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(57) ABSTRACT 

According to one embodiment, a manufacturing method of 
semiconductor device includes forming plural elements on a 
Substrate, forming a silicon compound film so as to bury 
between a plurality of elements, and modifying the silicon 
compound film to a silicon dioxide film by radiating micro 
WaVS. 
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MANUFACTURING METHOD OF 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the ben 
efit of priority from prior Japanese Patent Application No. 
2011-044217, filed on Mar. 1, 2011, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002 Embodiments of the present invention relate to a 
manufacturing method of a semiconductor device. 

BACKGROUND 

0003. As memories of next and subsequent generations, 
Magnetoresistive Random Access Memory (MRAM) is 
examined. MRAM stores data using Tunneling Magneto 
Resistance Effect. 
0004 MRAM has plural Magnetic Tunnel Junction (MTJ) 
elements disposed in a matrix state. Each MTJ element has a 
layered structure composed of two magnetic layers inter 
posed between a lower electrode and an upper electrode and 
a nonmagnetic layer sandwiched between the two magnetic 
layers. 
0005 Since the magnetic layers provided with the MTJ 
element have a low heat resistance, the characteristics of the 
MTJ element may be changed by the heat applied to the 
magnetic layers in a manufacturing process. Thus, in a pro 
cess for manufacturing MRAM, after an MTJ element is 
formed, it is necessary to keep a process temperature to a 
predetermined temperature or less, for example, 500° C. or 
less so that the MTJ element is not degraded by heat. 
0006 Further, interlayer dielectric films are interposed 
between respective MTJ elements to electrically isolate the 
respective MTJ elements. The interlayer dielectric film is 
composed of, for example, a silicon dioxide films, and a 
method of using polysilazane (PSZ) is available as a method 
of forming the silicon dioxide film. 
0007 To describe the method ofusing PSZ in more detail, 
a PSZ solution is applied to the entire surface of a substrate on 
which an MTJ element is disposed, a solvent in the PSZ 
solution is volatilized by baking, and then the PSZ is heated to 
600 to 650° C. using electromagnetic waves having a short 
wavelength, i.e., ultraviolet rays, visible light rays, infrared 
rays or the like under an atmosphere which contains oxygen 
or water vapor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIGS. 1A and 1B are cross-sectional views (part 1) 
showing a manufacturing method a semiconductor device of 
an embodiment; 
0009 FIGS. 2A and 2B are cross-sectional views (part 2) 
showing the manufacturing method the semiconductor device 
of the embodiment; 
0010 FIG.3 is a cross-sectional view (part 3) showing the 
manufacturing method the semiconductor device of the 
embodiment; 
0011 FIG. 4 is a view schematically showing a manufac 
turing apparatus of the embodiment; and 
0012 FIG. 5 is a graph showing a leak current density and 
a breakdown electric field intensity measured as to a capacitor 
structure formed using the embodiment and as to a capacitor 
structure as a comparative example. 

Sep. 6, 2012 

DETAILED DESCRIPTION 

0013. In one embodiment, a manufacturing method of a 
semiconductor device forms plural elements on a Substrate, 
forms silicon compound films so as to bury between the plural 
elements, and modifies the silicon compound films to silicon 
dioxide films by radiating microwaves. 
0014 Embodiments will be described referring to the 
drawings. However, the present invention is not limited to the 
embodiments. Note that the portions common to all the draw 
ings are denoted by common reference numerals and a dupli 
cate description is omitted. Further, the drawings are sche 
matic views for describing the embodiments and Supporting 
the understanding of the embodiments, and, although shapes, 
dimensions, ratios, and the like of some schematic views may 
differ from those of an actual device, the designs of the 
shapes, dimensions, ratios, and the like can be appropriately 
changed in consideration of the following description and 
known arts. 

