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The present invention relates to a fluorine containing carbon
film capable of being used as, e.g., an interlayer dielectric film of a
semiconductor device, and a method for depositing the same.

10 |

BACKGROUND ART
In order to achieve the high integration of a semiconductor
device, it has been developed to provide devices, such as the scale down
of a pattern and the multilayering of a circuit. As one of such devices,

15 there is a technique for multilayering wirings. In order to provide a
multilevel interconnection structure, a number n wiring layer and a
number (n+1) wiring layer are connected to each other by means of a

oconductive layer, and a thin-film called an interlayer dielectric film is
formed in a region other than the conductive layer.

20 Typically, the interlayer dielectric film is an SiO, film. Inrecent
years, in order to more accelerate the operation of a device, it has been
required to reduce the relative dielectric constant of the interlayer
dielectric film, and the material of the interlayer dielectric film has been
studied. That is, the relative dielectric constant of an SiQ, film is about

25 4, and it has been diligently studied to dig up materials having a lower
relative dielectric constant than that of the SiO, film. As one of such

‘materials, it has been studied to put an SiOF film having a relative
dielectric constant of 3.5 to practical use. The inventor has taken
notice of a fluorine containing carbon film (which will be hereinafter

30 referred to as a “CF film”) having a still lower relative dielectric constant.

| Such a CF film is deposited by a plasma thin-film deposition
method utilizing, e.g., the electron cyclotron resonance (ECR) produced
by the interaction between a microwave and a magnetic field.
Referring to FIG. 10, an example of this thin-film deposition will be

35 . described. At the same time that a microwave of 2.45 GHz is supplied
to é-pla’sma producing chamber 1A via a waveguide 11, a magnetic field
of 875 gausses is applied thereto by means of an electromagnetic coil 12



conducti ve

| ayer, and a thin-filmcalled an interlayer dielectric fi

formed in a region other than the condQ%;ive | ayer. 20 Typ

‘the interlayer dielectric filmis an S

in order to nore accelerate the operation of a device, it has been
required to reduce the relative dielectric constant of the interlayer

dielectric
been

<l Pt Bad R o, 9 Sl pFOUT e B B 1oy M

Imis
ically,

err] film In recent years,

has

|qerr.]

filmis abodengity plasema uﬂri@sthbeelccwdn g}yrd(btyont nd‘sarmnme di Byughisterials

il m oae ordiasma, i iRl déhositBeBhes, o 8 Gl e B ol B WAL 2

fil m havi nchave deen metroducedi mtecar thinefilmt depositio. thambperndiB,care use.

The inv nt
(mhlch
| ower relat

| AR HS Rorm, achi¥bl focitn o, deBORE” o R Tk Wil BB

adhesion| andr hardnessaon. a semiconductor Swetfer (Ghich | vm]ls e

ol oot ron oy WrOAEel il 0 adr i iapecd ﬂﬁyﬁgﬂ'ﬂ*fﬁé@% %0

a mcrowave and aBytheway, Fiel d1 showsaqjantlofngzlrmtmrtlmfomed)m

this thin-f [
m cr owave é%p@z I'S supp‘%‘l}ed aﬁib&t%(s)ia &zsna pﬁ)‘%&%l ng C ar’rber
a wavedOi deand, 16b rienoting donsuctive layers myzgﬁ@ns pdenotingea

means of arb(ﬁi(ﬁféﬁ@ﬁ?@?bf%h%ﬂluﬁ?(z‘\l), 18 denoting an SiO, ﬁlm into which

156

20

phosphorus (P) and boron (B) are doped, and 19 denoting an n-type
semiconductor region 19.

Thus, the CF film is used as an interlayer dielectric film of an
element. The CF film deposited by the above described method has a
high leak current to deteriorate the insulation performance between
wirings, so that the element is not able to have required characteristics.
Therefore, there is a problem in that the yield of the element decrease in
mass production.

