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TECHI NI CAL FI ELD The present invention relates to a sem conductor
devi ce havi ng a fluorine-added carbon dielectric filmand a nethod

of fabricating the sem conductor device. 10 '
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TECHINICAL FIELD
The present invention relates to a semiconductor device
having a fluorine-added carbon dielectric film and a method
of fabricating the semiconductor device.
10

BACKGROUND ART
Finer patterns and multi-layered circuitry have been
advanced for higher integration of semiconductor devices.
One of the techniques is multilevel interconnection structure
15 which an n-wiring layer and an (n + 1)-wiring layer are
connected via a conductive layer with a thin interlayer
dielectric film.
One representative of the interlayer dielectric film
is an Si0,film having a specific dielectric constant of about
20 4. Efforts have been made however for discovering materials
having smaller specific dielectric constants for faster
semiconductor devices. A choice is SiOF films having a
specific dielectric constant of 3.5.
The inventors of the presént invention have focused on
25 fluorine-added carbon f£ilms having a much smaller specific
dielectric constant. The fluorine-added carbon film is
termed a CF f£ilm herein after.
Semiconductor device structures having a CF-
dielectric film requires a wiring layer of aluminum (Al),
30 for example, formed on the CF-dielectric f£ilm and tungsten
(W) wiring for connecting an n-stage Al layer and an (n +
1)-stage Al layer. Electromigration would however occur on
Al layers to cut off the layers when a current flows
therethrough. A titanium nitride (TiN) layer as a
35 reinforcing material for the Al layer and a Ti layer formed
between the TiN layer and CF film have been under
consideration.



>

@e'representative of the interlayer dielectric film Is an SiO[err]
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DISCLOSURE OF THE INVENTION

A purpose of the present invention 1is to provide a
semiconductor device formed with a metallic layer on a
fluorine-added carbon £ilm, in which fluorine-added carbon

15 f£ilm and the metallic layer are protected from being
peeled-off from each other and a method of fabricating such
a semiconductor device. -
The present invention provides a semiconductor device
having a dielectric £film made of a fluorine-added carbon film
20 formed on a substrate, a metallic layer formed on the
fluorine-added carbon film and an adhesive layer formed
between the dielectric film and the metallic layer. The
adhesive layer is made of a compound layer including carbon
and the metal (or metal the same as the metal included in
25 the metallic layer), to protect the metallic layer £from being
peeled-off from the fluorine-added carbon f£ilm.

Moreover, the present invention provides a method of
fabricating a semicoriductor device. A dielectric f£ilm made
of fluorine-added carbon f£film is formed on a substrate, and

30 fluorine included in a surface of the fluorine-added carbon
£ilm is decreased in density. A metallic layer is formed on
the surface of the f£luorine-added carbon film. An adhesive
layer made of a compound layer including carbon and metal
the same as metal included in the metallic layer is formed

35 Dbetween the fluorine-added carbon £film and the metallic layer.
After fluorine is decreased in density, while forming a
metallic layer on a surface of the fluorine-added carbon £ilm
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10 metallic layer.

- BRIEF DESCRIPTION OF THE DRWAINGS
FIG. 1 illustrates an overview of a method of
fabricating a semiconductor device according to the present
15 invention; '
FIG. 2 shows a process of the mefhod of fabricating a
semiconductor device according to the present invention;
FIG. 3 shows a process of the method of fabricating a
semiconductor device according to the present invention;
20 ' FIG. 4 shows a process of the methbd of fabricating a
semiconductor device according to the present invention;
FIG. 5 shows a process of the method of fabricating a
semiconductor device according to the present invention;
FIG. 6 shows a process of the method of fabricating a
25 semiconductor device according to the present invention;
FIG. 7 shows a process of the method of fabricating a
semiconductor device according to the present invention;
FIG. 8 shows a process of the method of fabricating a
semiconductor device according to the present invention;
30 FIG. 9 shows a process of the method of fabricating a
semiconductor device according to the present invention;
FIG. 10 shows a process of the method of fabricating
a semiconductor device according to the present invention:
FIGS. 11A and 11B are cross-sectional wviews each
35 showing a portion of the structure of an embodiment of a
semiconductor device according to the present invention;
FIG. 12 is a cross-sectional view of a parallel-
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fluorine-added carbon filmand an adhesive Iayer f or med bet ween t he

dielectric filmand the netallic |layer. The ~adhesive | ayer is nade of a
conmpound | ayer including carbon and the netal (or netal the sane as the
metal included in 25 the netallic layer), 40 protect the netallic |ayer
from bei ng peel ed-of f fromthe fluorine-added carbon film

Moreover, the Eﬂ.&%eﬁtypbn‘pﬁ.atshﬁn sPistemd Edra Hyepbasmaf irradiablonati ng a
sem conduct or device.__ A die
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decreased in d&%D °§3‘ % e formng a netallic |ayer on a surface of
the fluorine-added cadcan 15| is a cross-sectional view of an Electron

Cyclotron Resonance (ECR) plasma enhanced system for CF film
deposition:

10 FIG. 16 indicates several points on wafer for judging

adhesiveness between the CF £ilm and Ti layer by Sebastian;

FIG. 17 shows experimental tabulated data of

adhesiveness
between the CF film and Ti layer:
15 FIG. 18 is a cross-sectional view'indicating the

interface between the CF film and Ti layer observed by a
Transmission Electron Microscope (TEM) at a 400,000 x
magnification: '

FIG. 19 is a cross-sectional view indicating the

20 interface between the CF film and Ti layer observed by the
TEM at a 2,000,000 x magnification;

FIGS. 20A. 20B and 20C show graphs representing the
results of analysis on the interface between the CF £ilm and
Ti layer by energy dispersive X-ray spectroscopy:;

25 FIGS. 21A and 21B show graphs representing the results
of analysis on the interface between the CF £ilm and Ti layer
by X-ray Photoelectron Spectroscopy (XPS):

FIG. 22 is a cross-sectional view of a parallel-
flat-type plasm system for Ti layer deposition;

30 FIG. 23 shows experimental tabulated data of
adhesiveness between the CF film and Ti layer, CF film and
Ta layer, and CF film and W layer:;

FIG. 24 shows experimental tabulated data of
adhesiveness between the CF film and W layer:;

35 FIG. 25 is a cross-sectional view indicating the
interface between the CF film and W layer observed by the
TEM at a 400,000 x magnification;
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il lustrates an overview of a _ne d _of fabricati a_semco cl

devi ce according to tFH:@Spr eIt t29§ Pﬁgeﬁt"f:oﬁ,%ow grap[fl% rﬁpéesfngﬂ%\ﬂsq%m
process of $heresdlad of Anélysisiorngthe interfiacerbkiwern dhe €E £Lm@tichg
to the present jnvention; s el G . :ﬁﬁ% t he net hod of
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20 FIG 4 shows a process of the nmethod of fabricating a

"sem conduct or devi ce acgQLdi FIG 5
shows a process of the ' '
Described first is overview of a method of

10 fabricating a semiconductor device according to the present
invention with reference to FIG. 1.
As illustrated by (a) of FIG. 1, a dielectric film 2
made of a fluorine-added carbon £ilm is formed on a substrate
©'1. The fluorine-added carbon £ilm is termed a CF £ilm herein
15 after. Next, as shown in (b) of FIG. 1, the CF film 2 is
irradiated with H, gas plasma. '
The H, plasma radiation causes reaction of fluorine
involved in the surface layer of the CF (dielectric) film
2 with hydrogen to become hydrogen fluoride (HF) Wh-ich flies
20 in all directions. This results in decrease in fluorine (F)
at the surface while carbon (C) remains as illustrated by
(c) of FIG. 1. The CF film 2 then involves a highly dense
carbon at the surface layer (fluorine decreasing process).
Next as shown in (d) of FIG. 1, a metallic layer 3 made
25 of titanium (Ti), for example, is formed on the CF f£ilm 2
while the substrate is being heated. During this process,
the carbon at the surface layer of the CF f£ilm 2 reacts with
titanium on the interface between the CF film 2 and Ti layer
"3 to form titanium carbide (TiC) 30. An aluminum or tungsten
30 wiring layer (not shown) is then formed on the Ti layer 3
to fabricate a semiconductor device.
The TiC layer 30 formed as an adhesive layer on the
interface between the CF film 2 and Ti layer 3 prevents the
Ti layer 3 from being peeled off from the CF film 2.
35 Described next in detail with referehce to FIGS. 2 to
10 is an application of the semiconductor device fabrication
method as explained above for a multilayer-structure
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4 aaserael system using electron cyclotron

resonance (ECR). The ECR-plasma system uses argon (Ar) gas
as a plasma gas, and C,F, and C,H, gases for f£ilm deposition,
for example. The f£film deposition gases are transformed into
10 plasma by the plasma gas for CF film deposition.
The next step is a process of forming W wiring on the
CF film 2. As shown in FIG. 3, the CF film 2 is processed
to open a window 21 to be embedded with tungsten, which
corresponds to the surface region where W wiring is to be
15 formed. In detail, a resist pattern is formed on the CF film
2 and etched away by an etching apparatus (not shown) to open
the window 21.
Hydrogen (H,) plasma is then radiated onto the CF film
surface as illustrated by FIG. 4. More precisely, Ar and H,
20 gases are introduced into a plasma system (FIG. 12) to
transform the H, gas into plasma which is then radiated onto
the CF film surface for about 10 seconds. The Ar gas is used
to accelerate stable H, plasma generation. The H, plasma
radiation decreases fluorine while leaves a highly dense
25 carbon at the CF film surface.
Instead of the process described above, fluorine can
be decreased by soaking the CF film-formed substrate 1 into
H,0 and annealing the substrate at 425°C, for example. Inthis
process, while the substrate 1 has been soaked into H,0,
30 hydrogen of H,0 reacts with fluorine at the CF film surface
during annealing to become hydrogen fluoride (HF) which flies
in all directions. This results in a highly dense carbon left
at the CF f£ilm surface.
After the H, plasma radiation, a Ti layer 3 and a TiN
35 layer 31 are formed on the entire CF film surface, as shown
in FIG. 5. More precisely, Ar gas 1is introduced into a
sputtering system (FIG. 13) to sputter a target titaniumwhile



flat-type plasna systemfor H2 plasma irradiation; FIG 13 is a

cross-sectional view of a sputtering system for Ti and Ti N | ayer
deposi tion; FIG 14 is a plan view of a cluster tool for
sequential 5 performance of H2 plasma radi &ion and Ti and Ti N | ayer
deposi tion; FIG 15 is a cross-sectional view of an El ectron
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show gr aphs remleseritheiginnex rneslil tof the window 21.
10 When the Ti layer 3 is formed on the CF film 2, a TiC
layer 30 of 100 to 120 angstrom in thickness is also formed
on the interface between the CF film 2 and the Ti layer 3.
Such a TiC layer can be formed by annealing the Ti layer-formed
substrate 1 at 400C or more.
15 Next, as shown in FIG. 6, a W (wiring) layer 4 is formed
over the Ti layer 3 to £ill the window 21 with tungsten. The
W layer 4 is then polished by a Chemical Mechanical Polishing
(CMP) apparatus (not shown) to remove an excess W layer
portion, as shown in FIG. 7.
20 The succeeding steps are to form an Al wiring layer over
the CF £film 2 on which the W wiring has been formed.
Firstly, as shown in FIG. 8, H, plasma is radiated onto
the CF film surface that requires the Al wiring layer. This
process is like the process shown in FIG. 4, with H, plasma
25 radiation for about 10 seconds, for example. _
' Next, as shown in FIG. 9, a Ti layer 32 and a TiN layer
33 aré formed over the entire CF film surface. This process
is like the process shown in FIG. 5, in which the Ti layer
32 of 100 to 300 angstrom in thickness is formed and then
30 the TiN layer 33 of about 100 angstrom in thickness is formed,
for example. Thi_s process can be omitted by precise control
of CMP stop locations to leave the Ti and TiN layers 3 and
31 over the CF film surface.
On the TiN layer 33, an Al (wiring) layer 5 of about
35 8000 angstrom in thickness is formed, as shown in FIG. 10,
to fabricate a multilayer-structure semiconductor device.
Illustrated by FIGS. 11A and 11B is a portion of a



