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SEMICONDUCTOR DEVICE HAVING SILICON 
OXIDE FILM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and more particularly, it relates to a semiconductor 
device including an SiO2 ?lm (silicon oxide ?lm) applied to 
a gate insulator ?lm or a tunnel insulator ?lm. 

[0003] 2. Description of the Background Art 

[0004] A liquid crystal display or the like has recently 
been Watched With interest as a lightWeight display alloWing 
miniaturiZation. This display, requiring a high voltage of 
about 15 V for driving, generally employs a control LSI 
(large scale integrated circuit) consisting of a reliable ?eld 
effect transistor (voltage-resistant transistor) unbreakable 
With a load of a high voltage and a ?ne transistor (loW 
voltage transistor) for implementing loW poWer consump 
tion and a high-speed operation. 

[0005] In order to improve electric strength of the voltage 
resistant transistor for attaining high reliability, it is gener 
ally effective to improve insulation properties of a gate 
insulator ?lm held betWeen a gate electrode constituting the 
voltage-resistant transistor and a silicon substrate. The insu 
lation properties of the gate insulator ?lm are generally 
improved by increasing the thickness of the gate insulator 
?lm consisting of SiO2. 

[0006] An STI (shalloW trench isolation) technique of 
forming a shalloW trench on the surface of a substrate by dry 
etching and thereafter embedding an insulator in the trench 
thereby isolating elements from each other has recently been 
Widely employed. When STI is employed for element iso 
lation of a voltage-resistant transistor and a gate insulator 
?lm of the voltage-resistant transistor consisting of a thick 
SiO2 ?lm is formed by thermal oxidation, hoWever, the 
thickness of the gate insulator ?lm is reduced on an upper 
corner of a trench formed by STI, disadvantageously leading 
to reduction of voltage resistance of the transistor. There 
fore, it is effective to form the gate insulator ?lm of the 
voltage-resistant transistor by CVD (chemical vapor depo 
sition) capable of covering the overall surface including the 
upper corner of the trench formed by STI With a uniform 
thickness. 

[0007] HoWever, a gate insulator ?lm formed by CVD or 
a thin gate insulator ?lm formed by thermal oxidation is 
generally inferior in quality. In an initial stage of formation 
of the gate insulator ?lm, an incomplete SiO2 ?lm is easily 
formed due to a natural oxide ?lm or a structural transition 
layer. This incomplete SiO2 ?lm contains dangling bonds not 
completely in the form of O—Si—O. In the gate insulator 
?lm formed by CVD or the thin gate insulator ?lm formed 
by thermal oxidation, therefore, a large number of electron 
traps are disadvantageously formed When electrons are 
continuously injected into the gate insulator ?lm. Conse 
quently, the number of electrons captured by the electron 
traps is increased With the time for electron injection, and 
hence the threshold voltage of the voltage-resistant transistor 
is disadvantageously remarkably changed. Thus, the time for 
reaching the maximum value of alloWable threshold voltage 
variations is reduced in vieW of the characteristics of the 
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voltage-resistant transistor, to disadvantageously reduce 
operational reliability (Working life). 

[0008] On the other hand, a nonvolatile memory such as 
an EPROM (erasable and programmable read only memory) 
or an EEPROM (electrically erasable and programmable 
read only memory) has recently been Watched With interest 
as a semiconductor memory capable of replacing a hard disk 
or a ?oppy disk Which is a magnetic memory. 

[0009] The EPROM or the EEPROM stores data in 
response to presence/absence of electrons stored in a ?oating 
gate electrode forming a memory cell. Further, the EPROM 
or the EEPROM reads data by detecting change of a 
threshold voltage responsive to presence/absence of elec 
trons stored in the ?oating gate electrode. In relation to the 
EEPROM, knoWn is a ?ash EEPROM entirely erasing data 
in a memory cell array or dividing a memory cell array into 
arbitrary blocks and collectively erasing data in units of the 
blocks. The ?ash EEPROM, referred to as a ?ash memory, 
has excellent characteristics such as a large capacity, loW 
poWer consumption, a high speed and shock resistance. 
Therefore, the ?ash memory is applied to various portable 
instruments. Further, each memory cell is constituted by a 
single transistor, Whereby the ?ash memory can be easily 
highly integrated. 

