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(57) ABSTRACT 

An isolation which is higher in a Stepwise manner than an 
active area of a Silicon Substrate is formed. On the active 
area, an FET including a gate oxide film, a gate electrode, a 
gate protection film, Sidewalls and the like is formed. An 
insulating film is deposited on the entire top Surface of the 
Substrate, and a resist film for exposing an area Stretching 
over the active area, a part of the isolation and the gate 
protection film is formed on the insulating film. There is no 
need to provide an alignment margin for avoiding interfer 
ence with the isolation and the like to a region where a 
connection hole is formed. Since the isolation is higher in a 
Stepwise manner than the active area, the isolation is pre 
vented from being removed by over-etch in the formation of 
a connection hole to come in contact with a portion where 
an impurity concentration is low in the active area. In this 
manner, the integration of a Semiconductor device can be 
improved and an area occupied by the Semiconductor device 
can be decreased without causing degradation of junction 
Voltage resistance and increase of a junction leakage current 
in the Semiconductor device. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a semiconductor 
device including transistors and connection between the 
transistors for constituting an LSI with high integration and 
a decreased area. 

0002 With the recent development of a semiconductor 
device with high integration and high performance, there are 
increasing demands for more refinement of the Semiconduc 
tor device. The improvement of the conventional techniques 
cannot follow these demands, and novel techniques are 
unavoidably introduced in some technical fields. For 
example, as a method of forming an isolation, the LOCOS 
isolation method is conventionally adopted in View of its 
SimplemeSS and low cost. Recently, however, it is considered 
that a trench buried type isolation (hereinafter referred to as 
the trench isolation) is more advantageous for manufactur 
ing a refined Semiconductor device. 
0.003 Specifically, in the LOCOS isolation method, since 
Selective oxidation is conducted, the So-called birds beak 
occurs in the boundary with a mask for preventing the 
oxidation. As a result, the dimension of a transistor is 
changed because an insulating film of the isolation invades 
a transistor region against the actually designed mask 
dimension. This dimensional change is unallowable in the 
refinement of a semiconductor device after the 0.5 lim 
generation. Therefore, even in the mass-production tech 
niques, the isolation forming method has started to be 
changed to the trench isolation method in which the dimen 
Sional change is very Small. For example, IBM corporation 
has introduced the trench isolation Structure as a 0.5 lim 
CMOS process for the mass-production of an MPU (IBM 
Journal of Research and Development, VOL. 39, No. 1/2, 
1995, pp. 33–42). 
0004 Furthermore, in a semiconductor device mounting 
elements such as a MOSFET in an active area Surrounded 
with an isolation, an insulating film is deposited on the 
active area, the isolation and a gate electrode, and a contact 
hole is formed by partly exposing the insulating film for 
connection between the active area and an interconnection 
member on a layer above the insulating film. This structure 
is known as a very common Structure for the Semiconductor 
device. 

0005 FIG. 17 is a sectional view for showing the struc 
ture of a conventional semiconductor device. In FIG. 17, a 
reference numeral 1 denotes a Silicon Substrate, a reference 
numeral 2b denotes an isolation with a trench isolation 
Structure which is made of a Silicon oxide film and whose 
top Surface is flattened So as to be at the same level as the 
top Surface of the Silicon Substrate 1, a reference numeral 3 
denotes a gate oxide film made of a Silicon oxide film, a 
reference numeral 4a denotes a polysilicon electrode work 
ing as a gate electrode, a reference numeral 4b denotes a 
polysilicon interconnection formed Simultaneously with the 
polysilicon electrode 4a, a reference numeral 6 denotes a 
low-concentration Source/drain region formed by doping the 
Silicon Substrate with an n-type impurity at a low concen 
tration, a reference numeral 7a denotes an electrode Side 
wall, a reference numeral 7b denotes an interconnection 
Sidewall, a reference numeral 8 denotes a high-concentration 
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Source/drain region formed by doping the Silicon Substrate 
with an n-type impurity at a high concentration, a reference 
numeral 12 denotes an insulating film made of a Silicon 
oxide film, and a reference numeral 13 denotes a local 
interconnection made of a polysilicon film formed on the 
insulating film 12. 
0006 The local interconnection 13 is also filled within a 
connection hole 14 formed in a part of the insulating film 12, 
So as to be contacted with the Source/drain region in the 
active area through the connection hole 14. In this case, the 
connection hole 14 is formed apart from the isolation 2b by 
a predetermined distance. In other words, in the conven 
tional layout rule for Such a Semiconductor device, there is 
a rule that the edge of a connection hole is previously located 
away from the boundary between the active area and the 
isolation region So as to prevent a part of the connection hole 
14 from stretching over the isolation 2b even when a mask 
alignment shift is caused in photolithography (this distance 
between the connection hole and the isolation is designated 
as an alignment margin). 
0007. However, in the structure of the semiconductor 
device as shown in FIG. 17, there arise problems in the 
attempts to further improve the integration for the following 
CaSO 

0008. A distance La between the polysilicon electrode 4a 
and the isolation 2b is estimated as an index of the integra 
tion. In order to prevent the connection hole 14 from 
interfering the isolation 2b as described above, the distance 
La is required to be 1.2 um, namely, the Sum of the diameter 
of the connection hole 14, that is, 0.5 lum, the width of the 
electrode Sidewall 7a, that is, 0.1 tim, the alignment margin 
from the polysilicon electrode 4a, that is, 0.3 um, and the 
alignment margin from the isolation 2b, that is, 0.3 um. A 
connection hole has attained a more and more refined 
diameter with the development of processing techniques, 
and also a gate length has been decreased as Small as 0.3 um 
or less. Still, the alignment margin in consideration of the 
mask alignment shift in the photolithography is required to 
be approximately 0.3 um. Accordingly, as the gate length 
and the connection hole diameter are more refined, the 
proportion of the alignment margin is increased. This align 
ment margin has become an obstacle to the high integration. 
0009. Therefore, attempts have been made to form the 
connection hole 14 without considering the alignment mar 
gin in View of the alignment Shift in the photolithography. 
Manufacturing procedures adopted in Such a case will now 
be described by exemplifying an n-channel MOSFET refer 
ring to FIGS. 18(a) through 18(c). 
0010 First, as is shown in FIG. 18(a), after forming an 
isolation 2b having the trench Structure in a Silicon Substrate 
1 doped with a p-type impurity (or p-type well), etch back 
or the like is conducted for flattening So as to place the 
Surfaces of the isolation 2b and the silicon Substrate 1 at the 
Same level. In an active area Surrounded with the isolation 
2b, a gate oxide film 3, a polysilicon electrode 4a Serving as 
a gate electrode, an electrode Sidewall 7a, a low-concentra 
tion Source/drain region 6 and a high-concentration Source/ 
drain region 8 are formed. On the isolation 2b are disposed 
a polysilicon interconnection 4b formed Simultaneously 
with the polysilicon electrode 4a and an interconnection 
sidewall 7b. At this point, the top surface of the high 
concentration is Source/drain region 8 in the active area is 



US 2005/0156220 A1 

placed at the Same level as the top Surface of the isolation2b. 
Then, an insulating film 12 of a silicon oxide film is formed 
on the entire top Surface of the Substrate. 
0011 Next, as is shown in FIG. 18(b), a resist film 25a 
used as a mask for forming a connection hole is formed on 
the insulating film 12, and the connection hole 14 is formed 
by, for example, dry etching. 

0012. Then, as is shown in FIG. 18(c), the resist film 25a 
is removed, and a polysilicon film is deposited on the 
insulating film 12 and within the connection hole 14. The 
polysilicon film is then made into a desired pattern, thereby 
forming a local interconnection 13. 
0013 At this point, in the case where the alignment 
margin in View of the mask alignment shift in the formation 
of the connection hole 14 is not considered in estimating the 
distance La between the polysilicon electrode 4a and the 
isolation 2b, a part of the isolation 2b is included in the 
connection hole 14 when the exposing area of the resist film 
25a is shifted toward the isolation 2b due to the mask 
alignment shift in the photolithography. Through over-etch 
in conducting the dry etching of the insulating film 12, 
although the high-concentration Source/drain region 8 made 
of the Silicon Substrate is not largely etched because of its 
Small etching rate, the part of the isolation2b included in the 
connection hole 14 is Selectively removed, resulting in 
forming a recess 40 in part of the connection hole 14. When 
the recess 40 in the connection hole 14 has a depth exceed 
ing a given proportion to the depth of the high-concentration 
Source/drain region 8, junction Voltage resistance can be 
decreased and a junction leakage current can be increased 
because the concentration of the impurity in the high 
concentration Source/drain region 8 is low at that depth. 
0.014. In order to prevent these phenomena, it is neces 
Sary to provide a predetermined alignment margin as is 
shown in the structure of FIG. 17 so as to prevent the 
connection hole 14 from interfering the isolation 2b even 
when the alignment Shift is caused in the lithography. In this 
manner, in the conventional layout rule for a Semiconductor 
device, an alignment margin in View of the mask alignment 
shift in the photolithography is unavoidably provided. 

0.015 Furthermore, a distance between the polysilicon 
electrode 4a and the connection hole 14 is also required to 
be provided with an alignment margin. Otherwise, the 
connection hole 14 can interfere the polysilicon electrode 4a 
due to the fluctuation caused in the manufacturing proce 
dures, resulting in causing electric Short-circuit between an 
upper layer interconnection buried in the connection hole 
and the gate electrode. 
0016. As described above, it is necessary to provide the 
connection hole 14 with margins for preventing the inter 
ference with other elements around the connection hole, 
which has become a large obstacle to the high integration of 
an LSI. 

0.017. Also in the case where a semiconductor device 
having the So-called Salicide Structure is manufactured, the 
following problems are caused due to a receSS formed in the 
isolation: 

0.018 FIG. 19 is a sectional view for showing an example 
of a Semiconductor device including the conventional trench 
isolation and a MOSFET having the salicide structure. As is 
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shown in FIG. 19, a trench isolation 105a is formed in a 
silicon Substrate 101. In an active area Surrounded with the 
isolation 105a, a gate insulating film 103a, a gate electrode 
107a, and electrode sidewalls 108a on both side Surfaces of 
the gate electrode 107a are formed. Also in the active area, 
a low-concentration Source/drain region 106a and a high 
concentration source/drain region 106b are formed on both 
sides of the gate electrode 107a. A channel stop region 115 
is formed below the isolation 105.a. Furthermore, in areas of 
the silicon Substrate 101 excluding the isolation 105a and 
the active area, a gate interconnection 107b made of the 
same polysilicon film as that for the gate electrode 107a is 
formed with a gate insulating film 103b sandwiched, and the 
gate interconnection 107b is provided with interconnection 
sidewalls 108b on its both side surfaces. On the gate 
electrode 107a, the gate interconnection 107b and the high 
concentration Source/drain region 106b, an upper gate elec 
trode 109a, an upper gate interconnection 109b and a 
Source/drain electrode 109c each made of silicide are respec 
tively formed. Furthermore, this semiconductor device 
includes an interlayer insulating film 111 made of a Silicon 
oxide film, a metallic interconnection 112 formed on the 
interlayer insulating film 111, and a contact member 113 
(buried conductive layer) filled in a connection hole formed 
in the interlayer insulating film 111 for connecting the 
metallic interconnection 112 with the Source/drain electrode 
109c. 

0019 Now, the manufacturing procedures for the semi 
conductor device including the conventional trench isolation 
and the MOSFET with the Salicide structure shown in FIG. 
19 will be described referring to FIGS.20(a) through 20(e). 
0020 First, as is shown in FIG.20(a), a silicon oxide 
film 116 and a silicon nitride film 117 are successively 
deposited on a silicon Substrate 101, and a resist film 120 for 
exposing an isolation region and masking a transistor region 
is formed on the silicon nitride film 117. Then, by using the 
resist film 120 as a mask, etching is conducted, So as to 
selectively remove the silicon nitride film 116 and the silicon 
oxide film 117, and further etch the Silicon Substrate 101, 
thereby forming a trench 104. Then, impurity ions are 
injected into the bottom of the trench 104, thereby forming 
a channel Stop region 115. 
0021. Then, as is shown in FIG. 20(b), a silicon oxide 
film (not shown) is deposited, and the entire top Surface is 
flattened until the Surface of the silicon nitride film 117 is 
exposed. Through this procedure, a trench isolation 105a 
made of the silicon oxide film filled in the trench 104 is 
formed in the isolation region Reiso. 
0022. Next, as is shown in FIG. 20(c), after the silicon 
nitride film 117 and the silicon oxide film 116 are removed, 
a gate oxide film 103 is formed on the silicon Substrate 101, 
and a polysilicon film 107 is deposited thereon. Then, a 
photoresist film 121 for exposing areas excluding a region 
for forming a gate is formed on the polysilicon film 107. 

