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(57) ABSTRACT 

A process for producing an electronic device material of a 
high quality MOS-type semiconductor comprising an insu 
lating layer and a semiconductor layer excellent in the 
electrical characteristic. The process includes: a step of 
CVD-treating a Substrate to be processed comprising single 
crystal silicon as a main component, to thereby form an 
insulating layer; and a step of exposing the Substrate to be 
processed to a plasma which has been generated from a 
process gas on the basis of microwave irradiation via a plane 
antenna member having a plurality of slots, to thereby 
modify the insulating film by using the thus generated 
plasma. 
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PROCESS FOR PRODUCING MATERALS FOR 
ELECTRONIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 117068.933 filed Mar. 2, 2005, which is a 
divisional of U.S. Pat. No. 6,897,149, filed Jul. 25, 2003, 
which is the National Phase of PCT International Applica 
tion No. PCT/JP02/00571, filed Jan. 25, 2002, which claims 
priority under 35 U.S.C. S 119 to Japanese Application No. 
2001-017664, filed Jan. 25, 2001, the entire disclosures of 
which are expressly incorporated by reference herein. 

TECHNICAL FIELD 

0002 The present invention relates to an apparatus which 
is suitably usable for the production of materials to be used 
for electronic devices. The apparatus for producing a mate 
rial for electronic device according to the present invention 
may be used, for example, for forming an MOS-type semi 
conductor structure. 

BACKGROUND ART 

0003 Hitherto, various kinds of layer-forming techniques 
have been used in the cases of the formation of plural layers 
constituting semiconductors or semiconductor materials. 
Representative examples of these layer-forming techniques 
may include, e.g., vacuum evaporation processes, Sputtering 
processes, and CVD (chemical vapor deposition) processes. 
Among these layer-forming techniques, the CVD process 
has certain characteristics such that it can provide a high 
film-forming deposition rate for the layer formation, and it 
can accomplish the film formation within a relatively short 
period. Accordingly, the CVD process has been used for 
many steps in the production of various kinds of materials 
for electronic devices or semiconductors such as MOS-type 
semiconductor devices. 

0004. In general, the production process according to the 
present invention is widely applicable to the production of 
materials for electronic devices. For the convenience of 
explanation, however, the background art relating to an 
EPROM, an embodiment of the nonvolatile memory called 
“flash memory,” will be described here. EPROM has, for 
example a multi-layer structure as shown in FIG. 12. 
0005 Referring to FIG. 12, the multi-layer structure of 
the EPROM comprises a substrate 100 to be processed 
comprising p-type single-crystal silicon; a multi-layer struc 
ture disposed on the substrate 100, wherein an insulating 
layer 101 of SiO, and semiconductor layers 102 and 103 of 
polycrystal silicon are alternatively stacked while forming 
predetermined patterns; and a metal layer 104 of a metal 
(aluminum, copper, etc.) disposed on the multi-layer struc 
ture. 

0006. In such a semiconductor device, the above-men 
tioned CVD process is widely used for forming the semi 
conductor layers 102 and 103 of polycrystal silicon, and the 
interlayer SiO layers disposed therebetween. 
0007. However, in the layers formed by the CVD process, 
the resultant Surface roughness, and defects in the film are 
relatively noticeable, and the Valences of atomic bonding 
called “dangling bonds' are liable to be formed so that the 
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dangling bonds are directed toward the inside of the film. 
When these dangling bonds are formed so that they are 
directed toward the inside of the film, the dangling bonds 
can affect the flows of electrons in this layer and other 
adjacent layers. As a result, there can occur a problem Such 
that electric characteristics of the layer can be deteriorated, 
and the quality of the resultant electronic device per se can 
be deteriorated accordingly. 

DISCLOSURE OF INVENTION 

0008 An object of the present invention is to provide a 
process for producing a material for electronic device which 
can solve the above-mentioned problems encountered in the 
prior art. 
0009. Another object of the present invention is to pro 
vide a production process which can improve the electrical 
characteristic of the layer constituting an electronic device 
(semiconductor, for example) So as to provide an electronic 
device having an excellent quality. 
0010. A further object of the present invention is to 
provide a process for producing a material for electronic 
device which can provide an electronic device (MOS-type 
semiconductor, for example) having an insulating layer and 
a semiconductor layer excellent in the electrical character 
istic. 

0011. The present invention provides a process for pro 
ducing an electronic device material comprising: a step of 
exposing a Substrate to be processed comprising at least a 
Substrate for an electronic device, and an insulating film 
disposed on the Substrate, to a plasma which has been 
generated from a process gas on the basis of microwave 
irradiation via a plane antenna member having a plurality of 
slots, to thereby modify the insulating film. 
0012. The present invention also provides a process for 
producing an electronic device material comprising: a step 
of exposing a Substrate to be processed comprising at least 
a substrate for an electronic device, a first SiO film disposed 
on the Substrate, a first polycrystal silicon layer disposed on 
the first SiO film, and a second SiO film disposed on the 
first polycrystal silicon layer; to a plasma which has been 
generated from a process gas on the basis of microwave 
irradiation via a plane antenna member having a plurality of 
slots, to thereby modify the second SiO, film. 
0013 The present invention further provides a process 
for producing an electronic device material comprising: a 
step of exposing a substrate to be processed comprising at 
least a substrate for an electronic device, and an insulating 
film disposed on the Substrate, to a plasma which has been 
generated from a process gas on the basis of microwave 
irradiation via plane antenna member having a plurality of 
slots, to thereby modify the insulating layer; and a step of 
forming a metal layer on the insulating layer. 
0014. Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0.015 Embodiments of the invention will now be 
described, by way of example, with reference to the accom 
panying drawings, in which: 
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0016 FIG. 1 is a schematic view (schematic plan view) 
showing an example of the semiconductor manufacturing 
equipment for conducting the process for producing an 
electronic device material according to the present inven 
tion. 

0017 FIG. 2 is a schematic vertical sectional view show 
ing an example of the plasma processing unit comprising a 
slot plane (or planar) antenna (hereinafter, referred to as 
“SPA), which is usable in the process for producing elec 
tronic device material according to the present invention. 
0018 FIG. 3 is a schematic plan view showing an 
example of the SPA which is usable in an apparatus for 
producing electronic device material according to the 
present invention. 
0.019 FIG. 4 is a schematic vertical sectional view show 
ing an example of the CVD processing unit which is usable 
for a process for producing electronic device material 
according to the present invention. 
0020 FIG. 5 is a flowchart showing examples of the 
respective steps in the production process according to the 
present invention. 
0021 FIGS. 6A-6D are schematic sectional views in the 
vertical direction showing examples of the states of a flash 
memory according to the present invention in the course of 
the fabrication thereof. 

0022 FIGS. 7A-7D are schematic sectional views in the 
vertical direction showing examples of the states of a flash 
memory according to the present invention in the course of 
the fabrication thereof. 

0023 FIGS. 8A-8D are schematic sectional views in the 
vertical direction showing an example of the State of a flash 
memory according to the present invention in the course of 
the fabrication thereof. 

