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(57) ABSTRACT 

In a MOS transistor using shallow trench isolation, a pattern 
of an element formation region has a shape of a modified 
hexagon in which a hexagon is compressed into a shape like 
a rhombus in a direction perpendicular to an extension 
direction of a gate electrode wiring. The pattern of element 
formation region is constructed as described above, So that 
an element formation region is formed in a lager current path 
in a corner device. Thus, a lowering of a threshold Voltage 
(a short channel effect) due to the corner device can be 
restricted without increasing a width of the gate electrode 
wiring. 
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SEMCONDUCTOR DEVICE USING ASHALLOW 
TRENCH ISOLATION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device using shallow trench isolation technology. 

0.003 2. Discussion of the Background 
0004. In recent years, a large scale integrated circuit 
(LSI) has been widely used in computers, communication 
Systems and other electronic devices. The large Scale inte 
grated circuit includes a Semiconductor chip in which a great 
number of transistors, resistors and other electrical compo 
nents are formed and connected together So as to realize 
electric circuits in a Semiconductor chip. This means that the 
performance of these electronic devices is greatly dependent 
upon the performance of the LSI. The performance of the 
LSI can be improved by achieving a scale down of the 
devices to realize high integration thereof. 

0005 Conventionally, an element isolation has been 
achieved by a LOCOS (local oxidation of silicon) technol 
ogy. In the element isolation by the LOCOS separation, an 
encroachment of an oxide film called a “birds beak' is 
formed in element formation regions, and thus effective 
areas in the element formation regions are reduced. There 
fore, the element isolation by the LOCOS separation is not 
effective in high integration. 

0006 Recently, in consideration of such circumstances, 
an element isolation by a STI (Shallow Trench Isolation) 
technology has been frequently used. According to the STI 
technology, a shallow trench for element isolation is formed 
in a Surface region of a Semiconductor Substrate, and the 
shallow trench is filled with an isolation film. 

0007. This technology of element isolation differs from 
the LOCOS separation in that the “bird's beak' is not 
generated. This serves to prevent element formation regions 
from being reduced. Moreover, the STI technology has an 
element isolation performance Superior to that of the 
LOCOS separation. Thus, the element isolation by the STI 
technology is more Suitable to high integration as compared 
with the element isolation by the LOCOS method. 

0008 However, a semiconductor device isolated by the 
STI technology has the following problems. 

0009. In the element isolation process according to the 
STI technology, first, as shown in FIG. 11A, a shallow 
trench 92 is formed in a Surface region of a Semiconductor 
substrate 91 on which a gate insulation film 94 is formed. 
Subsequently, an isolation film 93 is formed over the surface 
region of the Semiconductor Substrate with Such a thickneSS 
that the element isolation trench 92 is sufficiently filled with 
the isolation film 93. 

