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(57) ABSTRACT 

Provided is a semiconductor device having an electric fuse 
structure which receives the supply of an electric current to be 
permitted to be cut without damaging portions around the 
fuse. An electric fuse is electrically connected between an 
electronic circuit and a redundant circuit as a spare of the 
electronic circuit. After these circuits are sealed with a resin, 
the fuse can be cut by receiving the Supply of an electric 
current from the outside. The electric fuse is formed in a fine 
layer, and is made of a main wiring and a barrier film. The 
linear expansion coefficient of each of the main wiring and the 
barrier film is larger than that of each of the insulator layers. 
The melting point of each of the main wiring and the barrier 
film is lower than that of each of the insulator layers. 
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FIG. 5 
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SEMCONDUCTORDEVICE AND AMETHOD 
OF INCREASING ARESISTANCEVALUE OF 

AN ELECTRIC FUSE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/683,053, filed Mar. 7, 2007; and which appli 
cation claims priority from Japanese patent application No. 
2006-256226 filed on Sep. 21, 2006, the entire contents of 
which are hereby incorporated by reference into this applica 
tion. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a semiconductor 
device which receives the Supply of an electric current so as to 
be permitted to increase the resistance of the device itself, and 
a method of increasing the resistance of an electric fuse. 
0003 Hitherto, there has been used a fuse which receives 
the supply of an electric current to be permitted to increase the 
resistance of the fuse itself. In the present specification, Such 
a fuse is called an electric fuse. The electric fuse is set inside 
an insulator layer. In the specification, a structure having an 
insulator layer and an electric fuse is called an electric fuse 
structure. In the specification, an increase in the resistance of 
an electric fuse is, for example, a phenomenon that the value 
of an electric current flowing into the electric fuse becomes 
small, that is, the electric fuse turns into a state that the fuse 
has a higher resistance than before, or a phenomenon that the 
flow of an electric current between two elements connected to 
both ends of the electric fuse stops completely, that is, the 
electric fuse is cut or melted/cut, or the resistance of the 
electric fuse becomes infinite. Examples of the electric fuse 
described in the specification include a fuse for making the 
use of an electric circuit impossible, a fuse which is used in an 
analog device or the like to adjust the Voltage of the device, 
and a fuse which is used as a tag for leaving the hysteresis of 
a process, a test result or the like. 
0004 Patent Document 1 Pamphlet of WO97/12401 
0005 Patent Document 2 U.S. Pat. No. 5,969.404 
0006 Patent Document 3 U.S. Pat. No. 6,323,535 
0007 Patent Document 4 U.S. Pat. No. 6,433.404 
0008 Patent Non-document 1 V. Klee et al., “A 0.13 um 
logic based embedded DRAM technology with electrical 
fuses, Cu interconnect in SiLkTM, sub-7 ns access and its 
extension to the 0.10 um generation', IEDM Conference 
(2001). 

SUMMARY OF THE INVENTION 

0009 Increases in the resistance of conventional electric 
fuses are realized by an electromigration phenomenon. For 
this reason, in Some cases, it is necessary to supply a large 
electric current to an electric fuse. In Such cases, a structure 
around the electric fuse may be damaged by heat generated 
from the fuse. 
0010. In light of the above-mentioned problems, the 
present invention has been made. Thus, an object of the inven 
tion is to provide a semiconductor device which is permitted 
to increase the resistance of the device itself without damag 
ing any Surrounding structure, and a method of increasing the 
resistance of an electric fuse. 
0011. An aspect of the present invention is a semiconduc 
tor device comprising an insulator layer and an electric fuse 
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formed in the insulator layer. The electric fuse has a larger 
linear expansion coefficient than that of the insulator layer, 
and further has a lower melting point than that of the insulator 
layer. 
0012. According to this structure, the resistance of the 
electric fuse can be increased even if the value of an electric 
current Supplied to the electric fuse is Small. Accordingly, the 
amount of heat generated from the electric fuse is Small. As a 
result, a structure around the electric fuse is prevented from 
being damaged. 
0013 Another aspect of the invention is a semiconductor 
device comprising a semiconductor Substrate, a gate elec 
trode formed over the semiconductor substrate, an interlayer 
dielectric covering the gate electrode, a fine layer formed over 
the interlayer dielectric, a semiglobal layer formed over the 
fine layer, a global layer formed over the semiglobal layer, 
and an electric fuse formed in at least one selected from the 
fine layer, the semiglobal layer, and the global layer. 
0014. According to this structure, when an electric current 

is supplied to the electric fuse, the distance over which heat 
generated from the electric fuse reaches the semiconductor 
substrate is large; therefore, the resistance of the electric fuse 
can be increased without damaging the semiconductor Sub 
Strate. 

0015 Still another aspect of the invention is a semicon 
ductor device comprising an insulator layer, and an electric 
fuse which is formed in the insulator layer, and has a mean 
dering shape comprising a linear portion and a bent portion, 
wherein the distance between moieties near the bent portion 
is smaller than the distance between moieties other than the 
moieties near the bent portion. 
0016. According to this structure, heat from a central por 
tion of the electric fuse does not diffuse outside easily since 
the electric fuse is meandering. Therefore, a structure around 
the electric fuse is restrained from being damaged by heat 
generated from the electric fuse. Moreover, a time required 
for an increase in the resistance of the electric fuse can be 
shortened since a large amount of heat is locally given only to 
the bent portion. 
0017. A different aspect of the invention is a method of 
increasing the resistance of an electric fuse wherein an elec 
tric current is supplied to the electric fuse which is any one of 
the above-mentioned electric fuses. In this way, the electric 
fuse is melted and is further cracked. Thereafter, a part of the 
melted electric fuse is absorbed into the crack by use of a 
capillary phenomenon. As a result, a discontinuous portion is 
formed in the electric fuse. According to this method, an 
electric fuse can be cut by a smaller electric current than that 
given to an electric fuse in any conventional method of using 
electromigration to cut the electric fuse. 
0018. A further different aspect of the invention is a 
method of increasing the resistance of an electric fuse com 
prising the steps of Supplying an electric current to the elec 
tric fuse which is anyone of the above-mentioned electric 
fuses, thereby making the electric fuse narrow by use of pinch 
effect; and then stopping the Supply of the electric current, 
thereby forming a cavity in the electric fuse by use of retain 
ing force of the electric fuse. According to this method, an 
electric fuse can be cut by a smaller electric current than that 
given to an electric fuse in the above-mentioned method of 
cutting the electric fuse by use of a capillary phenomenon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a schematic view illustrating a structure of 
an electronic circuit to which an electric fuse of an embodi 
ment of the invention is fitted. 
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0020 FIG. 2 is a view illustrating a structure of the whole 
of a semiconductor device wherein an electric fuse structure 
of the embodiment is formed. 
0021 FIG. 3 is a schematic view illustrating the electric 
fuse of the embodiment which has a meandering shape. 
0022 FIG.4 is a sectional view taken online IV-IV in FIG. 
3. 
0023 FIG. 5 is a schematic view illustrating the electric 
fuse of the embodiment which is made only of a liner portion. 
0024 FIG. 6 is a sectional view taken online VI-VI in FIG. 
5. 
0025 FIG. 7 is a schematic view illustrating another 
example of the electric fuse of the embodiment which has a 
meandering shape. 
0026 FIG. 8 is a photograph showing a state that linear 
portions of an electric fuse of the embodiment which has a 
meandering shape contact each other by leakage or Solid 
dissolution. 
0027 FIG. 9 is a view illustrating a basic example of the 
electric fuse structure of the embodiment. 
0028 FIG. 10 is a first different example of the electric 
fuse structure of the embodiment. 
0029 FIG. 11A is a second different example of the elec 