0024 FIG. 9 is a graph for comparing various process 
conditions and the qualities of insulating films to be obtained 
under Such process conditions. 
0.025 FIG. 10 is a flow chart showing examples of the 
respective steps in the production process for a logic device 
according to a second embodiment of the present invention. 
0026 FIGS. 11A-11F are schematic sectional views in 
the vertical direction showing examples of the production 
process for a logic device according to the second embodi 
ment of the present invention. 
0027 FIG. 12 is a schematic sectional view in the vertical 
direction showing a representative flash memory. 
0028. In the above-mentioned figures, the respective ref 
erence numerals have the following meanings: 
0029 W: wafer (substrate to be processed), 60: SPA 
(plane antenna member), 23: insulating film (first SiO film), 
32: plasma processing unit (process chamber), 33: CVD 
processing unit (process chamber), 47: heating reaction 
furnace. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0030 Hereinbelow, the present invention will be 
described in detail with reference to the accompanying 
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drawings as desired. In the following description, "'6' and 
"part(s) representing a quantitative proportion or ratio are 
those based on mass, unless otherwise noted specifically. 

(Production Process for Electronic Device Materials) 
0031. The production process for an electronic device 
material according to the present invention comprises, at 
least, a step of exposing a substrate (or base material) to be 
processed comprising at least a layer of electronic device 
material, and an insulating film disposed on the layer of 
electronic device material, to a plasma which has been 
generated from a process gas on the basis of microwave 
irradiation via (or through the medium of) a plane antenna 
member having a plurality of slots, to thereby modify the 
insulating film. 

(Electronic Device Material) 

0032. The electronic device material to be usable in the 
present invention is not particularly limited, but may appro 
priately be selected from one kind or combination of at least 
two kinds of known electronic device materials. Examples 
of such an electronic device material may include: semicon 
ductor materials, liquid crystal device materials, etc. 
Examples of the semiconductor material may include: mate 
rials comprising silicon as a main component (Such as 
single-crystal silicon, poly-silicon, and amorphous silicon), 
materials comprising silicon nitride film as a main compo 
nent, and materials comprising silicon germanium as a main 
component. 

(Insulating Film) 

0033. The insulating film to be disposed on the layer of 
above-mentioned electronic device material is not particu 
larly limited, but may appropriately be selected from one 
kind or combination of at least two kinds of known insu 
lating films for electronic device materials. Examples of 
Such an insulating film may include: silicon oxide (SiO2) 
films, silicon nitride (SiN) films, etc. In view of thermal 
history or thermal hysteresis, and productivity, the silicon 
oxide film may preferably be a film which has been formed 
by CVD. 

(Process Gas) 

0034. The process gas to be usable in the present inven 
tion is not particularly limited, but may appropriately be 
selected from one kind or combination of at least two kinds 
of known process gases usable for the production of elec 
tronic devices. The examples of Such a process gas may 
include: a mixed gas comprising an inert gas and oxygen 
(O), or an inert gas, nitrogen (N2) and hydrogen (H2). 

(Inert Gas) 

0035. The inert gas to be usable in the present invention 
is not particularly limited, but may appropriately be selected 
from one kind or combination of at least two kinds of known 
inert gases usable for the production of electronic devices. 
The examples of Such an inert gas may include krypton (Kr), 
Xenon (Xe), helium (He) or argon (Ar). 

0036). In the insulating film modification according to the 
present invention, in view of the characteristic of the modi 
fied film to be formed, the following modifying conditions 
may suitably be used. 
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0037). O: 1-1000 sccm, more preferably 10-500 sccm; 
0038 Inert gas (for example, Kr. Ar. He or Xe): 200-3000 
sccm, more preferably 500-2000 sccm; 
0039 H: 1-200 sccm, more preferably 1-50 sccm; 
0040 Temperature: room temperature (25° C.) to 700° 
C., more preferably room temperature to 500° C.; 
0041) Pressure: 20-5000 mTorr, more preferably 20-3000 
mTorr, particularly preferably, 50-2000 mTorr; 
0042 Microwave: 0.5-5 W/cm, more preferably 1-4 
W/cm2. 

(Examples of Suitable Condition) 
0043. In the production process according to the present 
invention, in view of the characteristic of the modified film 
to be formed, the following conditions may be exemplified 
as preferred examples thereof. 
0044) A preferred example of process gas: gas compris 
ing O or N at a flow rate of 10-500 sccm, and Kr. He, Xe 
or Ar at a flow rate of 500-2000 ScCm. 

0045. A preferred example of SiO film-treating condi 
tion: room temperature to 500° C. 
0046) A preferred example of SiO film-treating condi 
tion: 2.7-270 Pa (20-2000 mTorr) 
0047 A preferred example of SiO, film-forming condi 

tion: plasma which has been generated by an output of 1-4 
W/cm2. 

(Embodiment of Modifying SiO Film Disposed on Poly 
crystal Silicon Layer) 

0.048. The present invention also provides as another 
embodiment, a process for producing an electronic device 
material comprising: a step of exposing a Substrate to be 
processed comprising at least a substrate for an electronic 
device, a first SiO film disposed on the substrate, a first 
polycrystal silicon layer disposed on the first SiO film, and 
a second SiO, film disposed on the first polycrystal silicon 
layer; to a plasma which has been generated from a process 
gas on the basis of microwave irradiation via a plane antenna 
member having a plurality of slots, to thereby modify the 
second SiO film. When such an SiO film disposed on the 
polycrystal silicon layer is modified in this manner, the 
resultant operational reliability can advantageously be 
improved. 

0049. As the control gate electrode for a flash memory, 
for example, it is possible to form a second polycrystal 
silicon layer on the above-mentioned second SiO film 
which has been modified in this manner. Instead of the 
second SiO film, it is also possible to form another insu 
lating film, Such as SiN. or stacked or multi-layer structure 
comprising SiN and SiO. When the second polycrystal 
silicon layer is formed on such a modified SiO film, the 
resultant operational reliability can further be improved 
advantageously. 

0050. When the above-mentioned first polycrystal silicon 
layer, the second SiO film and/or the second polycrystal 
silicon layer are formed by using CVD, it is more advanta 
geous than thermal oxidation as a reduction in the thermal 
history. In view of the productivity, it is most preferred to 
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form all of these first polycrystal silicon layer, second SiO, 
film and second polycrystal silicon layer by using CVD. 
0051. The above-mentioned embodiment of the produc 
tion process for an electronic device material, can further 
comprises: between the step of forming the first polycrystal 
silicon layer and the step of forming the second SiO, film on 
the first polycrystal silicon layer; and/or after the formation 
of the second polycrystal silicon layer, a step of exposing the 
substrate to be processed to the plasma which has been 
generated from a process gas on the basis of microwave 
irradiation via a plane antenna member having a plurality of 
slots, to thereby modify the first or second polycrystal 
silicon layer. As described above, when the process further 
includes an additional step of exposing the Substrate to be 
processed to plasma which has been generated from the 
process gas based on the microwave irradiation via a plane 
antenna member, the Surface of the first and second poly 
crystal silicon layers may be smoothed, whereby the reli 
ability of the second SiO film can be expected to be 
improved. In addition, the oxidation resistance of the first 
and second polycrystal silicon may be improved by this step, 
and therefore a change in the area of the polycrystal silicon 
in the Subsequent step may be expected to be suppressed. 
Further, when the polycrystal silicon surface is oxidized in 
this process by using the process gas plasma which has been 
generated via SPA, the second SiO can also be formed. This 
step can be conducted at a low temperature. In the ordinary 
thermal oxidation process, the device characteristic can be 
deteriorated by a high temperature. However, when the 
above-mentioned step is used, an oxide film can be formed 
while Suppressing the degradation of the device character 
istic due to a thermal process (diffusion of dopant, etc.). 
(Embodiment of Forming Metal Layer on Modified Insu 
lating Layer) 
0052 The present invention also provides, as a further 
embodiment, a process for producing an electronic device 
material, comprising: a step of exposing a Substrate to be 
processed comprising at least a substrate for an electronic 
device, and an insulating film disposed on the Substrate, to 
a plasma which has been generated from a process gas on the 
basis of microwave irradiation via plane antenna member 
having a plurality of slots, to thereby modify the insulating 
layer; and a step of forming a metal layer on the insulating 
layer. When the metal layer is formed on the insulating film 
which has been modified in this manner, the operation 
reliability can advantageously be improved, or the leakage 
can advantageously be reduced. 
(Material of Insulating Film) 
0053. In the above production process for an electronic 
device, examples of the former insulating film (gate insula 
tor, for example) may include: one or at least two kinds 
selected from the group including: known materials such as 
SiO, SiON and SiN having a low dielectric constant; Al-O. 
ZrO2, Hf), Ta2O5 having a high dielectric constant; sili 
cates such as ZrSiO, Hf,SiO and aluminates such as ZrAlO. 