[0010] In general, a stacked gate memory cell structure is 
knoWn as the structure of memory cells forming a ?ash 
memory. In each memory cell of such a stacked gate ?ash 
memory, a source region and a drain region are provided on 
the surface of a semiconductor substrate to hold a channel 
region therebetWeen at a prescribed interval. A ?oating gate 
electrode is provided on the channel region through a tunnel 
insulator ?lm. A control gate electrode is formed on the 
?oating gate electrode through a gate insulator ?lm. 

[0011] In order to Write data in the stacked gate ?ash 
memory, a voltage of 10-odd V is applied to the control gate 
electrode While applying a voltage to the drain region for 
converting electrons ?oWing in the channel region of the 
semiconductor substrate to hot electrons. Thus, the hot 
electrons are injected into the ?oating gate electrode, thereby 
Writing data. In order to erase data, a voltage of 10-odd V is 
applied to the source region. Thus, a FoWler-Nordheim 
tunnel current (F-N tunnel current) is fed from the source 
region toWard the ?oating gate electrode, thereby extracting 
electrons stored in the ?oating gate electrode through the 
tunnel insulator ?lm. In order to read data, the ?ash memory 
detects a current (cell current), ?oWing betWeen the source 
region and the drain region, varying With presence/absence 
of electrons stored in the ?oating gate electrode, thereby 
determining the data. 

[0012] Thus, the memory cell of the conventional stacked 
gate ?ash memory injects hot electrons into the ?oating gate 
electrode in Writing, and utiliZes an F-N tunnel current for 
extracting the electrons stored in the ?oating gate electrode 
in erasing. 

[0013] In general, a thin SiO2 ?lm formed by thermal 
oxidation is employed as the tunnel insulator ?lm of the ?ash 
memory. HoWever, the thin SiO2 ?lm disadvantageously 
contains a large quantity of incomplete SiO2, as hereinabove 
described. When the ?ash memory applies a voltage to the 
source region for erasing data, therefore, electrons acceler 
ated in a high electric ?eld pass through the tunnel insulator 
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?lm containing incomplete SiO2, to apply remarkable stress 
to the tunnel insulator ?lm. Consequently, a large number of 
electron traps are disadvantageously formed in the tunnel 
insulator ?lm. The electron traps formed in the tunnel 
insulator ?lm inhibit transfer of electrons from the ?oating 
gate electrode to the source region in data erasing, leading 
to insuf?cient extraction of the electrons from the ?oating 
gate electrode. FolloWing increase of the numbers of data 
Writing and erasing, the number of electron traps is also 
increased due to the incomplete SiO2, to result in further 
reduction of the quantity of electrons extracted from the 
?oating gate electrode. Thus, the number of electrons stored 
in the ?oating gate electrode after erasing is so increased that 
the cell current is disadvantageously reduced in data reading 
in an erased state. In this case, difference betWeen the values 
of the cell current in Writing and erasing is reduced as the 
numbers of data Writing and erasing are increased, leading 
to dif?culty in determination of data. In general, therefore, it 
is dif?cult to increase the number of data reWriting, and it is 
consequently difficult to improve the Working life of the 
?ash memory. 

SUMMARY OF THE INVENTION 

[0014] An object of the present invention is to provide a 
semiconductor device Whose Working life can be improved. 

[0015] Another object of the present invention is to inhibit 
an SiO2 ?lm (silicon oxide ?lm) from formation of electron 
traps in the aforementioned semiconductor device. 

[0016] In order to attain the aforementioned objects, a 
semiconductor device according to an aspect of the present 
invention comprises a ?rst conductive layer, a second con 
ductive layer and a silicon oxide ?lm, formed betWeen the 
?rst conductive layer and the second conductive layer, 
containing chlorine introduced therein. 