of anal ysis on the interface between the CF filmand Ti | ayer by X-ray

Phot oel ect ron Spectroscopy (XPS); FIG 22 is a cross-sectional
view of a parallel- flat-type plasmsystemfor Ti |ayer deposition; 30
FIG 23 shows experinental tabulated ®&ata of adhesi veness between
the CF filmand Ti layer, CF film and Ta layer, and CF filmand W
ISKer; senEbGndﬁ@tmImV\deviperitmbmdimemUI dt)ledfdhricated by the
adhesi veness between the CF | aver; : FIG 25 is a
Cross-secti onaPr\ﬂc&ﬁsFﬁdiacqaqf ﬁi%%% \éi’ erface between the CF filmand W

| ayer observed by th®IGS. IEN andal!lBOaﬁ@OE:xomagﬁndmﬂade @ross-sectional
get ween t he CF qwzﬁltsgl dt@VeIC<5153?§"Sﬂ'(:3“‘t)serve%I \é‘ﬁ#é nq:l %ﬁ‘;&%@ 000I gggriace
magni fi cati®n; and As shown, the semlconductor device consists of
interlayer dielectric f£films 22 to 25 each made of a CF film,
wiring 41 and 42 each made of a W layer, and wiring layers
51 and 52 each made of an Al layer. Furthermore, Ti and TiN
layers 32 and 33 are formed between the CF £ilm 22 and W layer

10 41, and the CF film 22 and Al wiring layer 51. The layers
32 and 33 are drawn as a thick line in the figures. '

The plasma system for H, plasma radiation and the
sputtering system for Ti and TIN deposition are described
with reference to FIGS. 12 and 13, respectively.

15 The plasma system shown in FIG. 12 is a parallel-flat

- type and consists of a process chamber 61, a table 62 as a
lower electrode, a high frequency power supply 63 connected
to the table 62, and a grounded upper electrode 64 that faces
the table 62.

20 The processes 11llustrated by FIGS. 4 and 8 are performed
by this type of plasma system.

In detail, a semiconductor wafer 10 is placed on the
table 62. A high frequency power." is-added between the table
62 and the upper electrode 64 to generate plasma.

25 Through a gas pipe 66, H, and Ar gases are introduced
into the chamber 61 at specific flow rates while exhaustion
through an exhaustion pipe 65, to transform the H, gas into
plasma. The H, plasma is then radiated onto the CF film
surface of the wafer 10 for 10 seconds, for example.

30 The sputtering system shown in FIG. 13 is a
parallel-flat type and consists of a process chamber 71, a
table 72 as a grounded lower electrode, an upper electrode
73 that faces the lower electrode 72, and a high frequency
power supply 74 connected to the upper electrode 73.

35 The processes illustrated by FIGS. 5 and 9 are performed
by this type of sputtering system.

In detail, a high frequency power is-added between the



FIGS. 27A° 27B and 27C show graphs representing the 5 results of analysis
on the-interface between the CF fil mand W | ayer by energy dispersive
X-ray spectroscopy. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
Described first is an overview of a nethod%f 10 fabricating a

sem conductor devi ce according to the present I nvention with reference
to FIG 1. table 72sand lthet upper dhedimods 78| dhile thaltabdetis hedted 2

made of a fluorine- ed carbon filmis forned Qn a substrat 1. .The
f1 uori ne- added 2390 4 FPH?W@%&%@#?‘FW@F&% 1§f‘r3‘1"§‘éﬁ 9aRRIPE 55
shown in (b) of77l @r fast he Thtiolocédi $nto thercbamber T tat [P specifiena.
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gydr ogen fl gor itdetrbhsfolrmchhél A gazOintao plasmiar e@licoAT. plasma smatitiers | n
ecrease in fluorine (F t, the . f ' ieTely! r '
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bei ng heated. [k agspacifpcotles rates thebeplaana: The Anrand 8, \Blasmef
the CF filgy2 rafi+erd the target 75 to deposit a TAN £ilm on the Ti £ilm.
Described next with reference to FIG. 14 is a system

suitable for fabricating a semiconductor device according
to the present invention.

The system shown in FIG. 14 is called a cluster tool

15 having a vacuum chamber 81. The chamber 81 is surrounded by
two back-up vacuum cassettes 82 and 83, a chamber 84 enclosing
the plasma system of FIG. 12, and a chamber 85 enclosing the
sputtering system of FIG. 13. |

A transfer arm 86 is installed in the chamber 81 to

20 transfer the wafer 10 between the cassettes 82 and 83 and
the chambers 84 and 85.

This system performs H, plasma radiation and Ti and TiN
layer deposition sequentially for an increased high
throughput.

25 According to the semiconductor device fabrication
method described as above, the H, plasma is radiated onto the
CF film 2 formed on the substrate 1, and then the Ti layer
3 is formed while heating the substrate 1.

As understood from the experiments which will be

30 discussed later, the TiC layer 30 is formed on the interface
between the CF film 2 and the Ti layer 3; which protects Ti
layer 3 from being peeled off from the CF film 2.

Moreover, the Ti layer 3, Al wiring layer 5 and w layer
4 are hard to be peeled off from each other because they are

35 metallic layers. This results in that the Al wiring layer
5 and w layer 4 are'prot_ected from being peeled off from the
CF film 2.



titaniumon the interface between the CF film2 and Ti |ayer 3 to form
titaniumcarbide (TiC 30. An alum num or tungsten 30 wiring |ayer (not

shown) is then formed on the Ti |ayer 3 to fabricate a sem conduct or
devi ce. The Ti C layer 30 fornmed 48 an adhesive | ayer on the
I nterface between the CF film2 and Ti |ayer 3 prevents the Ti layer 3

from bei ng peel ed of fasf dDsetssed] af CF film I¥ving a lowdielebtdicednstant
O bnootof *SBPLES o B b Peves A AR R Al <or
nmul _ti | ayer-str weialimg-down and speeding-up for semiconducto::_' dbvice_s. _
and an Al i ring | ay BAAGHTRSY Baxroid e Fasdi e 21 SHUCLEN fdfers,
| ayer. 5 - 3 and 3l greafoshedrbetwéers tie GF EH lin 2nagdothabdltwiimgp0 5
angstromin thilcalgrré%_sss'i SarI&)rvPEPafer}: al.subst rate 1. The CF film
- The Al wiring 5 is not so strong and easily cut out when
a current flows therethrough. To overcome this disadvantage,
a strong TiN layer 31 is used as a wiring layer to enforce

10 the Al wiring layer 5. The Ti layer 3 is not so strong so
that it cannot be used in place of the TiN layer 31.

Also discussed is the reason why the Ti layer 3 is formed
between the CF film 2 and the TiN layer 31.
The TiN layer 31 is formed by sputtering a target Ti

15 with Ar and N, gases as described above. If no Ti layer 3
was formed, the tungsten embedded in the window 21 reacted
with nitrogen to form a tungsten nitride which would act as
a dielectric film on the tungsten surface.

Discussed further is the reason why. the TiC layer 30

20 1is formed between the CF film 2 and the Ti layer 3 for
protecting the Ti layer 3 from being peeled off from the CF
film 2.

If a metallic layer was directly formed on a CF f£ilm
with no TiC layer, the metallic layer would be easily peeled

25 off because fluorine of the CF film reacted with the metal
to form a metallic fluoride on the interface between the CF
film and metallic layer. For example, if a Ti layer was
directly formed on a CF film, a TiF, layer would be formed
on the interface between the CF film and Ti layer.

30 Metallic fluorides usually have a low sublimation point
and also a low melting point, for example, the sublimation
point of TiF, is 284C. After the Ti layer is formed, the
substrate will be heated to 400C or more, for example.
Actually, the W layer is formed at about 400°C in the

35 embodiments according to the present invention. The
substrate would be heated to a temperature over the
sublimation point of TiF, if no TiC layer was formed between
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for CF filmdeposition. The next step is a process of formng W

Wi ring on theoI the cfffﬂﬂgnz%r?bddgisjmr 3 LnFtie embodimeff sf.i | Th2sirequliostsed
to open a wi ndqw 21 to, be edde ith tungsten i Chy s I P to
the surface re '%ﬁ%%aﬁ% r?ﬂggiigl 8 btlehe?Séff 8#@(& Qpﬁ'caet%% 1%sa841g§sel st

pattern i s(for MJmng-rufmﬁ ithe Ti lhyen fronhctheGl filmn et chi ng
apparatus (not shown). to.ope t ] : RAST:
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above, fluori nedhmmelting pintadsedush dvkgher) than Grhe | temperaiyre for

substrate i nt . cYale 8 i{ng S
‘exanple. | #ot hil%atln%%%gess, ge\l\gli‘a?ée ﬁ'he&islgblfé#?g%?@feﬂgtsw%éeEﬁ%géfgg ?lrrll?t(:)
H err]0, 30 hyue pgededioff Enosuthe CF £h1m|20anddence petery ppradheshve

layer between the CF film 2 and Ti layer 30 to prevent
peeling-off between the film and layer. Moreover, The TiC
layer 30 exhibits 614 Q * cm in conductivity which offers
15 stable electrical contact between the Al wiring layer 5 and
W layer 4 even though the TiC layer 30 is formed between the
CF £ilm 2 and the Al wifing layer 5, and the W layer 4. This
requires no peeling-off of the TiC layer 30 when the Al wiring
layer 5 and W layer 4 are formed. On the contrary, if the
20 TiC layer 30 was a dielectric layer, it had to be peeled off
when the Al wiring layer 5 and W layer 4 were formed.
Other than titanium, the semiconductor fabrication
method according to the present invention can further
be-added to form a metallic layer, such as, tungsten,
25 molybdenum (Mo), chromium (Cr), cobalt (Co), tantalum (Ta),
niobium (Nb) and zirconium (2Zr), on the CF film. Melting
points' of W-fluoride and Mo-fluoride are 20T or less, and
those of Cr-fluoride and Co-fluoride are 100C or less. On
the other hand, carbon compounds of these metals have melting
30 points of about 2000 to 4000C. Carbon compounds of Ta, Nb
and Zr also have very high melting points. The Carbon
compounds of these metals will thus be stable when heated
to 400C for W layer deposition; and act as an adhesive layer
to protect the W layer £from being peeled off £from the CF £ilm.
35 Discussed next is an experiment I to verify advantages
of the semiconductor device fabrication method according to
the present invention.



during annealing to becone hydrogen fluoride (HF) which flies in al
directions. This results in a highly dense carbon |eft at the CF fi
surface. After the H2 plasna radiation, a Ti layer 3 and a Ti
| ayer 31 are fornmed on the entire CF film d@rface, as shown in FIG
More precisely, Ar gas is introduced into a sputtering system (FI G
to sputter a target tTHedemiodhduttor device used in this experiment has
7 a wafer table is being heated to about, 3005>e<rr C,. tg formthe Tj

| ayer 3 of 100"’&6’8@@'&'ﬂ’3&?’gn¢? nt1HR cRRAeds sifdeo strate, apd f
film 2. angstromt thitcl fTiAlayed HBhd)as600i angstrorluthiicReRiN|I hayeDb
the sputtering s stem%ﬁ]fzﬂftter a target titaniumto form the Ti N

| ayer 31 of 108 nfgté‘?r Bhi ckness, for exanpl e, on the Ti |ayer 3.
Thr ough t hese procesdHsis tsemiBomiuttbNdevideawassfabahdaédaas follewson

the entire CF film SLK fs%.i%.c%rr]ldsubstrate was placed in an ECR plasma system

I
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N 35
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as described later, and a CF £ilm was formed on the substrate
by introducing Ar, CF,, and C,H, gases at flow rates of 150
scem, 40 scem and 30 scem, respectively. The silicon

10 substrate was then annealed for two hours at 425C in a
nitrogen gas environment. After the annealing, H, and Ar
gases were introduced at flow rates of 306 sccm and 30 sccm,
respectively, to radiate H, plasma on the CF f£ilm for 13
seconds. at 2700W-microwave (high frequency power supply 93)

15 and OW-bals (high frequency power supply 98). The power
supplies 93 and 98 will be described later.

