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(57) ABSTRACT 

In the fuse element structure of the semiconductor device, 
the ?rst insulating ?lm region is provided in a groove-like 
manner in the semiconductor substrate. Further, the fuse 
element is formed on the ?rst insulating ?lm region, and the 
second insulating ?lm region is formed on the region on the 
fuse element and the ?rst insulating ?lm. The metal plug is 
connected to the fuse element, and the surface thereof is 
exposed to the surface of the second insulating ?lm region. 
With this structure, the meltdoWn of the fuse by the laser 
bloW is facilitated, and the area of the fuse is reduced. Thus, 
as the downsizing of the element is further advanced, it is 
possible to provide a fuse element structure capable of 
melting doWn a fuse Without causing an affect on another 
fuse adjacent to the melted-down fuse With the scattering 
pieces thereof. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 11-114583, ?led Apr. 22, 1999, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
device, and more speci?cally to a fuse structure of a semi 
conductor memory device, as Well as a method of manu 
facturing the same, that is, in short to improvement of the 
fuse structure of a semiconductor memory device. 

[0003] Recently, in the ?eld of semiconductor integrated 
circuits, the degree of the high integration further advances, 
and in particular, in DRAMs, a high integration density of a 
level of giga bit is required. Further, due to the character 
istics of the memory element of the semiconductor memory 
device, a large-scale redundancy circuit must be inevitably 
provided. Therefore, the integration density of the semicon 
ductor integrated circuit is further increased. For this reason, 
it is becoming essential to decrease the area of a fuse 
element in order to reduce the element area. 

[0004] A fuse region of a conventional DRAM Will noW 
be described With reference to FIGS. 17A and 17B. Here, 
FIG. 17A is a cross sectional vieW of the fuse element, 
Whereas FIG. 17B is a top vieW of the fuse element. Across 
section taken along the line XVIIA-XVIIA in FIG. 17B is 
indicated as FIG. 17A. As can be seen in FIG. 17A, an 
element separation region 101 is formed in a surface region 
of a semiconductor substrate 100. On the element separation 
region 101, an interlayer insulating ?lm 102 having a 
thickness of about 1.4 pm, Which is made of a silicon oXide 
?lm or the like. A plurality of metal fuses 103 having a 
thickness of 2000 to 3000 angstroms, Which are made of 
aluminum or the like, are formed on the interlayer insulating 
?lm 102 so as to be adjacent and parallel to each other. 

[0005] In the structure shoWn in FIG. 17B, as a laser beam 
is applied to a fuse portion 104 Which is a fusing (meltdoWn) 
region, the portion breaks doWn in a manner of joule 
breakdoWn by heat, and fuses. It should be noted here that 
the length of the fusing region 104 of each one of the fuses 
103 is about 1.0 pm, and the Width (that is, taken in a 
direction normal to the direction of the length) of the fuses 
in a region other than the fusing region 104 is about 0.6 pm. 
On the fuses 103, an interlayer insulating ?lm 105 having a 
thickness of about 500 to 5000 angstrom is formed to cover 
the fuses 103. Please also note that in a fuse region of the 
prior art technique, a special process step is provided to form 
a fuse opening section, and a ?lm corresponding to the 
interlayer insulating ?lm 105 is formed to have a certain 
thickness on a metal fuse 104. 

[0006] HoWever, the conventional semiconductor as 
described above entails the folloWing draWbacks. 

[0007] That is, in the fuse structure of the conventional 
technique described above, the interval betWeen fuses is 
narroWed as the element is doWnsiZed. With this structure, 
When broken pieces of a fuse are scattered from a melted 
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doWn fuse and stuck on some other fuse Which should not be 
melted doWn, the erroneous meltdoWn of that fuse Which 
should not be melted doWn, or the change in the resistance 
of the fuse (or the corresponding circuit) are induced, 
creating a problem that a desired element operation cannot 
be guaranteed. Further, as the Wire is multi-layered, the 
thickness of the ?lm cannot be made uniform any more from 
one site to another in the interlayer insulating ?lm. There 
fore, When a plurality of fuses are provided, the thickness of 
the portion of the insulation ?lm, Which is located on each 
fuse differs from one portion to another. As a result, When a 
laser beam is applied uniformly onto a plurality of fuses, 
insufficient meltdoWn or excessive meltdoWn may occur. 
Further, in the case Where the interlayer insulating ?lm 
formed underneath fuses is multi-layered, the stress of a fuse 
Which is scattered into pieces While the meltdoWn of the fuse 
is easily propagated betWeen insulating ?lms made of dif 
ferent compositions, and therefore in some cases, a fuse 
Which should not be melted doWn is melted due to the 
propagated stress. In order to prevent such a phenomenon, 
the energy level of the laser is limited to a loW level such as 
about 0.9 #1, and such a limited energy level is in some cases 
insufficient to surely melt doWn a desired fuse depending on 
a situation determined by, for eXample, the thickness of the 
insulating ?lm on a fuse. 

[0008] As described above, With the conventional semi 
conductor device, in order to melt doWn a very ?ne fuse, 
heat is applied to the fuse through an insulating ?lm. 
Therefore, a meltdoWn error of fuse caused by the non 
uniformity of the thickness of the insulating ?lm, or other 
type of meltdoWn error caused by the propagation of the 
stress When a fuse is scattered in meltdoWn, due to the 
difference in the material of the underlying insulating ?lm, 
occurs. For eXample, in the case of a silicon oXide ?lm 
having a multi-layer insulating ?lm structure, as shoWn in 
FIG. 9, With its underlying layer being a TEOS ?lm (tetra 
ethyl ortho silicate) 106 and its overlying layer being an 
HDP (high density plasma) ?lm 107, as laser energy is 
irradiated on a melted-doWn fuse 108, a stress created as the 
melted-doWn fuse scatters is propagated betWeen the TEOS 
?lm 106 and the HDP ?lm 107 as indicated by an arroW in 
FIG. 9, thereby causing an adverse effect on an adjacent 
non-melted fuse 109. Thus, in some cases, the fuse Which 
should not be melted doWn is Wrongly fused depending on 
a situation. Further, even if it is not fused, the Width of 
Wiring of the fuse Which should not be melted doWn, is 
narroWed due to the adverse effect of the stress caused by the 
scattering of the fuse, thus increasing its resistance value. 