0023 Then, as is shown in FIG. 20(d), by using the 
photoresist film 121 as a mask, dry etching is conducted, 
thereby selectively removing the polysilicon film 107 and 
the gate oxide film 103. Thus, a gate electrode 107a of the 
MOSFET in the transistor region Refet and a gate intercon 
nection 107b stretching over the isolation 105a and the 
silicon Substrate 101 are formed. After removing the pho 
toresist film 121, impurity ions are injected into the Silicon 
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substrate 101 by using the gate electrode 107a as a mask, 
thereby forming a low-concentration Source/drain region 
106a. Then, a silicon oxide film 108 is deposited on the 
entire top Surface of the Substrate. 

0024) Next, as is shown in FIG.20(e), the silicon oxide 
film 108 is anisotropically dry-etched, thereby forming 
electrode sidewalls 108a and interconnection sidewalls 108b 
on both side surfaces of the gate electrode 107a and the gate 
interconnection 107b, respectively. At this point, the gate 
oxide film 103 below the silicon oxide film 108 is simulta 
neously removed, and the gate oxide film 103 below the gate 
electrode 107a alone remains. Then, impurity ions are 
diagonally injected by using the gate electrode 107a and the 
electrode sidewalls 108a as masks, thereby forming a high 
concentration source/drain region 106b. Then, after a Ti film 
is deposited on the entire top Surface, high temperature 
annealing is conducted, thereby causing a reaction between 
the Ti film and the components made of silicon directly in 
contact with the Ti film. Thus, an upper gate electrode 109a, 
an upper gate interconnection 109b and a Source/drain 
electrode 109c made of silicide are formed. 

0.025 The procedures to be conducted thereafter are 
omitted, but the semiconductor device including the MOS 
FET having the structure as shown in FIG. 19 can be 
ultimately manufactured. In FIG. 19, the metallic intercon 
nection 112 is formed on the interlayer insulating film 111, 
and the metallic interconnection 112 is connected with the 
Source/drain electrode 109c through the contact member 113 
including a W plug and the like filled in the contact hole. 

0026. When the aforementioned trench isolation structure 
is adopted, the dimensional change of the Source/drain 
region can be Suppressed because the birds beak, that is, the 
oxide film invasion of an active area, which is caused in the 
LOCOS method where a thick silicon oxide film is formed 
by thermal oxidation, can be avoided. Furthermore, in the 
procedure shown in FIG.20(c), the surfaces of the isolation 
105a and the silicon substrate 101 in the transistor region 
Refet are placed at the same level. 

0027. In such a semiconductor device having the trench 
type isolation, however, there arise the following problems: 

0028. When the procedures proceed from the state shown 
in FIG.20(d) to the state shown in FIG.20(e), the silicon 
oxide film 108 is anisotropically etched so as to form the 
sidewalls 108a and 108b. At this point, over-etch is required. 
Through this over-etch, the surface of the isolation 105a is 
removed by Some depth. 

0029 FIGS. 21(a) and 21(b) are enlarged sectional views 
around the boundary between the high-concentration Source/ 
drain region 106b and the isolation 105a after this over-etch. 

0030 AS is shown in FIG.21(a), between the procedures 
shown in FIGS. 200d) and 200e), the impurity ions are 
diagonally injected So as to form the high-concentration 
Source/drain region 106b. Through this ion injection, the 
high-concentration Source/drain region 106b is formed also 
below the edge of the isolation 105a because the isolation 
105a is previously etched by some depth. Accordingly, the 
high-concentration Source/drain region 106b is brought 
closer to the channel Stop region 115, resulting in causing the 
problems of degradation of the junction Voltage resistance 
and increase of the junction leakage current. 
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0031. In addition, as is shown in FIG. 21(b), in the case 
where the Ti film or the like is deposited on the high 
concentration Source/drain region 106b So as to obtain the 
silicide layer through the reaction with the silicon below, the 
thus formed Silicide layer can invade the interface between 
the silicon Substrate 101 and the isolation 105a with ease. As 
a result, a short-circuit current can be caused between the 
Source/drain electrode 109c made of silicide and the channel 
stop region 115. 

SUMMARY OF THE INVENTION 

0032. The object of the present invention is improving 
the Structure of an isolation, So as to prevent the problems 
caused because the edge of the isolation is trenched in 
etching for the formation of a connection hole or Sidewalls. 
0033. In order to achieve the object, the invention pro 
poses first and Second Semiconductor devices and first 
through third methods of manufacturing a Semiconductor 
device as described below. 

0034. The first semiconductor device of this invention in 
which a Semiconductor element is disposed in each of plural 
active areas in a Semiconductor Substrate comprises an 
isolation for Surrounding and isolating each active area, the 
isolation having a top Surface at a higher level than a Surface 
of the active area and having a step portion in a boundary 
with the active area; an insulating film formed So as to 
Stretch over each active area and the isolation; plural holes 
each formed by removing a portion of the insulating film 
disposed at least on the active area, plural buried conductive 
layerS filled in the respective holes, and plural interconnec 
tion members formed on the insulating film So as to be 
connected with the respective active areas through the 
respective buried conductive layers. 
0035. Owing to this structure, in the case where a part of 
or all the holes are formed so as to stretch over the active 
areas and the isolation due to mask alignment shift in 
photolithography, a part of the isolation is removed by 
over-etch for ensuring the formation of the holes. In Such a 
case, even when the top Surface of the isolation is trenched 
to be lower than the surface of the active area, the depth of 
the holes formed in the isolation is small in the boundary 
with the active area because of the level difference between 
the top Surface of the isolation and the Surface of the active 
area. Accordingly, degradation of the junction Voltage resis 
tance and increase of the junction leakage current can be 
Suppressed. Therefore, there is no need to provide a portion 
of the active area where each hole is formed with an 
alignment margin for avoiding the interference with the 
isolation caused by the mask alignment shift in the lithog 
raphy. Thus, the area of the active area can be decreased, 
resulting in improving the integration of the Semiconductor 
device. 

0036). In the first semiconductor device, at least a part of 
the plural holes can be formed So as to Stretch over the active 
area and the isolation due to fluctuation in manufacturing 
procedures. 
0037. In other words, even when no margin for the mask 
alignment in the lithography is provided, the problems 
caused in the formation of the holes can be avoided. 

0038 Furthermore, the angle between a side surface of 
the Step portion and the Surface of the active area is 
preferably 70 degrees or more. 
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0039. As a result, when the hole interferes the isolation, 
the part of the isolation included in the hole is definitely 
prevented from being etched through over-etch in the for 
mation of the holes down to a depth where the impurity 
concentration is low in the active area. 

0040. The isolation is preferably a trench isolation made 
of an insulating material filled in a trench formed by 
trenching the Semiconductor Substrate by a predetermined 
depth. 

0041. This is because no bird’s beak is caused in the 
trench isolation differently from a LOCOS film as described 
above, and hence, the trench isolation is Suitable particularly 
for the high integration and refinement of the Semiconductor 
device. 

0042. In the first semiconductor device, when the semi 
conductor element is a MISFET including a gate insulating 
film and a gate electrode formed on the active area; and 
Source/drain regions formed in the active area on both sides 
of the gate electrode, the following preferred embodiments 
can be adopted: 
0043. The semiconductor device can further comprise a 
gate interconnection made of the same material as that for 
the gate electrode and formed on the isolation, each of the 
holes can be formed on an area including the Source/drain 
region, the isolation and the gate interconnection, and the 
plural interconnection members can be connected with the 
gate interconnection on the isolation. 
0044. Owing to this configuration, in the case where the 
interconnection members work as local interconnections for 
connecting a gate interconnection on the isolation with the 
active area, there is no need to Separately form holes in the 
insulating film on the gate interconnection and the insulating 
film on the active area. In addition, there is no need to 
provide the Separate holes with alignment margins from the 
boundary between the active area and the isolation. Accord 
ingly, the area of the isolation can also be decreased, 
resulting in largely improving the integration of the Semi 
conductor device. 

004.5 The semiconductor device can further comprise 
electrode Sidewalls made of an insulating material and 
formed on both Side Surfaces of the gate electrode, and a step 
Sidewall made of the same material as the insulating material 
for the electrode sidewalls and formed on the side Surface of 
the Step portion. In this Semiconductor device, at least a part 
of the holes can be formed by also removing a portion of the 
insulating film disposed on the Step Sidewall. 
0.046 Owing to this structure, the abrupt level difference 
between the Surfaces of the isolation and the active area can 
be released by the step sidewall. Therefore, a residue is 
Scarcely generated in patterning the interconnection mem 
bers, and an upper interconnection is prevented from being 
disconnected and increasing in its resistance. 
0047 The semiconductor device can further comprise a 
gate protection film formed on the gate electrode, and at 
least a part of the holes can be formed So as to Stretch over 
the Source/drain region and at least a part of the gate 
protection film. 
0.048. Owing to this structure, a part of the gate protection 
film included in the hole is removed by the over-etch in the 
formation of the holes. However, the gate electrode is 
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protected by the gate protection film, and hence, electrical 
Short circuit between the gate electrode and the intercon 
nection member can be prevented. Accordingly, there is no 
need to provide an alignment margin from the gate electrode 
in the area where each hole is formed, resulting in further 
improving the integration. 

0049. The interconnection members can be first layer 
metallic interconnections, and the insulating film can be an 
interlayer insulating film disposed between the Semiconduc 
tor Substrate, and the first layer metallic interconnections. In 
this case, the Semiconductor device preferably further com 
prises, between the interlayer insulating film and the Semi 
conductor Substrate an underlying film made of an insulating 
material having high etching Selectivity against the inter 
layer insulating film. 

0050. The second semiconductor device of this invention 
in which a Semiconductor element is disposed in each of 
plural active areas in a Semiconductor Substrate comprises a 
trench isolation for isolating and Surrounding each active 
area, the trench isolation having a top Surface at a higher 
level than a Surface of the active area and having a step 
portion in a boundary with the active area; and a step 
sidewall formed on the side surface of the step portion of the 
trench isolation. 

0051. Owing to this structure, in the impurity ion injec 
tion for the formation of an impurity diffused layer of the 
Semiconductor device, the Step Sidewall disposed at the edge 
of the trench isolation can prevent the impurity ions from 
being implanted below the edge of the isolation. Further 
more, also in adopting the Structure including a Source/drain 
electrode made of Silicide, the Step Sidewall can prevent the 
Silicide layer from being formed at a deep portion. There 
fore, a short circuit current can be prevented from occurring 
between the Source/drain electrode and a Substrate region 
Such as the channel Stop region. In this manner, the function 
of the trench isolation to isolate each Semiconductor element 
can be prevented from degrading. 
0052. In the second semiconductor device, the step side 
wall is preferably made of an insulating material. 
0053 Also in the second semiconductor device, the semi 
conductor element can be a MISFET including a gate 
insulating film and a gate electrode formed on the active 
area; and Source/drain regions formed in the active area on 
both sides of the gate electrode. This Semiconductor device 
can be further provided with electrode sidewalls formed on 
both Side Surfaces of the gate electrode, and the Step Sidewall 
can be formed simultaneously with the electrode sidewalls. 
0054 Owing to this structure, the semiconductor ele 
ments can be a MISFET having the LDD structure suitable 
for the refinement. Because of this structure together with 
the trench isolation Structure, the Semiconductor device can 
attain a structure particularly Suitable for the refinement and 
the high integration. 