(Plane Antenna Member) 
0054. In the production process for electronic device 
material according to the present invention, a high-density 
plasma having a low electron temperature is generated by 
irradiating microwave via a plane antenna member having a 
plurality of slots; and a film is modified by utilizing the thus 
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generated plasma. As a result, the present invention can 
provide a process which accomplishes a light plasma dam 
age, and a high reactivity at a low temperature. 
0.055 The film which has been modified according to the 
present invention is one which has been modified by using 
the high-density plasma having a low electron temperature 
generated by irradiating microwave via a plane antenna 
member having a plurality of slots, and accordingly, the 
dangling bonds in the film are terminated in an ideal sate. As 
a result, the insulation characteristic of the film perse can be 
improved, to thereby provide an electronic device material 
(for example, semiconductor material) having an excellent 
characteristic. In addition, this process can be conducted by 
setting the wafer temperature, and the chamber temperature 
to a low temperature, and therefore the process can be an 
energy-saving process. 

(Preferred Plasma) 
0056 Preferred plasma characteristics of the plasma 
which may preferably be used in the present invention are as 
follows. 

0057 Electron temperature: 0.5-2.0 eV 
0.058) Density: 1x10'/cm to 5x10'/cm 
0059 Uniformity in plasma density: +10% or less 
0060 According to the present invention, a modified 
insulating film having a high quality can be formed. There 
fore, it is easy to form a semiconductor device structure 
having an excellent characteristic by forming another layer 
(for example, electrode layer) on this modified insulating 
film. 

(Preferred Characteristic of Insulating Film) 
0061 The present invention may easily form a modified 
insulating film having a preferred characteristic as follows. 
0062 Reduction in leakage current: the electric power 
consumption of the resultant device is lowered, and when 
applied to a flash memory, a long Storage-retention time can 
be accomplished. 
0063 Improvement in reliability: the deterioration along 
with an increase in the number of operations can be Sup 
pressed. 

(Preferred Characteristic of Semiconductor Structure) 
0064. The applicable range or extent of the production 
process according to the present invention is not particularly 
limited. A high-quality modified insulating film which can 
be formed by the present invention can be utilized as an 
insulating film for constituting a flash memory structure. 
0065. The present invention can easily provide a flash 
memory structure having a preferred characteristic as fol 
lows. In addition, when the characteristic of the insulating 
film which has been modified by the present invention is 
evaluated, for example, instead of evaluating the property of 
the above-mentioned insulating film perse, it is possible that 
a standard flash memory structure as described in a paper 
(IEEE TRANSACTIONS ON ELECTRONIC DEVICES, 
Vol 46, No. 9, SEPTEMBER 1999 pp 1866-1871) is formed, 
and the characteristic of the resultant flash memory is 
evaluated. This is because, in Such a standard flash memory 
structure, the characteristic of the insulating film constitut 
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ing the flash memory structure has a strong influence on the 
resultant flash memory characteristic. Characteristic: excel 
lent stability in repetitive operations. 

(Embodiment of Producing Electronic Device Material) 
0066. Hereinbelow, an embodiment in the present inven 
tion will be described. 

0067. At first, there is described a manufacturing equip 
ment which is usable for the process for producing a flash 
memory according to the present invention. 

0068 FIG. 1 is schematic view (schematic plan view) 
showing an example of the total arrangement of an elec 
tronic device (semiconductor device) manufacturing equip 
ment 30 for conducting the process for producing electronic 
device material according to the present invention. 
0069. As shown in FIG. 1, in a substantially central 
portion of the semiconductor manufacturing equipment 30, 
there is disposed a transportation chamber 31 for transport 
ing a wafer W (FIG. 2). Around the transportation chamber 
31, there are disposed: a CVD processing unit 33, a plasma 
processing unit 32 for conducting various treatments on the 
wafer, two load lock units 34 and 35 for conducting the 
communication/cutoff operations between the respective 
processing chambers, a heating unit 36 for operating various 
heating treatments, and a heating reaction furnace 47 for 
conducting various heating treatments on the wafer. These 
units are disposed so as to Surround the transportation 
chamber 31. Alternatively, it is also possible to provide the 
heating reaction furnace 47 independently and separately 
from the semiconductor manufacturing equipment 30. 

0070. On the side of the load lock units 34 and 35, a 
preliminary cooling unit 45 and a cooling unit 46 for 
conducting various kinds of preliminary cooling and cooling 
treatments are disposed. 
0071. In the inside of transportation chamber 31, trans 
portation arms 37 and 38 are disposed, so as to transport the 
wafer W (FIG. 2) between the above-mentioned respective 
units 32-36. 

0072. On the foreground side of the load lock units 34 
and 35 in this figure, loader arms 41 and 42 are disposed. 
These loader arms 41 and 42 can put wafer W in and out with 
respect to four cassettes 44 which are set on the cassette 
stage 43, which is disposed on the foreground side of the 
loader arms 41 and 42. 

