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(57) ABSTRACT 

A semiconductor device and method of its manufacturing 
method are provided for realizing smaller loW voltage 
transistors While maintaining the characteristics of high 
voltage transistors. A ?rst transistor formation region is 
separated by selectively leaving ?rst element-separating 
insulator ?lm. A second transistor formation region is sepa 
rated by selectively oxidized second element-separating 
insulator ?lm. On the region separated by ?rst element 
separating insulator ?lm, a ?rst transistor having a ?rst 
channel-formation region, ?rst source/drain regions, and 
?rst gate-insulation ?lm With a ?rst ?lm thickness and ?rst 
gate electrode are formed. On the region separated by 
second element-separating insulator ?lm, second transistors 
having a second channel-formation region, second source/ 

(51) Int. Cl. drain region second gate-insulation ?lm With thickness 
H01L 21/336 (2006.01) thinner than the ?rst ?lm thickness, and a second gate 
H01L 29/76 (2006.01) electrode are formed. 
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INSULATION FILM SEMICONDUCTOR DEVICE 
AND METHOD 

[0001] This relates to a semiconductor device and method 
of manufacture of a semiconductor device having at least 
tWo transistors With different gate insulation ?lm thick 
nesses. 

BACKGROUND 

[0002] MOSFET (metal-oxide-semiconductor ?eld-effect 
transistors) elements are Widely used as basic elements in 
semiconductor devices. In high voltage-rated ICs (integrated 
circuits), high voltage-rated MOS transistors are used that 
can be driven With voltages of 10-20 V, or more (hereinafter 
referred to as “high voltage transistors”). 

[0003] FIG. 7 is a cross section vieW of a semiconductor 
device having high and loW voltage (that is, high voltage 
rated and loW voltage-rated) transistors according to a 
conventional con?guration. FIG. 7 shoWs high voltage 
PMOS and NMOS transistors Tr1, Tr2 and loW voltage 
PMOS and NMOS transistors Tr3, Tr4, formed on a p-type 
semiconductor substrate 101. In semiconductor substrate 
101, the regions of transistors Tr1, Tr2, Tr3 and Tr4 are 
separated from each other by means of element-separating 
insulator ?lm 102. 

[0004] In the high voltage PMOS transistor formation 
region, n-type Well 111, p-type drain region 112, and p+-type 
drain region 113 are formed in semiconductor substrate 101. 
At a prescribed distance from the end portion of p-type drain 
region 112, p+-type source region 114 is formed on the 
surface of n-type Well 111, and the portion betWeen p-type 
drain region 112 and p+-type source region 114 becomes the 
channel-formation region. Also, n+-type back gate 115 is 
formed adjacent to the side opposite to the channel-forma 
tion region of p+-type source region 114. And, gate-insula 
tion ?lm 116 is formed to cover the channel-formation 
region, and gate electrode 117 is formed as the upper layer 
on it. This arrangement forms the high voltage PMOS 
transistor Tr1. 

[0005] In the high voltage NMOS transistor formation 
region, n-type drain region 121 and n+-type drain region 122 
are formed in semiconductor substrate 101. At a prescribed 
distance from the end portion of n-type drain region 121, 
n+-type source region 123 is formed on the surface of 
semiconductor substrate 101, and the portion betWeen 
n-type drain region 121 and n+-type source region 123 
becomes the channel-formation region. Also, p+-type back 
gate 124 is formed adjacent to the side opposite the channel 
formation region of n+-type source region 123. And, gate 
insulation ?lm 125 is formed to cover the channel-formation 
region, and gate electrode 126 is formed as the upper layer 
on it. This arrangement forms the high voltage NMOS 
transistor Tr2. 

[0006] In the loW voltage PMOS transistor formation 
region, n-type Well 131 is formed in semiconductor substrate 
101. On its surface, a pair of p+-type source/drain regions 
132 are formed separated from each other by a prescribed 
distance, and the region betWeen them becomes the channel 
formation region. Also, gate-insulation ?lm 133 is formed to 
cover it, and gate electrode 134 is formed as the upper layer 
on it. This forms the loW voltage PMOS transistor Tr3. 

[0007] In the loW voltage NMOS transistor formation 
region, a pair of n+-type source/drain regions 141 are formed 
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on the surface of semiconductor substrate 101, separated 
from each other by a prescribed distance, and the region 
betWeen them becomes the channel-formation region. Also, 
gate-insulation ?lm 142 is formed to cover it, and gate 
electrode 143 is formed as the upper layer on it. This forms 
the loW voltage NMOS transistor Tr4. 

[0008] As shoWn in the draWings, the various regions on 
semiconductor substrate 1 are allotted to formation region 
R1 of high voltage PMOS transistor Tr1, formation region 
R2 of high voltage NMOS transistor Tr2, formation region 
R3 of loW voltage PMOS transistor Tr3, and formation 
region R4 of loW voltage NMOS transistor Tr4, and the 
divided regions Will be explained. 