BRIEF SUMMARY OF THE INVENTION 

[0009] An object of the present invention are to solve the 
above-described draWback of the prior art technique. More 
speci?cally, the object of the invention is to provide a fuse 
element capable of fusing a very ?ne fuse uniformly Without 
being in?uenced by the thickness of the insulating ?lm on 
the fuse, as Well as a method of manufacturing such a fuse 
element. 

[0010] Another object of the present invention is to pro 
vide a highly integrated fuse element in Which an adverse 
effect on an adjacent fuse element is suppressed by reducing 
the amount of scattering pieces of a meltdoWn fuse When it 
is fused. 

[0011] In order to achieve the above-described object, 
there is provided, according to a ?rst aspect of the present 
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invention, a semiconductor device comprising a semicon 
ductor substrate; a ?rst insulating ?lm region provided in a 
groove-like manner in the semiconductor substrate; a fuse 
element provided on the ?rst insulating ?lm region; a second 
insulating ?lm region formed on the fuse element and the 
?rst insulating ?lm region; and a metal plug connected to the 
fuse element, and having a surface exposed to a surface of 
the second insulating ?lm region. 

[0012] In the semiconductor device according to the ?rst 
aspect of the present invention, the metal plug may include 
a portion projecting on the surface of the second insulating 
?lm. 

[0013] There is further provided, according to a second 
aspect of the present invention, a semiconductor device 
comprising a semiconductor substrate; a ?rst insulating ?lm 
provided on the semiconductor substrate; a ?rst fuse element 
provided on the ?rst insulating ?lm; a second insulating ?lm 
formed on the fuse element and the ?rst insulating ?lm, the 
second insulating ?lm having a via hole formed therein; and 
a ?rst metal plug formed in the via hole formed in the second 
insulating ?lm, the metal plug being connected to the fuse 
element, and having a surface exposed to a surface of the 
second insulating ?lm. 

[0014] In the semiconductor device according to the sec 
ond aspect of the present invention, the surface of the ?rst 
metal plug may be depressed in the via-hole is removed. 

[0015] In the semiconductor device according to the sec 
ond aspect of the present invention, the ?rst metal plug may 
have a portion projecting on the surface of the second 
insulating ?lm. 

[0016] In the semiconductor device according to the sec 
ond aspect of the present invention, the semiconductor 
device may further comprise an element separation ?lm 
formed on the semiconductor substrate, Wherein the via hole 
formed in the second insulating ?lm may be above the 
element separation ?lm, and the ?rst metal plug may be 
above the element separation ?lm. The surface of the ?rst 
metal plug may be depressed in the via-hole is removed. The 
?rst metal plug may have a portion projecting on the surface 
of the second insulating ?lm. 

[0017] In the semiconductor device according to the sec 
ond aspect of the present invention, the semiconductor 
device may further comprise an element separation ?lm 
formed on the semiconductor substrate, Wherein the ?rst 
insulating ?lm may have an open hole formed therein, a 
second metal plug may be provided in the open hole formed 
in the ?rst insulating ?lm, the open hole formed in the ?rst 
insulating ?lm may be outside of a region of the element 
insulating ?lm, the via hole formed in the second insulating 
?lm may be outside of the region of the element separation 
?lm, and the ?rst metal plug formed in the vial hole of the 
second insulating ?lm may be outside of the region of the 
element separation ?lm. The surface of the ?rst metal plug 
may be depressed in the via-hole may be removed. The ?rst 
metal plug may have a portion projecting on the surface of 
the second insulating ?lm. 

[0018] In the semiconductor device according to the sec 
ond aspect of the present invention, the semiconductor 
device may further comprise an element separation ?lm 
formed on the semiconductor substrate, a second fuse ele 
ment formed on the ?rst insulating ?lm, and a third insu 
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lating ?lm provided betWeen the ?rst insulating ?lm and the 
?rst fuse element, the third insulating ?lm having an open 
hole formed therein, a second metal plug provided in the 
opening hole formed in the third insulating ?lm, Wherein the 
open hole formed in the third insulating ?lm may be above 
the element insulating ?lm, the second metal plug provided 
in the opening hole may be above the element insulating 
?lm, the via hole formed in the second insulating ?lm may 
be above the element separation ?lm, and the ?rst metal plug 
formed in the vial hole of the second insulating ?lm may be 
above the element separation ?lm. The surface of the ?rst 
metal plug may be depressed in the via-hole may be 
removed. The ?rst metal plug may have a portion projecting 
on the surface of the second insulating ?lm. 

[0019] With the above-described structures, it becomes 
possible to carry out meltdoWn of a fuse Without having a 
non-uniform meltdoWn of the fuse or erroneous fusing 
caused by the stress created in the scattering of a melted 
doWn fuse due to the difference in the material of the 
underlying insulting ?lm. Therefore, With the present inven 
tion, a fuse element capable of uniformly melting doWn a 
very ?ne fuse Without adversely affected depending on the 
thickness of the insulating ?lm on the fuse, can be provided. 

[0020] Further, according to a third aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device including the steps of: forming an 
element separation region on a semiconductor substrate; 
forming a ?rst insulating ?lm on the element separation 
region; depositing a metal fuse on the ?rst insulating ?lm; 
depositing a second insulating ?lm on the metal fuse; 
removing a region of the second insulating ?lm, Where a 
via-hole is to be formed, by etching; depositing a metal ?lm 
on the second insulating ?lm such as to completely embed 
the via-hole formation scheduled region; and forming a 
metal plug by etching a section of the metal ?lm, other than 
a region Where a plug is to be formed. With this structure, a 
metal plug can be formed on a fuse While reducing the 
number of processing steps, and further it becomes possible 
to prepare a fuse of a high controllability, Which is not 
affected by the thickness of the insulating ?lm on the fuse. 