DISCLOSURE OF THE INVENTION
It is therefore an object of the present invention to eliminate the
aforementioned problems and to provide a CF film, which is able to be

~ used as, e.g., an interlayer dielectric film of a semiconductor device, and

25
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which has a low leak current, and a method for depositing the CF film.

According to one aspect of the present invention, a fluorine
containing carbon film contains carbon, fluorine and boron. Such a
fluorine containing carbon film may be deposited by decomposing a
thin-film deposition gas, which contains a compound gas of carbon and
fluorine, and boron, and depositing a fluorine containing carbon film on
a substrate to be treated, by a chemical vapor deposition.

The fluorine containing carbon film may be deposited by
decomposing a thin-film deposition gas, which contains a compound
gas of carbon and fluorine, to deposit a fluorine containing carbon film
on a substrate to be treated, by a chemical vapor deposition, and
thereafter, adding boron to the fluorine containing carbon film. The
method for adding boron may be a method for heating the substrate
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20 to activate Ar gas, which is a plasma producing gas, to form high-
density plasnma using the electron cyclot3on resonance. By this pl asny,
thin-filmdeposition gases, e.g., Cerr]Ferr] gas and Clerr]H err] gas,

whi ch have been introduced into a thin-filmdeposition chanber 1B, are
5 activated to formactive species to deposit a CF film having high
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used as, e.g., an interlayer dielectric film of a semiconductor device, it is
10 possible to surely obtain an element having required characteristics.
Since it is required to scale semiconductor devices down and to
accelerate the operation of semiconductor devices and since CF films
are noticed as effective dielectric films having a lower relative dielectric
constant, the method of the present invention is effective in the practical
15 use of CF films as dielectric films.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a longitudinal section of an example of a plasma
treatment system for carrying out a method according to the present
20 invention; |
FIGS. 2 is a schematic diagrams for explaining the operation of
the method according to the present invention;
| FIG. 31sacharacter1stlcd1agramshowmgﬂueresultsofthe
measurements of the leak currents of a CF film;
25 FIG. 4 is a characteristic diagram showing the results of the
measurements of the leak currents of a CF film,;
FIG. S is a characteristic diagram showing the results of the
measurements of the leak currents of a CF film;
FIG. 6 is a process drawing for explaining another example of a
30 method according to the present invention;
FIG. 7 is a characteristic diagram showing the resuits of the
measurements of the leak currents of a CF film;
~ FIG. 8is a process drawing for explaining a further example of a |
- method according to the present invention;
35 FIG. 9 is a characteristic diagram showing the results of the
measurcmcnts of the leak currents of a CF film;
FIG. 10 is a sectional view of a conventional p]asma thin-film
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10 in the preferred embodiment of the present invention. This system has
a vacuum vessel of, e.g., aluminum. The vacuum vessel comprises a
first cylindrical vacuum chamber 21, which is arranged in an upper
portion for producing a plasma, and a second cylindrical vacuum
chamber 22, which is communicated with and connected to the lower
15 portion of the first vacuum chamber 21 and which has a greater
diameter than that of the first vacuum chamber 21. Furthermore, the
vacuum vessel 2 is grounded to have a zero potential.
The upper end of the vacuum vessel 2 is open, and a
transmission window 23 of a microwave permeable material, e.g.,
20 quartz, is airtightly provided in the upper end of the vacuum vessel 2 so
as to hold vacuum in the vacuum vessel 2. Outside of the
transmission window 23, there is provided a waveguide 25 connected to
-frequency power supply part 24 for producing a microwave of,
€.8., 2.45 GHz. The microwave produced by the high-frequency power
25 supply part 24 is guided by the waveguide 25 in, e.g., a TE mode, or the
microwave guided in the TE mode is converted by the waveguide 25 into
a TM mode, to be introduced from the transmission window 23 into the
first vacuum chamber 21.
In the side wall defining the first vacuum chamber 21, gas
30 mnozzles 31 are arranged at regular intervals along, e.g., the periphery
thereof. The gas nozzles 31 are connected to a plasma producing gas
source (not shown), e.g., an argon (Ar) gas source, so that a plasma
producing gas, e.g., Ar gas, can be uniformly supplied to the upper
portion in the first vacuum chamber 21.
35 . . . In ‘the second vacuum chamber 22, a mounting table 4 for
mounting thereon a semiconductor wafer (which will be hereinafter
referred to as a “wafer”) 10 is provided so as to face the first vacuum
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communicated with the first vacuum chamber 21, a ring-shaped thin-
film deposition gas supply part 5 is provided. Three kinds of thin-film
10 deposition gases are supplied from gas supply pipes 51 through 53 to
the thin-film deposition gas supply part 5, so that the mixed gas thereof
is supplied to the vacuum vessel 2 via gas holes 53 formed in the inner
peripheral surface of the thin-film deposition gas supply part 5.
In the vicinity of the outer periphery of the side wall defining the
15 ﬁkstvacuunachanﬂmm:Zl,alnagncﬁcfkhiﬂmznﬁmgxneans,c4;,arﬁqy
shaped electromagnetic coil 26, is arranged. Below the second
vacuum chamber 22, a ring-shaped auxiliary electromagnetic coil 27 is
arranged. Exhaust pipes 28 are connected to the bottom of the second
vacuum chamber 22 at, e.g., two positions which are symmetrical with
20 respect to the central axis of the vacuum chamber 22.
Then, a method for depositing an interlayer dielectric film of a
CF film on a wafer 10, which is a substrate to be treated, by means of -
. the above described system will be described. First, a gate value (not
shown) provided in the side wall of the vacuum vessel is open, and a
25 wafer 10, on which a wiring of, e.g., aluminum, has been formed, is
~ introduced from a load-lock chamber (not shown) by means of a
transport arm {not shown) to be mounted on the mounting table 4 to be
electrostatically absorbed by means of the electrostatic chuck 41.
Subsequently, after the gate value is closed to seal the interior
30 of the vacuum vessel, the internal atmosphere is exhausted by the
exhaust pipes 28, and the interior of the vacuum vessel is evacuated to
a predetermined degree of vacuum. Then, Ar gas is introduced from
the gas nozzles 31 into the first vacuum chamber 21 at a predetermined
: flow rate, and thin-film deposition gases are introduced from the thin-
35 . film deposition gas sipply part 5 into the second vacuum chamber 22
at predetermined flow rates. |
This preferred embodiment is characterized by the thin-film