0073. Further, the plasma processing unit 32 and the 
CVD processing unit 33 can be exchanged. It is possible to 
exchange the plasma processing unit 32 and the CVD 
processing unit 33 with each other; and/or it is possible to set 
one or two of single-chamber type CVD processing unit or 
plasma processing unit in the position of the plasma pro 
cessing unit 32 and CVD processing unit 33. 
(One Embodiment of Plasma Processing) 
0074 FIG. 2 is a schematic sectional view in the vertical 
direction showing a plasma processing unit 32 which is 
usable in the processing according to the present invention. 
0075) Referring to FIG. 2, reference numeral 50 denotes 
a vacuum container made of, e.g., aluminum. In the upper 
portion of the vacuum container 50, an opening portion 51 
is formed so that the opening portion 51 is larger than a 
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substrate (for example, wafer W). A top plate 54 in a flat 
cylindrical shape made of a dielectric Such as quartz and 
aluminum oxide is provided so as to cover the opening 
portion 51. In the side wall of the upper portion of vacuum 
container 50 which is below the top plate 54, gas feed pipes 
72 are disposed in 16 positions, which are arranged along the 
circumferential direction so as to provide equal intervals 
therebetween. A process gas comprising at least one kind of 
gas selected from Oa, inert gases, N. H. etc., can be 
supplied into the plasma region P in the vacuum container 50 
from the gas feed pipes 72 evenly and uniformly. 
0076) On the outside of the top plate 54, there is provided 
a radio-frequency power source, via a plane antenna member 
having a plurality of slits, which comprises a slot plane 
antenna (SPA) 60 made from a copper plate, for example. As 
the radio-frequency power Source, a waveguide 63 is dis 
posed on the top plate 54 by the medium of the SPA 60, and 
the waveguide 63 is connected to a microwave power Supply 
61 for generating microwave of 2.45 GHZ, for example. The 
waveguide 63 comprises a combination of a flat circular 
waveguide 63 A, of which lower end is connected to the SPA 
60; a circular waveguide 63B, one end of which is connected 
to the upper surface side of the circular waveguide 63A; a 
coaxial waveguide converter 63C connected to the upper 
surface side of the circular waveguide 63B; and a rectan 
gular waveguide 63D, one end of which is connected to the 
side surface of the coaxial waveguide converter 63C so as to 
provide a right angle therebetween, and the other end of 
which is connected to the microwave power supply 61. 
0077. In the present invention, a frequency region includ 
ing UHF and microwave is referred to as radio-frequency (or 
high-frequency) region. The radio-frequency power Sup 
plied from the radio-frequency power source may preferably 
have a frequency of not smaller than 300 MHz and not larger 
than 2500 MHz, which may include UHF having a fre 
quency of not smaller than 300 MHz and microwave having 
a frequency of not smaller than 1 GHz. In the present 
invention, the plasma generated by the radio-frequency 
power is referred to as “radio-frequency plasma.” 
0078. In the inside of the above-mentioned circular 
waveguide 63B, an axial portion 62 of an electroconductive 
material is coaxially provided, so that one end of the axial 
portion 62 is connected to the central (or nearly central) 
portion of the SPA 60 upper surface, and the other end of the 
axial portion 62 is connected to the upper surface of the 
circular waveguide 63B, whereby the circular waveguide 
63B constitutes a coaxial structure. As a result, the circular 
waveguide 63B is constituted so as to function as a coaxial 
waveguide. 

0079. In addition, in the vacuum container 50, a stage 52 
for carrying the wafer W is provided so that the stage 52 is 
disposed opposite to the top plate 54. The stage 52 contains 
a temperature control unit (not shown) disposed therein, so 
that the stage can function as a hot plate. Further, one end of 
an exhaust pipe 53 is connected to the bottom portion of the 
vacuum container 50, and the other end of the exhaust pipe 
53 is connected to a vacuum pump 55. 
(One Embodiment of Spa) 
0080 FIG. 3 is a schematic plan view showing an 
example of SPA 60 which is usable in an apparatus for 
producing an electronic device material according to the 
present invention. 
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0081. As shown in this FIG. 3, on the surface of the SPA 
60, a plurality of slots 60a, 60a, . . . are provided in the form 
of concentric circles. Each slot 60a is a Substantially square 
penetration-type groove. The adjacent slots are disposed 
perpendicularly to each other and arranged so as to form a 
shape of alphabetical “T'-type character. The length and the 
interval of the slot 60a arrangement are determined in 
accordance with the wavelength of the microwave Supplied 
from the microwave power supply unit 61. 
(One Embodiment of CVD Processing Unit) 
0082 FIG. 4 is schematic sectional view in the vertical 
direction showing an example of the CVD processing unit 
33 which is usable in an apparatus for producing an elec 
tronic device material according to the present invention. 
0083. As shown in FIG.4, a processing chamber 82 of the 
CVD processing unit 33 is formed into an air-tight structure 
by using aluminum, for example. A heating mechanism and 
a cooling mechanism are provided in the processing cham 
ber 82, although these mechanisms are not shown in FIG. 4. 
0084 As shown in FIG. 4, a gas introduction pipe 83 for 
introducing a gas into the processing chamber 82 is con 
nected to the upper central portion of the processing cham 
ber 82, the inside of the processing chamber 82 communi 
cates with the inside of the gas introduction pipe 83. In 
addition, the gas introduction pipe 83 is connected to a gas 
Supply source 84. A gas is Supplied from the gas Supply 
Source 84 into the gas introduction pipe 83, and the gas is 
introduced into the processing chamber 82 through the gas 
introduction pipe 83. As the gas in this case, it is possible to 
use one of various gases such as raw material gas for 
forming a gate electrode (electrode-forming gas) Such as 
silane, for example. As desired, it is also possible to use an 
inert gas as a carrier gas. 
0085. A gas exhaust pipe 85 for exhausting the gas in the 
processing chamber 82 is connected to the lower portion of 
the processing chamber 82, and the gas exhaust pipe 85 is 
connected to exhaust means (not shown) Such as vacuum 
pump. On the basis of the exhaust means, the gas in the 
processing chamber 82 is exhausted through the gas exhaust 
pipe 85, and the processing chamber 82 is maintained at a 
desired pressure. 
0086. In addition, a stage 87 for carrying wafer W is 
provided in the lower portion of the processing chamber 82. 
0087. In the embodiment as shown in FIG. 4, the wafer 
W is carried on the stage 87 by means of an electrostatic 
chuck (not shown) having a diameter which is Substantially 
the same as that of the wafer W. The stage 87 contains a heat 
Source means (not shown) disposed therein, to thereby 
constitute a structure wherein the surface of the wafer W to 
be processed which is carried on the stage 87 can be adjusted 
to a desired temperature. 
0088. The stage 87 has a mechanism which is capable of 
rotating the wafer W carried on the stage 87, as desired. 
0089. In FIG. 4, an opening portion 82a for putting the 
wafer W in and out with respect to the processing chamber 
82 is provided on the surface of the right side of the 
processing chamber 82 in this figure. The opening portion 
82a can be opened and closed by moving a gate valve 98 
vertically (up and down direction) in this figure. In FIG. 4, 
a transportation arm (not shown) for transporting the wafer 
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is provided adjacent to the right side of the gate valve 98. In 
FIG. 4, the wafer W can be carried on the stage 87, and the 
wafer W after the processing thereof is transported from the 
processing chamber 82, as the transportation arm enters the 
processing chamber 82 and goes out therefrom through the 
medium of the opening portion 82a. 
0090. Above the stage 87, a shower head 88 as a shower 
member is provided. The shower head 88 is constituted so as 
to define the space between the stage 87 and the gas 
introduction pipe 83, and the shower head 88 is formed from 
aluminum, for example. 
0.091 The shower head 88 is formed so that the gas exit 
83a of the gas introduction pipe 83 is positioned at the upper 
central portion of the shower head 88. The gas is introduced 
into the processing chamber 82 through gas feeding holes 89 
provided in the lower portion of the shower head 88. 
(Embodiment of Production of Electronic Device Material) 
0092 Next, there is described one embodiment of the 
production process for an electronic device material accord 
ing to the present invention. 
0093 FIG. 5 is a flowchart showing a process for pro 
ducing an electronic device material according to this 
embodiment. FIGS. 6 to 8 are schematic vertical sectional 
views showing the respective manufacturing steps for a flash 
memory cell according to this embodiment. 
0094. In this embodiment, at first, as shown in FIG. 5 and 
FIGS. 6A-6B, a wafer comprising p-type Si as a substrate to 
be processed is selectively subjected to ion implantation and 
annealing steps, to thereby form a buried (or embedded) type 
data line (impurity-buried layer) 22 as an n+ layer (step 1). 
0.095 Next, as shown in FIG. 6C, in order to form a first 
insulating film, the surface of the wafer W is heated or 
CVD-treated, to thereby forman SiO2 film (first SiO2 film) 
23 on the entire surface of the wafer W (step 2). Herein, 
when the SiO2 film 23 is formed by heating oxidation, the 
heating unit 36 or heating reaction furnace 47 (FIG. 1) can 
be used. When the SiO2 film 23 is formed by a CVD 
process, the CVD processing unit 33 (FIG. 1) can be used. 
0096) Next, as shown in FIG. 6D, the wafer W on the 
surface which the first SiO, film 23 has been formed, is 
brought into the CVD processing unit 33 chamber, to 
thereby form a polycrystal silicon layer 24 (first polycrystal 
silicon layer) on the surface of the above-mentioned first 
SiO, film 23 (step 3). 
0097 Subsequently, the first polycrystal silicon layer is 
selectively subjected to etching, e.g., by using a photo 
lithography and dry etching techniques so as to conduct the 
patterning thereof (step 4), to thereby form a floating gate 25 
on the SiO, film as shown in FIG. 7A. 
0098) Next, as shown in FIG. 7B, the wafer W is again 
brought into the CVD 35 processing unit 33 (FIG. 1) so as 
to subject the surface of the wafer to CVD processing, to 
thereby form a second SiO layer 26 as a second insulating 
layer on the above-mentioned exposed floating gate 25 (step 
5). 
0099 Next, the wafer W is brought into the plasma 
processing unit 32 (FIG. 1), and the second SiO layer 26 is 
plasma-treated, to thereby modify the second SiO layer 26, 
as shown in FIG. 7C (step 6). 
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0.100 More specifically, the transportation arms 37 and 
38 are caused to enter the CVD processing unit 33, and the 
wafer W on the surface of which the SiO layer has been 
formed is taken out from the CVD processing unit 33. 
Subsequently, a gate valve (not shown) provided at the side 
wall of the vacuum container 50 in the plasma processing 
unit 32 is opened, and the above-mentioned wafer W is 
placed on the stage 52 by means of transportation arms 37 
and 38. 