0055. The first method of manufacturing a semiconductor 
device in which a Semiconductor element is disposed in each 
of plural active areas in a Semiconductor Substrate comprises 
a first Step of forming an isolation in a part of the Semicon 
ductor Substrate, the isolation having a top Surface at a 
higher level than a Surface of the Semiconductor Substrate 
and having a step portion in a boundary with the Surface of 
the Semiconductor Substrate; a Second Step of introducing an 
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impurity at a high concentration into each active area of the 
Semiconductor Substrate Surrounded by the isolation; a third 
Step of forming an insulating film on the active area and the 
isolation; a fourth Step of forming, on the insulating film, a 
masking member having an exposing area above an area at 
least including a portion of the active area where the 
impurity at the high concentration is introduced; a fifth Step 
of conducting etching by using the masking member So as to 
Selectively remove the insulating film and form holes, and a 
Sixth Step of forming a buried conductive layer by filling the 
holes with a conductive material and forming, on the insu 
lating film, interconnection members to be connected with 
the buried conductive layer. In this method, in the fourth 
Step, an alignment margin is not provided for preventing the 
exposing area of the masking member from including a 
portion above the isolation when mask Shift is caused in 
photolithography. 

0056. In adopting this method, even when a part of the 
isolation is removed by over-etch in the fifth step so that the 
top surface of the isolation is etched to be lower than the 
surface of the active area, the depth of the holes formed in 
the isolation is Small because of the level difference between 
the isolation and the active area. Accordingly, the decrease 
of the junction Voltage resistance and the increase of the 
junction leakage current can be Suppressed in the manufac 
tured Semiconductor device. In addition, the area of the 
active area can be decreased because no alignment margin 
from the isolation is provided, resulting in improving the 
integration of the manufactured semiconductor device. 
0057. In the first method of manufacturing a semicon 
ductor device, the following preferred embodiments can be 
adopted: 

0.058. The fifth step is preferably performed so as to 
Satisfy the following inequality: 

0059 wherein “a” indicates a thickness of the insulating 
film, “b' indicates a level difference between the Surface of 
the active area and the top surface of the isolation, “ER1” 
indicates an etching rate of the insulating film, “ER2 
indicates an etching rate of the isolation, "D' indicates a 
depth of an impurity diffused layer in the active area, and 
“OE' indicates an over-etch ratio of the insulating film. 
0060. In adopting this method, even when a part of the 
isolation included in the hole is removed by over-etch in the 
formation of the holes, the bottom of the etched portion does 
not reach a portion where the impurity concentration is low 
in the active area. In other words, the top Surface of the 
isolation is never placed at a lower level than the Surface of 
the active area. Accordingly, the degradation of the junction 
Voltage resistance and the increase of the junction leakage 
current can be definitely prevented in the manufactured 
Semiconductor device. 

0061. When the semiconductor element is a MISFET, the 
method can further include, before the Second Step, a step of 
forming a gate insulating film on the active area, a step of 
depositing a conductive film on the gate insulating film and 
a step of forming a gate electrode by patterning the condu 
cive film, and in the Second Step, the impurity at the high 
concentration is introduced So as to form a Source/drain 
region. In Such a case, the following preferred embodiments 
can be adopted. 
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0062) The method can further comprise, after the step of 
depositing the conductive film, a Step of depositing a pro 
tection insulating film on the conductive film, and in the Step 
of forming the gate electrode, the conductive film as well as 
the protection insulating film are patterned, So as to form a 
gate protection film on the gate electrode. The fifth Step can 
be performed So as to Satisfy the following inequality: 

0063 wherein “a” indicates a thickness of the insulating 
film, “c” indicates a thickness of the gate protection film, 
“ER1” indicates an etching rate of the insulating film, “ER3” 
indicates an etching rate of the gate protection film and “OE” 
indicates an over-etch ratio of the insulating film. 

0064. When this method is adopted, while the area of the 
active area is decreased by not providing an alignment 
margin for avoiding the interference between the connection 
hole and the gate electrode, the hole is prevented from 
reaching the gate electrode below the gate protection film. 

0065. In the fourth step, the masking member can be 
formed to be positioned without providing a margin for 
preventing the exposing area thereof from including a por 
tion above the gate protection film even when the mask shift 
is caused in the photolithography. 

0066 Alternatively, in the fourth step, the masking mem 
ber can be formed to be positioned with the exposing area 
thereof including at least a part of a portion above the gate 
protection film when the mask shift is not caused in the 
photolithography. 

0067. In the third step, an interlayer insulating film can be 
formed as the insulating film, and in the Sixth Step, first layer 
metallic interconnections can be formed as the interconnec 
tion members. In Such a case, it is preferred that the 
interlayer insulating film is formed in the third step after an 
underlying film made of an insulating material having high 
etching Selectivity against the interlayer insulating film is 
formed below the interlayer insulating film. 

0068 The second method of manufacturing a semicon 
ductor device of this invention comprises a first Step of 
forming an underlying insulating film on a Semiconductor 
Substrate; a Second Step of depositing an etching Stopper film 
on the underlying insulating film; a third step of forming a 
trench by exposing a portion of the etching Stopper film and 
the underlying insulating film where an isolation is to be 
formed and etching the Semiconductor Substrate in the 
exposed portion; 5 a fourth Step of depositing an insulating 
film for isolation on an entire top Surface of the Substrate, 
flattening the Substrate until at least a Surface of the etching 
Stopper film is exposed, and forming a trench isolation in the 
trench So as to Surround a transistor region; a fifth Step of 
removing, by etching, at least the etching Stopper film and 
the underlying insulating film, So as to expose a step portion 
between the transistor region and the trench isolation; a sixth 
Step of depositing a gate oxide film and a conductive film on 
the Substrate and making the conductive film into a pattern 
of at least a gate electrode; a Seventh Step of depositing an 
insulating film for Sidewalls on the entire top Surface of the 
Substrate and anisotropically etching the insulating film for 
the Sidewalls, So as to form electrode Sidewalls and a step 
Sidewall on Side Surfaces of the gate electrode and the Step 
portion, respectively; and an eighth Step of introducing an 
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impurity into the Semiconductor SubStrate in the transistor 
region on both sides of the gate electrode, So as to form 
Source/drain regions. 
0069. When this method is adopted, since the step side 
wall is formed between the semiconductor Substrate in the 
transistor region and the trench isolation after completing 
the fifth Step, the impurity ions are prevented from being 
implanted below the edge of the trench isolation in the 
impurity ion injection in the eighth Step. Furthermore, also 
when an area in the vicinity of the Surface of the Source/drain 
region is Subsequently Silicified, the Step Sidewall made of 
the insulating film can prevent the Silicide layer from being 
formed at a deep portion. Accordingly, not only the degra 
dation of the junction Voltage resistance and the current 
leakage but also the occurrence of a short circuit current 
between the Source/drain electrode and the Substrate region 
Such as the channel Stop region can be prevented. 
0070. In the second method of manufacturing a semicon 
ductor device, the following preferred embodiments can be 
adopted: 

0071. In the second step, the thickness of the etching 
Stopper film is preferably determined in consideration of an 
amount of over-etch in the Seventh Step, So that the Step 
portion having a level difference with a predetermined size 
or more is exposed in the fifth Step. 
0.072 The method can further comprise, after completing 
the eighth step, a step of Silicifying at least an area in the 
vicinity of the Surface of the Source/drain region. 
0073. The third method of manufacturing a semiconduc 
tor device of this invention comprises a first Step of forming 
a gate insulating film on a Semiconductor Substrate; a Second 
Step of depositing a first conductive film to be formed into 
a gate electrode on the gate insulating film; a third Step of 
forming a trench by exposing a portion of the first conduc 
tive film where a trench isolation is to be formed and etching 
the Semiconductor Substrate in the exposed portion; a fourth 
Step of depositing an insulating film for isolation on an entire 
top Surface of the Substrate, flattening the Substrate at least 
until a Surface of the first conductive film is exposed, and 
forming the trench isolation in the trench So as to Surround 
a transistor region; a fifth Step of depositing a Second 
conductive film to be formed into at least an upper gate 
electrode on the entire top Surface of the flattened Substrate; 
a sixth Step of making the first and Second conductive films 
into a pattern at least of the gate electrode and exposing a 
Step portion between the transistor region and the trench 
isolation; a Seventh Step of depositing an insulating film for 
Sidewalls on the entire top Surface of the Substrate and 
anisotropically etching the insulating film for the Sidewalls, 
So as to form electrode Sidewalls and a Step Sidewall on Side 
Surfaces of the gate electrode and the Step portion, respec 
tively; and an eighth Step of introducing an impurity into the 
Semiconductor Substrate in the transistor region on both 
Sides of the gate electrode, So as to form Source/drain 
regions. 

0.074. When this method is adopted, the same effects as 
those attained by the Second method of manufacturing a 
Semiconductor device can be attained. In addition, in the 
patterning proceSS for the gate electrode, the top Surface of 
the Substrate is completely flat, and hence, the patterning 
accuracy for the gate electrode can be improved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0075 FIGS. 1(a) through 1(d) are sectional views for 
showing manufacturing procedures of Embodiment 1 up to 
the formation of an isolation; 

0076 FIGS. 2(a) through 2(e) are sectional views for 
showing the manufacturing procedures of Embodiment 1 
after the formation of the isolation; 

0.077 FIGS. 3(a) through 3(f) are sectional views for 
showing manufacturing procedures of Embodiment 2 after 
the formation of an isolation; 

0078 FIGS. 4(a) through 4(c) are sectional views for 
showing manufacturing procedures of Embodiment 3, 

0079 FIGS. 5(a) through 5(c) are sectional views for 
showing manufacturing procedures of Embodiment 4, 

0080 FIGS. 6(a) through 6(f) are sectional views for 
showing manufacturing procedures of Embodiment 5; 

0081 FIGS. 7(a) through 7(c) are sectional views for 
showing manufacturing procedures of Embodiment 6, 

0082 FIGS. 8(a) through 8(c) are sectional views for 
showing manufacturing procedures of Embodiment 7 in 
which a comparatively thin insulating film of Embodiment 
1 is replaced with a layered film and an interlayer insulating 
film; 

0.083 FIGS. 9(a) through 9(c) are sectional views for 
showing the manufacturing procedures of Embodiment 7 in 
which a comparatively thin insulating film of Embodiment 
2 is replaced with a layered film and an interlayer insulating 
film; 

0084 FIGS. 10(a) through 10(c) are sectional views for 
showing the manufacturing procedures of Embodiment 7 in 
which a comparatively thin insulating film of Embodiment 
4 is replaced with a layered film and an interlayer insulating 
film; 

0085 FIGS. 11(a) through 11(c) are sectional views for 
showing the manufacturing procedures of Embodiment 7 in 
which a comparatively thin insulating film of Embodiment 
5 is replaced with a layered film and an interlayer insulating 
film; 

0086 FIG. 12 is a sectional view for showing the struc 
ture of a semiconductor device of Embodiment 8, 

0.087 FIGS. 13(a) through 13(e) are sectional views for 
showing manufacturing procedures for the Semiconductor 
device of Embodiment 8, 

0088 FIGS. 14(a) through 14(e) are sectional views for 
showing manufacturing procedures for a Semiconductor 
device of Embodiment 9; 

0089 FIGS. 15(a) through 15(f) are sectional views for 
showing manufacturing procedures for a Semiconductor 
device of Embodiment 10; 

0090 FIGS. 16(a) through 16(e) are sectional views for 
showing manufacturing procedures for a Semiconductor 
device of Embodiment 11; 

0091 FIG. 17 is a sectional view of a conventional 
Semiconductor device in which the Surfaces of an active area 
and a trench isolation are placed at the same level; 



US 2005/0156220 A1 

0092 FIGS. 18(a) through 18(c) are sectional views for 
showing manufacturing procedures for the conventional 
semiconductor device of FIG. 17; 
0093 FIG. 19 is a sectional view of a conventional 
Semiconductor device having a Salicide Structure and a 
trench isolation Structure; 

0094 FIGS. 20(a) through 20(e) are sectional views for 
showing manufacturing procedures for the conventional 
semiconductor device of FIG. 19; and 
0.095 FIGS. 21(a) and 21(b) are partial sectional views 
for showing problems, in a conventional Semiconductor 
device having a trench isolation, occurring in an impurity 
ion injection process and a Silicifying process, respectively. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment 1 

0096 Embodiment 1 of the invention will now be 
described referring to FIGS. 1(a) through 1(d) and 2(a) 
through 2(e). In the manufacturing procedures of this 
embodiment, a connection hole for connecting an intercon 
nection layer and a Silicon Substrate is designed to Stretch 
over an active area and an isolation when alignment shift is 
not caused in photolithography. 
0097. In this embodiment, the isolation is formed as a 
trench isolation. Furthermore, interconnection to be formed 
above is assumed to be local interconnection in which an 
insulating film can be comparatively thin, but the embodi 
ment is applicable also to general global interconnection 
formed on a thick S interlayer insulating film. 
0098 First, as is shown in FIG. 1(a), a resist film 50a 
having a predetermined pattern is formed on a p-type Silicon 
substrate 1 (or a p-type well). The silicon Substrate 1 is 
dry-etched by using the resist film 50a as a mask, thereby 
forming a trench 51 with a depth of 1 lum. 
0099] Then, as is shown in FIG. 1(b), the resist film 50a 
is removed, and then a Silicon oxide film 2x is deposited on 
the entire top surface of the silicon Substrate 1. Through this 
procedure, the previously formed trench 51 is filled with the 
silicon oxide film 2x. 