tric fuse structure of the embodiment. 
0030 FIG. 11B is a third different example of the electric 
fuse structure of the embodiment. 
0031 FIG. 12A is a fourth different example of the electric 
fuse structure of the embodiment. 
0032 FIG. 12B is a fifth different example of the electric 
fuse structure of the embodiment. 
0033 FIG. 13 is a sixth different example of the electric 
fuse structure of the embodiment. 
0034 FIG. 14A is a seventh different example of the elec 

tric fuse structure of the embodiment. 
0035 FIG. 14B is an eighth different example of the elec 

tric fuse structure of the embodiment. 
0036 FIG. 15 is a ninth different example of the electric 
fuse structure of the embodiment. 
0037 FIG. 16A is a tenth different example of the electric 
fuse structure of the embodiment. 
0038 FIG. 16B is an eleventh different example of the 
electric fuse structure of the embodiment. 
0039 FIG. 17 is a twelfth different example of the electric 
fuse structure of the embodiment. 
0040 FIG. 18A is a thirteenth different example of the 
electric fuse structure of the embodiment. 
004.1 FIG. 18B is a fourteenth different example of the 
electric fuse structure of the embodiment. 
0042 FIG. 19 is a fifteenth different example of the elec 

tric fuse structure of the embodiment. 
0043 FIG. 20A is a sixteenth different example of the 
electric fuse structure of the embodiment. 
0044 FIG. 20B is a seventeenth different example of the 
electric fuse structure of the embodiment. 
0045 FIG. 21 is a view for explaining the direction of 
force acting on the electric fuse which is the basic example of 
the embodiment when an electric current flows into this elec 
tric fuse. 
0046 FIG. 22 is a view for explaining a state that the 
electric fuse of the basic example swells. 
0047 FIG. 23 is a top view illustrating a first state of the 
electric fuse of the basic example when it is cut. 
0.048 FIG. 24 is a sectional view taken on line XXIV 
XXIV in FIG. 23. 
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0049 FIG.25 is a top view illustrating a second state of the 
electric fuse of the basic example when it is cut. 
0050 FIG. 26 is a sectional view taken on line XXVI 
XXVI in FIG. 25. 
0051 FIG. 27 is a top view illustrating a third state of the 
electric fuse of the basic example when it is cut. 
0052 FIG. 28 is a sectional view taken on line XXVIII 
XXVIII in FIG. 27. 
0053 FIG. 29 is a top view illustrating a fourth state of the 
electric fuse of the basic example when it is cut. 
0054 FIG.30 is a sectional view taken online XXX-XXX 
in FIG. 29. 
0055 FIG. 31 is a top view illustrating a fifth state of the 
electric fuse of the basic example when it is cut. 
0056 FIG. 32 is a sectional view taken on line XXXII 
XXXII in FIG. 31. 
0057 FIG.33 is a photograph (of across section) showing 
a state that an electric fuse is absorbed into a crack formed in 
an insulator layer in an electric fuse structure. 
0.058 FIG. 34 is a photograph (of a top face) showing the 
state that the electric fuse is absorbed into the crack formed in 
the insulator layer in the electric fuse structure. 
0059 FIG. 35 is a view illustrating an electric current 
pulse as an improper pulse, and an electric current pulse as a 
proper pulse. 
0060 FIG. 36 is a photograph showing an electric fuse cut 
by an electric current pulse as an improper pulse, and an 
electric fuse cut by an electric current pulse as a proper pulse. 
0061 FIG. 37 is a graph showing a relationship between 
rise time of electric current pulses and the ratio of the resis 
tance of an electric fuse after the fuse is cut to that of the 
electric fuse before the fuse is cut. 
0062 FIG. 38 is a top view illustrating an example of the 
position of a cut portion of an electric fuse made only of a 
linear portion. 
0063 FIG. 39 is a chart wherein positions of cut portions 
of plural electric fuses each made only of a linear portion are 
plotted. 
0064 FIG. 40 is a view for explaining an electric fuse 
structure wherein a central portion is selectively to be cut. 
0065 FIG. 41 is a photograph showing an electric fuse 
structure wherein a central portion was selectively cut. 
0.066 FIG. 42 is a view illustrating the distance between 
linear portions. 
0067 FIG. 43 is a view illustrating a state that linear por 
tions short-circuit through a cut piece. 
0068 FIG. 44 is a view illustrating an electric fuse struc 
ture having a construction for preventing linear portions from 
short-circuiting. 
0069 FIG. 45 is a view for explaining a method of cutting 
an electric fuse by use of pinch effect. 
0070 FIG. 46 is a photograph showing an electric fuse cut 
by pinch effect. 
0071 FIG. 47 is a graph of a relationship between time and 
the distance between a moiety having a temperature of 600° 
C. when the temperature of an electric fuse was kept at 1200° 
C. and the electric fuse. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0072. With reference to the attached drawings, embodi 
ments of the semiconductor device according to the present 
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invention and the method of increasing the resistance of an 
electric fuse according to the invention will be described 
hereinafter. 

Embodiment 1 

0073. An electric fuse of an embodiment 1 of the present 
invention is not any electric fuse formed in the same layer in 
which a gate electrode is formed, as in the prior art. The 
electric fuse of the embodiment 1 is formed in a fine layer in 
a multi-layered structure including the fine layer, a semiglo 
ballayer and a global layer in a semiconductor device. There 
fore, the electric fuse is prevented from damaging its semi 
conductor Substrate. 
0074 According to the structure of the semiconductor 
device of the embodiment 1, other elements, such as a tran 
sistor for controlling the flow of an electric current for 
increasing the resistance of the fuse, can be arranged in a 
space from the semiconductor Substrate to the electric fuse: 
therefore, it is possible to make Small the occupation area of 
elements arranged in a direction parallel to a main Surface of 
the semiconductor substrate of the semiconductor device. 
0075. The increase in the resistance of the electric fuse of 
the embodiment 1 is realized not by any electromigration 
phenomenon but a capillary phenomenon. Accordingly, the 
resistance of the electric fuse can be increased only by caus 
ing a relatively small electric current to flow into the electric 
fuse. As a result, a structure around the electric fuse is pre 
vented from being damaged. Moreover, the time necessary 
for an increase in the resistance of the electric fuse can be 
largely shortened. 
0076. In the embodiment 1, the electric fuse is a member 
for separating a redundant circuit and any other circuit elec 
trically from each other. However, the usage of the electric 
fuse of the invention is not limited thereto. The electric fuse of 
the invention can be applied to any article as long as the article 
is an article having a resistance that can be increased by 
receiving the Supply of an electric current. The raw material 
of the electric fuse is suitably a metal or a metal compound. 
However, the raw material of the electric fuse of the invention 
is not limited thereto as long as a resistance-increasing 
method that will be described below can be applied to the raw 
material. 
0077. First, the electric fuse structure of the embodiment 1 

