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SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a semiconductor 
device and a method of manufacturing the same, and par 
ticularly relates to a dynamic random access memory (which 
will be referred to as a “DRAM” hereinafter). 
0.003 2. Description of the Background Art 

0004. In recent years, demands for semiconductor 
memory devices have been rapidly increased owing to rapid 
and wide Spread of information equipments Such as com 
puters. Regarding a function, devices having a large-scale 
Storage capacity and a high operation Speed have been 
demanded. In View of this, technical development has been 
made for improving a density, a responsibility and a reli 
ability of Semiconductor memory devices. 

0005. The DRAM is a kind of semiconductor memory 
device allowing random input/output of Storage information. 
The DRAM is generally formed of a memory cell array, 
which is a Storage region Storing large Storage information, 
and a peripheral circuitry required for external input and 
output. 

0006 FIGS. 37A and 37B show a DRAM having con 
ventional memory cells of a Stacked type. Referring to 
FIGS. 37A and 37B, a p-type semiconductor Substrate 1 is 
provided at its main Surface with a p-type impurity region 3. 
A field insulating film 2 and p-type impurity regions 4a and 
4b are formed on p-type impurity region 3. p-type impurity 
regions 4a and 4b are provided for controlling threshold 
Voltages of transistors. 
0007 Lightly doped n-type impurity regions 5 which are 
Spaced from each other are formed at the Surface of p-type 
impurity region 4a. Lightly doped n-type impurity regions 5 
and heavily doped n-type impurity regions 7 are formed at 
Spaced portions of the Surface of p-type impurity region 4b. 

0008 Gate electrodes 12 are formed on the main surface 
of Semiconductor Substrate 1 in the memory cell portion 
with gate insulating films 8b therebetween, respectively, and 
gate electrodes 12 are also formed on the main Surface of 
Semiconductor Substrate 1 in the peripheral circuitry with 
gate insulating films 9 therebetween, respectively. Gate 
insulating films 8 and 9 are equal in thickness. Each gate 
electrode 12 is formed of a polycrystalline silicon film 10 
and a WSi film 11. 

0009 ATEOS (Tetra Btyle Ortho Silicate) is formed on 
gate electrode 12, and a Side wall insulating film 14 is 
formed on the side wall of gate electrode 12. Gate electrodes 
12 are covered with an interlayer insulating film 15 extend 
ing through the memory cell portion and the peripheral 
circuitry. Contact holes 15a and 15b are formed in interlayer 
insulating film 15. 

0010) A bit line 16a having a portion located within 
contact hole 15a extends on interlayer insulating film 15, 
and an interconnection layer 16b having a portion located 
within contact hole 15b extends on interlayer insulating film 
15. Bit line 16a and interconnection layer 16b are covered 
with an interlayer insulating film 17. Contact holes 17a 
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which reach lightly doped n-type impurity regions 5, respec 
tively, extend through interlayer insulating films 17 and 15. 
0011 Storage nodes 18 which have portions located 
within contact holes 17a, respectively, extend on interlayer 
insulating film 17. A surface of each storage node 18 is 
covered with a capacitor insulating film 19, over which a cell 
plate 20 is formed. Cell plate 20, capacitor insulating film 19 
and Storage node 18 form a capacitor 21. 
0012 Capacitors 21 and interlayer insulating film 17 are 
covered with an interlayer insulating film 22. The peripheral 
circuitry is provided with a contact hole 23a extending 
through interlayer insulating films 22 and 17, a contact hole 
23a reaching corresponding gate electrode 12 and a contact 
hole 23c reaching heavily doped n-type impurity region 7. 
Metal interconnections 24b, 24c and 24d, which have por 
tions located within contact holes 23a, 23b and 23c, respec 
tively, extend on interlayer insulating film 22. In the memory 
cell portion, metal interconnections 24a are formed on 
interlayer insulating film 22. 
0013 In recent years, elements have been further minia 
turized, and the thicknesses of gate insulating films 8b and 
9 have been reduced. Particularly, a concentration of p-type 
impurity region 4a for controlling a threshold Voltage of the 
transistor in the memory cell portion have been increased in 
accordance with the above reduction in thickness. Conse 
quently, Such a problem is becoming manifest that a leak 
current at a pn-junction (which will be merely referred to as 
a “junction leak current hereinafter) increases. 
0.014. According to the isolating structure of the trench 
type shown in FIGS. 37A and 37B, there is a tendency that 
a StreSS concentrates at the vicinity Such as a region A and 
B of the periphery of field insulating film 2. In this case, the 
junction leak current cannot be Suppressed Sufficiently 
because the Source/drain of the transistor in the memory cell 
portion are formed of only lightly doped n-type impurity 
region 5. Further, an etching damage is liable to occur at 
region A when side wall insulating film 14 is etched. This 
also becomes a cause of generation of the junction leak 
current. Such a junction leak current may destroy data Stored 
in Storage node 18. 
0015. Further, the foregoing increase in concentration of 
p-type impurity region 4a for the threshold Voltage control 
causes disadvantageous increase in sheet resistance of 
lightly doped n-type impurity regidn 5. 

SUMMARY OF THE INVENTION 

0016. The invention has been developed to overcome the 
above problems. An object of the invention is to reduce a 
junction leak current. 
0017 According to an aspect, a semiconductor device of 
the invention includes a first transistor having a gate insu 
lating film of a first thickness, and a Second transistor having 
a gate insulating film of a Second thickness Smaller than the 
first thickness. At least one of Source/drain of the first 
transistor is formed of a first lightly doped region and a first 
heavily doped region. At least one of Source/drain of the 
Second transistor includes a Second lightly doped region and 
a Second heavily doped region higher in concentration than 
the first heavily doped region. 
0018. As described above, the gate insulating film of the 

first transistor is thicker than the gate insulating film of the 
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Second transistor So that it is possible to lower a concentra 
tion of an impurity region provided for controlling a thresh 
old voltage of the first transistor. Thereby, it is possible to 
lower a junction leak current. Since at least one of Source/ 
drain of the first transistor has the first heavily doped region, 
the junction leak current can be lower than that in the prior 
art even if a field insulating film is adjacent to the Source/ 
drain. Further, provision of the forgoing first heavily doped 
region can reduce the sheet resistance of the Source/drain. 
Since the Second transistor has the Second heavily doped 
region of a higher concentration than the first heavily doped 
region, the sheet resistance of the Source/drain can be 
sufficiently reduced. 

0019. At least one of the source/drain of the second 
transistor may have a medium-doped region having a con 
centration higher than the Second lightly doped region and 
lower than the Second heavily doped region. 
0020. By providing the medium-doped region as 
described above, it is possible to Surround the Second 
heavily doped region by the medium-doped region. Thereby, 
it is possible to avoid direct contact of the Second heavily 
doped region with an impurity region of a different conduc 
tivity type So that concentration of an electric field can be 
Suppressed. This also contributes to reduction in junction 
leak current. 

