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(57) ABSTRACT 

A semiconductor device comprises a semiconductor sub 
strate, a MOSFET including a double gate structure provided 
on the semiconductor substrate, and an isolation region for 
isolating the MOSFET from other elements comprising a 
trench provided on the surface of the semiconductor substrate 
and an insulator provided in the trench, a part of the isolation 
region in the trench around the MOSFET having a bottom 
deeper than other part of the isolation region. 
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SEMICONDUCTOR DEVICE AND METHOD 
OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the ben 
e?t of priority from prior Japanese Patent Application No. 
2003-129177, ?led May 7, 2003, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a semiconductor 
device including double gate structure and a method of manu 
facturing the same. 
[0004] 2. Description of the Related Art 
[0005] Current drive capability is given as one of MOSFET 
operation characteristic indexes. The enhancement of the cur 
rent drive capability is conventionally achieved by micro 
fabrication of elements. The gate length of the MOSFET is 
already micro-fabricated less than 0.1 pm scale. Currently, 
there has been made researches and developments of semi 
conductor process to realiZe further micro-fabrication. HoW 
ever, it is technically dif?cult to realiZe this kind of semicon 
ductor process, and in addition, it is dif?cult to realiZe it in 
vieW of the development cost. 
[0006] According to methods other than micro-fabrication, 
it is required to improve operation characteristics such as high 
drive current. The folloWing proposal is made as one of the 
methods. The proposal is to employ a so-called double gate 
structure or gate all around structure. According to the double 
gate structure, both front side and backside surface of the 
semiconductor active layer are formed With a channel. The 
double gate structure is employed, and thereby, drain current 
increases generally tWice as much, so that the current drive 
capability can be greatly improved. 
[0007] In order to realiZe a MOSFET including the double 
gate structure, the backside (back gate side) need to be formed 
With a gate structure (gate electrode/ gate insulator/semicon 
ductor layer). 
[0008] HoWever, it is technically dif?cult to form the gate 
structure onto the backside surface. In addition, according to 
the conventional technique, it is possible. to realiZe the double 
gate structure only by the method of carrying out complicate 
processes (e.g., JPN. PAT. APPLN. KOKAI Publication No. 
2000-12858). As a result, the MOSFET including the double 
gate structure has not been practically utiliZed. 
[0009] On the other hand, the folloWing report relating to 
the MOSFET including the gate all around structure has been 
made (S. Monfey et al., 2002 Symposium on VLSI Technol 
ogy, 1 1.4, digest of Technical Papers p. 108). According to the 
report, the MOSFET includes the structure in Which the 
periphery of a channel region is surrounded With a gate elec 
trode. The MOSFET process includes the folloWing pro 
cesses of depositing SiGe, etching it, and the like; as a result, 
the process becomes complicated. In addition, there is a prob 
lem that it is dif?cult to control the Width of the gate electrode 
on the backside of the MOSFET. 

[0010] Incidentally, there has been knoWn a MOS transistor 
including the structure similar to the double gate structure 
(JPN. PAT. APPLN. KOKAI Publications No. 2003-31799 
and 2000-12858). 
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[0011] In FIG. 11 of JPN. PAT. APPLN. KOKAI Publica 
tion No. 2003 -31799, there has been disclosed a device seen 
as if it is a MOS transistor including a double gate structure. 
HoWever, the backside polysilicon 110 is not electrically 
connected With any components. According to the description 
of the paragraph 0037, it can be seen that thermal conductivity 
is simply improved, and thereby, the polysilicon 101 is 
merely used to prevent self-heating. 
[0012] In FIG. 8C of JPN. PAT. APPLN. KOKAI Publica 
tion No. 2000-12858, there has been disclosed a structure 
close to the double gate structure. HoWever, according to the 
structure, the component buried in a substrate is an insulating 
?lm, as seen from FIG. 8C. Therefore, the foregoing structure 
differs from the double gate structure. 

