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(57) ABSTRACT 

A Semiconductor device exhibits a stable driving force and 
high performance reliability. The Semiconductor device has 
at least one transistor having a gate insulating film formed on 
a element region in a Semiconductor Substrate, a gate elec 
trode formed on the gate insulating film, and a diffused layer 
in element regions on both sides of the gate electrode. The 
device also has a barrier insulating film formed So as to 
cover the transistor and the diffused layer. The height from 
a Surface of the Semiconductor Substrate to the barrier 
insulating film is greater than the height from the Surface, of 
the interface between the gate insulating film and the gate 
electrode. 
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SEMCONDUCTOR DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of priority under 
35USC S 119 to Japanese Patent Application No. H11 
328149 filed on Nov. 18, 1999, the entire contents of which 
are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device. 

0004 2. Description of Related Art 
0005. A well-known semiconductor device is described 
with reference to FIGS. 10 to 13. 

0006. This semiconductor device is a NAND cell-type 
EEPROM as one of electrically-rewritable and -erasable 
non-volatile Semiconductor devices. 

0007 FIG. 10 shows an equivalent circuit of the 
EEPROM. FIG. 11 illustrates its layout. FIGS. 12 and 13 
are Sectional views taken along the lines A-A and B-B', 
respectively, in FIG. 11. 
0008. The NAND cell-type EEPROM is provided with 
NAND cell sections 40, 40, 40 and 40 arranged in a 
matrix, as shown in FIG. 10. Each NAND cell section 40, 
(i=1, 2, j=1, 2) has memory cells MC, MC, ..., and MC. 
Each memory cell MC (i=1,..., n) is made up of a stacked 
transistor having a floating gate 6 and a control gate 8 
Stacked on a Semiconductor Substrate 2 via an insulating film 
7, as shown in FIGS. 10 and 12. The memory cells MC, . 
. . , and MC in each NAND cell section are connected in 
Series to share the Source and drain between adjacent 
memory cells. 

0009. Each NAND cell section 40 (i=1,2,.j=1,2) has a 
drain connected to a bit line BL via a selection transistor 
SDT, and a Source connected to a Source line SL via a 
selection transistor SST. The source line SL (j=1, 2) is 
formed by diffused layer interconnection, having a Source 
line contact 44 thereon, as shown in FIGS. 11 and 12. 

0010) The sources of the selection transistors STD, and 
STD connected to the NAND cell sections 40, and 40 
(j=1, 2) aligned in the column direction are connected to the 
bit line BL via a bit-line contact 42, as shown in FIGS. 10 
and 11. 

0011 The control gate of the memory cellk (k=1,..., n) 
of each of the NAND cell sections 40 and 40, and 40 
and 40 aligned in the traverse, respectively, is connected to 
a word line WL. 
0012. The gates of the selection transistors SDT and 
SDT are connected to a selection line SD, and those of the 
Selection transistorS SDT and SDT are connected to a 
selection line SD, as shown in FIG. 10. 
0013 The gates of the selection transistors SST and 
SST are connected to a selection line SS, and those of the 
Selection transistorS SST and SST are connected to a 
selection line SS, as shown in FIG. 10. 
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(0014) The NAND cell section 40 (i=1, 2, j=1, 2), the 
Selection transistors SDT (i=1,2,j=1,2) and SST (i=1,2, 
j=1, 2) and also a silicon nitride film 12 are covered with an 
interlayer dielectric 22 formed on which are the bit line, (i=1, 
2), as shown in FIGS. 12 and 13. 
0015 Each memory cell, selection transistor and also a 
element isolation region 4 of the well-known EEPROM are 
covered with the silicon nitride film 12 that will act as a 
barrier insulating film for contact formation. 
0016. This structure offers miniaturization of bit-line and 
Source-line contact regions (diffused layer regions) and 
protection of the element isolation region 4 including Silicon 
oxide adjacent to the contact regions from dielectric break 
down which would otherwise occur, Such that, a contact in 
the interlayer dielectric 22, for example, a contact 42 
punches therethrough and electrically contact with the Semi 
conductor Substrate 2, as illustrated in FIG. 13. 
0017. As illustrated in FIG. 14, each memory cell of the 
well-known EEPROM is formed Such that an interface 82 
between the silicon nitride film 12 and a silicon oxide film 
5a on a diffused layer 9 is located under (at the substrate 2 
Side) an interface 84 between the floating gate 6 and a gate 
insulating film 5. 
0018. As described, each memory cell of the well-known 
Semiconductor device is covered with a Silicon nitride film. 