First Embodiment 

0015. A manufacturing method of a semiconductor device 
of a first embodiment will be described using from FIGS. 1A 
to 4. FIGS. 1A to 3 show cross-sectional views of the semi 
conductor device of the present embodiment in manufactur 
ing processes of the semiconductor device. FIG. 4 is a view 
schematically showing a manufacturing apparatus of the 
embodiment. Although the following description is made 
using a manufacturing method of a MRAM 100 as an 
example, the present invention is not limited to such a semi 
conductor device, and the manufacturing method can be used 
also in other types of semiconductor devices and can be used 
to a manufacturing method of a cross-point memory Such as, 
for example, Resistance Change Random Access Memory 
(ReRAM) having a variable resistive element with poor heat 
resistance. 
(0016 First, a substrate 1 on which plural MTJ elements 10 
are formed in a matrix state is prepared. As shown in FIG. 1A, 
each of the MTJ elements 10 has a layered structure com 
posed of for example, two magnetic layers (not shown) inter 
posed between a lower electrode (not shown) and an upper 
electrode (not shown) and a nonmagnetic layer (not shown) 
sandwiched between the two magnetic layers as described 
previously. Further, lower side walls of the respective MTJ 
elements 10 are covered with lower interlayer dielectric films 
3. The lower interlayer dielectric film 3 is a silicon dioxide 
film formed of for example, PSZ (polysilaZane). 
(0017. Since the lower interlayer dielectric films 3 are 
formed before the MTJ elements 10 are formed, the lower 
interlayer dielectric films 3 may be formed using a well 
known method by which the lower interlayer dielectric films 
3 are made to a high temperature and further may be formed 
by an embodiment described below. 
0018. Next, as shown in FIG. 1B, the entire surface of the 
substrate 1 is applied with, for example, a PSZ solution (sili 
con compound solution) 4. Main components of the PSZ are 
silicon, nitrogen, and hydrogen. The PSZ solution 4 can be 
buried between the MTJ elements 10 with a good step cov 
ering property by applying the PSZ solution 4. 
0019. Next, as shown in FIG. 2A, a solvent contained in 
the PSZ solution 4 is volatilized by performing baking at a 
temperature between 200° C. to 300° C., and PSZ films (sili 
con compound films) 5 are formed on and between the MTJ 
elements 10. Note that when a solvent includes a molecule 
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structure with polarization, since the solvent is volatilized 
when the microwaves are radiated at a next step, the baking 
may be omitted. 
0020. Thereafter, as shown in FIG. 2B, microwaves are 
radiated to the substrate 1 under an atmosphere which con 
tains oxygen or water vapor, thereby modifying the PSZ films 
5 to silicon dioxide films 6. In more detail, since nitrogen 
contained in the PSZ films 5 is replaced with oxygen under 
the atmosphere and hydrogen is eliminated, the PSZ films 5 
are modified to the silicon dioxide films 6. 
0021. The pressure of the atmosphere containing the oxy 
gen or the water vapor at the time the microwaves are radiated 
is preferably a pressure at which no radical is generated even 
if the microwaves are used and is, for example, the atmo 
spheric pressure or a pressure slightly lower than the atmo 
spheric pressure. When radical is generated, since a modifi 
cation reaction of the PSZ films 5 is excessively promoted by 
the radical, oxygen may be captured in the silicon dioxide 
films 6 more than the Stoichiometric proportion. A charge is 
generated in the silicon dioxide films 6 by oxygen captured in 
the large amount with a result that characteristics of the sili 
con dioxide films 6 Such as a withstand Voltage and a leak 
current are degraded. Accordingly, the pressure at which no 
radical is generated is preferable to avoid the degradation. 
0022. A condition at the time the microwaves are radiated 

is preferably a condition in which the temperature of the 
Substrate 1 is not increased as much as possible and is set to a 
condition in which the substrate temperature of the substrate 
1 is within the range of, for example, 200 to 400°C. In this 
way, Substrate 1 can be kept to a low temperature and degra 
dation of the MTJ elements 10 with poor heat resistance can 
be avoided. Note that the substrate temperature of the sub 
strate 1 at the time is confirmed using a pyrometer located on 
a back surface of the substrate 1. 

0023. However, in this embodiment, the microwaves are 
preferably electromagnetic waves having a frequency from 
2.45 GHZ to 25 GHZ, in other words, are preferably electro 
magnetic waves having a wavelength from 1.2 cm to 12.3 cm. 
Further, in the embodiment, it is preferable to set the radiation 
time of the microwaves from 30 seconds to 30 minutes. 