BRIEF SUMMARY OF THE INVENTION 

[0013] According to an aspect of the present invention, 
there is provided a semiconductor device comprising: a semi 
conductor substrate; a MOSFET including a double gate 
structure provided on the semiconductor substrate; and an 
isolation region for isolating the MOSFET from other ele 
ments comprising a trench provided on the surface of the 
semiconductor substrate and an insulator provided in the 
trench, the isolation region having a region in the trench 
around the MOSFET, the region having a deeper bottom than 
other regions in the trench. 
[0014] According to an aspect of the present invention, 
there is provided a method of manufacturing a semiconductor 
device, comprising: forming an empty space in a semicon 
ductor substrate; forming an isolation region on a surface of 
the semiconductor substrate comprising forming a trench by 
etching the surface of the semiconductor substrate so that a 
part of the empty space is opened, and forming an insulator in 
the trench Without closing the empty space; and forming a 
MOSFET including a double gate structure isolated from 
other elements by the isolation region in the semiconductor 
substrate. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0015] FIG. 1A is a plane vieW shoWing the process of 
manufacturing a MOSFET including double gate structure 
according to a ?rst embodiment of the present invention, and 
FIG. 1B and FIG. 1C are cross-sectional vieWs shoWing the 
same; 
[0016] FIG. 2A is a plane vieW shoWing the process of 
manufacturing the MOSFET including double gate structure 
ofthe ?rst embodiment, and FIG. 2B and FIG. 2C are cross 
sectional vieWs shoWing the same, folloWing FIG. 1A, FIG. 
1B and FIG. 1C; 
[0017] FIG. 3A is a plane vieW shoWing the process of 
manufacturing the MOSFET including double gate structure 
ofthe ?rst embodiment, and FIG. 3B and FIG. 3C are cross 
sectional vieWs shoWing the same, folloWing FIG. 2A, FIG. 
2B and FIG. 2C; 
[0018] FIG. 4A is a plane vieW shoWing the process of 
manufacturing the MOSFET including double gate structure 
ofthe ?rst embodiment, and FIG. 4B and FIG. 4C are cross 
sectional vieWs shoWing the same, folloWing FIG. 3A, FIG. 
3B and FIG. 3C; 
[0019] FIG. 5A is a plane vieW shoWing the process of 
manufacturing the MOSFET including double gate structure 
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ofthe ?rst embodiment, and FIG. 5B and FIG. 5C are cross 
sectional views showing the same, following FIG. 4A, FIG. 
4B and FIG. 4C; 
[0020] FIG. 6A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
ofthe ?rst embodiment, and FIG. 6B and FIG. 6C are cross 
sectional views showing the same, following FIG. 5A, FIG. 
5B and FIG. SC; 
[0021] FIG. 7A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the ?rst embodiment, and FIG. 7B and FIG. 7C are cross 
sectional views showing the same, following FIG. 6A, FIG. 
6B and FIG. 6C; 
[0022] FIG. 8A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
ofthe ?rst embodiment, and FIG. 8B and FIG. 8C are cross 
sectional views showing the same, following FIG. 7A, FIG. 
7B and FIG. 7C; 
[0023] FIG. 9A and FIG. 9B are diagrams showing respec 
tive Id-Vg characteristics of the MOSFET including double 
gate structure of the ?rst embodiment and a conventional bulk 
MOSFET; 
[0024] FIG. 10A and FIG. 10B are plane views showing a 
modi?cation example of the MOSFET including double gate 
structure of the ?rst embodiment; 
[0025] FIG. 11A, FIG. 11B and FIG. 11C are plane views 
showing another modi?cation example of the MOSFET 
including double gate structure of the ?rst embodiment; 
[0026] FIG. 12A is a plane view showing the process of 
manufacturing a MOSFET including double gate structure 
according to a second embodiment of the present invention, 
and FIG. 12B and FIG. 12C are cross-sectional views show 
ing the same; 
[0027] FIG. 13A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment and FIG. 13B and FIG. 13C are 
cross-sectional views showing the same, following FIG. 12A, 
FIG. 12B and FIG. 12C; 
[0028] FIG. 14A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment, and FIG. 14B and FIG. 14C are 
cross-sectional views showing the same, following FIG. 13A, 
FIG. 13B and FIG. 13C; 
[0029] FIG. 15A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment, and FIG. 15B and FIG. 15C are 
cross-sectional views showing the same, following FIG. 14A, 
FIG. 14B and FIG. 14C; 
[0030] FIG. 16A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment, and FIG. 16B and FIG. 16C are 
cross-sectional views showing the same, following FIG. 15A, 
FIG. 15B and FIG. 15C; 
[0031] FIG. 17A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment, and FIG. 17B and FIG. 17C are 
cross-sectional views showing the same, following FIG. 16A, 
FIG. 16B and FIG. 16C; 
[0032] FIG. 18A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment, and FIG. 18B and FIG. 18C are 
cross-sectional views showing the same, following FIG. 17A, 
FIG. 17B and FIG. 17C; and 
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[0033] FIG. 19A is a plane view showing the process of 
manufacturing the MOSFET including double gate structure 
of the second embodiment, and FIG. 19B and FIG. 19C are 
cross-sectional views showing the same, following FIG. 18A, 
FIG. 18B and FIG. 18C. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] Embodiments of the present invention will be 
described below with reference to the accompanying draw 
ings. 

First Embodiment 

[0035] FIG. 1A, FIG. 1B and FIG. 1C to FIG. 8A, FIG. 8B 
and FIG. 8C are views showing the process of manufacturing 
a MOSFET including double gate structure according to a 
?rst embodiment of the present invention. FIG. 1B and 1C to 
FIG. 8B and FIG. 8C are cross-sectional views taken along a 
line A-A' of FIG. 1A to FIG. 8A and taken along a line B-B' 
of the same. 

[0036] As shown in FIG. 1A to FIG. 1C. a silicon oxide ?lm 
mask pattern 2 for forming trenches is formed on a silicon 
substrate 1. The silicon substrate 1 is etched by RIE (reactive 
ion etching) process using the mask pattern as the mask, and 
thus, several trenches 3 are formed. 
[0037] The mask pattern 2 is formed according to the pub 
lic-known process including the following processes. One is 
a process of forming a silicon oxide ?lm on the surface of the 
silicon substrate 1 by thermal oxidation. Another is a process 
of depositing a silicon oxide ?lm on the surface of the silicon 
substrate 1 by CVD process. Another is a process of pattern 
ing these silicon oxide ?lms (i.e., thermal oxide ?lm, CVD 
oxide ?lm). 
[0038] In place of the silicon oxide ?lm mask pattern 2, the 
following mask pattern may be used. The mask pattern con 
sists of other insulating ?lms such as silicon nitride ?lm or 
multi-layered insulating ?lm of silicon oxide ?lm/ silicon 
nitride ?lm. 
[0039] As illustrated in FIG. 2A to FIG. 2C, the mask 
pattern 2 is removed by wet etching. Thereafter, the silicon 
substrate 1 is heated by a heat treatment under low pressure in 
a reducing atmosphere such as hydrogen, and an empty space 
(empty space in silicon: ESS) 4 is formed in the silicon 
substrate 1. 
[0040] The front surface (upper surface) and backside 
(lower surface) of the silicon substrate 1 (silicon on nothing: 
SON) on the ESS 4 are regions where the channel of MOS 
FET is formed. In the embodiment, part of the side surface of 
the SON is also a region where the channel is formed. 
[0041] The plane pattern of the ESS 4 is a longitudinally 
elongated rectangle (longer side direction is channel width 
direction, shorter side direction is channel length direction), 
as seen from FIG. 2A. In this case, other pattern may be used. 
[0042] The upper surface (top wall) S of the ESS 4 is curved 
at the comer, as seen from FIG. 2B and FIG. 2C, and other 
portions thereof are ?at. The upper surface S of the ESS 4 is 
a silicon region formed with the channel; therefore, it is 
preferable that the upper surface is ?at as much as possible. 
[0043] The details of the heat treatment for forming the 
ESS 4 are disclosed in JPN. PAT. APPLN. KOKAI Publica 
tion No. 2000-12858. The explanation will be brie?y made 
below. The heat treatment for forming the ESS 4 is carried out 
in hydrogen atmosphere under conditions of 300 Torr, l 1000 
C. and for a minute. 
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[0044] If the surface height of the silicon substrate 1 on the 
ESS 4 reduces due to the heat treatment, treatment for 
smoothing the surface of the silicon substrate 1 may be car 
ried out. The smoothing treatment (planariZing) is detailedly 
disclosed in. JPN. PAT. APPLN. KOKAI Publication No. 
2001-144276. The explanation Will be brie?y made beloW. 
The treatment for smoothing the surface of the silicon sub 
strate 1 includes the folloWing processes. One is a process of 
planariZing the surface of the silicon substrate 1 by chemical 
mechanical polishing (CPM). Another is a process of oxidiZ 
ing the planariZed the surface of the silicon substrate 1. 
[0045] As depicted in FIG. 3A to FIG. 3C, a silicon nitride 
?lm mask pattern 5 for forming isolation trench is formed on 
the silicon substrate 1. The mask pattern 5 is formed so that 
the entire surface of the silicon substrate 1 on the ESS 4 is not 
covered, but so that part thereof is exposed. Here, as seen from 
the plane vieW of FIG. 3A, the mask pattern 5 is formed so that 
part of the ESS 4 (both ends in channel Width direction) is not 
covered. 

