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With a stress buffer layer of Which the elastic modulus is 
higher than that of the interlayer insulation ?lm and is loWer 
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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and a method of manufacturing the same, and more 
particularly to a semiconductor device having an interlayer 
insulation ?lm having a loWer dielectric constant than that of 
SiO2 and the method of manufacturing the same. 

[0003] 2. Description of the Related Art 

[0004] To accomplish high speed and high integration of 
LSI, delay of a signal transmission speed caused by an 
electric capacity betWeen Wirings and betWeen interlayer 
insulation ?lms has been problems. In this regard, particu 
larly in recent years, studies aiming for a loW dielectric 
constant of an interlayer insulation ?lm have been pro 
gressed, and for example, organic compounds such as poly 
imide polymer, bisbenZocyclobutene siloxane polymer 
(hereinafter referred to as “BCB”) are used as an interlayer 
insulation ?lm. A speci?c dielectric constant of such organic 
compounds is about 1.5 to 2.5, and is greatly loWer than that 
(about 4) of the conventional interlayer insulation ?lm 
mainly formed of SiO2. In addition, it is possible that these 
organic compounds are easily deposited by spin coating and 
sintering and are deposited ?at regardless of undulation of a 
base structure. 

[0005] HoWever, in case of forming an interlayer insula 
tion ?lm by the organic compounds, adherence to a metal 
used in Wiring is Weak, and the exfoliation tends to occur. 
Thus, in order to improve the adherence, an interlayer 
adhesion layer has been provided betWeen the interlayer 
insulation ?lm by the organic compounds and the Wiring. 
For example, in case of using BCD as an interlayer insula 
tion ?lm, SiN and the like are used as an interlayer adhesion 
layer. Hereinafter, using this embodiment, a structure of a 
semiconductor device Will be explained With the manufac 
turing method thereof. 

[0006] FIG. 1 is a cross sectional vieW shoWing GaAs— 
IC using BCB as an interlayer insulation ?lm. In method of 
manufacturing the GaAs—IC, ?rst, a ?rst metal Wiring 102 
formed of Au, etc. and including a device section such as 
PET is formed on a GaAs substrate 101 by sputtering 
method and dry etching method. Next, a ?rst interlayer 
adhesion layer 103 formed of SiN is formed, for example, by 
plasma CVD method, etc. HoWever, the ?rst interlayer 
adhesion layer 103 can be omitted in case Where suf?cient 
adherence is obtained betWeen the ?rst metal Wiring 102 and 
an interlayer insulation ?lm 104 explained later. 

[0007] Next, the interlayer insulation ?lm 104 is formed of 
BCB and in the thickness of 1,000 to 20,000 nm, for 
instance, by the steps of coating BCB in a desired thickness, 
and then, sintering and hardening the BCB under N2 atmo 
sphere at a temperature of 300° C. Then, a second interlayer 
adhesion layer 106 is formed of SiN by plasma CVD 
method. Next, a through hole 110 is formed by means of dry 
etching using a photoresist mask (not shoWn). For example, 
SiN is etched by RIE using a mixed gas of CF4 and H2, and 
BCB is etched by RIE using a mixed gas of CF4 and O2. 
After that, a second metal Wiring 108 formed of Au, etc. is 
formed by sputtering method, etc. Also, a protection layer 
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(not shoWn) is formed to protect the second metal Wiring 
108. The protection layer is formed of SiN and the like, 
Which have excellent adherence to the second metal Wiring 
108. 

[0008] In addition, if the thickness of the SiN layer used 
in the interlayer adhesion layer 103 and the protection layer 
109 is thick, it causes the speci?c dielectric constant to rise, 
thereby, it is desirable to form the SiN layer to be about 50 
to 100 nm as thin as possible. 

