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Description 

PLASMA TREATMENT METIIOD 

Technical Field 

The present invention relates to a plasma treatment method for 

enhancing the thermostability of a fluorine containing carbon film 

capable of being used as, e.g., an interlayer insulator film of a 

semiconductor device. 

10 Back;groundArt 

In order to increase the integration of a semiconductor device, 

it has been developed to provide devices, such as the scale down of a 

pattern and the multilayering of a circuit. As one of such devices, 

there is a technique for multilayering wirings. In order to provide a 

15 multi layer metallimtion structure, a number n wiring layer and a 

number (n+ 1) wiring layer are connected to each other by means of a 

conductive layer, and a thin film called an interlayer insulator film is 

formed in a region other than the conductive layer. 

A typical interlayer insulator film is an Si(}.z film. In recent 

20 years, in order to more accelerate the operation of a device, it has been 

required to reduce the relative dielectric constant of the interlayer 

insulator film, and the material of the interlayer insulator film has been 

studied. That is, the relative ·dielectric constant of an Si02 film is about 

4, and it has been diligently studied to dig up materials having a 

25 smaller relative dielectric constant than that of the Si02 film. As one of 

such materials, it has been studied to put an SiOF film having a relative 

dielectric constant of 3.5 into practice. The inventor has taken notice 

of a fluorine containing carbon film (which will be hereinafter referred to . 

as a "CF film") having a still smaller relative dielectric constant. The 

30 CF film is deposited by means of, e.g., the thermal CVD (Chemical 

Vapor Deposition) or the plasma CVD. 

Therefore, the inventor has intended to provide a CF film 

having high adhesion and hardness using a plasma system for 

producing a plasma by the electron cyclotron resonance, using gases 

35 containing, e.g., a compound gas of carbon (C) and fluorine (F) and a 

hydrocarbon gas as thin film deposition gases, on various process 

conditions. 
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However, the CF film has the following problems. FIG. 8 

shows a part of a circuit part formed on a wafer, wherein reference 
numbers 11 and 12 denote CF films, 13 and 14 denoting conductive 
layers of tungsten (W), 15 denoting a conductive layer of aluminum (Al), 

5 16 denoting an Si02 film, into which P and B are doped, and 17 
denoting an n-type semiconductor region. The W layer 13 is formed at 
a process temperature of 400 to 450°C. At this time, the CF films 11 
and 13 are heated to the process temperature. However, if the CF 
films are heated to such a high temperature, a part of C-F bonds are 

10 cut, so that F gases are mainly released. The F gasses include F, CF, 
CF2 gases and so forth. 

Thus, if the F gases are released, there are the following 
prob~ems. 

(a) The metal wirings of aluminum, tungsten and so forth are 
15 corroded. 

(b) Although the insulator :film also has the function of pressing 
the aluminum wiring to prevent the swell of aluminum, the pressing 
force of the insulator film on the aluminum wiring is decreased by the 
degassing. As a result, the aluminum wiring swells, so that an 

20 electrical defect called electromigration is easily caused. 
(c) The insulator film cracks, so that the insulation performance 
between the wirings gets worse. When the extent of the crack 
increases, it is not possible to form. a wiring layer at the next stage. 
(d) If the amount of released F increases, the relative dielectric 

25 constant increases. 
Disclosure of the Invention 

It is therefore an object of the present invention to eliminate the 
aforementioned problems and to provide a plasma trea1ment method 
capabfo of forming an insulator film of a CF film, which has strong 

30 bonds and high thennostability, e.g., an interlayer insulator :film of a 
semiconductor device. 

According to one aspect of the present invention, a plasma 
treatment method comprises the steps of: activating a hydrogen plasma 
producing gas to form a hydrogen plasma; and irradiating a fluorine 

35 containing carbon film, which is formed on a substrate to be treated, 
with the hydrogen plasma 

Accord:i,ng to another aspect of the present invention, a plasma 
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treatment method comprises the steps of: decomposing a thin film 

deposition gas containing a compound gas of carbon and fluorine, to 

deposit a fluorine containing carbon film on a substrate to be treated, 

by a chemical gaseous phase reaction; and activating a hydrogen 

5 plasma producing gas to form a hydrogen plasma to irradiate the 

fluorine containing carbon film, which is deposited on the substrate, 

with the hydrogen plasma Preferably, the thin film deposition gas 

includes a hydrocarbon gas. 
The hydrogen plasma producing gas is preferably th gas or 