-
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mounting table 4 by means of the high-frequency power supply part 42.

10 On the other hand, a high-frequency wave (a microwave) of
2.45 GHz, 2700 W applied by the high-frequency power supply part 24
passes through the waveguide 25 to reach the ceiling of the vacuum
vessel 2, and passes through the transmission window 23 to be
mtroduced into the first vacuum chamber 21. In the vacuum vessel 2, '

15 a magnetic field extending from the upper portion of the first vacuum
chamber 21 toward the lower portion of the second vacuum chamber
22 is formed by the main electromagnetic coil 26 and the auxiliary
electromagnetic coil 27, so that the intensity of the magnetic field is, e.g.,

875 gausses, in the vicinity of the lower portion of the first vacuum

20 chamber 21. _

Thus, the interaction between the magnetic field and the
microwave produces electron cyclotron resonance, by which Ar gas is
activated as plasma and enriched. The plasma thus produced flows
from the first vacuum chamber 21 into the second vacuum chamber 22 -

25 to activate C/Fy gas, C;H, gas and BF; gas, which have been supplied
thereto, (as plasma) to form active species (plasma) to deposit a CF film
on the wafer 10. Thereafter, when a device is actually produced, the
CF film is etched with a predetermined pattern, and a film of, e.g. W, is
embedded in a groove portion to form a wiring of, e.g., W.

30 The CF film deposited by such a method has a very low leak
current, as can be secen from the results of experiments which will be
described later. It is considered that the reason for this is as follows.