' The CF film-formed substrate was then placed in the
sputtering system shown in FIG. 13. The substrate was formed
with a Ti layer on the CF film surface by introducing Axr gas

20 at a flow rate of 700 sccm. After this, Ar and N, gases were
introduced at £flow rates of 40 sccmand 120 sccm, respectively,
to form a TiN layer on the Ti layer at 1200W-bias (high
frequency power supply 74).

Described next with reference to FIG. 15 is an ECR

25 plasma system used for CF film deposition and H, plasma
radiation.

The ECR plasma system has a vacuum chamber 9 that
consists of a plasma chamber 91 and a £film deposition chamber
92. The high frequency power supply 93 generates a microwave

30 M of 2.45 GHz, for example, which is-added to the wvacuum
chamber 9 through a wave guide 94 and a window 95. A main
electromagnetic coil 96a provided around the plasma chamber
91 and an auxiliary electromagnetic coil 96b provided under
the film deposition chamber 92 generate a magnetic field B

35 from the plasma chamber 91 to the deposition chamber 92 at
875 gauss around an ECR point P. The interaction between the
microwave M and magnetic field B will generate electron



al so the inner wall of the window 21. 10 Waen the Ti layer 3 is

formed-on the CF film2, a TiC | ayer 30 of 100 to 120 angstromin

t hi ckness is al so forned on the interface between the CF film2 and the
Ti |ayer 3. Such a Ti C layer can.be fodded by annealing the Ti

| ayer - f or nmed substrate 1 at 400[err]C or nore. 15 Next, as shown

i R FI G d6, a Wc(ym'hlrdtng:)n | eysonahdes dtortesel ECR podmit the Ti layer 3 to fill
the wi ndow 21 with t sten.. The | aye hnp' ed,b

Cheni cal Mechani cal gﬁ'ﬁ? 'r}ni(f‘m wa(fayp}% H% Qiﬁgg(‘ing g\%\k?gtg"r%rrlrgl\:/%ean
excess Wl ayer depomiom0hambermn/vﬁon:rCFE(ﬁlm7deﬁ6sitlon. Tbiasceekthagey
steps are to forma ri l,a W
W ring has beer’(’qsbraf‘%‘ﬁgdv‘w‘ thb ta%ﬁ.ierg éy gsh%ggmﬁleéﬁ% ﬁ&"%f %ﬁﬂ;
plasma is radi ®@gd amxigon gast hadCEebobmtionf gas veee imtmodesedhinid theing
| ayer. This roces i r o] I ] ]

pl asma 25 radi 3902 < g}a@’o ellel;@eggﬁgg,iig' EH }é@%}“n%?g & Are%é&ﬁ%& as
shown in FIG Queing viazypsm eﬁambdraeﬂia\hsmmt through am exhaustipdper9? he
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5, in which the angstro kness 1's
formed and them;&ﬁﬂ.ottmTres¢mme33 of about 100 angstrom | n t hi ckness is

Lo o st 0B ocat anth  SoPEL ] PEGRRuERMa N RS M RRRIST Bl e,
CF filmsurfacefabricated as above on peeling between the CF film and Ti1i
layer.
An adhesive tape was stuck on the Ti layer and then
peeled therefrom for visual checking of whether or not the

15 Ti layer was peeled off from the CF film. The same test was
also conducted to a sample device fabricated for comparison.
The sample was fabricated in the same way as for this
embodiment except H, plasma radiation. The results were that
the Ti layer on the sample was peeled off, while it was not

20 happened to the embodiment. '

The next test was conducted on adhesiveness between the
CF film and Ti layer by Sebastian on the four points A to
D indicated in FIG. 16 for the embodiment device and the sample
device.

25 In detail, aCF filmwas formed on a bare silicon surface,
and Ti and TiN layers were formed on the CF film according
to the fabrication method of the present invention. A tester
lead was fixed on the Ti layer surface by a glue. The lead
was then pulled up to detect pull strength (kPsi) per area

30 of tester lead. The pull strength indicates adhesiveness.
The greater the pull strength the higher the adhesiveness.

The Sebastian test results are shown in FIG. 17 for the
embodiment and the sample device.
As apparent from the experimental tabulated data, the

35 sample device exhibited 1 kPsi or less, while the embodiment
exhibited pull strength of 5.26 to 7.75 kPsi on the points
A to D. This teaches that the adhesiveness between the CF



On the TiN layer 33, an Al (wiring) layer 5 of about 35 8000 angstromin

t hi ckness is forned, as shown in FIG 10, to fabricate a

mul til ayer-structure sem conductor device. Illustrated by FIGS.
11A and 11B is a portion of a 14 8
sem conduct or device (enbodinment 1) fabricated by the processes as
descri bed abOfoa.lm and Ti ldy€iSoflthesmbddfiment ifs muchahigherethan that
Cross-sectiona vi ews .of the sem conductor device, respectivel 5

As shown, thé& f&é’rﬁméegﬂ: ice consists of iﬁterlaye¥

dielectric films 22 mhe¥e ¢estsmptovell 4heE Wil knyer deposhyiod afite#?Hgach

de of Wi d S :
e o Burt hbisn e RO, 5106 288G " SFE (PRl flyer |
CF film 22 andod ltheerinterfate betiween ChHef Canﬂ.’BmaamIdAl':Lvﬂ.ayelg tmymfem
The layers 3300 réY of b ivehddll Ehdddiitubdd® 11 oures.

The cross section around the interface between the CF

£ilm and Ti layer of the embodiment observed by a Transmission
Electron Microscope (TEM) is illustrated by FIGS. 18 and 19,

10 at 400,000 x and 2,000,000 x magnification, respectively.

These illustrations teach a new layer was formed on the
interface between the CF film and Ti layer.

The inventors of the present invention conducted the
following analysis to examine the composition of the new

15 layer.

The energy dispersive X-ray spectroscopy was conducted
on the CF f£ilm, the Ti layer and the interface layer formed
therebetween, to form X-ray spectra, as shown in FIGS. 20A,
20B and 20C, respectively.

20 FIGS. 20A, 20B and 20C indicate X-ray spectrum for the
Ti layer, the interface layer and the Cf layer, respectively.
The ordinate and abscissa of each graph represent the number
of X-rays incident to the X-ray spectroscope and energy of
incident X-rays.

25 FIGS. 20A and 20C show a Ti-peak and a K
(potassium)-peak, respectively. The potassium was mixed
with the CF £ilm during polishing. FIG. 20B teaches that the
interface layer was made of a Ti-C compound. The graph
indicates a small C-peak due to low sensitivity at the left

30 side of the spectrum. An actual amount of carbon was larger
than the peak value. Titanium, carbon and fluorine in the
interface layer were in the ratio of about Ti : C : F = 100 :
30 - 50 : 15 - 30.

Next, X-ray Photoelectron Spectroscopy (XPS) was

35 conducted for each 30 angstrom-depth from the interface layer
surface to 360 angstrom-deep dowhwards . FIG. 21A shows X-ray
spectrum for each 30 angstrom-depth from the interface layer



The plasma system for H2 plasma radiation and the Sputtering systemfor

Ti and TIN deposition are descri bed with reference to FIGS. 12 and 13,
respectively. 15 The plasnma systemshown in FIG 12 is a

paral l el -fl at type and consists of a pRBcess chanber 61, a table 62 as
a | ower el ectrode, a high frequency power supply 63 connected to

the table 62, aukfags dond60 apgetrahedeepdiovwnwards. f Qmethe other h@lbdle

62. 20 Wi PP 8 Arkbb R LY bl ert AR SoUaderdi!

by this type o a sem conduc
10 is placed orfxdm the thiterfiice Alaygr fseyfiscey fowdR0i SEMEIDMMn

the table vm"%ggé‘%zupper el ectrode 64 to generate plasma. 25
Through a gas pipe and Ar gases are introduced i nto the chanber

61 at specibic flow fmesspbcteaehaalmtaowi -C (dompoyndh peakudidomm phee
65, f | d
to transtorfiidedbe 3y klrracePt8TH ahis tionl deiRabi &Qeas,frgﬁaete

onto the CF fil™m sur seco exa
30 The ntstplﬂqrefunghesy@mlamm Instead, a€-q §coapound) peak

parallel -flat ty, I Fehe as
a grounded | ower %@é&r gg%ﬁ{ g%aug%%?t%%gfr%oggt& gl?zﬂ:ﬁat ?gggéa%gc?o%\er
el ectrode 72, depch ht@htftbq@n§9rfacepéﬂ§ﬁrswﬂ§l wpbputc g angs txem hin
upper el eCtl'i)Odetl'Zzﬁ%k&é%s and maaa%ﬂoweesslefel LhuSEhewE % ) -E!fdak @nd8acH

are perforned pe of sputtering system
of the 1ower two spectra. This is because each Ti-C peak was

shifted to the right due to the existence of CF film.
According to the present invention, the Ti layer 3 can
be deposited by Chemical Vapor Deposition (CVD) using a
15 deposition gas including titanium. This Ti layer deposition
is performed by a parallel-flat-type plasma CVD system shown
in FIG. 22.
The plasm CVD system has a process chamber 101 that
installs a table 102 as a grounded lower electrode. Provided
20 at the upper section of the process chamber 101 is a gas
chamber 103 that faces the table 102. A high frequency power
supply 104 is connected to the gas chamber 103 that acts as
an upper electrode. Also connected to the gas chamber 103
_ is a gas pipe 106 via a nut-like joint 105 provided at the
25 top of the chamber 103. The gas chamber 103 is formed with
many gas supply pits 107 through which a deposition gas is
introduced into the process chamber 101. The process chamber
101 is provided with an exhaust pipes 108 at the bottom and'
a transfer inlet/outlet 109 at the side wall through which
30 the silicon wafer 10 is transferred into and £from the process
chamber 101.
The silicon wafer 10 onto which H, plasma has been
radiated as already described is placed on the table 102.
A high frequency power of 1. 0 KW, for example, is supplied
35 tobetween the table 102 and gas chamber 103 to geherate plasma.
The wafer 10 is heated to 350C, for example, by a heater (not
shown) installed in the table 102 while the process chamber