[0009] By the above-mentioned structure, an interlayer 
insulation ?lm in a semiconductor device can accomplish a 
loW dielectric constant While maintaining excellent adher 
ence to a metal Wiring. HoWever, there is a big difference in 
a mechanical characteristic betWeen the organic compound 
used as an interlayer insulation ?lm and a material such as 
SiN used as an interlayer adhesion layer. For example, 
regarding an interlayer insulation ?lm of 5 pm in thickness 
using BCB and an interlayer adhesion layer of 0.3 pm in 
thickness using SiN, the stress and elastic modulus thereof 
are shoWn in Table 1. In Table 1, a mark “+” and a mark “—” 
added to the numerical value indicate a tensile stress and a 
compressive stress, respectively, and BCB and SiN have the 
tensile stress and the compressive stress, respectively. Also, 
there is a large difference in the elastic modulus betWeen 
BCB and SiN. Accordingly, in case of stacking the both, a 
strong stress occurs in the interface betWeen them, so that 
brittle fracture tends to occur in SiN side having higher 
elastic modulus, and reliability of the semiconductor device 
is greatly damaged. 

TABLE 1 

BCB (organic ?lm) SiN (the second ?lm) 
(5 Am) (0-3 Am) 

Stress +37 —540 

(MPa) 
Elastic modulus 2 320 

(GPa) 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide a 
semiconductor device using an organic compound having a 
loWer dielectric constant than that of SiO2 as an interlayer 
insulation ?lm Which has high reliability Without fracture by 
stress concentration While maintaining adherence betWeen 
said interlayer insulation ?lm and the metal Wiring and 
method of manufacturing the same. 

[0011] According to one aspect of the present invention, 
there is provided a semiconductor device comprising: a ?rst 
metal Wiring; an interlayer insulation ?lm formed on the 
metal Wiring and formed of an organic compound having a 
loWer dielectric constant than that of SiO2; a second metal 
Wiring formed on said interlayer insulation ?lm; an inter 
layer adhesion layer formed to improve adherence betWeen 
said interlayer insulation ?lm and said second metal Wiring; 
and a stress buffer layer formed betWeen said interlayer 
insulation ?lm and said interlayer adhesion layer and having 
the elastic modulus higher than that of said interlayer 
insulation ?lm and loWer than that of said interlayer adhe 
sion layer. 

[0012] According to the semiconductor device of the 
present invention, it is preferred that said interlayer insula 
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tion ?lm is formed of a bisbenZocyclobutene siloXane poly 
mer and said interlayer adhesion layer is formed of SiN, said 
stress buffer layer being formed of SiO2. With this, in the 
semiconductor device using an organic compound as an 
interlayer insulation ?lm, it is possible to prevent brittle 
fracture by the stress concentration While maintaining adher 
ence betWeen the metal Wiring and the interlayer insulation 
?lm, so that reliability of the semiconductor device is 
improved. 

[0013] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising the steps of: forming an inter 
layer adhesion layer on a ?rst metal Wiring; forming a stress 
buffer layer of Which the elastic modulus is loWer than that 
of said interlayer adhesion layer on said interlayer adhesion 
layer; forming an interlayer insulation ?lm of Which the 
elastic modulus is loWer than that of said stress buffer layer 
and Which is formed of an organic compound having a loWer 
dielectric constant than that of SiO2 on said stress buffer 
layer; and forming a second metal Wiring on said interlayer 
insulation ?lm. With this, in the semiconductor device using 
an organic compound as an interlayer insulation ?lm, it is 
possible to prevent brittle fracture by the stress concentra 
tion While maintaining adherence betWeen the metal Wiring 
and the interlayer insulation ?lm, so that reliability of the 
semiconductor device is improved. 

[0014] According to the method of manufacturing the 
semiconductor device of the present invention, it is preferred 
that said stress buffer layer is formed by any one of thermal 
CVD method, plasma CVD method and optical CVD 
method. With this, in the semiconductor device using an 
organic compound as an interlayer insulation ?lm, it is 
possible to prevent brittle fracture by the stress concentra 
tion While maintaining adherence betWeen the metal Wiring 
and the interlayer insulation ?lm, so that reliability of the 
semiconductor device is improved. 

