DESCRI PTI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL
FI ELD ¢ The present invention relates to the inprovenent of an
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10 BACKGROUND ART

In order to achieve the high-density integration of
semiconductor devices, it has been developed to provide devices,
such as the scale down of patterns and the multilayering of
circuits. As one of such devices, there is a technique for

15 multilayering the wiring layers. In order to provide a
multi-layer wiring structure, a number n wiring layer and a
number (n+l) wiring layer are connected to each other by means
of a conductive layer, and a thin film called an interlayer
dielectric film is formed in a region other than the conductive

20 layer. ,

In general, an SiO, film is used as the interlayer
dielectric film, and an aluminum (Al) layer is used as the
wiring layer. However, if the wiring layer of Al is used, its
resistance increases in accordance with the scale down of

25 patterns, so that there is a problem in that the fall of
potential in a power supply line and the delay of clock signals
are uneven to cause malfunction. Since current density
flowing through the wiring increases, there is also a problem
in that the wiring is broken by electro-migration to

30 deteriorate reliability.

Therefore, it has been studied that copper (Cu), which
has a lower resistance than that of Al and which is resistant
to electro-migration, is used as the material of the wiring.
In this case, since it is difficult to etch Cu, a process

35 utilizing, e.g., the chemical mechanical polishing (CMP)
method, is carriedout, i.e., Cu is deposited in a hole or groove
formed in an insulating f£ilm, and then, the CMP is carried out
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Ther ef ore, whepetiormangrdashehsemieandudtost deNaces ri ng | ayer, it has
studied they a barii ghekbkgid?vhaKicldi8 dsladdIehs materdbl o She AlkaMy 200
angstronms, Is fornmed between an 1nsul ating II'm11 and a Cu wring

| ayer 12 as shé@kiern itehys stpdied that a barpier ddilmls havirga thickness
diffusing in the, serg.comset 260 Bhgs¥e¥hs$ is Formé&l sebnedeaadiddialatiag W
Ti W T|S|[err],,1'|N 'I‘a[err(]:N, .. .
film 11 and a Cu wiring layer 12 as shown in, e.g., FIG. 17,
in order to prevent Cu from diffusing in the semiconductor
15 device. It is considered that Ta, W, Tiw, Tisi,, TiN, Ta,N,
W,N, Ni, ,Nb,, or amorphous Ta-Si-N is used as the material of
the barrier film. However, there is a problem in that the
producing process for forming the barrier film 13 is
complicated, and there is a problem in that it is difficult
20 to select each material of the barrier film 13 since the
material of the barrier film 13 has its merits and demerits,
respectively.

On the other hand, it also has been studied that the
insulating film is formed of a material, in which Cu is

256 difficult to diffuse, in place of the formation of the barrier
film. In general, the interlayer dielectric film is formed
as an SiOF film, a polyimide film, a PSI (polyimide siloxane)
film, a PAE (polyaryleneethers) f£film, a HSQ (hydrogen
silsesquioxanes (H,Si0,,)) film or a BCB (benzocyclobutene)

30 film, in place of the SiO, film.

Although it is said that Cu does not diffuse in the BCB
film of the BCB polymer among these insulating films, it is
confirmed that Cu diffuses in the SiO, film, SiOF £film,
polyimide film and PSI film. The presence of diffusion of Cu

35 in the PAE film and HSQ film has not been confirmed.

By the way, in recent years, in order to further

accelerate the operation of the semiconductor device, it is
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insulating film by forming the insulating film of a smaller
relative dielectric constant than that of the BCB film.

15 In order to accomplish this object, according to the
present invention, a semiconductor device comprises: a
substrate; an insulating film of a fluorine-contained carbon
film formed on the substrate; and a wiring layer of copper
formed on the insulating film.

20 According to such a semiconductor device, by forming
the insulating film of a CF film, it is possible to prevent
copper, which is the material of the wiring layer, from
diffusing into the insulating film, and therelativedielectric
constant of the CF film can be smaller than that of a BCB film.

25 An adhesion layer may be formed between the insulating
film and the wiring layer in order to prevent the wiring layer
from being peeled off from the insulating film. In that case,
the adhesion layer may comprise a metal layer of a metal, such
as titanium, and a layer of a compound which contains carbon

30 and the metal.

In such a semiconductor device, the insulating film is
preferably amorphous. From the point of view of further
prevention of copper diffusion, the insulating film preferably
has a film density of 1.50 g/cm’. From the same point of view,

35 the concentration of oxygen in the insulating film is
preferably 3 atomic% or less, and the concentration of boron
in the insulating film is preferably in the range of from 107
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The insul ati ng ihivbat Poef 8 3¥osubaq;a 35 filmdensity of 1.50 g/cnferr].
The poncenﬁéat I on of oxygen in the i nsulating filmis preferably 3
atomic % ot?] ess, an&IGhe3 is a process drawing for explaining a concrete
process when a semiconductor device according to the present
invention is produced; _
FIG. 4 is a process drawing for explaining the outline
of a method for producing a semiconductor device according to
20 the present invention;
FIG. 5 is a sectional view showing an ECR plasma system
for carrying out a process for depositing a CF film;
FIG. 6 is a sectional view showing a parallel plate
plasma processing system for carrying out an H, plasma
25 irradiation process;
FIG. 7 is a sectional view showing a sputtering system
for carrying out a process for depositing a Ti layer;
FIG. 8a is a schematic sectional view showing the
structure of a sample (Example 1) for carrying out the SIMS
30 analysis of a semiconductor device;
FIG. 8b is a graph showing the results of the SIMS
analysis after a thin-film deposition process in Example 1;
FIG. 8c is a graph showing the results of the SIMS
analysis after an annealing process in Example 1;
35 FIG. 9a is a schematic sectional view showing the
structure of a sample (Comparative Example 1) for carrying out
the SIMS analysis of a semiconductor device;



3/1 concentration of boron in the insulating filmis preferably in the
range of. from 10[err] 5 4
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i nprovenent of hardness and heat resistance of the insulating film
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to the presentEkampheibm; 10 FIG Ib is a lateral-side sectiona
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drawi ng for explaining a concre a sem conductor device
according t® t Beapyetem@fter an annealing propess iscdompdrative Exapple 37is a

process draing for @il 3007 ¢ANG A on £oP e9pEaTnINE AnfeEiGRALUC! O

devi ce according to e pre
method for examining electric characteristics of a

semiconductor device;
FIG. 1la is a graph showing the relationship between
10 the film densities of a CF film and bias powers;
FIG. 11b is a table showing the relationship between
the film densities of a CF film and MTTFs;
FIG. 12a is a graph showing the relationship between
the amounts of O, added during a process and the amounts of
15 o0, in a CF film;
FIG. 12b is a table showing the relationship between
the amounts of O, added during a process and MTTFs;
FIG. 13a is a graph showing the relationship between
the amounts of N, added during a process and the amounts of
20 N, in a CF film;
FIG. 13b is a table showing the relationship between
the amounts of N, added during a process and MTTFs;
FIG. l4a is a graph showing the relationship between
the amounts of BF, added during a process and the amounts of
25 B in a CF film; '
FIG. 14b is a table showing the relationship between
the amounts of BF, added during a process and MTTFs;
FIG. 15a is a graph showing the results of an SIMS
analysis with respect to a semiconductor device (Example 3);
30 FIG. 15b is a graph showing the results of an SIMS
analysis with respect to a semiconductor device (Example 4);
FIG. 16 is a sectional view showing a part of a structure
of another example of a semiconductor device according to the
present invention; and
35 FIG. 17 is a sectional view showing a part of a
conventional semiconductor device.
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In FIGS. la and lb, reference numbers 21 through 24
denote interlayer dielectric films of CF films having a

thickness of, e.g., about 7000 angstroms. Reference numbers

15 25 and 26 denote wiring layers of Cu layers having a thickness
of, e.g., about 7000 angstroms, and reference numbers 27 and
28 denote connection lines of W layers for connecting the Cu
wiring layers 25 and 26 to each other. 1In this example,
adhesion layers 29 having a thickness of, e.g., about 200

20 angstroms, are formed between the CF films 21 through 24 and
the Cu wiring layers 25, 26 and W layers 27, 28, and between
the W layers 27, 28 and the Cu wiring layers 25, 26. In FIGS.
la and 1b, the adhesion layer 29 is expressed by a single thick
line for convenience.