[0021] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0022] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0023] FIG. 1A is a cross sectional vieW of a semicon 
ductor device according to a ?rst embodiment of the present 
invention; 

[0024] FIG. 1B is a top vieW of the semiconductor device 
according to the ?rst embodiment of the present invention; 
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[0025] FIGS. 2A to 2C are cross sectional views of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
?rst embodiment of the present invention, shoWn in FIGS. 
1A and 1B; 

[0026] FIGS. 3A to 3D are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
?rst embodiment of the present invention, shoWn in FIGS. 
1A and 1B; 

[0027] FIG. 4 is a cross sectional vieW of a semiconductor 
device in Which a semiconductor structure according to the 
?rst embodiment of the present invention is applied; 

[0028] FIG. 5A is a cross sectional vieW of a semicon 
ductor device according to a second embodiment of the 
present invention is applied; 

[0029] FIG. 5B is a top vieW of the semiconductor device 
according to the second embodiment of the present inven 
tion is applied; 

[0030] FIGS. 6A to 6C are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
second embodiment of the present invention, shoWn in 
FIGS. 5A and 5B; 

[0031] FIGS. 7A and 7B are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
second embodiment of the present invention, shoWn in 
FIGS. 5A and 5B; 

[0032] FIG. 8 is a cross sectional vieW of a semiconductor 
device according to a third embodiment of the present 
invention is applied; 

[0033] FIGS. 9A to 9D are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
third embodiment of the present invention, shoWn in FIG. 8; 

[0034] FIGS. 10A to 10C are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
third embodiment of the present invention, shoWn in FIG. 8; 

[0035] FIGS. 11A to 11D are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
third embodiment of the present invention, shoWn in FIG. 8; 

[0036] FIG. 12 is a cross sectional vieW of a semicon 
ductor device according to the fourth embodiment of the 
present invention is applied; 

[0037] FIGS. 13A to 13D are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
fourth embodiment of the present invention, shoWn in FIG. 
12; 

[0038] FIGS. 14A to 14D are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
fourth embodiment of the present invention, shoWn in FIG. 
12; 
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[0039] FIGS. 15A to 15C are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
fourth embodiment of the present invention, shoWn in FIG. 
12; 
[0040] FIGS. 16A to 16D are cross sectional vieWs of a 
semiconductor structure in each processing step of a method 
of manufacturing the semiconductor device according to the 
fourth embodiment of the present invention, shoWn in FIG. 
12; 
[0041] FIG. 17A is a cross sectional vieW of a conven 
tional semiconductor device; 

[0042] FIG. 17B is a plan vieW of the conventional 
semiconductor device; and 

[0043] FIG. 18 is a cross sectional vieW illustrating a 
draWback of the conventional semiconductor device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] Embodiments of the present invention Will noW be 
described With reference to accompanying draWings. In 
these draWings and the descriptions therefor, the same or 
similar structural members are designated by the same or 
similar reference numerals. It should be noted that the 
?gures are schematic and therefore the relationship betWeen 
the thickness and the measurements of plane, or the ratio 
betWeen layers in terms of thickness With respect to each 
other should differ from practical cases, and therefore spe 
ci?c thickness or measurements should be understood from 
actual values used in the folloWing descriptions. Further, 
betWeen ?gures, there are sections Where the relationship or 
ratio of measurements is different although these sections 
are of the same structural member. 

[0045] First Embodiment 

[0046] A semiconductor device (in this embodiment, it is 
a fuse element) according to the ?rst embodiment of the 
present invention is shoWn in FIGS. 1A and 1B, and Will 
noW be described With reference to these ?gures. 

[0047] FIG. 1A is a cross sectional vieW of a fuse element, 
and FIG. 1B is a top vieW of the fuse element. A cross 
sectional vieW taken along the line IA-IA of FIG. 1B is 
illustrated as FIG. 1A. FIG. 1B is a ?gure shoWing an 
eXample in Which three fuse elements 4 are formed adjacent 
and in parallel to each other, for the simpli?cation of the 
illustration; hoWever in actual cases, several thousands or 
more fuse ?lms 4 are formed in one region depending on a 
situation. Here, the Width of a fuse element 6 is about 0.6 
pm, and the length (taken in a direction normal to the Width) 
of a meltdoWn region 11 of the fuse element 4, Which is 
fused With laser, is about 1 pm. It should be noted here that 
the fuse element 4, in an actual structure, is an underlying 
?lm of the second insulating ?lm 5 as shoWn in FIG. 1A (in 
cross section). Therefore, the fuse element cannot originally 
be visually indicated in FIG. 1B (top vieW); hoWever for the 
convenience of description, the second insulating ?lm 5 on 
the fuse element 4 is omitted from the illustration. 

[0048] A method of manufacturing a semiconductor 
device (a fuse element in this embodiment) according to the 
?rst embodiment Will noW be described With reference to 
FIGS. 2A to 3D. 
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[0049] In a step shown in FIG. 2A, ?rst, an element 
separation region 2 is formed on a semiconductor substrate 
1, and then a ?rst insulating ?lm 3 made of a silicon oxide 
?lm is deposited thereon to have a ?lm thickness of, for 
example, 1.4 pm. Next, a metal fuse ?lm 4 made of, for 
example, aluminum is deposited on the ?rst insulating ?lm 
3 to have a ?lm thickness of, for example, 2000 to 3000 
angstroms. After that, a second insulating ?lm 5 made of a 
silicon oxide ?lm is deposited on the metal fuse ?lm 4 to 
have a ?lm thickness of, for example, 5000 angstroms. 
Subsequently, a photoresist 6 is applied on the second 
insulating ?lm 5, and the applied photoresist is patterned. In 
this manner, a photoresist 6 of a pattern having an opening 
for forming a via-hole on a region of the second insulating 
?lm, in Which a via-hole is to be formed, is formed. 

[0050] Next, in a step shoWn in FIG. 2B, the via-hole 
formation schedule region of the second insulating ?lm 5 is 
removed by anisotropic etching, for example, dry etching, 
With use of the photoresist 6 as a mask, so as to form a hole 
pattern 7 for the formation of a via-hole. Here, the length of 
the bottom portion of the hole pattern is, for example, about 
0.3 to 0.5 pm. 

[0051] After that, in a step shoWn in FIG. 2C, the photo 
resist 6 is removed by an ashing process. 