[0046] Thereafter, the silicon substrate 1 is etched by RIE 
process using the mask pattern 5 as the mask so that isolation 
trench (shalloW trench isolation: STI) 6 can be formed. After 
the isolation trench 6 is formed, the ESS 4 is formed into not 
a closed empty space (cavity), but an opened empty space 
(cavity). The upper Walls on ends of the ESS 4 in the channel 
Width direction are opened due to the isolation trench 6. 

[0047] In this case, the isolation trench 6 of the embodiment 
differs from the conventional case in the depth of the bottom 
partially. More speci?cally, a region T under the ESS 4, Which 
is not covered With the mask pattern 5, has deeper bottom than 
other regions. This results from the folloWing reason. In etch 
ing, the portion under the ESS 4, Which is not covered With the 
mask pattern 5, is the same as a state of being previously 
etched by the depth of the ESS 4. 
[0048] In this stage, since the MOSFET is not still com 
pleted, the isolation trench 6 (isolation region) of the embodi 
ment is explained in vieW of the relationship With the ESS 4. 
HoWever, after the MOSFET is completed, the isolation 
region of the embodiment has the structure in Which the 
partial region has the bottom deeper than other regions in the 
isolation trench 6 around the MOSFET. 

[0049] As seen from FIG. 4A to FIG. 4C, a silicon oxide 
?lm 7 (insulator) is deposited on the entire surface as the 
buried member of the isolation trench 6 by anisotropic depo 
sition process such as high density plasma (HDP)-CVD pro 
cess. 

[0050] Here, anisotropic deposition process such as HDP is 
employed; for this reason, no silicon oxide ?lm is deposited 
on the region having a steep slope. As a result, no silicon oxide 
?lm is deposited on the inner Wall in the deep region of the 
isolation trench 6. Therefore, it is possible to deposit the 
silicon oxide ?lm 7 having a desired shape, Which is neces 
sary for isolation and does not close the opening of the SON, 
as shoWn in FIG. 4A to FIG. 4C. 