25 Referring to FIGS. 2 through 4, an example of a method
for producing such a semiconductor device will be described
below. First, as shown in FIG. 2(a), a CF film 32a having a
thickness of, e.g., 7000 angstroms, is formed on the surface
of a semiconductor substrate 31, such as an Si wafer. This

30 CF film 32a is formed by using, e.g., Ar (argon) gas, as a plasma
gas, and, e.g., C,F, and C,H, gases, as deposition gases, to
activate the deposition gases as plasmas in, e.g., an ECR plasma
system (see FIG. 5) utilizing the ECR (electron cyclotron
resonance) which will be described later.

35 Subsequently, a process for forming a wiring of W in
the CF film 32 is carried out. In this process, a hole 33b
for embedding W is first formed in a part of the surface of
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in order to stabilize the plasma. If the irradiation with the
plasma of H, is thus carried out, fluorine (F) in the surface
15 layer portion of the CF film 32a reacts with H to fly away from
the CF film 32a as HF. For that reason, although the amount
of F decreases in the surface layer portion, carbon (C) remains,
so that the concentration of C is high.
After the irradiation with the plasma of H, is thus
20 carried out, a Ti (titanium) layer 34a having a thickness of,
e.g., 200 angstroms, is formed on the whole surface of the CF
film 32a as shown in FIG. 2(d). That is, the Ti layer 34a is
formed on the whole surface of the CF £ilm 32a including the
inner wall surface of the hole 33a by sputtering Ti of a target,
25 e.g., by introducing Ar gas into, a sputtering system (see FIG.
7)., which will be described later, while the interior of the
system is heated at 300 °C or higher.
If the Ti layer 34a is thus formed on the surface of
the CF £ilm 32a while heating the substrate 31, C in the surface
30 layer portion of the CF £ilm 32a reacts with Ti in the boundary
between the CF film 32a and the Ti layer 34a to form a TiC (a
compound containing Ti and C) film 34b having a thickness of,
e.g., 50 angstroms, as shown in FIG. 4. In this preferred
embodiment, the Ti layer 34a and the TiC layer 34b constitute
35 the adhesion layer 34.
Since it is required to heat both of Ti of the target
and the surface of the CF film in order to form the TiC layer
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sem conduct or device according to the pregent I nvention is
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deposi ti orﬂ%as@@ the surface of the CF £ilm 32a, i.e., a portion of the Ti
layer 34a other than the inner wall surface of the hole 33a,
as shown in FIG. 2(f). Thus, the hole 33a formed in the CF
film 32a is filled with W via the Ti layer 34a to form a

connection line of the W layer 36.

20 Subsequently, a process for forming a Cu wiring léyer
on the surface of the CF film 32a, in which the connection line
of Whas been formed, is carried out. Inthis process, as shown
in FIG. 3(a), a CF £ilm 32b having a thickness of 7000 angstroms
is first formed on the surface of the CF film 32a, in which

25 the connection line of W has been formed, by the same method
as that in FIG. 2(a). Then, as shown in FIG. 3(b), a groove
33b is formed in the surface of the CF £ilm, in which a wiring
of Cu is intended to be formed, by the same method as that in
FIG. 2(b). Then, this surface is irradiated with the plasma

30 of H,. This process is carried out in, e.g., the same manner
as that in FIG. 2(c), to irradiate the surface with the plasma
of H, for, e.g., about 5 seconds.

Subsequently, as shown in FIG. 3(c), an adhesion layer
37 comprising the Ti layer and the TiC layer is formed on the

35 whole surface of the CF film 32b. This process is carried out
in, e.g., the same manner as that in FIG. 2(d), to form the
adhesion layer 37 having a thickness of, e.g., 200 angstroms.



activate the deposition gases as plasmas in, e.g., an ECR pl asna
(see FIG 5) utilizing the ECR (el ectron %yclotron resonance) whi
will be described later. 35 Subsequently, a process for form
wiring of Win the CF film32 is carried out. In this process, a
33b for enbedding Wis first forned in a part of the surface of

7 t he CPheri, ms32hown mnvFLI6h 3(113) miar CaglagrerMiCy wixindgldayes)pds

et er Sh% 3 &l‘%ﬁe sssu;g 4ce’ a%%a&ﬁ%d(f%ﬁﬁgtﬂfms, ;ﬁ&@%@%ﬂ

pr edet er m ned pat n on
out an et chi ngorprtitﬁewrtfacamétthﬂ clel iyyeﬁrﬁw Chereafierty) as shown in

Ther eafter,

irradi ated wt
i nt roduced & nt
w |l be descri
with the plasma

SERDYte) | ey 14 B1IUREATH Slnkyeren Clof phovipe

Astre 0

system
ch

ng a
hol e

a
rrylng

S

d H2 as are

Thus, ga sampd:mqwocc@ygc@g havingy & @ dayexs Wsafmgmu ch

Q@ﬂ#% st Br@ﬁﬁéé’@te 10 H2 gas as a plasma to irradiate

about 5 seconds. The introductio

n of

Ar gas is carried ouReferring Glodé‘i[GSo $ dehyqualy 4.t AB BFR RIASISN SEFLERe
plasma of H2 a?grs n%ar#lﬁgf g6t %ﬁ) 2B hERS %f&éysasaapléémé ocesaghgt i on

with the
15 layer port

us carried o uorlne(F) n the su
smt@u fpﬁecmmngmlz Ahechpradigtinnvith £he %&Waf PE M-

rface
t he

CF film 32 asa{ﬁg a 5pattdding 8¢80dh f%h:tfwﬂﬂﬂhgt RepiamByst will 19é bridetyeases

in the surface

concentration

yer- portiomn, TCarbon remal ns, so that the
des¢rihed,ibgdow. After the irradiation with the

plasma of H2 is thusp2Pst ¢am k@ p2tbma 3ybtenidickii URIFIGAYS hag4® vaauiing a

t hi ckness of),

15

20

25

30

35

vessel 4 comprising a plasma chamber 4A and a deposition chamber
4B. A high frequency wave (microwave) M of, e.g., 2.45 GHz,
is designed to be supplied into the vacuum vessel 4 from a high
frequency power supply part 41 via a waveguide 42 and a
transmission window 43. A magnetic field B extending from the
plasma chamber 4A toward the deposition chamber 4B is formed
by a main electromagnetic coil 44a and an auxiliary
electromagnetic coil 44b, which are provided around the plasma
chamber 4A and above and below the deposition chamber 4B,
respectively. The intensity of the magnetic field B in the
vicinity of an ECR point P is, e.g., 875 gausses. Then, by
the interaction between the magnetic field B and the microwave
M, an electron cyclotron resonance is caused at the ECR point
P.