is specifically described herein. As illustrated in FIG. 1, the 
electric fuse (electric fuse 10) of the embodiment 1 is set 
inside a semiconductor device, and is connected to a power 
source electrode VDD and an earth electrode VSS so as to be 
present therebetween. A resistor 60 is arranged between a 
terminal 10a of the electric fuse 10 and the power source 
electrode VDD, and a resistor 70 is arranged between a ter 
minal 10b of the electric fuse 10 and the earth electrode VSS. 
A transistor 40 and a decision circuit 50 are connected to a 
wiring between the resistor 70 and the terminal 10b. The 
decision circuit 50 is a circuit for detecting whether or not the 
resistance of the electric fuse 10 turns into a predetermined 
value or more. An inverter circuit 30 is connected to the gate 
electrode of the transistor 40. In accordance with an electric 
signal given from the inverter circuit 30 to the transistor 40, an 
electric current flows from the power source electrode VDD 
through the electric fuse 10 to the earth electrode VSS. 
Accordingly, in the method of increasing the resistance of the 
electric fuse 10 in the embodiment 1, whether or not the 
resistance of the electric fuse is increased can be controlled in 
accordance with an electric signal given to the transistor 40 
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from the outside. Whether or not the resistance of the electric 
fuse 10 is over the predetermined value is decided by the 
decision circuit 50. 
0078 Next, the structure of the semiconductor of the 
embodiment 1 is described herein with reference to FIG. 2. 
The semiconductor device of the embodiment 1 has plural 
stacked metal wiring layers. The metal wiring layers are 
named M1, M2, . . . M8 and M9, respectively, in the order 
from the side of a semiconductor substrate SC upwards. The 
metal wiring layers are connected to each other through Vias. 
The vias are named V1,V2,..., V7 and V8, respectively, in 
the order from the side of the semiconductor substrate SC 
upwards. 
0079. Out of the layers including the metal wiring layers 
M1, M2, ... M8 and M9, and the vias V1,V2,...,V7 and V8, 
layers positioned at a lower side are called a fine layer 100, 
and layers positioned at an upper side are called a global layer 
300. The layers positioned between the finelayer 100 and the 
global layer 300 are called a semiglobal layer 200. 
0080. The metal wiring layers in the fine layer 100 each 
have the Smallest wiring width and thickness among the metal 
wiring layers constituting the semiconductor device. The 
metal wiring layers in the semiglobal layer 200 each have a 
larger wiring width and a larger thickness than those of the 
metal wiring layers in the fine layer 100. The metal wiring 
layers in the global layer 300 each have a larger wiring width 
and a larger thickness than those of the metal wiring layers in 
the semiglobal layer 200. Examples of dimensions of the fine 
layer 100, the semiglobal layer 200 and the global layer 300 
are shown in Table 1. 

TABLE 1 

Wiring width (Lm) Wiring thickness (nm) 

Fine layer O.12 200 
Semiglobal layer O.3 400 
Global layer O6 1OOO 

I0081. The dimensions of the finelayer 100, the semiglobal 
layer 200 and the global layer 300 are varied in accordance 
with the kind of the semiconductor device, and the material of 
the wirings. Accordingly, Table 1 shows a mere example of a 
relationship between the dimensions of the three layers. 
I0082 In a conventional semiconductor device, a wiring 
layer equivalent to a gate electrode layer GA covered with an 
interlayer dielectric (TEOS. tetraethyl ortho silicate glass) 
CA shown in FIG. 2 is partially used as an electric fuse. For 
this reason, when a large electric current is Supplied to the 
electric fuse so as to make the resistance of a predetermined 
portion of the electric fuse high, a semiconductor Substrate of 
the conventional device and a surrounding portion thereof 
may be damaged by heat generated from the electric fuse. 
Against this matter, in the embodiment 1, the electric fuse 10 
is arranged near the metal wiring layers M1 to M5 in the fine 
layer 100. 
I0083. The metal wiring layers M1 to M5, which constitute 
the finelayer 100, are formed in accordance with a single rule 
for plural layers (generally, the number of the layers is from 
about 4 to 6), this matter being different from rules for the 
metal wiring layers M6 and M7, which constitute the semi 
global layer 200, and for the metal wiring layers M8 and M9, 
which constitute the global layer 300. Therefore, the electric 
fuse 10 can be formed in any one of the layers in fine layer 
100. For example, the electric fuse 10 can be formed near the 
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metal wiring layer M5, which is formed at a position farthest 
from the semiconductor substrate SC. 
0084. Accordingly, when an electric current is supplied to 
the electric fuse 10, heat generated from the electric fuse 10 is 
prevented from producing an adverse effect onto the semi 
conductor substrate SC. Even if the electric fuse 10 is formed 
in the semiglobal layer 200 or the global layer 300, the electric 
fuse 10 can be prevented from producing an adverse effect 
onto the semiconductor substrate SC. In other words, even if 
the electric fuse 10 is formed in any one of the layers in the 
fine layer 100, the semiglobal layer 200 and the global layer 
300, or the electric fuse 10 and one or more electric fuses 
equivalent thereto are formed in any two or all of these layers, 
the electric fuse 10 can be prevented from producing an 
adverse effect onto the semiconductor substrate SC. 
0085. In the semiconductor device of the embodiment 1, 
the metal wiring layer which has a low resistance is used as 
the electric fuse 10. Thus, even if the value of the electric 
current supplied to the electric fuse 10 is small, the resistance 
of the electric fuse 10 can be increased. 
I0086 FIGS. 3 and 4 are a top view and a sectional view of 
the electric fuse 10 of the embodiment 1 and a portionaround 
the fuse 10, respectively. The electric fuse 10 of the embodi 
ment 1 has a meandering shape composed of linear portions 
10d and bent portions 10C. The electric fuse structure of the 
embodiment 1 may have an electric fuse 10 made only of a 
linear portion, as illustrated in FIGS. 5 and 6. However, when 
the electric fuse 10 having a meandering shape is compared 
with any electric fuse which is made only of a linear portion 
and has the same length as the meandering electric fuse 10, 
the meandering electric fuse 10 has an advantage that even if 
the value of an electric current supplied to the fuse 10 is small, 
the resistance of the fuse 10 can be made larger. 
0087. As illustrated in FIGS. 3 to 6, in the electric fuse 
structure of the embodiment 1, the electric fuse 10 is sur 
rounded by the metal wiring layers M1 to M5 and the vias V1 
to V4, which are each made of an electroconductive material. 
The metal wiring layers M1 to M5 and the vias V1 to V4 
illustrated in FIGS. 3 to 6 are each an electrically-floating, 
electroconductive layer, which is electrically insulated from 
the other electroconductive layers. Accordingly, even if the 
electric fuse 10 melts out to leak into one or more of the 
insulator layers around the fuse 10, the metal wiring layers 
M1 to M5 and the vias V1 to V4 prevent the leaking fuse from 
producing an adverse effect onto any different electronic 
circuit. 

I0088. The electric fuse 10 of the embodiment 1 may have 
a structure as illustrated in FIG. 7. Specifically, the number of 
bent portions 10c and that of linear portions 10d are not each 
limited to any specific numerical value. 
0089 FIG. 8 is a photograph showing a state that an 
example of the electric fuse 10 was actually cut. It can be 
understood from FIG. 8that when the electric fuse 10, which 
is meandering, is cut, its portions adjacent to each other are 
brought into contact with each other to generate leakage and 
further a portion below the electric fuse 10 is cracked by an 
expansion in the Volume of the portion converted to a solid 
Solution. In other words, it can be understood that only an idea 
that the electric fuse 10 is meandered does not make it pos 
sible to increase the resistance of the electric fuse 10 while the 
electric fuse 10 is prevented from producing an adverse effect 
onto a structure around the fuse 10. 
0090 Consequently, the electric fuse 10 of the embodi 
ment 1 has a structure illustrated in FIG.9 in order to increase 
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the resistance of the electric fuse 10 while the electric fuse 10 
is prevented from producing an adverse effect onto a structure 
around the fuse 10. 
0091. As illustrated in FIG.9, the electric fuse 10 is made 
of a main wiring 1 and a barrier film 3 covering the lowerface 
of the main wiring 1 and both side faces of the wiring 1. The 
electric fuse 10 extends inside a trench 2a made in the insu 
lator layer 2 and in parallel to the main surface of the semi 
conductor substrate SC. The electric fuse 10 and the insulator 
layer 2 are covered with an insulator layer 4. An insulator 
layer 5 is formed on the insulator layer 4. 
0092. The main wiring 1 is made of a metal layer or a metal 
compound layer, and has a lower melting point than the 
insulator layer 2, the insulator layer 4 and the insulator layer 
5 each have. The barrier film 3 is a metal layer or a metal 
compound layer, or has a structure wherein these layers are 
stacked. The melting point of the barrier film 3 is higher than 
that of the main wiring 1 and lower than those of the insulator 
layers 2 and 4. Furthermore, the linear expansion coefficient 
of the main wiring 1 is larger than that of the barrier film3, and 
the linear expansion coefficient of the barrier film 3 is as large 
as or larger than that of each of the insulator layers 2, 4 and 5. 
0093. In the semiconductor device of the embodiment 1, 
the main wiring 1 is made of a copper film, and the barrier film 
3 is a tantalum film. The insulator layers 2 and 5 are each a 
SiOC film, which is a low-k film having a dielectric constant 
of 3 or less, and the insulator layer 4 is a SiN film. However, 
the materials of the main wiring 1, the barrier film 3 and the 
insulator layers 2, 4 and 5 are not limited to the above 
mentioned materials as long as the materials satisfy the 
above-mentioned relationships about the linear expansion 
coefficients and the melting points. For example, the insulator 
layer 4 may be a silicon nitride film (SiN film). The material 
of the main wiring 1 may be Al, Cu, Ta, Tior W. as shown in 
Table 2. 