[0017] In the semiconductor device according to this 
aspect, the silicon oxide ?lm containing chlorine introduced 
therein is provided betWeen the ?rst conductive layer and the 
second conductive layer, as hereinabove described. There 
fore, When the silicon oxide ?lm containing chlorine intro 
duced therein is applied to a gate insulator ?lm of a 
voltage-resistant ?eld-effect transistor provided With the 
gate insulator ?lm betWeen a semiconductor substrate (?rst 
conductive layer) and a gate electrode (second conductive 
layer), for example, chlorine is conceivably coupled With 
dangling bonds (uncoupled bonds) of Si in the silicon oxide 
?lm constituting the gate insulator ?lm, Whereby formation 
of electron traps can conceivably be suppressed in an initial 
stage of electron injection into the silicon oxide ?lm con 
stituting the gate insulator ?lm. In the gate insulator ?lm 
consisting of the silicon oxide ?lm containing chlorine 
introduced therein, further, a large number of holes are 
conceivably formed in the vicinity of the interface betWeen 
the semiconductor substrate and the gate insulator ?lm in the 
initial stage of electron injection into the gate insulator ?lm. 
In the initial stage of electron injection into the gate insulator 
?lm, the gate potential (threshold voltage) ?uctuates in a 
positive sense due to the aforementioned suppression of 
formation of electron traps and formation of a large number 
of holes. Thereafter the number of electron traps is increased 
folloWing increase of the electron injection time While the 
number of electrons captured by the electron traps is also 
increased, Whereby the gate potential (threshold voltage) 
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gradually ?uctuates in a negative sense. Thus, according to 
this aspect, the threshold voltage ?uctuates in the positive 
sense in the initial stage and thereafter ?uctuates in the 
negative sense, Whereby the variation of the threshold volt 
age from the initial level can be reduced after a lapse of a 
prescribed time. Consequently, the time for reaching the 
maximum threshold voltage variation alloWable in vieW of 
the characteristics of the ?eld-effect transistor can be so 
increased that operational reliability (Working life) can be 
improved. 
[0018] When the silicon oxide ?lm containing chlorine 
introduced therein is applied to a tunnel insulator ?lm of a 
nonvolatile memory provided With the tunnel insulator ?lm 
betWeen a semiconductor substrate (?rst conductive layer) 
and a ?oating gate (second conductive layer), for example, 
chlorine is conceivably coupled With dangling bonds 
(uncoupled bonds) of Si in the silicon oxide ?lm constituting 
the tunnel insulator ?lm, Whereby formation of electron 
traps can conceivably be suppressed in an initial stage of 
electron injection into the silicon oxide ?lm constituting the 
tunnel insulator ?lm. In the tunnel insulator ?lm consisting 
of the silicon oxide ?lm containing chlorine introduced 
therein, further, a large number of holes are conceivably 
formed in the vicinity of the interface betWeen the semicon 
ductor substrate and the tunnel insulator ?lm in the initial 
stage of electron injection into the tunnel insulator ?lm. In 
the initial stage of electron injection into the tunnel insulator 
?lm, a ?oating gate potential ?uctuates in a positive sense 
due to the aforementioned suppression of formation of 
electron traps and formation of a large number of holes. 
Thereafter the number of electron traps is increased folloW 
ing increase of the electron injection time While the number 
of electrons captured by the electron traps is also increased, 
Whereby the ?oating gate potential gradually ?uctuates in a 
negative sense. Thus, according to this aspect, the ?oating 
gate potential ?uctuates in the positive sense in the initial 
stage and thereafter ?uctuates in the negative sense, Whereby 
the variation of the ?oating gate potential from the initial 
level can be reduced after a lapse of a prescribed time. In 
other Words, electrons can be further easily extracted from 
a ?oating gate to a source/drain region as compared With the 
prior art in data erasing after the lapse of the prescribed time, 
Whereby the number of electrons remaining in the ?oating 
gate can be reduced When erasing data (extracting electrons) 
after the lapse of the prescribed time. Thus, it is possible to 
relax such an inconvenience that a cell current is reduced in 
an erased state in data reading folloWing increase of the 
number of electrons remaining in the ?oating gate after data 
erasing. Therefore, it is possible to relax such an inconve 
nience that data is hard to determine due to reduction of the 
cell current in the erased state in reading after the lapse of 
the prescribed time, Whereby the number of data reWriting 
can be increased. Consequently, the Working life can be 
improved. 