0019. The well-known semiconductor device has, how 
ever, drawbacks as discussed below. 
0020 First of all, as illustrate in FIG. 14, in data-writing/ 
erasing, carriers pass through the gate insulating film 5 and 
Some of them are trapped by the silicon nitride film 12 close 
to the gate insulating film 5 and also the interface 82 
between the silicon nitride film 12 and the silicon oxide film 
5. 

0021. This causes induction of carriers of the opposite 
polarity on the surface of the diffused layer 9 to increase 
parasitic resistance to the layer 9, thus reducing a transistor 
driving force. Increase in parasitic resistance to the diffused 
layer of a NAND cell-type EEPROM poses a big problem 
because it has memory cells Series-connected via the layer 9. 
0022. Such parasitic resistance further increases to affect 
miniaturization of memory cells when decreasing a dose of 
ions to the diffused layer for reduction of short channel 
effect. 

0023) A numeral 10 in FIG. 14 represents a silicon oxide 
film formed by post-oxidation for recovery from damage to 
the device caused by gate formation. 
0024. Another drawback to the well-known semiconduc 
tor device is that hydrogen involved in the silicon nitride 
film 12 degrades the gate insulating film 5 close to the film 
12, thus lowering reliability in transistor performance. 

SUMMARY OF THE INVENTION 

0025. A purpose of the present invention is to provide a 
Semiconductor device that is protected from reduction in 
transistor driving force and reliability. 
0026. The present invention provides a semiconductor 
device including: at least one transistor having a gate 
insulating film formed on a element region in a Semicon 
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ductor Substrate, a gate electrode formed on the gate insu 
lating film, and a diffused layer in element regions on both 
Sides of the gate electrode; and a barrier insulating film 
formed So as to cover the transistor and the diffused layer, 
wherein a height from a Surface of the Semiconductor 
Substrate to the barrier insulating film is greater than a height 
from the Surface of the Semiconductor Substrate, of an 
interface between the gate insulating film and the gate 
electrode. 

0027. An inter-film may be formed between the diffused 
layer and the barrier insulating film. 
0028. The inter-film may be made of a material different 
from that of the barrier insulating film. 
0029. The semiconductor substrate may be made of sili 
con and the barrier insulating film may be made of Silicon 
nitride. 

0030 The inter-film may include silicon oxide. 
0031. The inter-film may be made of a conductive mate 

rial. 

0.032 The inter-film may include silicon doped impuri 
ties of the same conductive type as that of the diffused layer. 
0033. The inter-film may include a silicide. 
0034. The inter-film is preferably thicker than the gate 
insulating film. 
0035) The present invention provides a semiconductor 
device including: at least one transistor having a gate 
insulating film formed on a element region in a Semicon 
ductor Substrate, a gate electrode formed on the gate insu 
lating film, and a diffused layer in element regions on both 
Sides of the gate electrode; and a barrier insulating film 
formed So as to cover the transistor and the diffused layer, a 
distance between a Side-face of the gate electrode and the 
barrier insulating film being larger than a thickness of the 
gate insulating film. 
0.036 The transistor may make up of a memory cell of an 
EEPROM. 