[0015] According to the method of manufacturing the 
semiconductor device of the present invention, it is preferred 
that said interlayer insulation ?lm is a bisbenZocyclobutene 
siloXane polymer ?lm formed by sequentially performing 
spin coating, and sintering and hardening steps and said 
interlayer adhesion layer is SiN ?lm formed by any one of 
thermal CVD method, plasma CVD method and optical 
CVD method, said stress buffer layer being SiO2 ?lm formed 
by any one of thermal CVD method, plasma CVD method 
and optical CVD method. With this, in the semiconductor 
device using an organic compound as an interlayer insula 
tion ?lm, it is possible to prevent brittle fracture by the stress 
concentration While maintaining adherence betWeen the 
metal Wiring and the interlayer insulation ?lm, so that 
reliability of the semiconductor device is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above objects, other objects, features and 
advantages of the present invention Will be better understood 
from the folloWing description taken in conjunction With the 
accompanying draWings, in Which: 

[0017] FIG. 1 is a cross sectional vieW shoWing an 
embodiment of a semiconductor device according to the 
prior art; 
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[0018] FIGS. 2A through 2F are cross sectional vieWs 
sequentially shoWing a method of manufacturing a semi 
conductor device according to the ?rst embodiment of the 
present invention; 

[0019] FIG. 3 is a cross sectional vieW shoWing a semi 
conductor device according to the second embodiment of the 
present invention; and 

[0020] FIG. 4 is a cross sectional vieW shoWing a semi 
conductor device according to the third embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] Hereinafter, a semiconductor device and a method 
of manufacturing the same according to the embodiments of 
the present invention Will be described in detail With refer 
ence to the accompanying draWings. 

[0022] The ?rst embodiment of the present invention Will 
be explained beloW. FIGS. 2A through 2F shoW a semi 
conductor device according to the ?rst embodiment of the 
present invention, and are cross sectional vieWs sequentially 
shoWing a constitution of GaAs—IC using BCB as an 
interlayer insulation ?lm. 

[0023] Referring to FIG. 2E, 21 ?rst metal Wiring 102 
including a device section such as FET, a ?rst interlayer 
adhesion layer 103, an interlayer insulation ?lm 104 formed 
of BCB in the thickness of about 1,000 to 20,000 nm Which 
has a loWer dielectric constant than that of SiO2, a stress 
buffer layer 105, a second interlayer adhesion layer 106, a 
second metal Wiring 108, and a protection layer 109 are 
sequentially stacked on a GaAs substrate 101. The ?rst metal 
Wiring 102 and the second metal Wiring 108 are formed of 
Au, etc. Also, the ?rst interlayer adhesion layer 103, the 
second interlayer adhesion layer 106 and the protection layer 
109 are formed of SiN, etc. having eXcellent adherence to a 
metal. Further, When the thickness thereof is too thick, it 
causes the speci?c dielectric constant to rise, thereby, it is 
preferable that the layers are as thin as possible Within the 
range Where suf?cient adherence is obtained, and particu 
larly, the thickness is preferable to be about 50 to 100 nm. 

[0024] The stress buffer layer 105 is a layer provided to 
buffer a stress caused by the difference of the elastic modu 
lus betWeen the interlayer insulation ?lm 104 (BCB) and the 
second interlayer adhesion layer 106 (SiN). Accordingly, the 
material of Which the elastic modulus is higher than that of 
the interlayer insulation ?lm 104 (BCB) and loWer than that 
of the second interlayer adhesion layer 106 (SiN), for 
eXample, SiO2 is adequate. In addition, the stress buffer layer 
105 is preferable to be about 100 to 500 nm in thickness so 
as to sufficiently buffer the stress and not to cause fracture 
therein. Referring to Table 2, SiO2 ?lm of 0.3 pm causes 
compressive stress like SiN ?lm, but its elastic modulus is 
loWer than that of the SiN ?lm and higher than that of the 
BCB ?lm. Accordingly, by using the SiO2 layer as a stress 
buffer layer 105, the brittle fracture in the second interlayer 
adhesion layer 106 (SiN) Which has been a problem con 
ventionally is prevented, so that the reliability of the semi 
conductor device can be improved. 
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TABLE 2 