[0009] First, as shoWn in FIG. 8A, n-type Well 111, p-type 
drain region 112, n-type drain region 121, and n-type Well 
131 are formed on semiconductor substrate 101 by means of 
ion implantation, etc. Then, for example, a silicon oxide ?lm 
or other insulating ?lm 10211 is formed on the entire surface. 
Then, as shoWn in FIG. 8B, insulating ?lm 10211 is subjected 
to patterning processing to form element-separating insula 
tor ?lms 102. Then, as shoWn in FIG. 9A, thermal oxidation 
treatment is performed on the entire surface to form gate 
insulation ?lm 116 in high voltage PMOS transistor forma 
tion region R1. In this case, insulating ?lm 11611 is formed 
on the surface of semiconductor substrate 101 in high 
voltage NMOS transistor formation region R2 and loW 
voltage PMOS and NMOS transistor formation regions R3, 
R4. Then, as shoWn in FIG. 9B, a pattern of a resist ?lm is 
formed, and openings are formed on insulating ?lm 11611 of 
high voltage NMOS transistor formation region R2, and loW 
voltage PMOS and NMOS transistor formation regions R3, 
R4, folloWed by etching treatment to remove the insulating 
?lm 116a. Next, as shoWn in FIG. 10A, thermal oxidation 
treatment is performed on the entire surface to form gate 
insulation ?lms 125, 133, 142 in high voltage NMOS 
transistor Tr2 formation region R2, loW voltage PMOS 
transistor Tr3 formation region R3 and loW voltage NMOS 
transistor Tr4 formation region R4. Then, as shoWn in FIG. 
10B, gate electrodes (117, 126, 134, 143) are formed on gate 
insulated ?lms (116, 125, 133, 142) on high breakthrough 
PMOS transistor (Tr1) forming region R1, high break 
through NMOS transistor (Tr2) forming region R2, loW 
breakthrough PMOS transistor (Tr3) forming region R3, and 
loW breakthrough NMOS transistor (Tr4) forming region 
R4, respectively. Then, in each of high voltage PMOS 
transistor Tr1 formation region R1, high voltage NMOS 
transistor Tr2 formation region R2, loW voltage PMOS 
transistor Tr3 formation region R3, and loW voltage NMOS 
transistor Tr4 formation region R4, gate electrode, resist 
?lm, etc. are used as masks for ion implantation to form 
source/drain regions connected to the channel-formation 
regions of the various transistor formation regions. 

[0010] In addition to the aforementioned manufacturing 
method, there is also the manufacturing method described in 
Japanese Kokai Patent Application No. 2004-207498. 

SUMMARY 

[0011] In order to ensure the ?lm thickness of the element 
separating insulator ?lm so as to guarantee the characteris 
tics of the high voltage transistors, the step height of the 
element-separating insulator ?lm becomes larger. If such an 
element-separating insulator ?lm is used as is in the loW 
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voltage transistors, it becomes dif?cult to realize smaller 
transistors and a higher integration degree for logic MOS 
transistors, etc. that have an especially higher element 
density. 

[0012] The invention provides a semiconductor device 
comprising, in a described implementation, a semiconductor 
substrate; a ?rst element-separating insulator ?lm that is 
formed and selectively left on the semiconductor substrate 
so as to perform element separation for the ?rst transistor 
formation region; a second element-separating insulator ?lm 
that is formed by selective oxidation of the surface layer of 
the semiconductor substrate so as to perform element sepa 
ration for the second transistor-formation region; a ?rst 
transistor that is formed in the region separated by the ?rst 
element-separating insulator ?lm and has a ?rst channel 
formation region and a ?rst source/drain region formed on 
the semiconductor substrate, a ?rst gate-insulation ?lm With 
a ?rst ?lm thickness formed on the ?rst channel-formation 
region, and a ?rst gate electrode formed on the ?rst gate 
insulation ?lm; and a second transistor that is formed in the 
region separated by the second element-separating insulator 
?lm and has a second channel-formation region and a 
second source/drain region formed on the semiconductor 
substrate, a second gate-insulation ?lm With a second ?lm 
thickness less than the ?rst ?lm thickness and formed on the 
second channel-formation region, and a second gate elec 
trode formed on the second gate-insulation ?lm. 

[0013] For the semiconductor device of the invention, the 
?rst transistor-formation region is selectively left on the 
semiconductor substrate so that element separation is real 
iZed, and the ?rst element-separating insulator ?lm is 
formed. On the other hand, the surface layer portion of the 
semiconductor substrate is selectively oxidiZed so that ele 
ment separation is realiZed for the second transistor-forma 
tion region, and the second element-separating insulator ?lm 
is formed. In the regions separated by the ?rst element 
separating insulator ?lm, there are the ?rst transistor com 
posed of the ?rst channel-formation region and ?rst source/ 
drain region formed on the semiconductor substrate, the ?rst 
gate-insulation ?lm With the ?rst ?lm thickness formed on 
the ?rst channel-formation region, and the ?rst gate elec 
trode formed on the ?rst gate-insulation ?lm, and the second 
transistor composed of the second channel-formation region 
and second source/drain region formed on the semiconduc 
tor substrate, the second gate-insulation ?lm With a second 
?lm thickness less than the ?rst ?lm thickness and formed on 
the second channel-formation region, and the second gate 
electrode formed on the second gate-insulation ?lm. 