BRIEF DESCRIPTION OF DRAWINGS 

0037 FIG. 1 is a sectional view of a structure of a 
Semiconductor device as the first preferred embodiment 
according to the present invention; 

0038 FIGS. 2A to 2D are sectional views to illustrate a 
method of manufacturing the Semiconductor device as the 
first embodiment; 

0039 FIG. 3 is a sectional view of a structure of a 
Semiconductor device as the Second preferred embodiment 
according to the present invention; 

0040 FIG. 4 is a sectional view to illustrate the features 
of the Semiconductor device as the Second preferred embodi 
ment, 

0041 FIGS. 5A to 5D are sectional views to illustrate a 
method of manufacturing the Semiconductor device as the 
Second embodiment; 

0.042 FIG. 6 is a sectional view of a structure of a 
Semiconductor device as the third preferred embodiment 
according to the present invention; 
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0043 FIGS. 7A to 7D are sectional views to illustrate a 
method of manufacturing the Semiconductor device as the 
third embodiment; 
0044 FIG. 8 illustrates a modification to the third 
embodiment; 
004.5 FIG. 9 is a sectional view to illustrate a modifica 
tion to the first to the third embodiments; 
0046 FIG. 10 shows an equivalent circuit of a NAND 
cell-type EEPROM; 
0047 FIG. 11 illustrates a layout of the NAND cell-type 
EEPROM shown in FIG. 10; 
0048 FIG. 12 is a sectional view taken along the line 
A-A in FIG. 11; 
0049 FIG. 13 is a sectional view taken along the line 
B-B' in FIG. 11; 

0050 FIG. 14 illustrates drawbacks of a well-known 
Semiconductor device, 

0051 FIGS. 15A to 15C illustrate the features of the 
present invention; 
0052 FIG. 16 is graph representing the characteristics of 
the present invention; 
0053 FIG. 17 is graph representing the characteristics of 
the well-known device; and 

0054 FIGS. 18A to 18D illustrate structure of an inter 
film. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0055 Preferred embodiments according to the present 
invention will be disclosed with reference to the attached 
drawings. 

0056 Elements in the embodiments that are the same as 
or analogous to elements in the well-known device are 
referenced by the same reference numbers. 

The First Preferred Embodiment 

0057 FIG. 1 illustrates a structure of a semiconductor 
device as the first preferred embodiment according to the 
present invention. 
0058. The semiconductor device is a transistor including 
a gate electrode that has a floating gate 6 and a control gate 
8 Stacked thereon via an insulating film 7, being used as, for 
example, a memory cell for EEPROM. 
0059. The gate electrode is formed on a element region of 
a Semiconductor Substrate 2 via a gate insulating film 5 made 
of, for example, a tunnel oxide film. Formed in the element 
regions under the both sides of the gate electrode are 
diffused layerS 9 acting as a Source and a drain. The gate 
electrode is covered with an insulating film 11 made of, for 
example, a Silicon oxide film, which is further covered with 
a Silicon nitride film 12 acting as a barrier insulating film for 
contact formation. 

0060. In this transistor, a height h (from the surface of 
the semiconductor substrate 2) of an interface 82 between 
the insulating film 11 on a diffused layer 9 and the silicon 
nitride film 12 is higher than a height h (from the substrate 
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Surface) of an interface 84 between the gate insulating film 
5 and the floating fate 6. In other words, the interface 82 is 
formed apart from the Semiconductor Substrate 2 more than 
the interface 84. 

0061 Moreover, a distanced (the thickness of the insu 
lating film 11) between the side face of the floating gate 
electrode 6 and the interface between the film 11 and the 
barrier insulating film 12 is larger than the height h of the 
interface 84 from the Surface of the semiconductor Substrate 
2. 

0062) The transistor structure, with the height h of the 
interface 82 higher than the heighth of the interface 84 and 
the thickness d of the insulating film 11 larger than the 
heighth, provides the Silicon nitride film 12 as being apart 
from the gate insulating film 5 more than the well-known 
device. 

0.063. This structure protects carriers passing through the 
gate insulating film 5 in data-Writing/erasing from being 
trapped in the vicinity of the interface 82 (the region 
represented by a sign “R” in FIG. 15A), which obstructs 
parasitic resistance to the diffused layer 9 to increase, thus 
preventing a driving force of the transistor from decreasing. 

0.064 Moreover, the transistor structure on the heightsh 
and h, and the thickness d providing the Silicon nitride film 
12 apart from the gate insulating film 5 more than the 
well-known device prevents degradation of the gate insu 
lating film 5, thus preventing transistor reliability from 
lowering. 