0100 Next, as is shown in FIG. 1(c), the silicon oxide 
film 2.x on the Silicon Substrate 1 is removed by, for example, 
a CMP (chemical mechanical polishing) method or etch 
back through dry etching using a resist film, and at the same 
time, a trench isolation 2b is formed. At this point, the top 
Surface of the Silicon Substrate 1 and the top Surface of the 
isolation 2b are flattened with no level difference therebe 
tWeen. 

0101 Then, as is shown in FIG. 1(d), dry etching with 
high etch Selectivity is conducted So as to etch the Silicon 
Substrate 1 alone by a thickness of 0.2 lim. Thus, a step 
portion which is higher in a Stepwise manner than the top 
surface of the silicon Substrate 1 by 0.2 um is formed in the 
isolation 2b. The level difference caused by the step portion 
is required to be Sufficiently large in consideration of an 
amount of Over-etch in etching a Subsequently formed 
insulating film 12, and hence, the level difference is prefer 
ably equal to or larger than the thickness of the insulating 
film 12. 
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0102) It is noted that the method of causing the level 
difference between the top surface of the isolation2b and the 
Surface of the active area is not limited to that described 
above. For example, the level difference can be caused as 
follows: After an etching Stopper film having a thickness 
corresponding to the level difference is previously deposited 
on the Silicon Substrate, a trench is formed and an insulating 
film for the trench isolation is deposited. Then, the entire top 
surface of the substrate is flattened by the CMP method or 
the like, and the etching Stopper film is Subsequently 
removed. 

0103) Next, AS is shown in FIG. 2(a), after forming a 
gate oxide film 3 on the Silicon Substrate 1, a polysilicon film 
4x is deposited on the entire top Surface of the Substrate. 

0104. Then, as is shown in FIG. 2(b), after forming a 
resist film (not shown) having a predetermined pattern on 
the polysilicon film 4x, dry etching is conducted So as to 
form a polysilicon electrode 4a on the active area and a 
polysilicon interconnection 4b on the isolation 2b. Then, by 
using the gate electrode 4a as a mask, n-type impurity ions 
are injected at a high concentration, thereby forming high 
concentration Source/drain regions 8 in the Silicon Substrate 
1 on both sides of the polysilicon electrode 4a. 

0105. After this, as is shown in FIG. 2(c), the insulating 
film 12 having a thickness of, for example, 0.15 um is 
deposited, So that an interconnection Subsequently formed 
above the insulating film (i.e., the local interconnection in 
this embodiment) can be electrically insulated from the 
polysilicon electrode, the polysilicon interconnection and 
the active area. 

0106) Next, as is shown in FIG. 2(d), a resist film 25a 
having a pattern for forming a connection hole is formed on 
the insulating film 12. At this point, the exposing area of the 
resist film 25a is positioned without an alignment margin for 
preventing interference with the isolation 2b. In this embodi 
ment, after the resist film 25a is formed So that the exposing 
area Stretches over the Source/drain region 8, that is, the 
active area of a transistor, and the isolation 2b, dry etching 
is conducted by using the resist film 25a as a mask, thereby 
forming a connection hole 14 by removing the insulating 
film 12 in the exposing area of the resist film 2.5a. At this 
point, when the insulating film 12 is, for example, 40% 
over-etched than its thickness of 0.15 um in order to ensure 
the formation of the connection hole 14, the isolation 2b in 
the exposing area of the resist film 25a is etched by a 
thickness of approximately 0.06 um. However, in this 
embodiment, the Step portion has a height of 0.2 tim, which 
is Sufficiently larger than this etched amount, and hence, a 
recess where the top surface of the isolation 2b is lower than 
the top surface of the silicon Substrate 1 is never formed in 
any part of the connection hole 14. 

0107 Next, as is shown in FIG. 2(e), a polysilicon film 
is deposited on the entire top Surface and is patterned, 
thereby forming the local interconnection 13. At this point, 
the local interconnection 13 is also formed within the 
connection hole 14, So as to be electrically connected with 
the Source/drain region 8 Serving as the active area. 

0108. In a semiconductor device formed in the aforemen 
tioned procedures, the top Surface of the isolation 2b is 
higher in a Stepwise manner than the Surface of the active 
area. Therefore, even when the isolation 2b is removed by 
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Some amount by the over-etch in dry etching the insulating 
film 12, the isolation 2b is prevented from being etched by 
a thickness exceeding the level difference caused by the Step 
portion. Accordingly, when mask alignment is shifted in the 
photolithography, a receSS with a depth reaching a certain 
depth of the Source/drain region 8 is prevented from being 
formed in the connection hole 14. As a result, the conven 
tional problems, that is, the degradation of the junction 
Voltage resistance and the increase of the junction leakage 
current caused because of the low impurity concentration at 
a lower part of the active area of the Silicon Substrate 
corresponding to the Sidewall of the receSS, can be effec 
tively prevented. 

0109) However, the level difference between the top 
Surface of the isolation 2b and the Surface of the active area 
is not necessarily required to be larger than the thickness of 
the insulating film 12. The dimensions and materials of the 
respective components can be determined So as to Satisfy the 
following inequality (1), wherein “a” denotes the thickness 
of the insulating film 12; “b' denotes the level difference 
between the top surface of the isolation 2b and the surface 
of the active area; “ER1” denotes the etching rate of the 
insulating film 12; “ER2” denotes the etching rate of the 
isolation 2b, "D' denotes the depth of an impurity diffused 
layer in the active area; and “OE' denotes the over-etch ratio 
of the insulating film 12 in the formation of the connection 
hole 14. 

OExax (ER2/ER1)sb+Dx(2/10) (1) 

0110. As far as the inequality (1) is satisfied, even when 
a part of the isolation 2b is removed to be at a lower level 
than the Surface of the Silicon Substrate in the active area 
through the formation of the connection hole 14, so that the 
recess 40 as is shown in FIG. 18(c) is formed in a part of the 
connection hole 14, the bottom of the recess 40 is prevented 
from reaching the depth where the impurity concentration is 
low. 

0111 Since the alignment margin in view of the mask 
shift in the photolithography can be omitted, the following 
effects can be attained: When a distance Lb between the 
polysilicon electrode 4a Serving as the gate electrode and the 
isolation 2b is estimated as an index of the integration, the 
distance Lb is 0.8 um, namely, the Sum of the diameter of the 
connection hole, 0.5 tim, and the alignment margin from the 
gate electrode, 0.3 um. Thus, the distance Lb can be 
decreased by 0.4 m as compared with the conventional 
distance La of 1.2 um (shown in FIG. 17). 

Embodiment 2 

0112 Embodiment 2 will now be described referring to 
FIGS. 3(a) through 3(f). In this embodiment, a connection 
hole for connecting an interconnection layer and a Silicon 
Substrate is formed So as to Stretch over an active area and 
an isolation in the same manner as in Embodiment 1, and a 
Step portion between the isolation and the active area is 
provided with a sidewall. 
0113 First, as is shown in FIGS. 3(a) and 3(b), an 
isolation 2b whose top Surface is higher in a stepwise 
manner than the Surface of an active area by a predetermined 
level difference and a gate oxide film 3 are formed on a 
Silicon Substrate 1 in the same manner as described in 
Embodiment 1. Then, a polysilicon film 4x is deposited on 
the entire top Surface. 
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0.114) Next, the polysilicon film 4x is patterned, thereby 
forming a polysilicon electrode 4a and a polysilicon inter 
connection 4b. The procedures conducted So far are identical 
to those adopted in Embodiment 1. Then, a silicon oxide film 
is deposited on the entire top Surface and is Subjected to 
anisotropic etching, thereby forming electrode Sidewalls 7a 
on both side Surfaces of the polysilicon electrode 4a and 
interconnection sidewalls 7b on both side Surfaces of the 
polysilicon interconnection 4b. At the same time, a Step 
sidewall 7c is formed on the side surface of the step portion 
between the isolation 2b and the active area. Each of the 
Sidewalls has a width of, for example, approximately 0.1 
tim. After forming the polysilicon electrode 4a, an n-type 
impurity with a low concentration is ion-injected into the 
active area, So as to form a low-concentration Source/drain 
region 6. After forming the electrode Sidewalls 7a, an n-type 
impurity with a high concentration is ion-injected into the 
active area, So as to form a high-concentration Source/drain 
region 8. This is a generally adopted method of manufac 
turing a MOSFET having the so-called LDD structure. 
0115 Then, as is shown in FIGS. 3(d) through 3(f), the 
procedures as described in Embodiment 1 referring to FIGS. 
2(c) through 2(e) are conducted, thereby forming an insu 
lating film 12 and a local interconnection 13 thereon. 
0116. This embodiment can achieve the effect to improve 
the integration Similarly to Embodiment 1. In addition, 
owing to the step sidewall 7c, the abrupt level difference 
between the isolation 2b and the active area can be released. 
AS a result, the amount of residue generated in the formation 
of the local interconnection 13 by patterning the polysilicon 
film can be advantageously decreased, and disconnection of 
the local interconnection 13 and resistance increase thereof 
can also be prevented. 
0117. At this point, a distance Lc between the polysilicon 
electrode 4a Serving as a gate electrode and the isolation 2b 
is estimated as an index of the integration. The distance Lc 
is 1.0 um, namely, the Sum of the diameter of the connection 
hole, 0.5 tim, the width of the electrode sidewall 7a, 0.1 um, 
the alignment margin from the polysilicon electrode 4a, 0.3 
lum, and the width of the step sidewall 7c, 0.1 lum. Thus, the 
distance Lc can be decreased by 0.2 um as compared with 
the conventional distance La of 1.2 um (shown in FIG. 17). 

Embodiment 3 

0118 Embodiment 3 will now be described referring to 
FIGS. 4(a) through 4(c). 
0119). In manufacturing procedures described in this 
embodiment, a connection hole is formed So as to Stretch 
over an active area and an isolation only when mask 
alignment shift is caused in the photolithography. 

0120 FIG. 4(a) shows a state where the procedures 
described in Embodiment 2 referring to FIGS. 3(a) through 
3(d) have been completed. Specifically, as is shown in FIG. 
4(a), after an isolation 2b with a top Surface higher in a 
Stepwise manner than the Surface of an active area, a step 
sidewall 7c on the side surface of the step portion of the 
isolation 2b, a gate oxide film 3, a polysilicon electrode 4a 
Serving as a gate electrode, electrode Sidewalls 7a on both 
Side Surfaces of the polysilicon electrode 4a, a low-concen 
tration Source/drain region 6, a high-concentration Source/ 
drain region 8, a polysilicon interconnection 4b on the 
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isolation 2b, and interconnection sidewalls 7b on both side 
Surfaces of the polysilicon interconnection 4b are formed, an 
insulating film 12 with a thickness of approximately 0.15 um 
is formed on the entire top Surface. 
0121 Next, as is shown in FIG. 4(b), a resist film 25b for 
forming a connection hole is formed. At this point, in this 
embodiment, the resist film 25b is formed so that the 
connection hole stretches over the active area (i.e., the 
high-concentration Source/drain region 8) and the Step side 
wall 7c when the mask alignment shift is not caused in the 
lithography. Then, the insulating film 12 is etched, thereby 
forming the connection hole 14 Stretching over the active 
area and the step sidewall 7c. 
0122) Then, as is shown in FIG. 4(c), a local intercon 
nection 13 to be connected with the high-concentration 
Source/drain region 8 is formed on the insulating film 12. 
0123. In the state shown in FIG. 4(b), the edge of the 
connection hole 14 can be shifted toward the isolation 2b by 
a maximum of 0.3 um due to the mask alignment Shift in the 
lithography. In Such a case, the resultant Structure becomes 
that described in Embodiment 2 (shown in FIG. 3(e)). 
However, no recess is formed in the isolation 2b within the 
connection hole 14 as described in Embodiments 1 and 2 
even in Such a case. Alternatively, even if a receSS is formed, 
the problems of the degradation of the junction Voltage 
resistance and the increase of the junction leakage current 
can be avoided as far as the dimensions and the like of the 
respective components are determined so as to Satisfy the 
inequality (1). 
0.124. Also in this embodiment, a distance Lc between the 
polysilicon electrode 4a and the isolation 2b is estimated as 
an index of the integration. Similarly to Embodiment 2, the 
distance Lc is 1.0 lim, namely, the Sum of the diameter of the 
connection hole, 0.5 tim, the width of the electrode sidewall 
7a, 0.1 um, the alignment margin from the polysilicon 
electrode 4a, 0.3 um, and the width of the step sidewall 7c, 
0.1 um. Thus, the distance Lc can be decreased by 0.2 um 
as compared with the conventional distance La of 1.2 lim. 