[0014] For example implementations of the semiconduc 
tor device of the invention, it is preferred that the ?rst 
gate-insulation ?lm and the second element-separating insu 
lator ?lm have substantially the same ?lm thickness. Also, it 
is preferred that the ?rst transistor be a high voltage tran 
sistor and the second transistor be a loW voltage transistor. 
In addition, it is preferred that a back gate region be formed 
adjacent to the ?rst source/drain region. It is also preferred 
that a transistor of the ?rst electroconductive type and a 
transistor of the second electroconductive type be formed. 

[0015] For implementation of example embodiments of 
the semiconductor device of the invention, the folloWing 
scheme is preferred: In the region separated by the ?rst 
element-separating insulator ?lm, there is also a third tran 

Jul. 27, 2006 

sistor that has a third channel-formation region and a third 
source/drain region formed on the semiconductor substrate, 
a third gate-insulation ?lm With a ?lm thickness less than the 
?rst ?lm thickness and formed on the third channel-forma 
tion region, and a third gate electrode formed on the third 
gate-insulation ?lm. 

[0016] In addition, it is preferred that the semiconductor 
substrate be a substrate having an SOI (semiconductor on 
insulator) structure having a semiconductor layer on an 
insulating ?lm on the substrate. It is even more preferred that 
on the substrate of the SOI structure, the region of the 
semiconductor layer Where the ?rst transistor be formed is 
individually insulated and separated by an insulating layer 
formed from the surface of the semiconductor layer to reach 
the insulating ?lm. 

[0017] The invention also provides a method for manu 
facturing semiconductor devices comprising, in a described 
implementation, a step in Which the ?rst transistor-formation 
region of the semiconductor substrate having the ?rst chan 
nel-formation region is selectively left for element separa 
tion to form the ?rst element-separating insulator ?lm; a step 
in Which the surface layer portion of the semiconductor 
substrate is selectively oxidiZed for element separation of 
the second transistor-formation region of the semiconductor 
substrate having the second channel-formation region to 
form the second element-separating insulator ?lm; a step in 
Which the ?rst gate-insulation ?lm With the ?rst ?lm thick 
ness is formed on the surface of the semiconductor substrate 
in the ?rst transistor-formation region; a step in Which the 
second gate-insulation ?lm With the second ?lm thickness 
less than the ?rst ?lm thickness is formed on the surface of 
the semiconductor substrate in the second transistor-forma 
tion region; a step in Which the ?rst gate electrode is formed 
on the ?rst gate-insulation ?lm, and the second gate elec 
trode is formed on the second gate-insulation ?lm; and a step 
in Which the ?rst source/drain region connected to the ?rst 
channel-formation region is formed, and the second source/ 
drain region connected to the second channel-formation 
region is formed. 

[0018] In example implementations of the described 
method, the ?rst transistor-formation region of the semicon 
ductor substrate having the ?rst channel-formation region is 
selectively left for element separation to form the ?rst 
element-separating insulator ?lm. Then, the surface layer 
portion of the semiconductor substrate is selectively oxi 
diZed for element separation of the second transistor-forma 
tion region of the semiconductor substrate having the second 
channel-formation region to form the second element-sepa 
rating insulator ?lm. Then, the ?rst gate-insulation ?lm With 
the ?rst ?lm thickness is formed on the surface of the 
semiconductor substrate in the ?rst transistor-formation 
region; then the second gate-insulation ?lm With the second 
?lm thickness less than the second ?lm thickness is formed 
on the surface of the semiconductor substrate in the second 
transistor-formation region. Then, the ?rst gate electrode is 
formed on the ?rst gate-insulation ?lm, and the second gate 
electrode is formed on the second gate-insulation ?lm. Then, 
the ?rst source/drain region connected to the ?rst channel 
formation region is formed, and the second source/drain 
region connected to the second channel-formation region is 
formed. 

[0019] In speci?c example implementations of the method 
of the invention, it is preferred that the step of forming the 
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second element-separating insulator ?lm and the step of 
forming the ?rst gate-insulation ?lm be carried out simul 
taneously. In some examples, the following implementation 
is preferred: The step of forming the ?rst element-separating 
insulator ?lm includes the following operation steps: a step 
in Which an insulating ?lm is formed on the entire surface of 
the semiconductor substrate, a step in Which the ?rst mask 
layer for protecting the formation region of the ?rst element 
separating insulator ?lm is formed on the insulating ?lm, 
and a step in Which the ?rst mask layer is used to perform 
patterning processing for the insulating ?lm so as to selec 
tively leave it in the formation region of the ?rst element 
separating insulator ?lm to form the ?rst element-separating 
insulator ?lm. 

[0020] In some examples, the step of forming the second 
element-separating insulator ?lm includes the folloWing 
operation steps: a step in Which the second mask layer 
protecting the region excluding the formation region of the 
second element-separating insulator ?lm is formed on the 
semiconductor substrate, and a step in Which the surface 
layer portion of the semiconductor substrate in the formation 
region of the second element-separating insulator ?lm 
exposed from the second mask layer is selectively oxidiZed 
to form the second element-separating insulator ?lm. 

[0021] Also, it is sometimes preferred that the step of 
forming the ?rst gate-insulation ?lm contain the folloWing 
operation steps: a step in Which the ?rst gate-insulation ?lm 
is formed, a step in Which the second mask layer protecting 
the region excluding the ?rst transistor-formation region is 
formed on the semiconductor substrate, and a step in Which 
the surface layer portion of the semiconductor substrate in 
the ?rst transistor-formation region exposed from the second 
mask layer is selectively oxidiZed to form the ?rst gate 
insulation ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a cross-sectional vieW of a semiconductor 
device according to a ?rst embodiment of the present 
invention. 