0021 Preferably, the semiconductor device includes a 
memory cell portion for Storing data and a peripheral circuit 
portion for external input/output. In this case, it is preferable 
that the memory cell portion includes the first transistor, and 
the peripheral circuit portion includes the Second transistor. 
0022. The above structure in which the memory cell 
includes the first transistor can reduce the junction leak 
current at the memory cell portion. In the peripheral cir 
cuitry, it is possible to provide the transistor having Source/ 
drain of a reduced sheet resistance and thus having a high 
performance. 

0023) A diffusion depth (a depth of the peak concentra 
tion) of the Second heavily doped region is preferably 
Smaller than a diffusion depth of the medium-doped region. 
0024. Thereby, it is possible to surround the second 
heavily doped region by the medium-doped region, and 
thereby the junction leak current can be reduced as described 
above. 

0.025 A field insulating film may be formed in contact 
with the first heavily doped region. In this structure, the first 
and Second transistors are covered with an interlayer insu 
lating film having a contact hole reaching the first heavily 
doped region and the field insulating film, and a concavity 
is formed at the field insulating film located immediately 
under the contact hole. A Storage node is formed in the 
concavity and on the first heavily doped region. 

0026. By formation of the field insulating film in contact 
with the heavily doped region, it is possible to reduce the 
junction leak current at the vicinity of the periphery of the 
field insulating film. Further, by formation of the concavity 
at the field insulating film located immediately under the 
contact hole, it is possible to remove the field insulating film 
from a portion where a StreSS is liable to concentrate. This 
also contributes to reduction in junction leak current. By 
provision of the concavity, it is possible to increase a contact 
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area between the Storage node and the heavily doped region. 
Thereby, a contact resistance can be improved. 
0027 According to another aspect, a semiconductor 
device of the invention includes a Semiconductor Substrate 
having a main Surface, first and Second impurity regions for 
threshold Voltage control, and first and Second transistors. 
The first impurity region has a peak concentration at a 
position of a first depth from the main Surface. The Second 
impurity region is spaced from the first impurity region, and 
has a peak concentration at a position of a Second depth 
larger than the first depth. The first transistor is formed on 
the first impurity region, and has a gate insulating film of a 
first thickness. The Second transistor is formed on the Second 
impurity region, and has a gate insulating film of a Second 
thickness Smaller than the first thickness. 

0028 By employing the first transistor having the gate 
insulating film thicker than the gate insulating film of the 
Second transistor, it is possible to reduce the concentration of 
the first impurity region. Further, by locating the peak 
concentration of the first impurity region at the position 
shallower than the peak concentration of the Second impu 
rity region, it is possible to reduce further the concentration 
of the first impurity region. Thereby, the junction leak 
current can be reduced further effectively. 
0029. A third impurity region lower in concentration than 
the first impurity region may be formed under the first 
impurity region. It is preferable that the first transistor has a 
pair of first Source/drain, and at least one of the first 
Source/drain reaches the third impurity region. It is prefer 
able that the Second transistor has a pair of Second Source/ 
drain having diffusion depths Smaller than the Second depth. 
0030. Owing to the above structure in which at least one 
of the first Source/drain reaches the position deeper than the 
first impurity region, it is possible to reduce a contact area 
of the first impurity region with respect to the Source/drain. 
Thereby, the junction leak current can be further reduced. 
0031. According to still another aspect, a semiconductor 
device of the invention includes a first transistor having a 
gate insulating film of a first thickness, and a Second 
transistor having a gate insulating film of a Second thickness 
Smaller than the first thickness. The first transistor has first 
and Second impurity regions having relatively large first 
diffusion depth and relatively small second diffusion depth 
and forming Source/drain, respectively. The Second transis 
tor has third and fourth diffusion regions having diffusion 
depths smaller than the first diffusion depth and not smaller 
than the Second diffusion depth, and forming Source/drain, 
respectively. 
0032. By employing the first transistor having the gate 
insulating film thicker than the gate insulating film of the 
Second transistor as described above, the junction leak 
current can be reduced. Further, owing to the Structure 
wherein only the first diffusion region has the large diffusion 
depth, deterioration in resistance against punch through can 
be Suppressed in a Subminiaturized Structure, compared with 
a structure wherein both the first and Second impurity 
regions have equal diffusion depths. 
0033. A concentration of the first impurity region having 
the first diffusion depth is preferably higher than a concen 
tration of the Second impurity region. In this structure, a field 
insulating film may be formed in contact with the first 
impurity region. 
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0034. By deeply forming the first impurity region having 
the relatively high impurity concentration as described 
above, the periphery of the field insulating film can be 
covered with the first impurity region. Thereby, it is possible 
to reduce a junction leak current at the vicinity of the bottom 
of the field insulating film. 

0035. According to yet another aspect of the invention, a 
Semiconductor device of the invention includes first and 
Second transistors, an interlayer insulating film, a plug 
electrode, a bit line, and first and Second metal Silicide. The 
first transistor is formed on a main Surface of a Semicon 
ductor Substrate, and has first Source/drain. The Second 
transistor is formed on the main Surface with a Space from 
the first transistor, and has Second Source/drain. An inter 
layer insulating film covers the first and Second transistors, 
and has a contact hole reaching one of the first Source/drain. 
The plug electrode is formed in the contact hole. The first 
metal Silicide is formed on Surfaces of the Second Source/ 
drain. The bit line is formed on the plug electrode with a 
Second metal Silicide therebetween. 

0.036 Since a metal film for forming the metal silicide is 
usually formed by a sputtering method, it is difficult to form 
a thick metal silicide at the bottom of the contact hole. In 
contrast to this, the Second metal Silicide can be thick 
because the Second metal Silicide is formed on the plug 
electrode as described above. Meanwhile, it is possible to 
form thick metal silicide films on the Surfaces of the second 
Source/drain of the Second transistor by a known method, 
respectively. By forming the thick metal Silicide as described 
above, a heat resistance can be improved. Thereby, it is 
possible to avoid disadvantages Such as deterioration in 
junction leak current characteristic and increase in contact 
resistance, which may be caused by deterioration of the 
metal silicide due to a heat treatment at about 800° C. or 
OC. 

0037. A method of manufacturing a semiconductor 
device of an aspect of the invention includes the following 
StepS. First and Second gate electrodes of first and Second 
transistors are formed on a main Surface of a Semiconductor 
Substrate with a Space between each other. A nitride film 
covering the first and Second gate electrodes is formed. 
Sources and drains of the first and Second transistors are 
formed. An interlayer insulating film covering the nitride 
film is formed. A first contact hole reaching one of the 
Source/drain of the first transistor is formed in the interlayer 
insulating film. A Second contact hole reaching one of the 
Source/drain of the Second transistor and a third contact hole 
extending through the interlayer insulating film and the 
nitride film to the Second gate electrode are formed in the 
interlayer insulating film. A bit line connected to one of the 
Source/drain of the first transistor through the first contact 
hole as well as first and Second interconnections extending 
in the Second and third contact holes, respectively, are 
formed. 