[0019] In the semiconductor device according to the afore 
mentioned aspect, the chlorine concentration in the silicon 
oxide ?lm is preferably at least 1><1019 atoms/cm3. Accord 
ing to this structure, the silicon oxide ?lm can be inhibited 
from formation of electron traps While a large number of 
holes can be formed in the initial stage of electron injection 
into the silicon oxide ?lm. 

[0020] In the semiconductor device according to the afore 
mentioned aspect, the maximum chlorine concentration in 
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the silicon oxide ?lm is preferably not more than 1><1021 
atoms/cm3. According to this structure, the silicon oxide ?lm 
can be inhibited from formation of electron traps While a 
large number of holes can be formed in the initial stage of 
electron injection into the silicon oxide ?lm. Further, the 
silicon oxide ?lm can be inhibited from reduction of the ?lm 
quality caused by introduction of excess chlorine. 

[0021] In the semiconductor device according to the afore 
mentioned aspect, nitrogen is preferably introduced into the 
silicon oxide ?lm in concentration of at least 1><102O atoms/ 
cm3 in addition to chlorine. According to this structure, 
nitrogen is so easily coupled With dangling bonds of Si in the 
silicon oxide ?lm that formation of electron traps can be 
further suppressed in the initial stage of electron injection 
into the silicon oxide ?lm. 

[0022] In the aforementioned semiconductor device hav 
ing the silicon oxide ?lm containing chlorine and nitrogen 
introduced therein, the maximum value of the concentration 
pro?le of chlorine introduced into the silicon oxide ?lm may 
be smaller than the concentration pro?le of nitrogen intro 
duced into the silicon oxide ?lm. 

[0023] In the aforementioned semiconductor device hav 
ing the silicon oxide ?lm containing chlorine and nitrogen 
introduced therein, a position maximiZing the concentration 
pro?le of nitrogen introduced into the silicon oxide ?lm is 
preferably located closer to the interface betWeen the silicon 
oxide ?lm and the ?rst conductive layer than a position 
maximiZing the concentration pro?le of chlorine introduced 
into the silicon oxide ?lm. According to this structure, SiN 
bonds hardly uncoupled due to strong bond energy With Si 
can be formed in the vicinity of the interface betWeen the 
silicon oxide ?lm and the ?rst conductive layer. Thus, 
formation of electron traps can be further suppressed in the 
initial stage of electron injection into the silicon oxide ?lm. 

[0024] In this case, SiN is preferably formed in the vicinity 
of the interface betWeen the silicon oxide ?lm and the ?rst 
conductive layer. 

[0025] In this case, further, the position maximiZing the 
concentration pro?le of chlorine introduced into the silicon 
oxide ?lm is preferably located closer to the interface 
betWeen the silicon oxide ?lm and the ?rst conductive layer 
than the central portion of the silicon oxide ?lm along the 
thickness direction. According to this structure, the silicon 
oxide ?lm can be inhibited from formation of electron traps 
in the initial stage of electron injection and a large number 
of holes can be formed on the interface betWeen the silicon 
oxide ?lm and the ?rst conductive layer. 

[0026] In the aforementioned semiconductor device hav 
ing the silicon oxide ?lm containing chlorine and nitrogen 
introduced therein, a position maximiZing the concentration 
pro?le of nitrogen introduced into the silicon oxide ?lm is 
preferably located closer to the interface betWeen the silicon 
oxide ?lm and the second conductive layer than a position 
maximiZing the concentration pro?le of chlorine introduced 
into the silicon oxide ?lm. According to this structure, SIN 
bonds hardly uncoupled due to strong bond energy With Si 
can be formed in the vicinity of the interface betWeen the 
silicon oxide ?lm and the second conductive layer. Thus, 
formation of electron traps can be further suppressed in the 
initial stage of electron injection into the silicon oxide ?lm. 
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[0027] In this case, SiN is preferably formed in the vicinity 
of the interface betWeen the silicon oxide ?lm and the 
second conductive layer. 