0065. The embodiment provides the transistor structure 
in that the height h of the interface 82 is higher than the 
height h of the interface 84 and the thickness d of the 
insulating film 11 is larger than the heighth of the interface 
84 from the Substrate Surface, as illustrated in FIG. 15A. 

0066. As shown in FIG. 15B, however, a transistor 
Structure only with the thickness d larger than the heighth 
also provides the Silicon nitride film 12 as being apart from 
the gate insulating film 5 more than the well-known device, 
thus being advantageous like the embodiment. 

0067. Not only that, as shown in FIG. 15C, another 
transistor Structure only with the height h higher than the 
height he also provides the Silicon nitride film 12 as being 
apart from the gate insulating film 5 more than the well 
known device, thus being advantageous like the embodi 
ment. 

0068 The reason for the advantages given by the modi 
fications shown in FIGS. 15B and 15C is explained below. 
0069 Generally, carriers exist in the semiconductor Sub 
Strate 2 and the floating gate 6, in writing/erasing, carrying 
energy enough for passing through the tunnel insulating film 
5 having the thickness h. 
0070 A height h or a distance d smaller than the 
thickness h of the tunnel insulating film 5 thus cause Some 
carriers being trapped in the barrier insulating film 12 or the 
interface between the film 12 and an inter-film (the insulat 
ing film 11 in the embodiment) provided between the 
diffused layer 9 and the film 12. 
0071. On the contrary, a height h or a distance d larger 
than the thickness he protects carriers, in writing/erasing, 
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from being trapped in the barrier insulating film 12 or the 
interface between the film 12 and the inter-film 11. 

0072 AS discussed above, in writing/erasing, carriers are 
protected from being trapped in the barrier insulating film 12 
or the interface between the film 12 and the inter-film 11, 
thus the transistor Structures disclosed above are protected 
from increase in parasitic resistance to the diffusion layer 9. 
0073. The semiconductor device of the embodiment 
therefore exhibits no variation in gate Voltage Vg-to-drain 
current Id characteristics against repeated writing/erasing, as 
shown in FIG. 16. 

0074 Contrary to this, the well-known device suffers 
from degradation in Vg-Id characteristics, Such as, from a 
graph g to a graph g, as shown in FIG. 17, due to repeated 
Writing/erasing that causes carrier trapping to the barrier 
insulating film or the interface between this film and the 
inter-film. In FIG. 17, the graphs g and 9 show the Vg-Id 
characteristics before and after repeated writing/erasing, 
respectively. 

0075. In the embodiment, the insulating film 7 is a 
Stacked film of an oxide film, a nitride film and an oxide film, 
an edge of the nitride film being protruding into the insu 
lating film 11, as shown in FIG. 1. 
0076. It is thus preferable that a distance d between the 
edge of the nitride film and the interface between the 
insulating film 11 and the barrier insulating film 12 is longer 
than 3 nm. 

0077. This is because, when the insulating film 7 and the 
barrier insulating film 12 touch each other, or the distance 
d320, a leak current will be produced between the films 7 
and 12 to cause insufficient insulation to the film 7. 

0078 The distance de longer than 3 nm protects the 
insulating film 7 and the barrier insulating film 12 from 
direct tunneling therebetween, thus not cause insufficient 
insulation to the film 7. 

0079 Disclosed next is a method of manufacturing an 
NAND cell-type EEPROM having the transistor in the first 
embodiment as a memory cell, with respect to FIGS. 2A to 
2D. 

0080. As illustrated in FIG. 2A, the gate insulating film 
5 is formed on a element region of the Semiconductor 
substrate 2, followed by the insulating film 7 (a stacked film 
of the film 6 of a floating gate material, Silicon oxide, Silicon 
nitride and Silicon oxide) and a film 8 of a control gate 
material, formed in this order. Gate electrodes are then 
formed in the element region by pattering. 
0081 Performed next are post-oxidation for recovery 
from damage to the device due to gate formation and 
impurity doping for forming the diffused layer 9, followed 
by deposition of the silicon oxide film 11 over the entire 
Surface of the Semiconductor Substrate 2, as illustrated in 
FIG. 2B. 