0.038 If elements are further miniaturized and the first 
contact hole connecting the bit line to the Source/drain is 
formed in a Self-aligned manner with respect to the gate 
electrode, it is preferable to form the first contact hole in a 
Step other than that of forming the Second and third contact 
holes. This is because of Such a fact that the first contact hole 
is partially defined by the nitride film on a side wall of the 
first gate electrode during formation of the first contact hole 
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in contrast to the third contact hole penetrating the nitride 
film. By forming the first contact hole in the step other than 
the Step of forming the Second and third contact holes, it is 
possible to provide the respective contact holes having 
desired sizes and forms. Further, the plug electrode can be 
formed only in the first contact hole. Owing to formation of 
this plug electrode, a thick metal Silicide can be formed at 
the Surface thereof So that deterioration in junction leak 
current characteristic can be effectively Suppressed as 
described above. 

0039 The source/drain of the second transistor may have 
a heavily doped region, and the Step of forming the Source/ 
drain of the Second transistor may include the Step of 
forming first metal silicide at the surface of the heavily 
doped region. The Step of forming the bit line may include 
the Steps of forming the plug electrode in the first contact 
hole, forming Second metal Silicide at the Surface of the plug 
electrode, and forming the bit line on the Second metal 
Silicide. 

0040. By forming the first metal silicide at the surface of 
the heavily doped region in the Source/drain of the Second 
transistor, it is possible to reduce a sheet resistance of the 
Source/drain of the Second transistor. Further, by forming the 
plug electrode in the first contact hole, it is possible to 
SuppreSS deterioration injunction leak current characteristic 
as described above. 

0041 According to yet another aspect, a method of 
manufacturing a Semiconductor device of the invention 
includes the following Steps. First and Second electrodes of 
first and Second transistors are formed on a main Surface of 
a Semiconductor Substrate with a Space between each other. 
A nitride film covering Side walls of the first and Second gate 
electrodes is formed. First impurity regions are formed at 
opposite Sides of the first and Second gate electrodes. An 
interlayer insulating film covering the first and Second gate 
electrodes is formed. A contact hole reaching one of the first 
impurity regions of the first transistor and the nitride film is 
formed in the interlayer insulating film. A Second impurity 
region overlapping with the one of the first impurity regions 
of the first transistor and having a higher concentration than 
the first impurity region is formed by introducing impurity 
into the Semiconductor Substrate through the contact hole. A 
Storage node electrically connected to the Second impurity 
region through the contact hole is formed. 
0042. By forming the second impurity region as 
described FIGS. 12 and 13 are cross sections showing 1st 
and 2nd Steps in a process of manufacturing a p-channel 
MOS transistor in a peripheral circuitry, respectively; 
0043 FIGS. 14A and 14B are cross sections showing a 
DRAM of an embodiment 2 of the invention; 
0044) FIGS. 15A and 15B to 17A and 17B are cross 
Sections showing distinctive 1st-3rd Steps in a process of 
manufacturing the DRAM shown in FIGS. 14A and 14B; 
004.5 FIGS. 18A and 18B are cross sections showing a 
DRAM of a modification of the embodiment 2; 

0046 FIGS. 19A and 19B are cross sections showing a 
DRAM of an embodiment 3 of the invention; 

0047 FIGS. 20A and 20B are cross sections showing a 
distinctive step of manufacturing the DRAM of the embodi 
ment 3; 



US 2001/0002719 A1 

0048 FIGS. 21A and 21B are cross sections showing a 
DRAM of an embodiment 4 of the invention; 

0049 FIGS. 22A and 22B to 24A and 24B are cross 
Sections showing distinctive 1st to 3rd Steps in a process of 
manufacturing the DRAM shown in FIGS. 21A and 21B: 
0050 FIGS. 25A and 25B are cross sections showing a 
DRAM of an embodiment 5 of the invention; 
0051 FIGS. 26A and 26B to 30A and 30B are cross 
Sections showing distinctive 1st to 5th Steps in a process of 
manufacturing the DRAM shown in FIGS. 25A and 25B; 
0.052 FIGS. 31A, 31B, 32A and 32B show first and 
Second steps in a modification of a process of forming a 
titanium Silicide film; 
0053 FIGS. 33A and 33B are cross sections showing 
another modification of the method of forming the titanium 
silicide film; 
0.054 FIG. 34 is a plan showing a memory cell portion 
in a DRAM of an embodiment 6 of the invention; 
0055 FIGS. 35A and 35B are cross sections showing the 
DRAM of the embodiment 6 of the invention; 
0056 FIGS. 36A and 36B are cross sections showing a 
modification of the DRAM shown in FIG. 35; and 
0057 FIGS. 37A and 37B are cross sections showing by 
way of example a conventional DRAM. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.058 Embodiments of the invention will be described 
below with reference to FIGS. 1 to 36. 

0059 (Embodiment 1) 
0060 Referring first to FIGS. 1A and 1B to FIG. 13, an 
embodiment 1 of the invention and its modification will now 
be described below. FIGS. 1A and 1B are cross sections 
showing a DRAM of the embodiment 1 of the invention. 
0061 Referring to FIGS. 1A and 1B, a p-type semicon 
ductor Substrate 1 is provided at its main Surface with a 
trench, in which a field insulating film 2 is formed. A p-type 
impurity region 3 for increasing an isolating performance is 
formed under field insulating film 2. p-type impurity regions 
4a and 4b are formed on p-type impurity region 3 for 
controlling threshold Voltages of transistorS. p-type impurity 
region 4a located in the memory cell portion has an impurity 
concentration of about 10" atoms/cm, and p-type impurity 
region 4b located in the peripheral circuitry has an impurity 
concentration of about 10" atoms/cm. 

0.062 Source and drain, each of which is formed of a 
lightly doped n-type impurity region 5 and a medium-doped 
n-type impurity region 6, are formed at the Surface of p-type 
impurity region 4a. Lightly doped n-type impurity region 5 
has a concentration from about 10' to about 10' atoms/ 
cm, and medium-doped n-type impurity region 6 has a 
concentration from about 10' to about 10' atoms/cm. 
More preferably, the concentration of medium-doped n-type 
impurity region 6 is three to ten times larger than the 
concentration of lightly doped n-type impurity region 5. 
0.063. In the peripheral circuitry, p-type impurity region 
4b is provided at its surface with source/drain, each of which 
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is formed of three regions having different impurity con 
centrations. More specifically, each of the Source/drain is 
formed of lightly doped n-type impurity region 5, medium 
doped n-type impurity region 6 and heavily doped n-type 
impurity region 7. Heavily doped n-type impurity region 7 
has a concentration from about 10' to about 10° atoms/ 
cm. 