[0051] As illustrated in FIG. 5A to FIG. 5C, the silicon 
oxide ?lm 7 other than the isolation trench 6 is removed by 
CMP process. Then, the mask pattern 5 is removed While the 
surface of the silicon substrate 1 is planariZed. In this case, the 
mask pattern 5 may be removed by etching. 
[0052] In this manner, the isolation region for isolating the 
MOSFET formed in the next process from other elements 
(e. g., other MOSFET including double gate structure) is com 
pleted. 
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[0053] In this case, as seen from FIG. 5A to FIG. 5C, the 
region in Which the silicon oxide ?lm 7 is not buried remains 
at both sides of the ESS 4. This is because the silicon oxide 
?lm 7 is deposited by anisotropic deposition process. If the 
region (gap) in Which the silicon oxide ?lm 7 is not buried 
remains at both sides of the ESS 4, the silicon oxide ?lm 7 
may be formed by isotropic deposition process. 
[0054] As depicted in FIG. 6A to FIG. 6C, a gate insulating 
?lm (thermal oxide ?lm) 8 is formed on the surface of the 
silicon substrate 1 by public-knoWn thermal oxidation. 
[0055] The gate insulating ?lm 8 is formed on the entire 
surface of exposed silicon shoWn in FIG. 6A to FIG. 6C. 
Thus, the gate insulating ?lm 8 is formed on any of the upper, 
side and loWer surfaces of the SON and the loWer surface 
(bottom) of the ESS 4. In other Words, the loWer surface of the 
SON is the upper surface (top Wall) of the ESS 4. 
[0056] According to the embodiment, the gate insulating 
?lms, that is, top and bottom gate insulating ?lms on the 
silicon substrate 1 and therein are simultaneously formed by 
the identical process. Therefore, the process is simpli?ed. 
[0057] In the embodiment, the thermal oxide ?lm is used as 
the gate insulating ?lm 8. In this case, a silicon oxide ?lm 
formed by the method using radical or a silicon oxinitride ?lm 
(SiON ?lm) containing nitrogen may be used. In addition, the 
folloWing process may be employed. According to the pro 
cess, the thermal oxide ?lm is simultaneously formed on the 
upper and loWer surfaces of the MOSFET active region 
(SON), thereafter, nitriding is carried out With respect to only 
upper surface. Namely, the thermal oxide ?lm is formed on 
the loWer surface While the SiON ?lm is formed on the upper 
surface. 
[0058] Incidentally, it is important to form the bottom gate 
insulating ?lm in vieW of the folloWing matter. The bottom 
gate insulating ?lm is formed betWeen the silicon substrate 
under the gate electrode (top gate electrode) on the silicon 
substrate 1 and the gate electrode (bottom gate electrode) 
therein. In addition, the bottom gate insulating ?lm has no 
need to entirely close the inner Wall of the ESS 4. 
[0059] As shoWn in FIG. 7A to FIG. 7C, a polysilicon ?lm 
9 functioning as the gate electrode is deposited on the gate 
insulating ?lm 8 by CVD process. The polysilicon ?lm 9 
includes impurity used as dopant. 
[0060] In the deposition of the polysilicon ?lm 9, silicon 
source gas is introduced into the ESS 4 from both sides of the 
ESS 4, that is, the region (gap) in Which the silicon oxide ?lm 
7 is not buried. In this Way, the polysilicon ?lm 9 is deposited 
on the inner Wall (gate insulating ?lm 8) of the ESS 4. The 
deposition of the polysilicon ?lm 9 in the inner Wall of the 
ESS 4 is carried out until the gap is ?lled With the polysilicon 
?lm 9. 
[0061] According to the embodiment, the polysilicon ?lm 9 
functioning as top and bottom gate electrodes is simulta 
neously formed by the identical process. Therefore, the pro 
cess is simpli?ed. 
[0062] The ESS 4 is not entirely ?lled With the polysilicon 
?lm 9 on normal polysilicon CVD process condition. There 
fore, part of the ESS 4 ?nally remains Without being ?lled 
With the polysilicon ?lm. For example, non-?lled portions of 
the ESS 4 (i.e., space, Which is not ?lled With bottom gate 
electrode and insulating ?lm) contribute to reduction of leak 
age current. The ESS 4 can be entirely buried depending upon 
the process condition of the polysilicon ?lm 9 deposition. 
[0063] Incidentally, impurity doping into the polysilicon 
?lm 9 may be carried out according to normal methods. For 
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example, if ion implantation is employed, ion is not implanted 
to the back gate side. However, the diffusion coe?icient of 
impurity into the polysilicon ?lm is high, that is, 100 times as 
much as that of single crystal silicon. Thus, heat treatment is 
carried out after ion implantation, and thereby, it is possible to 
form a loW-resistance polysilicon ?lm 9 Whose back gate side 
is doped With impurity With high concentration. In addition, 
the method of doping impurity in deposition of the polysili 
con ?lm 9 may be employed 
[0064] As illustrated in FIG. 8A to FIG. 8C, the polysilicon 
?lm 9 is etched using resist pattern (not shoWn) as the mask, 
and thus, a gate electrode is formed. In this case, etching is 
carried out so that each polysilicon ?lm 9 on the silicon 
substrate 1 and in the ESS 4 is not divided. 
[0065] According to the embodiment, the process of pat 
terning each polysilicon ?lm 9 for forming top and bottom 
gate electrodes is the same; therefore, the process is simpli 
?ed. 
[0066] Thereafter, as seen from FIG. 8A to FIG. 8C, the 
MOSFET including double gate structure is completed via 
the folloWing public-knoWn MOSFET process, that is, pro 
cess of forming a source/drain region 10 by ion implantation 
and annealing. 
[0067] According to the embodiment, the folloWing double 
gate structures is simultaneously formed by common process. 
That is the gate structure (top gate structure) including gate 
insulating ?lm and gate electrode on the silicon substrate 1. 
And is the gate structure (bottom gate structure) including 
gate insulating ?lm and gate electrode in the silicon substrate 
1. Therefore, a MOS transistor including double gate struc 
ture can be realiZed by very simple process as compared With 
the conventional method of separately forming top and bot 
tom gate structures by individual processes. 
[0068] In addition, according to the embodiment, the poly 
silicon ?lm 9 is deposited in the isolation trench 6 around 
MOSFET, that is, the region having the deeper bottom in 
deposition of the polysilicon ?lm 9 shoWn in FIG. 7A to FIG. 
7C. Thus, the isolation trench 6 under the polysilicon ?lm 9 is 
provided With part of the silicon oxide ?lm 7. 
[0069] As a result, the polysilicon ?lm 9 (side gate elec 
trode) is formed on the gate insulating ?lm 8 on the side 
surface of the SON. Consequently, the sideWall (side surface) 
of the SON is formed With a channel. 
[0070] Therefore, a MOS transistor including the folloWing 
structure is formed. More speci?cally, the MOS transistor has 
the structure in Which the silicon region (silicon substrate 1) 
around the SON is covered With gate insulating ?lm and gate 
electrode by the process for originally forming double gate 
structure. Namely, the MOS transistor has gate all around 
structure (gate structure including double gate structure). 
This means that the folloWing type of gate all around structure 
is formed. As is evident from FIG. 8C, that is, the cross 
sectional vieW in the channel Width direction, the silicon 
region (silicon substrate 1) around the SON is covered With 
gate insulating ?lm and gate electrode. 
[0071] Incidentally, true double gate structure is obtained 
by removing the polysilicon ?lm 9 on the sideWall (side 
surface)of the SON by etching. 
[0072] According to the embodiment, the side surface of 
SON is formed With the channel, in addition to upper and 
loWer surfaces of the MOSFET active region (SON); there 
fore, current drive capability can be improved. 
[0073] According to the embodiment, gate electrodes 9 
(top and bottom gate electrodes) on upper and loWer surfaces 
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of the SON are connected via tWo contact holes 11 on both 
sides of the MOSFET including double gate structure, as 
depicted in FIG. 8A, to FIG. 8C. Therefore, gate parasitic 
resistance can be reduced. 