[0023] FIGS. 2A and 2B are cross-sectional vieWs illus 
trating the steps of manufacturing of the semiconductor 
device in the ?rst embodiment of the present invention. 

[0024] FIGS. 3A and 3B are cross-sectional vieWs illus 
trating the manufacturing process of the semiconductor 
device in the ?rst embodiment of the present invention. 

[0025] FIGS. 4A and 4B are cross-sectional vieWs illus 
trating the steps of manufacturing of the semiconductor 
device in the ?rst embodiment of the present invention. 

[0026] FIGS. 5A and 5B are cross-sectional vieWs illus 
trating the manufacturing process of the semiconductor 
device in the ?rst embodiment of the present invention. 

[0027] FIG. 6 is a cross-sectional vieW illustrating the 
semiconductor device in the second embodiment of the 
present invention. 

[0028] FIG. 7 is a cross-sectional vieW illustrating the 
semiconductor device in the prior art. 

[0029] FIGS. 8A and 8B are cross-sectional vieWs illus 
trating the manufacturing process of the semiconductor 
device in the prior art. 
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[0030] FIGS. 9A and 9B are cross-sectional vieWs illus 
trating the manufacturing process of the semiconductor 
device in the prior art. 

[0031] FIGS. 10A and 10B are cross-sectional vieWs 
illustrating the manufacturing process of the semiconductor 
device in the prior art. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

[0032] In the semiconductor device of the invention, the 
?rst transistor is separated by the ?rst element-separating 
insulator ?lm that is selectively left to realiZe element 
separation for the ?rst transistor formation region. Conse 
quently, it is possible to guarantee good characteristics of the 
high voltage transistor. On the other hand, the second 
transistor is separated by the second element-separating 
insulator ?lm formed by selective oxidation of the semicon 
ductor substrate. Consequently, it is easy to realiZe smaller 
elements and a high integration degree. 

[0033] In the method for manufacturing the semiconduc 
tor device of the present invention, the ?rst element-sepa 
rating insulator ?lm is formed in the ?rst transistor forma 
tion region, by being selectively left on the semiconductor 
substrate, so that good characteristics of the high voltage 
transistor, etc. can be guaranteed. On the other hand, the 
second element-separating insulator ?lm is formed by means 
of selective oxidation of the semiconductor substrate in the 
second transistor formation region, so that it is easy to 
realiZe smaller elements and high integration degree. 

[0034] FIG. 1 is a cross-sectional vieW of a ?rst example 
embodiment of semiconductor device according to the prin 
ciples of the invention. 

[0035] For example, on semiconductor substrate 1, high 
voltage PMOS transistor Tr1, high voltage NMOS transistor 
Tr2, loW voltage PMOS transistor Tr3 and loW voltage 
NMOS transistor Tr4 are formed. 

[0036] In the high voltage PMOS transistor formation 
region formed by means of ?rst element-separating insulator 
?lm 2 of semiconductor substrate 1, n-type Well 11 is formed 
in semiconductor substrate 1; p-type drain region 12 is 
formed on the surface of n-type Well 11 so that it is enclosed 
in n-type Well 11; and, on the surface of p-type drain region 
12, p+-type drain region 13 is formed so that it is enclosed 
in p-type drain region 12. 

[0037] On the other hand, at a prescribed distance from the 
end portion of p-type drain region 12, p+-type source region 
14 (p-type drain region 12, p+-type drain region 13 and 
p+-type source region 14 correspond to the ?rst source/drain 
region) is formed on the surface of n-type Well 11, so that it 
is enclosed in n-type Well 11, and the portion betWeen p-type 
drain region 12 and p+-type source region 14 becomes the 
channel-formation region. 

[0038] Also, n+-type back gate 15 is formed adjacent to 
the side opposite the channel-formation region of p+-type 
source region 14. 

[0039] Then, gate-insulation ?lm (?rst gate-insulation 
?lm) 16 With ?lm thickness of 400 nm and made of, say, 
silicon oxide, is formed to cover at least the channel 
formation region betWeen the p-type drain region 12 and 
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p+-type source region 14, and gate electrode (?rst gate 
electrode) 17 made of, say, polysilicon, is formed as the 
upper layer on top of it. 

[0040] In this Way, high voltage PMOS transistor Tr1 (?rst 
transistor) is formed. 

[0041] Also, in the high voltage NMOS transistor forma 
tion region With element separation realized by ?rst element 
separating insulator ?lm 2 of semiconductor substrate 1, 
n-type drain region 21 is formed in semiconductor substrate 
1, and then n+-type drain region 22 is formed such that it is 
enclosed in the n-type drain region 21. 

[0042] On the other hand, separated by a prescribed dis 
tance from the end portion of n-type drain region 21, n+-type 
source region 23 is formed on the surface of semiconductor 
substrate 1, and the portion betWeen n-type drain region 21 
and n+-type source region 23 becomes the channel-forma 
tion region. 

[0043] Also, p+-type back gate 24 is formed adjacent to 
the side opposite the channel-formation region of n+-type 
source region 23. 

