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A semiconductor device includes a nitride ?lm betWeen a 
gate electrode and an ohmic electrode contacting to a 
diffusion region adjacent to the gate electrode, at least on a 
side of the gate electrode facing the ohmic electrode. 
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SEMICONDUCTOR DEVICE HAVING A REDUCED 
LEAKAGE CURRENT AND A FABRICATION 

PROCESS THEREOF 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to semicon 
ductor devices and more particularly to a miniaturized 
semiconductor device and a fabrication process thereof in 
Which leakage current is minimized. 

[0002] With the continuous progress of device miniatur 
iZation, the integration density of semiconductor integrated 
circuit devices, particularly the integration density of 
memory semiconductor integrated circuit devices, is 
increasing every year. These days, intensive investigations 
are being made on so-called sub-halfmicron devices having 
a minimum pattern Width of 0.3 pm or less. 

[0003] In a DRAM (dynamic random access memory) that 
stores information in a memory cell capacitor in the form of 
electric charges, the device miniaturiZation inevitably causes 
a decrease in the capacitance of the memory cell capacitor, 
and there is a tendency that the retention of information in 
the memory cell capacitor becomes unstable. Further, the 
read/Write operation may become also unstable in such 
extremely miniaturiZed DRAMs. Similar problem occurs 
also in so-called ?ash memory devices in Which information 
is stored in a ?oating gate in the form of electric charges. 
Thus, various efforts are being made for stabiliZing the 
operation of the miniaturiZed DRAMs and ?ash memories. 

[0004] FIGS. 1A-1F shoW a conventional fabrication pro 
cess of a DRAM. 

[0005] Referring to FIG. 1A, an active region is de?ned 
on a Si substrate 1 typically doped to the p-type, by 
providing a ?eld oxide ?lm 2A of SiO2 on the Si substrate 
1, and a thin thermal oxide ?lm 2B also of SiO2 is formed 
on the active region thus de?ned on the Si substrate 1 by the 
?eld oxide ?lm 2A. Further, a Word line WL of polysilicon 
is provided on the Si substrate 1 so as to extend over the 
substrate 1 thus covered by the ?eld oxide ?lm 2A and 
further the thermal oxide ?lm 2B, Wherein the Word line WL 
extends over the thermal oxide ?lm 2B in the active region 
and the Word line WL thus extending over the thermal oxide 
?lm 2B forms a gate electrode of a memory cell transistor. 
Thereby, the thermal oxide ?lm 2B forms a gate insulation 
?lm of the memory cell transistor. 

[0006] In the step of FIG. 1A, an ion implantation process 
of P+ is conducted further into the Si substrate 1 While using 
the gate electrode 3 as a self-aligned mask, and there are 
formed diffusion regions 1A and 1B of the memory cell 
transistor in the Si substrate 1 at both lateral sides of the gate 
electrode 3. 

[0007] Next, in the step of FIG. 1B, an oxide ?lm 4 of 
SiO2 is deposited on the structure of FIG. 1A by a high 
temperature CVD process so as to cover the gate electrode 
3, and an anisotropic etching process acting generally per 
pendicularly to a principal surface of the substrate 1 is 
applied to the thermal oxide ?lm 4 in the step of FIG. 1C 
by an RIE (reactive ion etching) process, to form side Wall 
oxide ?lms 4A and 4B covering both side Walls of the gate 
electrode 3. In the step of FIG. 1C, it is also possible, While 
not illustrated, to conduct an ion implantation process of P+ 
While using the gate electrode 3 and further the side Wall 
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oxide ?lms 4A and 4B as a self-aligned mask, to form a 
so-called LDD (lightly-doped drain) structure. 

[0008] Next, in the step of FIG. 1D, an interlayer insula 
tion ?lm 5 of BPSG (borophosophosilicate glass) is depos 
ited on the structure of FIG. 1C, folloWed by a formation of 
a contact hole 5A in the interlayer insulation ?lm 5 so as to 
expose the diffusion region 1A. Further, an electrode 6 is 
provided as a part of a bit line such that the electrode 6 ?lls 
the contact hole 5A and achieves an electrical contact to the 
exposed diffusion region 1A. 