10 Nlh gas. 
According to the present invention, it is possible to provide a CF 

film which has high thermostability and a small amount of released F 

gases. Therefore, if this CF film is used as, e.g., an interlayer insulator 

film of a semiconductor device, it is possible to prevent the corrosion of 

15 metal wirings and to prevent the production of cracks and the swell of 

aluminum wirings. Since it is required to scale semiconductor devices 

down and to accelerate the operanon of semiconductor devices and 

since CF films are noticed as effective insulator films having a small 

relative dielectric constant, the method of the present invention is 

20 effective to use CF fihns as insulator films. 
Brief Description of the Drawings 

FIG. 1 is a longitudinal section of an example of a plasma 

treatment system for carrying out a method according to the present 

invention; 
25 FIGS. 2(a) through 2(c) are schematic diagrams showing the 

steps of the preferred embodiment of the present invention; 
FIGS. 3(a) and 3(b) are schematic diagrams for explaining the 

operation of the preferred embodiment of the present invention; 

FIG. 4 is a schematic diagram showing the state of H entering a 

30 CFfilm; 

FIG. 5 is a graph showing the relationship between the depth of 

a CF film and the concentration of hydrogen; · 

FIG. 6 is a schematic sectional view showing a measuring 

device for examining the variation in weight of a thin film; 

35 FIG. 7 is a table showing the relationship between the 

irradiation with H plasma and the variation in weight of a CF film; and 

FIG. 8 is a structural drawing showing an example of the 
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structure of a semiconductor device. 
Best Mode for Canying Out the Invention 

FIG. 1 shows an example of a plasma treatment system for use 
in the preferred embodiment of the present invention. This system 

5 has a vacuum vessel 2 of, e.g., aluminum. The vacuum vessel 2 
comprises a first cylindrical vacuum chamber 21, which is arranged in 
an upper portion for producing a plasma, and a second cylindrical 
vacuum chamber 22, which is communicated with and connected to 
the lower portion of the first vacuum chamber 21 and which has a 

10 greater diameter than that of the first vacuum chamber 21. 
Furthermore, the vacuum vessel 2 is grounded to have a zero potential. 

The upper end of the vacuum vessel 2 is open. A transmission 
window 23 of a microwave permeable material, e.g., quartz, is airtightly 
provided in the open upper end of the vacuum vessel 2 to as to hold 

15 vacuum in the vacuum vessel 2. Outside of the transmission window 
23, a waveguide 25 connected to a high-frequency power supply part 
24 for producing a microwave of, e.g., 2.45 GHz, is provided. The 
microwave produced by the high-frequency power supply part 24 is 
guided by the waveguide 25 in, e.g., a TE mode, or the microwave 

20 guided in the TE mode is converted by the waveguide 25 into a TM 
mode, to be introduced from the transmission window 23 into the first 
vacuum chamber 21. 

In the side wall defining the first vacuum chamber 21, gas 
nozzles 31 are arranged a~ regular intervals along, e.g., the peripheiy 

25 thereof. The gas nozzles 31 are connected to a plasma producing gas 

source (not shown), e.g., an Ar gas source, and a hydrogen plasma 
producing gas source (not shown), e.g., an th (hydrogen) gas source, so 
that a plasma producing gas, e.g., Ar gas or H2 gas, can be uniformly 
supplied to the upper portion in the first vacuum chamber 21. 

30 In the second vacuum chamber 22, a mounting table 4 for a 
semiconductor wafer (which will be hereinafter referred to as a 'wafer") 
10 is provided so as to face the first vacuum chamber 21. The 
mounting table 4 has an electrostatic chuck 41 on the surface thereof. 
The electrode of the electrostatic chuck 41 is connected to a de power 