[0044] Gate-insulation ?lm 25 With a ?lm thickness of 14 
nm and made of, say, silicon oxide, is formed to cover at 
least the channel-formation region betWeen the n-type drain 
region 21 and n+-type source region 23. Then, gate electrode 
26 made of polysilicon is formed as the upper layer on top 
of it. 

[0045] High voltage NMOS transistor Tr2 is formed as 
explained above. 

[0046] Also, in the loW voltage PMOS transistor forma 
tion region With element separation realiZed by second 
element-separating insulator ?lm 3 of semiconductor sub 
strate 1, n-type Well 31 is formed in semiconductor substrate 
1, and, on the surface of n-type Well 31, a pair of P+ 
source/drain regions (second source/drain regions) 32 sepa 
rated prescribed distance from one another are formed. The 
portion betWeen the pair of p+-type source/drain regions 32 
becomes the channel-formation region. 

[0047] Gate-insulation ?lm (second gate-insulation ?lm) 
33 With ?lm thickness of 14 nm and made of, say, silicon 
oxide, is formed to cover at least the channel-formation 
region betWeen the pair of p+-type source/drain regions 32, 
and gate electrode (second gate electrode) 34 made of, say, 
polysilicon is formed as the upper layer on top of it. 

[0048] As explained above, loW voltage PMOS transistor 
Tr3 (second transistor) is formed. 

[0049] In the loW voltage NMOS transistor formation 
region With element separation realiZed by second element 
separating insulator ?lm 3 of semiconductor substrate 1, a 
pair of n+-type source/drain regions 41 separated from each 
other by a prescribed distance are formed on the surface of 
semiconductor substrate 1. The portion betWeen the pair of 
n+-type source/drain regions 41 (second source/drain 
regions) becomes the channel-formation region. 

[0050] Gate-insulation ?lm (second gate-insulation ?lm) 
42 With ?lm thickness of 14 nm and made of, say, silicon 
oxide, is formed to cover at least the channel-formation 
region betWeen the pair of n+-type source/drain regions 41. 
Gate electrode (second gate electrode) 43 made of, say, 
polysilicon, is formed as the upper layer on top of it. 
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[0051] LoW voltage NMOS transistor Tr4 (second transis 
tor) is formed as explained above. 

[0052] In the aforementioned semiconductor device, ?rst 
element-separating insulator ?lm 2 is the element-separating 
insulator ?lm formed and selectively left on semiconductor 
substrate 1 so that element separation is performed for the 
high voltage PMOS transistor and high voltage NMOS 
transistor. For example, it has a ?lm thickness of about 600 
nm, and there is no corrosion of the drain region in the 
manufacturing process of LOCOS element-separating insu 
lator ?lm. Consequently, it is possible to realiZe high 
performance high voltage transistors With a loW on-resis 
tance. This ?rst element-separating insulator ?lm 2 is 
formed by etching the insulating layer deposited on semi 
conductor substrate 1 in a prescribed pattern. 

[0053] On the other hand, second element-separating insu 
lator ?lm 3 is an element-separating insulator ?lm formed by 
selective oxidation of the surface layer portion of semicon 
ductor substrate 1 so that element separation is realiZed for 
the formation regions of the loW voltage PMOS transistor 
and loW voltage NMOS transistor, and it is a so-called 
LOCOS element-separating insulator ?lm. For example, 
When a ?lm With thickness about 400 nm is used as an 
insulating ?lm to separate the logic MOS transistors or other 
loW voltage transistors, it is possible to make progress in 
forming smaller elements With higher integration. 

[0054] For the semiconductor device pertaining to the 
aforementioned embodiment, the high voltage PMOS tran 
sistor (?rst transistor) is separated by the ?rst element 
separating insulator ?lm formed and selectively left to 
separate elements for the formation region of the high 
voltage PMOS transistor. Consequently, good characteristics 
of high voltage transistors can be established. On the other 
hand, the loW voltage PMOS transistor and loW voltage 
NMOS transistor (second transistors) are separated by the 
second element-separating insulator ?lm (LOCOS element 
separating insulator ?lm) formed by selective oxidation of 
the semiconductor substrate. Consequently, it is easy to 
realiZe smaller elements and higher integration. 

[0055] In the folloWing, an explanation Will be given 
regarding the manufacturing method of the semiconductor 
device pertaining to the embodiment With reference to the 
?gures. 
[0056] In the ?gures, the regions on semiconductor sub 
strate 1 are allotted to high voltage PMOS transistor Tr1 
formation region R1, high voltage NMOS transistor Tr2 
formation region R2, loW voltage PMOS transistor Tr3 
formation region R3, and loW voltage NMOS transistor Tr4 
formation region R4. In the folloWing, an explanation Will 
be given regarding them. 

[0057] On semiconductor substrate 1, by means of ion 
implantation, n-type Well 11 and p-type drain region 12 are 
formed in high voltage PMOS transistor Tr1 formation 
region R1; high voltage NMOS transistor Tr2 formation 
region R2 and n-type drain region 21 are formed, and n-type 
Well 31 is formed in loW voltage PMOS transistor Tr3 
formation region R3. The transistor formation regions each 
have a channel-formation region. 

