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(57) ABSTRACT 
Asemiconductor device has an air-gap/multi-level intercon 
nection structure. The interconnects are insulated from one 
another by an air gap in the same layer, and by an interlevel 
dielectric ?lm betWeen layers and from a semiconductor 
substrate. A high-speed semiconductor device is obtained 
due to a loWer parasitic capacitance. 
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METHOD OF FORMING MULTILEVEL 
INTERCONNECTION STRUCTURE HAVING AN 

AIR GAP BETWEEN INTERCONNECTS 

BACKGROUND OF THE INVENTION 

[0001] (a) Field of the Invention 

[0002] The present invention relates to a multilevel inter 
connection structure in a semiconductor device and, more 
particularly, to a multilevel interconnection structure having 
an air gap for insulating interconnects in the same layer. The 
present invention also relates to a method for manufacturing 
such a multilevel interconnection structure. 

[0003] (b) Description of the Related Art 

[0004] With the advance of ?ner pattern and higher opera 
tional speed of transistor elements in a semiconductor 
device, the line Width and the line space in the interconnect 
pattern have been reduced remarkably. The reduction of the 
thickness of the semiconductor device, hoWever, is not 
noticed partly because such a reduction is limited in vieW 
that a smaller interconnect in the thickness has a larger line 
resistance. As a result, parasitic capacitance betWeen inter 
connects, especially in the same layer, tends to increase. For 
eXample, a current semiconductor device having a 0.35 pm 
design rule MOSFET has a line space betWeen layers on the 
order of 1 pm, and has a line space betWeen lines in the same 
layer on the order of 0.5 pm, Which means that the parasitic 
capacitance betWeen interconnects in the same layer is 
dominant compared to that betWeen layers in the current 
semiconductor device. In a neXt generation semiconductor 
device, Wherein a ?ner space Will be achieved betWeen 
interconnects in the same layer With the line thickness being 
maintained, it is likely that the most of the component of the 
parasitic capacitance is attributable from the adjacent inter 
connects in the same layer. In this case, the semiconductor 
device Will not effectively function due to its loWer opera 
tional speed. 

[0005] Patent Publication JP-A-7-326670 proposes a mul 
tilevel interconnection structure Wherein an air void (air gap) 
is provided betWeen adjacent lines in order to decrease the 
parasitic capacitance therebetWeen for improvement of the 
operational speed of the semiconductor device. Air has a 
loWest permittivity among knoWn materials to thereby 
obtain a loWer parasitic capacitance. FIGS. 1A to 1C shoW 
the process for fabrication of the multilevel interconnection 
structure having the air gap. In FIG. 1A, a ?rst interlevel 
dielectric ?lm 11 is formed on a semiconductor substrate 10, 
folloWed by formation of a ?rst level interconnect layer 13 
by using a selective etching technique. NeXt, as shoWn in 
FIG. 1B, 21 second interlevel dielectric ?lm 18 made of 
silicon oXide exhibiting a poor deposition capability Within 
through-holes is formed thereon by an atmospheric pressure 
CVD using monosilane and oXygen. The silicon oXide ?lm 
18 is groWn to a large thickness, as shoWn in FIG. 1C, and 
involves an air void 19 Within a small space betWeen 
interconnects 13 due to the overhang of the silicon oXide 
?lm 18 itself. The resultant interconnects 13 have a smaller 
parasitic capacitance due to the air void 19. 

[0006] In the technique as described above, hoWever, it is 
generally dif?cult to control the parasitic capacitance With 
reproducibility due to the uncontrollable geometry of the air 
voids 19 Which depend on the geometry of the interconnects 
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13 and therefore involve variation of the shape and siZe. The 
uncontrollable parasitic capacitance retards the optimum 
design for the circuit structure. In addition, the reduction of 
the parasitic capacitance is not suf?cient because the silicon 
oXide 18 remaining betWeen interconnects 13 raises the 
parasitic capacitance. Further, as shoWn in FIG. 2, if a 
through-hole overlaps With an air void 19a due to misalign 
ment during selective etching of the ?rst interlayer dielectric 
?lm 18, the air void 19a is also ?lled With metallic plug 22, 
Which rather raises the parasitic capacitance. That is, this 
technique is substantially limited to a top dielectric layer or 
to the case of a suf?cient margin for the etching. 

[0007] Patent Publication JP-A-7-245301 proposes, for 
solving the above problem, a technique Wherein an inter 
layer dielectric ?lm made of carbon is deposited by CVD, 
folloWed by removal thereof by ashing. By this technique, 
parasitic capacitance is remarkably reduced because only an 
air gap is disposed betWeen interconnects for insulation. The 
problem through-hole as described above Will not arise if the 
ashing is carried out after fabrication of the contact plugs. 