0064. In the memory cell portion, a gate electrode 12 is 
formed on the main Surface of p-type Semiconductor Sub 
Strate 1 located between the Source/drain with a gate insu 
lating film 8 therebetween. In the peripheral circuitry, a gate 
electrode 12 is formed on the main Surface of p-type 
Semiconductor Substrate 1 located between the Source/drain 
with a gate insulating film 9 therebetween. Gate insulating 
film 9 has a thickness of, e.g., about 10 nm, and gate 
insulating film 9 has a thickness of, e.g., about 5 nm. Owing 
to this structure in which gate insulating film 8 in the 
memory cell portion is thicker than gate insulating film 9 in 
the peripheral circuitry, it is possible to lower the concen 
tration of p-type impurity region 4a in the memory cell 
portion. This is because increase in thickness of gate insu 
lating film 8 can increase the threshold voltage of the MOS 
transistor. By reducing the concentration of p-type impurity 
region 4, it is possible to reduce the junction leak current. 
0065. By reducing the concentration of p-type impurity 
region 4a, a junction leak can be reduced even if medium 
doped n-type impurity region 6 is formed. Owing to forma 
tion of medium-doped n-type impurity region 6, it is pos 
Sible to reduce the leak current at the vicinity of the contact 
portions between medium-doped n-type impurity region 6 
and field insulating film 2. In addition to this, it is also 
possible to reduce a sheet resistance of the Source/drain in 
the memory cell portion. Thereby, the MOS transistors 
having a high performance and a high reliability are formed 
in the memory cell portion. 
0066. In the peripheral circuitry, the source/drain of MOS 
transistor have heavily doped n-type impurity regions 7 So 
that the sheet resistance of Source/drain can be reduced even 
if p-type impurity region 4b for threshold Voltage control has 
a high concentration. Therefore, deterioration in perfor 
mance of the MOS transistor can be suppressed. As shown 
in FIGS. 1A and 1B, heavily doped n-type impurity region 
7 has a diffusion depth smaller than that of medium-doped 
n-type impurity region 6. Thereby, it is possible to form 
medium-doped n-type impurity region 6 Surrounding 
heavily doped n-type impurity region 7. As a result, con 
centration of an electric field can be Suppressed, and a 
junction leak current at the peripheral circuitry can be 
reduced. 

0067 ATEOS oxide film 13 is formed on the top of each 
gate electrode 12, and Side wall insulating film 14 is formed 
on the Side wall of gate electrode 12. Gate electrodes 12 are 
covered with interlayer insulating film 15. Contact holes 15a 
and 15b are formed at interlayer insulating film 15. Abit line 
16a is present in contact hole 15a, and an interconnection 
layer 16b is present in contact hole 15b. Each of bit line 16a 
and interconnection layer 16b has a layered Structure formed 
of, e.g., WSi and polycrystalline Silicon. 
0068 Bit line 16a and interconnection layer 16b are 
covered with an interlayer insulating film 17. A contact hole 
17a extends through interlayer insulating films 17 and 15, 
and reaches medium-doped n-type impurity region 6. A 
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Storage node 18 having a portion located in contact hole 17a 
extends on interlayer insulating film 17. Storage node 18 is 
covered with a capacitor insulating film 19, over which a cell 
plate 20 is formed. Cell plate 20, capacitor insulating film 19 
and Storage node 18 form a capacitor 21. 
0069. An interlayer insulating film 22 covering capaci 
tors 21 is formed on interlayer insulating film 17. A metal 
interconnection 24a is formed on interlayer insulating film 
22 located in the memory cell portion. The peripheral 
circuitry is provided with a contact hole 23a extending 
through interlayer insulating films 22 and 17, a contact hole 
23b reaching gate electrode 12 and a contact hole 23c 
reaching heavily doped n-type impurity region 7. Metal 
interconnections 24b-24d which have portions located in 
contact holes 23a-23c, respectively, extend on interlayer 
insulating film 22. 
0070 Referring to FIGS. 2A and 2B to 8A and 8B, 
description will be given on a method of manufacturing the 
DRAM shown in FIGS. 1A and 1B. FIGS. 2A and 2B to 
8A and 8B are cross sections showing distinctive 1st to 7th 
Steps in a process of manufacturing the DRAM shown in 
FIGS. 1A and 1B. 

0071 Referring to FIGS. 2A and 2B, the trench is 
formed at the main Surface of p-type Semiconductor Sub 
strate 1, and field insulating film 2 is formed by filling the 
trench with an insulating film Such as a Silicon oxide film. 
Then, p-type impurity regions 3, 4a and 4b are formed by an 
ion implanting method or the like. Then, a Silicon oxide film 
25 is formed over the entire surface by a thermal oxidizing 
method or the like. Silicon oxide film 25 has a thickness 
from about 7 to about 8 nm. 

0072. As shown in FIGS. 3A and 3B, silicon oxide film 
25 is selectively etched to remove silicon oxide film 25 
formed in the peripheral circuitry. Then, a thermal oxidizing 
method or the like is performed again to form a Silicon oxide 
film of about 5 nm in thickness. Thereby, as shown in FIGS. 
4A and 4B, gate insulating film 8 of about 10 nm in 
thickneSS is formed in the memory cell portion, and gate 
insulating film 9 of about 5 nm in thickness is formed in the 
peripheral circuitry. 
0073) Referring to FIGS. 5A and 5B, polycrystalline 
silicon film 10, WSi film 11 and TEOS oxide film 13 are 
Successively deposited, and then are patterned. Thereby, gate 
electrodes 12 are formed. Thereafter, ions of, e.g., phospho 
rus are implanted into Semiconductor Substrate 1 with a dose 
of 5x10°-5x10 atoms/cm and 5-50 keV. Thereby, lightly 
doped n-type impurity regions 5 are formed in the memory 
cell portion and the peripheral circuitry. 
0074) Referring to FIGS.6A and 6B, side wall insulating 
films 14 are formed on the side walls of gate electrodes 12 
and, thereafter, ions of, e.g., phosphorus are implanted into 
semiconductor substrate 1 with a dose of 3x10'-5'x10' 
atoms/cm and 10-100 keV. Thereby, medium-doped n-type 
impurity regions 6 are formed in the memory cell portion 
and the peripheral circuitry. Thereby, it becomes possible to 
reduce the leak current at region A near the periphery of field 
insulating film 2, which may be caused by a StreSS and/or a 
damage due to etching of Side wall insulating films 14, and 
cannot be sufficiently reduced only by the lightly doped 
n-type impurity region 5 in the prior art. 
0075) Referring to FIGS. 7A and 7B, a pair of heavily 
doped n-type impurity regions 7 are formed only in the 
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peripheral circuitry. In this processing, the dose and implant 
ing energy of n-type impurity are controlled So that the 
diffusion depth of heavily doped n-type impurity region 7 
may be Smaller than that of medium-doped n-type impurity 
region 6. Thereby, heavily doped n-type impurity region 7 
Surrounded by medium-doped n-type impurity region 6 is 
formed as shown in FIGS. 7A and 7B. 