When the CF film is formed by this system, a
semiconductor wafer (which will be hereinafter referred to as
a “wafer”) 10 serving as a substrate is mounted on a supporting
table 45 which is provided in the deposition chamber 4B, and
a bias voltage is applied to the supporting table 45 by means
of a high frequency power supply part 46. Then, while the
vacuum vessel 4 is evacuated via an exhaust pipe 47, Ar gas
serving as a plasma gas is introduced into the plasma chamber
47 via a plasma gas supply pipe 48, and a deposition gas is
introduced into the deposition chamber 4B via a deposition gas
supply part 49 to activate the deposition gas as a plasma by



e.g., 200 angstrons, is forned on the whole surface of the CF film 32a

as shown in FIG 2(d). That is, the Ti ld@er 34a is formed on the whol e
surface of the CF film 32a including the i nner wall surface of the hole
33a by sputtering Ti of a target, 25 e.g., by introducing Ar gas into, a
sputtering system (see FIG 7), which will be described later, while

the interior othéhelectronysyelntrormheesenamte 300hiersylsEenr can glenry out

If the Ti |aye 34a|s];tﬁgtlsfor dl,r lptr.+he sur%jl eglf " th %F%il 32a
whi | e heating ]Pn% T n {;‘% 8508, 7 ?@‘3 n|5&7§r°§8 ti'6nJ3% the
CF film 32a reand arwashaife inbrodecabintartpe plashatcvlmﬂnetrh@ﬁﬁabitﬁvaﬁéa and
345 having L SRResd Grpidena i che BPEROHIF RETORLB Medbndilin. D 11T,
this preferded ekbsylsh@mtshctvhe 1‘ﬁ| FiIgyeb 3aaaap@lra1ﬂeeIr|pﬂaltaypia§m@
constitute 35 y I to
heat both of TPH;?E%%{}@ s&gt%ﬁ %r 5r¥ﬁ'ngsur g’(%lee o?ggﬁigaﬁ% mlﬁl {r.iﬁ(gjrder
to formthe Tiflasmeof H,. In FIG. 6, reference number 51 denotes a pgocess

b L o) ST, 51 AR Ml 006 sy bl oeon
descri bed ex anplectm<aenpe¢t1e¢) lteca hight firequancyopower tSellpplY pamhé3 ;ri

layer 34a fips Qﬁ?%@%ﬂé’tégda ?gfgoﬁgfg r;?‘teg%‘ét%de Suiich 18 pARAL B

[err] C, an annealing process erature of
400 C or hi ghe@svke rfacespbetsuppqmngub%blet@ In tms 5msmcra waser;

L?y:r . §4ae?2tsu?ge%‘ fn@iéﬂ?é’d oﬁf 'El?é shBﬁoirtubg tabhéy‘ﬂ afia HaggRFTeqdeney! t ed
P power is applled between the suppor 1ng table 52 and the top
electrode 54 to produce plasma. Then, while the process
15 chamber 51 of this system is evacuated via an exhaust pipe 55,
H, gas and Ar gas are supplied into the process chamber 51 via
a gas introducing pipe 56 at predetermined flow rates,
respectively, to activate H, gas as a plasma to irradiate the
~ surface of the CF film on the wafer 10 with the plasma of H2
20 for, e.g., about 5 seconds.

A system shown in FIG. 7 is a parallel plate plasma
processing system for carrying out the deposition of the CF
film. InFIG. 7, reference number 61 denotes a process chamber,
62 denotes a supporting table which serves as a grounded bottom

25 electrode, 63 denotes a top electrode which is connected to
a high frequency power supply part 64 and is provided so as
to face the bottom electrode 62, and 65 denotes a target of
Ti which is provided on the bottom surface of the top electrode
63. In this system, a high frequency power is applied between

30 the supporting table 62 and the top electrode 63, while the
interior of the process chamber 61 is heated at, e.g., 300 °C,
to produce plasma. Then, while the process chamber 61 of this
system is evacuated via an exhaust pipe 66, Ar gas is supplied
into the process chamber 61 via a gas introducing pipe 67 at

35 predetermined flow rates to activate Ar gas as a plasma to
sputter the target 65 with the plasma. Thus, Ti is deposited
on the CF film of the wafer 10 which has been mounted on the



10 Then, as shown in FIG 2(e), a process for formng a W ayer

36 on the surface of the adhesion layer 3 to fill the hole 33a with W
is carried out. Thereafter, a CWP process (pol i shing process) is
carrired out in a CWP system (not shown) to polish and renove an

undesired portion of the Ti |layer 34a 15 on the surface of the CF film
32a, i.e., a psuppertiofg thabléi 62. | ayer 34a other than the inner wall
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Crrad ate e refida it o Hhe RERTonduct: di¥iopTand o Hiprord the
seconds. qualltﬁm@mmcoa@u%mmiavncme 3(c), ah adhesi on | ayer

37 conprising the Ti Flﬂégfc@%e&,%ﬁﬁk@y@&ﬁ% épé @0f Llind B2a3Rnavigbe

surface of the CF fi rocess is carried out
same manner asWhigh gue fpenlating ftlémﬁ orifh Lfenot regufeed &P PE?Hd%%nﬁaw ng

g thickness of paprfler POPePSUBbF OPFeventing Cu from diffusing into the
15 insulating films, or it has only to provide a very thin barrier
layer. Moreover, since the CF films 32a and 32b have a low
relative dielectric constant of 2.5, it is possible to obtain
a semiconductor device corresponding to the scale down and
accelerating by using the CF films 32a and 32b as the insulating
20 films.

Moreover, since the adhesion layer is formed between
the Cu wiring layer 38 and the CF films 32a, 32b in the
semiconductor device according to the present invention, the
adhesion between the CF films 32a, 32b and the Cu wiring layer

25 38 is enhanced, so that it is possible to inhibit the Cu wiring
layer 38 from being peeled off from the CF films 32a and 32b.
If a metal layer of Cu or the like is formed directly on the
CF film, there is the possibility that F in the CF film reacts
with the metal to form a metal fluoride in the boundary between
30 the CF film and the metal layer. Then, since this metal
fluoride generally has low sublimation and melting points, the
metal fluoride is melted or sublimed if the substrate is heated
to a temperature of the sublimation or melting point or higher
in the subsequent process, so that there is the possibility

35 that the metal fluoride is peeled off from the CF film.
On the other hand, if the adhesion layers 34 and 37 are

formed between the CF films 32a, 32b and the Cu wiring layer



Then, as shown in FIG 3(d), a Cu layer (Cu wiring |layer) 38 havi ng a

t hi ckness of, e.g., about 7000 angstrons,13 s forned on the surface of
the Ti layer 37. Thereafter, as shown in FIG 3(e), the surface is

pol i shed by a CW system (not shown). 5 Thus, a sem conductor device
having a nulti-layer wring structure is produced. Ref erring
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sen conduct or vvaf er rein erre
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whi ch is proviged mfcém&%qogbg,heg ﬁi’s?iﬁlgerh B @j_\gl bil bias voltage is
applied to the suSportl ng table 45 by me 16 * a G 11fhyfrequency power

suppl y par15 46. ThenSinfgl the k@nducméﬁunpﬁe@z%ll‘m |1§Y@Iaééht &8 &1 altan

exhaust pipe 47 -Qn, 8% cu witShy 1yéiS38 B P8R HRH11Y HIQAMELEL kR0 the

pl asma Chanberw layer 36 even if the TiC layer 34b exists between the CF film

32a, 32b and the Cu wiring layer 38. For that reason, when

the Cu wiring layer 38 and the W layer 36 are formed, it is

20 not required to peel off the TiC layer 34b. As the metal of

the adhesion layer may be W, Mo (molybdenum), Cr (chromium),

Co (cobalt), Ta (tantalum), Nb (niobium) or Zr (zirconium) in

place of Ti. Because fluorides of W or Mo have a melting point

of 20 °C or less and fluorides of Cr and Co have a melting point

25 of about 100°C or less, whereas carbon compounds of these metals

have a melting point of about 2000 °C to about 4000 °C and carbon

compounds of Ta, Nb and Zr have a very high melting point.

An example of experiment, which was carried out in order

to confirm the presence of diffusion of Cu into a CF film, will

30 Dbe described below. First, the structure of a sample, which

was used in this experiment, will be described. As shown in

FIG. 8, this sample comprises a CF film having a thickness of

5000 angstroms, a Ti layer having a thickness of 500 angstroms,

and a Cu layer having a thickness of 2000 angstroms which are

35 deposited on a silicon substrate in that order (Example 1).

The CF film and the Ti layer were produced as follows.

First, Ar gas, C;F, gas and C,H, gas were introduced into the



35 4A via a plasma gas supply pipe 48, and a deposition gas is

I ntroduced into the deposition chanber 4B38via a deposition gas supply
part 49 to activate the deposition gas as a plasma by

10 the el ectron cyclotron resonance. This system can carry out

the irradiation with the plasma of Herr]. In that case, H2 gas and Ar

gas are int rodnmeq:]jm systqahammncmmf[@r. BA datofaoviveties of 15@ sgam,as a
pl asma by the n c t resgonance. -5 Syt h in
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FIG 7, reference nunber 61 denotes a process chafnb
of 50 scom at a temperature of 300 °C to dep051t the Ti layer

on the surface of the CF film. At this time, the power of the

15 high frequency power supply part 64 was 1200 W.