[0008] In the another technique, hoWever, the intercon 
nects are supported only by the junctions or connections of 
the interconnects because the dielectric ?lm betWeen layers 
are substantially entirely removed, Which raises another 
problem Wherein interconnects are deformed by the absence 
of the intermediate support therefor. The deformation may 
cause an increase of the parasitic capacitance or a short 
circuit failure. In addition, the metallic interconnects suffer 
from an insuf?cient radiation of heat generated during 
operation of the semiconductor device, Which may acceler 
ate electromigration of the metallic ?lm. Further, since there 
is little etch-selectivity betWeen current photoresist materi 
als and the carbon ?lm, this technique is not suited for a 
multilevel interconnection structure, Wherein a plurality of 
etching steps are iterated. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a high-speed semiconductor device having a loW 
parasitic capacitance Without suffering from deformation of 
the interconnects or loW thermal radiation. 

[0010] It is another object of the present invention to 
provide a method for fabricating such a semiconductor 
device. 

[0011] The present invention provides a semiconductor 
device comprising a semiconductor substrate, a ?rst inter 
level dielectric ?lm overlying the semiconductor substrate, 
?rst metal interconnects formed on the ?rst interlevel dielec 
tric ?lm and insulated from one another by a ?rst air gap, a 
second interlevel dielectric ?lm formed on the ?rst level 
interconnects, and second metal interconnects formed on the 
second interlevel dielectric ?lm and insulated from one 
another by a second air gap. 

[0012] The present invention also provides a method for 
fabricating a semiconductor device comprising the steps of: 

[0013] iterating a plurality of times the steps of 
forming a ?rst interlevel dielectric ?lm overlying a 
semiconductor substrate, and forming interconnects, 
disposed Within a carbon ?lm, on the ?rst interlevel 
dielectric ?lm, a top surface of the carbon ?lm being 
substantially ?ush With a top surface of the intercon 
nects; 
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[0014] forming a second interlevel dielectric ?lm on 
top the interconnect and top the ?rst carbon ?lm; 

[0015] forming a bore in the second interlevel dielec 
tric ?lm having a bottom reaching a top surface of 
one of the carbon ?lms; and removing at least the one 
of carbon ?lms through the bore to form an air gap 
betWeen corresponding the interconnects. 

[0016] The present invention provides another method for 
fabricating a semiconductor device comprising: 

[0017] iterating a plurality of times the steps of 
forming a ?rst interlevel dielectric ?lm overlying a 
semiconductor substrate, forming interconnects on 
the interlevel dielectric ?lm, selectively etching the 
?rst interlevel dielectric ?lm by using the intercon 
nects as a mask, embedding the interconnects With a 
carbon ?lm having a top surface Which is ?ush With 
a top surface of the interconnects; 

[0018] forming a second interlevel dielectric ?lm on 
top the interconnects and top the carbon ?lm; 

[0019] forming a bore in the second interlevel dielec 
tric ?lm having a bottom reaching a top surface of 
the top carbon ?lm; and removing the carbon ?lms 
through the bore to form an air gap betWeen the 
interconnects. 

[0020] In accordance the With semiconductor device of the 
present invention or the semiconductor devices formed by 
the methods of the present invention, the parasitic capaci 
tance betWeen the interconnects is reduced due to the 
insulation by the air gaps, Without generating deformation or 
a short-circuit failure of the interconnects because the inter 
connects are insulated betWeen layers by the interlevel 
dielectric ?lms. 

[0021] The above and other objects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing description, referring to the accompanying draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIGS. 1A to 1C are cross-sectional vieWs of a 
conventional semiconductor device in consecutive steps for 
fabrication thereof; 

[0023] FIG. 2 is a cross-sectional vieW of the semicon 
ductor device of FIGS. 1A to 1C in the case of a problem 
caused by misalignment during etching; 

[0024] FIGS. 3A to 31 are cross-sectional vieWs of a 
semiconductor device according to a ?rst embodiment of the 
present invention in consecutive steps for fabrication 
thereof; 
[0025] FIG. 4 is a top plan vieW of a semiconductor 
device for shoWing the location of bores for removal of the 
carbon ?lm; 