0010 Next, the isolation film 93 thus formed is etched 
back to the Surface of the Semiconductor Substrate by means 
of a CMP (Chemical and Mechanical Polishing) method, an 
isotropic etching, etc., so that the isolation film 93 formed on 
the Substrate region except in the element isolation trench 92 
is removed. As a result, the isolation film 93 remains only in 
the trench 92. 
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0011 When the isolation film 93 is removed by means of 
etching, the isolation film 93 is subjected to over-etching to 
prevent the isolation film 93 from remaining on an element 
formation region Surface (active layer Surface). As a result, 
as shown in FIG. 11B, an upper portion of a side surface of 
the trench 92, i.e., an upper portion of the Semiconductor 
Substrate region configuring the trench 92, is exposed. The 
Semiconductor Substrate portion eXposed at the upper por 
tion of the side Surface of the trench 92 is referred to 
hereinafter as an exposed trench portion. 
0012. The over-etching of the isolation film 93 has a 
further disadvantage that the element formation region Sur 
face (active layer Surface) is also etched together with the 
isolation film 93, giving damage to the element formation 
region Surface. In order to prevent Such a disadvantage from 
occurring, the CMP method may be employed. 
0013 Specifically, a stopper film (not shown) is formed 
over the Substrate Surface on which the gate insulation film 
94 is already formed, and thereafter, the element isolation 
trench 92 is formed. Subsequently, an isolation film 93 is 
formed over the Substrate Surface, and thereafter, the isola 
tion film 93 is etched back to the stopper film by the CMP 
method. Next, the Stopper film is removed. As a result, a 
Stepped convex portion of the gate insulation film 94 is 
formed on the Substrate Surface. Then, the convex portion of 
the gate insulation film 94 is removed by etching to achieve 
planarization of the Substrate Surface. 
0014. In this case, however, it is difficult to attain uniform 
etching to the convex portion of the isolation film 93 over 
the Substrate Surface. Since this etching is generally attained 
by hydrofluoric acid isotropic etching, an exposed trench 
portion as shown in FIG. 11B is generated. 
0015. In this state, if an electrode, a wiring or a conduc 
tive component constituted of an electrode and a wiring 
(referred hereinafter to as an electrode wiring 95) is formed 
on the element formation region and the element isolation 
region, the exposed trench portion comes into contact with 
the electrode wiring 95, as shown in FIG. 11C. As a 
consequence, when a Voltage is applied to the electrode 
wiring 95, a horizontally directed electric field E is gener 
ated with respect to the substrate surface, as shown in FIG. 
11C. The generation of the electric field E affects the 
elements formed in the element formation regions, degrad 
ing the performance of the device. Basically, the electric 
field E should not be generated. 
0016. As an example, when a MOS transistor is formed 
in the element formation region, the electrode wiring 95 
includes a gate electrode, a gate wiring or a conductive 
element constituted of the gate electrode and the gate wiring 
(referred to hereinafter as a gate electrode wiring), and the 
following problem arises. 
0017 FIG. 12 shows a plan pattern view of a background 
MOS transistor which is isolated by the STI separation. In 
FIG. 12, reference numeral 97 denotes element formation 
regions, and the remaining regions show element isolation 
regions which are isolated by the STI separation. That is, the 
element formation regions 97 are surrounded by shallow 
trenches for element isolation. 

0018 When a voltage is applied to the gate electrode 
wiring 95, not only is a vertically directed electric field 
generated, but a horizontally directed electric field is also 
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generated by the Voltage applied to the gate electrode wiring 
95, in a semiconductor substrate portion of the element 
formation region in the vicinity of a contact portion 96 of the 
exposed trench portion and the gate electrode wiring 95. 
Such a Semiconductor Substrate portion of the element 
formation region, in which not only the Vertically directed 
electric fields but also a different-way directed electric field 
are generated, is referred to hereinafter as a corner device. 
AS described above, Since in the corner device not one 
dimensional but two-dimensional electric fields are gener 
ated, a short channel effect easily occurs in a case in which 
a gate electrode width becomes Small due to a Scale down. 
0019. This means that a short channel effect is greater 
than in a case in which the exposed trench portion is not 
provided. In other words, it means that it is difficult to 
achieve high integration of the Semiconductor elements due 
to a Strong Short channel effect, although it is possible to 
prevent Spaces of the element formation region from being 
reduced with the use of STI technology. 
0020 For performing an experimental test, MOS transis 
tors are formed in the element formation regions of a 
Semiconductor Substrate, the element Separation region 
being isolated according to the background STI or LOCOS 
separation. FIG. 13 shows Vg-Id characteristic curves of the 
MOS transistor, obtained by the test results. 
0021. In FIG. 13, reference character “a” indicates a 
Vg-Id characteristic curve of a MOS transistor using the STI 
Separation in which a short channel effect is not generated, 
reference character “b' indicates a Vg-Id characteristic 
curve of a MOS transistor using the STI separation in which 
the short channel effect is generated, and reference numeral 
“c” indicates a Vg-Id characteristic curve of a MOS tran 
sistor using the LOCOS separation in which a short channel 
effect is not generated. In FIG. 13, the ordinate (Id) is a 
logarithm Scale. 

0022. In FIG. 13, when the drain currents Id of these 
MOS transistors are compared with each other with regard 
to a gate Voltage Vg, it can be seen that the MOS transistors 
using the STI separation (whose characteristic curves are 
shown by reference numerals “a” and “b”) have drain 
currents Id larger than the MOS transistors using the 
LOCOS separation (whose characteristic curves are shown 
by reference character “c”). This indicates that a threshold 
Voltage shifts to a low level Side due to a strong short 
channel effect in the MOS transistor using the STI separa 
tion. 