In detail, a high frequency power is-added between the

9 ~table 72 and the upper electrode 73 while the table is heated to
300[err]C, for exanple, to generate plasna. Through a gas pipe 77, Ar
gas is introduced into the chanber 71 at al&pecific flowrate while

exhaustion through an exhaustion pipe 76, 5 to transformthe Ar gas into
plasma. The Anpopl 28 ke g nisdntainedataagerede termined@rabsure Fhroygby

el ectrode 73 to_deposit a Ti. . Jilmon the | t :Akhaced
on the table %he7 x RB?F,D%Pe;?cgNZ%ggggﬁaFggi %%J‘F%{Lﬁceec}qﬁn'r@feﬁ?esa%ﬁa er
7ﬁ at speci f7 |5 Cgﬁbgﬂﬁﬂbt%ﬁamﬂ]&,pll'acfmand'mzegwseﬁma\lﬂnpragﬁae@@-ntﬂ)l!'—thGers
the target to deposit a.TiN.fi. |l mon,t e f A sT=To]
next with refePEREESEo bef41:b§' ?ts%él.{:gfnrgtessgﬁ A EFT: afngt??’i%gaslti nd a
senm conduct®r gespeetivedydi wia the gasttieapbesd@3.i n¥hetdeposition gasesThe

system shown i grlél grarlllslfi)%mgal :{.1(13 o%lcééfﬁ %o Egﬁbsit the Ti layer 3 on the
CF film surface by chemical reaction TiCl, + H,— Ti + HCI.
The Ti layer 3 thus deposited by CVD also exhibited a
high level of adhesiveness between the CF film 2 and the Ti
10 layer 3 to prevent peeling-off, which was proved by a
experiment which will be discussed later. This is because
the Ti layer 3 is deposited by CVD while the wafer 10 is being
heated to 300C or more to let carbon at CF layer surface and
titanium react with ‘each other, thus forming the TiC 30 on
15 the interface therebetween. The CVD-Ti deposition improves
step coverage for fine pattern-semiconductor devices.
Moreover, Ar sputtering can be performed on the CF £i1lm
surface after H, plasma radiation but before Ti layer
deposition. This Ar sputtering can be conducted by the
20 parallel-flat-type plasma system shown FIG. 12, the
parallel-flat-type sputtering system shown FIG. 13 or the
ECR plasma system shown in FIG. 15.
In such a system, Argon gas is transformed into plasma
to radiate H, plasma onto CF film surface for 30 seconds for
25 sputtering. This process improves the adhesiveness between
the CF film 2 the Ti layer 3 because Ar sputtering eliminates
O, and H,0 which are absorbed on the CF film surface while
the wafer 10 is being exposed to the air during the wafer
transfer from the CF film depostion to the succeeding process.
30 For Ti layer deposition, a mixture of TiCl,, SiH, and
H, gases, a mixture of TiI, and H, gases or a mixture of TiI,,
SiH, and H, gases can be used.
Furthermore, a tantalum (Ta) can be used for a metallic
layer instead of titanium. A mixture of TaBr, and H, gases,
35 a mixture of TaF, and H, gases, a mixture of TaCl, and H, gases
or Tal, and H, gases can be used for Ta layer deposition.
Disclosed next are several experiménts conducted for



15 having a vacuum chanber 81. The chanber 81 is surrounded by t wo
back-up vacuum cassettes 82 and 83, a chanber 84 encl osing the pl asna
systemof FIG 12, and a chanber 85 enclosing the sputtering system of
FIG 13. A transfer arm86 is ind¥alled in the chanber 81 to 20
transfer the wafer 10 between the cassettes 82 and 83 and t he chanbers
84dand 85. verifyihly adegntagepaff themsenjicundydtaanfabuiication metthon

and Ti N | ayer. deposi tion.se i.al i ncreased high

t hr oughput . 25%°°°r%gnﬂcct(§’r hr?gq#ger%er@ siéln‘%teglg:r%%c't or device fabrication

met hod descri bed as argon gabeféf pllesme generationedandtGF and C.H,@aged m 2

heating the subet SForiuh aBP8s1eiBy VEre 1hP¥Bhuced Fatg 40 Bk Hadha
will be 30 s5di systead shatver in IRIGL @5 ag;lerf]&fw iratfes ref JdiD teecn Ak rscor
from bei ng_peclfl aPr oPPlly, tEedeet fYfly S +d'Edth B Fofp Sndirron LAk &
3, Al wiring | &idm bnamcsidicomesubstratere Tae Gildiden pubssrasef wasdihemch
Wring Tayer  cineaten or d R o Ees MAANTITRS hERHohEn dbd Aot Ointhy,
t he CF fi| After annealing, H, and Ar gases were introduced into the ECR

10 system at flow rates of 50 sccm and 150 sccm, respectively,
to radiate H, plasma onto the CF film surface for 15 seconds
at 2.0 kW-microwave power and 0.5 kW-blas power.

The silicon substrate was then set in the system shown
in FIG. 22. As Ti layer deposition gases, TiCl, and H, gases

15 were introduced into the system at flow rates of 10 sccm and
50 sccm, respectively, to form a 300 angstrom-thick Ti layer
on the CF film under TiCl, and H, plasma while the substrate
was heated to 350C at 1 KW-micorpower. The adhesiveness
between the CF £ilm and the Ti layer was verified by Sebastian.

20 Another silicon substrate also formed with a CF f£ilm
as disclosed above was then set in the ECR plasma system shown
in FIG. 15 as a pre-process of Ti layer deposition. Argon
gas was introduced into the ECR system at a £flow rate of 150
sccm and transformed into plasma for sputtering the CF £ilm

25 layer for 30 seconds. A Ti layer was then deposited on the
CF film in the same way as described above, to fabricate a
semiconductor device. The adhesiveness between the CF film
and the Ti layer of this device was also verified by Sebastian.

[Embodiment 2]

30 A semiconductor device was fabricated by using TiCl,,
SiH, and H, gases at flow rates 10 sccm,2 sccm and 50 scem,
respectively, as Ti layer deposition gases. The 6ther
requirements were the same as those for the embodiment 1.
The adhesiveness between the CF £ilm and the Ti layer of this

35 device was also verified. The adhesiveness was further
verified for another device fabricated with Ar gas-sputtering
(pre-process) before Ti layer deposition the same as for the



10 As discussed, a CF filmhaving a |ow dielectric constant
enpl oyed as an interlayer d| electric filmneets demands for

scal i ng-down and speedi ng-up for sem conductor devices. Di scussed
next is the reason why the Ti and TiN layel® 5 3 and 31 are forned between
the CF film2 and the Al wiring | ayer 5, and Wl ayer 4. The

AIh Wi rihng 5hi S Embodimeditr ong arth etlsisy eulluodimtenmenthe iantooduced f$bis

t her et hr oug To 0 CcO this di sadvant. t ' I S
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formed by sput a0 (TiSiC)r geis 'BbsH‘rved.th Ar and N2 gases as descri bed

above. If no Ti lay s fornmed, the tungsten enbedded in the
w ndow 21 reacted %%\m%t%j'mef’r g",e]n to forma tungsten nitride which would

act as A semiconductor device was fabricated by using TiI, and
H, gases at flow rates 10 sccm and 50 sécm, respectively, as
Ti layer deposition gases. The other requirements were the
10 same as those for the embodiment 1. The adhesiveness between
the CF £ilm and the Ti layer of this device was also verified.
The adhesiveness was further verified for another device
fabricated with Ar gas-sputtering before Ti layer deposition
the same as for the Embodiment 1.
15 [Embodiment 4]
A semiconductor device was fabricated by using TiI,,
SiH, and H, gases at flow rates 10 sccm,2 sccm and 50 sccm,
respectively, as Ti layer deposition gases. The other
requirements were the same as those for the embodiment 1.
20 The adhesiveness between the CF £ilm and the Ti layer of this
device was also verified. The adhesiveness was further
verifled for another device fabricated with Ar gas-sputtering
before Ti layer depqsition -.the same as for the Embodiment
1.
25 [Embodiment 5]
A semiconductor device was fabricated with a Ta layer
‘as a metallic layer iristead of a Ti layer by using TaBr, and
H, gases at flow rates 10 sccm and 7 sccm, respectively, as
Ta layer deposition gases. The other requirements were the.
30 'same as those for the embodiment 1. The adhesiveness between
the CF film and the Ta layer of this device was also verified.
The adhesiveness was further verified for another device
fabricated with Ar gas-sputtering before Ta layer deposition
the same as for the Embodiment 1.
35 "+ [Embodiment 6]
A semiconductor device was fabricated by using TaF;and
H, gases at flow rates 10 sccm and 7 sccm, respectively, as



a dielectric filmon the tungsten surface.- Di scussed further is
the reason why the TiC layer 30 20 is fornmed between the CF film 2 and the

Ti layer 3 for protecting the Ti layer 3 from being peeled of f from
the CF film 2. If a nmetalliclPayer was directly fornmed on a
CF film with no TiC layer, the netallic |ayer would be easily peeled 25

of f because fl| @wa Llageaf deposCEibn| gasesct erhe/\/bttherhzeqeﬂ.nEmentsmei@rhhea

g 51 5 RBMRSARRLE, o solph S

| ayer. For exa % & nedon a
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and si 5o a | owA ARTTRIIRETE FES, HikPhet, REIrTaal ¥ob: BrldBHe et ol

TiF[err] i ssZBﬂah:n*:l]dﬁtechﬁ.th Ahga‘ﬁl-smyxtlenmgf befiete Tahdayer @mxm@

'S forned at atdth 2 @8 5ok R EIMURIER & L oording 10 the presont.

i nventi on. The [Enfidimentvol] d be heated to a tenperature over the

sublimation point of ATigfeﬁliiJoﬂH?Jc-@oQ |¢%X& e"‘%s @ mcg%te\ﬁeﬁg} using TaCl,
and H, gases at flow rates 10 sccm and 7 sccm, respectively,

10 as Ta layer deposition gases. The other requirements were
the same as those for the embodiment 1. The adhesiveness
between the CF £ilm and the Ta layer of this device was also
verified. The adhesiveness was further verified for another
device fabricated with Ar gas-sputtering before Ta layer

15 deposition the same as for the Embodiment 1.

[Embodiment 8] '

A semiconductor device was fabricated by using TaI,and
H, gases at flow rates 10 sccm and 7 sccm, respectively, as
Ta layer deposition gases. The other requirements were the

20 same as those for the embodiment 1. The adhesiveness between
the CF £ilm and the Ta layer of this device was also verified.
The adhesiveness was further verified for another device
fabricated with Ar gas-sputtering before Ta layer deposition
the same as for the Embodiment 1.