[0026] FIGS. 5A to 5G are cross-sectional vieWs of a 
semiconductor device according to a second embodiment of 
the present invention in consecutive steps for fabrication 
thereof; 
[0027] FIGS. 6A to 6G are cross-sectional vieWs of a 
semiconductor device according to a third embodiment of 
the present invention in consecutive steps for fabrication 
thereof; 
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[0028] FIGS. 7A to 71 are cross-sectional vieWs of a 
semiconductor device according to a fourth embodiment of 
the present invention in consecutive steps for fabrication 
thereof; 

[0029] FIG. 8 is a top plan vieW of the semiconductor 
device according to the fourth embodiment for shoWing 
interconnects and bore hole removal of the carbon ?lm; and 

[0030] FIGS. 9A to 9E are cross-sectional vieWs of the 
fourth embodiment taken along lines D-D in FIG. 8 in 
consecutive steps for removal of carbon ?lms. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0031] NoW, the present invention is more speci?cally 
described With reference to accompanying draWings, 
Wherein similar constituent elements are designated by the 
same or similar reference numerals throughout the draWings. 

[0032] Referring to FIGS. 3A to 31, there is shoWn a 
semiconductor device according to a ?rst embodiment of the 
present invention in consecutive steps for fabrication 
thereof. In FIG. 3A, a ?rst interlayer dielectric ?lm 11 is 
deposited on a semiconductor (silicon) substrate 10 as by 
CVD, folloWed by chemical-mechanical polishing (CMP) 
thereof for planariZation purpose and subsequent etching of 
the ?rst interlevel dielectric ?lm 11 for eXposing diffused 
region of the semiconductor substrate 10. Thereafter, a metal 
is deposited and patterned for forming contact plugs 12 in 
ohmic contact With the semiconductor substrate 10 and ?rst 
level interconnects 13 on the ?rst interlevel dielectric ?lm 
11. For eXample, the ?rst dielectric ?lm 11 is made of silicon 
oXide and contact plugs 12 are made of CVD tungsten. In the 
etching of the CVD tungsten, it is important that the inter 
connects 13 are left on the top of the Wafer in this step for 
later steps. 

[0033] Subsequently, a carbon ?lm 14 is deposited as by 
a CVD technique on the entire surface, ?lling the space 
betWeen ?rst level interconnects 13, as shoWn in FIG. 3B. 
The process conditions for the CVD may be such that 
described in Patent Publication JPA-7-245301. Alterna 
tively, an organic ?lm may be formed as by a spin-coating 
technique, folloWed by carboniZation thereof using ultravio 
let ray irradiation. Then, as shoWn in FIG. 3C, the ?rst 
carbon ?lm 14 is subjected to a CMP step for removal 
thereof from the top surface of the ?rst layer interconnects 
13, leaving the carbon ?lm 14 only in the space betWeen the 
interconnects 13. 

[0034] Subsequently, as shoWn in FIG. 3D, 21 second 
interlayer dielectric ?lm 21 made of SIOF etc. is deposited 
as by CVD on the ?rst carbon ?lm 14 and the ?rst level 
interconnects 13. SiOF is particularly effective in this case 
because of a loWer permittivity thereof for obtaining a loWer 
parasitic capacitance and a suf?cient etch-selectivity 
betWeen the same and carbon during etching of the ?rst 
carbon ?lm 14 as by using oXygen plasma or oZone. A 
plasma enhanced SiO2 ?lm may be used instead, if a thick 
second interlevel dielectric ?lm is to be formed thereon for 
reduction of the parasitic capacitance betWeen layers. There 
after, the second interlevel dielectric ?lm 21 is selectively 
etched by an under-etching technique at the locations for 
?rst via-holes or through-holes by using a photoresist mask 
15 patterned by a photolithographic technique. After the 
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under-etching, a thin portion of the second interlevel dielec 
tric ?lm 21 is left at the bottom of ?rst through-holes 
covering the carbon ?lm 14. 

[0035] Subsequently, as shoWn in FIG. 3E, the photoresist 
mask 15 is removed as by oxygen plasma etching in the state 
Wherein the ?rst carbon ?lm 14 is not exposed as a top layer 
of the Wafer because of the presence of the thin portion of 
the second interlayer dielectric ?lm 21 on the ?rst level 
interconnects 13 at the bottom of the ?rst through-holes. 
This prevents undesirable side etch of the ?rst carbon ?lm 14 
Which exhibits a loW etch-selectivity betWeen the same and 
the photoresist mask 15 during the dry etching of the 
photoresist mask 15. 