0023 To solve the above mentioned problem, there is 
proposed a method in which the width of the gate electrode 
wiring 95 is made large to lengthen the channel length. 
However, such a method not only hinders a scale down of 
devices but also lowers effects obtained from the use of the 
STI separation in place of the use of the LOCOS separation. 
0024. The problems as described above apply to a case 
(FIGS. 11B and 11C) in which the upper surface of the 
isolation film 93 filled in the element isolation trench 92 is 
flat, as well as a case (FIG. 14) in which the upper surface 
of the isolation film 93 is concaved along a circumference of 
a Side wall on an upper portion of the element isolation 
trench 92. 

0025) Moreover, the STI separation differs from the 
LOCOS separation in that there is no reduction in space of 
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the element formation region. However, the width of the 
element formation region becomes Small accompanying 
with the progreSS of Scale down. Accordingly, there has 
arisen a problem that it is difficult to make a contact to the 
element formation region. 

SUMMARY OF THE INVENTION 

0026. The present invention has been made in view of the 
above circumstances. An object of the present invention is to 
provide a novel Semiconductor device which uses a shallow 
trench isolation capable of readily achieving high integration 
of MOS transistors. 

0027. To achieve the above object, the present invention 
provides a Semiconductor device which includes an element 
isolation region having a trench which is formed in a Surface 
region of a Semiconductor Substrate, and in which an isola 
tion film is formed. Element formation regions are isolated 
from each other by the element isolation, the element 
formation regions having an active region of a MOS tran 
Sistor. Further, the active region has a current path longer 
than a shortest distance between a Source diffusion layer and 
a drain diffusion layer of the MOS transistor, in a portion of 
the active region which is adjacent to an interface between 
the active region and the element isolation region, and on 
which a gate electrode wiring is formed. In this case, the 
current path preferably uses the longest current path. 
0028. The foregoing semiconductor device may include 
various preferred embodiments. More Specifically, the gate 
electrode wiring may be extended over the active region to 
croSS two peripheral edge portions of the active region, and 
the active region in which the current path is provided 
corresponds to at least one of two peripheral edge portions. 
There may be a portion of the Semiconductor Substrate, 
which is at the side wall of the trench and is not covered with 
the isolation film to form an exposed trench portion, and a 
gate electrode wiring may be formed on the exposed trench 
portion. The active region and the gate electrode wiring may 
obliquely croSS each other. The active region may also have 
a rectangular shape. 
0029. The longer current path may be in a shape of a 
curved line. The element formation region may have a 
formation region in which a Stacked capacitor is formed, and 
in which a capacitor electrode is connected to one of the 
Source diffusion layer and the drain diffusion layer of the 
MOS transistor. The element formation region may have a 
formation region in which a trench capacitor is formed, and 
in which a capacitor electrode is connected to one of the 
Source diffusion layer and the drain diffusion layer of the 
MOS transistor. The other of the diffusion layer and the drain 
diffusion layer not connected to the capacitor electrode may 
be connected to a bit line and have a Space larger than the 
above-mentioned one of the Source diffusion layer and the 
drain diffusion layer connected to the capacitor electrode, 
when Viewed from a top of the Semiconductor Substrate. 
0030. According to the present invention, the novel semi 
conductor device may have a construction in which there is 
a presence of a current path longer than a shortest distance 
between source and drain layers of a MOS transistor in an 
active region portion which is adjacent to the trench. The 
construction as described above makes it possible to form an 
element formation region having a wider portion than the 
element formation region in a background Semiconductor 
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device in which a width of an active region portion provided 
with the gate electrode wiring is fixed. Therefore, even if the 
Scale down of the device progresses, when making a contact 
with the element formation region or the gate electrode 
wiring provided thereon is needed, the contact may be made 
on the wider portion. This serves to readily achieve high 
integration of a MOS transistor. 
0031. According to the present invention, moreover, the 
gate electrode wiring may be formed on the exposed trench 
portion which is not covered by an isolation film at a side 
wall of the trench, so that a two-dimensional electric field is 
generated in an active region portion adjacent to the exposed 
trench portion. Namely, a two-dimensional electric field is 
generated in the active region portion, as in a case of a short 
channel MOS transistor. In a case of the short channel MOS 
transistor, a short channel effect (lowering of threshold 
voltage) is caused due to the generation of a two-dimen 
Sional electric field; however, in the present invention, a 
current path in the active region portion adjacent to the 
Substrate exposed portion becomes the longest current path, 
So that lowering of the threshold Voltage can be restricted. 