25 FIG. 23 shows experimental tabulated data of
adhesiveness for the embodiments 1 to 8. Every embodiment
exhibited a high level of adhesiveness. The ninth embodiment
(W layer) will be described later. It was verified that
CVD-deposition of Ti, Ta and W layer offers a high level of

30 adhesiveness between the CF film and the metallic layer to
prevent them £from being peeling-off. Also verified was that
Ar gas-sputtering before metallic layer deposition offers
a higher level of adhesiveness between the CF £ilm and the
metallic layer.

35 Discussed next is another experiment II to verify
advantages of the semiconductor device fabrication method
according to the present invention.



the CF film2 and Ti layer 3 in the enbodinents. This resulted in
sublimation of TiF4 on the CF film which woul d cause peel i ng-of f of
the Ti layer fromthe CF film On the other hand, according-to
the present invention, 5 the TiC |layer 302Ps formed on the interface
bet ween the CF film2 and Ti layer 3. The TiC layer 30 has a nelting
poi nt of 3257 [ efiheCsenmdimdnductioabdevicehusedsinl tivks i expetinment lheas

substrate 1 is bej heat.ed .f o er_deposition because t i ng
point. s mich’ i dha e B LR op 2P 8111600 S5PATEARE o A0 A il
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and hence acts 3s aﬁ{ﬁfi ayer between the CF film2 and Ti | ayer
30 to prevent thie gfe}'el | ng-oj}ﬁ9 %reqev\]/}e'en the filmand | ayer. Mreover, The TiC

| ayer 30 exhi bits 61 Ther Eabricationreqriitenénts ywithi an BECR plesmg systdme
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wiring layer 5Iand the Wlayer 4. This requires no peeling-off of the
T omerary, T e A somid Y h G ALUE s Rl B oD
peel ed of f sputtering system shown in FIG. 13. The substrate was formed

10 with a W layer on the CF film surface by introducing Ar gas
at a flow rate of 70 sccm. After this, Ar and N, gases were
introduced at flow rates of 40 sccm and 120 sccem, respectively,
to form a WN layer at 1200W-bias power, to fabricate a
semiconductor device as another embodiment.

15 FIG. 24 shows experimental tabulated data of the
adhesiveness between the CF film and W layer by Sebastian
between this semiconductor device and a sample device
fabricated for comparison.

The'sample device exhibited 1.0 kPsi or less on the

20 points A to D (FIG. 16). On the other hand, the device of
the present invention exhibited 5.2 to 6.8 kPsi on the same
points, which are much higher than those for the sample
device. '

' It was also verified by the experiment II that W layer

25 deposition after H, plasma radiation to the CF f£ilm forms a
WC layer (adhesive layer) on the interface between the CF
f£film and the W layer, to offer a high level of adhesiveness
therebetween.

FIGS. 25 and 26 are cross-sectional views ind:'_.cating

30 the interface between the CF £ilm and W layer of the device

' (experiment II) of the present invention observed by a
Transmission Electron Microscope (TEM) at 400,000 x and
2,000,000 x magnification, respectively. The TEM-
observation verified that a new layer different from the CF

35 film and W layer was formed on the interface therebetween.

The inventors of the present invention conducted the
following analysis to examine the composition of the new



when the Al wiring layer 5 and Wlayer 4 were forned. O her than
titanium the sem conductor fabrication nmet hod according to the present
i nvention can further be-added to forma netallic |ayer, such as,
tungsten, 25 nolybdenum (M), chrom um (CR}, cobalt (Co), tantalum (Ta),

ni obi um (Nb) and zirconium (Zr), on the CF film Melting poi nts of

Wl uoride and 1Maydd. uori de are 20[err]C or less, and t hose of

Cr-fluoride andCofI ride are, 100] er the o

carbon conpounds of t 8 REPE Ids"'%%?:@ir}é% ﬁﬁyﬁe"p‘iﬁ‘?ﬁ?%wgﬁo%‘{h‘%b%%é?
40?0_[ err]C. Carhahe Oom@ilds theTw, l1aber andnthé&rimtenface claysy fmgiled
nmelting points

.. Ih rbon unds of these net I
st abl e when heme%e%a"f%exh‘oﬁferf? oFaW§%%$r%é&§s |S$I°§W%é %iggt as an
adhesi ve | ager 27B atrm @7C eatedpectitedhyer from bei ng peeled of f fromthe
CF film 35 e S | ri d t S
of the sem conduct or gc}ﬁabé?%59%%7%¥ﬁé%g§£§o*héa%\éggct%ﬁi #ggpﬁgggent
i nventi on. W layer, the interface layer and the CF layer, respectively.
The ordinate and abscissa of each graph represent the number

of X-rays incident to the X-ray spectroscope and energy of

10 incident X-rays. Through these figures, the sign CK,
indicates K,-rays (X-rays) generated by carbon atoms when
irradiated with electron beams. The other signs FK,, WM, and

WM, also indicate the same meaning.
FIGS. 27A shows a W-peak. FIG. 27B teaches that the

15 interface layer was made of a W-C compound. An actual amount
of carbon atoms was larger than the peak value. Tungsten,
carbon and fluorine in the interface layer were in the ratio
of about W : C : F = 100 : 40 : 15.

[Embodiment 9]

20 A semiconductor device was fabricated by using WF, and
H, gases at flow rates 16.7 sccm and 83.3 sccm, respectively,
as W layer deposition gases. The other requirements were the
same as those for the embodiment 1. The adhesiveness between
the CF £ilm and the W layer of this device was verified. The

25 adhesiveness was further verified for another device
fabricated with Ar gas-sputtering before W layer deposition
the same as for the Embodiment 1.

The experimental tabulated data of adhesiveness for the
embodiment 9 is shown in FIG. 23. The embodiment 9 also

30 exhibited a high level of adhesiveness. It was verified that
CVD-deposition of W layer offers a high level of adhesiveness
between the CF £film and the W metallic layer to prevent them
from being peeling-off. Also verified was that Ar gas-
sputtering before metallic layer deposition offers a higher

35 1level of adhesiveness between the CF f£ilm and the metallic
layer.

X-ray Photoelectron Spectroscopy (XPS) was conducted



12 The sem conductor device used in this experinent has a
O.5[err]mthick CF filmon a silicon substrate, and a 100

angstromthick Ti layer and a 500 angstromthick Ti N |ayer on the CF
film 5 Thi s sem conductor device wa& fabricated as foll ows:
A silicon substrate was placed in an ECR plasma system as descri bed

| ater, and a Clonf the atetfacedetwéedre the) Fr ftidm andhyetallbdukayesr Aor

i 5b becr ' - BabCERbBAhERE heRRERefl CpMA B o0l od 0t el ViR "

for two hours zhat2%her i€ ilayer, Tad thaygsn agel Wehiayemsrere Admmed fon
ling, H tg

scom and 30 sodpe Hhtertace pifEREn"FhE CEIENMEER By LaPlyl e lin Hn

13 o s(e(r:]_onﬂsfm wmmwmmilmlghdf Wedayery maﬁmeqm;l.pml]w 93)It15wasan88

OW bai s | enc r o

w il be desgrl E’g%qi%e& x,el%q&eéﬂﬂgk%@ﬁl F;?flg 1\%‘%%]:5 ﬁ% e was

placed in t he TiC,s[FACt andiC mema batweenntii¢ GF £ilnTapdsedach mt@lﬂds:

f or med a&%ésayaq{ Qre J}}elxm surface by introducing Ar gas 20

0

at a flow rate ‘Ar and N2 gases were
i ntroduced at flow rmmmmtgm nnelse_nb inventiasspBopilesmg radiation or m

34)“ N layenoon dfif vl cbdtictdl byt s fisth systhOHERAYIRWEE. SPP! Y

Deposition of Ti, Ta and W layers can be conducted by
thermal-CVD or sputtering other than plasma-CVD.

As described above, according to the present invention,

a semiconductor device having a fluorine-added carbon f£ilm

15 and a metallic layer formed thereon further has a compound

(adhesive) layer of carbon and the metal of themetallic layer,

thus achieving prevention of peeling-off between the
fluorine-added carbon f£ilm and a metallic layer.

The present invention therefore achieves practical

20 application of a fluorine-added carbon f£ilm that has been

come up as a dlelectric £film having a low dielectric constant

to meet demands for scaling-down and speeding-up for

semiconductor devices.



Described next with reference to FIG 15 is an ECR 25 plasnma system used
for CF filmdeposition and Herr] pl asma radi ati on. The ECR
pl asma system has a vacuum chanber 9 th consists of a '
91 and a film ﬂmﬂ\l lﬂ““ﬂ!ﬂﬂl‘; 92 Z8e high frequem
gener at es am 45 for exanpl e, whiqgh
vacuum charber 9 through a wave gw de184mand a wi ndo :
el ectromagnetic coil 96a provided around the plasna chamnber 91 and an
“auxiliary el ectromagnetic coil 96b provided under the filmdeposition
chamber 92 generate & s@gedh@uétet dadvbée ééﬂﬁribﬁngkasrra chamber 91 to
the deposition chamber 92 at 7 auss d an ECR t P Th

i nteraction between ﬁgielecﬁépogkﬁ%%m%?nﬁ ii:) &nﬁ-ad%egnﬁprpoaeﬁe}r&t e
el ectron formed on a substrate; 13 cyclotron
resonance at the ECRJ)oi

mer{talli'ic layer formed on the fluorine-added carbon
film; and

an adhesive layer made of a compound layer including

carbon and metal the same as metal included in the metallic
layer, the adhesive layer being formed between the
fluorine-added carbon £ilm and the metallic layer, to protect
the metallic layer from being peeled-off from the
fluorine-added carbon film.

2. The semiconductor device according'to claim 1, wherein
the fluorine-added carbon film is formed by decomposing a
deposition gas including gas of a compound of fluorine and
carbon. |

3. The semiconductor device according to claim 1, wherein
the metallic layer is formed by chemical vapor deposition
using a deposition gas including the metal.

4. The semiconductor device according to claim 1, wherein
the metallic layer includes titanium.

5. The semiconductor device according to claim 4, vbherein
the metallic layer is formed with a titanium nitride layer
thereon.

6. The semiconductor device according to claim 1, wherein
the metallic layer includes tungsten, molybdenum, chromium,
cobalt, tantalum, niobium or zirconium.

7. A method of fabricating a semiconductor device
comprising the steps of:
forming a dielectric £filmmade of fluorine-added carbon

This Sheet Has Been Replaced
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The silicon wafer I table 97 in the
deposi ti onchanber 9 I%ﬂﬂﬂﬂﬂﬂ !%!Esi tion. A bias voltage . z
legh of

to the table 97 by a* raqu power supply 5 98. ) \_\ga\'s d
deposition gas were introduced into the 24plasma cham\& Iﬂ@chtﬂ
depositi on chanber 92, respectively, during vacuum chanbe ustion

t hrough an exh#&@idm pnpa $¥hbstrateg transformthe deposit gas into plasm
by el ectron cycl Qtron resonagce. .10 Ate 0, ct 0.1 he
seni conduct or devi ce%ecreﬂ?gﬁgc%ﬁ‘é‘ﬁr&?ea%vgegﬁlﬁ eﬁ?\g@%%ﬁv%g#tsﬁ%éaf%i I m
and Ti | ayeegion of the Aludlime-addedpearborstiiidm;on the Ti | ayer and
t hen peel ed therefromfor_visual ecki of er t Ti

| ayer was peel ed of f mntgneacﬁ"%q]ﬁffc Tlﬁ‘gg’% mo%%gﬁ&f%&é SI(.})f 31513
conducted to afimuyimedadded fodvbomatiddni;orandbnpari son. The sanpl e was
fabricated in the sa as_for..thi odL geni -exc

radi ati on. The resul @%@ t%tadhesf‘ﬁ% %ﬁ%y@%&%ngg:‘hé g’%&"ﬁ%én\%agf%eﬁ ed
of f, while it imdudindg Garbappanéddedtal thecsgbndi asmetal includedThe thext
test was conducgt ' SR et.wee _ I[Q@Qﬁ j: 4y by
Sebastian on t gﬁ%&%ﬁ%&@ﬁﬁsﬁ’%ﬁo el?l mrkc}lqcbgﬁiélcf i dlglfdG OP%%@ dila
enbodi nent devithe metalidcsdgier. device. 25 In detail, a CF film
was formed on a bare silicon surface, and Ti and Ti N |layers were forned

on the CF filmaccording
: 8. The method according to claim 7, wherein the dielectric

film forming step includes the step of decomposing a
deposition gas including gas of a compound of fluorine and
carbon to form the fluorine-added carbon film.