[0052] Next, in a step shoWn in FIG. 3A, a metal ?lm 8 
made of, for example, aluminum is formed to have a 
thickness of about 1 pm on the second insulating ?lm 5, so 
as to complete ?ll the hole pattern 7 With the metal ?lm 8. 
That the metal ?lm 8 in the hole pattern 7 is shaped such that 
the surface thereof is depressed by the depth of the hole 
pattern 7. 

[0053] Next, in a step shoWn in FIG. 3B, 21 photoresist is 
applied on the metal ?lm 8, and the applied photoresist is 
patterned by lithography. In this manner, a photoresist 9 of 
a pattern for forming a plug on a region of the metal ?lm 8, 
in Which the metal plug is to be formed, is formed. 

[0054] Next, in a step shoWn in FIG. 3C, the section of the 
metal ?lm 8 other than the metal plug formation schedule 
region is removed by isotropic etching, for example, Wet 
etching, With use of the photoresist 9 as a mask. Thus, a fuse 
element having a structure shoWn in FIG. 3D, is formed. 
That is, a fuse element of this embodiment, in Which the 
metal plug 10 is formed on the second insulating ?lm 5, such 
as shoWn in FIGS. 1A and 1B, is formed. 

[0055] With thus obtained fuse, the fusing of a fuse 
necessary in heat breakdoWn is carried out by laser. Thus, in 
this embodiment, the area of the fusing region is reduced as 
compared to the conventional case, thereby making it pos 
sible to improve a higher density of the fuse region. Here, 
since the metal plug 10 is formed on the fuse 4, the stress of 
the melted-doWn fuse is released from the metal plug 10. 
Therefore, the stress of the fuse created by the scattering of 
the fuse material caused by fusing is relaxed, and thus 
erroneous fusing of an adjacent fuse can be prevented. For 
this reason, While the control of the thickness of the second 
insulating ?lm 5 formed on the fuse 4 is not necessary, the 
breakdoWn of the fuse can be effectively can be performed. 
Further, since a laser beam is irradiated directly on the metal 
plug, the stress can be relaxed. Therefore, an high energy 
level of about 1 y] can be used, and With this energy level, 
it is possible to surely melt doWn a desired fuse. 
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[0056] Further, in this embodiment, the metal plug on a 
fuse can be formed at the same time as in a step of forming 
a metal ?lm of a connection pad of a semiconductor element. 
Therefore, one step of the conventional technique, Which is 
for etching the insulating ?lm on the fuse to a desired 
thickness, becomes unnecessary, and thus the number of 
steps can be reduced. That is, in this embodiment, the metal 
plug can be formed on a fuse While reducing the number of 
steps. Thus, a fuse With a high controllability, Which is not 
affected by the thickness of the insulating ?lm on the fuse, 
can be formed. 

[0057] Further, With this embodiment, the breakdoWn rate 
of the fuse is improved, and therefore the pitch of fuses is 
narroWed, the yield of products can be improved. 

[0058] It should be noted that in this embodiment, the ?rst 
insulating ?lm 3 and the second insulating ?lm 5 are 
described each as a single insulating ?lm; hoWever an 
insulating ?lm of a multi-layer can be used as Well. 

[0059] Furthermore, the metal plug 10 in the fuse region 
is formed on the fuse 4, and therefore the metal plug can be 
formed at the same time as in a step of forming a pad 13 of 
a semiconductor chip of a semiconductor device shoWn in 
FIG. 4. In other Words, the pad 13 and the metal plug 10 are 
situated on the same plane, and therefore they can be 
deposited at the same time, and also etched at the same time. 
For this reason, as compared to the conventional method of 
manufacturing a fuse, the manufacturing method described 
above in connection With FIGS. 2A to 3D has an effect of 
shortening the processing step. Here, the pad is an input/ 
output terminal through Which an input/output signal, poWer 
potential and the like are supplied When the semiconductor 
chip is set on a circuit board or the like. It should be noted 
that FIG. 4 illustrates a cross section of an example of the 
semiconductor device comprising a fuse element shoWn in 
FIGS. 1A and 1B. 

[0060] Second Embodiment 

[0061] A semiconductor device (in this embodiment, it is 
a fuse element) according to the second embodiment of the 
present invention is shoWn in FIGS. 5A and 5B, and Will 
noW be described With reference to these ?gures. 

[0062] FIG. 5A is a cross sectional vieW of a fuse element, 
and FIG. 5B is a top vieW of the fuse element. A cross 
sectional vieW taken along the line VA-VA of FIG. 5B is 
illustrated as FIG. 5A. FIG. 5B is a ?gure shoWing an 
example in Which three fuse elements 4 are formed adjacent 
and in parallel to each other, for the simpli?cation of the 
illustration; hoWever in actual cases, several thousands or 
more fuse ?lms 4 are formed in one region depending on a 
situation. Here, the Width of a fuse element 4 is about 0.6 
pm, and the length (taken in a direction normal to the Width) 
of a meltdoWn region 11 of the fuse element 4, Which is 
fused With laser, is about 1 pm. It should be noted here that 
the fuse element 4, in an actual structure, is an underlying 
?lm of the second insulating ?lm 5 as shoWn in FIG. 5A (in 
cross section). Therefore, the fuse element cannot originally 
be visually indicated in FIG. 5B (top vieW); hoWever for the 
convenience of description, the second insulating ?lm 5 on 
the fuse element 4 is omitted from the illustration. 

[0063] In the semiconductor device according to the sec 
ond embodiment shoWn in FIGS. 5A and SE, a metal ?lm 
8 is formed only in a via-hole 7. The portion of the metal ?lm 



US 2002/0000638 A1 

8 on the surface of the via-hole 7 is removed, and it remains 
from the bottom portion of the via-hole to a certain thick 
ness. The second embodiment is different from the ?rst 
embodiment only in this aspect, and the other structure is 
similar to that of the ?rst embodiment. With such a shape 
that the metal plug 8 on the fuse is alloWed to remain only 
in the via-hole 7, it becomes possible to reduce the amount 
of scattering pieces of fuse in the breakdoWn of the fuse, and 
therefore the adverse effect on an adjacent fuse can be 
suppressed, in addition to the advantage achieved by the ?rst 
embodiment. 