[0028] In this case, further, the position maximiZing the 
concentration pro?le of chlorine introduced into the silicon 
oxide ?lm is located closer to the interface betWeen the 
silicon oxide ?lm and the second conductive layer than the 
central portion of the silicon oxide ?lm along the thickness 
direction. According to this structure, the silicon oxide ?lm 
can be inhibited from formation of electron traps in the 
initial stage of electron injection and a large number of holes 
can be formed on the interface betWeen the silicon oxide ?lm 
and the second conductive layer. 

[0029] In the semiconductor device according to the afore 
mentioned aspect, the silicon oxide ?lm containing chlorine 
introduced therein preferably includes a tunnel insulator ?lm 
of a nonvolatile memory. According to this structure, chlo 
rine is conceivably coupled With dangling bonds (uncoupled 
bonds) of Si in the silicon oxide ?lm, containing chlorine 
introduced therein, constituting the tunnel insulator ?lm, 
Whereby formation of electron traps can conceivably be 
suppressed in an initial stage of electron injection into the 
silicon oxide ?lm constituting the tunnel insulator ?lm. In 
the tunnel insulator ?lm consisting of the silicon oxide ?lm 
containing chlorine introduced therein, further, a large num 
ber of holes are conceivably formed in the vicinity of the 
interface betWeen the semiconductor substrate and the tun 
nel insulator ?lm in the initial stage of electron injection into 
the tunnel insulator ?lm. In the initial stage of electron 
injection into the tunnel insulator ?lm, a ?oating gate 
potential ?uctuates in a positive sense due to the aforemen 
tioned suppression of formation of electron traps and for 
mation of a large number of holes. Thereafter the number of 
electron traps is increased folloWing increase of the electron 
injection time While the number of electrons captured by the 
electron traps is also increased, Whereby the ?oating gate 
potential gradually ?uctuates in a negative sense. Thus, the 
?oating gate potential ?uctuates in the positive sense in the 
initial stage and thereafter ?uctuates in the negative sense, 
Whereby the variation of the ?oating gate potential can be 
reduced after a lapse of a prescribed time. In other Words, 
electrons can be further easily extracted from a ?oating gate 
to a source/drain region as compared With the prior art in 
data erasing after the lapse of the prescribed time, Whereby 
the number of electrons remaining in the ?oating gate can be 
reduced When erasing data (extracting electrons) after the 
lapse of the prescribed time. Thus, it is possible to relax such 
an inconvenience that a cell current is reduced in an erased 
state in data reading folloWing increase of the number of 
electrons remaining in the ?oating gate after data erasing. 
Therefore, it is possible to relax such an inconvenience that 
data is hard to determine due to reduction of the cell current 
in the erased state in reading after the lapse of the prescribed 
time, Whereby the number of data reWriting can be 
increased. Consequently, the Working life can be improved. 

[0030] In the aforementioned structure including the non 
volatile memory having the tunnel insulator ?lm consisting 
of the silicon oxide ?lm containing chlorine introduced 
therein, the potential of a ?oating gate preferably ?uctuates 
in a positive sense in an initial stage of electron injection into 
the tunnel insulator ?lm, and the potential of the ?oating 
gate thereafter preferably gradually ?uctuates in a negative 
sense folloWing increase of the time of electron injection 
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into the tunnel insulator ?lm. According to this structure, the 
variation of the ?oating gate potential can be easily reduced 
after the lapse of the prescribed time. 

[0031] In the aforementioned structure including the non 
volatile memory having the tunnel insulator ?lm consisting 
of the silicon oXide ?lm containing chlorine introduced 
therein, the nonvolatile memory preferably includes a ?oat 
ing gate electrode formed on a semiconductor substrate and 
a control gate electrode formed on the ?oating gate elec 
trode, and the tunnel insulator ?lm including the silicon 
oXide ?lm containing chlorine introduced therein is prefer 
ably arranged betWeen the semiconductor substrate and the 
?oating gate electrode. According to this structure, the 
number of data reWriting can be easily increased in a stacked 
gate nonvolatile memory. 