9. The method according to claim 8, wherein the deposition
gas is made of C,F, or C,H, gases.

10. The me1_:hod according to claim 7, wherein the fluorine
decreasing step includes the step of radiating plasma of
hydrogen gas onto the surface of the fluorine-added carbon
film.

11. The method according to claim 10 further including the
step of generating the plasma by hydrogen and argon gases.

12. The method according to claim 10 further including the
step of radiating plasma of argon gas onto the surface of
the fluorine-added carbon f£ilm after the plasma radiation
step, the metallic layer being formed after these steps.

13. The method according to claim 7, wherein the fluorine
decreasing step includes the step of soaking the substrate
thus formed with the fluorine-added carbon f£ilm into water
and heating the substrate thus soaked into the water.

14. The method according to claim 7, wherein the metallic

This Sheet Has Been Replaced
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to the fabrication nesent i nvention.
fixed on the Ti [|ayer J (" Ilﬂ"me The | ead
a 30

detect pull strength LpER ase of tester

i ndi cat es adhesi veness. The greater th@5pull strejgih e h| gher the
adhesi veness. The Sebastian test results are showmn in FIG 17 for
t he enbodi Mterafidriniingsstrgp &nd&u'ﬂes. the step of heatdmathatsibstrdte
experinmental tab ta, the 35 | e device exhihited.l kPsi or Iess
WhiTe the enbodiifbdndiatiny, Rivane i |Aago Bh, D e (qhEs tERtay)

t he points Ato D. Th| s teaches that the adhesi veness between t he CF
14 filma T| aye fthee | gher._tha of
t he sanpl e devi Th °%ﬂ8§8¥a§§93 Brﬁ%@ﬁmtﬁat%?%?e&%éﬁg%%yb
after H2 pllass_ma: rfmhrﬁ.hjgostep imdludesd rthieostep o fTifGrnddigetheaietal/kic

layer by chemical vapor deposition using a deposition gas
including the metal while the substrate is being heated.

16. The method according to claim .15, wherein the metal is
titanium, and the deposition gas includes a mixture of TiCl,
and H,, TiCl, , SiH, and H,, TiI, and H, or TiI,, SiH, and H,.

17. The method according to claim 15, wherein the metal is
tantalum, and the deposition gas includes a mixture of TaBr,
and H,, TaF,and H,, TaCl, and H, or Tal, and H,.

18. The method according to claim 7, wherein the adhesive
layer forming step includes the step of heating the substrate
while the metallic layer is being formed.

19. The method according to claim 7, wherein the adhesive
layer forming step includes the step of heating the substrate
after the metallic layer is formed.

20, A semiconductor devide comprising: _

a dielectric £ilm made of a fluorine-added carbon £ilm
formed on a substrate;

a metallic layer formed on the fluorine-added carbon
£film; and

an adhesive layer made of a compound layer including
carbon and the metal, the adhesive layer being formed between
the fluorine-added carbon £ilm and the metallic layer, to
protect the metallic layer' from being peeled-off from the
fluorine-added carbon film.

21. A method of fabricating a semiconductor device

comprising the steps of:
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9 ontheinterfa filmand Ti layer to offer ———gcimgh

| evel of adhesive %Bi%imﬂﬂ The cr ges= &) it he
i nterface between sl'mand Ti |[ayer of the B L el d
by a Transni ssion El ectron M croscope 46EM) is il | :
and 19, 10 at 400,000 x and 2,000,000 x magnificati orf; respectlvely
These illustrations acashep ne® | figemings &or dddlectriie £ilmnt madeceof
between the CF_fil m.and_Ti. layer iaven e present
i nventi on condﬁ@’t‘gﬁif‘ﬁeagdedf §PF8&PH51&WEIF§§}ESQS[ 8ﬂe>%arr§18k§t é:ter(}orrgo& tion
of the new 15 | ayera fluorine ddtreasingystip ol dearessing ﬁdemma@cd.py
was conduct ed t he f il Y. d erf r

f or med theflgﬁg ef'i?ctg:dPgr#}'é P%st%ée%to% tq{%s é'l%%zliﬁte aﬁ% ,o n
20B and 20C, ré€ipmetand y. 20 FI GS. 20A, ZOB and 20C i ndicate X-ray

spectrum for the T Y. r ' a@ﬂ.ﬂ

respectively. Th& %‘r:%?no e angnggéﬁlés%ggso eac Egré%rée%mp% nd
nunber of Xayay:s |:IandIﬂitngo eaueboaragndpedxheosamnahndbehuegy ofthe

I nci dent X-rayg _ 0 0 | ‘fl‘ﬂ

K  (potassi ur:l'r}'1 pegl? ardgs?pec |vec1% AﬂTﬁg Sgtaasc,eshletsjmwm%/a@sﬁr%g %129@5 W t q'

CF fil m duri ngfpomiigi ngnetiluczlquemhessunﬁ@cemf the fluerinec adfed

yas made of a ;J/;'agtgoﬁ])@ﬁl%?%r e R metd1Ndicf A§or? 18 ¥ drniedeak due to

| ow sensitivi

22. A method of fabricating a semiconductor device
comprising the steps of:

| a step of forming a dielectric £film made of
fluorine-added carbon film formed on a substrate;

a fluorine decreasing step of decreasing fluorine in
density included in a surface of the fluorine-added carbon
£ilm;

a step of forming a metallic layer on the surface of

~ the fluorine-added carbon £ilm by chemical vapor deposition
using a deposition gas including metal, and forming an
adhesive layer made of a compound layer including carbon and
the metal between the fluorine-added carbon film and the
metallic layer.
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30 side of the spectrum An actual: anount of carbon was | arger t han

t he peak value. Titanium carbon and fluorine in the interface | ayer
were in the ratio of about Ti : C: F = 100 : 30 - 50 : 15 - 30.

Next, X-ray Photoel ectron Spectroscopy (XP8Y was 35 conducted for each 30
angstromdepth fromthe interface |ayer surface to 360 angstrom deep
downwards. FIG 21A shows X-ray - speAbsitmabtir each 30 angstrom depth
fromthe interface | ayer _ 15
surface to 360 angstrom deep downwards. On the other hand, FIG 21B

enl arges X-ray spect A sehdconductdd deydiceotmagept Aielectrio fhtmi madefee
e e L EREEAR bR ihon £ IRE R appyeratip AL b e
angstrom deep drazywrdsmeutun the fluoxfiore faddddcatbep filllacand anadhestive
¢C (Corrpougd) .'Payer formed between the dielectric film and the metallic
layer. The adhesive layer is made of a compound layer having
carbon and the metal (or metal the same as the metal' included
in the metallic layer), to protect the metallic layer from
being peeled-off from the fluorine-added carbon film.

10



is showmn fromthe 120 to 360 angstrom depth. These spectra
the interface | ayer was about 120 angstromin 10
FILG 21A shows a Ti-C peak on each
shifted to the right due to the existence
According to the present
be deposited by Chem cal Vapo1/D¢dﬁsition (CVvD) using a 15
deposition gas including titanium This Ti
performed by a parallel-flat-type plasma CVD system shown
The plasm CVD system has a process chanber

Ti C
i s because each Ti-C peak was
of CF film
can

102 as a grounded | ower el ectrode.
process chanber 101 is a@ag
hi gh frequency power
that acts as an upp
is a gas pipe 106 via ax
chanber 103. The gas chs
107 through which a depp
101. The process chanbe
t he bottom and
which 30 the silicon
chanmber 101

chanber
04 i

teach that

t hi ckness and nmade of

of the |Iower two spectra. This
invention, the Ti layer 3

| ayer deposition is

in FIG 22.
101 t hat installs a table
Provided 20 at the\upper section of the
103 that faces)the table 102. A
onnected to the|l gas chanber 103

f he gas chanber 103
L he 25 top of the
mapy gas supply pits
nt r oducedi nt pt hepr ocess chanber
aided-wi t Fgin exhaust pi pes 108 at

\ 09 at™The sjde wall through

red into and fromthe process

0 onto which H2 plasma has been

§Fg
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radi ated as al ready described is placed on the table 102. A hi gh
frequency power of 1. 0 KW for exanple, is supplied 35 to between the

tabl e 102 and gas chanber 103 to generate plasna. The wafer 10 is
~heated to 350[err]C, for exanple, by a heater (not shown) installed in
the table 102 while the process chanber
16 101 is being naintained at a g?eUflRrm ned pressure through t he
exhaust pi pe -108. Through the gas pi pe 106, deposition gases, for
exanpl e, Ti Cl4and H2gases are introduced into the process chanmber 101
at flow rates of 10 sccm and _5Q i espactd - he gas chanber
103. The deposition gases deposit the Ti
| ayer 3 on the CF films &llerr] + Herr]
Ti + HCL. The Ti | $0 exhibited a

-__10 | ayer 3 to

[—

hi gh | evel of adhesiveness b

prevent peeHlF;rcaz g!ich W

— 1
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experinment which will be discussed later. This is because the Ti |ayer

3 is deposited by CVD while the wafer 10 is being heated to 300[err]C
or nore to let carbon at CF | ayer surface and titaniumreact with each
other, thus formng the TiC 30 on 15 the interface therebetween. The CVD-Ti
deposition inproves step coverage for fine pattern-sem conductor

devi ces. Mor eover, Ar sput Ga/i1nZ can be perfornmed on the CF film
surface after H2 plasma radiation but before Ti |ayer deposition. This
Ar sputtering can be copductedbythe—20—parater=f=at-type plasm
system shown FIG 12} the- - -parallel:={tat-typé.spuftering system
shown FIG 13 or the - ECR _pl asma- syst enr showr _i'n: = 315. I'n
such a system Argon gag s Aian .ne'(W.i n to radiate H2

pl asma onto CF film surf econds r gring. This
process inproves the adhesl . et ween Im2 the Ti layer 3
because Ar sputtering el S "Jg.err D whi ch are absor bed
on the CF filmsurface i \e " waf'er ' ' exposed to the air
during the wafer tr RS he CE- e ol\&\)n to the succeeding
process. 30 For Tv L } pf TiCl[err],