Embodiment 4 

0.125 Embodiment 4 will now be described referring to 
FIGS. 5(a) through 5(c). In manufacturing procedures 
described in this embodiment, a connection hole for con 
necting an interconnection layer and a Silicon Substrate is 
formed So as to Stretch over an active area and a polysilicon 
interconnection on an isolation. 

0126 FIG. 5(a) shows the state where the procedures 
described in Embodiment 2 referring to FIGS. 3(a) through 
3(d) have been completed. Specifically, as is shown in FIG. 
5(a), after an isolation 2b with a top Surface higher in a 
Stepwise manner than the Surface of the active area, a step 
sidewall 7c on the side surface of the step portion of the 
isolation 2b, a gate oxide film 3, a polysilicon electrode 4a 
Serving as a gate electrode, electrode Sidewalls 7a on both 
Side Surfaces of the polysilicon electrode 4a, a low-concen 
tration Source/drain region 6, a high-concentration Source/ 
drain region 8, a polysilicon interconnection 4b on the 
isolation 2b, and interconnection sidewalls 7b on both side 
Surfaces of the polysilicon interconnection 4b are formed, an 
insulating film 12 with a thickness of approximately 0.15 um 
is formed on the entire top Surface. 
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0127 Next, as is shown in FIG. 5(b), a resist film 25c for 
forming a connection hole is formed. In this embodiment, 
the resist film 25c is formed with its exposing area Stretching 
over the active area (i.e., the high-concentration Source/drain 
region 8) and the polysilicon interconnection 4b on the 
isolation 2b when the mask alignment shift is not caused in 
the lithography. Then, the insulating film 12 is etched, 
thereby forming the connection hole 14 Stretching over the 
high-concentration Source/drain region 8, the isolation 2b 
and the polysilicon interconnection 4b. 
0128. Then, as is shown in FIG. 5(c), a local intercon 
nection 13 to be connected with the high-concentration 
Source/drain region 8 and the polysilicon interconnection 4b 
is formed on the insulating film 12. 
0129. When the high-concentration source/drain region 8 
is to be electrically connected with the polysilicon intercon 
nection 4b Serving as a gate interconnection formed on the 
isolation 2b in the conventional manufacturing procedures, 
a connection hole formed on the high-concentration Source/ 
drain region 8 and another connection hole formed on the 
polysilicon interconnection 4b are required to be positioned 
in consideration of alignment margins from the boundaries 
with the high-concentration Source/drain region 8 and the 
isolation 2b, respectively. In contrast, in this embodiment, 
the interconnection member can be connected with the 
high-concentration Source/drain region 8 and the polysilicon 
electrode 4b through one connection hole 14 without con 
sideration of the alignment margins. In addition, as 
described in Embodiments 1 through 3, the problems of the 
degradation of the junction Voltage resistance and the 
increase of the junction leakage current can be prevented 
from being caused through the over-etch in etching the 
insulating film 12. 
0.130. In this embodiment, the interconnection on the 
isolation 2b is made of a polysilicon film, but another 
conductive material or an interconnection on a layer differ 
ent from the polysilicon electrode can be used instead. 

Embodiment 5 

0131 Embodiment 5 will now be described referring to 
FIGS. 6(a) through 6(f). In manufacturing procedures 
described in this embodiment, a connection hole for con 
necting an interconnection layer and a Silicon Substrate is 
formed So as to Stretch over an active area, a gate electrode 
and an isolation. 

0132) First, as is shown in FIG. 6(a), an isolation2b with 
a top Surface higher in a stepwise manner than the Surface of 
a p-type Silicon Substrate 1 is formed. 
0133) Next, as is shown in FIG. 6(b), a polysilicon film 
4x with a thickness of 0.2 um is deposited on the entire top 
Surface, and a Silicon oxide film 15x for gate protection with 
a thickness of approximately 0.15 um is deposited on the 
polysilicon film 4.x. At this point, the thickness of the Silicon 
oxide film 15x for gate protection is required to be suffi 
ciently large in consideration of an amount of over-etch to 
be removed in etching a Subsequently formed insulating film 
12. In this embodiment, the thickness of the silicon oxide 
film 15x is substantially the same as that of the insulating 
film 12. 

0134) Then, as is shown in FIGS. 6(c) and 6(d), the 
procedures as described in Embodiment 2 referring to FIGS. 
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3(c) and 3(d) are conducted. Thus, after a polysilicon 
electrode 4a and a gate protection film 15a together Serving 
as a gate electrode, electrode Sidewalls 7a on both side 
Surfaces of the polysilicon electrode 4a and the gate pro 
tection film 15a, a low-concentration Source/drain region 6, 
a high-concentration Source/drain region 8, a polysilicon 
interconnection 4b and an interconnection protection film 
15b on the isolation2b, interconnection sidewalls 7b on both 
Side Surfaces of the polysilicon interconnection 4b and the 
interconnection protection film 15b and a step sidewall 7c 
are formed, the insulating film 12 with a thickness of 
approximately 0.15 um is formed on the entire top Surface. 
0135) Next, as is shown in FIG. 6(e), a resist film 25d for 
forming a connection hole is formed. At this point, in this 
embodiment, the resist film 25d is formed so that the 
connection hole Stretches over the polysilicon electrode 4a, 
the high-concentration Source/drain region 8 Serving as the 
active area and the isolation 2b when the mask alignment 
shift is not caused in the lithography. Accordingly, when the 
alignment shift is not caused, the exposing area of the resist 
film 25d stretches also over a part of the polysilicon elec 
trode 4a. Then, the insulating film 12 is patterned by dry 
etching. At this point, a part of the isolation 2b and the gate 
protection film 15a in the exposing area of the resist film 25d 
are also removed by Some amount by the over-etch in the dry 
etching of the insulating film 12. However, the connection 
hole 14 never reaches the polysilicon electrode 4a. 
0136. Then, as is shown in FIG. 6(f), a polysilicon film 
is deposited on the entire top Surface and then patterned, 
thereby forming a local interconnection 13 to be connected 
with the high-concentration Source/drain region 8. 
0.137 In this embodiment, the problems of the degrada 
tion of the junction Voltage resistance and the increase of the 
junction leakage current can be avoided as in the aforemen 
tioned embodiments even when the insulating film 12 is 
40% over-etched than its thickness of 0.15 um in order to 
form the connection hole 14. 

0.138. In particular in this embodiment, the connection 
hole 14 stretches also over the polysilicon electrode 4a when 
the alignment shift is not caused in the lithography. There 
fore, when the insulating film 12 is, for example, 40% 
over-etched than its thickness of 0.15 um in the dry etching 
thereof, although a part of the gate protection film 15a is 
etched by a thickness of approximately 0.06 um. However, 
the conventional problem of the electric short circuit with an 
interconnection on an upper layer through the connection 
hole can be avoided since the thickness of the gate protection 
film 15a is 0.15 lum, which is sufficiently larger than 0.06 
plm. 

0.139. It is noted that the thickness of the gate protection 
film 15a can be determined as follows: The dimensions and 
materials of the respective components are determined So as 
to Satisfy the following inequality (2), wherein “a” denotes 
the thickness of the insulating film 12; “c” denotes the 
thickness of the gate protection film 4a, “ER1” denotes the 
etching rate of the insulating film 12; “ER3 denotes the 
etching rate of the gate protection film 4a, and “OE' denotes 
the over-etch ratio of the insulating film 12 in the formation 
of the connection hole 14: 

OExax (ER3/ER1)<c (2) 
0140. At this point, a distance Ld between the polysilicon 
electrode 4a Serving as the gate electrode and the isolation 
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2b is estimated as an index of the integration. The distance 
Ld is 0.7 um, namely, the sum of the diameter of the 
connection hole, 0.5 tim, the width of the electrode sidewall 
7a, 0.1 um, and the width of the step sidewall 7c, 0.1 um. 
Thus, the distance Ld can be decreased by 0.5 um as 
compared with the conventional distance of 1.2 lim. 

Embodiment 6 

0141 Embodiment 6 will now be described referring to 
FIGS. 7(a) through 7(c). In manufacturing procedures 
described in this embodiment, a connection hole for con 
necting an interconnection layer and a Silicon Substrate is 
formed So as to Stretch over an active area, an electrode 
Sidewall and an isolation when the alignment shift is not 
caused, and is formed So as to Stretch also over a polysilicon 
electrode only when the alignment shift is caused. 
0142 FIG. 7(a) shows the state where the procedures 
described in Embodiment 5 referring to FIGS. 6(a) through 
6(d) have been completed. Specifically in FIG. 7(a), after an 
isolation2b having a top Surface higher in a Stepwise manner 
than the Surface of the active area, a step Sidewall 7c on the 
Side Surface of the Step portion of the isolation 2b, a gate 
oxide film 3, a polysilicon electrode 4a Serving as a gate 
electrode, a gate protection film 15a on the polysilicon 
electrode 4a, electrode sidewalls 7a on both side Surfaces of 
the polysilicon electrode 4a and the gate protection film 15a, 
a low-concentration Source/drain region 6, a high-concen 
tration Source/drain region 8, a polysilicon interconnection 
4b on the isolation 2b, an interconnection protection film 
15b on the polysilicon interconnection 4b, and interconnec 
tion sidewalls 7b on both side surfaces of the polysilicon 
interconnection 4b and the interconnection protection film 
15b are formed, an insulating film 12 having a thickness of 
approximately 0.15 um is formed on the entire top Surface. 
0143) Next, as is shown in FIG. 7(b), a resist film 25e 
having a pattern for forming a connection hole is formed. At 
this point, in this embodiment, the resist film 25e is formed 
So that its exposing area can expose at least the Step Sidewall 
7c and the high-concentration Source/drain region 8 Serving 
as the active area and Stretches also over the electrode 
sidewall 7a. 

0144. Then, a polysilicon film is deposited on the entire 
top Surface and patterned, thereby forming a local intercon 
nection 13 to be connected with the high-concentration 
source/drain region 8 is In the procedure shown in FIG. 7(b) 
of this embodiment, when the exposing area of the resist film 
25e is shifted by, for example, a maximum of 0.3 um due to 
the alignment shift in the lithography, the connection hole 14 
is formed So as to Stretch also over a part of the polysilicon 
electrode 4a. When the exposing area of the resist film 25e 
is shifted in the reverse direction, the connection hole 14 is 
formed So as to Stretch also over a part of the isolation 2b. 
However, in either case, the junction Voltage at the edge of 
the isolation2b is prevented from degrading and the junction 
leakage current is prevented from increasing as far as the 
dimensions and the like of the respective components are 
determined so as to Satisfy the inequalities (1) and (2). In 
addition, an electrical short circuit between an interconnec 
tion member Such as the local interconnection and the 
polysilicon electrode 4a can be avoided. 
0145 At this point, a distance Le between the polysilicon 
electrode 4a Serving as the gate electrode and the isolation 



US 2005/0156220 A1 

2b is estimated as an index of the integration. Similarly to 
Embodiment 5, the distance Le is 0.7 um, namely, the Sum 
of the diameter of the connection hole, 0.5 um, the width of 
the electrode sidewall 7a, 0.1 um, and the width of the step 
sidewall 7c, 0.1 lum. Thus, the distance Le can be decreased 
by 0.5 um as compared with the conventional distance of 1.2 
plm. 