[0036] After the removal of the photoresist mask 15, a 
slight etch back of the second dielectric ?lm 21 is conducted 
to entirely remove the thin portion of the second dielectric 
?lm 21 at the bottom of the ?rst through-holes for exposing 
the top of the ?rst level interconnects 13, folloWed by ?lling 
the ?rst through-holes With tungsten or aluminum plugs. 

[0037] Subsequently, second level interconnects 23 are 
formed on the second interlevel dielectric ?lm 21 and in the 
?rst through-holes, as shoWn in FIG. 3F. Thereafter, depo 
sition and CMP of another carbon ?lm 24, deposition of 
another interlevel dielectric ?lm 31, selective etching of the 
another interlevel dielectric ?lm 31 for formation of 
through-holes, and deposition and patterning of another 
level interconnects 33 are iterated to obtain the multi-level 
(three-level in this case) interconnection structure shoWn in 
FIG. 3G, Wherein a fourth interlevel dielectric ?lm 41 and 
a plasma-enhanced CVD SiN ?lm 42 are overlaid on the top 
interconnects 33 and the top carbon ?lm 34. 

[0038] A bore 43 is then formed by a photolithographic 
and etching technique at a location that does not align With 
any underlying interconnects 13, 23 and 33, as shoWn in 
FIG. 3H. The bore 43 is formed by the steps of anisotropic 
etching the plasma-enhanced CVD SiN ?lm 42 by using a 
photoresist mask not shoWn, removing the photoresist mask, 
anisotropic etching the fourth interlevel dielectric ?lm 41 by 
using the plasma-enhanced CVD SiN ?lm 42 as a mask, and 
consecutively anisotropic-etching the third carbon ?lm 34, 
the third interlevel dielectric ?lm 31, the second carbon ?lm 
24, the second interlevel dielectric ?lm 21 by using the 
adjacent overlying layer as a mask. The bore 43 has a bottom 
reaching the ?rst carbon ?lm 14 and is used in the next step 
for entirely removing the carbon ?lms 34, 24 and 14. 

[0039] The etch-selectivity betWeen the photoresist and 
carbon ?lms 34 and 24 is not suf?cient for an ordinary 
anisotropic etching. If it is desired that a photoresist ?lm 
formed directly on the fourth interlevel dielectric ?lm 41 be 
used as a mask for etching the fourth interlevel dielectric 
?lm 41 to form the bore 43 Without disposing therebetWeen 
the plasma-enhanced CVD SiN ?lm 42, an ordinary thick 
ness of 1 to 2 pm for the photoresist ?lm is not suf?cient for 
protecting the fourth interlevel dielectric ?lm 41 because the 
photoresist ?lm Will be entirely removed after the etching 
for tWo or three layers of the carbon ?lms. In this respect, the 
plasma-enhanced CVD SiN ?lm 42 is provided as a top layer 
on the fourth interlevel dielectric ?lm 41 in the present 
embodiment, having a large etch-selectivity betWeen the 
same and the interlevel dielectric ?lm or the carbon ?lm. 
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[0040] If a photoresist pattern is to be used as a mask 
instead of the plasma-enhanced CVD NiF ?lm 42, the 
thickness TX of the photoresist mask should be as folloWs: 

[0041] Wherein Ti (i=2, 3 . . . , n) represents the thickness 
of the i-th ?lm counted from the bottom. In the above 
formula, T1 is not included because the bottom carbon ?lm 
14 need not be etched during formation of the bore 43. The 
upper limit of the thickness of the photoresist is determined 
at a value by Which the loWer limit of the siZe of the 
through-hole can be de?ned With a suf?cient resolution. 

[0042] The number of the bores 43 may be one or more for 
a chip in the present embodiment. Although a plurality of 
bores 43 may be desired in order to raise the through-put for 
the carbon ?lm removal, a single bore 43 is generally 
suf?cient in a chip. Referring to FIG. 4, there is shoWn a 
schematic top plan vieW of interconnects in one level of a 
multi-level interconnection structure in a semiconductor 
chip, Wherein tWo bores 43 and 43a for use in carbon ?lm 
removal are shoWn. In this example, tWo interconnects 51 
and 52 are formed Within a carbon ?lm 53, interconnect 51 
having open ends 51A and 51B, interconnect 52 being 
closed. The closed structure of interconnect 52 requests an 
independent bore 43a for removal of a closed portion of the 
carbon ?lm 53, Whereas the open ends 51A and 51B of 
interconnect 51 enable the common single bore 43 in a chip 
to remove carbon ?lm 53. The closed structure of an 
interconnect such as interconnect 52, hoWever, is not prac 
tical in an ordinary semiconductor chip, and a single bore 43 
is generally sufficient for the entire chip. 

