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(57) ABSTRACT 

In a method of fabricating a semiconductor device having a 
MISFET of trench gate structure, a trench is formed from a 
major Surface of a semiconductor layer of first conductivity 
type which serves as a drain region, in a depth direction of 
the semiconductor layer, a gate insulating film including a 
thermal oxide film and a deposited film is formed over the 
internal Surface of the trench, and after a gate electrode has 
been formed in the trench, impurities are introduced into the 
semiconductor substrate of first conductivity type to form a 
semiconductor region of second conductivity type which 
serves as a channel forming region, and impurities are 
introduced into the semiconductor region of second conduc 
tivity type to form the semiconductor region of first con 
ductivity type which serves as a source region. 

  



Patent Application Publication Dec. 20, 2007 Sheet 1 of 14 US 2007/0290268 A1 

FIG. 1 

  



Dec. 20, 2007 Sheet 2 of 14 

FIG. 2 
13 

7 6A 10 12A 6A 11A 

A 17 
N 4. 
4. Za. 

N SESL) AtN4t N.N. 

N 
YNNNNNXNNN 

A. 

  

  

  

  

  

  

  

  

  

  











ent Application Publication Dec. 20, 2007 Sheet 7 of 14 

1 

Y. N 
N N 

5A 5B 
N-- N-- 

5 5 

  

  





Application Publication Dec . 20, 2007 Sheet 9 of 14 

2C 2B 2A 
  





ent Application Publication Dec. 20, 2007 Sheet 11 of 14 

ester. l. 1A 

  

  

  

  

  









US 2007/0290268 A1 

METHOD OF FABRICATING SEMCONDUCTOR 
DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates to a semiconductor 
device and, more particularly, to an art which can be usefully 
applied to a semiconductor device having a transistor ele 
ment of trench gate structure. 

BACKGROUND OF THE INVENTION 

0002 Power transistors (semiconductor devices) are used 
as Switching elements for power amplification circuits, 
power supply circuits and the like. This kind of power 
transistors has a construction in which a plurality of tran 
sistor elements are electrically connected in parallel. Each of 
the transistor elements is constructed as, for example, a 
MISFET (Metal Insulator Semiconductor Field Effect Tran 
sistor) of trench gate structure. A method of fabricating a 
power transistor having a MISFET of trench gate structure 
will be described below. 

0003 First, an n-type semiconductor layer is formed 
over a major Surface of an n-type semiconductor Substrate 
made of single-crystal silicon by an epitaxial growth 
method. These n-type semiconductor Substrate and n-type 
semiconductor layer are used as a drain region. Then, p-type 
impurities are introduced into the entire major surface of the 
n-type semiconductor layer by ion implantation to form a 
p-type semiconductor region to be used as a channel forming 
region. Then, n-type impurities are selectively introduced 
into the major Surface of the p-type semiconductor region by 
ion implantation to form an n-type semiconductor region 
which serves as a source region. 
0004 Then, after, for example, a silicon oxide film has 
been formed over the major surface of the n-type semicon 
ductor layer, patterning is applied to the silicon oxide film to 
form a mask having an opening above a trench forming 
region of the n-type semiconductor layer. Then, a trench is 
formed from the major surface of the n-type semiconductor 
layer in the depth direction thereof by using the mask as an 
etching mask. The formation of the trench is performed by 
an anisotropic dry etching method. 
0005 Then, wet etching is applied to allow the mask to 
recede from the top edge portion of the trench (the portion 
of intersection of the side surface of the trench and the major 
Surface of the n-type semiconductor layer). Then, isotropic 
dry etching is applied to form the top edge portion and the 
bottom edge portion (the portion of intersection of the side 
surface of the trench and the bottom surface thereof) of the 
trench into gently-sloping shapes, respectively. Then, the 
mask is removed. 

0006 Then, thermal oxidation is applied to form a sac 
rifice thermal oxide film over the internal surface of the 
trench, and then the sacrifice thermal oxide film is removed. 
The formation and the removal of the sacrifice thermal oxide 
film are performed for the purpose of removing defects, 
strain, contamination and the like which are produced when 
the trench is formed. 

0007. Then, thermal oxidation is applied to form a gate 
insulating film comprising a thermal oxide film over the 
internal surface of the trench. Then, a polycrystalline silicon 
film is formed over the entire major surface of the n-type 
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semiconductor layer, inclusive of the inside of the trench, by 
a chemical vapor deposition method. Impurities for decreas 
ing the resistance value of the polycrystalline silicon film are 
introduced into the polycrystalline silicon film during or 
after the deposition thereof. 

0008. Then, etchback is applied to flatten the surface of 
the polycrystalline silicon film. Then, etching is selectively 
applied to the polycrystalline silicon film to form a gate 
electrode in the trench and to form a gate lead-out electrode 
integrated with the gate electrode, over the peripheral region 
of the major Surface of the n-type semiconductor layer. In 
this step, a MISFET is formed which has a trench gate 
structure in which the gate electrode is formed in the trench 
of the n-type semiconductor layer, with the gate insulating 
film interposed therebetween 
0009. Then, an interlayer insulating film is formed over 
the entire major Surface of the n-type semiconductor layer, 
inclusive of the top Surface of the gate electrode, and then a 
contact hole is formed in the interlayer insulation film. After 
that, a source interconnection and a gate interconnection are 
formed, and then a final passivation film is formed. After 
that, a bonding opening is formed in the final passivation 
film, and then a drain electrode is formed on the back of the 
n"-type semiconductor substrate, whereby a power transistor 
having such a MISFET of trench gate structure is almost 
finished. 

0010. The MISFET having the trench gate structure con 
structed in this manner can be reduced in its occupation area 
compared to a MISFET in which its gate electrode is formed 
on the major Surface of its semiconductor layer, with a gate 
insulating film interposed therebetween. Accordingly, the 
size and on resistance of the power transistor can be reduced. 
0011 Incidentally, a power transistor having a MISFET 
of trench gate structure is described in, for example, EP 
666,590. 

SUMMARY OF THE INVENTION 

0012. The present inventors have examined the above 
described power transistor (semiconductor device) and 
found out the following problems. 

0013 In the case of the above-described power transistor, 
the p-type semiconductor region which serves as the channel 
forming region is formed in the n-type semiconductor layer 
which serves as the drain region, and the n-type semicon 
ductor region which serves as the Source region is formed in 
the p-type semiconductor region, and after the trench has 
been formed in the n-type semiconductor layer, thermal 
oxidation is applied to form the thermal oxide film which 
serves as the gate insulating film, over the internal Surface of 
the trench. Therefore, impurities in the p-type semiconduc 
tor region (for example, boron (B)) or impurities of the 
n"-type semiconductor region (for example, arsenic (AS)) is 
introduced into the thermal oxide film and the breakdown 
Voltage of the gate insulating film becomes easily degraded, 
so that the reliability of the power transistor lowers. 