0146 In each of the aforementioned embodiments, the 
local interconnection is adopted as the interconnection mem 
ber So as to make the insulating film 12 comparatively thin. 
However, each embodiment can be applied to an intercon 
nection member using a general global interconnection 
formed with an interlayer insulating film sandwiched. When 
the global interconnection is adopted, the interlayer insulat 
ing film is comparatively thick. Therefore, the effects of the 
embodiments can be similarly attained by decreasing the 
over-etch ratio of the interlayer insulating film in the for 
mation of the connection hole or by increasing the level 
difference between the top surface of the isolation and the 
Surface of the active area. This will be described in more 
detail in Embodiment 7 below. 

0147 Furthermore, when the isolation 2b and the gate 
protection film 15a used in Embodiment 5 or 6 are made of 
a material having a Smaller etching rate than the material for 
the insulating film 12 against the etching for forming the 
connection hole, the Semiconductor device can be manufac 
tured with more ease. 

0.148. In addition, when the insulating film 12 in each of 
the aforementioned embodiments has a multilayered Struc 
ture including at least one lower layer made of a material 
having a Smaller etching rate against the etching for forming 
the connection hole, the Semiconductor device can be manu 
factured with more ease. 

Embodiment 7 

0149 Embodiment 7 will now be described in which an 
is interconnection layer formed on a thick interlayer insu 
lating film is connected with an active area of a Semicon 
ductor Substrate through a contact hole formed on the 
interlayer insulating film. 

0150 FIGS. 8(a) through 8(c) are sectional views for 
showing procedures for forming a layered film 10 and an 
interlayer insulating film 11 instead of the comparatively 
thin insulating film 12 of Embodiment 1. As is shown in 
FIG. 8(a), after conducting the procedures shown in FIGS. 
1(a) through 1(d) and 20a) through 20c), a layered film 10 
including a silicon oxide film 10a with a thickness of 
approximately 70 nm and a silicon nitride film 10b with a 
thickness of approximately 80 nm is formed on the entire top 
Surface of the Substrate. Then, an interlayer insulating film 
11 of a silicon oxide film with a thickness of approximately 
600 nm is deposited thereon. Next, a resist film 25a having 
a pattern for forming a contact hole is formed on the 
interlayer insulating film 11. At this point, the exposing area 
of the resist film 25a is positioned without an alignment 
margin for avoiding interference with an isolation 2b. In 
FIG. 8(a), the resist film 25a is formed so that the exposing 
area Stretches over a Source/drain region 8 Serving as the 
active area of a transistor and the isolation 2b. 

0151. Next, as is shown in FIG. 8(b), etching is con 
ducted by using the resist film 25a as a mask, thereby 
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Selectively removing the interlayer insulating 25a and the 
layered film 10. Thus, a contact hole 20 stretching over the 
isolation 2b and the active area is formed. 

0152 Then, as is shown in FIG. 8(c), a plug underlying 
film 21 made of a TiN/Ti film and a W plug 22 are deposited 
within the contact hole 20 by selective CVD. Furthermore, 
an aluminum alloy film is deposited on the entire top Surface 
of the Substrate and the aluminum alloy film is patterned, 
thereby forming a first layer metallic interconnection 23. At 
this point, the first layer metallic interconnection 23 is 
electrically connected with the Source/drain region 8 Serving 
as the active area through the W plug 22 and the plug 
underlying film 23 filled in the contact hole 20. 
0153 FIGS. 9(a) through 9(c) are sectional views for 
showing procedures for forming a layered film 10 and an 
interlayer insulating film 11 instead of the comparatively 
thin insulating film 12 of Embodiment 2. In these manufac 
turing procedures, a procedure for forming Sidewalls 7a 
through 7c is added to the manufacturing procedures shown 
in FIGS. 8(a) through 8(c), so as to manufacture a transistor 
having the LDD structure. 
0154 FIGS. 10(a) through 10(c) are sectional views for 
showing procedures for forming a layered film 10 and an 
interlayer insulating film 11 instead of the comparatively 
thin insulating film 12 of Embodiment 4. In the procedure 
shown in FIG. 10(a), a resist film 25c having its exposing 
area Stretching over the active area and the gate intercon 
nection 4b is formed on the interlayer insulating film 11. 
Thereafter, the same procedures as those shown in FIGS. 
8(b) and 8(c) are conducted. 
O155 FIGS. 11(a) through 11(c) are sectional views for 
showing procedures for forming a layered film 10 and an 
interlayer insulating film 11 instead of the comparatively 
thin insulating film 12 of Embodiment 5. In the procedure 
shown in FIG.11(a), a gate protection silicon oxide film 15a 
is formed on a gate electrode 4a, and the layered film 10 and 
the interlayer insulating film 11 are formed thereon. Then, a 
resist film 25d having its exposing area Stretching over the 
isolation, the active area and the gate electrode 4a is formed 
on the interlayer insulating film 11. Thereafter, the same 
procedures as those shown in FIGS. 8(b) and 8(c) are 
conducted. 

0156. In each of the procedures shown in FIGS. 8(b), 
9(b), 10(b) and 11(b), the silicon nitride film 10b having high 
etching Selectivity against the Silicon oxide film is formed 
below the interlayer insulating film 11. Therefore, the silicon 
nitride film 10b is prevented from being completely 
removed by the over-etch in etching the interlayer insulating 
film 11. When the Silicon nitride film 10b is to be removed 
from the layered film 10, the silicon oxide film 10a is 
prevented from being completely removed since the etching 
selectivity between the silicon nitride film 10b and the 
silicon oxide film 10a below is high. Furthermore, since the 
silicon oxide film 10a has a thickness of approximately 70 
nm, which is smaller than the level difference of 0.2 tim 
between the isolation and the active area, the isolation 2b is 
prevented from being etched to be lower than the surface of 
the active area by the over-etch in etching the Silicon oxide 
film 10a. In other words, a recess where the top surface of 
the isolation 2b is lower than the Surface of the silicon 
substrate is never formed in any part of the contact hole 20. 
Accordingly, in the formation of the contact hole for elec 
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trically connecting the interconnection layer formed on the 
interlayer insulating film and the active area of the Semi 
conductor Substrate, the same effects as those described in 
the aforementioned embodiments can be attained. 

O157 However, the underlying film below the interlayer 
insulating film can be omitted in this embodiment. Even 
when it is omitted, Since the Step portion is formed between 
the top Surface of the isolation and the Surface of the active 
area, the isolation cannot be etched to be lower than the 
Surface of the active area in the formation of the contact 
hole. Thus, the degradation of the junction Voltage resistance 
the increase of the junction leakage current can be prevented 
as much as possible. 

Embodiment 8 

0158 Embodiment 8 will now be described referring to 
FIGS. 12 and 13(a) through 13(e). FIG. 12 is a sectional 
View showing the Structure of a Semiconductor device of this 
embodiment, and FIGS. 13(a) through 13(e) are sectional 
Views for Showing manufacturing procedures for the Semi 
conductor device having the structure shown in FIG. 12. 
0159 AS is shown in FIG. 12, in a silicon substrate (or 
well) 1 of one conductivity type, a trench isolation 2b is 
formed in an isolation region Reiso for partitioning an area 
in the vicinity of the surface of the silicon Substrate 1 into a 
plurality of transistor regions Refet. The top Surface of the 
isolation 2b is sufficiently higher than the surface of the 
Silicon Substrate 1 in each transistor region Refet, and a step 
portion with a predetermined level difference is formed 
between the isolation2b and the transistor region Refet. This 
isolation 2b is formed by filling a trench formed in the 
Silicon Substrate 1 with an insulating material as described 
below. Furthermore, a channel stop region 60 of the same 
conductivity type as that of the silicon Substrate 1 is formed 
at least below the isolation 2b. 

0160 In each transistor region Refet partitioned by the 
isolation 2b is formed a MOS transistor including a gate 
electrode 4a, a gate oxide film 3, electrode Sidewalls 7a, a 
low-concentration Source/drain region 6 and a high-concen 
tration Source/drain region 8. Also, on the Silicon Substrate 
1 excluding the transistor regions Refet and on the isolation 
2b, a gate interconnection 4b formed Simultaneously with 
the gate electrode 4a and interconnection Sidewalls 7b are 
formed. Furthermore, an upper gate electrode 9a, an upper 
gate interconnection 9b and a Source/drain electrode 9c each 
made of titanium silicide (TiSi) are formed on the gate 
electrode 4a, the gate interconnection 4b and the high 
concentration Source/drain region 8, respectively. 
0.161 This embodiment is characterized by a step side 
wall 7c formed on the side surface of the step portion of the 
isolation 2b simultaneously with the electrode sidewalls 7a 
and the interconnection sidewalls 7b. A part of the step 
sidewall 7c is communicated with the electrode sidewalls 7a 
and the interconnection sidewalls 7b. 

0162 Furthermore, on the entire top surface of the Sub 
Strate bearing the isolation 2b, the gate electrode 4a and the 
like, an interlayer insulating film 11 and a first layer metallic 
interconnection 23 are formed. The first layer metallic 
interconnection 23 is connected with the upper gate elec 
trode 9a and the Source/drain electrode 9c in the transistor 
region through a W plug. 22. 
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0163 Now, the manufacturing procedures for realizing 
the structure shown in FIG. 12 will be described referring to 
FIGS. 13(a) through 13(e). 
0164. First, as is shown in FIG. 13(a), a silicon oxide 
film 52 and a silicon nitride film 53 are deposited on a silicon 
substrate 1. Then, a resist film 50a for exposing the isolation 
regions Reiso and masking the transistor regions Refet is 
formed on the silicon nitride film 53. After this, etching is 
conducted by using the resist film 50a as a mask, So as to 
selectively remove the silicon nitride film 53 and the silicon 
oxide film 52 and further etch the silicon Substrate 1, thereby 
forming a trench 51. At this point, differently from the 
conventional method of forming a trench, the Silicon nitride 
film 53 has a thickneSS as large as approximately 150 
through 200 nm. However, the silicon oxide film 52 has a 
thickness of 10 through 20 nm as in the conventional 
method. The depth of the trench 51 can be approximately 
500 nm also as in the conventional method. Then, impurity 
ions of a conductivity type different from that of an impurity 
to be injected into a Subsequently formed Source/drain 
region are injected, thereby forming a channel Stop region 
60. 

0165) Next, as is shown in FIG. 13(b), after removing the 
resist film 50a, a silicon oxide film (not shown) is deposited 
So as to have a Sufficient thickness larger than the Sum of the 
depth of the trench 51 and the thickness of the remaining 
silicon nitride film 53, namely, the height from the bottom of 
the trench 51 to the top surface of the silicon nitride film 53. 
Then, the silicon oxide film is removed by the CMP method 
so as to expose the surface of the silicon nitride film 53, 
thereby flattening the entire top Surface of the Substrate. 
Through this procedure, a trench isolation 2b made of the 
Silicon oxide film is formed in the isolation region Reiso. 
The flattening method to be adopted is not limited to that 
described above but the surface can be flattened by etch 
back using a resist film having a reverse pattern to the 
pattern of the transistor region Refet. 
0166 Then, the silicon nitride film 53 is removed by 
using a phosphoric acid boiling Solution or the like and the 
silicon oxide film 52 is removed by using a hydrofluoric acid 
type wet etching Solution or the like, So as to expose the 
Surface of the Silicon Substrate 1 in the transistor region 
Refet, which procedures are not shown in the drawing. At 
this point, a step portion having a Sufficient level difference 
between the Surface of the silicon Substrate 1 in the transistor 
region Refet and the top Surface of the isolation 2b is 
exposed characteristically in this embodiment. The level 
difference is set at approximately 50 through 100 nm in 
consideration of the amount of over-etch in a procedure for 
forming sidewalls described below. However, in order to 
effectively achieve the effects of this embodiment, the 
thickness of an insulating film for the Sidewall and the 
amount of over-etch are required to be appropriately deter 
mined in the Subsequent procedure for forming the Side 
walls. 