[0032] In the aforementioned structure including the non 
volatile memory having the tunnel insulator ?lm consisting 
of the silicon oXide ?lm containing chlorine introduced 
therein, the nonvolatile memory preferably includes a ?oat 
ing gate electrode formed on a semiconductor substrate and 
a control gate electrode formed to eXtend over the semicon 
ductor substrate and the ?oating gate electrode, and the 
tunnel insulator ?lm including the silicon oXide ?lm con 
taining chlorine introduced therein is preferably arranged 
betWeen the ?oating gate electrode and the control gate 
electrode. According to this structure, the number of data 
reWriting can be easily increased in a split gate nonvolatile 
memory. 

[0033] In this case, the chlorine concentration in the 
silicon oXide ?lm is preferably at least 1><1019 atoms/cm3. 
According to this structure, the silicon oXide ?lm can be 
inhibited from formation of electron traps While a large 
number of holes can be formed in the initial stage of electron 
injection into the silicon oXide ?lm. 

[0034] In this case, the maXimum chlorine concentration 
in the silicon oXide ?lm is preferably not more than 1><1021 
atoms/cm3. According to this structure, the silicon oXide ?lm 
can be inhibited from formation of electron traps While a 
large number of holes can be formed in the initial stage of 
electron injection into the silicon oXide ?lm. Further, the 
silicon oXide ?lm can be inhibited from reduction of the ?lm 
quality caused by introduction of eXcess chlorine. 

[0035] In this case, nitrogen is preferably introduced into 
the silicon oXide ?lm in concentration of at least 1><102O 
atoms/cm3 in addition to chlorine. According to this struc 
ture, nitrogen is so easily coupled With dangling bonds of Si 
in the silicon oXide ?lm that formation of electron traps can 
be further suppressed in the initial stage of electron injection 
into the silicon oXide ?lm. 

[0036] In the semiconductor device according to the afore 
mentioned aspect, the ?rst conductive layer is preferably a 
channel region of a ?eld-effect transistor, the second con 
ductive layer is preferably a gate electrode of a ?eld-effect 
transistor, and the silicon oXide ?lm is preferably a gate 
insulator ?lm of a ?eld-effect transistor. According to this 
structure, chlorine is conceivably coupled With dangling 
bonds (uncoupled bonds) of Si in the silicon oXide ?lm 
constituting the gate insulator ?lm, Whereby formation of 
electron traps can conceivably be suppressed in an initial 
stage of electron injection into the silicon oXide ?lm, con 
taining chlorine introduced therein, constituting the gate 
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insulator ?lm. In the gate insulator ?lm consisting of the 
silicon oXide ?lm containing chlorine introduced therein, 
further, a large number of holes are conceivably formed in 
the vicinity of the interface betWeen the semiconductor 
substrate and the gate insulator ?lm in the initial stage of 
electron injection into the gate insulator ?lm. In the initial 
stage of electron injection into the gate insulator ?lm, the 
gate potential (threshold voltage) ?uctuates in a positive 
sense due to the aforementioned suppression of formation of 
electron traps and formation of a large number of holes. 
Thereafter the number of electron traps is increased folloW 
ing increase of the electron injection time While the number 
of electrons captured by the electron traps is also increased, 
Whereby the gate potential (threshold voltage) gradually 
?uctuates in a negative sense. Thus, the threshold voltage 
?uctuates in the positive sense in the initial stage and 
thereafter ?uctuates in the negative sense, Whereby the 
variation of the threshold voltage from the initial level can 
be reduced after a lapse of a prescribed time. Consequently, 
the time for reaching the maXimum value of the threshold 
voltage variation alloWable in vieW of the characteristics of 
the ?eld-effect transistor can be so increased that operational 
reliability (Working life) can be improved. 

[0037] In this case, a threshold voltage preferably ?uctu 
ates in a positive sense in an initial stage of electron injection 
into the gate insulator ?lm, and the threshold voltage there 
after preferably gradually ?uctuates in a negative sense 
folloWing increase of the time of electron injection into the 
gate insulator ?lm. According to this structure, the variation 
of the threshold voltage can be easily reduced after a lapse 
of a prescribed time. 