[0009] Further, in the step of FIG. 1E, another interlayer 
insulation ?lm 7 of BPSG is deposited on the structure of 
FIG. 1D, folloWed by a formation of a contact hole 7A 
penetrating through the interlayer insulation ?lms 7 and 5 
such that the contact hole 7A exposes the foregoing diffusion 
region 1B. 

[0010] Finally, in the step of FIG. 1F, an accumulation 
electrode pattern 8A of polysilicon is formed so as to ?ll the 
contact hole 7A in electrical contact With the diffusion region 
1B, and a dielectric ?lm 8B having a so-called ONO 
structure, in Which a thin SiN ?lm is vertically sandWiched 
by a pair of thin SiO2 ?lms, is provided so as to cover the 
accumulation electrode 8A. Further, an opposing electrode 
8C of polysilicon is provided so as to cover the foregoing 
dielectric ?lm 8B. Thereby, the electrode 8A, the dielectric 
?lm 8B and the opposing electrode 8C form together a 
memory cell capacitor 8. 

[0011] In the DRAM of the foregoing conventional struc 
ture, it has been discovered that there are cases in Which a 
leakage current ?oWs betWeen the accumulation electrode 
pattern 8A and the gate electrode 3 When the DRAM is 
miniaturiZed particularly to the degree in Which the mini 
mum pattern Width is 

[0012] 03pm or less. As the accumulation electrode 8A 
forms a part of the memory cell capacitor 8 that holds the 
information in the form of electric charges, the leakage 
current occurring in the electrode 8A causes a serious 
problem in the operation of the DRAM, particularly the 
stability of data retention. 

[0013] FIG. 2A shoWs a part of the DRAM of FIG. 1F in 
an enlarged scale. 

[0014] Referring to FIG. 2A, it can be seen that the gate 
electrode 3 carries an anti-re?ection ?lm 3A that has been 
used for patterning the gate electrode 3. Further, a CVD 
oxide ?lm 5B is provided betWeen the side Wall oxide ?lm 
4A or 4B and the interlayer insulation ?lm 5. In order to 
secure a suf?cient distance betWeen the gate electrode 3 and 
the electrode 8A in the contact hole 5A, the contact hole 5A 
is formed to have a tapered structure in Which the diameter 
reduces gradually from a top surface to a bottom surface of 
the contact hole 5A. 

[0015] In such sub-halfmicron DRAMs having a mini 
mum pattern Width of 0.3 pm or less, it is actually difficult 
to form the contact hole 5A in the ideally aligned state as 
shoWn in FIG. 2A, and actual devices generally have a 
structure shoWn in FIG. 2B, in Which it Will be noted that the 
contact hole 5A is offset from the ideal state of FIG. 2A. In 
the structure of FIG. 2B, the accumulation electrode 8A 
?lling the contact hole 5A approaches the gate electrode 3, 
and it is believed that such a reduction in the distance 
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between the gate electrode 3 and the electrode 8A causes the 
leakage current to How betWeen the accumulation electrode 
8A and the gate electrode 3, although the exact current path 
of the leakage current is not fully explored yet. 

[0016] As Will be explained later, the problem of leakage 
current appears particularly conspicuous When an etching is 
applied to the diffusion region 1B by a buffered HF solution 
for removing a native oxide ?lm from the surface of the 
diffusion region 1B. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, it is a general object of the present 
invention to provide a novel and useful semiconductor 
device and a fabrication process thereof Wherein the fore 
going problems are eliminated. 

[0018] Another and more speci?c object of the present 
invention is to provide a semiconductor device having a gate 
electrode in Which leakage current to the gate electrode from 
an opposing electrode is successfully minimized, as Well as 
a fabrication process thereof. 