[0058] First, as shoWn in FIG. 2A, silicon oxide or other 
insulating ?lm 2a With a ?lm thickness of 600 nm is formed 
on the entire surface of the semiconductor substrate 1. 
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[0059] Then, as shown in FIG. 2B, a ?rst mask layer not 
shown in the ?gure that protects the formation region of the 
?rst element-separating insulator ?lm is formed on insulat 
ing ?lm 2a. By means of the obtained ?rst mask layer, 
insulating ?lm 2a is patterned by processing to be selec 
tively left in the formation region of the ?rst element 
separating insulator ?lm, thus forming ?rst element-sepa 
rating insulator ?lm 2. 

[0060] First element-separating insulator ?lm 2 is used as 
the element-separating insulator ?lm in high voltage PMOS 
transistor Tr1 formation region R1 and high voltage NMOS 
transistor Tr2 formation region R2. 

[0061] Then, as shoWn in FIG. 3A, by forming and 
patterning a silicon nitride ?lm, for example, second mask 
layer 4 is formed With opening in the formation region of the 
element-separating insulator ?lm for loW voltage PMOS 
transistor formation region R3 and loW voltage NMOS 
transistor formation region R4 of semiconductor substrate 1. 

[0062] Second mask layer 4 is formed as a pattern that 
opens in the channel-formation region in high voltage 
PMOS transistor formation region R1. 

[0063] Then, as shoWn in FIG. 3B, in loW voltage PMOS 
transistor formation region R3 and loW voltage NMOS 
transistor formation region R4 of semiconductor substrate 1, 
the surface of semiconductor substrate 1 in the opening 
portion of second mask layer 4 is selectively oxidized by 
means of thermal oxidation processing With second mask 
layer 4 as a mask, to form second element-separating 
insulator ?lm 4. For example, thermal oxidation treatment is 
performed at 900° C. for about 300 min to form an element 
separating insulator ?lm With a ?lm thickness of about 400 
nm. 

[0064] On the other hand, in high voltage PMOS transistor 
formation region R1, the surface of semiconductor substrate 
1 is selectively oxidiZed in the channel-formation region to 
form the second element-separating insulator ?lm, and at the 
same time, gate-insulation ?lm 16 With a ?lm thickness of 
about 400 nm, that is, substantially identical to that of the 
second element-separating insulator ?lm, is formed. 

[0065] Then, as shoWn in FIG. 4A, second mask layer 4 
is selectively removed by means of etching treatment. 

[0066] Then, as shoWn in FIG. 4B, in the channel-forma 
tion region of each of high voltage NMOS transistor Tr2 
formation region R2, loW voltage PMOS transistor Tr3 
formation region R3, and loW voltage NMOS transistor Tr4 
formation region R4, and gate-insulation ?lms 25, 33, 42 are 
formed simultaneously on the surface of semiconductor 
substrate 1 by means of thermal oxidation on the entire 
surface. For example, gate-insulation ?lms 25, 33, 42 With 
a ?lm thickness of about 14 nm are formed by means of 
thermal oxidation treatment at 850° C. for about 7 min. 

[0067] In this Way, gate-insulation ?lms 25, 33, 42 for high 
voltage NMOS transistor Tr2, loW voltage PMOS transistor 
Tr3 and loW voltage NMOS transistor Tr4 are formed 
thinner than the gate-insulation ?lm of high voltage PMOS 
transistor Tr1. 

[0068] On the other hand, in high voltage PMOS transistor 
Tr1 formation region R1, the same insulating ?lm as 
described above is formed to cover the surface of the 
semiconductor substrate in the drain region instead of the 
channel-formation region. 
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[0069] Then, as shoWn in FIG. 5A, a CVD (chemical 
vapor deposition) method or the like is used to deposit 
polysilicon on the entire surface, and by means of etching 
With a resist ?lm pattern, gate electrodes 17, 26, 34, 43 are 
formed as the upper layer above gate-insulation ?lms 16, 25, 
33, 42 in high voltage PMOS transistor Tr1 formation region 
R1, high voltage NMOS transistor Tr2 formation region R2, 
loW voltage PMOS transistor Tr3 formation region R3, and 
loW voltage NMOS transistor Tr4 formation region R4. 

[0070] Then, on each of high voltage PMOS transistor Tr1 
formation region R1, high voltage NMOS transistor Tr2 
formation region R2, loW voltage PMOS transistor Tr3 
formation region R3, and loW voltage NMOS transistor Tr4 
formation region R4, ion implantation is performed With the 
gate electrode, resist ?lm, etc. used as mask to form the 
source/drain regions connected to the channel-formation 
regions of the various transistor formation regions. 

[0071] For example, as shoWn in FIG. SE, a patterned 
resist ?lm PR With openings formed for the p-type impurity 
implantation region is formed, and p-type impurity is ion 
implanted to form p+-type drain region 13, p+-type source 
region 14, p+-type back gate 24, and p+-type source/drain 
regions 32. 

[0072] Then, a patterned resist ?lm With openings formed 
for the n-type impurity implantation region is formed, and 
n-type impurity is ion-implanted to form n+-type back gate 
15, n+-type drain region 22, n+-type source region 23, and 
n+-type source/drain regions 41. 

[0073] In the aforementioned operation, a semiconductor 
device With the structure shoWn in FIG. 1 is obtained. 

