16 through the TiC1 4 gas supply line 22. NH3 gas 

from the NH3 gas supply source 23, the oxidizing agent from 

20 the oxidizing agent supply source 27, and N2 gas from the N2 

gas supply source 29 reach the gas diffusion space 14 in the 

shower head 10 from the second gas inlet hole 17 through the 

NH3 gas supply line 24. These gases are discharged into the 

chamber 1 from the gas inj ection holes 15 of the shower 

25 plate 12. 

The shower head 10 may be of a post-mix type in which 
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TiC14 gas and NH3 gas are separately supplied into the 

chamber 1. 

As for the Ti-containing gas, 

tetra (isopropoxy) titanium (TTIP), titanium (IV) bromide 

5 (TiBr4), titanium(IV) Iodide (TiI 4), 

tetrakisethylmethylaminotitanium (TEMAT), 

tetrakisdimethylaminotitanium (TDMAT), 

tetrakisdiethylaminotitanium (TDEAT) or the like may be used 

other than TiC14. As for the nitriding gas, 

10 monomethylhydrazine (MMH) may be used other than NH3. As 

for the carrier gas and the purge gas, another inert gas 

such as Ar gas or the like may be used instead of N2 gas. 

A heater 45 for heating the shower head 10 is provided 

at the base member 11 of the shower head 10. The heater 45 

15 is connected to a heater power supply 46. By supplying 

power from the heater power supply 46 to the heater 45, the 

shower head 10 is heated to a desired temperature. An 

insulating member 47 is provided at a recess formed at an 

upper portion of the base member 11 in order to increase a 

20 heating efficiency of the heater 45. 

of 

A circular opening 35 is 

the bottom wall 1b of the 

formed at a central portion 

chamber 1. A gas exhaust 

chamber 36 protruding downward from the bottom wall 1b is 

provided to cover the opening 35. A gas exhaust line 37 is 

25 connected to a side surface of the gas exhaust chamber 36. 

The gas exhaust line 37 is connected to a gas exhaust unit 
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38. By operating the gas exhaust unit 38, a pressure in the 

chamber 1 can be decreased to a predetermined vacuum level. 

Three (only two are shown) wafer supporting pins 39 

for supporting and vertically moving the wafer Ware 

5 provided at the susceptor 2 so as to protrude beyond and 

retract below the surface of the susceptor 2. The wafer 

supporting pins 39 are supported by a supporting table 40. 

The wafer supporting pins 39 are vertically moved by a 

driving unit 41 such as an air cylinder or the like through 

10 the supporting table 40. 

Formed at 

loading/unloading 

a sidewall of the chamber 1 are 

port 42 through which the wafer W 

a 

is 

loaded/unloaded from/to a wafer transfer chamber (not shown) 

adjacent to the chamber 1 and a gate valve 43 for 

15 opening/closing the loading/unloading port 42. 

The components of the film forming apparatus 100, i.e., 

the heater power supplies 6 and 46, the valves 34, the mass 

flow controllers 33, the driving unit 41 and the like, are 

connected to and controlled by a control unit 50 having a 

20 microprocessor (computer). The control unit 50 is connected 

to a user interface 51 including a keyboard through which an 

operator inputs a command to manage the film forming 

apparatus 100, a display for visually displaying an 

operation state of the film forming apparatus 100, and the 

25 like. Further, the control unit 50 is connected to a 

storage unit 52 for storing a program for executing various 
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processes performed by the film forming apparatus 100 under 

the control of the control unit 50, a program, i . e. , a 

processing recipe, for executing processes of the components 

of the film forming apparatus 100 under the processing 

5 condition and the like. The processing recipe is stored in 

a storage medium 52a of the storage unit 52. The storage 

medium may be a fixed medium such as a hard disk or the like, 

or may be a portable medium such as CDROM, DVD or the like. 

Alternatively, the processing recipe may be appropriately 

10 transmitted from another device through, e.g., a dedicated 

line. If necessary, a processing recipe may be retrieved 

from the storage unit 52 by an instruction from the user 

interface 51 and executed by the control unit 50. 

Accordingly, a desired process is performed in the film 

15 forming apparatus 100 under the control of the control unit 

50. 

Hereinafter, a method for manufacturing a lower 

electrode having a laminated structure by using the film 

forming apparatus 100 configured as described above will be 

20 explained. 

First, the entire process will be described with 

reference to the flowchart of Fig. 8. 