[0043] After the bore 43 is formed in FIG. 3H, isotropic 
etching of the carbon ?lms is conducted by exposing the 
carbon ?lms 14, 24, 34 to oxygen plasma or hydrogen 
plasma Without a substrate bias voltage, thereby removing 
the carbon ?lms, as shoWn in FIG. 3I. In this step, all the 
carbon ?lms 34, 24 and 14 betWeen the interconnects 33, 23 
and 13 are removed by ashing effected by oxygen free 
radicals or hydrogen free radicals, resulting in a speci?c 
geometry of a multilevel interconnect structure Wherein the 
interconnects 13, 23 and 33 are insulated from one another 
by air gaps 19 in the same layer and by interlevel dielectric 
?lms 11, 21 and 22 betWeen layers and from the semicon 
ductor substrate 10. In this structure, the interconnects 13, 23 
and 33 are supported by respective underlying ?lms 11, 21 
and 31, Which fact does not cause a deformation in the 
interconnects 13, 23 and 33 or a short-circuit failure therein, 
Whereby a reliable interconnection structure can be 
obtained. 

[0044] In an alternative of the process, the carbon ?lms 14, 
24 and 34 may be removed by exposing the same to an oZone 
ambient, Wherein ultraviolet rays are irradiated for assisting 
cut of carbon bonds in the carbon ?lms to raise the oxidiZing 
ef?ciency by the oZone and for assisting regeneration of 
oZone from oxygen (O2) Which is generated by decompo 
sition of oZone, Whereby the carbon ?lms can removed 
ef?ciently. 

[0045] In another alternative of the process, the removal of 
the carbon ?lms may be conducted by an etching gas such 
as nitrogen oxide, or by oxidation in an oxygen-ambient at 
a high temperature. The latter process may involve undesir 
able thermal melt doWn of metallic lines, Which can be 
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prevented by dividing the process into tWo combustion 
steps: the ?rst step is effected for removal of the main 
portion of the carbon ?lms in a loW oxygen concentration 
Which may be obtained by diluting oxygen gas With an inert 
gas such as argon or nitrogen for lowering the calori?c 
poWer of the combustion to suppress an excess burning; and 
the second step is effected in a high oxygen concentration for 
removing the remaining carbon in a narroW space, such as 
betWeen the interconnects, in an accelerated combustion. 
The tWo methods as described above may be combined 
together, Wherein the carbon ?lms are removed in an oZone 
ambient at a high temperature, for example. 

[0046] The removal of the carbon ?lms maybe conducted 
after a bonding operation for mounting the semiconductor 
device onto a circuit board etc., because the presence of the 
air gap may involve destruction of the interconnects during 
the bonding. The removal of the carbon ?lms may be 
preferably conducted in a dry air ambient for avoiding 
corrosion of metallic interconnects by moist air introduced 
in the air gap formed by the removal of the carbon ?lms. The 
dry air may be replaced by an inert gas such as nitrogen, 
neon, helium and argon. 

[0047] Referring to FIGS. 5A to 5G, there are shoWn 
fabrication steps of a semiconductor device according to a 
second embodiment of the present invention. In FIG. 5A, a 
?rst interlevel dielectric ?lm 11 is deposited on a semicon 
ductor substrate 10 as by CVD, folloWed by CMP thereof for 
planariZation and subsequent forming contact plugs 12 on 
diffused regions in the semiconductor substrate 10, Which 
steps are Well knoWn in the art. 

[0048] Subsequently, a ?rst carbon ?lm 14 and a ?rst mask 
?lm 21A made of SiOF are consecutively deposited by 
CVD, folloWed by formation of a photoresist mask 15 
having a negative pattern of interconnects. The SiOF mask 
?lm 21A is then selectively etched by under-etching using 
the photoresist ?lm 15 as a mask. In this step, the surface of 
the carbon ?lm 14 is not exposed, as shoWn in FIG. 5B. 

[0049] Subsequently, the photoresist mask 15 is removed, 
folloWed by slight etch-back of the entire ?rst mask ?lm 21A 
for exposing portions of the ?rst carbon ?lm 14, Which have 
a negative pattern of interconnects. The ?rst carbon ?lm 14 
is then etched by anisotropic etching using the ?rst mask 
?lm 21A as a mask to form the interconnect pattern in the 
form of open trenches 16. A metal such as aluminum or 
copper is then deposited on the entire surface including the 
open trenches 16, folloWed by CMP to remove the metal on 
top of the carbon ?lm and leave the metal only in the 
trenches 16, thereby forming ?rst level interconnects 13 
disposed in the trenches 16. In this process, the carbon ?lm 
14 is etched by using the SiOF ?lm 21A as a mask, not by 
using the photoresist ?lm 15 as a mask. This is because the 
etch-selectivity betWeen the carbon and photoresist is not 
sufficient for effecting a suitable selective etching. In addi 
tion, the under-etch of the SiOF ?lm 21A is conducted in the 
process for avoiding the removal of the carbon ?lm 14 
during etching of the photoresist ?lm 15. 