0014 Further, impurities in the p-type semiconductor 
region at the side Surface of the trench migrate into the 
thermal oxide film and a variation occurs in the impurity 
concentration in the channel forming region at the side 
Surface of the trench, so that a variation occurs in the 
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threshold voltage (Vth) of the MISFET and FET character 
istics cannot be provided stably with good reproducibility. 
0015. In addition, impurities of the n-type semiconduc 
tor region which serves as the source region undergo 
enhanced diffusion by the thermal treatment temperature 
during the formation of the thermal oxide film, and the 
effective channel length of the MISFET is shortened and the 
punch-through breakdown voltage thereof is lowered. If the 
thermal oxide film is formed at a low thermal treatment 
temperature of approximately 950° C., enhanced diffusion of 
impurities in the n-type semiconductor substrate which 
serves as the Source region can be suppressed and the 
punch-through breakdown voltage of the MISFET can be 
ensured. However, if the thermal oxide film is formed at 
Such a low thermal treatment temperature, the top edge 
portion of the trench is deformed into an angular shape by 
a compressive stress produced during the growth of the 
thermal oxide film, the film thickness of the thermal oxide 
film at the top edge portion becomes locally thin, so that the 
gate breakdown voltage of the MISFET is lowered. There 
fore, if the thermal oxide film is formed at a high thermal 
treatment temperature of approximately 1,100° C., the 
deformation of the top edge portion of the trench can be 
suppressed and the gate breakdown voltage of the MISFET 
can be ensured. However, if the thermal oxide film is formed 
at a high thermal treatment temperature of approximately 
1,100° C., as described above, impurities in the n-type 
semiconductor Substrate which serves as the source region 
undergo enhanced diffusion and the punch-through break 
down voltage of the MISFET is lowered. In other words, 
since neither the punch-through breakdown Voltage nor the 
gate breakdown voltage of the MISFET can be ensured, the 
reliability of the power transistor is lowered. 
0016. An object of the present invention is to provide an 
art capable of increasing the reliability of a semiconductor 
device and providing stable FET characteristics of good 
reproducibility. 
0017. The above and other objects and novel features of 
the present invention will become apparent from the fol 
lowing description taken in conjunction with the accompa 
nying drawings. 
0018 Representative aspects of the invention disclosed 
herein will be described below in brief. 

0019. In a method of fabricating a semiconductor device 
having a MISFET of trench gate structure, a trench is formed 
from a major Surface of a semiconductor layer of first 
conductivity type which serves as a drain region, in the 
depth direction of the semiconductor layer, a gate insulating 
film comprising a thermal oxide film and a deposition film 
is formed over the internal surface of the trench, and after a 
gate electrode has been formed in the trench, impurities are 
introduced into the semiconductor substrate of first conduc 
tivity type to form a semiconductor region of second con 
ductivity type which serves as a channel forming region, and 
impurities are introduced into the second conductivity type 
semiconductor region to form a semiconductor region of 
first conductivity type which serves as a Source region. The 
formation of the thermal oxide film is performed in an 
oxygen gas atmosphere or in a water vapor atmosphere, and 
the formation of the deposition film is performed with a 
chemical vapor deposition method. The deposited film is a 
silicon oxide film or a silicon nitride film or an acid nitride 
film. 
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0020. According to the above-described means, after the 
thermal oxide film which serves as the gate insulating film 
has been formed, the semiconductor region of second con 
ductivity type which serves as the channel forming region 
and the semiconductor region of first conductivity type 
which serves as the Source region are formed. Accordingly, 
neither impurities in the semiconductor region of second 
conductivity type nor the impurity of the of semiconductor 
region of first conductivity type is introduced into the 
thermal oxide film, and the degradation of the breakdown 
Voltage of the gate insulating film due to the introduction of 
Such impurities can be suppressed. In consequence, the 
reliability of the semiconductor device can be improved. 

0021. In addition, since the semiconductor region of first 
conductivity type which serves as the channel forming 
region is formed after the thermal oxide film which serves as 
the gate insulating film has been formed, impurities in the 
semiconductor region of second conductivity type at the side 
surface of the trench is not introduced into the thermal oxide 
film, and variation in the threshold voltage (Vth) of the 
MISFET due to the variation of the impurity concentration 
of the channel forming region can be Suppressed. In conse 
quence, stable FET characteristics can be obtained with 
good reproducibility. 

0022. In addition, since the semiconductor region of first 
conductivity type which serves as the source region is 
formed after the thermal oxide film which serves as the gate 
insulating film has been formed, even if the formation of the 
thermal oxide film is performed at a high thermal oxidation 
temperature of approximately 1,100° C., impurities in the 
semiconductor region of first conductivity type undergo 
enhanced diffusion, whereby reduction in effective channel 
length can be suppressed and the punch-through breakdown 
voltage of the MISFET can be ensured. In addition, the 
formation of the thermal oxide film is performed at a low 
thermal oxidation temperature of approximately 950° C. 
and even if the top edge portion of the trench (the portion of 
intersection of the side surface of the trench and the major 
surface of the semiconductor layer of first conductivity type) 
is deformed into an angular shape by a compressive stress 
produced during the growth of the thermal oxide film, and 
the film thickness of the thermal oxide film at the top edge 
portion becomes locally thin, the locally thin portion can be 
compensated for by the deposited film, and therefore the 
gate breakdown voltage of the MISFET can be ensured. In 
consequence, it is possible to improve the reliability of the 
power transistor (semiconductor device). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a plan view showing the essential portion 
of a power transistor (semiconductor device) of a first 
embodiment according to the present invention; 

0024 FIG. 2 is a cross-sectional view taken along the line 
A-A shown in FIG. 1; 

0025 FIG. 3 is a cross-sectional view taken along the line 
B-B shown in FIG. 1; 

0026 FIG. 4 is a cross-sectional view for illustrating a 
method of fabricating the power transistor; 

0027 FIG. 5 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
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0028 FIG. 6 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0029 FIG. 7 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0030 FIG. 8 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0031 FIG. 9 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0032 FIG. 10 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0033 FIG. 11 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0034 FIG. 12 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0035 FIG. 13 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0.036 FIG. 14 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0037 FIG. 15 is a cross-sectional view for illustrating a 
method of fabricating a power transistor of a second 
embodiment according to the present invention; 
0038 FIG. 16 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 

0039 FIG. 17 is a schematic cross-sectional view for 
illustrating the method of fabricating the power transistor, 
0040 FIG. 18 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0041 FIG. 19 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0.042 FIG. 20 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0.043 FIG. 21 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0044 FIG.22 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0045 FIG. 23 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0046 FIG. 24 is a cross-sectional view for illustrating the 
method of fabricating the power transistor; 
0047 FIG. 25 is a cross-sectional view for illustrating the 
method of fabricating the power transistor, and 
0.048 FIG. 26 is a cross-sectional view for illustrating the 
method of fabricating the power transistor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0049 Preferred embodiments of the present invention 
will be described below in detail with reference to the 
accompanying drawings. Throughout all the drawings for 
illustrating the preferred embodiments of the present inven 
tion, identical reference numerals denote constituent por 
tions having identical functions, and the repetition of the 
same description will be omitted. 
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First Embodiment 