TABLE 2 

Linear expansion coefficient (10 K. Melting 

3OOK 6OOK 800K 1000K point( C.) 

Al 23.2 28.4 34 660.4 
Cu 16.6 18.9 20.3 22.4 1084.5 
Ta 6.3 7.3 2996 
T 8.7 10.4 11.1 11.5 1675 
W 4.5 4.7 5 5.2 3387 
Oxide films or OS to 10 About 1000 
nitride films to 1600 
used in the 
field of 
semiconductors 

0094. The electric fuse structure of the invention is not 
limited to the structure illustrated in FIG. 9, and may be a 
structure shown in each of FIGS. 10 to 20B. The structures 
shown in FIGS. 10 to 20B basically have a structure similar to 
the electric fuse structure illustrated in FIG. 9; therefore, the 
same reference number is attached to each of members or 
parts common to each other in these structures, and descrip 
tion thereof is not repeated. FIGS. 11A, 12A, 14A, 16A, 18A 
and 20A correspond to FIGS. 11B, 12B, 14B, 16B, 18B and 
20B, respectively. Which of a structure illustrated in FIG. 
11A and a structure illustrated in FIG. 11B is formed depends 
on a used production process. Consequently, in one device, 
there may be formed both of any one of the structures illus 
trated in FIGS. 11A, 12A, 14A, 16A, 18A and 20A and a 
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structure corresponding thereto out of the structures illus 
trated in FIGS. 11B, 12B, 14B, 16B, 18B and 20B. 
0095. In a structure illustrated in FIG. 10, an insulator 
layer 4 is composed of an insulator layer 4a and an insulator 
layer 4b. The insulator layer 4 is a SiCO layer, and the insu 
lator layer 4b is a SiCN layer. 
0096. In each of the structures illustrated in FIGS. 11A, 
11B, 12A and 12B, a barrier film 3 has a three-layer structure. 
The three-layer structure is composed of a Tafilm 3a formed 
on side faces of a trench 2a, a TaN film 3b formed on inner 
side faces of the Ta film 3a, and a Ta film 3c formed on inner 
side faces of the TaN film3b and the bottom face of the trench 
2a. 

0097. In the structures illustrated in FIGS. 13 to 20B, a 
metal cap film 9 made of CoW, CoWP. CoP or CoPB is 
formed on a main wiring 1. The electric resistance of the 
metal cap film 9 is higher than that of the main wiring 1. 
Accordingly, when the metal cap film 9 is made on the main 
wiring 1, a larger heat is generated than heat generated from 
only the main wiring 1. In short, the resistance of the electric 
fuse 10 can be increased in a shorter time. The metal cap film 
9 may beformed on the barrier film 3. The metal cap film 9 is 
formed on the entire upper face of the main wiring 1 so as to 
have a function of preventing the generation of electromigra 
tion of the main wiring 1. In the embodiment 1, the metal cap 
film 9 made of CoW, CoWP, CoP or CoPB is described as an 
example of the cap film. However, any film may beformed on 
the main wiring 1 as long as the film has a higher electric 
resistance than that of the main wiring 1. 
0098. In the structures illustrated in FIGS. 17 to 20B, the 
insulator layer 4 is not formed. In this case, a crack 6 is formed 
in an insulator layer 5. 
0099. The following will describe the effect generated 
when the resistance of the electric fuse of the embodiment 1 
increases, in particular, the effect generated when the electric 
fuse is cut. 

0100 First, table 3 is used to describe, herein, the volume 
expansion coefficient of the metal which constitutes the main 
wiring 1 in the embodiment 1 when the metal is liquefied. 

TABLE 3 

Density at room Density of Reference: 
temperature liquefied melting point 
(g/cm) metal (g/cm) (° C.) 

Aluminum 2.69 2.5 (800° C.) 660.4 
Copper 8.93 7.8 (1200° C.) 1084.5 
Iron 7.86 7.1 (1550° C.) 1535 

0101. It can be understood from Table 3 that the density of 
each of the metals is smaller after liquefied than before liq 
uefied. This matter demonstrates that the Volume of each of 
the metals after it is liquefied increases from that of the metal 
before it is liquefied. As shown in Table 3, the volume expan 
sion coefficients of the metals based on liquefaction are as 
follows: the volume expansion coefficient of Al is 8% (2.69/ 
2.5=108); that of copper is 14% (8.93/7.8=1.14); and that of 
iron is 11% (7.86/7.1=1.11). It can be therefore understood 
that the Volume expansion coefficient of copper is the highest 
among aluminum, copper and iron. 
0102. With reference FIGS. 21 and 22, the effect gener 
ated when the resistance of the electric fuse 10 increases, in 
particular, the effect generated when the electric fuse 10 is cut 
is described, considering the above-mentioned matters. 
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(0103. In an electric fuse 10 illustrated in FIG. 21, an elec 
tric current flows along a direction perpendicular to the paper 
Surface, that is, along a direction in which a main wiring 1 
extends, whereby Joule heat is generated in the main wiring 1. 
Thus, the temperature of the main wiring 1 begins to rise. As 
a result, thermal stress is generated in each of the main wiring 
1, a barrier film 3 and insulator layers 2, 4 and 5 on the basis 
of a difference between linear expansion coefficients thereof. 
0104. In the electric fuse structure of the embodiment 1, 
the linear expansion coefficient of the insulator layer 4 is 
considerably lower than that of the main wiring 1. For this 
reason, the degree of the expansion of the insulator layer 4 is 
smaller than that of the main wiring 1. The insulator layer 4 is 
brought into contact with the main wiring 1. Accordingly, 
even if the main wiring 1 is to expand, the insulator layer 4 
restrains the expansion. As a result, tensile force is generated 
in the upper portion of the main wiring 1 and compressive 
force is generated in the lower portion of the insulator layer 4, 
as illustrated in FIG. 21, so that stress concentration is gen 
erated in encircled portions illustrated in FIG. 21. 
0105. When the temperature of the main wiring 1 further 
rises, the metal constituting the main wiring 1 changes from 
the Solid to a liquid. In short, the metal undergoes phase 
change. In this way, the Volume of the main wiring 1 further 
increases. At this time, the expansion of the main wiring 1 is 
limited by the barrier film 3. For this reason, the main wiring 
1 expands only upwards, as represented by white arrows each 
surrounded by a black line in FIG. 22, whereby the insulator 
layer 4 is pushed upwards. 
0106. On the basis of a synergistic effect of the matter that 
stress concentration is generated at both ends of the upper 
portion of the main wiring 1 before the main wiring 1 is 
liquefied and that the insulator layer 4 is pushed upwards, 
cracks 6 are generated in the insulator layers 4 and 5 from the 
points where the stress concentration is generated, the points 
functioning as starting points. 
0107. By the generation of the cracks 6, a cavity is gener 
ated in the insulator layer 4. The width of the cavity is very 
Small. The main wiring 1 is liquefied, and thus the liquefied 
main wiring 1 is absorbed into the cracks 6 by a capillary 
phenomenon. As a result, in the main wiring 1, discontinuous 
portions are formed at positions different from the positions 
where the cracks 6 are generated. 
0108. In FIGS. 23 to 32, a series of states that the cutting of 
the electric fuse 10 progresses as described above are illus 
trated in succession with time. As the number of one out of 
these figures is larger than others, the State illustrated in the 
figure is a state which makes its appearance later. FIGS. 23. 
25, 27, 29 and 31 are each atop view, and FIGS. 24, 26, 28,30 
and 32 are each a sectional view. 
0109. As illustrated in FIGS. 31 and 32, when a predeter 
mined amount of the liquefied main wiring 1 is absorbed into 
the cracks 6 by a capillary phenomenon, the main wiring 1 
and the barrier film 3 are cut. The barrier film 3 is cut by force 
generated when the main wiring 1 is absorbed. Even if resi 
dues of the barrier film 3 slightly remain at this time, the 
barrier film 3 can be cut without failure by causing a very 
Small electric current to flow into the main wiring 1 continu 
ously. In FIGS.33 and 34, the electric fuse 10 having an actual 
cut portion 1000 is illustrated. 
0110. When the electric fuse 10 is cut by use of a capillary 
phenomenon as described above, no crack is generated in the 
insulator layer 2 below the main wiring 1. Moreover, when 
the electric fuse 10 is heated to a temperature that is slightly 
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higher than the melting point of the main wiring 1, the electric 
fuse 10 can be cut. It is therefore possible to prevent a ther 
mally adverse effect from being produced on surrounds of the 
electric fuse 10 and prevent elements, such as a transistor, 
from damaging the formed semiconductor Substrate SC. 