0032. In other words, in the present invention the low 
ering of a threshold Voltage resulting from a corner device 
can be prevented without increasing a width of a gate 
electrode wiring. The reason why the lowering of threshold 
Voltage is restricted is that the threshold Voltage is in inverse 
proportion to the channel length in the case in which a 
two-dimensional electric field is generated. Accordingly, in 
the present invention, even when the gate electrode wiring 
is formed on the exposed trench portion which is not covered 
by an isolation film at the side wall of the trench, the 
lowering of threshold voltage (a short channel effect) can be 
restricted without increasing the width of the gate electrode 
wiring. Therefore, high integration of a MOS transistor can 
be readily achieved. 

0.033 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention and, 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention, in 
which: 

0.035 FIG. 1 is a plan pattern view of a semiconductor 
device according to a first embodiment of the present 
invention; 

0.036 FIG. 2 shows Vg-Id characteristic curves of a 
MOS transistor shown in FIG. 1 and a background MOS 
transistor shown in FIG. 12; 

0037 FIGS. 3A to 3D are cross sectional views of device 
Structures in forming processes, used for explaining a manu 
facturing method of the MOS transistor shown in FIG. 1; 
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0038 FIG. 4 is a plan pattern view of a semiconductor 
device according to a Second embodiment of the present 
invention; 
0039 FIG. 5 shows Vg-Id characteristic curves of a 
MOS transistor shown in FIG. 4 and a background MOS 
transistor shown in FIG. 12; 
0040 FIG. 6 is a plan pattern view of a semiconductor 
device according to a third embodiment of the present 
invention; 
0041 FIG. 7 is a plan pattern view of a semiconductor 
device according to a fourth embodiment of the present 
invention; 
0042 FIG. 8 is a perspective view of a semiconductor 
device according to a fifth embodiment of the present 
invention; 
0043 FIG. 9A is a plan pattern view of part of the 
semiconductor device shown in FIG. 8, used for explaining 
the effect according to the fifth embodiment; 
0044 FIG.9B is a plan pattern view showing part of the 
background Semiconductor device corresponding to the 
semiconductor device shown in FIG. 8, the part correspond 
ing to that shown in FIG. 9A; 
004.5 FIG. 10 is a perspective view of a semiconductor 
device according to a Sixth embodiment of the present 
invention; 

0046 FIGS. 11A to 11C are cross sectional views of 
device structures of forming processes in a manufacturing 
method of a background Semiconductor device, used for 
explaining a problem in an isolation according to a back 
ground STI Separation; 
0047 FIG. 12 is a plan pattern view of a background 
MOS transistor using a background STI separation; 
0048 FIG. 13 shows Vg-Id characteristic curves of a 
background MOS transistor using a background STI Sepa 
ration, and a background MOS transistor using a LOCOS 
Separation; and 

0049 FIG. 14 is a cross sectional view of a device 
Structure used for explaining a problem in background STI 
Separation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0050 Embodiments of the present invention will be 
described below with reference to the accompanied draw 
ings, wherein like reference numerals designate identical or 
corresponding parts. 

0051 FIG. 1 is a plan pattern view of a semiconductor 
device according to a first embodiment of the present 
invention, in which two MOS transistors are connected in 
Series to each other. 

0052. In FIG. 1, reference character 1 denotes an element 
formation region of a MOS transistor; and on the other hand, 
a remaining region thereof denotes an element isolation 
region isolated by the STI Separation technology. The ele 
ment isolation region has an exposed trench portion as 
shown in FIG. 3B. According to this embodiment, only 
MOS transistors are formed in the element formation region 
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1. Thus, the element formation region 1 may correspond to 
an active region of the MOS transistors. 
0053. The pattern of element formation region 1 differs 
from the pattern 97 of the formation region of the back 
ground device shown in FIG. 12 in that it has a shape of a 
modified hexagon in which a hexagon is compressed into a 
shape like a rhombus in a longitudinal direction, that is, in 
an extension direction of a gate electrode wiring 2. On the 
other hand, the pattern of gate electrode wiring 2 is the same 
as the pattern 95 of the gate electrode wiring of the back 
ground device shown in FIG. 12. 
0.054 As a result, in the present invention when two 
contact portions 31 and 32 of the exposed trench portions 
with the gate electrode wirings 2 are viewed from the top of 
the Semiconductor Substrate, extension directions of contact 
portions are inclined by an angle 0(0 <0<90) with respect 
to a channel direction. 