0050 FIG. 1 is a plan view showing the essential portion 
of a power transistor (semiconductor device) of a first 
embodiment according to the present invention. FIG. 2 is a 
cross-sectional view taken along the line A-A shown in FIG. 
1, and FIG. 3 is a cross-sectional view taken along the line 
B-B shown in FIG. 1. In FIG. 1, a source interconnection 
12A, a gate interconnection 12B, a final passivation film 13 
and the like, all of which will be described later, are not 
shown for the sake of simplicity of illustration. In FIGS. 2 
and 3, hatching (slant lines) indicative of a cross section is 
partly omitted for the sake of simplicity of illustration. 

0051. As shown in FIGS. 1 and 2, the power transistor of 
the first embodiment includes as its principal body a semi 
conductor base in which, for example, an n-type semicon 
ductor layer 1B is formed over a major surface of an n-type 
semiconductor Substrate 1A made of single-crystal silicon. 
The n-type semiconductor layer 1B is formed by, for 
example, an epitaxial growth method, and is made of 
single-crystal silicon. 

0052 A plurality of transistor elements are formed in the 
semiconductor base, and are electrically connected in par 
allel. The transistor elements of the first embodiment are 
MISFETS. 

0053. Each of the MISFETs principally includes a chan 
nel forming region, a gate insulating film 5, a gate electrode 
6A, a source region and a drain region. The channel forming 
region comprises a p-type semiconductor region 8 formed in 
an n-type semiconductor layer 1B. The source region 
comprises an n-type semiconductor region 9 formed in the 
p-type semiconductor region 8. The drain region comprises 
an n-type semiconductor Substrate 1A and the n-type 
semiconductor layer 1B. The gate insulating film 5 is formed 
on the internal surface of a trench 4 which is formed from 
the major surface of the n-type semiconductor layer 1B in 
the depth direction thereof. The gate electrode 6A comprises 
a conductive film buried in the trench 4, with the gate 
insulating film 5 interposed therebetween. The conductive 
film comprises, for example, a polycrystalline silicon film in 
which impurities for decreasing the resistance value is 
introduced. In other words, the MISFET has a vertical 
structure in which the source region, the channel forming 
region and the drain region are disposed in that order from 
the major surface of the n-type semiconductor layer 1B in 
the depth direction thereof, and further has a trench gate 
structure in which the gate insulating film 5 and the gate 
electrode 6A are formed in the trench 4 formed in the n-type 
semiconductor layer 1B. In addition, the MISFET is of an 
n-channel conductivity type in which the p-type semicon 
ductor region 8 at side surface of the trench 4 is used as the 
channel forming region. The gate insulating film 5 of the 
MISFET is, but not limited to, a multilayer film in which, for 
example, a thermal oxide film 5A and a deposited film 5B 
are disposed in that order from the internal surface of the 
trench 4. The thermal oxide film 5A is formed with a film 
thickness of for example, approximately 20 nm, and the 
deposited film 5B is formed with a film thickness of for 
example, approximately 50 nm. The thermal oxide film SA 
is formed by forming the trench 4 in the n-type semicon 
ductor layer 1B and then conducting a heat treatment of 
approximately 950° C. in an oxygen gas atmosphere or a 
water vapor atmosphere. The deposited film 5B is a silicon 
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oxide film deposited by, for example, a chemical vapor 
deposition method. This silicon oxide film is formed by 
causing silane (SiH4) to react with oxygen (O) in an 
atmosphere with a temperature of for example, approxi 
mately 800° C. 
0054 The element forming region of the major surface of 
the n-type semiconductor layer 1B is divided into a plu 
rality of island regions by the trench 4. These island regions 
are regularly disposed in a matrix, and each of the island 
regions has a flat octagonal shape in plan view. In other 
words, the trench 4 is formed in such a pattern that the 
element forming region of the major Surface of the n-type 
semiconductor layer 1B is divided into the plurality of island 
regions and each of these island regions has the flat octago 
nal shape in plan view. Incidentally, the n-type semicon 
ductor region 9 which serves as the source region of the 
MISFETs is formed over the major surface of each of the 
island regions into which the element forming region of the 
n-type semiconductor layer 1B is divided by the trench 4. 
0.055 The top edge portion of the trench 4 (the portion of 
intersection of the side surface of the trench 4 and the major 
surface of the n-type semiconductor layer 1B) and the 
bottom edge portion of the trench 4 (the portion of inter 
section of the side surface of the trench 4 and the bottom 
Surface thereof) have gently-sloping shapes. The shapes of 
the top edge portion and the bottom edge portion of the 
trench 4 are formed by forming the trench 4 in the n-type 
semiconductor layer 1B and then applying chemical dry 
etching using a mixture gas of a chlorine gas and an oxygen 
gaS. 

0056. The source interconnection 12A is electrically con 
nected to each of the n-type semiconductor region 9 and the 
p-type semiconductor region 8 through a contact hole 11A 
formed in an interlayer insulation film 10. The interlayer 
insulation film 10 is provided between the gate electrode 6A 
and the Source interconnection 12A and electrically isolates 
the gate electrode 6A and the source interconnection 12A 
from each other. The source interconnection 12A is, for 
example, an aluminum (Al) film or an aluminum alloy film. 
An insulating film 7 is provided between the gate electrode 
6A and the interlayer insulation film 10. 
0057. As shown in FIGS. 1 and 3, the gate electrode 6A 

is extended to a peripheral region of the major Surface of the 
n-type semiconductor layer 1, and is integrated with a gate 
lead-out electrode 6B formed over the major surface in the 
peripheral region. The gate interconnection 12B is electri 
cally connected to the gate lead-out electrode 6B through a 
contact hole 11B formed in the interlayer insulation film 10. 
The gate interconnection 12B is formed in the same layer as 
the source interconnection 12A, and is electrically isolated 
therefrom. 