0.076 Referring to FIGS. 8A and 8B, an interlayer 
insulating film 15 is formed on the whole main surface of 
semiconductor Substrate 1, and contact holes. 15a and 15b 
are formed in interlayer insulating film 15. Thereafter, bit 
line 16a and interconnection layer 16b are formed. 
0077. Then, interlayer insulating film 17 covering bit line 
16a and interconnection layer 16b is formed, and contact 
holes 17a are formed in the memory cell portion. After 
Successively forming Storage nodes 18, capacitor insulating 
films 19 and cell plates 20, interlayer insulating film 22 is 
formed. In the peripheral circuitry, contact holes 23a-23C are 
then formed, and metal interconnections 24a-24d are 
formed. Through the steps described above, the DRAM 
shown in FIGS. 1A and 1B is completed. 
0078 Referring to FIGS. 9A and 9B to 13A and 13B, a 
modification of the embodiment 1 will be described below. 
Referring first to FIGS. 9A and 9B as well as FIGS. 10A 
and 10B, description will be given on a modification of a 
method of manufacturing gate insulating films 8 and 9. In 
the foregoing embodiment 1, gate insulating films 8 and 9 
having different thicknesses are formed by performing twice 
the processing of forming the Silicon oxide film. As shown 
in FIGS. 9A and 9B, however, an oxynitride film 33 may be 
formed after patterning silicon oxide film 25. Oxynitride 
film 33 can be formed by performing film deposition with a 
gas containing nitrogen. 

0079 Thereafter, steps similar to those of the embodi 
ment 1 are performed so that the MOS transistors having 
gate insulating films 8a and the MOS transistors having gate 
insulating films 9a are formed in the memory cell portion 
and the peripheral circuitry, respectively, as shown in FIGS. 
10A and 10B. By employing the oxynitride film as the gate 
insulating film, it is possible to provide gate insulating films 
8a and 9a having a high reliability. 
0080 Referring to FIGS. 11A and 11B, another modifi 
cation will be described below. In this modification, as 
shown in FIGS. 11A and 11B, a p-type impurity region 4a1 
for threshold voltage control has a diffusion depth smaller 
than the diffusion depth of p-type impurity region 4b in the 
peripheral circuitry. This allows further reduction in peak 
concentration of p-type impurity region 4a 1. As a result, the 
junction leak current can be further reduced. Since the 
concentration of p-type impurity region 4a 1 can be reduced, 
the sheet resistance of lightly doped n-type impurity region 
5 can be reduced. 

0081 Further, the structure, in which p-type impurity 
region 4a 1 has the diffusion depth smaller than the diffusion 
depth of medium-doped n-type impurity region 6, results in 
Such a structure that medium-doped n-type impurity region 
6 extends into the lightly doped p-type impurity region 
located under p-type impurity region 4a 1. Thereby, the 
junction leak current can be further reduced. 
0082 The impurity for threshold voltage control may be 
implanted after forming gate insulating films 8 and 9 or after 
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forming gate electrode 12. In the peripheral circuitry, the 
gate insulating film may have a different thickness. By 
providing the gate insulating film having a different thick 
neSS in the peripheral circuitry, it is possible to form the 
MOS transistors having different threshold voltages with a 
constant channel implantation dose. 
0.083. The embodiment 1 has been described in connec 
tion with the case where n-channel MOS transistors are 
formed in the peripheral circuitry. p-channel MOS transis 
tors can be formed in the peripheral circuitry as follows. 
0084. Referring to FIG. 12, n-type impurity regions 27 
and 28 are formed at the surface of an n-well region 26. 
Lightly doped n-type impurity region 5 and medium-doped 
n-type impurity region 6 are formed at the Surface of n-type 
impurity region 28 by a manner Similar to that of the 
foregoing embodiment 1. 
0085. Referring to FIG. 13, p-type impurity is implanted 
into Semiconductor Substrate 1 to form a pair of heavily 
doped p-type impurity regions 29 forming Source/drain. 
0.086. In this manner, the p-channel MOS transistor is 
formed, whereby it is not necessary to form a mask covering 
a region for forming the p-channel MOS transistor when 
forming lightly doped n-type impurity region 5 and medium 
doped n-type impurity region 6. This simplifies the manu 
facturing process. As shown in FIG. 13, the diffusion depth 
of heavily doped p-type impurity region 29 is Smaller than 
the diffusion depth of medium-doped n-type impurity region 
6, whereby a resistance against punch through can be 
improved. 
0087 (Embodiment 2) 
0088 Referring to FIGS. 14A and 14B to 18A and 18B, 
an embodiment 2 of the invention and a modification thereof 
will be described below. FIGS. 14A and 14B are cross 
sections showing a DRAM of the embodiment 2 of the 
invention. 

0089. In the memory cell portion of the embodiment 2, as 
shown in FIGS. 14A and 14B, one of Source/drain of each 
MOS transistor is formed of only lightly doped n-type 
impurity region 5, and the other of Source/drain is formed of 
lightly doped n-type impurity region 5 and a medium-doped 
n-type impurity region 6a. In the peripheral circuitry, each of 
the source/drain of the MOS transistor is formed of lightly 
doped n-type impurity region 5 and heavily doped n-type 
impurity region 7. Structures other than the above are the 
same as those shown in FIG. 1. 

0090. As shown in FIGS. 14A and 14B, the source or 
drain connected to bit line 16a is formed of only lightly 
doped intype impurity region 5 So that the junction capacity 
can be reduced as compared with the embodiment 1, and 
also the resistance against punch through can be improved. 
Further, similarly to the embodiment 1, the leak current at 
the vicinity of region A can be reduced. 
0091 Referring to FIGS. 15A and 15B to 17A and 17B, 
a method of manufacturing the DRAM shown in FIGS. 14A 
and 14B will be described below. FIGS. 15A and 15B to 
17A and 17B are cross sections showing distinctive 1st to 
3rd steps in a process of manufacturing the DRAM shown 
in FIGS. 14A and 14B. 