0055 Thus, when an inversion layer (channel) is formed, 
longest current paths exist in paths along the contact por 
tions 3 and 3, that is, in the corner devices. Alength of each 
of the longest current paths is (L/cos 0) if the width (the 
Shortest distance between Source and drain layers) of the 
gate electrode wiring 2 is L. On the other hand, a length of 
a current path in the corner device of the background 
semiconductor device shown in FIG. 12 is L. Namely, the 
current path in the corner device of this invention embodi 
ment is longer by 1/cos 0 than that of the corner device of 
the background semiconductor device shown in FIG. 12. 
Current paths in regions other than the corner device of the 
semiconductor device shown in FIG. 1 have a length L, 
which is the same as that of the corner device of the 
background Semiconductor device. 
0056. When the current path in the corner device 
becomes long in the manner as described in this embodi 
ment, a threshold Voltage in the corner device is shifted to 
a high level Side as compared with that in the corner device 
of the background semiconductor device shown in FIG. 12. 
This is because the threshold Voltage decreases in inverse 
proportion to the channel length when a two-dimensional 
electric field is generated in a channel region. 
0057 Therefore, according to this embodiment, an 
increase of the short channel effect resulting from the corner 
device can be restricted without increasing a width of a gate 
electrode wiring, and thus high integration of a MOS tran 
Sistor can be readily achieved. 
0.058 Moreover, according to this embodiment, the ele 
ment formation region 1 has a compressed hexagon Shape, 
and thus, a central portion of the element formation region 
1 has a region having a width larger than a central portion 
of the background Semiconductor device. Thus, when there 
is a need of making a contact with the element formation 
region, the contact can be gained in the wider central region. 
This serves to easily achieve high integration of a MOS 
transistor. 

0059 For example, in a case in which this embodiment is 
applied to a DRAM, the wider region is used as a Source/ 
drain layer region contacting a bit line, and thus contact to 
the bit line can be readily achieved. 
0060 FIG. 2 shows Vg-Id characteristic curves of a 
MOS transistor according to the first embodiment of the 
present invention and a background MOS transistor as 
shown in FIG. 12. In FIG. 2, reference character “a” 
indicates a Vg-Id characteristic curve of a MOS transistor 
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according to the first embodiment of the present invention, 
while reference numeral “b' indicates a Vg-Id characteristic 
curve of a background MOS transistor shown in FIG. 12. 
The ordinate (Id) is shown by a logarithm scale. 
0061. When the drain currents Id are compared to each 
other at a gate voltage Vg in FIG. 2, it is seen that the MOS 
transistor of this embodiment has a characteristic that the 
drain current Id is Small, and a threshold Voltage shifts to a 
high level Side. 
0062. As the shift in threshold voltage becomes large, the 
Vg-Id characteristics become hard to be under the influence 
of an electric field of the corner device. Then, if the shift 
becomes larger than the threshold voltage lowered by the 
influence or an electric field of the corner device, the Vg-Id 
characteristics become equal Substantially to that in a case in 
which no corner device is provided. 
0063 FIGS. 3A to FIG. 3D are cross sectional views, 
used for explaining processes of a manufacturing method of 
a MOS transistor according to the embodiment. These cross 
Sectional views each show a croSS Section taken along the 
line III-III in FIG. 1. 

0064. First, shallow trenches 12 for element isolation are 
formed in a Surface region of a p-type Semiconductor 
substrate 11 having an insulation film 14 formed thereover, 
as shown in FIG. 3A. Specifically, the insulation film 14 is 
first formed over the main Surface of the p-type Semicon 
ductor Substrate 11, and then a resist pattern (not shown) is 
formed on the insulation film 14. Using the resist pattern as 
a mask, the insulation film 14 and the Surface region of the 
Semiconductor Substrate 11 are partially etched by an aniso 
tropic etching method, generally an RIE method, to form the 
shallow trenches 12. In FIG. 3A, Side walls of the element 
isolation trench are formed into a tapered shape; however, 
the side walls may be formed vertically to the Substrate 11 
Surface. 