0024. Further, the radiation power of the microwaves is 
preferably configured as described below. That is, as shown in 
FIG. 4, a manufacturing apparatus 20 used when the micro 
waves are radiated has one or plural waveguides 21 (for 
example, in FIG. 4, the manufacturing apparatus 20 has four 
waveguides 21). The waveguides 21 guide the microwaves 
Wn (In FIG. 4, from W to W) output from a microwave 
oscillator (not shown) Such as a magnetron or the like to the 
inside of the manufacturing apparatus 20 in which the Sub 
strate 1 is installed. It is preferable to adjust the waveguides 21 
so that the summationX(PWin/Sn) of the quotient obtained by 
dividing the radiation power respective microwaves Win out 
put from the respective waveguides 21 by the cross sectional 
area Sn of the respective waveguides 21 corresponding to the 
power PWn becomes 10 W/cm to 1 kW/cm. When, for 
example, this is described using the manufacturing apparatus 
20 having the four waveguides 21 shown in FIG. 4 and show 
ing the cross sectional areas of the respective waveguides 21 
by S to S and the powers of the microwaves W to Woutput 
from the respective waveguides 21 by PW to PW, the radia 
tion power of the microwaves are preferably adjusted so that 
the summation of the quotient (PW/S) obtained by 
dividing the power of the microwaves output from the respec 
tive waveguides by the cross sectional areas of the respective 
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waveguides 21, i.e., PW/S+PW/S+PW/S+PW/S 
becomes 10W/cm to 1 kW/cm. Accordingly, an increase of 
the waveguides 21 provided with the manufacturing appara 
tus 20 increases the radiation power of the microwaves 
defined as described above. 
0025. Then, as shown in FIG.3, the silicon dioxide films 6 
are polished using Chemical Mechanical Polishing (CMP) 
method until upper surfaces of the MTJ elements 10 are 
exposed. In this way, the silicon dioxide films 6 are interposed 
between the MTJ elements 10 as upper interlayer dielectric 
films, thereby the MRAM 100 is formed. 
0026 Note that, in the present embodiment, before or after 
the radiating of microwaves, a hot water treatment of 50° C. to 
90° C., a liquid mixture treatment with the use of sulfuric 
acid-hydrogen peroxide solution mixture, or a combination 
treatment thereof may be performed. 
0027 Characteristics of the silicon dioxide films 6 formed 
by the embodiment, in more detail, a leak current density and 
a breakdown electric field intensity were measured. 
0028. First, PSZ films were formed on a silicon substrate, 
the PSZ films were modified to silicon dioxide films using the 
same method as the embodiment, in other words, radiating 
microwaves to the PSZ films, and electrodes were formed on 
the silicon dioxide films. The leak current density and the 
breakdown electric field intensity were measured by measur 
ing a current by applying a Voltage to a capacitor structure 
obtained in this way by a mercury probe method. 
0029. Further, as a comparative example, PSZ films were 
formed on a silicon Substrate and modified to silicon dioxide 
films by being heated under an atmosphere of 600° C. to 650° 
C. containing oxygen or water vapor in place of being radi 
ated with microwaves, and electrodes were formed on the 
silicon dioxide films. A leak current density and a breakdown 
electric field intensity were measured also as to a capacitor of 
the comparative example likewise the above case. 
0030 FIG. 5 shows a result. An X-axis of FIG. 5 shows 
values obtained by dividing the applied voltage by the thick 
nesses of the silicon dioxide films of the respective capacitor 
structures, i.e., electric field intensities (unit: V/cm), and a 
y-axis of FIG. 5 shows values obtained by dividing the leak 
currents by the areas of the electrodes of the respective 
capacitors, i.e., leak current densities (unit: A/cm). As appar 
ent from the graph, the leak current density and the break 
down electric field intensity of the capacitor structure accord 
ing to the embodiment show approximately the same results 
as those of the capacitor structure of the comparative 
example. That is, the silicon dioxide films according to the 
embodiment, in other words, the silicon dioxide films 
obtained by modifying the PSZ films by radiating the micro 
waves have the equivalent leak current characteristics and the 
same withstand Voltage characteristics as those of the silicon 
dioxide films obtained by heating the PSZ films under the 
atmosphere of 600°C. to 650° C. containing the oxygen or the 
water vapor. 
0031. Further, the etching rate of the silicon dioxide films 
6 formed by the embodiment to a diluted fluoric acid solution 
was measured. 
0032. First, PSZ films were formed on a silicon substrate, 
and silicon dioxide films were formed using the same method 
as the embodiment, in other words, by radiating microwaves 
to the PSZ film. The film thickness of the silicon dioxide films 
was previously measured by an ellipsometer. Further, the 
silicon dioxide films were dipped in a diluted fluoric acid 
having a predetermined temperature and a predetermined 
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concentration for a predetermined time, and the thickness of 
the silicon dioxide films was measured again by the ellipsom 
eter. The etching rate was calculated using a result of the 
measurement. 