[0050] Subsequently, a second interlevel dielectric ?lm 21 
made of SiOF is formed on the carbon ?lm 14 and the ?rst 
level interconnect 13, folloWed by selective etching to form 
through-holes 22 in the second interlevel dielectric 21 as 
shoWn in FIG. 5D, similarly to the case of the ?rst interlevel 
dielectric 11. The combination of deposition of carbon ?lm 
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24, deposition of oxide ?lm 31, deposition and CMP of 
metal is iterated a plurality of times to obtain a multilevel 
interconnection structure. FIG. 5E shoWs an exempli?ed 
three-level interconnection structure formed by the present 
embodiment, Wherein a fourth interlevel dielectric ?lm 41 
and plasma-enhanced CVD SiN ?lm 42 are consecutively 
deposited on the top interconnects 33. Thereafter, a bore 43 
for removing the carbon ?lms is formed by etching to reach 
the ?rst carbon ?lm 14, as shoWn in FIG. SF. The bore 43 
is formed at a horiZontal location Wherein any level inter 
connects 13, 23 and 33 do not appear in the bore 43. The 
bore 43 is then used for removal of the carbon ?lms 34, 24 
and 14, similarly to the ?rst embodiment, as shoWn in FIG. 
5G. 

[0051] In the second embodiment, the CMP technique is 
applied to the metal interconnect layers, not to the carbon 
?lms. That is, conventional and Well-knoWn CMP tech 
niques generally applied to metallic ?lms can be used in the 
present embodiment, Which makes the present embodiment 
more advantageous over the ?rst embodiment. 

[0052] Referring to FIGS. 6A to 6G, there are shoWn 
fabrication steps of a semiconductor device according to a 
third embodiment of the present invention. In FIG. 6A, ?rst 
interlevel dielectric ?lm 11, contact plugs 12, ?rst carbon 
?lm 14 and SiOF mask pattern 21A are formed overlying the 
semiconductor substrate 10, and the ?rst carbon ?lm 14 is 
selectively etched using the SiOF mask pattern 21A as a 
mask, similarly to the second embodiment, to form an 
interconnect pattern in the form of trenches 16 in the ?rst 
carbon ?lm 14. Then, another SiOF ?lm not shoWn, Which 
generally has a loW permittivity, is formed on the entire 
surface, folloWed by etch-back thereof to leave the same as 
a side Wall ?lm 17 on the side Walls of the trenches 16, as 
shoWn in FIG. 6B. 

[0053] Subsequently, metal such as aluminum or copper is 
deposited on the entire surface, folloWed by CMP to remove 
the metal on top of the ?rst carbon ?lm 14 to leave 
interconnects 13 in the trenches 16. A second interlevel 
dielectric ?lm 21 is then deposited and patterned to form 
through-holes 22, as shoWn in FIG. 6D. The combination of 
carbon deposition, formation of interconnect pattern and an 
interlevel dielectric ?lm is iterated to form a multilevel 
interconnection structure, as shoWn in FIG. 6E. Then a bore 
43 is formed, as shoWn in FIG. 6F, and carbon ?lms 34, 24 
and 14 are removed throguh the bore 43, similarly to the ?rst 
through third embodiments, as shoWn in FIG. 6G. The 
side-Wall ?lm 17, formed on the side Walls of the trenches 
16 in the present embodiment, slightly increases the para 
sitic capacitance of the interconnects 13, 23 and 33, and 
protects the interconnects against ingress of moisture. As a 
result, the present embodiment achieves advantages of pre 
vention of a short-circuit failure and corrosion of the metal 
interconnects to improve the reliability of the semiconductor 
device. 