The gate valve 43 is opened and the wafer W is loaded 

from the wafer transfer chamber (not shown) into the chamber 

25 1 through the loading/unloading port 42 by a transfer unit 

(not shown) and then mounted on the susceptor 2 (step 1). 
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Then, the gate valve 43 is closed and the pressure in the 

chamber 1 is controlled to a predetermined vacuum level. 

The wafer W is heated by the heater 5 to a predetermined 

temperature preferably ranging from 300°C to 500°C. The 

5 wafer W is preliminarily heated by supplying N2 gas into the 

chamber 1 and the temperature of the wafer W becomes stable 

10 

(step 2) . 

Next, the formation of a lower first TiON film 241 

(step 3) , the formation of a lower second TiON film 242 

(step 4) , the formation of a TiN film 243 (step 5) , the 

formation of an upper second TiON film 242 (step 6) , and the 

formation of an upper first TiON film 241 (step 7) are 

consecutively performed. 

Then, the chamber 1 is vacuum-evacuated (step 8). 

15 Thereafter, the gate valve 43 is opened and the wafer W is 

unloaded by the transfer unit of the wafer transfer chamber 

(step 9). In this manner, the formation of the lower 

electrode 204 on a single wafer W is completed. 

Hereinafter, the method for forming the first TiON 

20 film 241 and the second TiON film 242 will be described in 

detail. 

In forming the first TiON film 241 and the second TiON 

film 242, a cycle of alternately supplying TiCl 4 gas as a 

Ti-containing gas and NH3 gas as a ni triding gas with a 

25 process of purging an inside of the chamber 1 interposed 

therebetween multiple times (X times) , supplying the 
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oxidizing agent, and purging the chamber 1 is repeated 

multiple times (Y cycles) . 

An example of this film forming technique will be 

described with reference to the timing chart of Fig. 9 and 

S the flowchart of Fig. 10. 

As can be seen from Figs. 9 and 10, first, TiC1 4 gas is 

supplied from the TiC1 4 gas supply source 21 into the 

chamber 1 to be adsorbed (step Sl). Next, the supply of 

TiC1 4 gas is stopped and the chamber 1 is purged by N2 gas 

10 (step S2). Then, NH3 gas is supplied from the NH3 gas supply 

source 23 into the chamber 1 and made to react with the 

adsorbed TiC1 4 , thereby forming TiN (step S3). Thereafter, 

the supply of NH3 gas is stopped and the chamber 1 is purged 

by N2 gas (step S4). The steps Sl to S4 are repeated X 

lS times. Then, an oxidation process is performed by supplying 

an oxidizing agent (e.g., 02 gas) from the oxidizing agent 

supply source 27 into the chamber 1 (step SS). Next, the 

chamber 1 is purged (step S6). By repeating Y times a cycle 

of repeating the steps Sl to S4 X times, and performing the 

20 steps SS and S6, a TiON film having a desired thickness is 

obtained. 

The state of the formed film at this time is shown in 

Fig. 11. As can be seen from Fig. 11, a unit TiN film 101 

having a predetermined thickness is formed by repeating the 

2S steps S1 to S4 X times and, then, the unit TiN film 101 is 

oxidized by performing an oxidizing process in the step SS. 
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By repeating Y times such a cycle, a TiON film having a 

predetermined film thickness is formed. 

At this time, the amount of oxygen in the TiON film 

can be controlled by X, i. e., the number of repetition of 

5 the steps SI to S4. In other words, when X is decreased, 

the frequency of oxidation is increased and, thus, the 

oxygen concentration in the film is increased. On the 

contrary, when X is increased, the oxygen concentration in 

the film is decreased. 

10 Therefore, when the lower first TiON film 241 having a 

relatively low oxygen concentration is formed, the above­

described sequence is executed while relatively increasing X. 

Then, when the lower second TiON film 242 having a 

relatively high oxygen concentration is formed, the above-

15 described sequence is executed while relatively decreasing X. 

The oxygen concentration in the TiON film can be 

adjusted by controlling an oxidation time or a flow rate of 

the oxidizing agent, instead of controlling X. Therefore, 

the oxygen concentration in the TiON film can be adjusted by 

20 controlling at least one of X, the oxidation time and the 

flow rate of the oxidizing agent. In the case of forming 

the lower second TiON film 242 after the formation of the 

first TiON film 241, the oxygen concentration can be 

controlled by performing at least one of the operations of 

25 decreasing X, increasing the oxidation time, and increasing 

the flow rate of the oxidizing agent. 
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In the case of using TiC1 4 gas as a Ti source gas, NH3 

gas as a nitriding gas, N2 gas as a carrier/purge gas, and 

02 gas as an oxidizing agent, desired ranges of the TiON 

film forming conditions are as follows. 