0.058 As shown in FIGS. 2 and 3, a final passivation film 
13 is formed over the entire major surface of the n-type 
semiconductor layer 1B, inclusive of the top surface of the 
Source interconnection 12A and the top surface of the gate 
interconnection 12B. The final passivation film 13 is, for 
example, a silicon oxide film deposited by a plasma chemi 
cal vapor deposition method which uses a tetraethoxysilane 
(TEOS) gas as the principal component of a source gas. 
Incidentally, a bonding opening in which the Surface of the 
Source interconnection 12A is partly exposed is formed in 
the final passivation film 13, and further, a bonding opening 
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in which the surface of the gate interconnection 12B is partly 
exposed is formed in the final passivation film 13. 
0059) A drain electrode 14 is formed over the back of the 
n-type semiconductor layer 1. 
0060 A method of fabricating the above-described power 
transistor will be described below with reference to FIGS. 4 
to 14 (which are cross-sectional views for illustrating the 
method of fabricating the power transistor). Throughout 
FIGS. 8 to 14, hatching (slant lines) indicative of a cross 
section is partly omitted for the sake of simplicity of 
illustration. 

0061 First, the n-type semiconductor substrate 1A made 
of single-crystal silicon is prepared. The impurity concen 
tration of the n-type semiconductor substrate 1A is set to 
approximately 2x10" atoms/cm. For example, arsenic (As) 
is introduced as impurities. 
0062) Then, as shown in FIG. 4, the n-type semicon 
ductor layer 1B is formed over the major surface of the 
n"-type semiconductor substrate 1A by an epitaxial growth 
method. The n-type semiconductor layer 1B is so formed as 
to have, for example, a resistivity value of approximately 0.4 
G2cm and a thickness of approximately 6 Jum. In this step, the 
n"-type semiconductor layer 1 which includes the n-type 
semiconductor Substrate 1A and the n-type semiconductor 
layer 1B is formed. 
0063. Then, a silicon oxide film having a film thickness 
of approximately 500 nm is formed over the major surface 
of the n-type semiconductor layer 1B. This silicon oxide 
film is formed by, for example, a thermal oxidation method. 
0064. Then, patterning is applied to the silicon oxide film 
to form a mask 2 having an opening 3 above a trench 
forming region of the n-type semiconductor layer 1B, as 
shown in FIG. 5. This mask 2 is formed in a pattern in which 
each region defined by the opening 3 has a flat octagonal 
shape in plan view in the element forming region of the 
major surface of the n-type semiconductor layer 1B. 
0065. Then, the trench 4 is formed from the major surface 
of the n-type semiconductor layer 1B in the depth direction 
thereofas shown in FIG. 6, by using the mask 2 as an etching 
mask. The formation of the trench 4 is performed by an 
anisotropic dry etching method which uses, for example, a 
chlorine gas or a hydrogen bromide gas and RF (Radio 
Frequency) power of high level. The trench 4 is so formed 
as to have a depth of approximately 1.5-2 um and a width of 
approximately 0.5-2 um. 
0066. Then, wet etching is applied to allow the mask 2 to 
recede by approximately 200 nm from the top edge portion 
of the trench 4 (the portion of intersection of the side surface 
of the trench 4 and the major surface of the n-type semi 
conductor layer 1B). 
0067. Then, as shown in FIG. 7, chemical dry etching 
using a mixture gas of a chlorine gas and an oxygen gas is 
applied to form the top edge portion and the bottom edge 
portion (the portion of intersection of the side surface and 
the bottom surface of the trench 4) of the trench 4 into 
gently-sloping (rounded) shapes. In this step, the trench 4 
having the top and bottom edge portions of gently-sloping 
shapes is obtained. After that, the mask 2 is removed. 
0068 Then, thermal oxidation is applied to form a sac 
rifice thermal oxide film having a film thickness of approxi 
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mately 100 nm over the internal surface of the trench 4, and 
then the sacrifice thermal oxide film is removed. The for 
mation and the removal of the sacrifice thermal oxide film 
are performed for the purpose of removing defects, strain, 
contamination and the like produced when the trench 4 is 
formed. The formation of the sacrifice thermal oxide film is 
performed in an oxygen gas atmosphere at a high tempera 
ture of approximately 1,100° C. If the formation of the 
sacrifice thermal oxide film is performed at a low thermal 
oxidation temperature of approximately 950° C., the top 
edge portion of the trench 4 which has been formed into a 
gently-sloping shape in the previous step will be deformed 
into an angular shape by a compressive stress produced 
during the growth of the sacrifice thermal oxide film. The 
reason is that the formation of the sacrifice thermal oxide 
film is performed at a thermal oxidation temperature of 
1,000° C. or more. Incidentally, the formation of the sacri 
fice thermal oxide film may also be performed in an oxygen 
gas atmosphere diluted with a nitrogen gas. 

0069. Then, thermal oxidation is applied to form the 
thermal oxide film 5A having a film thickness of approxi 
mately 20 nm over the internal surface of the trench 4 as 
shown in FIG. 8. After that, as shown in FIG. 9, the 
deposition film 5B made of silicon oxide and having a film 
thickness of approximately 50 nm is deposited over the 
surface of the thermal oxide film 5A by a chemical vapor 
deposition method, thereby forming the gate insulating film 
5. The formation of the thermal oxide film 5A is performed 
in an oxygen gas atmosphere or a water vapor atmosphere 
having a low temperature of approximately 950° C. The 
deposition of the deposition film 5B is performed in a 
temperature atmosphere having a low temperature of 
approximately 950° C. In this step of forming the gate 
insulating film 5, since the formation of the thermal oxide 
film 5A is performed at a low thermal oxidation temperature 
of approximately 950° C., the top edge portion of the trench 
4 (the portion of intersection of the side surface of the trench 
4 and the major Surface of the n-type semiconductor layer 
1B) which has been formed into a gently-sloping shape in 
the previous step is deformed into an angular shape by a 
compressive stress produced during the growth of the ther 
mal oxide film 5A and the film thickness of the thermal 
oxide film 5A at the top edge portion becomes locally thin. 
However, since that locally thin portion is compensated for 
by the deposition film 5B, the breakdown voltage of the gate 
insulating film 5 is ensured. 

0070 Then, for example, a polycrystalline silicon film is 
formed as a conductive film over the entire major surface of 
the n-type semiconductor layer 1B, inclusive of the inside 
of the trench 4, by a chemical vapor deposition method. 
Impurities for decreasing the resistance value (for example, 
phosphorus (P)) are introduced into the polycrystalline sili 
con film during or after the deposition thereof. The poly 
crystalline silicon film is so formed as to have a film 
thickness of for example, approximately 1 um. 

0071. The surface of the polycrystalline silicon is flat 
tened. This flattening is performed by, for example, an 
etchback method or a chemical mechanical polishing (CMP) 
method. 