With respect to the sample (Example 1) thus obtained,
the amounts of Cu, Ti, CF and Si were analyzed by the SIMS
(secondary ion mass spectroscopy). The same analysis was
carried out by the SIMS with respect to the sample after an

20  annealing process was carried out at 425 °C for 1 hour.
Moreover, as a comparative experiment, the same experiment was
carried out with respect to a sample (Comparative Example 1)
wherein the CF film of the sample in Example 1 was replaced
with an SiO, film as shown in FIG. 9(a).

25 The results in Example 1 and Comparative Example 1 are
shown in FIGS. 8b and 8c and FIGS. 9b and 9c, respectively (FIGS.
8b and 9b show the results of SIMS analysis after a thin-film
deposition process, and FIGS. 8c and 9c show the results of
SIMS analysis after an annealing process). In the graphs of

30 these figures, the axis of abscissas denotes depths (unit:
a.u.) in the sample, and the axis of ordinates denotes the
number (counted number) of ions, such as Cu ions. As can be
seen from these graphs, in the case of Example 1, there were
obtained the results of analysis that Cu and Ti exist at depths

35 (~ about 3.8 a.u., ~ about 47 a.u.) corresponding to the Cu
and Ti layers after the annealing process, whereas only C and

F exist and Cu does not exist at depth (about 94 a.u. ~)



62 denotes a supporting table which serves as a grounded bottom 25

el ectrode, 63 denotes a top el ectrode whilgh is connected to a high
frequency power supply part 64 and is provided so as to face the bottom
el ectrode 62, and 65 denotes a target of Ti which is provided on the
bottom surface of the top el ectrode 63. In this system a high

f Irequengy powectorsesppidiad) bettireOF3filn ba shwpddei of thebse sAbsamdtehe t op
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With respect to the sample in Example 1, a tape was stuck

on the top face of the Cu layer, and the tape was peeled off.
15 It was confirmed with the naked eye whether peeling occurred

between the CF film and the Ti layer when the tape was peeled

off, so that no peeling was observed. Moreover, the relative

dielectric constant of the CF film of the sample in Example

was measured, so that it was 2.5 which was lower than about
20 4 of the Sio, film and about 2.7 of the BCB film.

Then, an example of experiment, which was carried out
in order to confirm the electric characteristics of a-
semiconductor device, will be described. First, the structure
of a sample, which was used for the experiment, will be

25 described. As shown in FIG. 10, this sample comprises a CF
film having a thickness of 5000 angstroms, a Ti layer having
a thickness of 50 angstroms, a Cu layer having a thickness of
2000 angstroms, and a TiN layer having a thickness of 200
angstroms, which are deposited on a silicon substrate in that
30 order (Example 2).

In this sample, the silicon substrate was electrically
connected to the TiN layer as shown in FIG. 10. Then, a voltage
of 1 MV/cmwas applied to the sample while the silicon substrate
was heated at 275 °C, and the time (which will be hereinafter

35 referred to as “MTTF”) until the CF film was short-circuited
(until 0.1 A/cm’) was measured. In FIG. 10, reference number
71 denotes a power supply part, and 72 denotes an ampere meter.



which are insulating filnms, it is not required to provide any “barrier
| ayers f.or preventing Cu fromdiffusing im§o the 15 insulating filnms, or

it has only to provide a very thin barrier | ayer. Moreover, since the
CF fi'l ms 32a and 32b have a | ow relative dielectric constant of 2.5, it
I's possible to obtain a sem conductor device corresponding to the scale

down and aacpbETiin bgtvgensting stilécth dibstrateaanddhii?porertdupply
Mor eover, since the adhesion |ayer is

}gfﬁLgtngmégnpgkkn?%éw?il%ﬁqqqﬂﬁdrayer 38 and the CF films 32a, 32b in the
seni conduct or devi ce AsCaocdmparatii v expeedment | rotenisame, ekbermentaﬁdaezggn
betueen (he, OBk iBa R wifh AOEbAde el ki) | EBagi Al ng o
peel ed of f &rowheeiftFtlie |0 fi2m afidtiiisample ifi Examgilal 2| @eyerregladedor the
in'the GF 111 miibce 16 GHIR nayangrvle 'fine SRESkNSes 48 PRERR IR W6 ne
boundary betwed®.30 the CF filmand the netal layer. Then, since this
e 11w e |2 SARE PP S Y, P OB . B0l
t enper at ur e of oftku dobbithet CHAELIM amel 310,0f 1l which alregireulatingr itlms . I
hor e 10, SARSE 40 4 e RAREIL A, DRSS Y6 5% PBLa 8 SR
the adhesion | &perinsiagingsiilmseis smaldy mnd bhe wepacihy fOF prevantddg, 32b
38 as this preforr S Sraeh BE ig g e N aver oy forped prl the
top face of the Cu layer in order to prevent the Cu layer from
being oxidized.
15 As the results of the above described experiment, it
was confirmed that the MTTF in Example 2 was 1.92 hours, whereas
the MTTF in Comparative Example 2 was 0.25 hours, so that when
the CF film was used as the insulating film, the MTTF was far
longer than that when the SiO, film was used. Therefore, it
20 was confirmed from this experiment that Cu is very difficult
to diffuse into the CF film although it is easy to diffuse the
Sio, film.
In order to confirm the crystallinity of a CF £film having
the same composition as that in Example 1, an X-ray diffraction
25 was measured. As a result, it was not possible to detect any
Bragg peaks (Bragg reflections) exhibiting the presence of
crystallinity, so that it was confirmed that the CF film is
a amorphous material. The expression “amorphous material”
means a microcrystal having a crystallite size of less than
30 50 to 100 angstroms. In the semiconductor device according
to the present invention, since the CF film serving as the
insulating film is amorphous and formed by a micro-crystal
having a crystalline size of less than 50 to 100 angstroms,
it is guessed that Cu is difficult to pass through the CF film
35 so that the capacity for preventing the diffusion of Cu is high.
In the semiconductor device according to the present
invention, the film density of the CF film serving as the
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From these results, it can be seen that when the film

density of the CF film is 1.50 g/cm® or higher, the MTTF is
long and the capacity for preventing the diffusion of Cu is
high, so that such aCF £ilm is effectively used as an insulating
film. It is guessed that the reason why the MTTF is long when
the film density of the CF film is 1.50 g/cm’ or higher is that
when the £ilm density of the CF film increases so that the film
is dense, Cu is difficult to pass through the film so that the
capacity for preventing the diffusion of Cu is high.

In the semiconductor device according to the present
invention, the amount (concentration) of oxygen (0O,) in the
CF film serving as the insulating film is preferably 3 atomic%
or less in order to further improve the capacity for preventing
the diffusion of Cu. The inventors have studied a process for
adding O, to the CF film in order to improve the pressure
resistance of the semiconductor device. As a result, it was
observed that the amount of O, in the obtained CF film can be
controlled by adding O, gas during a thin-film deposition



13 ECR pl asma system shown in FIG 5, at flow rates of 150 sccm
40 sccmeqand 30 sccm respectively. Then, tthe CF fil mwas deposited on
the silicon substrate at a m crowave power (the hi gh frequency power
supply part 41) of 2.7 kWat a bias power 5 (the high frequency power
supply part 46) of 1.5 kWat a substrate tenperature of 400 C.