35 supply (not shown) for absorbing the wafer and to a high-frequency 
power supply part 42 for applying a bias voltage for implanting ions into 
the wafer. 
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On the other hand, in the upper portion of the second vacuum 

chamber 22, i.e., in a portion of the second vacuum chamber 22 

communicated with the first vacuum chamber 21, a ring-shaped 

deposition gas supply part 5 is provided. Two kinds of thin film 

5 deposition gases, which includes a compound gas of C and F, e.g., Ci.F's 

gas, and a hydrocarbon gas, e.g., Cili4 gas, are supplied from gas 

supply pipes 51 and 52 to the deposition gas supply part 5, so that the 

mixed gas thereof is supplied to the vacuum vessel 2 via gas holes 53 

formed in the inner peripheral surface of the deposition gas supply part 

10 5. 
In the vicinity of the outer periphery of the side wall defining the 

first vacuum chamber 21, a magnetic field forming means, e.g., a ring­

shaped main elec1romagnetic coil 26, is arranged. Below the second 

vacuum chamber 22, a ring-shaped auxiliaty elec1romagnetic coil 27 is 

15 arranged. To the b~ttom of the second vacuum chamber 22, exhaust 

pipes 28 are connected at, e.g., two positions which are symmetrical 

with respect to the central axis of the vacuum chamber 22. 

Referring to FIGS. 2(a) through 2(c}, a method for forming an 

interlayer insulator film of a CF film on the wafer 10 serving as a 

20 substrate to be treated, by means of the above descn'bed system. 

First, as shown in FIG. 2(a), a gate value (not shown) provided 

in the side wall of the vacuum vessel 2 is open, and the wafer 10, on 

which, e.g., an aluminum wiring has been formed, is introduced from a 

load-lock chamber (not shown) by means of a transport arm (not 

25 shown) to be mounted on the mounting table 4 to be electrostatically 

absorbed by means of the elec1rostatic chuck 41. 

Subsequently, after the gate value is closed to seal the interior 

of the vacuum vessel 2, the internal atmosphere is exhausted by the 

exhaust pipes 28, and the interior· of the vacuum vessel 2 is evacuated 

30 to a predetermined degree of vacuum. Then, as shown in FIG. 2(b), Ar 

gas is introduced from the gas nozzles 31 into the first vacuum 

chamber 21 at a predetermined flow rate, and a thin film deposition gas 

is introduced from the deposition gas supply part 5 into the second 

vacuum chamber 22 at a predetermined flow rate. Th.en, the interior 

35 of the vacuum vessel 2 is held at a predetermined process pressure, 

and a bias voltage of 13. 56 MHz and 1500 W is applied to the 

mounting table 4 by means of the high-frequency power supply part 42. 
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In addition, the surface temperature of the mounting table 4 is set to be 

about 300°C. 

On the other hand, a high-frequency wave (a microwave) of 

2.45 GHz and 2700 W from the high-frequency power supply part 24 

5 passes through the waveguide 25 to reach the ceiling of the vacuum 

vessel 2, and passes through the transmission window 23 to be 

introduced into the first vacuum chamber 21. In the vacuum vessel 2, 
a magnetic field extending from the upper portion of the first vacuum 

chamber 21 to the lower portion of the second vacuum chamber 22 is 

10 formed by the main electromagnetic coil 26 and the auxiliaiy 

electromagnetic coil 27, so that the intensity of the magnetic field is, e.g., 

875 gausses in the vicinity of the lower portion of the first vacuum 
chamber 21. Thus, the electron cyclotron resonance is produced by 

the interaction between the magnetic field and the microwave, so that 

15 Ar gas is activated as plasma and enriched. The produced plasma 

flows from the first vacuum chamber 21 into the second vacuum 

chamber 22 to activate C$s gas and ~ gas (as plasma), which have 

been supplied thereto, to form active species (plasma) to deposit a CF 

film on the wafer 10. 

20 After the CF film is thus deposited on the wafer 10, the wafer 

10 is irradiated with H plasma as a kind of a post-treatment as shown 

in FIG. 2(c). 

That is, while the wafer 10 is put on the mounting table 4, lh 
gas is introduced from the gas nozzles 31 at a predetermined flow rate 

25 to be activated at a microwave power (the high-frequency power supply 

part 24) of 5000 Wand at a bias power (the high-frequency power 

supply part 42) of 0 W by the aforementioned electron cyclotron 

resonance to produce H plasma. Thus, the CF film on the wafer 10 _is 

irrad1:ated with the H plasma. Furthermore, when a device is actually 

30 produced, the CF film is etched with a predetermined pattern, and, e.g., 

a W film is embedded in a groove portion to form a W wiring. 