[0054] Referring to FIGS. 7A to 7I, there are shoWn 
fabrication steps of a semiconductor device according to a 
fourth embodiment of the present invention. The steps up to 
the step shoWn in FIG. 7C are similar to those in the ?rst 
embodiment, shoWn in FIGS. 3A to 3C. Then, a second 
interlevel dielectric ?lm 21 made of silicon oxide and having 
through-holes therein is formed on the ?rst level intercon 
nects 13 and the ?rst carbon ?lm 13, folloWed by formation 
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of a second level interconnects 23 thereon, as shoWn in FIG. 
7D. The second interlevel dielectric ?lm 21 is then selec 
tively etched using the second level interconnects 23 as a 
mask to expose the underlying ?rst carbon ?lm 14, as shoWn 
in FIG. 7E. The silicon oxide used for the second interlevel 
dielectric ?lm 21 is etched by a reactive ion etching (RIE) 
technique using a mixture of CH4 and H2as an etching gas 
and metallic ?lm as a mask, Which is knoWn in the art. In an 
alternative, the second interlevel dielectric 21 ?lm may be 
etched using a photoresist mask as used for patterning the 
second level interconnects 23. 

[0055] Subsequently, a second carbon ?lm 24 is deposited 
as by CVD on the entire surface to cover the second level 
interconnects 23 and the ?rst carbon ?lm 14, folloWed by 
CMP thereof for planariZation of the surface to obtain a 
structure Wherein the top of the carbon ?lm 24 is ?ush With 
the top of the second level interconnects 23, as shoWn in 
FIG. 7F. The combination of deposition and patterning of 
interlevel dielectric ?lm, formation of interconnects, and 
deposition and CMP of carbon ?lm is iterated to obtain a 
multi-level interconnection structure, as shoWn in FIG. 7G, 
Wherein a fourth interlevel dielectric ?lm 41 and a plasma 
enhanced CVD SiN ?lm 42 are formed on the top intercon 
nects 33 and the top carbon ?lm 34. 

[0056] Thereafter, a bore 43 is formed having a bottom 
reaching the surface of the top carbon ?lm 34 by using a 
photolithographic technique and an anisotropic etching tech 
nique, as shoWn in FIG. 7H. Then, the carbon ?lms 34, 24 
and 14 are etched through the bore 43 to obtain an air-gap/ 
multi-level interconnection structure Wherein interconnects 
13, 23 and 33 are insulated from one another in the same 
layer by an air gap 19 and insulated by the interlevel 
dielectric ?lms 11, 21, 31 and 41 betWeen layers and from 
the substrate 10. In the present embodiment, each of the 
carbon ?lms 34, 24 and 14 is disposed in direct contact With 
adjacent overlying carbon ?lm so that the bore 43 having a 
bottom at the surface of the top carbon ?lm 34 is suf?cient 
for etching all the carbon ?lms 34, 24 and 14. By this 
con?guration, if a closed interconnect 52 shoWn in FIG. 4 
is disposed in a carbon ?lm, another bore such as the bore 
43a is not needed in the present embodiment. 

[0057] FIG. 8 shoWs interconnects 13, 23 and 33 in a 
perspective vieW of a speci?c example of interconnects in a 
semiconductor device according to the fourth embodiment 
as vieWed from the top thereof. FIGS. 9A to 9E are 
cross-sectional vieW of the semiconductor device of FIG. 8, 
taken along line D-D in FIG. 8 for shoWing the steps in the 
removal of the carbon ?lms. These draWings are shoWn for 
describing the function of the bore 43 in FIGS. 7H and 7I 
during removing the entire carbon ?lms even With the case 
of the presence of a closed interconnect 23 such as inter 
connect 52 in FIG. 4. 

[0058] The removal of the carbon ?lms 14, 24 and 34 ?rst 
proceeds With the top carbon ?lm 34 at the bottom of the 
bore 43 as shoWn in FIG. 9A to eventually expose the 
second carbon ?lm 24, then proceeds With a portion 24a of 
the second carbon ?lm 24, as shoWn in FIG. 9B, other than 
the portion 24b encircled by the closed interconnect 23. The 
removal then proceeds With the exposed ?rst carbon ?lm 14, 
as shoWn in FIG. 9C, to expose the bottom of the portion 
24b of the second carbon ?lm 24 encircled by the closed 
interconnect 23, as shoWn in FIG. 9D. Finally, the portion 
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24b of the second carbon ?lm 24 is removed from the 
bottom thereof, thereby obtaining the structure shoWn in 
FIG. 9E Wherein entire carbon ?lms are removed from the 
single bore 43. 

[0059] In the present embodiment, a single bore is suf? 
cient even in the case of the presence of a closed intercon 
nect, and the interconnects 13, 23 and 33 are supported by 
respective underlying interlevel dielectric ?lms 11, 21 and 
31. Each of the interlevel dielectric ?lms is preferably made 
of silicon oxide Which may be added With ?uorine. 