Then, H2 gas apflodesgdn vheabove ddseribedEORIpIasm@Rsystem) andeatisatstasm at

flow rates of 300 sccm 30, scg¢ respectively,, to.irradi .t he
surface of theSEPHi{Mh %\P‘gh 3% e pﬂ"ﬁ’éﬁ’?& BE hf et? ‘?heAtfctli‘f}“-‘?dtC%tn&l he

m crowave powelineesasedsNthe ameunt td theasnddedeo, was Anvteddes cafter, the
sputtering system shown_ in. FIG 7.was used for _introducing Ar at a
frow rate’ - of 5o BEcHPRPs b i sondihiants herd aefPCSeh dcthstl #38e
| ayer 0B t b€ Anrdas eofdfl50hsc@k, fd [fhowAratéict td e gashef ppvescaf, ahe 15
hi gh frequency power_.sup art_6 s.1200 W . W t ct to
the sample ( ExARgHerane Mh Labiods B, 30°d4y o Migrrvave pous? & I8 %ha 5
Werle anal yzed b.yldtdlé)i_ﬁbl\}ﬁ)W?r o&sba‘blmllarand@ghg&swasphmmnyirox?'ﬁefs?ne
anal ysi s was e r e ‘ er
an 20 anneal i ng eB§%fc‘£eJ§§rg®§§ & 2% }&&?rc?u%@h\tlwrh%' ﬁ%‘%,}g@#@r&%ﬁ%ﬁh’giw%eﬁ

Mor eover, as atbenpmount \af dhecaddedtQ, ghs andrethex pETFNohAt theobtainedrri ed

out with regpe . np [ . ei CF
film of th?saeh%%@%ﬁésgam?rg}e’b@?%Mt%w% W%ﬂ'n%'e???%lem as
shown in FIG 9b&jined, and it waphebservsdd £hat ExeMITE wasiid ICohparshioirye

exanple 1 are moxeSRRUN e Ghbint B WG 86088, 445 wat? 32B8cnir Less.

respectively ( ]
As shown in FIG. 12a, when the amount of the added O, gas was

3 sccm, the amount of O, in the CF film was about 3 atomic%.

15 From these results, it can be seen that when the amount
of 0, in the CF film is 3 atomic% or less, the MITF is long
and the capacity for preventing the diffusion of Cu is high,
so that such a CF film is effectively used as an insulating
£ilm.

20 It is considered that the reason why the MITF is long
when the amount of O, in the CF film is 3 atomic% or less is
as follows. That is, since part of double bonds between carbons
(C=C) are cut by oxygen when O, is added during a thin-film
deposition process, current is difficult to flow, so that the

25 MTTF increases. However, if the amount of O, in the CF film
is too large, it is guessed that oxygen intends to form CuO
to draw Cu into the CF film, so that Cu is easy to diffuse into
the CF film.

Moreover, in the semiconductor device according to the

30 present invention, it is effective to add nitrogen (N,) to the
CF film from the point of view of the increase of hardness and
heat resistance of the CF film serving as the insulating £ilm,
whereas the amount (concentration) of N, in the CF film is
preferably 3 atomic% or less. The inventors have studied a

35 process for adding N, to the CF film in order to improve the
hardness and heat resistance of the CF film. As a result, it
was observed that the amount of N, in the obtained CF film can



8b and 9b show the results of SIMS analysis after a thin-film
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occurred
was 1 55 hours or more when the amount of the added N,

gas was 2 sccm or less. As shown in FIG. 13a, when the amount
of the added N, gas was 2 sccm, the amount of N, in the CF film
was about 3 atomic%.

From these results, it can be seen that when the amount
of N, in the CF film is 3 atomic% or less, the MTTF is long
and the capacity for preventing the diffusion of Cu is high.
The heat resisting temperature was about 450 °C when the amount
of N, in the CF film was 0 atomic%, whereas the heat resisting
temperature was about 590 °C when the émount of N, was 3 atomic%.
Moreover, the hardness was about 2.0 GPa when the amount of
N, in the CF film was 0 atomic%, whereas the hardness was about
2.8 GPa when the amount of N, was 3 atomic% (the hardness was
defined in accordance with Journal of materials Research, vol.
7, Number 6, 1992). Thus, it was observed that a CN £ilm having
high heat resistance and hardness was partially formed by
adding N,, so that it was possible to increase the heat
resistance and hardness of the whole insulating film to
effectively use such an insulating film.

It is considered that the reason why the MTTF is long
when the amount of N, in the CF film is 3 atomic% or less is
that C=C bonds are cut by N to be -C-N so that current is
difficult to flow. It is also guessed that the reason why the
MTTF is shortened when the amount of N, in the CF film is too
large is that the addition of excessive N, inhibits most of



between the CF filmand the Ti |ayer when the tape was peel ed of f, so

that no .peeling was observed. Mreover, tifle relative dielectric
constant of the CF filmof the sanple in Exanpl e was neasured, so that
it was 2.5 which was |ower than about 20 4 of the SiQ2 filmand about 2.7
of the BCB film Then, an exanpl e of experinent, which was
carried out bonds dndthenetaiori ok tGr€eltecingreanethetdanghings bends

seni conduct or ?‘“?Ekt?eoFQ?q{d Qiﬁow':tﬁétdanbﬁ@.nétlﬁ&i‘dé‘ﬁ:% attrgéta
sanpl e, which was use he experinent, wl describ As_shown

in FIG 10, th¢1$a SaiAh @scBrpfi s thagrCu is reasy kavAAETEse Hm@n§§§ eF 5000

angstroms, a Teiigy e;EhQ %mglve dﬁlé@tffé\ééﬁs@ém%f %ﬁawg{m igh&gnéayer
havi ng a th| ckness o \hg; roms, and_a TiN la avin

thi ckness df 2blan tha&r@%ﬁihérﬁf fihncRngr Ehegpdativey déRXSCEH‘F GS%SRBEt rate
in that 30 org? rtﬁmleelﬁéulatmg film ihErddles %%”’Ehé andithtSolfl €Ra

substrate was ectrical conniected to the Ti N layer as shown in FIG

10. Then, a vof¥afdm 1nc5¢a§ew/sg,ﬁ:mg thsppraunt £f Ne i tBeCRHLE L5e

silicon substrﬁ{:@ferabﬂpg Readin€ds adr Aensl.err]C, and the time (which will be
her ei nafter referred to as "MITF") until the CF film

short-circui ted MpEraeYer 0 in Whe sepicpyd W%ﬁgm%@ccpﬁap{l@toﬁhe
reference [ubgresent iAteALIOh SThe ARt %@@ﬂééhmﬁmnqﬂﬁf Eardﬁnm)einan

anpere et er. t
bet ween the si FRediF id® pETBing £S frreplnsplatifg film 1f>aﬁ’1fefﬂ IO
grounded. the rangdSof frORPBOAtatomies sy 1 netumidihén sasderekpdmprone was

carried out wth, CapRet ytf%raprse% t:.n&%%@oc?” AdMEnRBALR! € T inventors

have studied a process for adding B to the CF film in order
15 to improve the pressure resistance of the semiconductor device.
As a result, it was observed that the amount of B in the obtained
CF film can be controlled by adding BF, gas during a thin-
film deposition process in the above described ECR plasma
system, and that as shown in FIG. 14a, the amount of B in the
20 formed CF film increases as the amount of the added BF; gas
increases.
As deposition conditions, there were set a flow rate
of Ar gas of 150 sccm, a flow rate of C,F, gas of 40 sccm, a
flow rate of C,H, gas of 30 sccm, a microwave power of 2.7 kW
25 and a bias power of 1.5 kW, and BF, gas was introduced from
the deposition gas supply part 49. Then, the relationship
between the amount of the added BF; gas and the MITF of the
obtained CF film was examined. Then, the results shown in FIG.
14b were obtained, and it was observed that the MITF was long
30 when the amount of the added BF, gas was 10 sccm or less,
particularly when the amount of the added BF, gas was in the
range of from 0.2 sccm to 10 sccm. As shown in FIG. 14a, when
the amount of the added N, gas was 10 sccm, the amount of B
in the CF film was 1 atomic%; and when the amount of the added
35 N, gas was 0.2 sccm, the amount of B was 10~° atomics.
From these results, it can be seen that when the amount
of B in the CF film is 1 atomic% or less, particularly when



5 wherein the CF filmof the sanple in Exanple 2 was repl aced wi th an

Sigerr]sfilmhaving the sane thickness &9 shown in FIG 10.

The I ength of the MITF depends on the degree of diffusion of Cuinto
the CF filmand SiJerr] filmwhich are insulating filnms. 10 That is, if
the MITF is long, the amobunt of Cu diffusing into the insulating filns

is small, and theamepatiofyB florther@F €l g in the rhvgdiofi framhodatomics hi gh.