0082 Asilicon nitride film 12 is then deposited over the 
silicon oxide film 11, as illustrated in FIG. 2C by CVD 
(Chemical Vapor Deposition). 
0083) The thickness of the silicon oxide film 11 is 
adjusted in deposition So that the height h of the interface 
82 between the silicon oxide film 11 on the diffused layer 9 
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and the silicon nitride film 12 from the Substrate Surface is 
not higher than the height h of the interface 84 between the 
floating electrode 6 and the gate insulating film 5 from the 
Substrate Surface. 

0084. The interlayer dielectric 22 is deposited over the 
entire surface of the semiconductor substrate 2, followed by 
formation of Several types of contact, Such as, a contact 44 
in the interlayer dielectric 22 and formation of a wiring BL 
thereon, as illustrated in FIG. 2D, to finish EEPROM 
manufacturing. 

0085. The semiconductor device produced as disclosed 
above also has the same advantages as discussed to the first 
embodiment. 

0086) The height h of the interface 82 from the substrate 
Surface, the distance d between the Side face of the floating 
gate electrode 6 and the interface between the insulating film 
11 and the barrier insulating film 12, and the distance d. 
between the edge Surface of the nitride film composing the 
insulating film 7 and the interface between the films 11 and 
12 can be adjusted according to the deposited thickness of 
the film 11 and the post-Oxidation for recovery from damage 
to the device due to gate formation. 
0087. The post-oxidation may be performed after the 
deposition of the insulating film 11, which is described with 
reference to FIGS. 18A to 18D. 

0088 FIG. 18A is a sectional view of the gate electrode 
processed as already disclosed. FIGS. 18B and 18C are 
enlarged views, after gate electrode formation, of a gate edge 
(a circle region “A” in FIG. 18A) formed by the post 
oxidation and the Succeeding deposition of the insulating 
film 11. FIG. 18D is an enlarged view of a gate edge after 
formation of the insulating film 11 by the post-deposition. 

0089 FIG. 18B illustrates a regular degree of post 
oxidation whereas FIG. 18C illustrates post-oxidation lower 
than the regular degree or almost no post-Oxidation. 

0090 Thermal oxide films 50 and 52 shown in FIG. 18B 
are oxide films formed by the post-oxidation. The oxide 
films can be adjusted Separately according to the conditions 
for post-oxidation, for formation of the tunnel oxide film or 
for formation of the floating gate. 

0091. In FIG. 18B, the thickness, or height h, of the 
inter-film (formed between the diffused layer 9 and the 
barrier insulating 12) equals to the Sum of the thickness of 
the thermal oxide film 52, tunnel oxide film 5 and insulating 
film 11. In FIG. 18C, the thickness h of the inter-film equals 
to the Sum of the thickness of the tunnel oxide film 5 and 
insulating film 11. In FIG. 18D, the thickness h of the 
inter-film equals to the insulating film 11. 

The Second preferred Embodiment 

0092 FIG. 3 illustrates a structure of a semiconductor 
device as the Second preferred embodiment according to the 
present invention. 

0093. This semiconductor device is an NAND cell-type 
EERPOM having an insulating film 11a, for example, made 
of a Silicon oxide film, formed on the Side face of the gate 
electrode of a transistor that makes up of each memory cell. 
Each cell is covered with a silicon nitride film 12. 
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0094) The well-known NAND cell-type EERPOM is 
provided with the silicon nitride film 12 formed on the 
diffused layer 9 via the silicon oxide film 5a, as shown in 14. 
0.095 On the contrary, the silicon nitride film 12 is 
directly formed on the diffused layer 9 in this embodiment. 
0096. Moreover, as shown in FIG. 4, an insulating film 
11a in the vicinity of the floating gates is formed So that its 
thickness t is thicker than thickness t of the gate insulating 
film 5. This arrangement obstructs carriers to reach the 
silicon nitride film 12 and the interface between the film 12 
and the diffused layer 9, thus preventing increase in parasitic 
resistance to the diffused layer 9 for maintaining a sufficient 
driving force of the transistor. 
0097. Furthermore, compared to the well-known device, 
the silicon nitride film 12 of the embodiment is formed as 
being apart from the gate insulating film 5, thus avoiding 
degradation of the film 5 to prevent the device from lowering 
its reliability. 
0098 Disclosed next is a method of manufacturing a 
Semiconductor device in the Second embodiment with 
respect to FIGS. 5A to 5D. 
0099. As illustrated in FIG. 5A, the gate insulating film 
5 is formed on a element region of the Semiconductor 
Substrate 2, followed by the film 6 of a floating gate material, 
the insulating film 7 of silicon oxide and a film 8 of a control 
gate material, formed in this order. Gate electrodes are then 
formed in the element region by pattering. 
0100 Performed next are post-oxidation for recovery 
from damage to the device due to gate formation and 
impurity doping for forming the diffused layer 9, followed 
by deposition of a silicon oxide film 11 over the entire 
Surface of the Semiconductor Substrate 2, as illustrated in 
FIG 5B. 