0167 Then, as is shown in FIG. 13(c), a polysilicon film 
4 is deposited on the silicon substrate 1 and the isolation 2b, 
and the resist film 50b for exposing an area excluding the 
areas for a gate electrode and a gate interconnection is 
formed thereon. Then, the dry etching is conducted by using 
the resist film 50b as a mask, thereby forming the gate 
electrode 4a and the gate interconnection 4b, which proce 
dure is not shown in the drawing. 
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0168 Next, as is shown in FIG. 13(d), by using the gate 
electrode 4a as a mask, impurity ions at a low concentration 
are injected, thereby forming a low-concentration Source/ 
drain region 6. Then, an insulating film 7 (a silicon oxide 
film) is deposited on the entire top Surface of the Substrate. 
0169. Then, as is shown in FIG. 13(e), the insulating film 
7 is anisotropically etched, thereby forming the electrode 
sidewalls 7a on the both side surfaces of the gate electrode 
4a and interconnection sidewalls 7b on the both side Sur 
faces of the gate interconnection 4b. At the same time, a step 
sidewall 7c is formed on the side surface of the step portion 
between the silicon Substrate 1 in the transistor region Refet 
and the isolation 2b. After forming these Sidewalls, impurity 
ions are injected, thereby forming the high-concentration 
Source/drain region 8. Also at this point, the Step portion 
between the silicon Substrate 1 in the transistor region Refet 
and the isolation 2b has the Sufficient level difference. 

0170 Although the procedures thereafter are not shown 
in the drawing, an upper gate electrode 9a, an upper gate 
interconnection 9b and a source/drain electrode 9c are 
formed by a Silicifying procedure, an interlayer insulating 
film 11 is deposited and a contact hole is formed, and then 
the contact hole is filled with a metal, and a first layer 
metallic interconnection 12 is formed. In this manner, the 
MOS transistor having the trench isolation structure as 
shown in FIG. 12 is manufactured. 

0171 In the aforementioned procedures, the electrode 
Sidewalls 7a and the like are formed in order to manufacture 
a transistor with the LDD structure. However, the electrode 
Sidewalls 7a and the like can be formed in a transistor having 
the So-called pocket injection Structure, in which a punch 
through Stopper is formed by injecting an impurity of a 
different conductivity type into an area between the Source/ 
drain region and the channel region. Therefore, this embodi 
ment is applicable to Such a transistor having the pocket 
injection Structure. 
0172 In manufacturing a MOS transistor having a gate 
length of 1 um or less as in this embodiment, it is necessary 
to form the electrode sidewalls 7a on the side Surfaces of the 
gate electrode 4a in order to provide the transistor with the 
LDD structure or the pocket injection structure in which the 
Short channel effect can be Suppressed and the reliability of 
the transistor can be ensured. The thickness of the electrode 
Sidewall 7a depends upon the characteristics of a device to 
be manufactured. Since the sidewall is formed by dry 
etching with high anisotropy, its thickness can be controlled 
substantially only by controlling the thickness of the film to 
be deposited. However, 10% through 30% over-etch is 
generally conducted in consideration of the fluctuation in the 
etching rate in the wafer and the fluctuation in the thickneSS 
of the deposited film. For example, when the electrode 
sidewall 7a is formed out of an insulating film with a 
thickness of 100 nm, the etching is conducted for a time 
period corresponding to time required for removing an 
insulating film with a thickness of 110 through 130 nm. 
0173 At this point, the isolation 2b made of an oxide film 
is etched at higher Selectivity than the Silicon Substrate 1 in 
the transistor region Refet, and hence, the isolation 2b is 
removed by a thickness of, for example, 10 through 30 nm. 
Therefore, in the conventional Structure, the Surface of the 
isolation 105a becomes lower than the Surface of the silicon 
substrate 101 as is shown in FIGS. 21(a) and 21(b), resulting 
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in causing the aforementioned problems. In contrast, in the 
state of this embodiment shown in FIG. 13(d), the isolation 
2b has the Step portion whose Surface is higher than the 
Surface of the Silicon SubStrate in the transistor region Refet, 
resulting in effectively preventing the problems. In other 
words, even when the impurity ions are diagonally injected 
for the formation of the high-concentration Source/drain 
region 8, the impurity ions are prevented from being 
implanted below the edge of the isolation 2b because the 
step portion of the isolation 2b has a sufficient level differ 
ence. Accordingly, a distance between the high-concentra 
tion Source/drain region 8 and the channel Stop region 60 can 
be made Substantially constant, thereby preventing the deg 
radation of the junction Voltage resistance and the increase 
of the junction leakage. Furthermore, in the formation of the 
Source/drain electrode 9c of Silicide on the high-concentra 
tion source/drain region 8, the step sidewall 7c effectively 
prevents the silicide layer from being formed in the bound 
ary between the silicon substrate 1 and the isolation 2b. 
Therefore, it is possible to effectively prevent a short circuit 
current from occurring between the Source/drain electrode 
9c and the channel stop region 60. 
0.174. In order to effectively achieve the aforementioned 
effects in this embodiment, however, the level difference 
caused by the Step portion is preferably larger than the 
amount of over-etch in the formation of the sidewalls, that 
is, 10 through 30 nm. Furthermore, in practical use, after the 
formation of the isolation 2b, other procedures are con 
ducted in which the thickness of the Silicon oxide film used 
as the isolation 2b is decreased, Such as a procedure for 
removing the silicon oxide film 52. Therefore, it is preferred 
that the Step portion is previously formed So as to have a 
Sufficiently large level difference also in consideration of the 
afterward decreased amount. Accordingly, the lower limit of 
the thickness of the Ssilicon nitride film 53 deposited in the 
procedure shown in FIG. 13(a) is determined on the basis of 
the amount of over-etch and the etched amount in the 
procedure for removing the silicon oxide film 52. 
0175. In this embodiment, the silicon nitride film 53 is 
used as an etching mask for forming the trench 51. This film 
can be made of any material which has large etching 
Selectivity against the Silicon oxide film, and can be, for 
example, a polysilicon film or the like. 
0176) This embodiment exemplifies the so-called salicide 
Structure in which the upper gate electrode 9a and the 
Source/drain electrode 9c are simultaneously Silicified in a 
Self-aligned manner for attaining low resistance. It goes 
without Saying that the embodiment is applicable to a 
Structure in which a gate electrode is previously formed as 
a polycide electrode and a Source/drain electrode alone is 
silicified afterward. 

Embodiment 9 

0177 Embodiment 9 will now be described referring to 
FIGS. 14(a) through 14(e). This embodiment is different 
from Embodiment 8 in that a gate oxide film and a poly 
Silicon film Serving as a gate electrode are deposited before 
forming a trench isolation. 
0178 First, as is shown in FIG. 14(a), a gate oxide film 
3 and a polysilicon film 4 Serving as a gate electrode of a 
MOS transistor are Successively deposited on a Silicon 
Substrate 1. A resist film 50a for exposing an isolation region 
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Reiso and masking a transistor region Refet is patterned. By 
using the resist film 50a as a mask, the polysilicon film 4 and 
the gate oxide film 3 are selectively removed, and further the 
silicon Substrate 1 is etched, thereby forming a trench 51 
Serving as the isolation region. At this point, differently from 
the conventional method of forming a trench, the thickneSS 
of the polysilicon film 4 is set at 150 through 200 nm, that 
is, Substantially the Same thickness as that of the Silicon 
nitride film used in Embodiment 8. The gate oxide film 3 has 
a thickness of 10 through 20 nm. The depth of the trench 51 
is approximately 500 nm. Then, impurity ions of a different 
conductivity type from that of an impurity to be injected into 
a Source/drain region formed afterward are injected, thereby 
forming a channel Stop region 60. 

0179 Then, after removing the resist film 50a, a silicon 
oxide film 2 (not shown) is deposited So as to have a 
Sufficient thickness larger than the Sum of the depth of the 
trench 51 and the thickness of the remaining polysilicon film 
4, namely, the height from the bottom of the trench 51 to the 
top surface of the polysilicon film 4. The silicon oxide film 
2 is removed by the CMP method until the surface of the 
polysilicon film 4 is exposed, thereby flattening the top 
Surface of the Substrate. Through this procedure, a trench 
isolation 2b made of the silicon oxide film is formed in the 
isolation region Reiso. The flattening method to be adopted 
is not limited to that described above but the Surface can be 
flattened by etch-back using a resist film having a reverse 
pattern to the pattern of the transistor region Refet. 

0180 Next, as is shown in FIG. 14(b), a conductive film 
18 Serving as a gate interconnection layer (which can be 
made of a conductive polysilicon film; a silicide film of WSi, 
TiSi or the like; or a metal with a high melting point Such as 
W with a sandwiched barrier metal Such as TiN for achiev 
ing low resistance) and a protection film 19 made of an 
insulating film are deposited on the flattened Substrate. Then, 
a resist film 50b for exposing an area excluding the areas for 
a gate electrode and a gate interconnection is formed. By 
using the resist film 50b as a mask, dry etching is conducted, 
thereby forming a gate electrode 4a, an upper gate electrode 
18a and a protection film 19a, a gate interconnection 4b, an 
upper gate interconnection 18b and a protection film 19b, 
which procedures are not shown in the drawing. At this 
point, a Step portion having a Sufficient level difference 
between the Surfaces of the silicon Substrate 1 in the tran 
Sistor region Refet and the isolation 2b is exposed charac 
teristically in this embodiment. The level difference is 
approximately 50 through 100 nm in consideration of the 
amount of over-etch in the Subsequent procedure for form 
ing sidewalls and the like. However, in order to effectively 
achieve the effects of this embodiment, the thickness of an 
insulating film for the sidewall and the amount of over-etch 
are required to be appropriately determined in the Subse 
quent procedure for forming the Sidewalls. 

0181. Then, as is shown in FIG. 14(c), similarly to 
Embodiment 8, after forming a low-concentration Source/ 
drain region 6 on either Side of the gate electrode 4a in the 
active area, an insulating film 7 (Silicon oxide film) is 
deposited on the entire top Surface of the Substrate. 

0182 Next, as is shown in FIG. 14(d), the insulating film 
7 is anisotropically etched, thereby forming electrode Side 
walls 7a on both side surfaces of the gate electrode 4a and 
the like and interconnection sidewalls 7b on both side 

Jul. 21, 2005 

Surfaces of the gate interconnection 4b and the like. At the 
Same time, a step Sidewall 7c is formed on the Side Surface 
of the step portion between the silicon Substrate 1 in the 
transistor region Refet and the isolation 2b. After forming 
these Sidewalls, impurity ions are injected, thereby forming 
a high-concentration Source/drain region 8. Also at this 
point, the Step portion between the Silicon Substrate 1 in the 
transistor region Refet and the isolation 2b has a Sufficient 
level difference. 

0183) Next, as is shown in FIG. 14(e), a source/drain 
electrode 9c is formed out of silicide only on the high 
concentration Source/drain region 8. 
0.184 Although the procedures thereafter are not shown 
in the drawing, an interlayer insulating film 11 is deposited, 
a contact hole is formed, and the contact hole is filled with 
a metal (Such as tungsten), and a first layer metallic inter 
connection 12 is formed. Thus, a MOS transistor having a 
trench isolation similar to that shown in FIG. 12 is manu 
factured. In this embodiment, however, on the gate electrode 
4a and the gate interconnection 4b are formed the upper gate 
electrode 18a and the upper gate interconnection 18b made 
of conductive polysilicon, Silicide or the like as well as the 
protection films 19a and 19b made of the insulating film, 
respectively. The source/drain electrode 9c of silicide is 
formed in the procedure different from that for forming the 
upper gate electrode 18a and the upper gate interconnection 
18b. 

0185. In this manner, the step portion which is higher at 
the side closer to the isolation 2b is formed between the 
Silicon Substrate 1 in the transistor region Refet and the 
isolation 2b, and the Step portion is provided with the Step 
sidewall 7c on its side Surface in this embodiment. There 
fore, the same effects as those of Embodiment 8 can be 
exhibited with a reduced number of manufacturing proce 
dures. 

0186. In addition, the procedure for forming the gate 
electrode 4a and the gate interconnection 4b after the 
procedure shown in FIG. 14(b) can be conducted on the 
completely flat top Surface of the Substrate without being 
affected by the Step portion at the edge of the isolation 2b in 
this embodiment. Therefore, a refined pattern can be advan 
tageously Stably formed. 

Embodiment 10 

0187 Embodiment 10 will now be described referring to 
FIGS. 15(a) through 15(f), which are sectional views for 
showing manufacturing procedures for a Semiconductor 
device of this embodiment. 