Embodiment 2 

0111. With reference to FIGS. 35 and 44, a method of an 
embodiment 2, wherein the resistance of an electric fuse is 
increased, is described herein. The electric fuse structure used 
in the embodiment 2 may be the same as in the embodiment 
1. 
0112. In the embodiment 2, a method for cutting the elec 

tric fuse 10 described in the embodiment 1 more certainly is 
described. Specifically, described is a matter that it is neces 
sary to adjust the rise time of electric pulses caused to flow 
into the electric fuse 10 in order to cut the electric fuse 10 
more certainly. 
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wiring 1, the cracks 6 are not generated in the insulator layer 
4; therefore, the electric fuse 10 may not be cut in a short time. 
If in this case an electric current is caused to flow into the 
electric fuse 10 for a long time so that heat is continuously 
generated from the electric fuse 10 over a long time, the 
Surrounding structure of the electric fuse 10 may be damaged. 
0117 
ating the cracks 6 in the insulator layer 4 to cut the electric 
fuse 10 in a short time will be discussed hereinafter. 

0118 First, considered is a rise in the temperature of a 
metallic cube having the same volume as the electric fuse 10 
when the cube is uniformly heated in an adiabatic state. The 
reason why this matter is considered is as follows: it can be 
estimated that the electric fuse 10 is present in a state equiva 
lent to anadiabatic state since the fuse 10 is surrounded by the 
insulator layers 2 and 4. 

Thus, the shape of electric current pulses for gener 

TABLE 4 

Wiring Melting 
Specific Melting Heat of Boiling Evaporation Electric Volume film Wiring Wiring point 
heat point melting point heat current resistivity thickness width length Density arrival time 

Material (kJ/(kgK)) (C.) (kJ/kg) (C.) (kJ/kg) (mA) (x102m) (Lm) (m) (Im) (kg/m) (LIS) 

Al 1 660.4 3.11.3 2486 10888.9 15 2.7 O.2 O.1 8 2690 O. 113 
Cu O.47 1084.5 213 258O 4789 15 1.6 O.2 O.1 8 8SOO O.470 
Al 1 660.4 3.11.3 2486 10888.9 30 2.7 O.2 O.1 8 2690 O.O28 
Cu O.47 1084.5 213 258O 4789 30 1.6 O.2 O.1 8 8SOO O.118 

Calculation conditions 

wiring width:0.1 um, wiring thickness: 0.2 Lum, wiring length: 8 um, wiring volume: 0, 16 um. and applied current; 15 mA, and 30 mA. 

0113. When the electric fuse is cut, the temperature of the 
main wiring 1 needs to reach the melting point or a higher 
temperature. However, a phenomenon generated when the 
electric fuse 10 is cut is varied in accordance with the period 
from a time when a rise in the temperature of the main wiring 
1 starts to a time when the temperature of the main wiring 1 
reaches the melting point or a higher temperature. Accord 
ingly, unless this period is adjusted, it is impossible to cut the 
electric fuse without damaging Surrounds of the electric fuse 
10. 

0114 FIG. 35 shows two kinds of electric current pulses 
which have the same values of currents flowing into the 
electric fuse 10 but have different rise times and falls times. 
As illustrated in FIG. 35, the electric current pulse shown as 
a proper pulse has a far shorter fall time (i.e., a period from a 
time when the Supply of an electric current is started to a time 
when the Supply of an electric current having a constant value 
starts) than the electric current pulse shown as an improper 
pulse. 
0115 FIG. 36 shows a state of the electric fuse 10 which is 
cut by receiving the Supply of electric current pulses as 
improper pulses as illustrated in FIG. 35, and a state of the 
electric fuse 10 which is cut by receiving the supply of electric 
current pulses as proper pulses as illustrated in FIG. 35. 
0116. As described above, the method of increasing the 
resistance of the electric fuse 10 in the embodiment 1, in 
particular, the method of cutting the electric fuse 10 is a 
method of generating the cracks in the insulator layer 4 to 
cause the liquefied main wiring 1 to be absorbed into the 
cracks 6, thereby cutting the main wiring 1. However, if the 
insulator layer 4 is softened by Joule heat from the main 

0119 Herein, a case is considered where electric current 
pulses which have a current value of 15 mA and 30 mA, 
respectively, and each have a rise time of Ous are each Sup 
plied to the metallic cube. The electric pulses are theoretical 
pulses. The time required until each of the metals is liquefied 
in this case is shown in Table 4. 

0.120. The melting point arrival time of each of the metals 
shown in Table 4 is the shortest time ts necessary until the 
cube of the metal is liquefied. When the value of the current 
supplied to the cube of Cuis, for example, 15 mA, the shortest 
time ts, which is necessary until the cube is liquefied, is about 
0.5us. When the value of the current supplied to the cube of 
Cu is 30 mA, the shortest time ts is about 0.1 us. 
I0121 Since the shortest timets is a time necessary until the 
cube of a metal reaches the melting point thereof, the time ts 
does not precisely represent a time required for a rise in the 
temperature of the electric fuse 10, which is a long and thin 
line. Since the electric current pulses given to the cube are 
theoretical pulses which do not have any rise time (rise 
time=0 us), the pulses are different from electric current 
pulses having a rise time. 
0.122 FIG. 37 shows a relationship between the rise time 
of electric pulses (2 us) and the ratio of the resistance of the 
electric fuse 10 after the fuse 10 is cut to that of the electric 
fuse 10 before the fuse 10 is cut. As can be understood from 
FIG. 37, when the current value of the electric current pulses 
is 15 mA and the rise time thereof is 0.5 us, the electric fuse 
10 is cut. However, when the current value of the electric 
current pulses is 15 mA but the rise time thereof is over 0.5us, 
the resistance of the electric fuse 10 hardly increases. FIG. 37 
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shows results from an experiment wherein electric current 
pulses were given to the actual electric fuse 10. 
0123. From the comparison of the experimental results 
shown in FIG.37 with the values estimated theoretically from 
the use of the values shown in Table 4, it is understood that the 
above-mentioned shortest time tS can be adopted as an index 
for deciding the rise time of actual pulses Supplied to the 
electric fuse 10 which is long and thin and is actually used. In 
other words, it can be considered that when the rise time of 
electric current pulses given to the actual electric fuse 10 is 
shorter than the theoretically-estimated shortest time ts, the 
electric fuse 10 can be properly cut. 
0124 When it is assumed that the rise time, a time when a 
constant electric current is caused to flow, and the fall time are 
equal to each other (tm) under consideration of the above 
mentioned matters, the cut time of the electric fuse 10 can be 
represented by the following expression: 

Cut time=rise time-time when a constant electric 
current is caused to flow-fall time=3xshortest time 
(ts) 

0.125. It can be understood from this expression that when 
an electric current of 15 mA is caused to flow into the electric 
fuse 10, the electric fuse 10 can be cut in a time of 1.5 us or 
less. 