0065) Next, a TEOS (tetraethylorthosilicate) film 13 is 
formed over the Substrate Surface with Such a thickness that 
the element isolation trench 12 is sufficiently filled with the 
TEOS material, and thereafter, the TEOS film 13 is etched 
back by means of a CMP method, an isotropic etching, etc. 
Then, the TEOS film 13 on the Substrate regions except on 
the element isolation trenches 12 is removed so that TEOS 
film 13 remains only in the element isolation trench 12 as 
shown in FIG. 3B. In this manner, the process for the 
isolation by the STI separation is completed. 
0066. In this case, it is very difficult to accurately stop the 
removal of the TEOS film 13 just at the substrate 11 Surface. 
Even if an etching condition is Set So as to Stop an etching 
removal at the Substrate 11 Surface, actually, there is the 
possibility that the etching will finish before the removal of 
the TEOS film 13 reaches the Substrate 11 Surface. In Such 
a case, the TEOS film 13 remains not only in the element 
isolation trench 12 but also on the Substrate 11 Surface. In 
order to prevent the TEOS film 13 from remaining on the 
substrate 11 Surface, the TEOS film 13 must be slightly 
over-etched. As a result, the Semiconductor Substrate 11 has 
a portion eXposed at the upper Side of the element isolation 
trench 12, as shown in FIG. 3B. 
0067 Subsequently, a conductive film which is generally 
a polysilicon film containing a doped impurity is formed 
over the Substrate 11 Surface. Thereafter, the conductive film 
and the insulation film are patterned So as to form gate 
insulation films 14 and gate electrode wiringS 15 in each 
element formation region, as shown in FIG. 3C. 
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0068 Finally, a n-type impurity ion such as phosphorus 
ion is implanted into the Substrate Surface region, using the 
gate electrode wiring 15 as a mask, and thereafter, the 
implanted n-type impurity ion is Subjected to an annealing 
treatment So as to be activated, thus forming a Source/drain 
diffusion layer 16, as shown in FIG. 3D. As a consequence, 
each element formation region is provided with two MOS 
transistors connected in Series. 

0069. In this embodiment, three source/drain diffusion 
layerS 16 thus formed have a Same dimension as each other; 
however, the source/drain diffusion layer 16 situated in a 
center of the three source/drain diffusion layers 16 has no 
need of being a same dimension as Source/drain diffusion 
layerS 16 Situated on its opposite sides. Also, a thin insula 
tion film may be formed on an exposed portion of the 
element isolation trench 12, that is, an insulation film having 
Such a thickness that the insulation film does not affect an 
influence on the element formation region by an electric held 
generated by a Voltage applied to the gate electrode wiring 
15. 

0070 FIG. 4 is a top plan view of a semiconductor 
device according to a Second embodiment of the present 
invention. In FIG. 4, the same reference characters as in 
FIG. 1 are used to designate portions corresponding to those 
of the semiconductor device shown in FIG. 1, and a detailed 
explanation is omitted, as is also applied for other embodi 
ments which will be described later. 

0071. The second embodiment of FIG. 4 differs from the 
first embodiment in that as shown in FIG. 4 the lower-side 
contact portion 3 of two contact portions 3 and 3 has an 
inclination angle 0 to the channel direction of Zero, in other 
words, the current path in the corner device of the lower-side 
contact portion 3 has a Same length as that in the back 
ground Semiconductor device. 
0072 FIG. 5 shows Vg-Id characteristic curves of a 
MOS transistor according to the second embodiment of the 
present invention and a background MOS transistor shown 
in FIG. 12. In FIG. 5, “a” indicates a Vg-Id characteristic 
curve of a MOS transistor according to the second embodi 
ment of the present invention, on the other hand, “b” 
indicates a Vg-Id characteristic curve of a background MOS 
transistor shown in FIG. 12. The ordinate (Id) is a logarithm 
Scale. 