[0038] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 is a sectional vieW shoWing a voltage 
resistant transistor (semiconductor device) according to a 
?rst embodiment of the present invention; 

[0040] FIG. 2 is a characteristic diagram shoWing an 
effect of the voltage-resistant transistor according to the ?rst 
embodiment shoWn in FIG. 1; 

[0041] FIGS. 3 to 11 are sectional vieWs for illustrating a 
fabrication process for the voltage-resistant transistor 
according to the ?rst embodiment shoWn in FIG. 1; 

[0042] FIG. 12 is a characteristic diagram shoWing con 
centration pro?les of Si, O, Cl and N immediately after 
deposition of a gate insulator ?lm of the voltage-resistant 
transistor according to the ?rst embodiment; 

[0043] FIG. 13 is a characteristic diagram shoWing con 
centration pro?les of Si, O, Cl and N after heat treatment 
performed on the gate insulator ?lm of the voltage-resistant 
transistor according to the ?rst embodiment; 

[0044] FIG. 14 is a sectional vieW shoWing a memory cell 
constituting a stacked gate ?ash memory (semiconductor 
device) according to a second embodiment of the present 
invention; 
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[0045] FIGS. 15 and 16 are characteristic diagrams for 
illustrating effects of the ?ash memory according to the 
second embodiment shoWn in FIG. 14; 

[0046] FIGS. 17 to 26 are sectional vieWs for illustrating 
a fabrication process for the memory cell constituting the 
stacked gate ?ash memory according to the second embodi 
ment shoWn in FIG. 14; 

[0047] FIG. 27 is a characteristic diagram shoWing con 
centration pro?les of Si, O, Cl and N immediately after 
deposition of a tunnel insulator ?lm of the memory cell 
according to the second embodiment; 

[0048] FIG. 28 is a characteristic diagram shoWing con 
centration pro?les of Si, O, Cl and N after heat treatment 
performed on the tunnel insulator ?lm of the memory cell 
according to the second embodiment; 

[0049] FIG. 29 is a sectional vieW shoWing a memory cell 
constituting a split gate ?ash memory (semiconductor 
device) according to a third embodiment of the present 
invention; and 

[0050] FIGS. 30 to 39 are sectional vieWs for illustrating 
a fabrication process for a memory cell of the split gate ?ash 
memory according to the third embodiment shoWn in FIG. 
29. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0051] Embodiments of the present invention are noW 
described With reference to the draWings. 

[0052] (First Embodiment) 
[0053] First, the structure of a voltage-resistant transistor 
according to a ?rst embodiment of the present invention is 
described With reference to FIG. 1. According to the ?rst 
embodiment, n-type source and drain regions 2 and 3 are 
formed on the surface of a p-type silicon substrate 1 at a 
prescribed interval, as shoWn in FIG. 1. A gate insulator ?lm 
4 consisting of an SiO2 ?lm (silicon oXide ?lm) having a 
large thickness of about 15 nm and containing chlorine and 
nitrogen is formed on a channel region betWeen the source 
and drain regions 2 and 3. A gate electrode 5 consisting of 
polysilicon having a thickness of about 150 nm and con 
taining phosphorus (P) introduced therein as an impurity is 
formed on the upper surface of the gate insulator ?lm 4. Side 
Wall insulator ?lms 6 of SiO2 are formed on the side surfaces 
of the gate insulator ?lm 4 and the gate electrode 5 and part 
of the upper surface of the p-type silicon substrate 1. The 
p-type silicon substrate 1 is an eXample of the “?rst con 
ductive layer” in the present invention, and the gate elec 
trode 5 is an eXample of the “second conductive layer” in the 
present invention. The gate insulator ?lm 4 is an eXample of 
the “silicon oXide ?lm” in the present invention. 