The Ti N | ayer 1‘!&?‘5.1 é%ﬁ@ r‘cﬁé‘ﬁgw is 5098 t?%iﬁc&%gtﬁ&eoénha%@é dﬁ@aﬁ&@gr to

prevent the Cu results of
t he above descfmbepresbqammmgehhe diffusmmaefc@nfm hdght hee that WTTR an

Exanpl e 2 , Co t Exanmpl e 2

025 hour s, sotPRLH IS i SEerect el ata B Lo PR el at ing (1 1m
the MITF vveﬁ_s far Itohgeronstidered athath dhet neaSprowhyr Lhei MRS dovd.
Therefore, it %ﬂeré“@?eu%%hhﬁ:”gf B rj%?t?l@' éF | {ZBRL A£ B b ie‘égr fy’fus

difficult se 1nto the ough'it I's easy to
t he Si J era$ folinws. That is, [if 6rhl@‘fln93 a dangiLing heond yexrigtsi Aty of

a CF filmhavigge cp £iig sagelgm hb! PQ éfeéﬁﬁ%a‘lﬂy%gg%ﬁ tb?“gﬁer ay

diffraction 25 was neasure resu It was no et ect
any Bragg $eegtinmbeng. rag thatiGnis a8y thqlfféuﬁﬁelfﬁﬁ%éFéﬁc@ dilm.

crystal linig v, sferdfive | B sCARdd BBk Hd ek 141, CE HaViRd Ehe dard13fr phous

material. The expressi on_ " anor phous materi al means m crocryst.al
havi ng a crystBph¢ is kendedto IBe'é% ippreasythe gmognt wf %gﬁpﬁﬁ%ﬂg bPﬁdt- he

sem conductor flgy ﬁ@sxﬂi@%ﬁ"1§Qilfflch9ttﬁ&edﬁﬁfs@)taﬂdlﬁﬁém irdreagekhe CF
filmserving asthe i nsul atin

il mis anorphous apd forned by
m cro-crystal O theQther, handq §€1“F%eﬂ§ Z&aks © B€§§th‘g‘?Frfﬁ?ste§ i‘éotﬁe
angstrons, ahbunt SEESIadth8atF @ilmsidi £66 Clrgd,0iRass giesnegh thae CF
(11035 st "Bl 0 S0 Fobdhofle o MlabPnd bt it Tl o
filmdensity of the Chefancumterof @y BsStihe8 and O in the CF fllm, to which
B was thus added, were analyzed by the SIMS. Inthis experiment,
there were used samples wherein a CF film having a thickness
of 5000 angstroms was deposited on a silicon substrate and
20 wherein BF, gas was added to the CF film at a flow rate of 1
sccm (Example 3) and at a flow rate of 5 sccm (Example 4). As
deposition conditions, there were set a flow rate of Ar gas
of 150 sccm, a flow rate of C,F, gas of 40 sccm, a flow rate
of C,H, gas of 30 sccm, a microwave power of 2.7 kW and a bias
25 power of 1.5 kw.

The results in Example 3 are shown in FIG. 15a, and the
results in Example 4 are shown in FIG. 15b. In these figures,
the axis of abscissas denotes depths (unit: a.u.) in the sample,
and the axis of ordinates denotes the number (counted number)

30 of ions, such as Cu ions. It can be seen from these results
that the amounts of B in the CF film in Example 4 is greater
than that in Example 3 to form a larger number of CB bonds,
so that the MTTF in Example 4 is longer than that in Example
3.

35 A semiconductor device according to the present
invention may be formed as shown in FIG. 16. In this device,
in FIG. 16, reference numbers 81 through 84 denote interlayer



16 insulating filmis preferably 1.50 g/cni{err] or higher in order
to further enhance the capacity for preve2Zting the diffusion of Cu. The
i nventors have studied a process for increasing the density of a CF

fil m:by changing a bias power which is applied 5 to the substrate 31 in

t he above descri bed ECR pl asnma system As a result, the relationship
bet ween t he nadhelechkrid fiilmsboACF Filmsyeind g ah& g6 denbyeofu twigingr med

CF filmi h ip. Fl - ' d.that
O (LIS S"ONaykg ! Eopneot 4588 A cbhpdBFu8s BhAIAP i8S s,
As deposition 8bratid i86nte cdwir ether areeformdd ol cmt]sayers ari atd g8s ah 150
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more when the bpathe presensr inuenim Widr iki pblerregisiredotn provEda théa,

‘Q’Bgﬂt t 2658i as ad}xeﬁf\\‘@if&@g%?&%h\gretfﬁ fﬁé&ﬁkﬁ{gﬂg'r esu E[ustﬂ:%t&l:e EF! Eg'lgg on
t hat when the 1;p|aq1here dengihey Cof winingHayienm.i s 1.50 g/cnferr] or higher,
LM U0, cuon SMBREoY R, SARAR hUc AN eBE SHEMLIAq (e S idiiditegt (1 1 o

hi gh, so that such a Is effective
It is guessed ff%iceaecPEding terhe héewﬂF ingenbinp wbhe absvetdwdmlbﬁd

density of t hel@fa&iéﬁdrﬁwitEQ:Iﬁ! pIhShd bofOof, ﬂhgh@é chfrié’&lfout b%\weeg the

filmdensity of CF filmincreases so th “Cu is

difficult top Q? ]Fq:# &?g’r?“lahéYFF?an%ll?%d-tn FEE- 5. ThpaBitlayen mavebenting

the di ffusion aépésited Bydthe CVD (chemicallwapsr depbs oodbie] o €Y 1Gke.

accordin t he .qr.esent
9 f§ Jh. is case, TiCl, gas and H, gas are used as deposition gases

to form the Ti layer on the surface of the CF f£ilms by a chemical
reaction TiCl, + H, > Ti + HC1.



30 invention, the amount (concentration) of oxygen ((Jerr]) in the CF

filmserving as the insulating filmis pr28erably 3 atom c% or less in
order to further inprove the capacity for preventing t he diffusion of
Cu. Fhe inventors have studied a process for addi ng thJ t he CF
filmin order to inprove the pressure 35 resistance of the

device. As a result, it was obser vedLAIM8 t he anount of ﬁ
obtained CF filmcan be controlled by adding err] gas
thin-filmdeposition

process in thelaboveAdsenitoedu®or dexige sompeigimgid that as shown in
FIG 12a, the anpunt of_.,u ﬁfétl. Jn the forned CF film i ncreases as the
anount of the added err] gas T ncreases. As deposition

conditions, there we@d irsulatiingfiln of § fluordnegeentdinesDcarhbon £ilfml ow
rate of C[err] Ebghed 92sLfa %leggfﬁwa and flowrate of (Jerr]Herr] gas of

30 sccm a mcrowave power and a bias power of 1.5 kW and

O err] gas was i ntro@UEEHing bayenef coppesplarmedorn gagdsinspllatpngtfid®. Then,
the rel ati onshi p between t he amount of the added (JQerr] gas and the
MITF of the obtained 10 CF filmwas exam ned. Then, the results shown in
FIG 12b were 2- obPaFRBECORGRFYAr Weyigpseonprising: t he MITF was 1. 90
hours or - nore whenshBstageant of the added (Jerr] gas was 3 sccm or

| ess. As shown in FlG 12a, when the anount of the added err gas was
3 sccm the ampunt ofNGRFIating: Fblncpts 3 | fhuasingheentainad,aarben

From t hese resibified i én GHidOBub8ehatdat when the anount of Qerr] In
the CF filmis 3 atomic%or |ess, the MITF is | ong and _the capacity for

preventing the diffu&%HiHg qgoﬁ,qﬁpper formed opy saiddinsyleting | filmg
effectively usafidas an insul ating

an adhesion layer, formed between said insulating film
and said wiring layer, for preventing said wiring layer from
being peeled off from said insulating film.

3. A semiconductor device as set forth in claim 2, wherein
said adhesion layer comprises a metal layer of a metal, and
a layer of a compound containing carbon and said metal.