The CF film thus formed has a strong bond, and a high 

thermostability as can be seen from the experimental results which will 

be described later. As a result, the amount of the released F gases is 

35 small even at a high temperature. 

It is considered that the reason for this is as follows. That is, if 

a CF gas and a hydrocarbon gas are combined as a thin film deposition 
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gas to deposit a CF film, it is considered that the CF film iricludes C-C 

bonds, C-F bonds and C-H bonds as well as an unreacted F, F ion (F-) 

and so forth as shown in FIG. 3(a). 

As this preferred embodiment, if the CF fi1m is irradiated with 

5 the H plasma, the H penetrates into the interior of the CF film from the 

surface thereof as shown in FIG. 4 since H atom is minute. However, 

since the amount of H capable of reaching the deep layer portion of the 

CF film is very small, the concentration of H in the CF film is low in the 

deep layer portion and high in the surface layer portion as shown in 

10 FIG. 5. 
By the way, it is considered that the H penetrating into the CF 

film reacts with the unreacted Fin the CF film as shown in FIG. 3(b) to 

produce HF, and/ or cuts C-F bonds having a weak bonding strength to 

produce HF and/ or CHF to be scattered to the outside of the CF film. 

15 At this time, a part of the unreacted F and so forth in the CF film are 

removed by the H penetrating into the deep layer portion. On the 

other hand, in the surface layer portion, the concentration of H is high, 

and the amount of H capable of reacting with the unreacted F and so 

forth is large, so that the unreacted F and so forth are sufficiently 

20 removed. As a result, strong bonds remain, so that the film becomes 

strong. 
The release ofF gasses is caused ifthe unreacted F, and F, CF 

and CF2, which are produced by cutting C-C bonds by heat during a 

heat treatment at a high temperature, are scattered. Therefore, if the 

25 unreacted Fis previously removed by the H plasma, it is possible to 

prevent F gasses from being released. 

In addition, as described above, if the surface layer portion is 

strengthen by the irradiation with the H plasma, the C-C bonds in that · 

portion are difficult to be cut even at a high temperature, so that the 

30 release of F gases from the surface layer portion is inhibited. Moreover, 

even if the unreacted F remains in the film or weak C-C bonds are cut, 

the strong film in the surface layer portion serves as a barrier to inhibit 

the F gases from permeating. Therefore, the degassing of these gasses 

is inhibited even during a heat trea1ment at a high temperature. Thus, 

35 thermostab:ility of the CF film is improved. 

Experiments, which were carried out in order to examine 

thermostability of a CF film formed by the method of the present 
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invention, will be described below. 

The plasma 1reatmentsystem shown in FIG. 1 was used, and 

Ar gas of 150 seem, C4Fs gas of 40 seem and C2fl4 gas of 30 seem were 

introduced to deposit a CF film of 2 µ m on the wafer 10. At this time, 

5 the microwave power and the bias power were 2700 W and 1500 W, 

respectively. In addition, the temperature of the surface of the 

mounting table 4 was 300°C, and the process pressure was 0.2 Pa. 

Then, H2 gas of 300 seem was introduced to be activated as plasma, 

and the CF film on the wafer 10 was irradiated with the H plasma for 

10 15 seconds. At this time, the microwave power and the bias power 

were 5000 W and 0 W, respectively. In addition, the temperature of 

the surlace of the mounting table 4 was 300°C, and the process 

pressure was 1 Pa (Example 1). 
With respect to the CF film thus deposited, the variation in 

15 weight at a high temperature serving as an index of the thermostability 

of a thin film was examined by means of a measuring device shown in 

FIG. 6. In FIG. 6, reference number 61 denotes a vacuum vessel, 62 

denoting a heater, 63 denoting a crucible suspended from a beam of a 

light balance mechanism, and 64 denoting a weight measuring part. 

20 As a measuring method, a method for shaving the CF film on the wafer 

to put the shaven CF :film in the crua'ble 63 to raise the temperature of 

the crucible 63 to 425°C under the atmosphere of He to heat the CF 

film for 2 hours to examine the variation in weight in the weight 

measuring part 64 was adopted. 
25 The variation in weight means a value of {(A-B)/A} X 100 

assuming that the weight of the thin film in the crucible before heating 

is A and the weight of the thin film in the crucible after heating is B. 