0.073 When the drain currents Idare compared with each 
other at a gate voltage Vg in FIG. 5, it is seen that the MOS 
transistor of this Second embodiment has a characteristic that 
the drain current Id is Small, and a threshold Voltage shifts 
to a high level Side. 
0.074 Specifically, it can be read from the characteristic 
curves of FIG. 5 that even if the current path in the corner 
device only in the upperside contact portion 3 in FIG. 4 is 
made long, an influence by the corner device to the threshold 
Voltage can be effectively prevented, and the threshold 
Voltage can be prevented from lowering. 
0075 Thus, according to this second embodiment, the 
threshold Voltage can be prevented from lowering without 
increasing a width of the gate electrode wiring 2, as in the 
first embodiment. 

0.076 FIG. 6 is a top plan view of a semiconductor 
device according to a third embodiment of the present 
invention. 

0077. The third embodiment differs from the first 
embodiment in that two contact portions 3 and 3 have an 
arc Shape when Viewed from a top of the Semiconductor 
Substrate as in FIG. 6. 
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0078. In this case, a current path in the corner device 
becomes longer than the width L of the gate electrode wiring 
2, So that a short channel effect generated in the corner 
device can be restricted without increasing a width of the 
gate electrode wiring 2, as in the first embodiment. 
007.9 FIG. 7 is a top plan view of a semiconductor 
device according to a fourth embodiment of the present 
invention. 

0080. The fourth embodiment differs from the first 
embodiment in that a gate electrode wiring 2 is formed So as 
to croSS obliquely a long Side of a rectangular element 
formation region 1, and thus the current path in the corner 
device becomes longer than a width L of the gate electrode 
wiring 2. 
0081. Thus, according to the fourth embodiment, a cur 
rent path in the corner device becomes longer than a width 
Lof the gate electrode wiring 2, So that a short channel effect 
generated in the corner device can be restricted without 
increasing a width of the gate electrode wiring 2, as in the 
first embodiment. 

0082 FIG. 8 is a perspective view of a semiconductor 
device according to a fifth embodiment of the present 
invention. In FIG. 8, a gate isolation film and an interlayer 
isolation film are omitted for simplicity of illustration. 
0083) The fifth embodiment in FIG. 8 shows an example 
in which the present invention is applied to a Stacked-type 
DRAM cell. A cylindrical stacked capacitor 19 is used as a 
Stacked capacitor. Also, the same type transistor as shown in 
FIG. 4 is used as a MOS transistor. 

0084. According to the fifth embodiment, the element 
formation region (active layer) has a center portion having 
a width larger than that of the background Semiconductor 
device. As shown in FIG. 9A, a contact area of a plug 21 
with the Source/drain diffusion layer for making a contact of 
the bit line 20 with the source/drain diffusion layer becomes 
larger than in the background art (FIG. 9B). This serves to 
achieve a reduction of contact resistance. 

0085 Moreover, according to the fifth embodiment, even 
if an alignment error is caused in a contact hole in the 
interlayered isolation film, and thus the plug 21 deviates 
from a predetermined position, the element formation region 
has a center portion having a width wider than that of the 
background Semiconductor device, So that required contact 
areas can be obtained. 

0086 FIG. 10 is a perspective view of a semiconductor 
device according to a Sixth embodiment of the present 
invention. In FIG. 10, a gate isolation film and an interlay 
ered isolation film are omitted for simplicity of illustration. 
0087. The sixth embodiment in FIG. 10 shows an 
example in which the present invention is applied to a trench 
type DRAM cell. This sixth embodiment differs from the 
fifth embodiment in that a trench capacitor 22 is used as a 
capacitor, and other elements are the same as those in the 
fifth embodiment. Thus, this sixth embodiment can obtain 
effects as in the fifth embodiment. 

0088 As described above, according to the present 
invention, even if a Scale down of a device is progressed, it 
is possible to readily make a contact to an element formation 
region and a gate electrode wiring formed thereon, So that 
high integration of a MOS transistor can be readily achieved. 
0089 Moreover, according to the present invention, an 
exposed trench portion at Side walls of a trench, which is not 
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covered with an isolation film, contacts the gate electrode 
wiring; however, lowering of threshold voltage (a short 
channel effect) is restricted without increasing a width of a 
gate electrode wiring. Therefore, high integration of a MOS 
transistor can be readily achieved. 
0090. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details, and representative devices shown and described 
herein. Accordingly, various modifications may be made 
without departing from the Spirit or Scope of the general 
inventive concept as defined by the appended claims and 
their equivalents. 
What is claimed as new and is desired to be secured by 

Letters Patent of the United States is: 
1. A Semiconductor device comprising: 
an element isolation region having a trench formed in a 

Surface region of a Semiconductor Substrate, and in 
which an isolation film is formed; and 

element formation regions isolated from each other by 
Said element isolation region, the element formation 
regions each having an active region of a MOS tran 
Sistor, wherein 

Said active region has a current path longer than a shortest 
distance between a Source diffusion layer and a drain 
diffusion layer of the MOS transistor, in a portion of the 
active region which is adjacent to an interface between 
the active region and the element isolation region, and 
on which a gate electrode wiring is formed. 