0072 Then, etching is selectively applied to the poly 
crystalline silicon film to form the gate electrode 6A in the 
trench 4 as shown in FIG. 10 and to form the gate lead-out 
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electrode 6B (shown in FIG. 3) integrated with the gate 
electrode 6A, over the peripheral region of the major surface 
of the n-type semiconductor layer 1B. 
0073. Then, after the deposition film 5B and the thermal 
oxide film 5A which remain on the major surface of the 
n-type semiconductor layer 1B have been removed, the 
insulating film 7 made of, for example, silicon oxide is 
formed over the entire major surface of the n-type semi 
conductor layer 1B, inclusive of the top surface of the gate 
electrode 6A and the top surface of the gate lead-out 
electrode 6B, as shown in FIG. 11. The formation of the 
insulating film 7 is performed by a thermal oxidation method 
or a chemical vapor deposition method. 
0074 Then, after a p-type impurity (for example, boron) 
has been introduced into the entire major surface of the 
n-type semiconductor layer 1B by ion implantation, 
stretched diffusion process is conducted to form the p-type 
semiconductor region 8 which serves as the channel forming 
region, as shown in FIG. 11. The stretched diffusion process 
is performed for about one hour in an N gas atmosphere 
having a temperature of approximately 1,100° C. 
0075. Then, after an n-type impurity (for example, 
arsenic) has been selectively introduced into a major Surface 
of the p-type semiconductor region 8 which constitutes the 
major surface of the n-type semiconductor layer 1B, by ion 
implantation, annealing is performed at a temperature of 
950° C. for about 20 minutes to form the n-type semicon 
ductor region 9 which serves as a source region, as shown 
in FIG. 12. The introduction of the n-type impurity is 
performed under the condition that the amount of n-type 
impurity to be finally introduced is set to approximately 
5x10 atoms/cm and the amount of energy required during 
the introduction is set to 80 KeV. In this step, a MISFET is 
formed which has a trench gate structure in which the gate 
insulating film 5 and the gate electrode 6A are formed in the 
trench 4 of the n-type semiconductor layer 1B. 
0076. In the above-described steps, the p-type semicon 
ductor region 8 which serves as the channel forming region 
and the n-type semiconductor substrate 9 which serves as 
the source region are formed after the thermal oxide film 5A 
which constitutes the gate insulating film 5 has been formed. 
Accordingly, in the step of forming the thermal oxide film 
5A, neither impurities in the p-type semiconductor region 8 
nor impurities in the n-type semiconductor region 9 do not 
migrate into the thermal oxide film 5A, and therefore it is 
possible to Suppress degradation of the breakdown Voltage 
of the gate insulating film 5 due to the migration of impu 
rities. 

0077. The p-type semiconductor region 8 which serves as 
the channel forming region is formed after the thermal oxide 
film 5A which constitutes the gate insulating film 5 has been 
formed. Accordingly, impurities in the p-type semiconductor 
region 8 at the side Surface of the trench 4 do not migrate 
into the thermal oxide film 5A, and therefore it is possible 
to suppress the variation in the threshold voltage (Vth) of the 
MISFET due to the variation of the impurity concentration 
in the channel forming region. 

0078. The n-type semiconductor region 9 which serves 
as the source region is formed after the thermal oxide film 
5A which constitutes the gate insulating film 5 has been 
formed. Accordingly, even if the formation of the thermal 
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oxide film 5A is performed at a high thermal oxidation 
temperature of approximately 1,100° C., impurities in the 
n"-type semiconductor region 9 do not undergo enhanced 
diffusion whereby reduction in effective channel length can 
be suppressed and the punch-through breakdown Voltage of 
the MISFET can be ensured. In addition, the formation of 
the thermal oxide film 5A is performed at a low thermal 
oxidation temperature of approximately 950° C., and even if 
the top edge portion of the trench 4 (the portion of inter 
section of the side surface of the trench 4 and the major 
surface of the n-type semiconductor layer 1B) is deformed 
into an angular shape by a compressive stress produced 
during the growth of the thermal oxide film 5A and the film 
thickness of the thermal oxide film 5A at the top edge 
portion becomes locally thin, that locally thin portion can be 
compensated for by the deposition film 5B, and therefore the 
gate breakdown voltage of the MISFET can be ensured. 
0079. Then, as shown in FIG. 13, the interlayer insulation 
film 10 having a film thickness of for example, approxi 
mately 500 nm is formed over the entire surface of the 
n-type semiconductor layer 1B. The interlayer insulation 
film 10 is, for example, a BPSG (Boro Phospho Silicate 
Glass) film. 
0080. Then, anisotropic dry etching using CHF gas is 
performed to form the contact hole 11A and the contact hole 
11B (shown in FIG. 3) in the interlayer insulation film 10, as 
shown in FIG. 14. 

0081. Then, after a conductive film comprising, for 
example, an aluminum film or an aluminum alloy film has 
been formed over the entire major surface of the n-type 
semiconductor layer 1B, inclusive of the insides of the 
contact holes 11A and 11B, patterning is applied to the 
conductive film to form the source interconnection 12A to be 
electrically connected to each of the p-type semiconductor 
region 8 and the n-type semiconductor region 9, and to 
form the gate interconnection 12B to be electrically con 
nected to the gate lead-out electrode 6B. 
0082 Then, the final passivation film 13 is formed over 
the entire major surface of the n-type semiconductor layer 
1B, inclusive of the top surface of the source interconnection 
12A and the top surface of the gate lead-out electrode 6B. 
The final passivation film 13 is, for example, a silicon oxide 
film deposited by a plasma chemical vapor deposition 
method which uses a tetraethoxysilane (TEOS) gas as a 
principal component of a source gas. 
0083. Then, a bonding opening in which the surface of a 
part of the Source interconnection 12A is exposed and a 
bonding opening in which the Surface of a part of the gate 
interconnection 12B is exposed are formed in the final 
passivation film 13. After that, the back of the n-type 
semiconductor Substrate 1A is ground, and then the drain 
electrode 14 is formed on the back of the n-type semicon 
ductor Substrate 1A. Thus, the power transistor having a 
MISFET having the trench gate structure is almost finished. 
0084 As is apparent from the above description, the first 
embodiment has the following effects. 
0085. The first embodiment is a method of fabricating a 
semiconductor device having a MISFET of trench gate 
structure, which comprises the steps of forming a trench 4 
from the surface of an n-type semiconductor layer 1B 
which serves as a drain region, in the depth direction of an 
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n-type semiconductor layer 1B, forming a gate insulating 
film 5 comprising a thermal oxide film 5A and a deposition 
film 5B over the internal surface of the trench 4, forming a 
gate electrode 6A in the trench 4, introducing impurities into 
the n-type semiconductor layer 1B to form a p-type semi 
conductor region 8 which serves as a channel forming 
region, and introducing impurities into the p-type semicon 
ductor region 8 to form an n-type semiconductor region 9 
which serves as a source region. 

0086). In this method, after the thermal oxide film 5A 
which constitutes the gate insulating film 5 has been formed, 
the p-type semiconductor region 8 which serves as the 
channel forming region and the n-type semiconductor 
region 9 which serves as the Source region are formed. 
Accordingly, neither impurities in the p-type semiconductor 
region 8 nor impurities in the n-type semiconductor region 
9 migrate into the thermal oxide film 5A, and therefore it is 
possible to Suppress degradation of the breakdown Voltage 
of the gate insulating film 5 due to the introduction of 
impurities. In consequence, it is possible to improve the 
reliability of the power transistor (semiconductor device). 