When this value is small, the amount of the released F gasses is small, 

and thermostability is high. 

30 The variation in weight was measured when a CF film was 

deposited on the wafer 10 on the same conditions as those in Example 

1 to activate H2 gas as plasma on the same conditions as those in 

Example 1 to irradiate the CF film on the wafer 10 with the H plasma 

for 30 seconds (Example 2), and when a CF film was deposited on the 

35 wafer 10 on the same conditions as those in Example 1 without 

irradiating with the H plasma (Comparative Example). Furthermore, 

thermostability can be examined by the measurement of the degassing 
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amount using the thermal disorption spectroscopy (TDS) spectrum, the 

variation in thiclmess in the heat treatment, and so forth. 
These results are shown in FIG. 7. Thus, it is understood that 

the variation in weight of the CF film decreases and the amount of the 

5 released F gasses decreases to enhance thermostability when the CF 

film is irradiated with the H plasma, and that the variation in weight of 

the CF film decreases and thermostability increases as the irradiation 

time with the H plasma increases. 
As the thin film deposition gases, compound gases of C and F, 

10 such as CF4, ~F6, C3Fs, CsFs and C6F'6 gases, as well as gases 
containing C, F and H, such as CHF3 gas, may be used. Also, as the 
thin film deposition gases, hydrocarbon gases, such as Cfu, ~lh, ~&, 
CaHs and C4Hs gases, may be used. Hydrogep gas may be substituted 
for the hydrocarbon gas. The hydrogen plasma producing gases 

15 include gases, such as H2 and NHa gases, which can produce H plasma 
and which deposit no thin film on the wafer. The hydrogen plasma 

producing gases also include H20, H202, HF, HCl and HBr. 
According to the present invention, the method for depositing 

the CF film should not be limited to the plasma CVD, the CF film may 
20 be deposited by the thermal CVD. In addition, according to the 

present invention, the method for producing plasma should not be 
limited to the ECR, the plasma may be produced by, e.g., a method 
called ICP (Inductive Coupled Plasma) for applying electric and 
magnetic fields to a process gas from a coil wound onto a dome-shaped 

25 container. Moreover, the present invention may be .applied to the case 
where a plasma called a helicon wave plasma is produced by the 
interaction between a helicon wave of, e.g., 13.56 MHz, and a magnetic 
field applied by a magnetic coil, the case where a plasma called a . 
magnetron plasma is produced by applying a magnetic field 

30 substantially in parallel to two parallel cathodes, and the case where a 
plasma is produced by applying a high frequency power between 
electrodes called parallel plates, which face each other in parallel. 

Moreover, according to the present invention, only a step of 
irradiating with hydrogen plasma may be carried out without canying 

35 out a thin film deposition step, or the thin film deposition step and the 
hydrogen plasma irradiating step may be repeated. 
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Claims 

1. A plasma treatment method comprising the steps of: 

activating a hydrogen plasma producing gas to form a 

hydrogen plasma; and 
irradiating a fluorine containing carbon film, which is formed 

on a substrate to be treated, with said hydrogen plasma. 

2. A plasma treatment method as set forth in claim 1, wherein 
said hydrogen plasma producing gas is selected from the group 

consisting of H2 gas, NHa gas, H20, H202, HF, HCl, HBr and mixtures 
thereof. 

3. A plasma treatment method comprising the steps of: 
decomposing a thin film deposition gas containing a compound 

gas of carbon and fluorine, to deposit a fluorine containing carbon film 

on a substrate to be treated, by a chemical gaseous phase reaction; and 
activating a hydrogen plasma producing gas to form a 

hydrogen plasma to irradiate said fluorine containing carbon film, 

which is deposited on said substrate, with said hydrogen plasma 

4. A plasma treatment method as set forth in claim 2, wherein 
said thin film deposition gas includes a hydrocarbon gas. 

5. A plasma treatment method as set forth in claim 3, wherein 
said hydrogen plasma producing gas is selected from the group 
consisting of H2 gas, Nfu gas, H20, H202, HF, HCI, HBr and mixtures 
thereof. 