[0074] According to the embodiment, the contact hole 11 
connecting top and bottom gate electrodes is formed by 
means of self align. Therefore, it is unnecessary to secure a 
region for misalignment. In other Words, there is no problem 
of increasing the chip area even if the double gate structure of 
the embodiment is employed. 
[0075] The top and bottom gate electrodes may be are 
formed physically independent of each other although they 
are integrally formed. In this case, there is a need of forming 
the structure for simultaneously applying the same voltage to 
these top and bottom gate electrodes. 
[0076] Consequently, it is basically preferable that the top 
and bottom gate electrodes are integrally formed. The inte 
grally formed gate electrode 9 can be readily formed accord 
ing to the present embodiment, as described above. 
[0077] Id-Vg characteristic Was investigated With respect to 
the MOSFET (SON) including double gate structure of the 
embodiment and the conventional bulk MOSFET (bulk). The 
result Was shoWn in FIG. 9A and FIG. 9B. 
[0078] As seen from FIG. 9A and FIG. 9B, it Was con?rmed 
that the drain current value of the MOSFET according to the 
embodiment Was about 1.8 times as much as that of the 
conventional MOSFET. FIG. 9A shoWs the result When the 
absolute value of the drain voltage is 0.05V, and FIG. 9B 
shoWs the result When the absolute value of the drain voltage 
is 1.5V. The thickness of the SON Was set to 22 nm. 
[0079] The folloWing matters are given as the reason Why 
the drain current of the MOSFET including double gate struc 
ture of the embodiment does not reach tWo times as much as 
that of the conventional MOSFET. One of the reasons is that 
the gate effective length on the back gate side is slightly long. 
Another is that the gate electrode 9 on the back gate side does 
not have suf?ciently high impurity concentration; for these 
reasons, the effective gate insulating ?lm thickness becomes 
thicker by depletion of the gate electrode (polysilicon ?lm) 9. 
[0080] In the embodiment, the polysilicon ?lm containing 
impurity is used as the gate electrode; in this case, conductive 
?lms including metal may be used. For example, Al ?lm, W 
?lm or WSi2 ?lm may be applicable. It is possible to form the 
foregoing ?lms by metal CVD process. 
[0081] In the embodiment, the mask pattern 5 is formed so 
that part of the ESS 4, that is, both ends in the channel Width 
direction are not covered, in the process shoWn in FIG. 3A to 
FIG. 3C. In this case, the mask pattern 5 may be formed so 
that only one end is not covered (see FIG. 10A and FIG. 10B). 
[0082] In addition, a mask pattern 5 shoWn in FIG. 11A to 
FIG. 11C is formed, and thereby, it is possible to form three or 
more contact holes 11 in self align. 

Second Embodiment 

[0083] FIG. 12A, FIG. 12B and FIG. 12C to FIG. 19A, FIG. 
19A, and FIG. 19C are vieWs shoWing the process of manu 
facturing a MOSFET including double gate structure accord 
ing to a second embodiment of the present invention. FIG. 
12B and 12C to FIG. 19B and FIG. 19C are cross-sectional 
vieWs taken along a line A-A' of FIG. 12A to FIG. 19A and 
taken along a line B-B' of the same. 

[0084] As shoWn in FIG. 12A to FIG. 12C, a silicon oxide 
?lm mask pattern 22 for forming trenches is formed on a 
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silicon substrate 21. The silicon substrate 21 is etched by RIE 
process using the mask pattern as the mask, and thus, several 
trenches 23 are formed. 

[0085] The mask pattern 22 is formed according to the 
public-knoWn process including the folloWing processes. 
One is a process of forming a silicon oxide ?lm on the surface 
of the silicon substrate 21 by thermal oxidation. Another is a 
process of depositing a silicon oxide ?lm on the surface of the 
silicon substrate 21 by CVD process. Another is a process of 
patterning these silicon oxide ?lms (i.e., thermal oxide ?lm, 
CVD oxide ?lm). 
[0086] In place of the silicon oxide ?lm mask pattern 22, 
the folloWing mask pattern may be used. The mask pattern 
consists of other insulating ?lms such as silicon nitride ?lm or 
multi-layered insulating ?lm of silicon oxide ?lm/ silicon 
nitride ?lm. 
[0087] As illustrated in FIG. 13A to FIG. 13C, the mask 
pattern 22 is removed by Wet etching. Thereafter, the silicon 
substrate 21 is heated by a heat treatment under loW pres sure 
in a reducing atmosphere such as hydrogen, and double lay 
ered tWo empty spaces (ESS) 241 and 242 are formed in the 
silicon substrate 21. 

[0088] The ESS 241 and 242 have the same structure. Both. 
sides S1 and S2 ofthe ESS 241 and 242 are aligned in position 
in both channel length and Width directions. 
[0089] The front surface (upper surface) and backside 
(loWer surface) of the silicon substrate 21 (SON1) on the ESS 
241 and the front surface (upper surface) and backside (loWer 
surface) of the silicon substrate 21 (SON2) on the ESS 242 are 
regions Where the channels of MOSFETs are formed. In the 
embodiment, part of each side of the SON1 and SON2 is also 
a region Where the channel is formed. 

[0090] As described above, ESS 241 and 242 have the same 
structure, and their both sides are aligned in position. There 
fore, the channel lengths (gate length) of the gate structure 
formed on the backside of the SON1, the front surface and 
backside of the SON2 are the same. 