0092 Referring to FIGS. 15A and 15B, steps similar to 
those of the embodiment 1 are performed to form lightly 
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doped n-type impurity region 5 and others to be formed prior 
to the same. Then, Side wall insulating film 14 is formed, and 
heavily doped n-type impurity region 7 is formed only in the 
peripheral circuitry. In this processing, heavily doped n-type 
impurity region 7 in the peripheral circuitry may be formed 
by implanting both arsenic and phosphorus. Thereby, the 
sheet resistance of the Source/drain under Side wall insulat 
ing film 14 can be reduced. 
0093. As shown in FIGS. 16A and 16B, bit line 16a and 
interconnection layer 16b as well as others to be formed 
before them are formed in the same manner as the embodi 
ment 1. Interlayer insulating film 17 covering bit line 16a is 
formed, and contact holes 17a are formed as shown in FIGS. 
17A and 17B. Through contact holes 17a, phosphorus ions 
are implanted with a dose of 3x10'-5'x10' atoms/cm' and 
30-200 keV. Thereby, medium-doped n-type impurity 
regions 6a are formed. Thereafter, StepS. Similar to those in 
the embodiment 1 are performed to complete the DRAM 
shown in FIGS. 14A and 14B. 

0094) Referring to FIGS. 18A and 18B, a modification of 
the embodiment 2 will be described below. FIGS. 18A and 
18B are cross sections showing the DRAM of this modifi 
cation. 

0.095 Referring to FIGS. 18A and 18B, p-type impurity 
region 4a 1 in this modification is shallower than p-type 
impurity region 4b. In this structure, Source/drain connected 
to bit line 16a is formed of only lightly doped n-type 
impurity region 5. Therefore, the junction leak current can 
be reduced more effectively than the structure shown in 
FIGS. 11A and 11B. 

0096] (Embodiment 3) 
0097. Referring to FIGS. 19A and 19B as well as FIGS. 
20A and 20B, description will be given on an embodiment 
3 of the invention. FIGS. 19A and 19B are cross Sections 
showing a DRAM of the embodiment 3 of the invention. 
0.098 Referring to FIG. 19A and 19B, the structure of 
the embodiment 3 is provided with heavily doped n-type 
impurity region 7a which extends to a position under 
medium-doped n-type impurity region 6a in the embodi 
ment 2. Heavily doped n-type impurity region 7a has a 
concentration from about 10' to about 10' atoms/cm, 
which is higher than the concentration of medium-doped 
n-type impurity region 6a. Heavily doped n-type impurity 
region 7a reaches the bottom of field insulating film 2. 
0099 Owing to provision of heavily doped n-type impu 
rity region 7a described above, it is possible to reduce a leak 
current also at the vicinity of region B in FIGS. 19A and 
19B. Thereby, the leak current can be reduced more effec 
tively than the embodiment 2 already described. 
0100 Referring to FIG. 20A and 20B, description will 
be given on a method of manufacturing the DRAM shown 
in FIGS. 19A and 19B. FIGS. 20A and 20B are croSS 
Sections showing a distinctive Step in a process of manu 
facturing the DRAM shown in FIGS. 19A and 19B. 
0101 Referring to FIGS. 20A and 20B, steps similar to 
those of the embodiment 2 are performed to form medium 
doped n-type impurity region 6a and others to be formed 
prior to the same. Then, phosphorus ions are implanted 
through contact holes 17a with a dose from 3x10' to 5x10' 
atoms/cm and 30-200 keV. Thereby, heavily doped n-type 
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impurity regions 7a extending under medium-doped n-type 
impurity regions 6a are formed. Thereafter, StepS. Similar to 
those in the embodiment 1 are performed to complete the 
DRAM Shown in FIGS. 19A and 19B. 

0102 (Embodiment 4) 
0103) Referring to FIGS. 21A and 21B to 24A and 24B, 
an embodiment 4 of the invention will be described below. 
FIGS. 21A and 21B are cross sections showing a DRAM of 
the embodiment 4 of the invention. 

0104. In this embodiment 4, as shown in FIGS. 21A and 
21B, a thin silicon oxide film 31 is formed to cover each gate 
electrode 12, and a silicon nitride film 30 is formed over 
silicon oxide film 31. A bit line 16a 1 is made of metal Such 
as WITN/Tior the like. Atitanium silicide film 32 is formed 
between bit line 16a 1 and medium-doped n-type impurity 
region 6. 
0105. In the peripheral circuitry, interconnection layers 
16b1 and 16c made of the same material as bit line 16a 1 are 
formed. Titanium silicide film 32 is formed between inter 
connection layer 16b1 and heavily doped n-type impurity 
region 7. Metal interconnection 24c is connected to gate 
electrode 12 through interconnection layer 16c. Structures 
other than the above are the same as those shown in FIGS. 
1A and 1B. 

0106. In the embodiment 4, silicon nitride film 30 cov 
ering each gate electrode 12 is formed as shown in FIGS. 
21A and 21B. Silicon nitride film 30 is provided for 
forming, in a self-aligned manner, a contact hole 15a1 for 
connecting bit line 16a 1 to medium-doped n-type impurity 
region 6. Provision of silicon nitride film 30 allows further 
miniaturization. 

0107. Owing to formation of titanium silicide film 32 at 
a contact portion of source/drain with bit line 16a 1 or 
interconnection layer 16b1, it is possible to stabilize the 
contact resistance. In this structure, titanium Silicide film 32 
may be formed on the Surface of medium-doped n-type 
impurity region 6 or the Surface of heavily doped n-type 
impurity region 7. Thereby, it is possible to reduce the leak 
current compared with the case where titanium Silicide film 
32 is formed at the surface of the lightly doped impurity 
region. 

0108) Referring to FIGS. 22A and 22B to 24A and 24B, 
description will be given on a method of manufacturing the 
DRAM shown in FIGS. 21A and 21B. FIGS. 22A and 22B 
to 24A and 24B are croSS Sections showing distinctive 1st to 
3rd steps in a process of manufacturing the DRAM shown 
in FIGS. 21A and 21B. 

0109 Referring to FIGS. 22A and 22B, steps similar to 
those of the embodiment 1 are performed to form gate 
insulating films 8 and 9 and others to be formed prior to the 
same. The polycrystalline silicon film, WSi film, silicon 
oxide film and Silicon nitride film are Successively depos 
ited, and are patterned. Thereafter, lightly doped n-type 
impurity region 5 is formed in a manner Similar to that in the 
embodiment 1. Then, silicon oxide film 31 is formed on the 
Side wall of gate electrode 12, and the Silicon nitride film is 
formed thereon. In this manner, silicon nitride films 30 
shown in FIGS. 22A and 22B are formed. Using silicon 
nitride film 30 as a mask, medium-doped n-type impurity 
region 6 and heavily doped n-type impurity region 7 are 
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formed in the same manner as the embodiment 1. Thereafter, 
interlayer insulating film 15 is formed, and contact hole 
15a1 is formed only in the memory cell portion. 