0126 When the rise time is actually shorter, the following 
can be admitted even if the width and the thickness of the 
main wiring 1 are scattered: the adjustment of the time when 
the constant electric current is caused to flow makes it pos 
sible to cut the electric fuse 10 in a time of less than 1 us. 
0127. According to the electric fuse cutting method of the 
embodiment 2, the electric fuse 10 can be cut in a time of 
about several microseconds. Specifically, according to the 
electric fuse cutting method of the embodiment 2, the electric 
fuse 10 can be cut in a very short time which is /133 (-1.5 
us/200 us) of the time required for cutting an electric fuse in 
the above-mentioned conventional electric fuse cutting 
method. 

0128. However, when the electric fuse 10 illustrated in 
FIGS. 5 and 6, which has only a linear shape, is cut by the 
above-mentioned method, either one of sites at both sides of 
the site where the capillary phenomenon is generated is cut. 
However, the position of the cut portion 1000 cannot be 
specified. FIGS. 38 and 39 show examples of positions of a 
crack 6 generated when an electric fuse 10 made only of a 
linear shape is cut and examples of the position of a cut 
portion 1000. 
0129. It is theoretically known that when the length of the 
electric fuse 10 is 12 um, the crack 6 is generated at a position 
6.6 um apart from one of ends of the electric fuse 10 and the 
cut portion 1000 is formed at a position 5.1 um apart from the 
end 

0130. It is also understood from FIG. 39 that most of the 
examples of the position of the cut portion 1000 are posi 
tioned upstream from the examples of the position of the 
crack 6 but about measurement results each Surrounded by an 
ellipse, which are different from the other measurement 
results, the examples of the position of the cut portion 1000 
are positioned downstream from the examples of the position 
of the crack 6. It appears that this tendency is produced 
regardless of the length of the electric fuse 10. As described 
herein, when the electric fuse 10 made only of a linear shape 
is used, there arises a problem that the position of the cut 
portion 1000 is not easily specified. 
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I0131 One method for solving this problem is a method of 
generating cracks 6 at two sites, and causing the melted main 
wiring 1 to be absorbed into each of the two sites, thereby 
cutting the electric fuse 10 at a position between the two sites. 
For this method, it is effective to use the electric fuse 10 
having a meandering shape as illustrated in FIGS. 3 and 4. 
that is, the electric fuse 10 having bent portions 10c and linear 
portions 10d. 
0.132. According to such an electric fuse, which has a 
meandering shape, such as an electric fuse 10 illustrated in 
FIGS. 40 and 41, stress concentration can be generated at 
positions 2000 which are each near one of bent portions 10c 
of the electric fuse 10. For this reason, the position of a cut 
portion 1000 can be specified. In other words, the cut portion 
1000 can be formed at a position between the two bent por 
tions 10c. 
I0133. However, when the distance S between linear por 
tions 10d illustrated in FIG. 42 is small, cut pieces are scat 
tered so that the cut linear portions 10d of the electric fuse 10 
may short-circuit, as illustrated in FIG. 43. 
0.134. It is known, from consideration of diffusion of the 
cut portion 1000 to the outside of a barrier film 3, whether or 
not the cut linear portions 10d of the electric fuse 10 short 
circuit depends basically on the size of the cut portion 1000. 
The size of the cut portion 1000 is about less than 0.3 um; 
therefore, it is desired that the distance S between the linear 
portions 10d of the electric fuse 10, which has the meandering 
shape, is 0.3 um or more. In short, it is desired that the distance 
S between the linear portions 10d near the cut portion 1000 is 
larger than the size of the cut portion 1000. As illustrated in 
FIG. 44, the distance S between linear portions 10d is 0.3 um 
or more; in order to generate stress concentration easily, the 
distance S0 between line moieties near each bent portion 10c 
is desirably smaller than the distance S between the linear 
portions 10d. 

Embodiment 3 

0.135 With reference to FIGS. 45 to 47, a method of an 
embodiment 3, wherein the resistance of an electric fuse is 
increased, is described herein. The electric fuse structure in 
the embodiment 3 may be the same as in the embodiment 1. 
0.136. In the case of using the method of increasing the 
resistance of an electric fuse according to each of the embodi 
ments 1 and 2, the cracks 6 may not extend immediately in the 
insulator layer 4. This would be because a considerable large 
electric current cannot be caused to flow into the electric fuse 
10 because of a problem resulting from the structure of the 
circuit and thus thermal stress generated in the electric fuse 
structure is not sufficiently large for generating the cracks 6. 
For this reason, the electric fuse 10 may not be cut by the 
cutting method described as the embodiment 1 or 2. Accord 
ingly, a method for cutting the electric fuse 10 certainly in this 
case will be described hereinafter. 
0.137 When an electric current is caused to flow into the 
electric fuse 10, the main wiring 1 changes from solid to 
liquid as the temperature of the electric fuse 10 rises. When no 
crack is generated in the insulator layer 4, an electric current 
flows into the main wiring 1 in the liquid state. When an 
electric current of 10 A?m or more is caused to flow into the 
main wiring 1 in this case, electromagnetic force is generated 
toward the central of the main wiring 1. This is called pinch 
effect. As a result, a liquefied portion in the main wiring 1 will 
be shrunken by surface tension and the pinch effect. This 
pinch effect will be described in detail hereinafter. 



US 2010/0264514 A1 

0138 For simplicity of the description, it is presumed that 
the main wiring 1 has a columnar shape. When an electric 
current flows into the main wiring 1, a magnetic field is 
formed so that Lorentz force F is generated in a direction 
perpendicular to the direction along which the electric current 
flows. At this time, the magnetic field B is represented by the 
following equation (1): 

0139 When the radius of the above-mentioned column is 
represented by r (m), the magnetic field B (A/m) and the 
density j (A/m) of the current are used to represent the 
Lorentz force F (N/m) generated in each unit volume of the 
main wiring 1 by the following equation (2): 

0140. In the equation (1), it is presumed that the current 
density j is uniform. In the formula (I), u0 is the magnetic 
permeability, S is any closed surface, I is the value of the 
current given to the main wiring 1, and R is the distance from 
the portion which constitutes the main wiring 1 to the center 
of the column. When the density of the material which con 
stitutes the main wiring 1 is represented by p (kg/m), the 
acceleration a generated in each unit volume of the main 
wiring 1 by the Lorentz force F is equal to F/p (m/s). 
0141 Accordingly, using the acceleration a, the time t (s) 
when the distance becomes Zero, that is, the time when the 
electric fuse 10 becomes theoretically narrowest is repre 
sented by t-V(2r/a). 
0142. When it is presumed that the radius r of the main 
wiring 1 is 0.075um, the applied current is 15 mA, the density 
p is 8780 kg/m, and the magnetic permeability u0 is 
1.256637x10 (H/m), the Lorentz force F, the accelerationa, 
and the time t are calculated as follows: 

F=3.3953x100 N/m, 

a=3.8671x10 m/s, and 

t=197ns. 