[0064] In the method of manufacturing a semiconductor 
device according to the ?rst embodiment, the photoresist 9 
used as a mask is formed on the metal layer 8 in the step 
shoWn in FIG. 3B, and then the metal ?lm 8 is patterned 
With use of the photoresist 6 as a mask in the step shoWn in 
FIG. 3B. HoWever, in the method of manufacturing a 
semiconductor device according to the second embodiment, 
the photoresist 9 used as a mask on the metal ?lm 8 is not 
formed. In place, the metal ?lm on the surface of the second 
insulating ?lm 5 is completely removed by dry etching, and 
the metal layer in the via-hole 7 is alloWed to remain to a 
certain thickness by removing only the portion on the 
surface of the via-hole 7. The other steps are similar to those 
of the ?rst embodiment. It should be noted that the ?rst 
insulating ?lm 3 is described to be a single layer; hoWever 
it may be of a multi-layered structure made of a plurality of 
insulating ?lms, to realiZe the embodiment. 

[0065] Here, a method of manufacturing a semiconductor 
device (a fuse element in this embodiment) according to the 
second embodiment Will noW be described With reference to 
FIGS. 6A to 7B. 

[0066] In a step shoWn in FIG. 6A, ?rst, an element 
separation region 2 is formed on a semiconductor substrate 
1, and then a ?rst insulating ?lm 3 made of a silicon oxide 
?lm is deposited thereon to have a ?lm thickness of, for 
example, 1.4 pm. Next, a metal fuse ?lm 4 made of, for 
example, aluminum is deposited on the ?rst insulating ?lm 
3 to have a ?lm thickness of, for example, 2000 to 3000 
angstroms. After that, a second insulating ?lm 5 made of a 
silicon oxide ?lm is deposited on the metal fuse ?lm 4 to 
have a ?lm thickness of, for example, 5000 angstroms. 
Subsequently, a photoresist 6 is applied on the second 
insulating ?lm 5, and the applied photoresist is patterned by 
lithography. In this manner, a photoresist 6 of a pattern 
having an opening for forming a via-hole on a region of the 
second insulating ?lm, in Which a via-hole is to be formed, 
is formed. 

[0067] Next, in a step shoWn in FIG. 6B, the via-hole 
formation schedule region of the second insulating ?lm 5 is 
removed by anisotropic etching, for example, dry etching, 
With use of the photoresist 6 as a mask, so as to form a hole 
pattern 7 for the formation of a via-hole. Here, the length of 
the bottom portion of the hole pattern 7 is, for example, 
about 0.3 to 0.5 pm. 

[0068] After that, in a step shoWn in FIG. 6C, the photo 
resist 6 is removed by an ashing process. 

[0069] Next, in a step shoWn in FIG. 7A, a metal ?lm 8 
made of, for example, aluminum is formed to have a 
thickness of about 1 pm on the second insulating ?lm 5, so 
as to completely ?ll the hole pattern 7 With the metal ?lm 8. 
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The metal ?lm 8 on the hole pattern 7 is shaped such that the 
surface thereof is depressed by the depth of the hole pattern 
7. 

[0070] Next, in a step shoWn in FIG. 7B, the portion of the 
metal ?lm 8 other than the metal plug formation schedule 
region is removed by dry etching. The portion of the metal 
?lm 8 on the surface of the via-hole 7 is removed, and it 
remains from the bottom portion of the via-hole to a certain 
thickness. Thus, a fuse element having a structure according 
to this embodiment is formed. That is, a fuse element as 
shoWn in FIGS. 5A and 5B, is formed. 

[0071] Third Embodiment 

[0072] A semiconductor device (a fuse element in this 
embodiment) according to the third embodiment of the 
present invention is shoWn in FIG. 8. FIG. 8 is a cross 
sectional vieW of the fuse element. 

[0073] NoW, the semiconductor device of the third 
embodiment of the present invention Will be described With 
reference to FIG. 8. 

[0074] In the semiconductor device according to the third 
embodiment shoWn in FIG. 6, an opening is made in a ?rst 
insulating ?lm 3 on a semiconductor substrate 1, and a 
second metal plug 20 is formed Within the opening. The 
opening is made on a region of the semiconductor substrate 
1, Where an element separation region 2 is not formed. In 
other Words, the opening is located on the element region of 
the semiconductor substrate 1. Therefore, the opening is 
communicated to the element region of the semiconductor 
substrate 1. With this structure, the fuse is connected to the 
element region of the semiconductor substrate 1 via the 
second metal plug 20. Further, in the third embodiment, the 
metal plug 10 on the fuse is formed not above the element 
separation region 2, but above the element region of the 
semiconductor substrate 1. This embodiment is different 
from the ?rst embodiment in these aspects, and the other 
structure is similar to that of the ?rst embodiment. It should 
be noted here that the ?rst insulating ?lm 3 is illustrated as 
a single layer structure in this embodiment, but it can be 
realiZed With a multi-layered structure consisting of a plu 
rality of insulating ?lms. 

[0075] In the third embodiment, the fuse is connected to 
the element region of the semiconductor substrate 1 via the 
second metal plug 20, and therefore the potential of the 
substrate 1 and that of the fuse can be equalized as an 
advantage. Further, in the third embodiment, the metal plug 
10 on the fuse is formed above the element region of the 
semiconductor substrate 1, and therefore the semiconductor 
substrate 1 and the fuse can be set at the same potential level. 
In particular, When the semiconductor substrate 1 is set at the 
ground potential level, and fuses provided in a plurality of 
numbers, are connected to the semiconductor substrate, 
these plurality number of fuses can be all set to the same 
potential. 