0110 Referring to FIGS. 23A and 23B, contact holes 
15b and 15c are formed in the peripheral circuitry. In this 
manner, contact hole 15a1 in the memory cell portion is 
formed in the Step other than that of forming contact holes 
15b and 15c in the peripheral circuitry, whereby it is possible 
to control more accurately the sizes and forms of contact 
hole 15a1 formed in a Self-aligned manner and contact hole 
15c. 

0111 Referring to FIGS.24A and 24B, the titanium film, 
TiN film and W film are successively formed, and a heat 
treatment is effected. Thereby, titanium silicide film 32 is 
formed at a portion in contact with Semiconductor Substrate 
1. Thereafter, the layered structure thus formed is patterned. 
Thereby, bit line 16a 1 and interconnection layers 16b1 and 
16c are formed. Thereafter, steps similar to those in the 
embodiment 1 are performed to complete the DRAM shown 
in FIG. 21A and 21B. A medium-doped n-type impurity 
region 6a may be formed in place of medium-doped n-type 
impurity region 6 located immediately under bit line 16a 1. 

0112 (Embodiment 5) 
0113 Referring to FIGS. 25A and 25B to 33A and 33B, 
description will be given on an embodiment 5 of the 
invention and a modification thereof. FIGS. 25A and 25B 
are cross sections showing a DRAM of the embodiment 5 of 
the invention. 

0114. In the embodiment 5, as shown in FIGS. 25A and 
25B, a polycrystalline silicon plug 36 is formed in contact 
hole 15a, and a bit line 16a2 is formed on polycrystalline 
silicon plug 36 with a titanium silicide film 37 therebetween. 
Bitline 16a2 is made of a material similar to that of bit line 
16a 1. 

0.115. In the peripheral circuitry, a titanium silicide film 
35 is formed at the surface of heavily doped n-type impurity 
region 7. Metal interconnection 24c is directly connected to 
gate electrode 12. Structures other than the above are the 
same as those shown in FIGS. 21A and 21B. 

0116. By forming titanium silicide film 37 on polycrys 
talline Silicon plug 36 as described above, it is possible to 
form the titanium silicide film which is thicker than titanium 
Silicide film 32 shown in FIGS. 21A and 21B. This is 
because that the titanium film for forming titanium Silicide 
film 32 is usually formed by the Sputtering method, and 
therefore it is difficult to increase its thickness at the bottom 
of contact hole 15a1. In the peripheral circuitry, titanium 
film 35 can likewise be thicker than that in the embodiment 
4 by the same reason. Owing to formation of thick titanium 
silicide films 35 and 37 as described above, it is possible to 
SuppreSS effectively the increase injunction leak current and 
contact resistance, which may be caused due to condensa 
tion of the titanium silicide film when a heat treatment at 
about 800° C. or more is performed in a later step. 
0117. In FIGS. 25A and 25B, medium-doped n-type 
impurity region 6 immediately under polycrystalline Silicon 
plug 36 may likewise be eliminated. Although the titanium 
silicide film is used in the embodiments 4 and 5, another 
metal Silicide film, e.g., of cobalt Silicide may be used. 
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0118 Referring to FIGS. 26A and 26B to 30A and 30B, 
description will be given on a method of manufacturing the 
DRAM Shown in FGS. 25A and 25B. FIGS. 26A and 2.6B 
to 30A and 30B are cross sections showing distinctive 1st to 
5th steps in a process of manufacturing the DRAM shown in 
FIGS. 25A and 25B. 

0119 Referring to FIGS. 26A and 26B, steps similar to 
those of the embodiment 4 are performed to form heavily 
doped n-type impurity region 7 and others to be formed prior 
to the same. These StepS are performed to left Silicon oxide 
film 31 covering the Surface of medium-doped n-type impu 
rity region 6 in the memory cell portion. Thereby, it is 
possible to prevent a damage against Semiconductor Sub 
strate 1 due to the etching of silicon nitride film 30. 

0120) As shown in FIGS. 27A and 27B, titanium film 34 
is formed on the entire Surface by the Sputtering method or 
the like. In this processing, Silicon oxide film 31 covering 
medium-doped n-type impurity region 6 is already present in 
the memory cell portion So that medium-doped n-type 
impurity region 6 is not in contact with titanium film 34. In 
the peripheral circuitry, however, heavily doped n-type 
impurity region 7 is in contact with titanium film 34. In this 
State, lamp annealing is effected on titanium film 34. 

0121 Then, as shown in FIGS. 28A and 28B, the above 
lamp annealing forms titanium silicide film 35 in a self 
aligned manner at the Surface of heavily doped n-type 
impurity region 7 in the peripheral circuitry. 

0122) Then, as shown in FIGS. 29A and 29B, contact 
hole 15a is formed in the memory cell portion after forming 
interlayer insulating film 15. Polycrystalline silicon plug 36 
is formed in contact hole 15a. Thereafter, contact hole 15b 
is formed in the peripheral circuitry. 

0123 Then, titanium silicide film 37 is formed at the 
surface of polycrystalline silicon plug. 36, and bit line 16a2 
and interconnection layer 16b1 are formed in a manner 
similar to that in the embodiment 4. Thereafter, steps similar 
to those in the embodiment 1 are performed to complete the 
DRAM shown in FIG. 25. 

0124) Referring to FIGS. 31A and 31B to 33A and 33B, 
the modification of the embodiment 5 will be described 
below. FIGS. 31A and 31B to 33A and 33B are cross 
Sections showing distinctive Steps in this modification. In 
this modification, as shown in FIGS. 31A and 31B, silicon 
nitride film 30 is left on the Surface of semiconductor 
Substrate 1 located between gate electrodes 12 in the 
memory cell portion. In this State, medium-doped n-type 
impurity region 6 is formed. Thereby, medium-doped n-type 
impurity region 6b having a larger diffusion depth than that 
in the memory cell portion is formed in the peripheral 
circuitry. Owing to provision of medium-doped n-type 
impurity region 6b at a deep position, it is possible to 
SuppreSS effectively punching of heavily doped n-type impu 
rity region 7, which will be formed in a later step, through 
medium-doped n-type impurity region 6b. Similarly to the 
case shown in FIGS. 26A and 26B, an etching damage to 
the Surface of the Semiconductor Substrate in the memory 
cell portion can be effectively Suppressed. 

0125 Referring to FIGS. 32A and 32B, titanium film 34 
is formed on the entire Surface after forming heavily doped 
n-type impurity region 7 in the peripheral circuitry. In this 
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State, lamp annealing is effected on titanium film 34. 
Thereby, titanium silicide film 35 is formed. 
0.126 Subsequently to the step of forming titanium film 
34 on the entire Surface, the foregoing lamp annealing may 
be effected after selectively removing titanium film 34 in the 
memory cell portion, as shown in FIGS. 33A and 33B. In 
this case, titanium silicide film 35 may likewise be formed 
Selectively on the Surface of heavily doped n-type impurity 
region 7. 