0143. It can be considered from the above-mentioned mat 
ter that when pinch effect is used, the time (t) necessary for 
making the main wiring 1 narrowest becomes very short. In 
other words, it is expected that even if the width of given 
electric current pulses is small, the diameter of the electric 
fuse 10 becomes very small by pinch effect. The current 
density is 8.49x10' A/m. 
0144. In order to use pinch effect to cut the electric fuse 10, 
the supply of the electric current (pulses) to the electric fuse 
10 is stopped when the liquefied portion of the electric fuse 10 
becomes narrowest, that is, the time t when the above-men 
tioned R becomes Zero. From this time, the solidification of 
the main wiring 1 starts. When the supply of the electric 
current (pulses) to the electric fuse 10 is stopped, retaining 
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force acts in a direction opposite to the direction along which 
the electric fuse 10 is shrunken. As a result, the electric fuse 10 
starts to Swell. 
0145 When electric current pulses are again supplied to 
the main wiring 1, a phenomenon that the above-mentioned 
shrinking force and retaining force are alternately generated 
is repeated, so that the diameter of the moiety onto which the 
Lorentz force L of the main wiring 1 acts becomes Smaller. 
Accordingly, at last, the liquefied portion of the main wiring 
1 is cut. FIG. 45 illustrates steps of repeating switching-on 
and Switching-off of electric current pulses so as to form a cut 
portion 1000 on the electric fuse 10. 
0146 In the method of cutting an electric fuse according to 
the embodiment 3, shrinking force (Lorentz force L) gener 
ated by Switching-on of an electric current on the basis of 
pinch effect and force (retaining force) generated in a Swell 
ing direction by switching-off of the electric currentact alter 
nately and repeatedly onto the electric fuse 10. Since the main 
wiring 1 is liquefied at the position where the pinch effect is 
generated, Surface tension is also generated together with the 
Lorentz force F. At this time, the insulator layers 2, 4 and 5 
around the electric fuse 10 are softened by heat from the 
electric fuse 10. Thus, the electric fuse 10 Swells outside. As 
a result, a central portion of the electric fuse 10 gradually 
becomes hollow. At last, the electric fuse 10 is cut. The 
liquefied electric fuse 10 is easily stayed at the lower side 
thereof by gravity. Thus, the cutting of the electric fuse 10 
starts from the upper side thereof. 
0147 As described above, in the method of cutting an 
electric fuse according to the embodiment 3, a predetermined 
electric current pulse is repeatedly given to the electric fuse 
10, whereby pinch effect is repeatedly generated. As a result, 
the electric fuse 10 is cut at its cut portion 1000, as illustrated 
in FIG. 46. 
0.148. According to the method of cutting an electric fuse 
according to the embodiment 3 also, the time required until 
the main wiring 1 is liquefied and the time when an electric 
current (pulses) is caused to flow into the main wiring 1 are 
very short; therefore, thermal damage generated around the 
electric fuse 10 is restrained. 
0149. In the method of cutting an electric fuse according to 
the embodiment 3, for example, the temperature of the elec 
tric fuse 10 is kept at 1200° C. only for 5 us. In this case, 
moieties where the temperature becomes 600° C. or higher in 
the insulator layers 2, 4 and 5 arranged around the electric 
fuse 10 are moieties wherein the distance from the electric 
fuse 10 is less than 0.4 um. Accordingly, an adverse effect 
based on heat generated from the electric fuse 10 is hardly 
produced onto any element arranged around the electric fuse 
10. 
0150. A theory and experimental results have demon 
strated that when the electric fuse 10 is cut by pinch effect, a 
central portion of the fuse 10, which has equal distances from 
both ends of the fuse 10, is cut. 
0151. It should be understood that all the embodiments 
disclosed herein are illustrative and are not restrictive. The 
scope of the present invention is specified not by the above 
mentioned description but by the appended claims. All modi 
fications which have meanings equivalent to the claims or 
which are within the scope recited in the claims are intended 
to be included in the invention. 

1. A semiconductor device, comprising: 
a first insulator layer, 

a first trench formed in the first insulator layer; 
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a second trench formed in the first insulator layer; 
an electric fuse which includes a first barrier metal 

formed on a bottom surface of the first trench and a 
side wall of the first trench, and a first copper metal 
formed on the first barrier metal and filling in the first 
trench, wherein a resistance value of the electric fuse 
can be controlled by applying electrical current to the 
electric fuse; 

a first wiring which includes a second barrier metal 
formed on a bottom surface of the second trench and 
a side wall of the second trench, and a second copper 
metal formed on the second barrier metal and filling in 
the second trench; 

a second insulator layer formed on the first insulator 
layer, the electric fuse, and the first copper wiring; 

a third insulator layer formed on the second insulator 
layer, 

a third trench formed in the third insulator layer; 
a second wiring which is formed in the third trench; 
a fourth insulator layer formed over the third insulator 

layer, 
a fourth trench formed in the fourth insulator layer; and 
a third wiring which is formed in the fourth trench: 
wherein a first thickness of the first wiring is thinner than 

a third thickness of the third wiring, and a second 
thickness of the second wiring is thinner than the third 
thickness of the third wiring; and 

whereina dielectric relative constant of the first and third 
insulator layer is 3 or less. 

2. The semiconductor device according to claim 1, further 
comprising: a first transistor which is connected to the electric 
fuse in series between a first power Supply node and a second 
power Supply node whose power Supply Voltage is lower than 
that of the first power supply node, 

wherein gate Voltage of the first transistor is controlled so 
as to control applying the electrical current to the electric 
fuse, thereby to control the resistance value of the elec 
tric fuse. 

3. The semiconductor device according to claim 2, further 
comprising: a decision circuit which receives a signal from a 
connect node between the first transistor and the electric fuse, 
and detects whether or not the resistance value of the electric 
fuse turning into a predetermined value or more. 

4. The semiconductor device according to claim 1, wherein 
the first thickness of the first wiring is thinner than the second 
thickness of the second wiring. 

5. The semiconductor device according to claim 1, wherein 
a linear expansion coefficient of each of the first and second 
copper metals is higher than that of the first and third insulator 
layers, and 

wherein each of the first, second copper metals has lower 
melting point than melting point of each of the first and 
third insulator layers. 

6. The semiconductor device according to claim 1, wherein 
the second insulator layer comprises two insulator films. 

7. The semiconductor device according to claim 1, wherein 
the second insulator layer comprises a SiCN film, a SiN film, 
or a bi-layered structure film having a SiCN film and a SiCO 
film. 

8. The semiconductor device according to claim 6, wherein 
the second insulator layer includes a first compound film of 
silicon with nitride and a second compound film of silicon 
with oxide. 
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9. The semiconductor device according to claim8, wherein 
the first compound film is comprised of SiCN, and the second 
compound film is comprised of SiCO. 

10. The semiconductor device according to claim 1, 
wherein the first barrier metal comprises: 

a first metal film which contacts with the first insulator 
layer at the side wall of the first trench, and is formed 
along the side wall of the first trench; and 

a second metal film which contacts with the first metal film 
at the side wall of the first trench, the first insulator layer 
at the bottom surface of the first trench, and the first 
copper metal, and is formed along the side wall and the 
bottom surface of the first trench. 

11. The semiconductor device according to claim 1, 
wherein the first barrier metal has a higher melting point than 
a melting point of each of the first and second copper metals. 

12. The semiconductor device according to claim 11, 
wherein a linear expansion coefficient of the first barrier 
metal is smaller than that of each of the first and second 
copper metals and is larger than that of the first and third 
insulator layers. 

13. The semiconductor device according to claim 11, 
wherein the first barrier metal has a higher melting point than 
a melting point of each of the first, second and third insulator 
layers. 