0033. Further, as a comparative example, PSZ films were 
formed on a substrate, and silicon dioxide films were formed 
by heating the PSZ films under an atmosphere of 600° C. to 
650° C. containing oxygen or water vapor in place of radiat 
ing microwaves. The etching rate was calculated also as to the 
comparative example likewise the above case. 
0034. Also as to the etching rate calculated in this way, the 
silicon dioxide films according to the embodiment show 
approximately the same result as the silicon dioxide films of 
the comparative example. That is, the silicon dioxide films 
according to the embodiment, in other words, the silicon 
dioxide films obtained by modifying the PSZ films by radi 
ating the microwaves thereto have an etching rate equivalent 
to the silicon dioxide films obtained by heating the PSZ films 
under the atmosphere of 600° C. to 650°C. which contains the 
oxygen or the water vapor. 
0035. That is, according to the embodiment, since the 
microwaves have a long wavelength of about 5 cm, the radi 
ated microwaves reach up to a back of the PSZ films 5 located 
between the MTJ elements 10 So that the PSZ films 5 can be 
effectively modified to the silicon dioxide films 6. Further, 
since the PSZ films 5 are modified by the action of the micro 
waves in place that the PSZ films 5 are modified by being 
heated by the electromagnetic waves having a wavelength 
shorter than the microwaves, i.e., using ultraviolet rays, vis 
ible light rays, infrared rays or the like as in the conventional 
method, an increase of the Substrate temperature can be 
avoided. Accordingly, when the silicon dioxide films 6 are 
formed, the silicon dioxide films 6 which have a high break 
down Voltage and can Suppress a leak current while avoiding 
degradation of the MTJ elements 10 with poor heat resis 
tance, can be obtained, thereby the MRAM 100 that is good 
can be formed. 
0036. For example, when the PSZ films 5 are modified 
radiating ultraviolet rays, since the wavelength of the ultra 
violet rays is short, about 100 nm, when the ultraviolet rays 
are compared with the microwaves, radiated ultraviolet rays 
less reach the back of the PSZ films 5 located between the 
MTJ elements 10. Accordingly, it is difficult to effectively 
modify the PSZ films 5 to the silicon dioxide films 6. Further, 
since the ultraviolet rays have high energy, the modification 
reaction of the PSZ films 5 by the radiation of the ultraviolet 
light is excessively promoted, oxygen may be captured into 
the created silicon dioxide films 6 more than the stoichiomet 
ric proportion. A charge is generated in the silicon dioxide 
films 6 by the oxygen captured in the large amount, with a 
result that characteristics of the silicon dioxide films 6 such as 
a withstand Voltage and a leak current are degraded. 
0037. In contrast, in the embodiment, polarized molecules 
in the PSZ films 5 are rotated by radiating the microwaves, 
thereby gently performing the modification reaction of the 
PSZ films 5. Accordingly, it is possible to avoid that oxygen 
is captured in the silicon dioxide films 6 more than the sto 
ichiometric proportion and that the charge is generated, 
thereby it can be avoided that characteristics of the silicon 
dioxide films 6 such as the withstand voltage and the leak 
current are degraded. 
0038. Further, in the embodiment, power consumption 
when the semiconductor device 100 is manufactured 
becomes Smaller by using the microwaves in comparison 
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with the case that the ultraviolet rays are used. Further, since 
the microwaves pass through quartz, the microwaves can be 
easily assembled in the manufacturing apparatus. 