[0074] In the manufacturing method of a semiconductor 
device in the aforementioned embodiment, it is possible to 
guarantee good characteristics of the high voltage transis 
tors, etc. because the ?rst element-separating insulator ?lm 
is formed and selectively left on the semiconductor substrate 
in the formation region of the high voltage PMOS transistor 
(?rst transistor). On the other hand, it is easy to realiZe 
smaller elements and a high integration degree because the 
second element-separating insulator ?lm (LOCOS element 
separating insulator ?lm) is formed by selective oxidation of 
the semiconductor substrate in the formation region of the 
loW voltage PMOS transistor and loW voltage NMOS tran 
sistor (second transistor). 

[0075] Also, by simultaneous formation of the gate-insu 
lation ?lm 16 of high voltage PMOS transistor and second 
element-separating insulator ?lm 3, it is possible to shorten 
the thermal process, and to shorten the manufacturing pro 
cess. 

[0076] In addition, by shortening the thermal process, it is 
possible to maintain good characteristics of the element for 
Which excessive thermal treatment is undesired. 

[0077] For example, in the prior art, for the loW voltage 
PMOS transistor and loW voltage NMOS transistor, the gate 
length has a limit of about 2 pm. HoWever, by means of this 
embodiment, With minimal change in the manufacturing 
process, it is possible to form a narroWer structure, With a 
gate length of about 0.6 um, and this is signi?cantly effective 
in increasing the integration degree of the logic CMOS 
transistor. 
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Second Embodiment 

[0078] FIG. 6 is a cross-sectional vieW of the semicon 
ductor device of this embodiment. 

[0079] The design is the same as that of the ?rst embodi 
ment. Semiconductor substrate 1 has an SOI (semiconductor 
on insulator) structure in Which p-type silicon semiconduc 
tor layer 10 is laminated on a silicon oxide or other insu 
lating ?lm 1 on substrate 1a. Just as in the ?rst embodiment, 
high voltage PMOS transistor Tr1, high voltage NMOS 
transistor Tr2, loW voltage PMOS transistor Tr3 and loW 
voltage NMOS transistor Tr4 are formed on p-type silicon 
semiconductor layer 10. 

[0080] The remaining features of the constitution are the 
same as those in the ?rst embodiment. 

[0081] In the semiconductor device of this embodiment, 
just as in the ?rst embodiment, high voltage PMOS transis 
tors (?rst transistors) are separated by the ?rst element 
separating insulator ?lm formed and selectively left for 
element separation of the formation region of the high 
voltage PMOS transistor. Consequently, good characteristics 
of the high voltage transistors can be maintained. On the 
other hand, the loW voltage PMOS transistor and the loW 
voltage NMOS transistor (second transistors) are separated 
by the second element-separating insulator ?lm (LOCOS 
element-separating insulator ?lm) formed by selective oxi 
dation of the semiconductor substrate. Consequently, 
smaller elements and higher integration can be realiZed 
easily. 
[0082] In this embodiment, high voltage PMOS transistor 
Tr1 and high voltage NMOS transistor Tr2 are not distin 
guished from one another, and they are formed in the same 
semiconductor layer 10. An insulating layer from the surface 
of semiconductor layer 10 to insulating ?lm 1b is formed to 
surround each high voltage transistor, so that high voltage 
PMOS transistor Tr1 and high voltage NMOS transistor Tr2 
are individually separated. In this case, the various high 
voltage transistors are formed individually in the semicon 
ductor layers divided by the insulating layer. 
[0083] When excessive heat treatment is performed on the 
loW voltage PMOS transistor and loW voltage NMOS tran 
sistor, contamination is accumulated in the SOI substrate of 
this embodiment, and the characteristics degrade, and this is 
undesirable. NoW, in this embodiment, because the thermal 
process can be shortened, excessive heat treatment can be 
avoided, and the aforementioned problem can be avoided. 
This is especially effective When the high voltage transistors 
are individually separated as they are formed. 

[0084] The present invention is not limited to this scheme. 
In the above explanation, the semiconductor device has tWo 
types of transistors With different voltage ratings, that is, 
high voltage transistors and loW voltage transistors. HoW 
ever, the present invention is not limited to this scheme. The 
present invention may also be adopted for semiconductor 
devices having tWo types of transistors With different ?lm 
thicknesses of the gate-insulation ?lms. 

[0085] Also, as long as the essential teaching of the 
present invention is observed, various changes may be 
made. 

[0086] The semiconductor device of the present invention 
can be adopted for semiconductor devices having tWo types 
of transistors having different ?lm thicknesses of the gate 
insulation ?lms. 
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[0087] The manufacturing method of the semiconductor 
device of the present invention can be adopted in manufac 
turing semiconductor devices having tWo types of transistors 
With different ?lm thicknesses of the gate-insulation ?lms. 