14. A semiconductor device, comprising: 
a semiconductor Substrate; 
a gate electrode formed over the semiconductor Substrate; 
an interlayer dielectric covering the gate electrode; 
a fine layer formed over the interlayer dielectric; 
a semiglobal layer formed over the fine layer; 
a global layer formed over the semiglobal layer, and 
an electric fuse formed in the fine layer, wherein a resis 

tance value of the electric fuse can be controlled by 
applying electrical current to the electric fuse, the elec 
tric fuse including a copper metal, 

wherein the electric fuse is formed in a trench of a first 
insulator layer of the fine layer, a second insulator layer 
is formed on the electric fuse and the first insulator layer, 
and a third insulator layer is formed on the third insulator 
layer, 

wherein a dielectric relative constant of the first and third 
insulator layer is 3 or less, 
wherein a thickness of the semiglobal layer is thicker 

than that of the fine layer, and 
wherein a thickness of the global layer is thicker than 

that of the semiglobal layer. 
15. The semiconductor device according to claim 14, 

wherein the fine layers are plural, 
wherein the copper metal has a larger linear expansion 

coefficient than that of the first insulator layer, and fur 
ther has a lower melting point than that of the first 
insulator layer. 

16. A semiconductor device, comprising: 
a first insulator layer, 

a first trench formed in the first insulator layer; 
a second trench formed in the first insulator layer; 
an electric fuse which includes a first barrier metal 

formed on a bottom surface of the first trench and a 
side wall of the first trench and a first copper metal 
formed on the first barrier metal and filling in the first 
trench, wherein a resistance value of the electric fuse 
can be controlled by applying electrical current to the 
electric fuse; 
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a first wiring which includes a second barrier metal 
formed on a bottom surface of the second trench and 
a side wall of the second trench and a second copper 
metal formed on the second barrier metal and filling in 
the second trench; 

a first layer which includes a second insulator layer 
formed on the first insulator layer, a third insulator 
layer formed on the second insulator layer, and a 
second wiring formed in the third insulator layer, and 

a second layer which includes a fourth insulator layer 
formed over the third insulator layer and a third wiring 
formed over the third insulator layer; 

wherein a first thickness of the first insulator layer is 
thinner than a third thickness of the second layer, and 
a second thickness of the first layer is thinner than the 
third thickness of the second layer; and 

whereina dielectric relative constant of the first and third 
insulator layer is 3 or less. 

17. The semiconductor device according to claim 16, fur 
ther comprising: a first transistor which is connected to the 
electric fuse in series between a first power Supply node and 
a second power Supply node whose power Supply Voltage is 
lower than that of the first power supply node, 

wherein gate Voltage of the first transistor is controlled so 
as to control applying the electrical current to the electric 
fuse, thereby to control the resistance value of the elec 
tric fuse. 

18. The semiconductor device according to claim 17, fur 
ther comprising: a decision circuit which receives a signal 
from a connect node between the first transistor and the elec 
tric fuse, and detects whether or not the resistance value of the 
electric fuse turning into a predetermined value or more. 

19. The semiconductor device according to claim 16, 
wherein the first thickness of the first insulator layer is thinner 
than the second thickness of the first layer. 

20. The semiconductor device according to claim 16, 
wherein a linear expansion coefficient of each of the first and 
second copper metals is higher than that of the first and third 
insulator layers, and 

wherein each of the first, second copper metals has a lower 
melting point than a melting point of each of the first and 
third insulator layers. 

21. The semiconductor device according to claim 16, 
wherein the second insulator layer comprises two insulator 
films. 

22. The semiconductor device according to claim 16, 
wherein the second insulator layer comprises a SiCN film, a 
SiN film, or a bi-layered structure film having a SiCN film and 
a SiCO film. 

23. The semiconductor device according to claim 21, 
wherein the second insulator layer includes a first compound 
film of silicon with nitride and a second compound film of 
silicon with oxide. 

24. The semiconductor device according to claim 23, 
wherein the first compound film is comprised of SiCN, and 
the second compound film is comprised of SiCO. 

25. The semiconductor device according to claim 16, 
wherein the first barrier metal comprises: 

a first metal film which contacts with the first insulator 
layer at the side wall of the first trench, and is formed 
along the side wall of the first trench; and 

a second metal film which contacts with the first metal film 
at the side wall of the first trench, the first insulator layer 
at the bottom surface of the first trench, and the first 
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copper metal, and is formed along the side wall and the 
bottom surface of the first trench. 

26. The semiconductor device according to claim 16, 
wherein the first barrier metal has a higher melting point than 
a melting point of each of the first and second copper metals. 

27. The semiconductor device according to claim 26, 
wherein a linear expansion coefficient of the first barrier 
metal is smaller than that of each of the first and second 
copper metals and is larger than that of the first and third 
insulator layers. 

28. The semiconductor device according to claim 26, 
wherein the first barrier metal has a higher melting point than 
a melting point of each of the first, second and third insulator 
layers. 

29. A semiconductor device, comprising: 
a semiconductor Substrate; 
a gate electrode formed over the semiconductor Substrate; 

a first insulator layer formed over the gate electrode and 
the semiconductor Substrate; 

a first trench formed in the first insulator layer; 
an electric fuse which includes a first barrier metal 

formed on a bottom surface of the first trench and a 
side wall of the first trench, and a copper metal formed 
on the first barrier metal and filling in the first trench, 
wherein a resistance value of the electric fuse can be 
controlled by applying electrical current to the elec 
tric fuse: 

a second insulator layer formed on the first insulator 
layer and the electric fuse; and 

a third insulator layer formed on the second insulator 
layer, 

whereina dielectric relative constant of the first and third 
insulator layer is 3 or less. 

30. The semiconductor device according to claim 29, fur 
ther comprising: a first transistor which is connected to the 
electric fuse in series between a first power Supply node and 
a second power Supply node whose power Supply Voltage is 
lower than that of the first power supply node, 

wherein gate Voltage of the first transistor is controlled so 
as to control applying the electrical current to the electric 
fuse, thereby to control the resistance value of the elec 
tric fuse. 

31. The semiconductor device according to claim 30, fur 
ther comprising: a decision circuit which receives a signal 
from a connect node between the first transistor and the elec 
tric fuse, and detects whether or not the resistance value of the 
electric fuse turning into a predetermined value or more. 

32. The semiconductor device according to claim 29, 
wherein a linear expansion coefficient of the copper metal is 
higher than that of the first and third insulator layers, and 

wherein the copper metal has a lower melting point than a 
melting point of each of the first and third insulator 
layers. 

33. The semiconductor device according to claim 29, 
wherein the second insulator layer includes two insulator 
films. 

34. The semiconductor device according to claim 29, 
wherein the second insulator layer comprises a SiCN film, a 
SiN film, or a bi-layered structure film having a SiCN film and 
a SiCO film. 

35. The semiconductor device according to claim 33, 
wherein the second insulator layer includes a first compound 
film of silicon with nitride and a second compound film of 
silicon with oxide. 
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36. The semiconductor device according to claim 35, 
wherein the first compound film is comprised of SiCN, and 
the second compound film is comprised of SiCO. 

37. The semiconductor device according to claim 29, 
wherein the first barrier metal comprises: 

a first metal film which contacts with the first insulator 
layer at the side wall of the first trench, and is formed 
along the side wall of the first trench; and 

a second metal film which contacts with the first metal film 
at the side wall of the first trench, the first insulator layer 
at the bottom surface of the first trench, and the copper 
metal, and is formed along the side wall and the bottom 
surface of the first trench. 
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38. The semiconductor device according to claim 29, 
wherein the first barrier metal has a higher melting point than 
a melting point of the copper metal. 

39. The semiconductor device according to claim 38, 
wherein a linear expansion coefficient of the first barrier 
metal is Smaller than that of the copper metal and is larger than 
that of the first and third insulator layers. 

40. The semiconductor device according to claim 38, 
wherein the first barrier metal has a higher melting point than 
a melting point of each of the first, second and third insulator 
layers. 