0101 Next, the gate valve was closed so as to seal the 
inside of the vacuum container 50, and then the inner 
atmosphere therein is exhausted by the vacuum pump 55 
through the exhaust pipe 53 So as to evacuate the vacuum 
container 50 to a predetermined degree of vacuum and a 
predetermined pressure in the container 50 is maintained. 
On the other hand, microwave (e.g., of 1.80 GHz and 2200 
W) is generated by the microwave power supply 61, and the 
microwave is guided by the waveguide so that the micro 
wave is introduced into the vacuum container 50 via the SPA 
60 and the top plate 54, whereby radio-frequency plasma is 
generated in the plasma region P of an upper portion in the 
vacuum container 50. 

0102 Herein, the microwave is transmitted in the rect 
angular waveguide 63D in a rectangular mode, and is 
converted from the rectangular mode into a circular mode by 
the coaxial waveguide converter 63C. The microwave is 
then transmitted in the cylindrical coaxial waveguide 63B in 
the circular mode, and transmitted in the flat-plate 
waveguide 63A in the radial direction, and is emitted from 
the slots 60a of the SPA 60, and penetrates the plate 54 and 
is introduced into the vacuum container 50. In this case, 
microwave is used, and accordingly high-density plasma can 
be generated. Further, the microwave is emitted from a large 
number of slots 60a of the SPA 60, and accordingly the 
plasma is caused to have a highly uniform distribution. 
0103) Subsequently, while the wafer W is heated to 400° 
C., for example, by regulating the temperature of the stage 
52, the modifying treatment is conducted by introducing via 
the gas feed pipe 72 a process gas for an oxide film 
formation comprising an inert gas Such as krypton and 
argon, and O gas at predetermined flow rates. 
0.104 For example, this plasma treatment may preferably 
be conducted in the following conditions. A mixed gas 
comprising O at a flow rate of 5-50 sccm and krypton at a 
flow rate of 500-2000 sccm is used as the process gas, and 
at a temperature of 300-700° C., at a pressure of 2.7-135 Pa 
(20-1000 mTorr), under an output of 1-3 W/cm of plasma 
Source, the plasma treatment may preferably be conducted. 
0105. In this step, the introduced process gas is activated 
(converted into radicals) by the plasma flux which has been 
generated in the plasma processing unit 32, and the SiO film 
26 covering the top surface of the wafer W is modified by 
the thus generated plasma. In this manner, the above 
mentioned modifying step is conducted, e.g., for 40 seconds, 
and the surface of the SiO film 26 disposed on the top 
surface of the wafer W is subjected to the plasma from the 
above process gas, to thereby modify the SiO film. The 
plasma generated from the process gas at this time has a low 
electron temperature, and therefore, the bias between the 
plasma of the process gas and the SiO film 26 has a low 
value. As a result, when the plasma of the process gas is 
caused to contact the SiO film 26, the impact provided to 
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the SiO film 26 is a little. When the so-called process gas 
plasma collides with the surface of the SiO film 26, the 
resultant plasma damage provided to the SiO film 26 is a 
little. Therefore, the dangling bonds present in the surface of 
the SiO film 26 and in the inside thereof are appropriately 
terminated, to thereby provide a SiO, film 26 in the state of 
a high-quality and fine grain or texture. 
0106 Next, after the modification due to the plasma is 
conducted in this manner, the resultant product is subjected 
to patterning, e.g., by selective etching (Such as photo 
lithography and dry etching techniques) (step 7). 
0107 Subsequently, the wafer W of which patterning has 
been completed is brought into the CVD processing unit 33, 
and the wafer W is heated in the CVD processing unit 33, in 
the presence of, e.g., a process gas such as silane gas, to 
thereby form a second polycrystal silicon layer 27 on the 
whole surface of the above-mentioned modified SiO, film 26 
as shown in FIG. 7D (step 8). 
0108) Next, the second polycrystal silicon layer 27 is 
Subjected to patterning by a selective etching method (step 
9), to thereby form a control gate 28 as shown in FIG. 8A. 
0109 Subsequently, as shown in FIG. 8B, a third insu 
lating layer (SiO, film) 29 is formed on the control gate 28 
by CVD, for example (step 10). 
0110 Subsequently, as shown in FIG. 8C, the third insu 
lating layer is subjected to patterning so as to expose a 
portion of the data line (n+ layer) 22 (step 11). 
0111 Further, as shown in FIG. 8D, a metal such as 
aluminum is deposited on the insulating layers 23, 26 and 
29, and on the data line 22 by vacuum evaporation, to 
thereby form a metal layer 31 (step 12). Further, the metal 
layer 31 is Subjected to patterning (by photo-lithography and 
selective etching, for example) so as to form an electrode 
(step 13). 
0112 Subsequently, a cell manufacturing steps are com 
pleted by the respective steps such as insulating film for 
mation step, passivation layer formation step, contact-hole 
formation step and interconnection (or wiring) formation 
step in accordance with a general procedure (with respect to 
Such cell manufacturing steps including insulating film 
formation step, passivation layer formation step, contact 
bole formation step and interconnection formation step, a 
publication “ULSI TECHNOLOGY McGRAW-HILL 
INTERNATIONAL EDITIONS, C. Y. CHANG, S. M. SZE 
may be referred to). 
0113. In the above-mentioned step (step 6) for modifying 
the SiO film 26, at the time of modifying the SiO film 26, 
the wafer W comprising single-crystal silicon as a main 
component is irradiated with microwave in the presence of 
a process gas via a plane antenna member (SPA) having a 
plurality of slots, so as to form plasma comprising oxygen 
(O) and an inert gas, to thereby modify the SiO film 26 by 
using the thus generated plasma. As a result, a high-quality 
film can be provided, and the control of the film quality can 
Successfully be conducted. 
0114. The quality of the oxide film (SiO film 26) after 
the above-mentioned modification is high as shown in the 
graph of FIG. 9. 
0115 FIG. 9 is a graph showing the results of evaluating 
the reliability of the SiO film 26 which has been modified 
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by subjecting the surface of the SiO film 26 to plasma via 
SPA by the modifying step (step 6) constituting the above 
mentioned embodiment of the process for producing an 
electronic device material. 