4. A semiconductor device as set forth in claim 3, wherein
said metal layer is a titanium layer.

5. A semiconductor device as set forth in any one of claims
1 through 4, wherein said insulating film is amorphous.

6. A semiconductor device as set forth in any one of claims
1 through 4, wherein said insulating film has a film density
of 1.50 g/cm’ or higher.

7. A semiconductor device as set forth in any one of claims
1 through 4, wherein said insulating film contains oxygen
having a concentration of 3 atomic% or less.

8. A semiconductor device as set forth in any one of claims
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film 20 It is considered that the reason why the MITF is | ong

when the amount of (ferr] in the CF film23 3 atomc%or less is as
follows. That is, since part of doubl e bonds between carbons (C=C) are
cut by oxygen when Jerr] is added during a thin-film deposi tion

process, current is difficult to flow, so that the 25 MITF increases.

However, if the ahpough of, Ghetreinigaididnchlbhting £film centadns aridrogehn i s
guessed that o en intends to form LQ dr Cuinto the CF film
Jo that QU is PAYERe A FiRnsTaRien o 3 qromist Prfess. or eover.

in the sem conduct or device according to the 30 present inventi on, it is

effective to add nitroge t romthe t -of. view of
t he increase 09 hardf?‘e %m‘% &ucttoﬁe%?vﬁcgs?%ts&%c%e ﬁf%@n&—o an as
the insul ati ng 1ftHmgugh 4, whereihs sahé msumatmgcmd:mm!ommnsnbombnMdmgt he CF

filmis m_C.94 o) e studied a 35
process for ad |§éﬁ€ég¥§attaih° 8& %?{)% fﬁso a&'ﬁét% ¥|(8rr%) %@%mtc# har dness
and heat resistance of the CF film As a result, it was observed t hat
the amount of N2 in the obtained CF filmcan

18 be controlled by adding N2 gas during a thin-film deposition
process in the above descri bed ECR plasma system and that the anount
of N2 in the formed CF filmincreases as the anmount of t he added N2 gas
increases (see FIG 13a). 5 As deposition conditions, there were
set a flowrate of Ar gas of 150 sccm a flowrate of CJerr]F[err] gas
of 40 sccm a flowrate of CJerr]JHerr] gas of 30 sccm a m crowave
power of 2.7 kW
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and a bias power of 1.5 kW and N err] gas was introduced fromthe

deposi ticon gas supply part 49. on the ot2der hand, the 10 relationship

bet ween the amobunt of the added N2 gas and the MITF of the obtained CF
fil mowas exam ned. Then, the results shown in FIG 13b were obtained,
and it was observed that the MITF was 1.55 hours or nore when the
anount of the added N2 gas was 2 SABSWRACT ess. As shown in FIG 13a,
when the amount 15 of the added N2 gas was 2 sccm the anount of N2 in the
CF film was about 3 atom c% Fromthese results, it can be
seen that when the admenlating of fiNdns n 2he thrdéudhm i34 3 af onTCEY% @ilmess,

the MITF is |o ‘ . I f Qs Y i e diffysi Cuis
igh. 20 The REROrURStE iFER G on FRET B itmbdref 3 Stiettath.
anount bf Kot sholwe) CF Iini Add itdon) Cit wir g lapers 25 andc2hazne foemedt i ng
tenperature wa . 1 . .G

Mor eover, the ﬁ%r %&%?%§%%%§g‘ﬁ}%&a£§a§ﬂgﬁf§%g£%%%a%’?ﬁx&% haé&@lﬁgé%ﬁ t he
CF filmwas 0 atBhilsgerhndeaithéaper dn@ysfomsimpdie 26sula8ingPL£ilmen t he
anount of N2 1 500 (t ; NBSS, . .sgef 4 e e wth
Jour nal of m%?i%@%sfe%%% hé,ie\;g%ﬁg’ e #@Rﬁ%lerr&g i%%zsl) Qs%g;eﬁ?te 8Was
observed that #rgndiffusiag imto thehiphuhating ddilms adt &baoughazdineFhewas
partially r : addi.ng. | {hdase i bl e i e the
heat 30 rieqs)i rsTtE g%l%gl‘g% _ﬁ%g%gggégz%.%%gl {éhl nsui%gftﬁ'lﬁl n_Jb'!;f?rflair)nlltéoicrtﬁg‘ﬁ

ef fectivel y ustheueplatnivensiipderhyicigopstant of a BCH tfilf.consi dered t hat

the reason why the MITF is | ong when the anmount of N2 in the CF filmis
3 atomc%or less is that C=C bonds are cut by Nto be -C-N so that
current is 35 difficult to flow It is also guessed that the reason why

t he MITF i s shortened when the anobunt of N2 in the CF filmis too

large is that the addition of excessive N2 inhibits nost of



19 . bonds in the network of -C-C- to increase the dangling bonds
(unbonded part) of C to allow the dangl 'éng bonds to attract Cu, such as
Cu-C, sothat Cuis easy to diffuse into the CF film The relative
dielectric constant of the CNfilmis higher 5 +than that of the CF film
and the relative dielectric constant of the whole insulating film

I ncreases as the anount of the CN filmincreases, so that the anmount of

N2 in the Ceqhiih®d So lowee! Eﬁé%éﬁti‘&@”ﬁie@ig&tfﬁs stant of r#m:{eover

in the sem conduct or device accor I'nvéentio
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devi ce. bserved that the anpunt of inth
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filmdeposition process in the above described ECR pl asma system and

t hat as sh 4, t of Binthe 20 forned CF film
B%F%QSE& O% g’fmt#gvaa 2) [ As

I ncreases as anmoun ! BF3 gas I NCr eases.
deposi ti on condi The presensrimvantigrhas beenmads in suchaf i Arungatsamfes],50

scem 1 Tl aa’ ate 167 o UBIdde’dd o7 BledlneCilefl Oprbife©
Cerr]Herr] gas 0 a mcrovva power -1P% 5 & Bias
power of 1sila’“k?9n§“‘at‘BF[@¢Yi-°§déaB%1¢ et ddll@&itﬁmarrﬁur whiiehddgothei on gas

suppl y parmatéridDoT a wﬁm@l Bhy&Fs Btam dlfﬁ%tlwaefh taiAC1 REPLEN 1 1 g&h_ﬁ}thgdded

BF[err d_t.he | | was exam ne
Phoer ool ooy G ME aatluratipg £LPR'oE A Shadacr ARlat iuma 18086FFeq ¢ hat
the MITF veenstamgt 3thamhehat hef arheirBCBOfillle added BF3 gas was 10 sccm OL
| ess, parti ’)[z\/n@ ﬁ:ﬁ) h d a in the
range gf from Oqu gc(gzi(‘:arlr‘\e qugg‘(’; iAjés]ks ﬁ%v\% cl?kr’j‘%?% %%1 %’é& £o"the
present invention, a semiconductor device comprises: a
substrate; an insulating film of a fluorine-contained carbon
film formed on the substrate; a wiring layer of copper formed
on th_e*_:_.q_sx_xlatmg fJ.lm, and an adhes:Lon layer formed between_ B

20 the insulating film and the wiring layer in order to prevent
the wiring layer from being peeled off from the insulating film,

wherein the surface of the insulating film is irradiated with
hydrogen plasma.