[0076] In the method of manufacturing a semiconductor 
device according to the third embodiment, prior to the step 
shoWn in FIG. 2A in the semiconductor device manufac 
turing step of the ?rst embodiment, an opening is made in 
the ?rst insulating ?lm 3 on the semiconductor substrate 1. 
It should be noted that the opening is made on a region of 
the semiconductor substrate 1, Where the element separation 
region 2 is not formed. That is, the opening is situated on the 
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element region of the semiconductor substrate 1. With this 
structure, the opening is communicated With the element 
region of the semiconductor substrate 1. Further, a metal 
?lm is deposited thickly on the ?rst insulating ?lm 3 so as 
to embed the opening. After that, the portion of the deposited 
metal ?lm Which is located on the above surface of the ?rst 
insulating ?lm, is removed so as to alloW the deposited metal 
?lm remain only in the opening. In this manner, the second 
metal plug 20 is formed in the opening. Subsequently, a fuse 
4 is formed on the ?rst insulating ?lm 3. The processing 
steps from this onWards, are similar to those of the ?rst 
embodiment. It should be noted here that in the third 
embodiment, the metal plug 10 on the fuse is formed not 
above the element separation region 2, but above the ele 
ment region of the semiconductor substrate 1. 

[0077] Here, a method of manufacturing a semiconductor 
device (a fuse element in this embodiment) according to the 
third embodiment Will noW be described in detail With 
reference to FIGS. 9A to 11D. 

[0078] In a step shoWn in FIG. 9A, ?rst, an element 
separation region 2 is formed on a semiconductor substrate 
1, and then a ?rst insulating ?lm 3 made of a silicon oxide 
?lm is deposited thereon to have a ?lm thickness of, for 
example, 1.4 pm. Next, a photoresist is applied on the ?rst 
insulating ?lm 3, and the applied photoresist is patterned by 
lithography. In this manner, a photoresist of a pattern having 
an opening on a region of the second insulating ?lm is 
formed. Thus, the opening of the photoresist pattern is 
situated on the region other than the element separation 
region 2. 

[0079] Next, in a step shoWn in FIG. 9B, the opening 
formation schedule region of the ?rst insulating ?lm 3 is 
removed by anisotropic etching, for example, dry etching, 
With use of the photoresist as a mask, so as to form an 
opening in the ?rst insulating ?lm 3. The opening the 
photoresist pattern is situated above the region other than the 
element separation region 2, and therefore the opening 
formed in the ?rst insulating ?lm 3 is naturally situated 
above the region other than the element separation region 2. 
After that, the photoresist 6 is removed by an ashing process. 

[0080] Next, in a step shoWn in FIG. 9C, a metal ?lm 
made of, for example, aluminum is formed on the ?rst 
insulating ?lm 3, to have such a thickness as to completely 
?ll the opening formed in the ?rst insulating ?lm 3. 

[0081] After that, in the step shoWn in FIG. 9D, the 
portion of the metal ?lm, Which is situated on the surface of 
the ?rst insulating ?lm 3 is removed by dry etching, so as to 
alloW the portion of the metal ?lm to remain only in the 
opening of the ?rst insulating ?lm 3. 

[0082] In a step shoWn in FIG. 10A, 21 metal fuse ?lm 4 
made of, for example, aluminum is deposited on the ?rst 
insulating ?lm 3 to have a ?lm thickness of, for example, 
2000 to 3000 angstroms. After that, a second insulating ?lm 
5 made of a silicon oxide ?lm is deposited on the metal fuse 
?lm 4 to have a ?lm thickness of, for example, 5000 
angstroms. Subsequently, a photoresist 6 is applied on the 
second insulating ?lm 5, and the applied photoresist is 
patterned by lithography. In this manner, a photoresist 6 of 
a pattern having an opening on a region of the second 
insulating ?lm is formed. 

[0083] Next, in a step shoWn in FIG. 10B, the via-contact 
formation schedule region of the second insulating ?lm 5 is 
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removed by anisotropic etching, for example, dry etching, 
With use of the photoresist 6 as a mask, so as to form a hole 
pattern 7 for the formation of a via-contact. Here, the length 
of the bottom portion of the hole pattern is, for example, 
about 0.3 to 0.5 pm. 

[0084] After that, in a step shoWn in FIG. 10C, the 
photoresist 6 is removed by an ashing process. 

[0085] Next, in a step shoWn in FIG. 11A, 21 metal ?lm 8 
made of, for example, aluminum is formed to have a 
thickness of about 1 pm on the second insulating ?lm 5, so 
as to completely ?ll the hole pattern 7 With the metal ?lm 8. 
The metal ?lm 8 on the hole pattern 7 is shaped such that the 
surface thereof is depressed by the depth of the hole pattern 
7. 

[0086] Subsequently, in a step shoWn in FIG. 11B, 21 
photoresist is applied on the metal ?lm 8, and the applied 
photoresist is patterned by lithography. In this manner, a 
photoresist pattern 9 is formed on a region of the metal ?lm 
8, in Which a metal plug is to be formed. 

[0087] Next, in a step shoWn in FIG. 11C, the section of 
the metal ?lm 8 other than the metal plug formation schedule 
region is removed by, for example, dry etching, With use of 
the photoresist 9 as a mask. Thus, a fuse element having a 
structure shoWn in FIG. 11D is formed. In other Words, a 
fuse element of this embodiment is formed. 

[0088] Fourth Embodiment 

[0089] A semiconductor device (a fuse element in this 
embodiment) according to a fourth embodiment of the 
present invention is shoWn in FIG. 12. FIG. 12 is a cross 
sectional vieW of the fuse element. 

[0090] NoW, the semiconductor device of the third 
embodiment of the present invention Will be described With 
reference to FIG. 12. 

[0091] In the semiconductor device according to the fourth 
embodiment shoWn in FIG. 7, a ?rst insulating ?lm 3 is 
formed on a semiconductor substrate 1, and a part of a 
surface region of the ?rst insulating ?lm 3, Which is located 
on an element separation region 2 is etched to made a groove 
section. The groove section is ?lled With a material such as 
tungsten or polyimide, and thus a second fuse 21 is formed. 
Further, a third insulating ?lm 22 is deposited on a portion 
of the ?rst insulating ?lm 3, Where the second fuse 21 is 
formed. An opening is made in the third insulating ?lm 22, 
and a second metal plug 23 is formed Within the opening. 
Then, a fuse is formed on a portion of the third insulating 
?lm 22 Where the metal plug 23 is formed. This embodiment 
is different from the ?rst embodiment in these aspects, and 
the other structure is similar to that of the ?rst embodiment. 
It should be noted here that the ?rst insulating ?lm 3 and the 
third insulating ?lm are illustrated as a single layer structure 
in this embodiment, but each of them can be realiZed With 
a multi-layered structure consisting of a plurality of insu 
lating ?lms. 