5 Processing temperature (susceptor temperature): 300 to 

500°C 

10 

Pressure in chamber: 13.33 to 1333 Pa (0.1 to 10 Torr) 

TiC1 4 gas flow rate: 10 to 200 mL/min(sccm) 

NH3 gas flow rate: 1000 to 10000 mL/min(sccm) 

N2 gas flow rate: 1000 to 30000 mL/min(sccm) 

Duration of steps 1 to 4 per once: 0.01 to 3 sec 

02 gas flow rate: 10 to 3000 mL/min(sccm) 

02 gas supply period: 0.1 to 60 sec 

In the case of forming the TiN film 243 after the 

15 formation of the lower second TiON film 242, as shown in the 

flowchart of Fig. 12, first, TiC1 4 gas is supplied from the 

TiC1 4 gas supply source 21 into the chamber 1 to be adsorbed 

(step Sll). Next, the supply of TiC14 gas is stopped and 

the chamber 1 is purged by N2 gas (step S12). Then, NH3 gas 

20 is supplied from the NH3 gas supply source 23 into the 

chamber 1 and made to react with the adsorbed TiC1 4, thereby 

forming TiN (step S13). Thereafter, the supply of NH3 gas 

is stopped and the chamber 1 is purged by N2 gas (step S14). 

The steps Sll to S14 are repeated a predetermined number of 

25 times. The steps Sll to S14 may be executed under the same 

conditions of the steps Sl to S4. 
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Next, the upper second TiON film 242 and the upper 

first TiON film 241 may be 

oxygen concentrations by 

formed while ensuring desired 

controlling the number of 

repetition X or the like as in the case of forming the lower 

5 first TiON film 241 and the lower second TiON film 242. 

In the case of forming the lower electrode 204 having 

the structure shown in Figs. 5 and 6, the first TiON film 

241 and the second TiON film 242 may be formed with desired 

thicknesses by controlling the oxygen concentration of the 

10 film by adjusting the number of repetition X or the like by 

the aforementioned film forming technique. 

15 

(Other application) 

The disclosure is not limited to the above-described 

embodiments and may be variously modified. 

structure of the lower electrode is not 

For example, the 

limi ted to those 

shown in Figs. 2, 5 and 6 and may vary as long as TiON films 

having a relatively low oxygen concentration are formed at 

opposite outermost sides and a TiON film having a relatively 

high oxygen concentration is formed therebetween. Further, 

20 a TiN film or a TiON film with an oxygen concentration may 

be formed at the central portion. The film forming 

apparatus shown in Fig. 7 is merely an example and the lower 

electrode of the present disclosure may also be manufactured 

by another apparatus other than the apparatus shown in Fig. 

25 7. 

While the disclosure has been shown and described with 

-26-



5 

respect to the embodiments, it will be understood by those 

skilled in the art that various changes and modifications 

may be made without departing from the scope of the 

disclosure as defined in the following claims. 
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What is claimed is: 

1. A lower electrode which is made of a TiN-based 

material and provided at a base of a dielectric film in a 

5 DRAM capacitor, comprising: 

first TiON films provided at opposite outer sides, the 

first TiON films having a relatively low oxygen 

concentration; and 

a second TiON film provided between the first TiON 

10 films, the second TiON film having a relatively high oxygen 

concentration. 

2. The lower electrode of claim 1, wherein the lower 

electrode has a three-layer structure in which the first 

15 TiON films are formed at opposite outer sides of the second 

TiON film. 

3. The lower electrode of claim 1, wherein the lower 

electrode has a five-layer structure in which a TiN film is 

20 provided between the first TiON films, and the second TiON 

film is provided between the TiN film and each of the first 

TiON films. 

4. The lower electrode of claim 1, wherein the lower 

25 electrode has a five-layer structure in which a third TiON 

film having an oxygen concentration lower than the oxygen 
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5 

concentration of the second TiON film is provided between 

the first TiON films, and the second TiON film is provided 

between the third TiON film and each of the first TiON films. 