1. A semiconductor device comprising: 

a semiconductor substrate; 

a ?rst element-separating insulator ?lm that is formed and 
selectively left on the semiconductor substrate so as to 
perform element separation for the ?rst transistor 
forrnation region; 

a second element-separating insulator ?lm that is formed 
by selective oxidation of the surface layer of the 
semiconductor substrate so as to perform element sepa 
ration for the second transistor-formation region; 

a ?rst transistor that is formed in the region separated by 
the ?rst element-separating insulator ?lm and has a ?rst 
channel-formation region and a ?rst source/drain 
region formed on the semiconductor substrate, a ?rst 
gate-insulation ?lm With the ?rst ?lm thickness formed 
on the ?rst channel-formation region, and a ?rst gate 
electrode formed on the ?rst gate-insulation ?lm; and 

and a second transistor that is formed in the region 
separated by the second element-separating insulator 
?lm and has a second channel-formation region and a 
second source/drain region formed on the semiconduc 
tor substrate, a second gate-insulation ?lm With a 
second ?lm thickness less than the ?rst ?lm thickness 
and formed on the second channel-formation region, 
and a second gate electrode formed on the second 
gate-insulation ?lm. 

2. The device of claim 1, Wherein the ?rst gate-insulation 
?lm and the second element-separating insulator ?lm have 
substantially the same ?lm thickness. 

3. The device of claim 1, Wherein the ?rst transistor is a 
high voltage transistor and the second transistor is a loW 
voltage transistor. 

4. The device of claim 1, Wherein a back gate region is 
formed adjacent to the ?rst source/drain region. 

5. The device of claim 1, Wherein, as the second transistor, 
a transistor of the ?rst electroconductive type and a transis 
tor of the second electroconductive type are formed. 

6. The device of claim 1, Wherein, in the region separated 
by the ?rst element-separating insulator ?lm, there is also a 
third transistor that has a second channel-formation region 
and a third source/ drain region formed on the semiconductor 
substrate, a second gate-insulation ?lm With ?lm thickness 
less than the ?rst ?lm thickness and formed on the third 
channel-formation region, and a third gate electrode formed 
on the third gate-insulation ?lm. 

7. The device of claim 1, Wherein the semiconductor 
substrate is a substrate having an SOI (semiconductor on 
insulator) structure having a semiconductor layer on an 
insulating ?lm on the substrate. 

8. The device of claim 7, Wherein, on the substrate of the 
SOI structure, the region of the semiconductor layer Where 
the ?rst transistor is formed is individually insulated and 
separated by an insulating layer formed from the surface of 
the semiconductor layer to reach the insulating ?lm. 
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9. A method for manufacturing a semiconductor device 
characterized by the following operation steps: 

a step in Which the ?rst transistor-formation region of the 
semiconductor substrate having the ?rst channel-for 
mation region is selectively left for element separation 
to form the ?rst element-separating insulator ?lm; 

a step in Which the surface layer portion of the semicon 
ductor substrate is selectively oxidized for element 
separation of the second transistor-formation region of 
the semiconductor substrate having the second chan 
nel-formation region to form the second element-sepa 
rating insulator ?lm; 

a step in Which the ?rst gate-insulation ?lm With the ?rst 
?lm thickness is formed on the surface of the semicon 
ductor substrate in the ?rst transistor-formation region; 

a step in Which the second gate-insulation ?lm With the 
second ?lm thickness less than the second ?lm thick 
ness is formed on the surface of the semiconductor 
substrate in the second transistor-formation region; 

a step in Which the ?rst gate electrode is formed on the 
?rst gate-insulation ?lm, and the second gate electrode 
is formed on the second gate-insulation ?lm; and 

a step in Which the ?rst source/drain region connected to 
the ?rst channel-formation region is formed, and the 
second source/drain region connected to the second 
channel-formation region is formed. 

10. The method of claim 9, Wherein the step of forming 
the second element-separating insulator ?lm and the step of 
forming the ?rst gate-insulation ?lm are carried out simul 
taneously. 

11. The method of claim 9, Wherein t the step of forming 
the ?rst element-separating insulator ?lm includes the fol 
loWing operation steps: 

a step in Which an insulating ?lm is formed on the entire 
surface of the semiconductor substrate, 
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a step in Which the ?rst mask layer for protecting the 
formation region of the ?rst element-separating insu 
lator ?lm is formed on the insulating ?lm, 

and a step in Which the ?rst mask layer is used to perform 
patterning processing for the insulating ?lm so as to 
selectively leave it in the formation region of the ?rst 
element-separating insulator ?lm to form the ?rst ele 
ment-separating insulator ?lm. 

12. The method of claim 9, Wherein the step of forming 
the second element-separating insulator ?lm includes the 
folloWing operation steps: 

a step in Which the second mask layer protecting the 
region excluding the formation region of the second 
element-separating insulator ?lm is formed on the 
semiconductor substrate, and 

a step in Which the surface layer portion of the semicon 
ductor substrate in the formation region of the second 
element-separating insulator ?lm exposed from the 
second mask layer is selectively oxidiZed to form the 
second element-separating insulator ?lm. 

13. The method of claim 9, Wherein the step of forming 
the ?rst gate-insulation ?lm includes the folloWing operation 
steps: 

a step in Which the ?rst gate-insulation ?lm is formed, 

a step in Which the second mask layer protecting the 
region excluding the ?rst transistor formation region is 
formed on the semiconductor substrate, 

and a step in Which the surface layer portion of the 
semiconductor substrate in the ?rst transistor formation 
region exposed from the second mask layer is selec 
tively oxidiZed to form the ?rst gate-insulation ?lm. 