0101 Anisotropic etching, such as, RIE (Reactive Ion 
Etching) is performed to leave the Silicon oxide film only on 
the Side face of the gate electrode to form an insulating film 
11a made of the silicon oxide film, as illustrated in FIG. 5C. 

0102) The silicon nitride film 12 is then deposited over 
the silicon oxide film 11 by CVD, as illustrated in FIG. 5D, 
followed by deposition of the interlayer dielectric 22 over 
the entire Surface of the Semiconductor Substrate 2, forma 
tion of Several types of contact, Such as, a contact 44 in the 
interlayer dielectric 22 and formation of a wiring BL 
thereon, to finish EEPROM manufacturing. 
0103) The diffused layer 9 may be formed after the 
formation of the insulating film 11a. Moreover, the finished 
device may be an LDD type. 
0104. The semiconductor device produced as disclosed 
above also has the same advantages as discussed to the 
Second embodiment. 

The Third Preferred Embodiment 

0105 FIG. 6 illustrates a structure of a semiconductor 
device as the third preferred embodiment according to the 
present invention. 
0106 The semiconductor device is a NAND cell-type 
EEPROM having a conductive film 15 between a diffused 
layer 9 and a silicon nitride film 12 between adjacent 
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memory cells and also between a diffused layer in the 
bottom of the contact, Such as, a diffused layer SL and the 
film 12. 

0107 The thickness of the conductive film 15 is adjusted 
so that the height of the interface between the film 15 and the 
silicon nitride film 12 from the Surface of a semiconductor 
substrate 2 is higher than the that of the interface between 
the floating gate 6 and the gate insulating film 5 from the 
Substrate Surface. 

0108. This arrangement prevents carriers passing through 
the gate insulating film 5 in writing/erasing from being 
trapped on the interface between the silicon nitride film 12 
and the conductive film 15, thus preventing increase in 
parasitic resistance to the diffused layer 9 for maintaining a 
Sufficient driving force of the transistor. 

0109 Furthermore, compared to the well-known device, 
the silicon nitride film 12 of the embodiment is formed as 
being apart from the gate insulating film 5, thus avoiding 
degradation of the film 5 to prevent the device from lowering 
its reliability. 

0110 Generally, when nitrogen is involved in the gate 
insulating film 5, it is difficult to form a thick oxide film on 
the diffused layer by post-Oxidation etc. 

0111 Even for such a case, the first to the third embodi 
ments offer the structure in that the silicon nitride film 12 is 
formed as apart from the gate insulating film 5, thus avoid 
ing a transistor driving force from lowering and degradation 
of the film 5 to prevent the device from lowering its 
reliability. 

0112 Disclosed next is a method of manufacturing a 
Semiconductor device in the third embodiment with respect 
to FIGS. 7A to 7D 

0113 As illustrated in FIG. 7A, the gate insulating film 
5 is formed on a element region of the Semiconductor 
Substrate 2, followed by a film 6 of a floating gate material, 
an insulating film 7 of silicon oxide and a film 8 of a control 
gate material, formed in this order. Gate electrodes are then 
formed in the element region by pattering. 

0114 Performed next are post-oxidation for recovery 
from damage to the device due to gate formation and 
impurity doping for forming the diffused layer 9, followed 
by deposition of a silicon oxide film 11 over the entire 
Surface of the Semiconductor Substrate 2, as illustrated in 
FIG 7B. 