BCE sio2 
(organic SiN (buffer 
?lm) (second ?lm) layer) 

(5 ,um) (0.3 ,um) (0.3 ,um) 

Stress (MPa) +37 —540 —570 
Elastic 2 320 70 
modulus (GPa) 

[0025] Next, a manufacturing method of the semiconduc 
tor device according to the present invention will be 
described below with reference to FIGS. 2A through 2F. As 
shown in FIG. 2A, the ?rst metal wiring 102 is formed on 
a GaAs substrate 101. The ?rst metal wiring 102 is formed 
of a material such as Au, and for instance, is deposited by 
sputtering method, etc., and then, may be formed by per 
forming a dry etching using a photolithography technology. 
Next, a ?rst interlayer adhesion layer 103 is formed so as to 
maintain adherence between the ?rst metal wiring 102 and 
an interlayer insulation ?lm 104 explained later. For 
example, SiN is adequate for the ?rst interlayer adhesion 
layer 103, and may be formed by plasma CVD method. In 
addition, in case where suf?cient adherence is obtained 
between the ?rst metal layer 102 and the interlayer insula 
tion ?lm 104, the ?rst interlayer adhesion layer 103 may be 
omitted. 

[0026] Next, an interlayer insulation ?lm 104 is formed of 
BCB. First, BCB is made in a desirable thickness by spin 
coating method, and then, for example, is hardened by a 
sintering step under N2 atmosphere at a temperature of 300° 
C. The surface of the BCB ?lm formed as such becomes ?at 
regardless of base substrate shape and unevenness. 

[0027] Next, a stress buffer layer 105 is formed. SiO2 is 
adequate for the stress buffer layer 105, and may be formed 
by plasma CVD method. Then, as shown in FIG. 2B, 21 
second interlayer adhesion layer 106 is formed. For instance, 
SiN is adequate for the second interlayer adhesion layer 106, 
and may be formed by plasma CVD method, etc. 

[0028] Next, as shown in FIG. 2C, a through hole 110 is 
formed by sequentially dry-etching the second interlayer 
adhesion layer 106, the stress buffer layer 105, the interlayer 
insulation ?lm 104 and the ?rst interlayer adhesion layer 103 
using a photoresist mask 107. For example, dry etching of 
SiN and SiO2 can be performed by RIE using a mixed gas 
of CF4 and H2, and dry etching of BCB can be performed by 
RIE using a mixed gas of CF4 and O2. 

[0029] Next, as shown in FIG. 2D, after removing the 
photoresist mask 107, a second metal wiring 108 is formed, 
and as shown in FIG. 2E, 21 protection layer 109 protecting 
the second metal wiring is formed, so that the GaAs—IC 
according to the ?rst embodiment of the semiconductor 
device of the present invention is manufactured. 

[0030] Next, a second embodiment of the present inven 
tion will be described. In the present embodiment, as shown 
in FIG. 3, an upper wiring is further stacked on the semi 
conductor device according to the ?rst embodiment. As 
shown in the ?rst embodiment, it is possible that an inter 
layer insulation ?lm formed of BCB and an interlayer 
adhesion layer formed of SiN are stacked, and as a result, the 
interlayer insulation ?lm of BCB can be easily made in a 
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multilayer form. In addition, since the manufacturing 
method of a semiconductor device shown in FIG. 3 is the 
same as that of the ?rst embodiment, the explanation thereof 
will be omitted. Further, it is needless to say that an upper 
wiring can be further stacked on the semiconductor device 
shown in FIG. 3. 