[0092] In the third embodiment, the second fuse is neWly 
provided in addition to the ?rst fuse, and therefore When the 
potential of the ?rst fuse is set to the same potential as that 
of the second fuse, the potential of the ?rst fuse can be 
further stabiliZed. 

[0093] In the method of manufacturing a semiconductor 
device according to the fourth embodiment, prior to the step 
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shown in FIG. 2A in the semiconductor device manufac 
turing step of the ?rst embodiment, a part of a surface region 
of the ?rst insulating ?lm 3 formed on the semiconductor 
substrate 1, Which is located on the element separation 
region 2 is etched to made a groove section. The groove 
section is ?lled With a material such as tungsten or polyim 
ide, and thus the second fuse 21 is formed. Further, the third 
insulating ?lm 22 is deposited on the portion of the ?rst 
insulating ?lm 3, Where the second fuse 21 is formed. An 
opening is made in the third insulating ?lm 22, and a metal 
?lm is deposited thickly on the third insulating ?lm 22 so as 
to embed the opening. After that, the portion of the deposited 
metal ?lm Which is located on the above surface of the third 
insulating ?lm 22, is removed so as to alloW the deposited 
metal ?lm remain only in the opening. In this manner, the 
second metal plug 23 is formed in the opening. Subse 
quently, a fuse 4 is formed on the third insulating ?lm 22. 
The processing steps from this onWards, are similar to those 
of the ?rst embodiment. 

[0094] Here, a method of manufacturing a semiconductor 
device (a fuse element in this embodiment) according to the 
fourth embodiment Will noW be described in detail With 
reference to FIGS. 13A to 16D. 

[0095] In a step shoWn in FIG. 13A, ?rst, an element 
separation region 2 is formed on a semiconductor substrate 
1, and then a ?rst insulating ?lm 3 made of a silicon oxide 
?lm is deposited thereon to have a ?lm thickness of, for 
example, 1.4 pm. Next, a photoresist is applied on the ?rst 
insulating ?lm 3, and the applied photoresist is patterned by 
lithography. In this manner, a photoresist of a pattern having 
an opening, is formed. 

[0096] Next, in a step shoWn in FIG. 13B, 21 part of the 
surface region of the ?rst insulating ?lm 3 is removed by 
anisotropic etching, for example, dry etching, With use of the 
photoresist as a mask, so as to make a groove in the part of 
the surface region of the ?rst insulating ?lm 3. After that, the 
photoresist is removed by an ashing process. 

[0097] Next, in a step shoWn in FIG. 13C, 21 metal fuse 
?lm made of, for example, aluminum is formed on the ?rst 
insulating ?lm 3, to have such a thickness as to completely 
?ll the groove made in the ?rst insulating ?lm 3. After that, 
in the step shoWn in FIG. 13D, the portion of the metal ?lm, 
Which is situated on the upper surface of the ?rst insulating 
?lm 3 is removed by dry etching, so as to alloW the portion 
of the metal fuse ?lm to remain only in the groove. In this 
manner, a metal fuse 21 is formed in the groove. 

[0098] In a step shoWn in FIG. 14A, 21 third insulating ?lm 
33 is deposited on the ?rst insulating ?lm 3 in Which the 
second fuse 21 is formed. Then, a photoresist is applied on 
the third insulating ?lm 22, and the applied photoresist is 
patterned by lithography. In this manner, a photoresist of a 
pattern is formed on a region of the third insulating ?lm 22, 
in Which a second metal plug 20 is to be formed. 

[0099] Next, in a step shoWn in FIG. 14B, 21 via-contact 
formation schedule region of the third insulating ?lm 22 is 
removed by anisotropic etching, for example, dry etching, 
With use of the photoresist as a mask, so as to form an 
opening in the third insulating ?lm 22. After that, the 
photoresist is removed by an ashing process. 

[0100] Next, in a step shoWn in FIG. 14C, 21 metal ?lm 
made of, for example, aluminum is deposited on the third 
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insulating ?lm 22, to have such a thickness as to completely 
?ll the opening formed in the third insulating ?lm 22. 

[0101] After that, in a step shoWn in FIG. 14D, the portion 
of the metal ?lm, Which is formed on the surface of the third 
insulating ?lm 22 is removed by dry etching, so as to alloW 
the metal ?lm to remain only in the opening. In this manner, 
a second metal plug 20 is formed in the opening. 

[0102] In a step shoWn in FIG. 15A, 21 metal fuse ?lm 4 
made of, for example, aluminum is deposited on the third 
insulating ?lm 22 in Which the second metal plug 20 is 
formed, to have a ?lm thickness of, for example, 2000 to 
3000 angstroms. After that, a second insulating ?lm 5 made 
of a silicon oxide ?lm is deposited on the metal fuse ?lm 4 
to have a ?lm thickness of, for example, 5000 angstroms. 
Subsequently, a photoresist 6 is applied on the second 
insulating ?lm 5, and the applied photoresist is patterned by 
lithography. In this manner, a photoresist 6 of a pattern 
having an opening is formed on a region of the second 
insulating ?lm, in Which a via-hole is to be formed. 

[0103] Next, in a step shoWn in FIG. 15B, the via-contact 
formation schedule region of the second insulating ?lm 5 is 
removed by anisotropic etching, for example, dry etching, 
With use of the photoresist 6 as a mask, so as to form a hole 
pattern 7 for the formation of a via-contact. Here, the length 
of the bottom portion of the hole pattern is, for example, 
about 0.3 to 0.5 pm. 

[0104] After that, in a step shoWn in FIG. 15C, the 
photoresist 6 is removed by an ashing process. 

[0105] Next, in a step shoWn in FIG. 16A, 21 metal ?lm 8 
made of, for example, aluminum is formed to have a 
thickness of about 1 pm on the second insulating ?lm 5, so 
as to completely ?ll the hole pattern 7 With the metal ?lm 8. 
The metal ?lm 8 on the hole pattern 7 is shaped such that the 
surface thereof is depressed by the depth of the hole pattern 
7. 