Second Embodiment 

0039. To form the silicon dioxide films 6 as upper inter 
layer dielectric films, although the PSZ films 5 are used as a 
silicon compound material in the first embodiment, the sec 
ond embodiment uses organic Spin on Glass (SOG). Main 
components of the organic SOG are silicon, oxygen, carbon, 
and hydrogen. When the silicon dioxide films 6 are formed 
between the MTJ elements 10, since the use of the organic 
SOG causes stress to be less generated to the substrate 1 than 
when the PSZ films 5 are used, defect can be more prevent 
able from being generated to the substrate 1. Further, when 
the organic SOG is used, less nitrogen remains in the silicon 
dioxide films 6 formed by the organic SOG in comparison 
with the case that the silicon dioxide films are formed using 
the PSZ films, it can be suppressed that a fixed charge is 
generated in the silicon dioxide films 6 due to nitrogen. 
0040 Since the drawings for describing a manufacturing 
method of the semiconductor device of the second embodi 
ment are shown in the same way as the drawings used to 
describe the first embodiment, the manufacturing method of 
the semiconductor device according to the second embodi 
ment will be described using FIGS. 1A to 3. Detailed descrip 
tion of the sections common to the first embodiment is omit 
ted here. Note that, although description is made using the 
manufacturing method of an MRAM 100 as an example 
below, the present invention is not limited to such a semicon 
ductor device likewise the first embodiment and the manu 
facturing method can be used also in other types of semicon 
ductor devices and can be used to a manufacturing method of 
a cross-point memory Such as, for example, ReRAM having 
a variable resistive element with poor heat resistance. 
0041 First, likewise the first embodiment, a substrate 1 on 
which plural MTJ elements 10 are formed in a matrix state is 
prepared as shown in FIG. 1A. 
0042. Next, as shown in FIG. 1B, an organic SOG solution 
(a silicon compound material) 4 is applied to the entire Sur 
face of the substrate 1. Application of the organic SOG solu 
tion 4 allows the organic SOG solution 4 to be buried between 
the MTJ elements 10 with a good step covering property. 
0043. Next, as shown in FIG. 2A, a solvent contained in 
the organic SOG solution 4 is volatilized by performing bak 
ing at a temperature between 200° C. to 300°C., and organic 
SOG films (silicon compound films) 5 are formed on and 
between the MTJ elements 10. Note that when the solvent 
includes a molecule structure having polarization, since the 
solvent is volatilized when microwaves are radiated at a next 
step likewise the first embodiment, the baking may be omit 
ted. 
0044. Thereafter, as shown in FIG.2B, the microwaves are 
radiated to the substrate 1 under an atmosphere which con 
tains inert gas such as nitrogen, argon or the like, preferably 
under an atmosphere which does not contain oxygen, thereby 
modifying the organic SOG films 5 to silicon dioxide films 6. 
In more detail, since an organic functional group contained in 
the organic SOG films 5 is separated, the organic SOG films 
5 are modified to the silicon dioxide films 6. 
0045. A condition at the time the microwaves are radiated 
is preferably a condition in which the temperature of the 
Substrate 1 is not increased as much as possible and is set to a 
condition in which the substrate temperature of the substrate 
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1 is, for example, within the range of 200° C. to 400° C. 
likewise the first embodiment. In this way, the substrate 1 can 
be kept to a low temperature and degradation of the MTJ 
elements 10 with poor heat resistance can be avoided. Note 
that, since a detailed microwave radiating condition (pres 
Sure, frequency, radiating time, and radiation power) is the 
same as the first embodiment, description of the condition is 
omitted here. 
0046. Then, as shown in FIG. 3, the silicon dioxide films 6 
are polished using CMP method until upper surfaces of the 
MTJ elements 10 are exposed. In this way, the silicon dioxide 
films 6 are interposed between the MTJ elements 10 as upper 
interlayer dielectric films, thereby the MRAM 100 is formed. 
0047 That is, according to the embodiment, since the 
microwaves reach up to backs of the organic SOG films 5 
located between MTJ elements 10 by radiating the micro 
waves, the organic SOG films 5 can be effectively modified to 
the silicon dioxide films 6. Further, since the SOG films 5 are 
modified by the action of the microwaves in place that the 
organic SOG films 5 are modified by being heated as in the 
conventional method, it can be avoided that a substrate tem 
perature becomes high. Accordingly, when the silicon diox 
ide films 6 are formed, the silicon dioxide films 6 which have 
a high breakdown voltage and the leak current of which can be 
suppressed can be obtained while avoiding that the MTJ 
elements 10 with poor heat resistance are degraded, thereby 
the MRAM 100 that is good can be formed. 
0048. Further, according to the embodiment, the use of the 
organic SOG can avoid generation of defect on the substrate 
1 by reducing stress generated to the substrate 1 when the 
silicon dioxide films 6 are formed between the MTJ elements 
10. Further, reduction of nitrogen remaining in the silicon 
dioxide films 6 can Suppress generation of a fixed charge in 
the silicon dioxide films 6. 
0049. Then, also in the embodiment, since the microwaves 
are used, a power consumption when the semiconductor 
device 100 is manufactured is smaller than the case that 
ultraviolet rays are used. Further, since the microwaves pass 
through quartz, the microwaves can be easily assembled in 
the manufacturing apparatus. 
0050. Note that, in the first and second embodiments, the 
Substrate 1 need not always be a silicon Substrate and may be 
other substrate (for example, Silicon On Insulator (SOI) sub 
strate, SiGe substrate or the like). Further, a semiconductor 
structure or the like may be formed on such various sub 
Strates. 