[0054] An interlayer dielectric ?lm 7 having contact holes 
7a is formed to cover the overall upper surfaces of the p-type 
silicon substrate 1, the gate electrode 5 and the side Wall 
insulator ?lms 6. Plug electrodes 8 are formed in the contact 
holes 7a to be connected to the source region 2, the drain 
region 3 and the gate electrode 5 respectively. Metal Wires 
9 are formed on the interlayer dielectric ?lm 7 to be 
connected to the plug electrodes 8. 

[0055] FIG. 2 is a characteristic diagram shoWing rela 
tions betWeen voltage application times and threshold volt 
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ages in a voltage-resistant transistor having a gate insulator 
?lm consisting of a conventional SiO2 ?lm containing no 
nitrogen and chlorine, a voltage-resistant transistor having a 
gate insulator ?lm consisting of an SiO2 ?lm containing 
nitrogen introduced therein and the voltage-resistant tran 
sistor according to the ?rst embodiment having the gate 
insulator ?lm 4 consisting of the SiO2 ?lm containing 
nitrogen and chlorine introduced therein. An effect of the 
voltage-resistant transistor according to the ?rst embodi 
ment having the gate insulator ?lm 4 consisting of the SiO2 
?lm containing nitrogen and chlorine introduced therein is 
noW described With reference to FIG. 2. Referring to FIG. 
2, electrons Were continuously injected into the voltage 
resistant transistor having the gate insulator ?lm formed by 
the conventional SiO2 ?lm containing no nitrogen and chlo 
rine, the voltage-resistant transistor having the gate insulator 
?lm formed by the SiO2 ?lm containing nitrogen introduced 
therein by about 5x1020 atoms/cm3 at the maXimum and the 
voltage-resistant transistor according to the ?rst embodi 
ment having the gate insulator ?lm 4 consisting of the SiO2 
?lm containing chlorine introduced therein by about 2><102O 
atoms/cm3 at the maXimum and nitrogen introduced therein 
by about 5x102O atoms/cm3 at the maXimum respectively. In 
this case, the threshold voltages of these voltage-resistant 
transistors ?uctuated as shoWn in FIG. 2. Referring to FIG. 
2, symbol :AVthrnaX denotes the maXimum values of thresh 
old voltage variations alloWable in vieW of the characteris 
tics of the voltage-resistant transistors. 

[0056] It is understood that the voltage-resistant transistor 
according to the ?rst embodiment having the gate insulator 
?lm 4 consisting of the SiO2 ?lm containing nitrogen and 
chlorine introduced therein exhibits the longest time for 
bringing the threshold voltage to the maXimum value 
—AVthmax in a negative sense, as shoWn in FIG. 2. This is 
because the voltage-resistant transistor according to the ?rst 
embodiment eXhibits the so-called turnaround effect, in 
Which the threshold voltage ?uctuates in a positive sense in 
an initial stage of electron injection into the gate insulator 
?lm 4 and thereafter gradually ?uctuates in the negative 
sense folloWing increase of the electron injection time. 
While the voltage-resistant transistor having the gate insu 
lator ?lm consisting of the SiO2 ?lm containing only nitro 
gen introduced therein also eXhibits this turnaround effect, a 
variation AVth of the threshold voltage Vth moving in the 
positive sense is small as compared With the voltage 
resistant transistor according to the ?rst embodiment having 
the gate insulator ?lm 4 consisting of the SiO2 ?lm contain 
ing nitrogen and chlorine introduced therein. 

[0057] According to the ?rst embodiment, as hereinabove 
described, chlorine and nitrogen are so introduced into the 
gate insulator ?lm 4 that the threshold voltage ?uctuates in 
the positive sense in the initial stage of electron injection 
into the gate insulator ?lm 4 and thereafter gradually ?uc 
tuates in the negative sense folloWing increase of the elec 
tron injection time due to the turnaround effect, Whereby a 
variation AVth of the threshold voltage Vth from the initial 
value can be reduced after a lapse of a prescribed time. Thus, 
the time for bringing the threshold voltage to the maXimum 
value —AVthrnaX of alloWable variations of the threshold 
voltage in the negative sense can be increased in vieW of the 
characteristics of the voltage-resistant transistor. Conse 
quently, operational reliability (Working life) can be 
improved. 