According to such a semiconductor device, by forming the
(25 insulating f£ilm of a CF film, it is possible to prevent copper,
which is the material of the wiring layer, from diffusing into
the insulating film, and the relative dielectric constant of

the CF film can be smaller than that of a BCB film.
The adhesion layer may comprise: a metal layer of a metal,
30 which is selected from the group consisting of titanium,
molybdenum, chromium, cobalt, tantalum, niobium and zirconium;
and a layer of a compound which contains carbon and the metal.
In such a semiconductor device, the insulating film is
preferably amorphous. The insulating film preferably has a
35 film density of 1.50 g/cm’. The concentration of oxygen in the
insulating film is preferably 3 atomic% or less, and thée



the amount of the added N2 gas was 10 sccm the anmount of B in the CF
fil'mwas. 1 atom c% and when the anmount of the added 35 Nerr] gas was 0.2

sccm the amount of B was 10[err] atondtb From these results,
it can be seen that when the anount of Binthe CFfilmis 1 atonic%
or less, particularly when 20

the anobunt of Bin the CF filmis in the range of from 10[err] atom c%

pr event | no-theoREFRGLPR, 0% Podtn S Ehe LRI GRE0S 4 IRV Idampy B 111

is effectitbpyrasgd. ofs5from 10” It is considered that the reason why the

MITF is | ong when the amount of Bin the CF filmis 1 atomc% or |ess
is as follows. That is, if C having a dangling bond exists in t he
CFfilm Cuis easy to be electrically attracted by the dangl i ng bond,
so that Cu is easy to diffuse into the CF film 10 Therefore, if Bis
added to the CF film C having the dangling bond is bonded to B to

i ncrease the anount of the dangling bond. As a result, Cuis difficult
to diffuse, and the MITF increases. On the other hand, since the |eak
current decreases if-the amount of Bin the CF filmis too large, it is

guessed that 15 the CF filmis conductive, so that the MITF is shortened.
The amounts of C, F, Si, Band Oin the CF film to which

Bwast husadded, wer eanal yzedbyt heSI M5. | nt hi sexperi nent, . there were used
sanpl es wherein a CF filmhaving a thickness of 5000 angstrons was
deposited on a silicon substrate and 20 wherein BF3 gas was added to the
CF-filmat a flowrate of 1 sccm (Exanple 3) and at a flowrate of 5
scem (Exanmpl e 4). As



deposition conditions, there were set a flowrate of Ar gas of 150

stccm a flow rate of C[err]F[err] gas % 40 sccm a flowrate of
Cerr]H err] gas of 30 sccm a mcrowave power of 2.7 kWand a bias 25
power of 1.5 kW The results in Exanple 3.are shown in FIG 15a,
and the results in Exanmple 4 are shown in FIG 15b. In these fi'gt]?es
the axis of abscissas denotes depths (unit: a.u.) in tThJeS enReplac&fl
the axis of ordinates denotes the nuhgrMscount ed nurtb , such
as Cu ions. It can be seen fromthese results that B|n
the CF filmin Exanple 4 is greater than that in Exarrp

| arger nuntier (cancBlednds, so that the MITF in Exanple 4 is Ionger than
that in Exanple 3. 35 A sem conductor device according to

t he present i nvention may be forned as shown in FIG 16. In this

devi ce, 2. i(AmenGed)6A senicendectombdewicd ddmpmiglingt denote interlayer
21 di el echr éff&feof CF films, and 85 and 86 denote Cu wiring

| ayers. Connectlon Ines Tof connecting the Cu wiring |ayers 85 and 86

to each other ar@nfbpswlaing filay ofsagfluenins-contained-icarbog fidmer ence

nunber 89 @ggﬁégsoﬁdggiaoguj,guﬁ@emhl ch are 5 fornmed between the CF filns

81 through 84 and t Wi ers 85 through, 88._In, the
seni conduct or de§|”9€%6?§?ﬁggf copps Ft%nﬁ?%é’é’nﬁail viylating fidms o

required tangrovide the adhesive layers'if there is a technique for

causing the CF f in

Moreover, in th éﬁr%qﬁﬁf* 1%&Q%GcFé§m%ﬁ béﬁ%¥%ﬁwﬁﬁh§ diafg%g film
—~ and said wiring layer, for preventing said wiring layer from
\r—-v

being peeled off from said insulating film,
wherein the surface of said insulating £film is irradiated
with hydrogen plasma.

3. A semiconductor device as set forth in claim 2, wherein
said adhesion layer comprises a metal layer of a metal, and a
layer of a compound containing carbon and said metal.

4. (Amended) A semiconductor device as set forth in claim 3,
wherein said metal layer is formed of a metal selected from the
group consisting of titanium, molybdenum, chromium, cobalt,
tantalum, niobium and zirconium.

5. (Amended) A semiconductor device as set forth in any one of
claims 2 through 4, wherein said insulating film is amorphous.

6. (Amended) A semiconductor device as set forth in any one of
claims 2 through 4, wherein said insulating film has a film
density of 1.50 g/cm® or higher.

. (Amended) A semiconductor device as set forth in any one of
claims 2 through 4, wherein said insulating £ilm contains oxygen

having a concentration of 3 atomic% or less.

8. (Amended) A semiconductor device as set forth in any one of
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devi.ce- according to the present invention, the above described

iTradiation with the plasma of H2 may ?g carried out by, e.g., the ECR
pl asma system shown in FIG 5. The Ti yer may be deposited by the CVD
(chem cal vapor deposition) or the like. 15 In this case, TiC[err] gas

and H err] gas are used as deposition gases to formthe Ti |layer on the
surface of the CF filns by a chem cal reaction TiC[err] + Herr] -> Ti
+ HO . claims 2 through 4, wherein said 2fsulatin ilm contains
CLAIM5 1., (Cancel ed g2. Anended) A seni conduct org evi ce corrprflsi ng:

a subst r atittrogen IME R SOPTEETRMER 8Lt BuBEPRECE oRY ol ®88- carbon film
formed on said substrate; a wring |layer of copper formed on said

[ | at i fil hesi I f d_pet id

naul at i ng 1 (PRGN D P ey SFe A2 58K ERGLBa1 ARY PRE Phyer

f rom bei ng:lzdaised tdifodglod, sdierdinssaidiimsuliadting £ilm contading bdeosur f ace
¢ d i . fi b , , I , " d

adhosi on | ayafihdla coftefeidt A7k g N0 R B T Bl

conmpound cont ai ni ng car bon
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and “sai d net al .

3. (Cancel ed) 4. (Amrended) A sem conductor device as

set forth in claim2, wherein said netai%layer Is fornmed of an el enent

selected fromthe group consisting of ti

ani um nol ybdenum chronm um

cobalt, tantalum niobiumand zirconium 5. (Amended) A sem conduct or
device as set forth in claim2 or 4, wherein said insulating filmis

anor phous.

6.

(Amended) A sem conductor device as set forth in claim2 or

4. wherein said insulating filmhas afiimMg density of 1.50 g/cnB or higher
7. (Anended) A sem conductor device as set forth in claim2 or 4, wherein
said insulating filmcontains oxygen having a concentration of 3 atom c% or
| ess. 8. I AnEngrsBled)sem conductor device as set forth in claim2 or

23

and

2. (Amended) A semiconductor device comprising:

a substrate;
an insulating film of a fluorine-contained carbon film

formed on said substrate;

a wiring layer of copper formed on said insulating film;

an adhesion layer, formed between said insulating film

and said wiring layer, for preventing said wiring layer from
being peeled off from said insulating film,

wherein the surface of said insulating film is irradiated

with hydrogen plasma, and said adhesion layer comprises a metal
layer of a metal, and a layer of a compound containing carbon

and said metal.

{(Canceled)

4. (Aamended) A semiconductor device as set forth in claim 2,
wherein said metal layer is formed of an element selected from
the group consisting of titanium, molybdenum, chromium, cobalt,
tantalum, niobium and zirconium.

5. (Amended) A semiconductor device as set forth in claim 2 or
4, wherein said insulating film is amorphous.

6. (Amended) A semiconductor device as set forth in claim 2 or
4, wherein said insulating film has a film density of 1.50 g/cm’

oxr higher.

7. (Amended) A semiconductor device as set forth in claim 2 or
4, wherein said insulating £film contains oxygen having a
concentration of 3 atomic% or less.

8. (Amended) A semiconductor device as set forth in claim 2 ox

I
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4, wherein said insulating filmcontains nitrogen having a concentration of

3-atomc%or |ess. 9. (Anmended) A sen? onductor device as set forth in
claim2 or 4, wherein said insulating fi"Fm contai ns boron having a
concentration of from10[err] atomc%to 1 atom c%

4, wherein said insulating film contains nitrogen having a
concentration of 3 atomic% or less.

9. (Amended) A semiconductor device as set forth in claim 2 or
4, wherein said insulating film contains boron having a
concentration of from 10~ atomic% to 1 atomics.
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