[0106] Subsequently, in a step shoWn in FIG. 16B, 21 
photoresist is applied on the metal ?lm 8, and the applied 
photoresist is patterned by lithography. In this manner, a 
photoresist 9 of a pattern is prepared on a region of the metal 
?lm 8, in Which a metal plug is to be formed. 

[0107] Next, in a step shoWn in FIG. 16C, the section of 
the metal ?lm 8 other than the metal plug formation schedule 
region is removed by anisotropic etching, for example, dry 
etching, With use of the photoresist 6 as a mask. Thus, a fuse 
element having a structure shoWn in FIG. 16D is formed. In 
other Words, a fuse element of this embodiment, as shoWn in 
FIG. 12, is formed. 

[0108] According to the present invention, the metal plug 
is formed on a fuse, and therefore the stress of the melted 
doWn fuse is released from the metal plug. Consequently, the 
stress of the fuse created by the scattering of the fuse 
material caused by fusing is relaxed, and thus erroneous 
fusing of an adjacent fuse can be prevented. For this reason, 
While the control of the thickness of the second insulating 
?lm formed on the fuse is not necessary, the breakdoWn of 
the fuse can be effectively can be performed. Further, the 
etching step Which is essential to the conventional tech 
nique, Which is provided for processing the insulating ?lm 
on the fuse to a desired thickness, becomes unnecessary, and 
thus the number of steps can be reduced. That is, in this 
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embodiment, the metal plug can be formed on a fuse While 
reducing the number of steps. Further, the area of the fuse 
meltdown area is made smaller as compared to the conven 
tional case, and therefore it becomes possible to achieve a 
higher density of the fuse region. 

[0109] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A semiconductor device comprising: 

a semiconductor substrate; 

a ?rst insulating ?lm region provided in a groove-like 
manner in the semiconductor substrate; 

a fuse element provided on the ?rst insulating ?lm region; 

a second insulating ?lm region formed on the fuse ele 
ment and the ?rst insulating ?lm region; and 

a metal plug connected to the fuse element, and having a 
surface exposed to a surface of the second insulating 
?lm region. 

2. A semiconductor device according to claim 1, Wherein 
the metal plug includes a portion projecting on the surface 
of the second insulating ?lm. 

3. A semiconductor device comprising: 

a semiconductor substrate; 

a ?rst insulating ?lm provided on the semiconductor 
substrate; 

a ?rst fuse element provided on the ?rst insulating ?lm; 

a second insulating ?lm formed on the fuse element and 
the ?rst insulating ?lm, the second insulating ?lm 
having a via hole formed therein; and 

a ?rst metal plug formed in the via hole formed in the 
second insulating ?lm, the metal plug being connected 
to the fuse element, and having a surface eXposed to a 
surface of the second insulating ?lm. 

4. A semiconductor device according to claim 3, Wherein 
the surface of the ?rst metal plug is depressed in the via-hole 
is removed. 

5. A semiconductor device according to claim 3, Wherein 
the ?rst metal plug has a portion projecting on the surface of 
the second insulating ?lm. 

6. A semiconductor device according to claim 3, further 
comprising an element separation ?lm formed on the semi 
conductor substrate, Wherein the via hole formed in the 
second insulating ?lm is above the element separation ?lm, 
and the ?rst metal plug is above the element separation ?lm. 

7. A semiconductor device according to claim 6, Wherein 
the surface of the ?rst metal plug is depressed in the via-hole 
is removed. 
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8. A semiconductor device according to claim 6, Wherein 
the ?rst metal plug has a portion projecting on the surface of 
the second insulating ?lm. 

9. A semiconductor device according to claim 3, further 
comprising an element separation ?lm formed on the semi 
conductor substrate, Wherein the ?rst insulating ?lm has an 
open hole formed therein, a second metal plug is provided 
in the open hole formed in the ?rst insulating ?lm, the open 
hole formed in the ?rst insulating ?lm is outside of a region 
of the element insulating ?lm, the via hole formed in the 
second insulating ?lm is outside of the region of the element 
separation ?lm, and the ?rst metal plug formed in the vial 
hole of the second insulating ?lm is outside of the region of 
the element separation ?lm. 

10. Asemiconductor device according to claim 9, Wherein 
the surface of the ?rst metal plug is depressed in the via-hole 
is removed. 

11. A semiconductor device according to claim 9, Wherein 
the ?rst metal plug has a portion projecting on the surface of 
the second insulating ?lm. 

12. A semiconductor device according to claim 3, further 
comprising an element separation ?lm formed on the semi 
conductor substrate, a second fuse element formed on the 
?rst insulating ?lm, and a third insulating ?lm provided 
betWeen the ?rst insulating ?lm and the ?rst fuse element, 
the third insulating ?lm having an open hole formed therein, 
a second metal plug provided in the opening hole formed in 
the third insulating ?lm, Wherein the open hole formed in the 
third insulating ?lm is above the element insulating ?lm, the 
second metal plug provided in the opening hole is above the 
element insulating ?lm, the via hole formed in the second 
insulating ?lm is above the element separation ?lm, and the 
?rst metal plug formed in the vial hole of the second 
insulating ?lm is above the element separation ?lm. 

13. A semiconductor device according to claim 12, 
Wherein the surface of the ?rst metal plug is depressed in the 
via-hole is removed. 

14. A semiconductor device according to claim 12, 
Wherein the ?rst metal plug has a portion projecting on the 
surface of the second insulating ?lm. 

15. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming an element separation region on a semiconductor 
substrate; 

forming a ?rst insulating ?lm on the element separation 
region; 

depositing a metal fuse on the ?rst insulating ?lm; 

depositing a second insulating ?lm on the metal fuse; 

removing a region of the second insulating ?lm, Where a 
via-hole is to be formed, by etching; 

depositing a metal ?lm on the second insulating ?lm such 
as to completely embed the via-hole formation sched 
uled region; and 

forming a metal plug by etching a section of the metal 
?lm, other than a region Where a plug is to be formed. 

* * * * * 