0087. In addition, since the p-type semiconductor region 
8 which serves as the channel forming region is formed after 
the thermal oxide film 5A which constitutes the gate insu 
lating film 5 has been formed, impurities in the p-type 
semiconductor region 8 which at the side surface of the 
trench 4 do not migrate into the thermal oxide film 5A, and 
therefore it is possible to suppress the variation in the 
threshold voltage (Vth) of the MISFET due to the variation 
of the impurity concentration in the channel forming region. 
In consequence, it is possible to obtain stable FET charac 
teristics with good reproducibility. 

0088. In addition, since the n-type semiconductor region 
9 which serves as the source region is formed after the 
thermal oxide film 5A which constitutes the gate insulating 
film 5 has been formed, even if the formation of the thermal 
oxide film 5A is performed at a high thermal oxidation 
temperature of approximately 1,100° C., impurities in the 
n"-type semiconductor region 9 do not undergo enhanced 
diffusion, whereby reduction in effective channel length can 
be suppressed and the punch-through breakdown Voltage of 
the MISFET can be ensured. In addition, the formation of 
the thermal oxide film 5A is performed at a low thermal 
oxidation temperature of approximately 950° C., and even if 
the top edge portion of the trench 4 (the portion of inter 
section of the side surface of the trench 4 and the major 
surface of the n-type semiconductor layer 1B) is deformed 
into an angular shape by a compressive stress produced 
during the growth of the thermal oxide film 5A and the film 
thickness of the thermal oxide film 5A at the top edge 
portion becomes locally thin, that locally thin portion can be 
compensated for by the deposition film 5B, and therefore the 
gate breakdown voltage of the MISFET can be ensured. In 
consequence, it is possible to improve the reliability of the 
power transistor (semiconductor device). 

0089. Incidentally, although the first embodiment has 
been described with reference to the example in which the 
deposition film 5B comprises a silicon oxide film, the 
deposition film 5B may also be a silicon nitride film or an 
acid nitride film. 
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Second Embodiment 

0090. A second embodiment will be described, taking an 
example in which a mask to be used as an etching mask 
during the formation of a trench is a multilayer film includ 
ing a silicon oxide film, a silicon nitride film and a silicon 
oxide film. The reason why the mask is such multilayer film 
is that if the mask to be used as an etching mask during the 
formation of a trench is a single-layer film of silicon oxide 
as in the first embodiment, a hydrofluoric acid-containing 
etchant needs to be used for removing a reactive deposit 
produced during anisotropic etching and, at this time, if the 
film thickness of the mask 2 shown in FIG. 6 is excessively 
thin, the mask 2 is removed after the etching, and the process 
of forming the top edge portion of the trench into a gently 
sloping shape by isotropic etching cannot be carried out. 
0091. In addition, under particular conditions of aniso 
tropic etching, since reactive deposit is produced as a thin 
layer over the side surface of the trench, it is necessary to 
carry out etching using hydrofluoric acid or the like for a 
long time in order to remove the reactive deposited, so that 
there is a good possibility that a mask is absent during 
isotropic etching for forming the top edge portion of the 
trench into a gently-sloping shape. In the second embodi 
ment, after the trench has been formed, it is possible to effect 
satisfactory etching using a hydrofluoric acid etchant and the 
like by using a silicon nitride (SiN) film, which is not at 
all etched by a hydrofluoric acid-containing etchant, as a 
mask material during trench formation. Accordingly, since a 
silicon oxide film which is a film underlying the silicon 
nitride film can be preserved even after isotropic etching, the 
top edge portion of the trench can be formed into a gently 
sloping shape. 
0092. A method of fabricating a power transistor of the 
second embodiment according to the present invention will 
be described below with reference to FIGS. 15 to 26. 
Throughout FIGS. 19 to 26, hatching (slant lines) indicative 
of a cross section is partly omitted for the sake of simplicity 
of illustration. 

0093 First, the n-type semiconductor layer 1B is formed 
over the major surface of the n-type semiconductor Sub 
strate 1A made of single-crystal silicon, by an epitaxial 
growth method. The n-type semiconductor layer 1B is so 
formed as to have, for example, a resistivity value of 
approximately 0.4S2cm and a thickness of approximately 6 
um. In this step, a semiconductor base which includes the 
n-type semiconductor Substrate 1A and the n-type semi 
conductor layer 1B is formed. 
0094) Then, as shown in FIG. 15, a silicon oxide film 2A 
having a film thickness of approximately 100 nm, a silicon 
nitride film 2B having a film thickness of approximately 200 
nm and a silicon oxide film 2Chaving a film thickness of 
approximately 400 nm are formed in that order over the 
major surface of the n-type semiconductor layer 1B. The 
silicon oxide film 2A is formed by a thermal oxidation 
method, and the silicon nitride film 2B and the silicon oxide 
film 2Care formed by a chemical vapor deposition method. 
0.095 Then, patterning is applied to the silicon oxide film 
2C, the silicon nitride film 2B and the silicon oxide film 2A 
in that order by anisotropic dry etching using a gas such as 
CHF, thereby forming the mask 2 having the opening 3 
above a trench forming region of the n-type semiconductor 
layer 1B, as shown in FIG. 16. 
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0096. Then, the trench 4 is formed from the major surface 
of the n-type semiconductor layer 1B in the depth direction 
thereof as shown in FIG. 17, by using the mask 2 as an 
etching mask. The formation of the trench 4 is performed by 
an anisotropic dry etching method which uses, for example, 
a chlorine gas or a hydrogen bromide gas and RF (Radio 
Frequency) power set to a high level. The trench 4 is so 
formed as to have a depth of approximately 1.5-2 Lum and a 
width of approximately 0.5-2 um. 

0097. Then, wet etching is performed to allow the silicon 
oxide film 2A of the mask 2 to recede by approximately 500 
nm to 1 um from the top edge portion of the trench 4 (the 
portion of intersection of the side surface of the trench 4 and 
the major surface of the n-type semiconductor layer 1B). In 
this step, a reactive deposit produced over the side Surface 
of the trench 4 and the silicon oxide film 2Care completely 
removed, and the surface of the silicon nitride film 2B is 
exposed. 

0098. Then, chemical dry etching using a mixture gas of 
a chlorine gas and an oxygen gas is performed to form the 
top edge portion and the bottom edge portion (the portion of 
intersection of the side surface and the bottom surface of the 
trench 4) of the trench 4 into gently-sloping shapes, as 
shown in FIG. 18. In this step, the trench 4 having the top 
and bottom edge portions of gently-sloping shapes is 
formed. 