That is, if a CF containing gas and a hydrogen gas are combined as
thin-film deposition gases to deposit a CF film, it is considered that a

35 . macromolécular part, in which many C-C bonds, C-F bonds and C-H
bonds are formed during the deposition of the CF film, exists in the CF
film, and C and F having unreacted hands for bonding (which will be
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vacuum vessahd? the hydrocdrbonogas\as dheethingfilne ndepdsition gases in this
preferred embodiment, it is considered that the active species of C, F, H
and B are reacted with each other to allow B atoms to be selectively
bonded to the unbonded hands of C and F, so that the number of the
10 unbonded hands in the CF film decreases considerably, as shown in
FIG. 2(b). Thus, it is guessed that it is difficult to form a path, through
which a current flows, in the CF film, so that the current is difficult to
flow, and the leak current decreases extremely.
The reason why the inventor has taken notice of the addition of
15 the B containing gas to the thin-film deposition gases is that it has been
confirmed that even if B is incorporated into the CF film, the relative
- dielectric constant of the CF film does not increase, or rather it
decreases, and the bond energies of C-B bonds and F-B bonds are
relatively low, so that the unbonded hands of C and F are easy to react
20 with B. |

Experiments, which were carried out in order to examine the
leak currents of CF films deposited by the method of this preferred
embodiment, will be described below. ' |

Using the plasma treatment system shown in FIG. 1, CF films

25  having a thickness of 5000 angstrom were deposited on the wafer 10 by
introducing Ar gas as a plasma producing gas at a flow rate of 150 sccm,
and C/F; gas, C,H, gas and BF; gas as thin-film deposition gases at flow
rates of 60 sccm, 30 sccm and 0~30 sccm, respectively. At this time,
the microwave power (the high-frequency power supply part 24) and

30 the bias power (the high-frequency power supply part 42) were set to be
2700 W and 1500 W, respectively. In addition, the currents of the
main electromagnetic coil 26 and the auxiliary electromagnetic coil 27
were set to be 200A and 160A, respectively (Example 1).

The leak currents of the CF films thus deposited were examined -

35. .in various electric fields by means of a mercury probe, and the relative
dielectric constants thereof were measured. At this time, the flow rates
of BF; gas were set to be 0 sccm, 5 sccm, 10 sccm, 15 scem and 30
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1 the currents of emammag'letlcooﬂ26 and the

al.uahaly magnetlc coil 27 were set to be 200 A and 160 A, respectively
(Example 2), and when C/F; gas, H, gas, Ar gas and BF; gas were
introduced at flow rates of 40 sccm, 30 sccm, 150 sccm and various
flow rates, respectively, the microwave power and the bias power were

15 set to be 2700 W and 1500 W, respectively, and the currents of the
main magnetic coil 26 and the auxiliary magnetic coil 27 were set to be
200 A and 160 A, respectively (Example 3). The results of the
measured leak currents in ExamplesZand 3 are shown in FIGS. 4 and
5, respectively.

20 : From the results shown in FIG. 3, it can be seen that although
the leak current of the CF film increases as the electric field increases,
the leak current decreases by adding BF, gas as the thin-film deposition
gas, and the leak current decreases as the amount of the added BF; gas
increases.

25 With respect to the relationship between the flow rate of the
added CF; and the relative dielectric constant of the CF film, the results
of the measurements in Examples 1 through 3 are shown in FIG. 12,
The flow rates (sccm) of BF; were set to be 0, 5, 10, 15 and 30 sccm, and
the relative dielectric constants of the CF films were measured. It can

30 be scen from FIG. 12 that even if BF; gas is added, the relative dielectric
constant of the CF film does not increase, or rather it decreases. '

Since the leak current is decreased by the addition of BF; gas
even if the CF films are deposited on the process conditions in
‘Examples 2 and 3, it is confirmed that it is possible to decrease the leak

35 - current of the CF film using BF; gas even if the CF film is deposited by
changing the kind of the CF containing gas as the thin-film deposition
gas and/or using H, gas in place of the hydrocarbon gas.