[0060] Since the above embodiments are described only 
for examples, the present invention is not limited to the 
above embodiments and various modi?cations or alterations 
can be easily made therefrom by those skilled in the art 
Without departing from the scope of the present invention. 

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

substrate, a ?rst interlevel dielectric ?lm overlying said 
semiconductor substrate, ?rst metal interconnects formed on 
said ?rst interlevel dielectric ?lm and insulated from one 
another by a ?rst air gap, a second interlevel dielectric ?lm 
formed on said ?rst level interconnects, and second metal 
interconnects formed on said second interlevel dielectric 
?lm and insulated from one another by a second air gap. 

2. A semiconductor device as de?ned in claim 1, further 
comprising at least one third interlevel dielectric ?lm over 
lying said second level interconnects, and third metal inter 
connects formed on said third interlevel dielectric ?lm and 
insulated from one another by a third air gap. 

3. A semiconductor device as de?ned in claim 1, further 
comprising a side-Wall ?lm covering side Walls of each of 
said metal interconnects. 

4. A semiconductor device as de?ned in claim 1, Wherein 
said ?rst air gap is communicated With said second air gap. 

5. A semiconductor device as de?ned in claim 1, Wherein 
each of said interlayer dielectric ?lms is made of silicon 
oxide Which may be added With ?uorine. 

6. A method for fabricating a semiconductor device com 
prising: 

iterating a plurality of times the steps of forming a ?rst 
interlevel dielectric ?lm overlying a semiconductor 
substrate, and forming interconnects, disposed Within a 
carbon ?lm, on said ?rst interlevel dielectric ?lm, a top 
surface of said carbon ?lm being substantially ?ush 
With a top surface of said interconnects; 

forming a second interlevel dielectric ?lm on top said 
interconnect and top said ?rst carbon ?lm; 

forming a bore in said second interlevel dielectric ?lm 
having a bottom reaching a top surface of one of said 
carbon ?lms; and 

removing at least said one of carbon ?lms through said 
bore to form an air gap betWeen corresponding said 
interconnects. 

7. Amethod as de?ned in claim 6, Wherein said one of said 
carbon ?lms is bottom said carbon ?lm. 

8. A method as de?ned in claim 6, Wherein said intercon 
nects forming step includes depositing and patterning of a 
metal to form said interconnects, depositing and planariZing 
said carbon ?lm. 

9. A method as de?ned in claim 8, Wherein said planariZ 
ing includes chemical mechanical polishing. 
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10. A method as de?ned in claim 6, Wherein said inter 
connects forming step includes the steps of depositing said 
carbon ?lm, and forming open trenches in said carbon ?lm 
and ?lling said open trenches With said interconnects. 

11. A method as de?ned in claim 10, Wherein said 
interconnects forming step further includes the step of 
forming a side-Wall ?lm on side Walls of said open trenches 
betWeen said carbon ?lm depositing step and said ?lling 
step. 

12. A method as de?ned in claim 6, Wherein said carbon 
?lm removing step uses one of oxygen, oxygen free radicals, 
oZone, hydrogen, hydrogen free radicals, and nitrogen oXide. 

13. A method as de?ned in claim 6, Wherein said one of 
said carbon ?lms is top said carbon ?lm. 

14. A method for fabricating a semiconductor device 
comprising: 

iterating a plurality of times the steps of forming a ?rst 
interlevel dielectric ?lm overlying a semiconductor 
substrate, forming interconnects on said interlevel 
dielectric ?lm, selectively etching said ?rst interlevel 
dielectric ?lm by using said interconnects as a mask, 
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embedding said interconnects With a carbon ?lm hav 
ing a top surface Which is ?ush With a top surface of 
said interconnects; 

forming a second interlevel dielectric ?lm on top said 
interconnects and top said carbon ?lm; 

forming a bore in said second interlevel dielectric ?lm 
having a bottom reaching a top surface of said top 
carbon ?lm; and 

removing said carbon ?lms through said bore to form an 
air gap betWeen said interconnects. 

15. A method as de?ned in claim 14, Wherein said 
interconnects forming step further includes the step of 
forming a side-Wall ?lm on side Walls of said open trenches 
betWeen said carbon ?lm depositing step and said ?lling 
step. 

16. Amethod as de?ned in claim 14, Wherein said carbon 
?lm removing step uses one of oXygen, oXygen free radicals, 
oZone, hydrogen, hydrogen free radicals, and nitrogen oXide. 

* * * * * 