0115 Anisotropic etching, such as, RIE, is performed to 
form an insulating 11a made of a Silicon oxide film on the 
side face of the gate electrode, as illustrated in FIG.7C. The 
insulating 11a is preferably thicker than the gate insulating 
film 5. 

0.116) Silicon is selectively grown on the diffused layer 9 
followed by doping to the Silicon impurities of the same 
conductive type as the layer 9 to form a conductive film 15, 
as illustrated in FIG. 7C. 

0117 The thickness of the conductive film 15 is prefer 
ably, for example, about 3 nm like the depth of the diffused 
layer 9, with impurity concentration preferably, for example, 
about 1.0x10 cm, like the layer 9. 
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0118. The silicon nitride film 12 is then deposited over 
the silicon oxide film 11 by CVD, as illustrated in FIG. 7D, 
followed by deposition of the interlayer dielectric 22, for 
mation of Several types of contact, Such as, a contact 44 in 
the dielectric 22 and formation of a wiring BL thereon, to 
finish EEPROM manufacturing. 
0119) The diffused layer 9 may be formed after the 
formation of the insulating film 11a. Moreover, the finished 
device may be an LDD type. 
0120 Like the third embodiment, the semiconductor 
device produced as disclosed above also prevents transistor 
driving force from lowering and the gate insulating film 5 
from being degraded. 

0121 Moreover, the conductive film 15 is the impurity 
region the Same conductive type as the diffused layer 9 in 
this embodiment; hence forms the Source and drain that are 
located higher than the cannel (the Substrate Surface under 
the gate insulating film 5), thus achieving restriction of short 
channel effect. 

0122) In the third embodiment, the silicon film 15 is 
formed not only over the diffused layer 9 between the 
adjacent memory cells but also over a diffused layer SL 
connected to a contact 44, as illustrated in FIG. 6. 

0123. In other words, the third embodiment has a struc 
ture in that impurities the same conductive type as the 
diffused layer are doped into the silicon formed between 
adjacent memory cells and also that formed over the diffused 
layer at the contact bottom, as shown in 1) of a table of FIG. 
8. 

0.124 Impurities may, however, be doped into the silicon 
formed on the diffused layer SL1 only, not to that over the 
diffused layer 9, as shown in 2) of a table of FIG. 8. This 
arrangement also prevents lowering transistor driving force 
and degradation of the gate insulating film 5 because of the 
Structure in that the Silicon nitride film 12 is formed as apart 
from the film 5. 

0.125 Moreover, the silicon grown on the diffused layer 
may be formed into a Silicide with no impurity doping, as 
shown in 3) of a table of FIG. 8. 
0.126 AS disclosed, in the third embodiment, the conduc 
tive film 15 is formed as thicker than the gate insulating film 
5 so that the interface between the film 15 and the silicon 
nitride film 12 from the Surface of the semiconductor 
Substrate 2 is higher than that between the floating gate 6 and 
the film 15 from the Substrate Surface. The conductive film 
15 may, however be formed as thinner than the gate insu 
lating film 5 when the film 15 is made of metal. 
0127. When the conductive film 15 is made of an impu 
rity-doped Silicon Semiconductor film, the advantages like 
the third embodiment can be offered by doping impurities of 
high concentration to the film 15 to have thickness so that a 
depletion layer formed in the film 15 does not reach the 
diffused layer 9, which would otherwise occur due to the 
existence of carriers trapped on the interface between the 
film 15 and the silicon nitride film 12. 

0128. This arrangement also offers the conductive film 15 
thinner than the counterpart in the third embodiment, with 
the insulating film 11a preferably thicker than the gate 
insulating film. 
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0129. The first to the third embodiments are provided 
with the contact 44 having a enough margin to the gate. The 
contact 44 may, however, be formed in Self-alignment to the 
gate of a selection transistor SST, as illustrated in FIG. 9. 
0130. The first to the third embodiments are disclosed 
with a NAND cell-type EEPROM, however, applicable to 
other memory types, such as, AND-type EEPROM and 
NOR-type EEPROM. 
0131 Moreover, each memory cell includes a transistor 
having a double-layer gate in the embodiments. The memory 
cell may, however, be an MNOS-type or MONOS-type 
EEPROM having a one-layer gate and a gate insulating film 
which is Stacked of a Silicon oxide film and a Silicon nitride 
film. 