[0031] Next, a third embodiment of the present invention 
will be explained. In addition, the present invention is not 
limited to the GaAs—IC shown here, and for example, 
similarly to a semiconductor device according to the third 
embodiment shown in FIG. 4, it is needless to say that the 
present invention can be applied to not only a semiconductor 
device having constitution that SiN ?lm is acting as a 
capacitor in a capacitor portion 310 and a second interlayer 
adhesion layer 106 in other places, but also a semiconductor 
device having other constitution that an organic compound 
is used as an interlayer staking layer. Further, in case where 
organic compounds other than BCB, for example, polyimide 
compound, etc. are used as an interlayer insulation ?lm, the 
same effect can be obtained by providing a stress buffer layer 
between the interlayer insulation ?lm and the interlayer 
adhesion layer, wherein the elastic modulus of the stress 
buffer layer is between those of the interlayer insulation ?lm 
and the interlayer adhesion layer. 

[0032] According to the present invention as described 
above, it is possible to provide the semiconductor device 
using an organic compound of a low dielectric constant as an 
interlayer insulation ?lm which has high reliability without 
fracture by the stress concentration while maintaining adher 
ence to the metal wiring and the method of manufacturing 
the same. 

[0033] Although the technical spirits of the present inven 
tion has been disclosed with reference to the appended 
drawings and the preferred embodiments of the present 
invention corresponding to the drawings, the descriptions in 
the present speci?cation are only for illustrative purpose, not 
for limiting the present invention. 

[0034] Also, those who are skilled in the art will appre 
ciate that various modi?cations, additions and substitutions 
are possible without departing from the scope and spirit of 
the present invention. Therefore, it should be understood 
that the present invention is limited only to the accompa 
nying claims and the equivalents thereof, and includes the 
aforementioned modi?cations, additions and substitutions. 

What is claimed is: 

1. A semiconductor device, comprising: 

a ?rst metal wiring; 

an interlayer insulation ?lm formed on the metal wiring 
and formed of an organic compound having a lower 
dielectric constant than that of SiO2; 

a second metal wiring formed on said interlayer insulation 
?lm; 

an interlayer adhesion layer formed to improve adherence 
between said interlayer insulation ?lm and said second 
metal wiring; and 

a stress buffer layer formed between said interlayer insu 
lation ?lm and said interlayer adhesion layer and hav 
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ing the elastic modulus higher than that of said inter 
layer insulation ?lm and lower than that of said 
interlayer adhesion layer. 

2. A semiconductor device according to claim 1, Wherein 
said interlayer insulation ?lm is formed of a bisbenZocy 
clobutene siloXane polymer, said interlayer adhesion layer is 
formed of SiN, and said stress buffer layer is formed of SiO2. 

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

forming an interlayer adhesion layer on a ?rst metal 
Wiring; 

forming a stress buffer layer of Which the elastic modulus 
is loWer than that of said interlayer adhesion layer on 
said interlayer adhesion layer; 

forming an interlayer insulation ?lm of Which the elastic 
modulus is loWer than that of said stress buffer layer 
and Which is formed of an organic compound having a 
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loWer dielectric constant than that of SiO2 on said stress 
buffer layer; and 

forming a second metal Wiring on said interlayer insula 
tion ?lm. 

4. A method of manufacturing a semiconductor device 
according to claim 3, Wherein said stress buffer layer is 
formed of any one of thermal CVD method, plasma CVD 
method and optical CVD method. 

5. A method of manufacturing a semiconductor device 
according to claim 3, Wherein said interlayer insulation ?lm 
is bisbenZocyclobutene siloXane polymer ?lm formed by 
sequentially performing spin coating, and sintering and 
hardening steps and said interlayer adhesion layer is SiN 
?lm formed by any one of thermal CVD method, plasma 
CVD method and optical CVD method, said stress buffer 
layer being SiO2 ?lm formed by any one of thermal CVD 
method, plasma CVD method and optical CVD method. 

* * * * * 