[0091] The plane pattern ofthe ESS 241 and 242 is a longi 
tudinally elongated rectangle (longer side direction is channel 
Width direction, shorter side direction is channel length direc 
tion), as seen from FIG. 13A. In this case, other pattern may 
be used. 

[0092] The upper surface (top Wall) S ofthe ESS 241, 242 is 
curved at the comer, as seen from FIG. 13B and FIG. 13C, and 
other portions thereof are ?at. The upper surface S of the ESS 
241, 242 is a silicon region formed With the channel; therefore, 
it is preferable that the upper surface S is ?at as much as 
possible. 
[0093] The details of the heat treatment for forming the 
ESS 241, 242 are disclosed in JPN. PAT. APPLN. KOKAI 
Publication No. 2000-12858. The explanation Will be brie?y 
made beloW. The heat treatment for forming the ESS 241, 242 
is carried out in hydrogen or reducing gas atmosphere at the 
temperature of 10500 C. for 30 seconds. 
[0094] The reason Why the double layer ESS are formed in 
the present embodiment as different from the ?rst embodi 
ment is that the trench Which has a higher aspect than ?rst 
embodiment. The detail is disclosed in a “International Elec 
tron Device Meeting, 20.6 (1999)” or “Japanese Journal of 
Applied Physics, vol. 43, p. 12, 2004” 
[0095] A single layer ESS as the ESS in the ?rst embodi 
ment can be formed by setting the depth of the trench 2.5 pm 
and radius of the trench 0.2 pm. 
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[0096] A double layer ESS as the ESS in the second 
embodiment can be formed by setting the depth of the trench 
5.0 pm and radius of the trench 0.2 pm. 
[0097] The depth and radius can alloWedly take various 
values in accordance With required thickness of the ESS. 
[0098] If the surface height of the silicon substrate 21 on the 
ESS 24l reduces due to the heat treatment, a treatment for 
smoothing the surface of the silicon substrate 21 may be 
carried out. The smoothing treatment (planariZing) is 
detailedly disclosed in JPN. PAT. APPLN. KOKAI Publica 
tion No. 2001 -144276. The explanation Will be brie?y made 
beloW. The treatment for smoothing the surface of the silicon 
substrate 21 includes the folloWing processes. One is a pro 
cess of planariZing the surface of the silicon substrate 21 by 
CPM. Another is a process of oxidiZing the planariZed the 
surface of the silicon substrate 21. 
[0099] As depicted in FIG. 14A to FIG. 14C, a silicon 
nitride ?lm mask pattern 25 for forming isolation trench is 
formed on the silicon substrate 21. The mask pattern 25 is 
formed so that the entire surface of the silicon substrate 21 on 
the ESS 241, 242, is not covered, but so that part thereof is 
exposed. Here, as seen from the plane vieW of FIG. 13A, the 
mask pattern 5 is formed so that part ofthe ESS 241, 242 (both 
ends in channel Width direction) is not covered. 
[0100] Thereafter, the silicon substrate 21 is etched by RIE 
process using the maskpattern 25 as the mask so that isolation 
trench (STI) 26 can be formed. After the isolation trench 26 is 
formed, the ESS 241, 242 is formed into not a closed empty 
space (cavity) but an opened empty space (cavity). The upper 
Walls on ends of the ESS 241, 242 in the channel Width direc 
tion are opened due to the isolation trench 26. 
[0101] In this case, the isolation trench 26 of the embodi 
ment differs from the conventional case in the depth of the 
bottom partially. More speci?cally, a region T under the ESS 
242, Which is not covered With the mask pattern 25, has the 
bottom deeper than other regions. This results from the fol 
loWing reason. In etching, the portion under the ESS 242, 
Which is not covered With the mask pattern 25, is the same as 
a state of being previously etched by the depth of the ESS 241, 
242. 
[0102] In this stage, since the MOSFET is not still com 
pleted, the isolation trench 26 (isolation region) of the 
embodiment is explained in vieW of the relationship With the 
ESS 241, 242. HoWever, after the MOSFET is completed, the 
isolation region of the embodiment has the structure in Which 
the partial region has deeper bottom than other regions in the 
isolation trench 26 around the MOSFET. 
[0103] As seen from FIG. 15A to FIG. 15C, a silicon oxide 
?lm 27 (insulator) is deposited on the entire surface as the 
buried member of the isolation trench 26 by anisotropic depo 
sition process such as HDP-CVD process. 
[0104] As illustrated in FIG. 16A to FIG. 16C, the silicon 
oxide ?lm 27 other than the isolation trench 26 is removed by 
CMP process. Then, the mask pattern 25 is removed While the 
surface of the silicon substrate 21 is planariZed. In this case, 
the mask pattern 25 may be removed by etching. 
[0105] In this Way, the isolation region for isolating the 
MOSFET formed in the next process from other elements 
(e.g., other MOSFET including double gate structure) is com 
pleted. 
[0106] In this case, as seen from FIG. 16A to FIG. 16C, the 
region in Which the silicon oxide ?lm 27 is not buried remains 
at both sides ofthe ESS 241, 242. This is because the silicon 
oxide ?lm 27 is deposited by anisotropic deposition process. 
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If the region (gap) in Which the silicon oxide ?lm 7 is not 
buried remains at both sides of the ESS 241, 242, the silicon 
oxide ?lm 27 may be formed by isotropic deposition process. 
[0107] As depicted in FIG. 17, a gate insulating ?lm (ther 
mal oxide ?lm) 28 is formed on the surface of the silicon 
substrate 21 by public-knoWn thermal oxidation. 
[0108] The gate insulating ?lm 28 is formed on the entire 
surface of exposed silicon shoWn in FIG. 17. Thus, the gate 
insulating ?lm 8 is formed on any of the upper, side and loWer 
surfaces of the SON1 and SON2 and the loWer surface (bot 
tom) of the ESS 242. In other Words, the loWer surfaces of the 
SON1 and SON2 are the upper surfaces (top Wall) of ESS 24 l 
and 242. 
[0109] According to the embodiment, the gate insulating 
?lms, that is, top and bottom gate insulating ?lms on the 
silicon substrate 21 and therein are simultaneously formed by 
the identical process. Therefore, the process is simpli?ed. 
[0110] In the embodiment, the thermal oxide ?lm is used as 
the gate insulating ?lm 28. In this case, a silicon oxide ?lm 
formed by the method using radical or silicon oxinitride ?lm 
(SiON ?lm) may be used. In addition, the folloWing process 
may be employed. According to the process, the thermal 
oxide ?lm is simultaneously formed on the upper and loWer 
surfaces of the SON1 and SON2 of the MOSFET, thereafter, 
nitriding is carried out With respect to only upper surface of 
the SON1. Namely, the thermal oxide ?lm is formed on the 
loWer surface of the SON1, the upper and loWer surfaces of 
the SON2 While the SiON ?lm is formed on the upper surface 
of the SON1. 