SiHerr] and H2 gaseg, X seS or a m xture of
Til[err], Si H4 and NJ] Furthernore, a
tantal um (Ta) can be us or a netallic | ayer instead of titanium A

m xture of TaBr[err] and Herr] gases, 35 _a mxture of TaF[err] and Herr]
gases, a mxture of TaC[err] and ﬁk@]_ _6ses :
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or Tal[err] and Herr] gases can be used for Ta |ayer deposition.
Di scl osed next are several experinents conducted for

17 verifying advant ages of the sem conductor fabrication nethod
according to the present invention. Argon gas for plasm
generation, and CJerr]Flerr] and CJerr]H err] gases for CF film
deposition were introduced into the E/! Z&sma 5 system shown in FIG 15
~at flow rates of 150 sccm 40 sccm and 30 sccm respectively, to forma
7000 angstromthick CF filmon a silicon substrate. The silicon
substrate was then anneal ed for 30 mnutes at 425[err]Cin a nitrogen
gas environnent. After annealing, Herr] and Ar gases were introduced
into the ECR 10 systemat flow rates of 50 sccmand 150 sccm
respectively, to radiate H2 plasma onto the CF filmsurface for 15
seconds at 2.0 kWm crowave power and 0.5 kWbi as power,. The
silicon substrate was the ' 33
\\)tﬁ- AR \\32
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in FIG 22. As Ti |ayer deposition gases, TiC [err] and Herr] gases 15

were introduced into the systemat flow rates of 10 sccm and 50 sccm
respectively, to forma 300 angstromthick Ti |ayer on the CF film
under TiCl[err] and Herr] plasma while the substrate was heated to
350t at 1 KWm corpower. The adhesiveness between the CF filmand the
Ti layer was verified by Sebastian. 2 17  Another silicon substrate
also formed with a CF film as discl osed above was then set in the ECR
pl asma system shown in FIG 15 as a pre-process of Ti |ayer deposition
Argon gas was introduced into the ECR systemat a flow rate of 150
sccmand. transformed into plasma for sputtering the CF film25 |ayer for
30 seconds. A Ti'layer was then2feposited2on the CF filmin the sane
way as described above, to fabricate a ( sem conductor device. The
adhesi veness between the. j Tﬁ \ i s device was
al so verified by Sebasti ay f A
sem conduct or device was “f i I r SiH4 and H err]
gases at flowrates 10 s ively, as Ti
| ayer deposition gases. eNo r ‘edui t ™Nje sane as those
for the enbodi ment 1. n i S.S et il nd the Ti
| ayer of this 35 deR4Ce NJed.. S was further
verified for another devi ] : - i ng
(pre-process) before Ti | r A s/1 r/}ﬁé

23 | A/ \/\

22 41 51
32,33

FIG. 11A

52

////////////////

24 \\\\I_Ifl\ \ 42

32,33

FIG. 11B



18 Enbodiment 1. 1In this enbodinent, the introduced SiH err]

reacted wwth C nore than with H2 to form HO that had renoved C atons
fromTiCJ[err] for accelerating Ti |ayer deposition. Al t hough, several
Si atons remained in the filmto formTiSi, 5 TiC (TiSiC) was observed.

[ Enbodi nent 3] A sem conduct or device was fabricated by using
Til[err] and . H2 gases at flow rat e6/1’q gccmand 50 sccm respectively,
as ~ Ti layer deposition gases. The other requirenments were the 10 sane
as those for the enbodi nent 1. The adhesiveness between the CF filmand
the Ti layer of this device was al so verified. The adhesiveness was
further verified for another device fabricated with Ar gas-sputtering
before Ti |ayer deposition t he sane s foreéag Enbodi ment 1. ﬁS
[ Enbodi nent 4] A sem conduct or| devi ce9Q%as fabricated by} using

Til [err] , . 77 222 277227777727l Ll
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SiHerr] and Herr] gases at flowrates 10 sccm 2 sccm and 50 sccm
respectively, as Ti |ayer deposition gases. The other requirenments
were the sane as those for the enmbodinent 1. 20 The adhesi veness between
the CF filmand the Ti layer of this device was al so verified. The
adhesi veness was further verified for another device fabricated with Ar
gas - sputtering ‘before Ti |ayer qﬁp0§?zion the sanme as for-the

Enmbodi ment 1. 25 [ Embodi ment A sem conduct or
device was fabricated with a Ta | ayer as a netallic |ayer instead of a
Ti layer by using TaBr[err] and ates 10 sccmand 7

sccm respectively, as Ta | aye Nifti ; . TRg ot her
requi renents were the 30 sane a : ‘ L\ The
adhesi veness bet ween the CF fj ~ A i/S device was

anot her device
t he sane

al so verified. The adhesi
fabricated with Ar gas-sputteri
as for the Enbodinent 1. 35

sem conduct or device was fabricat'ed

a(dinent 6]

N ng TaF5 and™
My, as
\

flowrates 10 sccmand 7 sccm ré¢
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19 Ta | ayer deposition gases. The other requirenents were the sane
as those for the enbodi nent 1. The adhesi veness between the CF film and
the Ta layer of this device was al so verified. The adhesi veness was
further verified for another device 5 fabricated with Ar gas -sputtering
before Ta | ayer deposition the sane as for the Enbodi nent 1.

[ Enbodi ment 7] A sem conductgyyl@m ce was fabricated by using
Tad [err] and H2 gases at flow rates 10 sccmand 7 sccm respectively,
10 as Ta |l ayer deposition gases. The other requirenents were t he sane
as those for the enbodi ment 1. The adhesiveness between the CF film and
the Ta |l ayer of this device was al so ,verified. The adhesi veness was
further verified for another dewce Tabrcated with Ar gas-sputtering
before Ta layer 15 deposition th€ sane ps for the Enbodi ment 1.

[ Enbodi nent 8] A senyconduct or{ devi ce was fabricated by using
Tal[err] and H2 gases at Al ow rates ﬂo sccm and\/ sccm respectively,
as Ta | ayer deposition gases. The other requirenmepts were the

EMBODIVENT SAMPLE
(kPsi) (kPsi)
A 5.26 <10
B 6.80 <10
c 7.75 <1.0
D 6.17 < 1.0

FIG. 17



20 sane as those for the enbodinent 1. The adhesi veness between the CF
filmand the Ta |l ayer of this device was al so verified. The

adhesi veness was further verified for another device fabricated with Ar
gas-sputtering before Ta | ayer deposition the sane as for the

Enbodi ment 1. 25 FIG 23 shows experinental tabulated data of
adhesi veness for the enbodi nents 1 togB/1EVery enbodi nent exhibited a
hi gh | evel of adhesiveness. The ninth enbodi nent (Wlayer) will be
described later. It was verified that - CVD-deposition of Ti, Ta and W

| ayer offers a high level of 30 adhesiveness between the CF filmand the
netallic layer to prevent them from being peeling-off. Also verified
was t hat Ar gas-sputtering before netallic |ayer deposition offers

a higher |evel of adhesiveness betme@y the CF filmand the metallic

| ayer. 35 D scussed next is agdbther experinent Il to verify

advant ages of the sem copduct o deviice\fabrigati,on net hod according to
the present invention.

- X400000

50nm

FIG. 18

AN



20 The sem conduct or device used in this experinent has a
O.5[err]mthick CF filmon a silicon substrate, and a 100

angstromthick Wlayer and a 500 angstromthick WN | ayer on the CF film
in order. 5 The fabrication requirements with an ECR plasma system
for the experinent Il is the sane as that for the experinent A
substrate fornmed with a CF filmwas ?@MX#l'n t he sputtering system
shown in FIG 13. The substrate was formed 10 with a Wlayer on the CF
filmsurface by introducing Ar gas at a flowrate of 70 sccm After
this, Ar and N2gases were introduced at flow rates of 40 sccmand 120
sccm respectively, to forma WN | ayer at 1200W bi as power, to
fabricate a sem conduct or devi ce as anot her enbodi nent. 15 FI G
24 shows experinental tabulated data of the =  adhesiveness between the CF
filmand Wl ayer by Sebastian bet ween this sem conductor device and a
sanpl e devi ce f abricat ed. f or .conpagi,son. The sanpl e devi ce
exhibited 1.0 kPsi or|less on the 20 'pgoidAts/Aro D (FIG 16). On the

ot her hand, the device <o <

L
o

X2000000

10nm

FIG. 19
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- the present invention exhibited 5.2 to 6.8 kPsi on the sane- poi nt s,

whi ch are nmuch higher than those for the sanple devi ce. I t
was also verified by the experinent Il that Wlayer 25 deposition after H2
pl asma radiation to the CF filmforns a WC | ayer (adhesive |ayer) on
the interface between the CF filmand the Wl ayer, to offer a high

| evel of adhesiveness t her ebet wee 1// FIGS. 25 and 26 are
cross-sectional views indicating 30 interface between the CF film and
Wl ayer of the device (experi ment II) of the present i nvention observed
by a Transm ssion El ectron M roscope (TEN@ 1400 000 x and

2,000,000 x magnification, respectively. TEM observati on
verified that a new | ayer diffecent fromthe CF 5 filmand Wl ayer was
formed on the interface thereb en. he inventors of the
present invention conducted the foll owi ng anjal ysis to exam ne the

conposi ti onF)'Gf]ezﬂ/A
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21
conduct ed

t her ebet ween,
respectively.
W ayer,

t he

| ayer .

The energy di sper
on the CF film the WI ayer
to form X-ray spectra, as sh

FIGS. 27A, 27B and
the interface | ayer and t

The ordi nate and absci ssa of each gragﬁgkg

sive X-ray spectroscopy was

and the interface |ayer forned
own in FIGS. 27A, 5 27B and 27C,
27C indicate X-ray spectrum for
he CF | ayer, respectively.
present t he nunber of X-rays

incident to the X-ray spectroscope an

Through these figures, the sig

CK [er]

rgy of 10

i nci dent X-rays.

indicates Klerr]-rays (X-rays)

generated by carbon atons wh irradiated with el ectron beans. The
other signs FKlerr], WMerr] Mnd| : WVerr] also indicate the same
nmeani ng. | GS. 27AA ovq;a Wpeak. FIG 27B teaches that the 15
interface | ayer wags made of aéW ¢ conpound. An actual anount of carbon
atons was | arger than | ue~ Tungst en, carbon and fluorine in
the interface Iayerahe ali%s of about W: C: F = 100 : 40 :
15. b Enbodi_ng, — A sffij conduct or device was
fabricated by y§ing W6a gasgs at flaw rates 16.7 sccmand 83.3
sccm respectively, r ositi gases. The other requirenents
were the sa as e odi ment™ 1. The adhesi veness bet ween
O
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the CF filmand the Wlayer of this device was verified. The 25

adhesi veness was further verified for another device fabricated with
Ar gas-sputtering before Wl ayer deposition the sane as for the

Enbodi ment 1. The experinental tabul ated data of adhesiveness for
t he enbodi nent 9 is showmn in FIG 23. The enbodi rent 9 al so 30

exhi bited a high | evel of adhesi venesp?/ljt7was verified that
CVD-deposition of Wlayer offers a high’l evel of adhesiveness bet ween
the CF filmand the Wnetallic |layer to prevent them from bei ng
peeling-off. Also verified was that Ar gas- sputtering before netallic

| ayer deposition offers a higher 35 | evel 16§ adhesi veness between the CF
filmand the netallic | ayer. k -ray Phot oel ectron Spectroscopy
(XPS) was conduct ed

— on the
interface between the CF film a5q ¥R al .Wgr——oemsnﬁ&v GAS ™
) AN l\ N
\ 74

ra |

N e e ——

107 | <44 \ 104
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j - 109
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//////////\I///
102 .,el
108 777
' }
NO PRE-Ar | PRE-Ar
SPUTTERING | SPUTTERING
(kPsi) (kPsi)
EMBODIM1ENT 54 oo
- 2 3.8 4.2
Ti '
LAYER 3 4.8 5.9
4 3.2 38
5 48 5.2
Ta 6 3.2 4.3
ILAYER 7 28 3.9
8 2.4 3.8
LA\,‘}/ER 9 25 6.0

FIG. 23



each enbodi nent of the sem conductor device. - It was verified t hat the
Ti C l ayer, TaC |l ayer and WC | ayer were fornmed on the interface between
the CF filmand Ti layer, CF filmand 5 Ta layer, and CF filmand WI ayer,
respectively. It was further verified that CVvD-netallic |ayer
deposition forned Ti C, TAC and WC | ayers between the CF filmand each
nmetallic | ayer as an adhesi ve Iayp b/1 7 According to the present
invention, H2 plasna radiation 10 can HBe conducted by the ECR plasm
system shown in FIG 15. Deposition of Ti, Ta and W/l ayers can be
conduct ed by t hermal - CVD or sputtering other than plasma-CVD.