0116. In this graph, the ordinate shows the value of the 
failure rate, and the abscissa shows the Qbd value (dielectric 
breakdown electric charge). 
0.117) The device structure to be used for this measure 
ment was manufactured by a method as shown by the 
following items 1-7. 
1: Substrate 

0118. As the substrate, a P-type or N-type silicon sub 
strate is used, and the Substrate has a specific resistance of 
1-30 S2 cm, and a plane orientation of (100). A 500 A-sac 
rificial oxide film is formed on the surface of the silicon 
substrate. 

2: Preliminary Washing Prior to Gate Oxidation 
0119) The sacrificial oxide film and contaminating ele 
ments (metals organic matters, particles) were removed by 
using the RCA-washing by use of a combination of APM 
(liquid mixture of ammonia, aqueous hydrogen peroxide, 
and pure water), HPM (liquid mixture of hydrochloric acid, 
aqueous hydrogen peroxide, and pure water) and DHF 
(liquid mixture of hydrofluoric acid and pure water). 

3: Film Formation of SiO, Film 
0120) An SiO, film was formed by CVD. A 60 A-CVD 
oxide film (High Temperature Oxide: HTO) was formed, by 
using a 30 minute-treatment wherein SiHCl and NO were 
flown onto the above-mentioned substrate which had been 
heated to 780° C. at flow rates of 200 sccm and 400 sccm, 
respectively, and the pressure was maintained at 60 Pa. 
4: Plasma Oxidization Process 

0121 The silicon substrate on which the SiO, film had 
been formed in the above step 3 was modified by the 
following method. The silicon substrate on which the SiO, 
film had been formed in the above step 3 was heated to 400° 
C., an inert gas and oxygen were flown onto the Substrate at 
flow rates of 1000 scorn and 20 seem, respectively, and the 
pressure was maintained at 13-107 Pa (100 mTorr-900 
mTorr). Such an atmosphere was irradiated with microwave 
of 3 W/cm via a plane antenna member (SPA) having a 
plurality of slots So as to generate plasma including oxygen 
and the inert gas, and the SiO, film obtained in the step 3 was 
modified by using the thus generated plasma. 
5: Film Formation of Poly-Silicon 
0.122 A poly-silicon film was formed by a CVD method 
as a gate electrode on the SiO, film which had been formed 
in the above steps 3 and 4. The silicon substrate having the 
SiO, film formed thereon was heated to 630°C., and a silane 
gas was introduced onto the Substrate at 250 sccm under a 
pressure of 33 Pa, and this state was maintained for 30 min. 
to thereby form a poly-silicon film for an electrode having 
a film thickness of 3000 A on the SiO film. 
6: Doping of P (Phosphorus) to Poly-Silicon 

0123 The silicon substrate which had been obtained in 
the above step 5 was heated to 800° C., and POCl gas, 
oxygen and nitrogen were introduced onto the Substrate at 
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normal pressure at 350 sccm, 200 sccm, and 20000 sccm, 
respectively, and this state was maintained for 24 min., to 
thereby dope the inside of the poly-silicon with phosphorus. 
7: Patterning, Gate Etching 

0.124. The silicon substrate which had been obtained in 
the above step 6 was Subjected to patterning by lithography, 
and the silicon Substrate was immersed in a liquid chemical 
having a ratio of HF:HNO:HO=1:60.60 for three minutes 
So as to dissolve a portion of the poly-silicon which had not 
been subjected to the patterning, to thereby fabricate an 
MOS capacitor. 
0125 The measurement of the resultant NOS capacitor 
was conducted by the following method. A stress of a fixed 
electric current of -0.1 A/cm was applied to the capacitor 
having a gate electrode area of 10000 um, so that the Break 
Down Time (Tbd), a period until the dielectric breakdown 
was to be caused was measured. The dielectric breakdown 
electric charge (Qbd) is the absolute value of the product of 
current stress of -0.1 A/cm and the above-mentioned Tbd. 

0126 The graph (1) shows the Qbd value of an SiO film 
(High Temperature Oxide: HTO) which had been formed by 
a conventional CVD method for the purpose of reference. 
The graph (2) shows the Qbd value of the product which had 
been obtained by plasma-processing the above-mentioned 
SiO, film at a pressure of 100 mTorr by use of SPA in the 
presence of O and krypton as an inert gas. 
0127. The graph (3) shows the Qbd value of the product 
which had been obtained by plasma-processing the above 
mentioned SiO film at a pressure of 500 mTorr by use of 
SPA in the presence of O, and krypton. 
0128. Similarly, the graph (4) shows the Qbd value of the 
product which had been obtained by plasma-processing the 
above-mentioned SiO film at a pressure of 900 mTorr by 
use of SPA in the presence of O, and krypton. 
0129. As clearly understood from the graph of FIG.9, the 
Qbd value of the of SiO, film which had been modified 
according to the present invention is higher than the SiO, 
film which had been formed by a conventional CVD 
method. As a result, it is expected that the present invention 
provides a high-quality device having a high reliability in 
view of the device characteristic. 

0130. As described above, the process for producing an 
electronic device according to the present invention could 
form an oxide film having a higher quality by modification, 
as compared with that of the conventional CVD oxide film. 
(Presumed Mechanism for High-Quality Modified Insulat 
ing Film) 
0131 According to the present inventor's knowledge and 
investigations, the reason for the improvement in the film 
quality of the insulating film which has been formed by the 
above-mentioned process may be presumed as follows. 
0132) Thus, the plasma which has been formed by irra 
diating a process gas with microwave by use of an SPA is 
one having a high density and a relatively low electron 
temperature. Therefore, the present invention can generate 
high-density radicals, and the bias between the plasma and 
the surface of the substrate to be processed can be sup 
pressed to a relatively low value, and the plasma damage is 
light. Therefore, it is considered that the dangling bonds 
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present in the SiO film can appropriately be terminated by 
the oxygen reactive species which have been generated by 
the plasma, and the weak Si-Si bond is changed into a 
strong Si-O-Si bond, to thereby forman SiO, film having 
a good electric characteristic as shown in FIG. 9 by modi 
fication. 