[0111] Incidentally, it is necessary to form the bottom gate 
insulating ?lm in vieW of the folloWing matter. The bottom 
gate insulating ?lm is positioned on the upper and loWer 
surface of the ESS 241, the upper and loWer surfaces of the 
ESS 242. In addition, the bottom gate insulating ?lm has no 
need to entirely close the inner Wall of the ESS 241, 242. In 
other Words, it is su?icient the bottom gate insulating ?lm is 
formed at least on the loWer surface of the SON1, the upper 
and loWer surfaces of the SON2. 

[0112] As shoWn in FIG. 18A to FIG. 18C, a polysilicon 
?lm 29 functioning as the gate electrode is deposited on the 
gate insulating ?lm 28 by CVD process. The polysilicon ?lm 
29 contains impurity. 
[0113] In the deposition of the polysilicon ?lm 29, Si 
source gas is introduced into the ESS 241, 242 from openings 
at both sides of the ESS 241, 242, that is, the region (gap) in 
Which the silicon oxide ?lm 27 is not buried. In this Way, the 
polysilicon ?lm 29 is deposited on the inner Wall (gate insu 
lating ?lm 28) of the ESS 241, 242. The deposition of the 
polysilicon ?lm 29 on the inner Wall of the ESS 241, 242 is 
carried out until the gap is ?lled With the polysilicon ?lm 29. 

[0114] According to the embodiment, the polysilicon ?lms 
29 functioning as top and bottom gate electrodes are simul 
taneously formed by the identical process. Therefore, the 
process is simpli?ed. 
[0115] The ESS 241, 242 is not entirely ?lled With the poly 
silicon ?lm 29 on normal polysilicon CVD process condition. 
Therefore, part of the ESS 241, 242 ?nally remains Without 
being ?lled With the polysilicon ?lm. For example, non-?lled 
portions of the ESS 241, 242 (i.e., space, Which is not ?lled 
With bottom gate electrode and insulating ?lm) contribute to 
reduction of leakage current. The ESS 241, 242 can be entirely 
buried depending upon the process condition of the polysili 
con ?lm 29 deposition. 
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[0116] Incidentally, impurity doping into the polysilicon 
?lm 29 may be carried out according to normal methods. For 
example, if ion implantation is employed, dopant ion is not 
implanted to the back gate side. HoWever, the diffusion coef 
?cient of dopant impurity into the polysilicon ?lm is high, 
that is, 100 times as much as that of single crystal silicon. 
Thus, heat treatment is carried out after ion implantation, and 
thereby, it is possible to form a loW-resistance polysilicon 
?lm 29 Whose back gate side is doped With dopant impurity 
With high concentration. In addition, the method of in-situ 
impurity doping in deposition of the polysilicon ?lm 29 may 
be employed 
[0117] As illustrated in FIG. 19A to FIG. 19C, the polysili 
con ?lm 29 is etched using resist pattern (not shoWn) as the 
mask, and thus, a gate electrode is formed. In this case, 
etching is carried out so that each polysilicon ?lm 29 on the 
silicon substrate 21 and in the ESS 241, 242 is not divided. 

[0118] According to the embodiment, the process of pat 
terning each polysilicon ?lm 29 for forming top and bottom 
gate electrodes is the same; therefore, the process is simpli 
?ed. 

[0119] Thereafter, as seen from FIG. 19A to FIG. 19C, the 
MOSFET including double gate structure is completed via 
the folloWing public-knoWn MOSFET process, such as pro 
cess of forming a source/drain region 30 by ion implantation 
and annealing. In this case, the depth of the source/drain 
region 30 is deeper than the upper surface of the SON2. 

[0120] According to the embodiment, the folloWing double 
gate structures are simultaneously formed by common pro 
cess. That is the gate structure (top gate structure) on the 
silicon substrate 21 and the gate structure (bottom gate struc 
ture) in the silicon substrate 21. Therefore, a MOS transistor 
including double gate structure can be realiZed by very simple 
process as compared With the conventional method of sepa 
rately forming top and bottom gate structures by individual 
processes. 

[0121] In the MOS transistor having tWo empty spaces 
described in the embodiment, ?rst to fourth channels are 
formed on the upper, loWer surfaces of the SON1, the upper 
and loWer surfaces of the SON2, respectively. On the other 
hand, in the MOS transistor having one empty space (?rst 
embodiment), the ?rst and second channels are formed on the 
upper and loWer surfaces of the SON, respectively. Therefore, 
in the MOS transistor of the present embodiment, the drain 
current ?oWs approximately tWo times as much as the MOS 
transistor having one empty space. 