0188 Before achieving the state shown in FIG. 15(a), a 
trench isolation 2b, a channel Stop region 60, a low-concen 
tration Source/drain region 6, a gate insulating film 3, a gate 
electrode 4a, a gate interconnection 4b and the like are 
formed through the same procedures as those described in 
Embodiment 8. Then, a protection oxide film 31, a silicon 
nitride film 32 for sidewalls and a polysilicon film 33 for a 
mask are deposited on the substrate by the CVD method. At 
this point, the thickness of a polysilicon film to be used as 
the gate electrode 4a and the gate interconnection 4b is 330 
nm, and the minimum line width is 0.35 um. The protection 
oxide film 31 has a thickness of approximately 20 nm, the 
silicon nitride film 32 has a thickness of approximately 30 
nm, and the polysilicon film 33 has a thickness of approxi 
mately 100 nm. 
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0189 Then, as is shown in FIG. 15(b), the polysilicon 
film 33 is etched back by RIE (reactive ion etching), thereby 
forming electrode polysilicon maskS 33a, interconnection 
polysilicon masks 33b and a step polysilicon mask 33c on 
Side Surfaces of the gate electrode 4a, the gate interconnec 
tion 4b and a step portion of the isolation 2b, respectively. 
At this point, the etching Selectivity between the polysilicon 
film 33 and the silicon nitride film 32 is large. 
0190. Next, as is shown in FIG. 15(c), by using the 
remaining polysilicon masks 33a, 33b and 33c as masks, wet 
etching using heated phosphoric acid (HPO) at 150° C. is 
conducted, So as to have portions of the Silicon nitride film 
32 covered with the polysilicon masks 33a, 33b and 33c 
remained and remove the other portions thereof. At this 
point, the etching Selectivity between the Silicon nitride film 
32 and the polysilicon masks 33a, 33b and 33c can be 
approximately 30:1. Through this procedure, electrode Side 
walls 32a, interconnection sidewalls 32b and a step sidewall 
32c each having an L-shape remain on the Sides of the gate 
electrode 4a, the gate interconnection 4b and the Step 
portion, respectively. 

0191) Then, as is shown in FIG. 15(d), by using the gate 
electrode 4a, the protection oxide film 31, the electrode 
polysilicon mask 33a, the electrode sidewall 32a, the step 
polysilicon mask 33c and the Step Sidewall 32c as masks, 
impurity ions are injected at a high concentration into the 
active area of the Silicon Substrate 1, thereby forming a 
high-concentration Source/drain region 8. 

0192 Then, as is shown in FIG. 15(e), the polysilicon 
masks 33a, 33b and 33c are removed by dry or wet etching. 
0193 Next, as is shown in FIG. 15(f), exposed portions 
of the protection oxide film 31 on the substrate are removed 
by using a HF type etching Solution. Then, a titanium film 
is deposited and a first RTA treatment is conducted, thereby 
forming a Silicide layer of a TiSi film through the reaction 
between titanium and silicon. The titanium film is then 
removed, and a Second RTA treatment is conducted, So that 
an upper electrode 9a, an upper interconnection 9b and a 
Source/drain electrode 9c each of a silicide layer with a low 
resistance are formed on the gate electrode 4a, the gate 
interconnection 4b and the Source/drain region 8, respec 
tively. Thereafter, an interlayer insulating film is deposited, 
the top Surface of the Substrate is flattened, a contact hole is 
formed, a metallic interconnection film is deposited, and a 
metallic interconnection is formed. Thus, an LSI is manu 
factured. 

0194 Since the protection oxide film 31 and the L-shaped 
step sidewall 32c are formed on the side surface of the step 
portion in the procedure shown in FIG. 15(f) in this embodi 
ment, the Silicide layer is effectively prevented from being 
formed in the boundary between the active area of the silicon 
Substrate 1 and the isolation 2b. 

0.195. Furthermore, since the protection oxide film 31 is 
formed on the isolation 2b and the active area of the silicon 
substrate 1 in the procedures shown in FIGS. 15(c) and 
15(d), the thickness of the isolation 2b is never decreased 
through the formation of the L-shaped sidewalls 32a, 32b 
and 32c. Accordingly, it is possible to decrease the level 
difference between the isolation 2b and the silicon Substrate 
1, resulting in improving the patterning accuracy for the 
gate. 
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0196. In the formation of the gate electrode, first and 
second conductive films can be used similarly to Embodi 
ment 2. Also in this case, the same effects as those of this 
embodiment can be exhibited. 

Embodiment 11 

0197). In each of the aforementioned embodiments, each 
Sidewall is made of an insulating material Such as a Silicon 
oxide film and a silicon nitride film. The sidewall can be 
made of a conductive material Such as a polysilicon film. 
FIG. 16(a) through 16(e) are sectional views for showing 
manufacturing procedures for a Semiconductor device 
including conductive Sidewalls. 
0198 Before attaining the state shown in FIG. 16(a), a 
trench is isolation 2b, a channel Stop region 60, a low 
concentration Source/drain region 6, a gate insulating film 3, 
a gate electrode 4a, a gate interconnection 4b and the like are 
formed through the same procedures as those described in 
Embodiment 8. Then, a protection oxide film 31 and a 
polysilicon film 34 for sidewalls are deposited on the top 
surface by the CVD method. In this embodiment, on the gate 
electrode 4a and the gate interconnection 4b are formed 
protection silicon oxide films 15a and 15b, respectively. At 
this point, a polysilicon film to be used as the gate electrode 
4a and the gate interconnection 4b has a thickness of 330 
nm, and the minimum line width is 0.35 um. The protection 
oxide film 31 has a thickness of approximately 20 nm and 
the polysilicon film 34 has a thickness of approximately 100 

. 

0199 Next, as is shown in FIG. 16(b), the polysilicon 
film 34 is etched back by the RIE, thereby forming electrode 
sidewalls 34a, interconnection sidewalls 34b and a step 
sidewall 34c each made of the polysilicon film on sides of 
the gate electrode 4a, the gate interconnection 4b and a step 
portion of the isolation 2b, respectively. 
0200 Next, as is shown in FIG.16(c), by using the gate 
electrode 4a, the protection oxide film 31, the electrode 
sidewalls 34a and the step sidewall 34c as masks, impurity 
ions are injected at a high concentration into an active area 
of the Silicon Substrate 1, thereby forming a high-concen 
tration Source/drain region 8. 
0201 Then, as is shown in FIG.16(d), exposed portions 
of the protection oxide film 31 on the substrate are removed 
by using the HF type etching Solution. Then, as is shown in 
FIG. 16(e), a titanium film is deposited and a first RTA 
treatment is conducted, thereby forming a Silicide layer 
made of a TiSi film through the reaction between titanium 
and Silicon. The titanium film is then removed and a Second 
RTA treatment is conducted, thereby forming a Source/drain 
electrode 9d made of a silicide layer stretching over the 
electrode Sidewall 34a, the high-concentration Source/drain 
region 8 and the step sidewall 34c. Since the silicide layer 
is formed also on the interconnection sidewall 34b, this 
Silicide layer can be connected with the Source/drain elec 
trode. Therefore, in this embodiment, etching is conducted 
on the isolation 2b by using a resist film or the like, So as to 
selectively remove the interconnection sidewalls 34b on the 
Sides of the gate interconnection 4b as well as the Silicide 
layer thereon. Thus, the source/drain electrodes 9d in the 
respective active areas are prevented from being mutually 
connected. It is possible to Selectively remove merely the 
interconnection sidewalls 34b on the sides of the gate 
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interconnection 4b immediately after forming the Sidewalls 
34a, 34b and 34c of the polysilicon film. 
0202) Thereafter, an interlayer insulating film is depos 
ited, the top Surface of the Substrate is flattened, a contact 
hole is formed, a metallic interconnection film is deposited, 
and a metallic interconnection is formed. Thus, an LSI is 
manufactured. 

0203. In this embodiment, the source/drain electrode 9d 
is ultimately formed So as to Stretch Over a large area 
including the electrode Sidewall 34a, the high-concentration 
Source/drain region 8 and the Step Sidewall 34C. Accord 
ingly, the level difference between the transistor region Refet 
and the isolation 2b can effectively prevent the high-con 
centration Source/drain region 8 from being brought close to 
the channel Stop region 60 in the impurity ion injection. 
Furthermore, in the formation of the Source/drain electrode 
9d of Silicide on the high concentration Source/drain region 
8, also the step sidewall 34c is silicified by a certain 
thickness. However, Since the Silicide layer is prevented 
from being formed in a further thickness, a short circuit 
current between the Source/drain electrode 9d and the chan 
nel Stop region 60 is effectively prevented from being caused 
by the formation of the silicide layer in the interface between 
the isolation and the Silicon Substrate. Moreover, Since the 
large area Stretching over the electrode Sidewall 34a, the 
high-concentration Source/drain region 8 and the Step Side 
wall 34c is silicified in this embodiment, it is very easy to 
form a contact member to be connected with an upper first 
layer interconnection. As a result, the area of the transistor 
region Refet can be decreased, namely, the integration of the 
Semiconductor device can be advantageously improved. 
Although the electrode Sidewalls 34a and the interconnec 
tion sidewalls 34b are made of a conductive polysilicon film, 
there is no possibility of a short circuit between the sidewall 
and the gate because the respective sidewalls 34a and 34b 
are insulated from the gate electrode 4a and the gate 
interconnection 4b by the protection oxide film 31. 
0204. In the formation of the gate electrode, first and 
second conductive films can be used similarly to Embodi 
ment 9, and also in this case, the same effects as those of this 
embodiment can be attained. 

0205 The sidewalls are made of a polysilicon film in this 
embodiment, and the polysilicon film can be replaced with 
an amorphous Silicon film. Furthermore, the Sidewalls can 
be made not only of a silicon film but also of another 
conductive material Such as a metal, and it is not necessarily 
required to Silicify the Sidewalls. 
0206. In each of the aforementioned embodiments, the 
description is made on the case where the Semiconductor 
element formed in the active area is a field effect transistor. 
However, the invention is not limited to these embodiments, 
and is applicable when the Semiconductor element is a 
bipolar transistor and the active area is an emitter diffused 
layer, a collector diffused layer or a base diffused layer of the 
bipolar transistor. 
0207. In each embodiment, setting of an angle of the side 
surface of the step portion to be equal to or more than 70 
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ensures a large level difference between the active area and 
the Side Surface of the Step portion around the boundary of 
the active area, thereby preventing formation of a deep 
receSS on the isolation. 

1-38. (canceled) 
39. A Semiconductor device, comprising: 
an isolation insulating area Surrounding an active area of 

a Semiconductor Substrate; 
a gate insulating film formed over the active area; 
a gate electrode formed over the gate insulating film; 
first L-shaped sidewalls formed over the side surfaces of 

the gate electrode; and 
first Silicide layerS formed on regions located on the Sides 

of the first L-shaped sidewalls within the active area. 
40. The semiconductor device of claim 39, wherein the 

first L-shaped Sidewalls are made of a Silicon nitride film. 
41. The semiconductor device of claim 39, further com 

prising first protection oxide films formed between the gate 
electrode and the first L-shaped Sidewalls. 

42. The semiconductor device of claim 39, further com 
prising a Second Silicide layer formed on the gate electrode. 

43. The semiconductor device of claim 39, further com 
prising Source/drain regions formed on both sides of the gate 
electrode within the active area, wherein the first silicide 
layers are formed on the Source/drain regions. 

44. The semiconductor device of claim 39, further com 
prising an interconnection formed over the isolation insu 
lating area; and 

Second L-shaped Sidewalls formed over the Side Surfaces 
of the interconnection. 

45. The semiconductor device of claim 44, the second 
L-shaped Sidewalls are made of a Silicon nitride film. 

46. The semiconductor device of claim 44, further com 
prising Second protection oxide films formed between the 
interconnection and the Second L-shaped Sidewalls. 

47. The semiconductor device of claim 44, further com 
prising a third Silicide layer formed on the interconnection. 

48. The semiconductor device of claim 39, wherein the 
isolation insulating area is a trench isolation. 

49. The semiconductor device of claim 48, wherein the 
trench isolation has an upper Surface higher than the Surface 
of the active area. 

50. The semiconductor device of claim 48, wherein a 
lower portion of the interconnection provided on the upper 
Surface of the trench isolation is located higher than the 
Surface of the active area. 

51. The semiconductor device of claim 44, wherein the 
interconnection is composed of the same material as the gate 
electrode. 

52. The semiconductor device of claim 51, wherein the 
gate electrode and the interconnection has at least a poly 
silicon film. 