EXAMPLES 

0.133 Hereinbelow, the present invention will be 
described in further detail with reference to Examples. 
0134) An about 10 nm-thick first SiO, film is formed on 
a Substrate to be processed comprising single-crystal silicon 
as a main component, and the above-mentioned substrate to 
be processed is CVD-treated, to thereby form an about 100 
nm -300 nm thick first polycrystal silicon layer on the above 
first SiO film. Then, the above-mentioned substrate to be 
processed is subjected to CVD-processing and a high 
temperature oxidation heat treatment, to thereby form a 
second SiO film having a thickness of about 5-10 nm on the 
above-mentioned first polycrystal silicon layer. 
0.135 The resultant object to be processed is placed on a 
stage which has been heated to 400° C., and the surface of 
the second SiO film is exposed for about 2 min.., under an 
atmosphere of argon of 1000 sccm, oxygen gas of 50 sccm 
(total pressure of 500 mTorr) to the plasma which has been 
generated by irradiating the atmosphere with microwave of 
2 W/cm via an SPA (Slot Plane Antenna). As a result of 
these steps, the second SiO, film which has been subjected 
to CVD and high-temperature oxidation heating processing 
is modified so as to improve the characteristic of the second 
SiO, film. 
0.136 The present invention is not limited to the above 
mentioned embodiment. For example, in the above embodi 
ment, the insulating layer (layers of SiO) 26 between the 
two polycrystal silicon layers 25 and 28 is selectively 
Surface-treated by using the process gas plasma which has 
been generated via SPA. However, it is also possible to 
Surface-treat another insulating layer (e.g., either one or both 
of the SiO layers 23 and 29) in a similar manner by using 
the process gas plasma which has been generated via SPA. 
0.137 In addition, when the surfaces of the two polycrys 

tal silicon layers 25 and 28 are surface-modified by using the 
process gas plasma which has been generated via SPA, the 
surfaces of the two polycrystal silicon layers 25 and 28 are 
Smoothened, and it is expected that the insulating layer 26 
(layer formed from SiO, or SiN) between the polycrystal 
silicon layers 25 and 28 is caused to have an improved 
reliability. In addition, when an inert gas and nitrogen gas 
are used as the process gas in this step, etc., the oxidation 
resistance of the polycrystal silicon layers 25 and 28 is 
improved, and it is expected that a variation in the area of the 
polycrystal silicon in the Subsequent step can be suppressed. 
0.138 Further, when the surface of the polycrystal silicon 
layer 25 is oxidized by using the process gas plasma which 
has been generated via SPA, it is also possible to form the 
SiO, constituting the layer 26. This step can conduct the 
treatment at a low temperature. In the ordinary thermal 
oxidation process, the device characteristic can be deterio 
rated due to a high temperature. By use of the step according 
to the present invention, however, an oxide film can be 
formed while suppressing the deterioration of the device 
characteristic (such as diffusion of a dopant). 
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0.139. In this case, it is possible that until the formation of 
the layers 25-27, the steps can be conducted in an automatic 
and continuous manner in a semiconductor manufacturing 
equipment as shown in FIG. 1, without exposing the result 
ant treated product to the atmosphere. As a result, it is 
expected that the reliability in the semiconductor perfor 
mance is improved and the manufacturing steps can be 
simplified. 

Second Embodiment 

0140 Hereinbelow, a second embodiment of the present 
invention will be described. In this second embodiment, an 
insulating film is surface-modified with an SPA plasma 
processing during the process for producing a logic device. 
0141 FIG. 10 is a flowchart showing the manufacturing 
steps for the logic device relating to this embodiment. FIGS. 
11A to 11F are schematic vertical sectional views showing 
the manufacturing steps for the logic device relating to this 
embodiment. 

0142. The production steps for the logic device relating to 
this embodiment can roughly classified into the following 
flows. Element separation (or isolation)->MOS transistor 
fabrication->capacity fabrication->interlayer insulating film 
formation and wiring (or interconnection). 
0143 Hereinbelow, a general example will be described 
with respect to the fabrication of an MOS structure which is 
a preceding process during the fabrication of the MOS 
transistor including a process using an SPA. 
0144) 1: A P-Type or N-Type Silicon Substrate is Used as 
a Substrate, and the Substrate has a Specific Resistance of 
1-30 S2 cm, and a Plane Orientation of (100). 
0145 As desired, in accordance with an intended use, the 
silicon substrate has been subjected to element isolation 
steps such as STI and LOCOS, or to channel implantation, 
whereby a sacrificial oxide film is formed on the silicon 
substrate (FIG. 11A), on which a gate oxide film and a gate 
insulator are to be formed. 

0146 2: Preliminary Washing Prior to Formation of Gate 
Oxide Film (Gate Insulator) 
0147 In general, the sacrificial oxide film and contami 
nating elements (metals, organic matters, particles) are 
removed by using the RCA-washing by use of a combina 
tion of APM (liquid mixture of ammonia, aqueous hydrogen 
peroxide, and pure water), HPM (liquid mixture of hydro 
chloric acid, aqueous hydrogen peroxide, and pure water) 
and DHF (liquid mixture of hydrofluoric acid and pure 
water). As desired, in some cases, it is also possible to use 
SPM (liquid mixture of sulfuric acid and aqueous hydrogen 
peroxide), water containing ozone, FPM (liquid mixture of 
hydrofluoric acid, aqueous hydrogen peroxide, and pure 
water), aqueous hydrochloric acid (liquid mixture of hydro 
chloric organic alkali, etc. 
0148 3: Formation of Gate Oxide Film (Gate Insulator) 
014.9 The gate insulator-forming steps are roughly clas 
sified into a process using thermal oxidation and a process 
using CVD. Herein, the formation of a gate insulator using 
CVD is mainly described. In the formation of the gate 
insulator by CVD, a raw material gas (for example, SiHa and 
NO) is supplied onto the above-mentioned silicon substrate 
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which has been heated to a temperature in a range of 200° 
C. to 1000° C., so that reactive species formed by heat (for 
example, Si radicals and radicals) are caused to react on the 
surface of the film, to thereby form a film (e.g., SiO). The 
reactive species can also be generated by plasma. In general, 
as the film thickness of the gate oxide film, a film thickness 
of 1 nm to 10 nm is used (FIG. 11 B). 
0150. 4: Modifying Treatment of Gate Insulator by SPA 
Plasma 

0151. The insulating film which has been obtained in the 
above step 3 is oxidized by mainly using an inert gas and 
oxygen as a gas for forming the SPA plasma, to thereby 
modify the CVD film. The effect of the oxidation may 
include an intended effect of improving the film quality by 
converting the weak Si-Si bonds into strong Si-O-Si 
bonds. In addition, it is possible to conduct a nitriding 
plasma treatment by using a gas comprising an inert gas and 
nitrogen as a gas for forming the SPA plasma. The effect of 
the nitriding may include a reduction in the film thickness 
due to an enhancement in the dielectric constant, the Sup 
pression of diffusion of the dopant from the gate electrode 
(FIG. 11 B). 
0152 5: Film Formation of Poly-Silicon for Gate Elec 
trode 

0153. On the gate insulator (comprising a gate oxide film, 
a gate oxynitriding film) which has been formed in the 
above-mentioned steps 3 and 4, a film of poly-silicon 
(inclusive of amorphous silicon) is formed as a gate elec 
trode of an MOS transistor by a CVD method. The silicon 
substrate on which the gate insulator has been formed is 
heated at a temperature in a range of 500° C. to 650° C., and 
a silicon-containing gas (silane, disilane, etc.) is introduced 
onto the substrate under a pressure of 10 to 100 Pa, to 
thereby form a poly-silicon film for an electrode having a 
film thickness of 50 nm to 500 nm on the gate insulator. As 
the gate electrode, silicon germanium or a metal (such as W. 
Ru, TiN, Ta, Mo) can be used as the substitution for 
poly-silicon (FIG. 11 C). 
0154) Subsequently, the patterning of the gate, and selec 
tive etching are conducted so as to form an MOS capacitor 
(FIG. 11 D) and ion etching is conducted so as to form a 
Source and a drain (FIG. 11 E). Then, as Subsequent steps, 
there is conducted a wiring process comprising a combina 
tion of formation of an interlayer insulating film, patterning, 
selective etching, and metal film formation, whereby a logic 
device according to this embodiment is obtained (FIG. 11 F). 
0.155. In this embodiment, an oxide film (SiO film) is 
formed as an insulating film, but it is possible to form 
insulating film comprising another composition. As the gate 
insulator, it is possible to form one or at least two kinds 
selected from the group including: known materials such as 
SiO, SiON and SiN having a low dielectric constant; Al-O. 
ZrO, HfC), Taos having a high dielectric constant; sili 
cates such as ZrSiO, Hf,SiO and aluminates such as ZrAlO. 