2. The Semiconductor device according to claim 1, 
wherein Said gate electrode wiring is extended over Said 
active region to croSS two peripheral edge portions of Said 
active region, and Said active region portion in which said 
current path is provided corresponds to at least one of the 
two peripheral edge portions. 

3. The Semiconductor device according to claim 1, 
wherein a portion of the Semiconductor Substrate at a side 
wall of Said trench is not covered with the isolation film to 
form an exposed trench portion, and Said gate electrode 
wiring is formed on Said exposed trench portion. 

4. The Semiconductor device according to claim 3, 
wherein Said active region and Said gate electrode wiring 
obliquely croSS each other. 

5. The Semiconductor device according to claim 4, 
wherein Said active region has a rectangular shape. 

6. The Semiconductor device according to claim 1, 
wherein Said current path is in a shape of a curved line. 

7. The Semiconductor device according to claim 1, 
wherein Said element formation region has a formation 
region in which a Stacked capacitor is formed, the Stacked 
capacitor including a capacitor electrode connected to one of 
the source diffusion layer and the drain diffusion layer of the 
MOS transistor. 

8. The Semiconductor device according to claim 7, 
wherein the other of said source diffusion layer and the drain 
diffusion layer not connected to the capacitor electrode is 
connected to a bit line and has a Space larger than Said one 
of the source diffusion layer and the drain diffusion layer 
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connected to the capacitor electrode, when viewed from a 
top of the Semiconductor Substrate. 

9. The Semiconductor device according to claim 1, 
wherein the element formation regions have a shape of a 
compressed hexagon. 

10. A Semiconductor device comprising: 
an element isolation region having a trench formed in a 

Surface region of a Semiconductor Substrate, 
an isolation film formed in the trench; and 

element formation regions isolated from each other by 
Said element isolation region, the element formation 
regions each having an active region of a MOS tran 
Sistor; 

wherein Said active region includes a current path means 
longer than a shortest distance between a Source dif 
fusion layer and a drain diffusion layer of the MOS 
transistor, in a portion of the active region which is 
adjacent to an interface between the active region and 
the element isolation region, and on which a gate 
electrode wiring is formed. 

11. The Semiconductor device according to claim 10, 
wherein Said gate electrode wiring is extended over Said 
active region to croSS two peripheral edge portions of Said 
active region, and Said active region portion in which Said 
current path means is provided corresponds to at least one of 
the two peripheral edge portions. 

12. The Semiconductor device according to claim 10, 
wherein a portion of the Semiconductor Substrate at a side 
wall of Said trench is not covered with the isolation film to 
form an exposed trench portion, and Said gate electrode 
wiring is formed on Said exposed trench portion. 

13. The Semiconductor device according to claim 12, 
wherein Said active region and Said gate electrode wiring 
obliquely croSS each other. 

14. The Semiconductor device according to claim 13, 
wherein Said active region has a rectangular shape. 

15. The semiconductor device according to claim 10, 
wherein Said current path means is in a shape of a curved 
line. 

16. The Semiconductor device according to claim 10, 
wherein Said element formation region has a formation 
region in which a Stacked capacitor is formed, the Stacked 
capacitor including a capacitor electrode connected to one of 
the source diffusion layer and the drain diffusion layer of the 
MOS transistor. 

17. The Semiconductor device according to claim 16, 
wherein the other of said source diffusion layer and the drain 
diffusion layer not connected to the capacitor electrode is 
connected to a bit line and has a Space larger than Said one 
of the source diffusion layer and the drain diffusion layer 
connected to the capacitor electrode, when viewed from a 
top of the Semiconductor Substrate. 

18. The Semiconductor device according to claim 1, 
wherein the element formation regions have a shape of a 
compressed hexagon. 