0.132. As disclosed above, the present invention achieves 
prevention of lowering in transistor driving force and tran 
Sistor-performance reliability. 
What is claimed is: 

1. A Semiconductor device comprising: 
at least one transistor having a gate insulating film formed 
on a element region in a Semiconductor Substrate, a gate 
electrode formed on the gate insulating film, and a 
diffused layer in element regions on both sides of the 
gate electrode; and 

a barrier insulating film formed So as to cover the tran 
Sistor and the diffused layer, wherein a height from a 
Surface of the Semiconductor 

Substrate to the barrier insulating film is greater than a 
height from the Surface of the Semiconductor Substrate, 
of an interface between the gate insulating film and the 
gate electrode. 

2. The Semiconductor device according to claim 1 further 
comprising an inter-film between the diffused layer and the 
barrier insulating film. 

3. The Semiconductor device according to claim 2, 
wherein the inter-film is thicker than the gate insulating film. 

4. The Semiconductor device according to claim 2, 
wherein the inter-film is made of a material different from 
that of the barrier insulating film. 

5. The Semiconductor device according to claim 1, 
wherein the Semiconductor Substrate is made of Silicon and 
the barrier insulating film is made of Silicon nitride. 

6. The Semiconductor device according to claim 4, 
wherein the inter-film is made of silicon oxide. 

7. The Semiconductor device according to claim 2, 
wherein the inter-film is made of a conductive material. 

8. The Semiconductor device according to claim 7, 
wherein the Semiconductor Substrate is made of Silicon and 
the barrier insulating film is made of Silicon nitride. 
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9. The Semiconductor device according to claim 7, 
wherein the inter-film includes Silicon doped impurities of 
the same conductive type as that of the diffused layer. 

10. The semiconductor device according to claim 7, 
wherein the inter-film includes a silicide. 

11. The Semiconductor device according to claim 2 further 
comprising an inter-film formed between a Side face of the 
gate electrode and the barrier insulating film. 

12. The Semiconductor device according to claim 1, 
wherein the gate electrode is composed of a first and a 
Second gate electrode, a first insulating film being formed 
between the first and Second gate electrodes. 

13. The Semiconductor device according to claim 12, 
wherein the first insulating film does not directly contact 
with the barrier insulating film. 

14. The Semiconductor device according to claim 12, 
wherein a distance between a Side face of the first insulating 
film and the barrier insulating film is 3 nm or more. 

15. The Semiconductor device according to claim 12, 
wherein the first insulating film is a Stacked film of an oxide 
film, a nitride film and another oxide film. 

16. A Semiconductor device comprising: 
at least one transistor having a gate insulating film formed 

on a element region in a Semiconductor Substrate, a gate 
electrode formed on the gate insulating film, and a 
diffused layer in element regions on both sides of the 
gate electrode; and 

a barrier insulating film formed So as to cover the tran 
sistor and the diffused layer, wherein a distance 
between a Side face of the gate electrode 

and the barrier insulating film is larger than a thickness of 
the gate insulating film. 

17. The semiconductor device according to claim 16 
further comprising an inter-film between the diffused layer 
and the barrier insulating film. 

18. The semiconductor device according to claim 17, 
wherein the Semiconductor Substrate is made of Silicon, the 
barrier insulating film is made of Silicon nitride and the 
inter-film includes Silicon. 

19. The semiconductor device according to claim 17, 
wherein the inter-film is made of silicon oxide. 

20. The semiconductor device according to claim 16 
further comprising a conductive film between the diffused 
layer and the barrier insulating film. 

21. The Semiconductor device according to claim 1, 
wherein the transistor is a transistor constituting a memory 
cell of an EEPROM. 

22. The Semiconductor device according to claim 16, 
wherein the transistor is a transistor constituting a memory 
cell of an EEPROM. 