0099. Then, thermal oxidation is conducted to form a 
sacrifice thermal oxide film having a film thickness of 
approximately 100 nm over the internal surface of the trench 
4, and then the sacrifice thermal oxide film is removed. The 
formation of the sacrifice thermal oxide film is performed in 
an oxygen gas atmosphere with a high temperature of 
approximately 1,100° C. If the formation of the sacrifice 
thermal oxide film is performed at a low thermal oxidation 
temperature of approximately 950° C., the top edge portion 
of the trench 4 which has been formed into a gently-sloping 
shape in the previous step is deformed into an angular shape 
by a compressive stress produced during the growth of the 
sacrifice thermal oxide film. The reason is that the formation 
of the sacrifice thermal oxide film is performed at a thermal 
oxidation temperature of 1,100° C. or higher. Incidentally, 
the formation of the sacrifice thermal oxide film may also be 
performed in an oxygen gas atmosphere diluted with a 
nitrogen gas. 

0.100 Then, thermal oxidation is performed to form the 
thermal oxide film 5A having a film thickness of approxi 
mately 20 nm over the internal surface of the trench 4 as 
shown in FIG. 19. After that, as shown in FIG. 20, the 
deposition film 5B made of silicon oxide having a film 
thickness of approximately 50 nm is deposited over the 
surface of the thermal oxide film 5A by a chemical vapor 
deposition method, thereby forming the gate insulating film 
5. The formation of the thermal oxide film 5A is performed 
in an oxygen gas atmosphere or a water vapor atmosphere of 
a low temperature of approximately 950° C. The deposition 
of the deposition film 5B is performed in a temperature 
atmosphere having a low temperature of approximately 800° 
C. In this step of forming the gate insulating film 5, since the 
formation of the thermal oxide film 5A is performed at a low 
thermal oxidation temperature of approximately 950° C., the 
top edge portion of the trench 4 (the portion of intersection 
of the side surface of the trench 4 and the major surface of 
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the n-type semiconductor layer 1B) which has been formed 
into a gently-sloping shape in the previous step is deformed 
into an angular shape by a compressive stress produced 
during the growth of the thermal oxide film 5A, and the film 
thickness of the thermal oxide film 5A at the top edge 
portion becomes locally thin. However, since the locally thin 
portion is compensated for by the deposition film 5B, the 
breakdown voltage of the gate insulating film 5 is ensured. 
0101 Then, for example, a polycrystalline silicon film is 
formed as a conductive film over the entire major surface of 
the n-type semiconductor layer 1B, inclusive of the inside 
of the trench 4, by a chemical vapor deposition method. 
Impurities for decreasing the resistance value (for example, 
phosphorus) is introduced into the polycrystalline silicon 
film during or after the deposition thereof. The polycrystal 
line silicon film is so formed as to have a film thickness of 
for example, approximately 1 um. 
0102) Then, the surface of the polycrystalline silicon is 
flattened. This flattening is performed by, for example, an 
etchback method or a chemical mechanical polishing 
method. 

0103) Then, etching is selectively applied to the poly 
crystalline silicon film to form the gate electrode 6A in the 
trench 4 as shown in FIG. 21 and to form the gate lead-out 
electrode 6B (shown in FIG. 3) integrated with the gate 
electrode 6A, over the peripheral region of the major surface 
of the n-type semiconductor layer 1B. 
01.04 Then, the deposition film 5B which remains on the 
major surface of the silicon nitride film 2B is removed, and 
further the silicon nitride film 2B is removed. After that, as 
shown in FIG. 22, the insulating film 7 made of for 
example, silicon oxide is formed over the entire major 
surface of the n-type semiconductor layer 1B, inclusive of 
the top surface of the gate electrode 6A and the top surface 
of the gate lead-out electrode 6B. The formation of the 
insulating film 7 is performed by a thermal oxidation method 
or a chemical vapor deposition method. 
0105 Then, after a p-type impurity (for example, boron) 
has been introduced into the entire major surface of the 
n-type semiconductor layer 1B by ion implantation, 
stretched diffusion process is performed to form the p-type 
semiconductor region 8 which serves as the channel forming 
region, as shown in FIG. 23. The stretched diffusion process 
is performed for about one hour in an N gas atmosphere 
having a temperature of approximately 1,100° C. 
0106 Then, after an n-type impurity (for example, 
arsenic) has been selectively introduced into the major 
Surface of the p-type semiconductor region 8 which is the 
major surface of the n-type semiconductor layer 1B, by ion 
implantation, annealing is performed at a temperature of 
950° C. for about 20 minutes to form the n-type semicon 
ductor region 9 which serves as a source region, as shown 
in FIG. 24. The introduction of the n-type impurity is 
performed under the condition that the amount of the n-type 
impurity to be finally introduced is set to approximately 
5x10 atoms/cm and the amount of energy required during 
the incorporation is set to 80 KeV. In this step, a MISFET is 
formed which has a trench gate structure in which the gate 
insulating film 5 and the gate electrode 6A are formed in the 
trench 4 of the n-type semiconductor layer 1B. 
0107 Then, as shown in FIG. 24, the interlayer insulation 
film 10 having a film thickness of for example, approxi 
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mately 500 nm is formed over the entire surface of the 
n-type semiconductor layer 1B. The interlayer insulation 
film 10 is formed of, for example, a BPSG (Boro Phospho 
Silicate Glass) film. 
0108. Then, anisotropic dry etching using CHF gas is 
performed to form the contact hole 11A and the contact hole 
11B (shown in FIG. 3) in the interlayer insulation film 10, as 
shown in FIG. 25. 

0.109 Then, after a conductive film comprising, for 
example, an aluminum film or an aluminum alloy film has 
been formed over the entire major surface of the n-type 
semiconductor layer 1B, inclusive of the insides of the 
contact holes 11A and 11B, the conductive film is patterned 
to form the source interconnection 12A to be electrically 
connected to the p-type semiconductor region 8 and the 
n"-type semiconductor region 9, and to form the gate 
interconnection 12B (shown in FIG. 3) to be electrically 
connected to the gate lead-out electrode 6B. 
0110. Then, the final passivation film 13 is formed over 
the entire major surface of the n-type semiconductor layer 
1B, inclusive of the top surface of the source interconnection 
12A and the top surface of the gate lead-out electrode 6B. 
The final passivation film 13 is, for example, a silicon oxide 
film deposited by a plasma chemical vapor deposition 
method which uses a tetraethoxysilane (TEOS) gas as a 
principal component of a source gas. 
0111. Then, a bonding opening in which the surface of a 
part of the source interconnection 12A is exposed and a 
bonding opening in which the Surface of a part of the gate 
interconnection 12B is exposed are formed in the final 
passivation film 13. After that, the back of the n-type 
semiconductor Substrate 1A is ground, and then the drain 
electrode 14 is formed on the back of the n-type semicon 
ductor substrate 1A as shown in FIG. 26. Thus, the power 
transistor having a MISFET having a trench gate structure is 
almost finished. 