0.156. In this embodiment, the activated atoms supplied 
from the plasma having a low temperature and a high density 
which has been generated via an SPA, have an effect of 
terminating the Surface and inside of a film. In addition, in 
this embodiment, it is expected that nitrogen-containing 
reactive species Supplied from the plasma which has been 
generated from a gas comprising an inert gas and nitrogen, 
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may enter the inside of the surface layer of a film, to thereby 
provide a barrier for Suppressing the diffusion of a dopant 
from the polycrystal silicon. 

INDUSTRIAL APPLICABILITY 

0157. As described hereinabove, according to the present 
invention, an insulating film disposed on a Substrate for an 
electronic device is irradiated with microwave via a plane 
antenna member having a plurality of slots (i.e., by use of a 
method using a so-called SPA), so as to directly supply the 
plasma onto the silicon substrate, to thereby modify the 
insulating film (for example, SiO film). As a result, the 
dangling bonds in the insulating film Surface or inside of the 
film can preferably be terminated without damaging the 
insulating film perse. Accordingly, the present invention can 
provide a high-quality insulating film, and accordingly a 
high-quality electronic device (a semiconductor device, for 
example). 

0158 All of the above-mentioned references are herein 
incorporated by reference in their entirety to the same extent 
as if each individual reference was specifically and indi 
vidually indicated to be incorporated herein by reference in 
its entirety. 
0159. The foregoing disclosure has been set forth merely 
to illustrate the invention and is not intended to be limiting. 
Since modifications of the disclosed embodiments incorpo 
rating the spirit and Substance of the invention may occur to 
persons skilled in the art, the invention should be construed 
to include everything within the scope of the appended 
claims and equivalents thereof. 

We claim: 
1. A plasma processing apparatus, comprising: 
a processing chamber for plasma-processing an object 

having an insulating film; 
object-holding pedestal for holding the object in the 

processing chamber, 
plasma-generating unit for generating a plasma in the 

processing chamber, 
gas Supply opening for Supplying a process gas compris 

ing at least one of oxygen and nitrogen into the pro 
cessing chamber, and 

exhaust means for evacuating the inside of the processing 
chamber; 

wherein the processing chamber Supplies the process gas 
comprising at least oxygen gas or nitrogen gas into the 
processing chamber via the gas Supply opening, so as 
to generate a plasma having an electron temperature of 
0.5 eV-2 eV in the processing chamber by the plasma 
generating unit, whereby the insulating film of the 
object is exposed to the plasma to modify the insulating 
film. 

2. A plasma processing apparatus according claim 1, 
wherein the plasma-generating unit comprises an antenna 
for generating the plasma by irradiating microwaves into the 
processing chamber. 

3. A plasma processing apparatus according claim 2, 
wherein the antenna comprises a plane antenna member 
having a plurality of slots. 
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4. A plasma processing apparatus according claim 1, 
wherein the process gas further comprises an inert gas, and 
the inert gas is selected from krypton, argon or helium. 

5. A plasma processing apparatus according claim 4. 
wherein the process gas further comprises hydrogen. 

6. A plasma processing apparatus according claim 1, 
wherein the insulating film is modified at a pressure of 
20-5000 mTorr. 

7. A plasma processing apparatus according claim 6. 
wherein the process plasma processing is conducted at a 
temperature of room temperature to 700° C. 

8. A plasma processing apparatus according claim 3, 
wherein the plasma is generated at an output of the plasma 
generating unit of 0.5-5 W/cm2. 

9. A plasma processing apparatus according claim 8. 
wherein the plasma has a plasma density of 1x10"/cm to 
5x10/cm. 

10. A plasma processing apparatus according claim 1, 
wherein the plasma-generating unit comprises antenna for 
generating the plasma by irradiating microwaves into the 
processing chamber. 

a cassette for disposing a Substrate; 
a transfer chamber for transporting the Substrate; 
a plurality of plasma processing units for plasma process 

ing the Substrate, a first plasma processing unit being 
connected to the transfer chamber; 

a load lock unit connected to the transfer chamber; 

a first transfer arm disposed in the transfer chamber for 
transporting the substrate between the load lock unit 
and the first plasma processing unit, and 

a second transfer arm for transporting the Substrate 
between the cassette and the load lock unit; 

wherein the first plasma processing unit comprises: a 
processing chamber for plasma-processing the Sub 
strate having an insulating film; Substrate-holding ped 
estal disposed in the processing chamber for holding 
the Substrate; plasma-generating unit for generating a 
plasma in the processing chamber, gas Supply opening 
for Supplying a process gas comprising at least oxygen 
gas or nitrogen gas into the processing chamber; and an 
evacuating device for evacuating the inside of the 
processing chamber, 

wherein the processing chamber Supplies the process gas 
into the processing chamber via the gas Supply open 
ing, so as to generate a plasma having an electron 
temperature of 0.5 eV-2 eV in the processing chamber 
by the plasma-generating unit, whereby the insulating 
film of the substrate is exposed to the plasma to modify 
the insulating film. 

11. A plasma processing apparatus according claim 10, 
wherein the plasma-generating unit comprises an antenna 
for generating the plasma by irradiating microwaves into the 
processing chamber. 

12. A plasma processing apparatus according claim 11, 
wherein the antenna comprises a plane antenna member 
having a plurality of slots. 

13. A plasma processing apparatus according claim 10, 
wherein the process gas further comprises an inert gas, and 
the inert gas is selected from krypton, argon or helium. 
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14. A plasma processing apparatus according claim 10, 
wherein the plasma processing is conducted at a pressure of 
20-5000 mTorr. 

15. A plasma processing apparatus according claim 14. 
wherein the process plasma processing is conducted at a 
temperature of room temperature to 700° C. 

16. A plasma processing apparatus according claim 12, 
wherein the plasma is formed at an output of the plasma 
generating unit of 0.5-5 W/cm2. 

17. A plasma processing apparatus according claim 16. 
wherein the plasma has a plasma density of 1x10'/cm to 
5x10/cm. 

18. A plasma processing apparatus according to claim 1, 
wherein the insulating film comprises one or more materials 
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selected from the group consisting of SiO, Silicon oxyni 
tride film (SiON), silicon nitride (SiN), aluminum oxide 
(Al2O), Zirconium oxide (ZrO2), hafnium oxide (H?O), 
silicates having a composition of ZrSiO or HfSiO, and 
aluminates having a composition of ZralO or HfAlO. 

19. A plasma processing apparatus according to claim 10, 
further comprising a heating unit for heating the Substrate 
having an insulating film. 

20. A plasma processing apparatus according to claim 10, 
further comprising a preheating/precooling unit for prelimi 
narily heating or cooling the Substrate having an insulating 
film. 