As descri bed above, according to the present invention, a sem conduct or
devi ce having a fluorine-added carbon film 15 and a netallic |ayer forned

t hereon further has a conpound (adhesive) | ayer of carbon and the netal
of the metallic |ayer, t hus achi eving prevention of peeling-off between
t he fluorine-added carbon filmand a netallic |ayer. The
present invention therefore achieves practical 20 application of a
fluorine-added carbon fil mthat has been come up as a dielectric film
having a | ow di el ectric constant to neet demands for scaling-down and
speedi ng-up for . sem conduct or devi ces.

EMBODIMENT SAMPLE
(kPsi) (kPsi)

A 5.2 <10

B 5.9 1.0

IIA

IA
o

C 6.8

IIA
o

D - 6.2

FIG. 24



Amendnent under PCT Article 34 23

Clains 1. (Amended) A sem conductor device conprising: a dielectric
filmnmade of a fluorine-added carbon filmformed on a substrate; a
netallic |ayer forned on the fluorine-added carbon film and a

conpound | ayer including carbon and netal the sanme as netal included in the
metallic |ayer, the conpound |ayer bef 59/7(?med bet ween the fl uorine-added
carbon filmand the nmetallic layer, to protect the netallic |ayer from

bei ng peel ed-of f fromthe fluorine-added carbon film 2. The

sem conductor device according to claim 1, wherein the fluorine-added
carbon filmis forned by deconposing a deposition gas including gas of a
conmpound of fluorine and carbon. '

WC(F)

CF

X400000

50nm

FIG. 25




3. The sem conduct or device according to claim1, wherein the netallic

| ayer is fornmed by chem cal vapor deposition using a deposition gas

i ncluding the netal. 4, The sem conduct or device according to claim1,
wherein the netallic layer includes titanium 5. The sem conduct or
device according to claim4, wherein the netallic layer is forned wth a
titaniumnitride | ayer thereon. 6. 1 6Jh¢ Aeni conduct or device according
to claim1, wherein the netallic |layer Includes tungsten, nolybdenum .
chromium cobalt, tantal um niobiumor zirconium 7. (Anended) A net hod of

fabricating a sem conductor device conprising the steps of: a
dielectric filmformng step of formng a dielectric filmnade of
fluori ne-added carbon filmon a substrate; a fluorine decreasing step

of decreasing fluorine in

CF
X2000000

10nm

FIG. 26

/




24 density included in at |east a surface region of the fluorine-added

carbon film and a netallic layer formng step of formng a netallic
| ayer on a surface of the fluorine-added carbon film after the fluorine
decreasi ng step, wherein a conpound | ayer including carbon and the

metal is fornmed between the quorineViggg?é;arbon filmand the netallic

| ayer during the netallic |layer form st ép. 8. The nethod according to
claim7, wherein the dielectric filn1fq m ng step includes the step of
deconposi ng a deposition gas including é@ﬁmﬁj a conpound of fluorine and
carbon to formthe fluorine-added carbgn m
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9 . (Anendedy TRISREWEF 20885IRST AFtdcdeni8, wherei n_the deposition gas is

made of Clerr]F[err] and (Jerr]Herr]. 10. The nethmmm
7, wherein the fluorine decreasing step includes the stﬁmmummm '
pl asma of hydrogen gas onto the surface ofa4he fluori:ne mﬂ",m

*

11. (Anended) The method according to claim 7, wherein the ffudrife s

decreasing step includes the step of rad%ﬁ#ﬂg pl asma of hydrogen and argon
gases. 12. (Arended) The nmethod accordi'hg to claim 10 further including

the step of radi.dAmegdelddsneAofemigondgatonndevice comprésing:the _
fluorine-added car bog &1&%8{1—52& £4%n a5a§n@f fﬁ?iﬁbb&ﬁg%ﬁ&edt SErHEh aéj}ﬂni:
ter 3. e netho c

| ayer being fornmed a ese steps. according to alm
7, wherein the fiormed o decubstinatest ep i ncl udes the step of soaking the

substrate thus formed wetl158¢ 1hy8L PErMddcsh CHP F1idriRd Hdad#icirbon
film; and '

a compound layer including carbon and metal the same
as metal included in the metallic layer, the compound layer
being formed between the fluorine-added carbon f£ilm and the
metallic layer, to protect the metallic layer from being
peeled-off from the fluorine-added carbon film.

2. The semiconductor device according to claim 1, wherein
the fluorine-added carbon film is formed by decomposing a
deposition gas including gas of a compound of fluorine and
carbon.

3. The semiconductor device according to claiin 1, wherein
the metallic layer is formed by chemical vapor deposition
using a deposition gas including the metal.

4. The semiconductor device according to claim 1, wherein
the metallic layer includes titanium.

5. The semiconductor device according to claim 4, wherein
the metallic layer is formed with a titanium nitride layer
thereon.

6. The semiconductor device according to claim 1, wherein
the metallic layer includes tungsten, molybdenum, chromium,
cobalt, tantalum, niobium or zirconium.

7. (Amended) A method of fabricating a semiconductor device
comprising the steps of:

a dielectric £ilm forming step of forming a dielectric
film made of fluorine-added carbon f£ilm on a substrate;

a fluorine decreasing step of decreasing fluorine in



and“heati ng+t he substrate thus soaked into the water.
14. (Anmended) The nmet hod according to claim 7, wherein theﬁﬂw
formng step includes the step of formng the netallic |ayex

—_—

T .

the metal while the substrate is being heaéd. 15. (Anended) The net hod

according to claim7, wherein the netallic |ayer form ng step includes the

step of formnm n@enyd tyet shtiadédyen bytclsasl avaparfadeposdgion usfnghe

deposition gas
16. The met hod

riantnereddst Shhor B B he metal s
a metallic layer forming step of forming a metallic
layer on a surface of the fluorine-added carbon film, after
the fluorine decreasing step, wherein
a compound layer includinglcarbon and the metal is
formed between the fluorine-added carbon £ilm and the
metallic layer during the metallic layer forming step.

8. The method according to claim 7, wherein the dielectric
film forming step includes the step of decomposing a

deposition gas including gas of a compound of fluorine and
carbon to form the fluorine-added carbon film.

9. (Amended) The method according to claim 8, wherein the
deposition gas is made of C,F, and CJH,.

10. The method according to claim 7, wherein the fluorine
decreasing step includes the step of radiating plasma of
hydrogen gas onto the surface of the fluorine-added carbon
£film.

11. (Amended) The method according to claim 7, wherein the
fluorine decreasing step includes the step of radiating
plasma of hydrogen and argon gases.

12.(Amended) The method according to claim 10 further
including the step of radiating plasma of argon gas onto the
surface of the fluorine-added carbon film after the plasma
radiation step, the metallic layer being formed after these
steps.

13. The method according to claim 7, wherein the fluorine
decreasing step includes the step of soaking the substrate
thus formed with the fluorine-added carbon film ihto water
and heating the substrate thus soaked into the water.



titanium aid the deposition gas includes a mxture of TiCd4 and H2,
Tic[err] , Si H[err]eHim, rﬂ Umuulﬁrr] and Herr] or Til[err], SiHerr]
and Hl.err]. 17. Th 4 to claim15, wherein the netal is
tantalum and the deposition gas incfudes @5mi xture of TaBr[err] and H2,
TaF[err] and Herr], TaC[err] and Herr] or Tal[err] and Herr].

18. (Del eted) 149.(Ameiaed)d) The mébhddodcéabdingt togckahmn? covibadin tevi ce
conpri sing the_stenps .of: ce.a dielectric tilmform step.of form a
el eetric {1 Maka Gt Laves, S odnind T 4E, thst e oA e bE ?%ﬂj,'ngmlpeq a
fluori ne decr eamtal ldicclayerdeyr spatitgrihgothaeemeballewisile the | substratent

| east a surface regi.on qf the fluorine-added carbon film a netallic
| ayer form ng ﬁeg’%&f" 3} tr?(;?’a netallic | ayer on a surface of the
fluori ne-added carbon film and a conpound | ayer form ng step of

formng a conp | a I el udi [ th t.al en. the

fluorine- addedqg;%bqgf?\éﬁﬁ% ;ﬁbe g*]equ}%‘f%‘%oogq%rt%‘ﬁ%ﬁh@ sﬂg‘%e\f’% er]trfes

bei ng heat ed f mretalirieddayem fiermiegisitkp includes the step of forming the
metallic layer by chemical vapor deposition using a

deposition gas including the metal while the substrate is
being heated.

16. The method according to claim 15, wherein the metal is
titanium, and the deposition gas includes a mixture of TiCl,
and H,, TiCl, , SiH, and H,, TiI, and H, or TiI,, SiH, and H,.

17. The method according to claim 15, wherein the metal is
tantalum, and the deposition gas includes a mixture of TaBr,
and H,, TaF,and H,, TaCl, and H, or TaI, and H,.

18.(Deleted)

19. (Amended) A method of fabricating a semiconductor device
comprising the steps of:

a dielectric film forming step of forming a dielectric
£film made of fluorine-added carbon f£ilm on a substrate:

a fluorine decreasing step of decreasing fluorine in
density included in at least a surface region of the
fluorine-added carbon film;

a metallic layer forming step of forming a metallic
layer on a surface of the fluorine-added carbon film; and

a compound layer forming step of forming a compound
layer including carbon and the metal between the
fluorine-added carbon £ilm and the metallic layer while the
substrate is being heated for a predetermined period.

20.(Deleted)



''20. (‘Del et ed) 26 21.(Deleted) 22.(Deleted)
- 28-(Added) The nethod according to claim 14, wherein the ne I

form.ng step includes the step of formng a nitride |ay
sputtering the netal in a nitrogen gas envlfonment aftef”l , 'Wﬂ "Wmer
* c L M s *

is forned.
21.(Deleted)

22.(Deleted)

23.(Added) The method according to claim 14, wherein the
metallic layer forming step includes the step of forming a
nitride layer of the metal by sputtering the metal in a
nitrogen gas environment after the metallic layer is formed.