[0019] Another object of the present invention is to pro 
vide a semiconductor device, comprising: 

[0020] 
[0021] 
[0022] a side Wall insulation ?lm covering a side Wall 

of said gate electrode; 

[0023] a diffusion region formed in said substrate 
adjacent to said gate electrode; 

[0024] an ohmic electrode formed on said diffusion 
region; and 

[0025] a nitride ?lm provided betWeen said side Wall 
insulation ?lm and said Wall of said gate electrode, 
such that said nitride ?lm covers a part of a surface 
of said gate electrode facing said ohmic electrode. 

a substrate; 

a gate electrode provided on said substrate; 

[0026] Another object of the present invention is to pro 
vide a method of fabricating a semiconductor device, com 
prising the steps of: 

[0027] forming a gate electrode on a substrate; 

[0028] forming a diffusion region in said substrate 
adjacent to said gate electrode; 

[0029] forming a side Wall insulation ?lm on a side 
Wall of said gate electrode; 

[0030] depositing an interlayer insulation ?lm on said 
gate electrode provided With said side Wall insulation 
?lm; 

[0031] forming a contact hole in said interlayer insu 
lation ?lm so as to expose a surface of said diffusion 
region; and 

[0032] forming an ohmic electrode so as to ?ll said 
contact hole; 

[0033] Wherein said method further comprises a step, 
before said step of depositing said interlayer insula 
tion ?lm, of depositing a nitride ?lm such that said 
nitride ?lm covers at least a part of said gate elec 
trode that faces said ohmic electrode. 
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[0034] According to the present invention, the leakage 
current path betWeen the gate electrode and the ohmic 
electrode is successfully interrupted by providing the nitride 
?lm such that the nitride ?lm covers a part of the gate 
electrode that faces the ohmic electrode. 

[0035] Another object of the present invention is to pro 
vide a DRAM, comprising: 

[0036] 
[0037] a gate electrode provided on said substrate and 

forming a part of a Word line; 

[0038] a pair of side Wall insulation ?lms covering 
both lateral side Walls of said gate electrode; 

a substrate; 

[0039] ?rst and second diffusion regions formed in 
said substrate at both lateral sides of said gate 
electrode; 

[0040] a ?rst interlayer insulation ?lm covering said 
gate electrode including said pair of side Wall insu 
lation ?lms; 

[0041] a ?rst contact hole formed in said ?rst inter 
layer insulation ?lm so as to expose said ?rst diffu 
sion region; 

[0042] a ?rst electrode provided on said ?rst inter 
layer insulation ?lm so as to ?ll said ?rst contact hole 
in contact With said ?rst diffusion region, said ?rst 
electrode thereby forming a part of a bit line; 

[0043] a second interlayer insulation ?lm provided 
on said ?rst interlayer insulation ?lm so as to cover 

said ?rst electrode; 

[0044] a second contact hole formed in said second 
interlayer insulation ?lm so as to penetrate through 
said ?rst interlayer insulation ?lm, said second con 
tact hole exposing said second diffusion region; 

[0045] a second electrode provided on said second 
interlayer insulation ?lm so as to ?ll said second 
contact hole in contact With said second diffusion 
region, said second electrode thereby forming an 
accumulation electrode of a memory cell capacitor; 

[0046] a dielectric ?lm provided on a surface of said 
second electrode as a capacitor electrode of said 
memory cell capacitor; 

[0047] a third electrode provided on said dielectric 
?lm so as to sandWich said dielectric ?lm therebe 
tWeen together With said second electrode, said third 
electrode thereby forming an opposing electrode of 
said memory cell capacitor; and 

[0048] a nitride ?lm provided so as to cover at least 
a part of said gate electrode that faces said accumu 
lation electrode. 

[0049] Another object of the present invention is to pro 
vide a method of fabricating a DRAM, comprising the steps 
of: 

[0050] forming a gate electrode on a substrate; 

[0051] forming ?rst and second diffusion regions in 
said substrate respectively adjacent to a ?rst side 
Wall and a second side Wall of said gate electrode; 
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[0052] forming ?rst and second side Wall insulation 
?lms respectively on said ?rst and second side Walls 
of said gate electrode; 

[0053] depositing a ?rst interlayer insulation ?lm 
such that said ?rst interlayer insulation ?lm covers 
said gate electrode and said ?rst and second side Wall 
insulation ?lms; 

[0054] forming a ?rst contact hole in said ?rst inter 
layer insulation ?lm such that said ?rst contact hole 
exposes said ?rst diffusion region; 

[0055] forming a bit line pattern on said ?rst inter 
layer insulation ?lm such that said bit line pattern 
?lls said ?rst contact hole in contact With said ?rst 
diffusion region; 

[0056] forming a second interlayer insulation ?lm on 
said ?rst interlayer insulation ?lm such that said 
second interlayer insulation ?lm ?lls said bit line 
pattern; 