0127 (Embodiment 6) 
0128 Referring to FIGS. 34 to 36A and 36B, an embodi 
ment 6 of the invention will be...described below. FIG. 34 is 
a plan showing a memory cell portion of a DRAM of the 
embodiment 6 of the invention. FIGS. 35A and 35B are 
cross sections showing the DRAM of the embodiment 6. 
0129 FIGS. 35A and 35B are cross sections taken along 
line A-A in FIG. 34, and show the memory cell portion. 

0.130. In this embodiment 6, contact holes 17a 1 are 
provided for connecting Storage nodes 18 to medium-doped 
n-type impurity regions 6a, respectively. Each contact hole 
17a1 reaches silicon nitride films 30 located at the opposite 
sides thereof. Etching is effected on silicon nitride film 30 on 
the Side wall of gate electrode 12, for example, with a 
(CF+O) gas. Owing to this, a width W of lightly doped 
n-type impurity region 5, which continues to medium-doped 
n-type impurity region 6a, can be reduced. Thereby, a sheet 
resistance of Source/drain can be reduced, and deterioration 
in transistor characteristics can be Suppressed. 

0131) As shown in FIG. 34 and FIGS. 35A and 35B, 
contact hole 17a1 reaches field insulating film 2. However, 
it is possible to reduce a leak current at the vicinity of the 
periphery of field insulating film 2, which may occur due to 
a StreSS in the foregoing region A and an etching damage 
during formation of contact hole 17a1 by existence of 
medium-doped n-type impurity regions 6a. Even if the 
etching damage is applied to the main Surface of Semicon 
ductor substrate 1 during formation of contact hole 17a1, it 
is possible to reduce the etching damage by Slightly shaving 
off the main Surface of Semiconductor Substrate 1, e.g., with 
a (CF+O) gas. 
0132) Referring to FIGS. 36A and 36B, a modification of 
the embodiment 6 will be described below. FIGS. 36A and 
36B are cross sections showing the DRAM of a modification 
of the embodiment 6. 

0133). In this modification, as shown in FIGS. 36A and 
36B, field insulating film 2 is partially etched when forming 
contact hole 17a 1. Thereby, concavities 38 are formed at 
field insulating film 2. By partially removing the periphery 
of field insulating film 2, it is possible to reduce a leak 
current due to a StreSS which is caused by formation of field 
insulating film 2. In addition to this, a contact area between 
the Storage node and medium-doped n-type impurity region 
6a can be increased So that the contact resistance can be 
improved. In the above modifications and embodiment 6, 
another Silicide Such as cobalt Silicide can be used instead of 
titanium Silicide. 

0.134. According to the invention, as described above, the 
junction leak current can be reduced. Thereby, the Semicon 
ductor device can have a high reliability. 
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0135 Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A Semiconductor device comprising: 
a first transistor having a gate insulating film of a first 

thickness, at least one of Source/drain of Said first 
transistor being formed of a first lightly doped region 
and a first heavily doped region; and 

a Second transistor having a gate insulating film of a 
Second thickness Smaller than Said first thickness, at 
least one of Source/drain of Said Second transistor 
including a Second lightly doped region and a Second 
heavily doped region higher in concentration than Said 
first heavily doped region. 

2. The Semiconductor device according to claim 1, 
wherein 

at least one of the Source/drain of Said Second transistor 
has a medium-doped region having a concentration 
higher than Said Second lightly doped region and lower 
than Said Second heavily doped region. 

3. The Semiconductor device according to claim 1, 
wherein 

Said Semiconductor device includes a memory cell portion 
for storing data and a peripheral circuit portion for 
external input/output, 

Said memory cell portion includes Said first transistor, and 
Said peripheral circuit portion includes Said Second tran 

Sistor. 
4. The Semiconductor device according to claim 2, 

wherein 

a diffusion depth of Said Second heavily doped region is 
Smaller than a diffusion depth of Said medium-doped 
region. 

5. The Semiconductor device according to claim 1, 
wherein 

a field insulating film is formed in contact with Said first 
heavily doped region, 

Said first and Second transistors are covered with an 
interlayer insulating film having a contact hole reaching 
Said first heavily doped region and Said field insulating 
film, and 

a concavity is formed at Said field insulating film located 
immediately under Said contact hole, and 

a Storage node is formed in Said concavity and on Said first 
heavily doped region. 

6. A Semiconductor device comprising: 
a Semiconductor Substrate having a main Surface; 
a first impurity region for threshold Voltage control having 

a peak concentration at a position of a first depth from 
Said main Surface; 

a Second impurity region for threshold Voltage control 
Spaced from Said first impurity region, and having a 
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peak concentration at a position of a Second depth 
larger than Said first depth; 

a first transistor formed on Said first impurity region, and 
having a gate insulating film of a first thickness, and 

a Second transistor formed on Said Second impurity 
region, and having a gate insulating film of a Second 
thickness Smaller than Said first thickness, 

7. The Semiconductor device according to claim 6, 
wherein 

a third impurity region lower in concentration than Said 
first impurity region is formed under Said first impurity 
region, 

Said first transistor has a pair of first Source/drain, at least 
one of Said first Source/drain reaches Said third impurity 
region, 

Said Second transistor has a pair of Second Source/drain, 
and 

Said Second Source/drain have diffusion depths Smaller 
than Said Second depth. 

8. A Semiconductor device comprising: 

a first transistor having a gate insulating film of a first 
thickness, and having first and Second impurity regions 
having relatively large first diffusion depth and rela 
tively Small Second diffusion depth and forming Source/ 
drain, respectively, and; 

a Second transistor having a gate insulating film of a 
Second thickness Smaller than Said first thickness, and 
having third and fourth diffusion regions having diffu 
Sion depths Smaller than Said first diffusion depth and 
not Smaller than Said Second diffusion depth, and form 
ing Source/drain, respectively. 

9. The Semiconductor device according to claim 8, 
wherein 

a concentration of Said first impurity region having Said 
first diffusion depth is higher than a concentration of 
Said Second impurity region, and a field insulating film 
is formed in contact with Said first impurity region. 

10. A Semiconductor device comprising: 
a first transistor formed on a main Surface of a Semicon 

ductor Substrate, and having first Source/drain; 
a Second transistor formed on Said main Surface with a 

Space from Said first transistor, and having Second 
Source/drain; 

an interlayer insulating film covering Said first and Second 
transistors, and having a contact hole reaching one of 
Said first Source/drain; 

a plug electrode formed in Said contact hole; 
first metal Silicide formed on Surfaces of Said Second 

Source/drain; and 

a bit line formed on Said plug electrode with a Second 
metal silicide therebetween. 