0.112. As is apparent from the above description, simi 
larly to the previously-described first embodiment, the fab 
rication method of the second embodiment comprises the 
steps of forming the trench 4 from the major surface of the 
n-type semiconductor layer 1B which serves as the drain 
region, in the depth direction of the n-type semiconductor 
layer 1B, forming the gate insulating film 5 comprising the 
thermal oxide film 5A and the deposition film 5B over the 
internal Surface of the trench 4, forming the gate electrode 
6A in the trench 4, introducing impurities into the n-type 
semiconductor layer 1B to form the p-type semiconductor 
region 8 which serves as the channel forming region, and 
introducing impurities into the p-type semiconductor region 
8 to form the n-type semiconductor region 9 which serves 
as the Source region. Accordingly, the second embodiment 
has effects similar to those of the first embodiment. Although 
the invention made by the present inventors has been 
specifically described with reference to the first and second 
embodiments, the present invention is not limited to either 
of the aforesaid embodiments and various modifications can 
of course be made without departing from the spirit and 
Scope of the present invention. 
0113 For example, the present invention can be applied 
to a power transistor (semiconductor device) having a MIS 
FET of p-channel conductivity type and of trench gate 
Structure. 
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0114. Otherwise, the present invention can be applied to 
a power transistor (semiconductor device) having an IGBT 
(Insulated Gate Bipolar Transistor) of trench gate structure. 
0115 The effect which representative aspects of the 
present invention disclosed herein have will be described in 
brief below. 

0116. It is possible to increase the reliability of a semi 
conductor device having a transistor element of trench gate 
structure and provide stable FET characteristics of good 
reproducibility. 

1.-21. (canceled) 
22. A semiconductor device having a MISFETs forming 

region and a gate lead-out region on a main Surface of a 
semiconductor Substrate, comprising: 

a plurality of first trenches in the semiconductor substrate 
in the MISFETs forming region; 

a plurality of gate insulating films of the MISFETs formed 
in the plurality of the first trenches; 

a plurality of gate electrodes of the MISFETs formed on 
the plurality of the gate insulating films; 

a second trench formed in the gate lead-out region, the 
second trench being crossing to the first trenches; and 

a gate lead-out electrode formed in the second trench and 
outside the second trench in the gate lead-out region, 

wherein the gate lead-out region is located in a peripheral 
region of the main Surface of the semiconductor Sub 
Strate, 

the second trench is connected at each end portion of the 
first trenches, 

the first trenches are terminated by the second trench, 
the gate lead-out electrode is integrally formed with the 

plurality of gate electrodes, and 
the top surface of the gate electrode is lower than the top 

Surface of the semiconductor Substrate in the gate 
lead-out region. 

23. A semiconductor device according to claim 22, 
wherein the MISFETs forming region is located on only 

one side of the gate lead-out region. 
24. A semiconductor device according to claim 22, 
wherein the gate lead-out electrode and the gate electrode 

are comprised of a silicon film. 
25. A semiconductor device having a MISFETs forming 

region and a gate lead-out region formed on a main Surface 
of a semiconductor Substrate, comprising: 

first trenches formed in the semiconductor substrate at the 
MISFETs forming region; 

gate insulating films formed in the first trenches; 
gate electrodes formed on the gate insulating films and in 

the first trenches; 
a second trench formed in the semiconductor Substrate at 

the gate lead-out region and extending in a first direc 
tion, 

wherein the MISFETs forming region is divided into 
plural island regions, 
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the first trenches are terminated by the second trench such 
that the second trench is connected to the first trenches 
at an end portion of the first trenches, such that the 
plural island regions are arranged in the first direction 
at the end portion of the first trenches and such that the 
plural island regions are spaced from each other in the 
first direction, by the first trenches at the end portion of 
the first trenches; and 

a gate lead-out electrode formed in the second trench and 
outside the second trench at the gate lead-out region, 

wherein the gate lead-out region is located in a peripheral 
region of the main Surface of the semiconductor Sub 
Strate, 

the gate lead-out electrode is integrally formed with the 
gate electrode, and 

the top surface of the gate electrode is lower than the top 
Surface of the semiconductor Substrate in the gate 
lead-out region. 

26. A semiconductor device according to claim 25. 
wherein source regions are formed in the plural island 

regions, 

wherein a drain region is formed in the semiconductor 
Substrate and is formed under the Source regions such 
that channel forming regions are arranged, in a depth 
direction of the semiconductor substrate, between the 
Source region and the drain region, and 

wherein the source regions are electrically connected to 
each other by a source electrode formed over the main 
Surface of the semiconductor Substrate. 

27. A semiconductor device according to claim 25. 
wherein the MISFETs forming region is located on only 

one side of the gate lead-out region. 
28. A semiconductor device according to claim 25. 
wherein the gate lead-out electrode and the gate electrode 

are comprised of a silicon film. 
29. A semiconductor device having a MISFETs forming 

region and a gate lead-out region formed on a main Surface 
of a semiconductor Substrate, comprising: 

first trenches formed in the semiconductor substrate at the 
MISFETs forming region; 

gate insulating films formed in the first trenches; 
gate electrodes formed on the gate insulating films and in 

the first trenches; 
a second trench formed in the semiconductor Substrate at 

the gate lead-out region and extending in a first direc 
tion, 

wherein the MISFETs forming region is divided into 
plural island regions, 

the first trenches are terminated by the second trench such 
that the second trench is connected to the first trenches 
at an end portion of the first trenches, such that the 
plural island regions are arranged in the first direction 
at the end portion of the first trenches and such that the 
plural island regions are spaced from each other in the 
first direction, by the first trenches at the end portion of 
the first trenches; and 
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a gate lead-out electrode formed in the second trench and 
outside the second trench at the gate lead-out region, 

wherein the gate lead-out region is located in a peripheral 
region of the main Surface of the semiconductor Sub 
Strate, 

the gate lead-out electrode is integrally formed with the 
gate electrode, 

the top surface of the gate electrode is lower than the top 
Surface of the semiconductor Substrate in the gate 
lead-out region; 

Source regions are formed in the plural island regions; 
a drain region is formed in the semiconductor Substrate 

and is formed under the Source regions such that 
channel forming regions are arranged, in a depth direc 
tion of the semiconductor substrate, between the source 
region and the drain region, 

10 
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a source electrode is formed over the main surface of the 
semiconductor Substrate and electrically connected to 
the source regions; and 

a drain electrode is formed over a back surface of the 
semiconductor Substrate and electrically connected to 
the drain region. 

30. A semiconductor device according to claim 29, 

wherein the MISFETs forming region is located on only 
one side of the gate lead-out region. 

31. A semiconductor device according to claim 29, 

wherein the gate lead-out electrode and the gate electrode 
are comprised of a silicon film. 