[0057] forming a second contact hole in said second 
interlayer insulation ?lm such that said second con 
tact hole penetrates through said ?rst interlayer insu 
lation ?lm and exposes said second diffusion region; 

[0058] forming an accumulation electrode of a 
memory cell capacitor such that said accumulation 
electrode ?lls said second contact hole and achieves 
an electrical contact With said second diffusion 
region; 

[0059] forming a capacitor insulation ?lm on said 
accumulation electrode; and 

[0060] forming an opposing electrode on said capaci 
tor electrode; 

[0061] Wherein said method further includes a step, 
after said step of forming said gate electrode but 
before said step of forming said ?rst interlayer 
insulation ?lm, of depositing a nitride ?lm such that 
said nitride ?lm covers a part of said gate electrode 
facing said accumulating electrode. 

[0062] According to the present invention, the current path 
of the leakage current betWeen the accumulating electrode 
and the gate electrode is interrupted by providing the nitride 
?lm, and the problem of loss of information caused by the 
dissipation of the electric charges held in the accumulating 
electrode of the memory cell capacitor is successfully elimi 
nated. Thereby, the DRAM shoWs an excellent stability of 
data retention even When the device is miniaturiZed to a 
sub-halfmicron siZe. 

[0063] Another object of the present invention is to pro 
vide a ?ash memory, comprising: 

[0064] 
[0065] a gate electrode structure provided on said 

substrate, said gate electrode structure including: a 
?oating electrode provided on said substrate, said 
?oating electrode being isolated from said substrate 
by a tunnel insulation ?lm intervening therebetWeen; 
and a control electrode provided on said ?oating 
electrode With a ?oating insulation ?lm intervening 
betWeen said control electrode and said ?oating 
electrode, said control electrode thereby forming a 

a substrate; 
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part of a Word line, said gate electrode structure 
being de?ned by a pair of side Walls; 

[0066] a pair of side Wall insulation ?lms respectively 
covering said pair of side Walls of said gate electrode 
structure; 

[0067] ?rst and second diffusion regions formed in 
said substrate at both lateral sides of said gate 
electrode structure; 

[0068] an interlayer insulation ?lm covering said gate 
electrode structure including said pair of side Wall 
insulation ?lms; 

[0069] ?rst and second contact holes formed in said 
interlayer insulation ?lm so as to expose said ?rst 
and second diffusion regions respectively; 

[0070] a ?rst electrode provided on said interlayer 
insulation ?lm so as to ?ll said ?rst contact hole in 
contact With said ?rst diffusion region, said ?rst 
electrode thereby forming a part of a bit line; 

[0071] a second electrode provided on said interlayer 
insulation ?lm so as to ?ll said second contact hole 
in contact With said second diffusion region; and 

[0072] a nitride ?lm provided on said gate electrode 
structure so as to cover at least one of said side Walls 
such that said nitride ?lm intervenes betWeen said 
Wall of said gate electrode structure and correspond 
ing said side Wall insulation ?lm. 

[0073] Another object of the present invention is to pro 
vide a method of fabricating a ?ash memory, comprising the 
steps of: 

[0074] forming a tunnel insulation ?lm on a sub 
strate; 

[0075] forming a gate structure by depositing a ?oat 
ing gate electrode, a ?oating insulation ?lm and a 
control gate consecutively on said tunnel insulation 
?lm; 

[0076] forming a diffusion region in said substrate 
While using said gate structure as a mask; 

[0077] depositing an interlayer insulation ?lm on said 
substrate such that said interlayer insulation ?lm 
covers said gate structure; 

[0078] forming a contact hole in said interlayer insu 
lation ?lm such that said contact hole exposes said 
diffusion region; and 

[0079] forming an ohmic electrode on said interlayer 
insulation ?lm such that said ohmic electrode ?lls 
said contact hole in contact With said diffusion 
region; 

[0080] Wherein said method further comprises a step, 
after said step of forming said gate electrode but 
before said step of depositing said interlayer insula 
tion ?lm, of forming a nitride ?lm on said gate 
structure such that said nitride ?lm covers at least a 
part of said gate structure facing said electrode. 

[0081] According to the present invention, the problem of 
leakage of electric charges from the ?oating electrode of the 




