5. The lower electrode of anyone of claims 1 to 4, 

wherein the lower electrode has a film structure symmetrical 

in a thickness direction. 

6. The lower electrode of anyone of claims 1 to 5, 

10 wherein the oxygen concentration of each of the first TiON 

films is within a range from 30 at.% to 40 at.%. 

7. The lower electrode of anyone of claims 1 to 6, 

wherein a film thickness of each of the first TiON films is 

15 within a range from 0.5 nm to 5 nm. 

20 

8. The lower electrode of anyone of claims 1 to 7, 

wherein the oxygen concentration of the second TiON film is 

higher than 40 at.%. 

9. The lower electrode of anyone of claims 1 to 8, 

wherein a film thickness of the second TiON film is within a 

range from 0.5 nm to 5 nm. 

25 10. A method of manufacturing a lower electrode which is 

made of a TiN-based material and provided at a base of a 
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dielectric film in a DRAM capacitor, the method comprising: 

accommodating a target substrate in a processing 

chamber, maintaining an inside of the processing chamber in 

a depressurized state, and forming a first TiON film having 

5 a relatively low oxygen concentration by repeating a 

predetermined number of times a cycle of forming a unit 

nitride film at a predetermined processing temperature by 

alternately supplying a Ti-containing gas and a nitriding 

gas multiple times with a process of purging the inside of 

10 the processing chamber interposed therebetween and then 

oxidizing the unit nitride film by supplying an oxidizing 

agent; 

forming a second TiON film having a relatively high 

oxygen concentration on the first TiON film by repeating a 

15 predetermined number of times a cycle of forming a unit 

nitride film by alternately supplying the Ti-containing gas 

and the ni triding gas multiple times with the process of 

purging the inside of the processing chamber interposed 

therebetween and then oxidizing the unit nitride film by 

20 supplying the oxidizing agent; and 

forming another first TiON film as an uppermost layer, 

wherein oxygen concentrations of the first TiON film 

and the second TiON film are controlled by at least one of 

the number of alternate supply of the Ti-containing gas and 

25 the ni triding gas in the case of forming the unit nitride 

film, an oxidation time of the unit nitride film, and a flow 
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rate of the oxidizing agent in the oxidation process. 

11. A method of manufacturing a lower electrode which is 

made of a TiN-based material and provided at a base of a 

5 dielectric film in a DRAM capacitor, the method comprising: 

accommodating a target substrate in a processing 

chamber, maintaining an inside of the processing chamber in 

a depressurized state, and forming a first TiON film having 

a relatively low oxygen concentration by repeating a 

10 predetermined number of times a cycle of forming a unit 

nitride film at a predetermined processing temperature by 

al ternately supplying a Ti-containing gas and a ni triding 

gas multiple times with a process of purging the inside of 

the processing chamber interposed therebetween and then 

15 oxidizing the unit nitride film by supplying an oxidizing 

agent; 

forming a second TiON film having a relatively high 

oxygen concentration on the first TiON film by repeating a 

predetermined number of times a cycle of forming a unit 

20 nitride film by alternately supplying the Ti-containing gas 

and the ni triding gas multiple times with the process of 

purging the inside of the processing chamber interposed 

therebetween and then oxidizing the unit nitride film by 

supplying the oxidizing agent; 

25 forming a TiN film on the second TiON film by 

al ternately supplying the Ti-containing gas and the 
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nitriding gas with the process of purging the inside of the 

processing chamber interposed therebetween; 

forming another second TiON film on the TiN film; and 

forming another first TiON film on the another second 

5 TiON film, 

wherein 

second TiON 

oxygen concentrations of the first 

film are controlled by at least one 

and 

of 

the 

the 

number of alternate supply of the Ti-containing gas and the 

nitriding gas in the case of forming the unit nitride film, 

10 an oxidation time of the unit nitride film, and a flow rate 

of the oxidizing agent in the oxidation process. 

15 

20 

12. The method of claim 10 or 11, wherein the Ti­

containing gas is TiC1 4 gas and the nit riding gas is NH3 gas. 

13. The method of anyone of claims 10 to 12, wherein the 

oxidizing agent is an oxygen-containing gas selected from a 

group consisting of 02 gas, 0 3 gas, H20 and N02 or a plasma 

of the oxygen-containing gas. 

14. The method of anyone of claims 10 to 13, wherein the 

processing temperature is within a range from 300°C to 500°C. 
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