0051 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the present 
inventions. Indeed, the novel methods and systems described 
herein may be embodied in a variety of other forms; further 
more, various omissions, Substitutions and changes in the 
form of the methods and systems described herein may be 
made without departing from the spirit of the present inven 
tions. The accompanying claims and their equivalents are 
intended to cover such forms or modifications as would fall 
within the scope and spirit of the present inventions. 

1. A manufacturing method of a semiconductor device 
comprising: 

forming a plurality of elements on a Substrate; 
forming a silicon compound film So as to bury between the 

plurality of elements; and 
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modifying the silicon compound film to a silicon dioxide 
film by radiating microwaves. 

2. The manufacturing method of the semiconductor device 
according to claim 1, wherein the microwaves have a fre 
quency between 2.45 GHZ and 25 GHz. 

3. The manufacturing method of the semiconductor device 
according to claim 1, wherein the temperature of the Substrate 
is between 200° C. and 400° C. while the microwaves are 
being radiated. 

4. The manufacturing method of the semiconductor device 
according to claim 1, wherein the power density of the micro 
waves is between 10 W/cm and 1 kW/cm. 

5. The manufacturing method of the semiconductor device 
according to claim 1, wherein the radiating time of the micro 
waves is between 30 seconds and 30 minutes. 

6. The manufacturing method of the semiconductor device 
according to claim 1, further comprising polishing an upper 
surface of the silicon dioxide film after the silicon compound 
film is modified to the silicon dioxide film. 

7. The manufacturing method of the semiconductor device 
according to claim 1, wherein the silicon compound film is 
formed by applying a silicon compound solution to the Sub 
Strate. 

8. The manufacturing method of the semiconductor device 
according to claim 1, wherein the silicon compound film is 
formed by applying a silicon compound solution to the Sub 
strate and Volatilizing a solvent contained in the silicon com 
pound Solution. 

9. The manufacturing method of the semiconductor device 
according to claim 8, wherein the solvent is volatilized by 
baking the substrate at the temperature between 200° C. and 
300° C. 

10. The manufacturing method of the semiconductor 
device according to claim 1, wherein the silicon compound 
film comprises a polysilaZane film. 

11. The manufacturing method of the semiconductor 
device according to claim 10, wherein the microwaves are 
radiated to the Substrate under an atmosphere containing oxy 
gen or water vapor. 

12. The manufacturing method of the semiconductor 
device according to claim 11, wherein the pressure of the 
atmosphere containing the oxygen or the water vapor is a 
pressure at which no radical is generated by the microwaves. 

13. The manufacturing method of the semiconductor 
device according to claim 1, wherein the silicon compound 
film comprises a polysilaZane film or an organic SOG film. 

14. The manufacturing method of the semiconductor 
device according to claim 13, wherein the microwaves are 
radiated to the Substrate under an atmosphere containing 
nitrogen or inert gas. 

15. The manufacturing method of the semiconductor 
device according to claim 1, wherein the element is an MTJ 
element. 

16. The manufacturing method of the semiconductor 
device according to claim 1, wherein the element is a variable 
resistive element. 

17. The manufacturing method of the semiconductor 
device according to claim 1, wherein before or after the radi 
ating of microwaves, a hot water treatment of 50° C. to 90°C., 
a liquid mixture treatment with the use of sulfuric acid-hy 
drogen peroxide solution mixture, or a combination treatment 
thereof is performed. 