[0122] As described before, the channel lengths (gate 
length) of gate structure formed on the backside of the SON1, 
front surface and backside of the SON2 are the same. In other 
Words, second to fourth channels are vertically formed by the 
gate structure in the substrate excluding the gate structure on 
the substrate surface of the normal MOS transistor. Thus, 
these second to fourth channels have symmetry With respect 
to channel length and Width directions. This contributes to 
improving device performance. 
[0123] In addition, according to the embodiment, the poly 
silicon ?lm 29 is deposited in the isolation trench 26 around 
MOSFET, that is, the region having the deeper bottom in 
deposition of the polysilicon ?lm 29 shoWn in FIG. 18. Thus, 
the isolation trench 6 under the polysilicon ?lm 29 is provided 
With part of the silicon oxide ?lm 27. 

[0124] As a result, the polysilicon ?lm 29 (side gate elec 
trode) is formed on the gate insulating ?lm 28 on the side 
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surfaces of SON1 and SON2. Consequently, the side surface 
(sidewall) of the SON1 and SON2 is formed With a channel. 
[0125] Therefore, a MOS transistor including the following 
structure is formed. More speci?cally, the MOS transistor has 
the structure in Which the silicon region (silicon substrate 21) 
around the SON1 and SON2 is covered With gate insulating 
?lm and gate electrode by the process for originally forming 
double gate structure. Namely, the MOS transistor has double 
layer gate all around structure (gate structure including 
double gate structure). 
[0126] According to the embodiment, the side surface is 
formed With the channel, in addition to upper and loWer 
surfaces of the MOSFET active region (SON1 and SON2); 
therefore, current drive capability can be improved. 
[0127] According to the embodiment, gate electrodes 29 
(top and bottom gate electrodes) on upper and loWer surfaces 
of the SON1 and SON2 are connected via tWo contact holes 
21 on both sides of the MOSFET including double gate struc 
ture, as depicted in FIG. 19A, to FIG. 19C. Therefore, gate 
parasitic resistance can be reduced. 
[0128] According to the embodiment, the contact hole 31 
connecting top and bottom gate electrodes is formed by 
means of self align. Therefore, it is unnecessary to secure a 
region for misalignment. In other Words, there is no problem 
of increasing the chip area even if the double gate structure of 
the embodiment is employed. 
[0129] The top and bottom gate electrodes may be are 
formed physically independent of each other although they 
are integrally formed. In this case, there is a need of forming 
the structure for simultaneously applying the same voltage to 
these top and bottom gate electrodes. 
[0130] Consequently, it is basically preferable that the top 
and bottom gate electrodes are integrally formed. The inte 
grally formed gate electrode 29 can be readily formed accord 
ing to the present embodiment, as described above. 
[013 1] Id-Vg characteristic Was investigated With respect to 
the MOSFET (SON) including double gate structure of the 
embodiment and the conventional bulk MOSFET. As a result, 
it Was con?rmed that the drain current value of the MOSFET 
according to the embodiment Was about 3.8 times as much as 
that of the conventional MOSFET. 
[0132] The folloWing matters are given as the reason Why 
the drain current of the MOSFET including double gate struc 
ture of the embodiment does not reach four times as much as 
that of the conventional MOSFET. One of the reasons is that 
the gate effective length on the back gate side is slightly long. 
Another is that the gate electrode 29 on the back gate side 
does not have suf?ciently high impurity concentration; for 
these reasons, the effective gate insulating ?lm thickness 
becomes thicker by depletion of the gate electrode (polysili 
con ?lm) 29. 
[0133] In the second embodiment, the same modi?cation as 
the ?rst embodiment is possible. The second embodiment has 
described the MOSFET including double gate structure using 
tWo (tWo-layered) empty spaces. LikeWise, it is possible to 
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carry out a MOSFET including double gate structure or all 
around structure using three (three-layered) empty spaces or 
more. 

[0134] In the ?rst and second embodiments, no reference is 
made With respect to the channel type in particular. The 
present invention is applicable to any of n-channel and 
p-channel double gate MOSFETs. Basically, the type of the 
dopant used in source/drain region may be inverted betWeen 
n-channel and p-channel. 
[0135] In addition, n-channel and p-channel double gate 
MOSFETs may be formed on the identical substrate. CMOS 
may be formed using the n-channel and p-channel double gate 
MOSFETs. 
[0136] The double gate MOSFET to Which the present 
invention is applied may be used as the sWitching element of 
memory such as DRAM. 
[0137] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the speci?c details 
and representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 

1-15. (canceled) 
16. A method of manufacturing a semiconductor device, 

comprising; 
forming an empty space in a semiconductor substrate; 
forming an isolation region on a surface of the semicon 

ductor substrate comprising forming a trench by etching 
the surface of the semiconductor substrate so that a part 
of the empty space is opened, and forming an insulator in 
the trench Without closing the empty space; and 

forming a MOSFET including a double gate structure iso 
lated from other elements by the isolation region in the 
semiconductor substrate. 

17. The method according to claim 16, Wherein the forming 
the empty space in the semiconductor substrate comprises 
forming a trench on the surface of the semiconductor sub 
strate, and heating the semiconductor substrate under loW 
pressure. 

18. The method according to claim 16, Wherein the forming 
the insulator in the trench Without closing the empty space 
comprises depositing an insulating material on a region 
including the trench by anisotropic deposition process. 

19. The method according to claim 16, Wherein the forming 
the MOSFET comprises forming a gate insulating ?lm on an 
upper Wall of the empty space and a region including the 
surface of the semiconductor substrate on the upper Wall by 
oxidizing or nitriding an exposed surface of the semiconduc 
tor substrate. 

20. The method according to claim 19, Wherein the forming 
the MOSFET comprises forming a conductive ?lm to be 
processed into a gate electrode by depositing a conductive 
material on the gate insulating ?lm by CVD process. 

* * * * * 