5 chanber 21. The nounting table 4 has an el ectrostatic chuck 41 on
the surface thereof. The el ectrode of tlge electrostatic chuck 41 is
connected to a dc power supply (not shown) for absorbing the wafer and

to a high-frequency power supply part 42 for applying a bias vol tage.-for 5
i mplanting ions into the wafer. On the other hand, in the

ti fot f
Pecebond vacuum TS C8GHAE Y s profaeiEAbOMiment; the IBaR REFEAON ©
chanber 21, oitheﬁ‘g?ﬁhnpauemlqw,soﬂlatntlswpmbbmmbtag@amgﬂ@tgmpqu5 is

orovided:  THEASNenal el b deent RPRPHAP PR 1B C?Eﬂ.on g ooty

part 5, so thterlayes d:elaeMngdm,méot is possible mmmhmcq ¢ tyeeldafuihe vessel
2 via gag h cﬁ ‘Ttl 0‘ljlnner peri pheral surface of the
thlnfllmdep05| |on up ypart 5. In the vicinity of the

outer peri phery of Anpy @1 orxed embodimgmﬁﬂms present inveention silldser 21,
20|mlagggt ! |Csf arrangec}ﬂ@&r % secon Vacuumgﬁﬁ%%gg?ﬁggﬂ&égﬁﬁﬂi‘et '
ri ng- shaped asuthe abeye elescribed=preferred ernbodiment, except that B ions are
nnpkuﬂzdlnn)thedhposued(3Fiﬂn1aﬂnrthclSFiﬂnlu;dcpamnxion
10 the wafer 10 in the plasma thin-film deposition system shown in FIG. 1.
Referring to FIG. 6, this preferred embodiment will be described more
specifically. First, Ar gas serving as a plasma producing gas, and a CF
containing gas, e.g., C.,F; gas, and a hydrogen gas, e.g., C;H, gas, which
serve as thin-film deposition gases, are introduced into the plasma
15 thin-film deposition system shown in FIG. 1. Then, C,F; gas and CH,
gmsame.acbvahxiturthc1ﬂcctnn1<3ﬂﬂotmn1resunanoe1x»dcposu:a<3F
film on the wafer 10.
Then, the wafer 10, on which the CF film has been deposited, is
transported to an ion implanter (not shown), by which B ions are
20 implanted into the CF film deposited on the wafer 10. This process for
implanting B ions will be briefly described. An ion source, e.g., BF; gas,
is introduced into the ion implanter at a flow rate of, e.g., 15 sccm.
Then, ions are drawn out of the ion source by, e.g., plasma, under a
pressure of 1E-6 (1 X 10®) in the ion implanter. Then, B ions serving as
25 required ion species are taken out of the ions containing various
components, such as atomic ions and molecular ions, by causing the
ions containing the various components to pass through a mass
spectrograph utilizing a magnetic field. Thereafter, the B ions are
accelerated to, e.g., about 30 keV, to be introduced into the CF film. At
30 this time, the concentration of the B ions injected into the CF film is
preferably in the range of from about 2.0E13 (2% 10'%)/cm? to about
2.0E15/cm? After the B ions are thus injected into the CF film, the
wafer. 10 is transported to a heat treatment system (not shown), in
which a heat treatment is carried out in an atmosphere of, e.g., N, gas,
35 . at a temperature of about 425°C for 2 hours. If such a heat treatment
is carried out, it is considered that the B ions injected into the CF film
move toward the unbonded hands of C and F to react with the




~arranged. Exhaust pipes 28 are connected to the bottom of the second
vacuum chanber 22 at, e.g., two positigfas which are symmetrical with 20
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introducing Ar gas as a plasma producing gas at a flow rate of 150 sccm,
and C,F; gas and C,;H, gas as thin-film deposition gases at flow rates of
60 sccm and 30 sccm, respectively. At this time, the microwave power
and the bias power were set to be 2700 W and 1500 W, respectively. In
15 addition, the currents of the main electromagnetic coil 26 and the
auxiliary electromagnetic coil 27 were set to be 200A and 160A,
- respectively. |
Then, using BF; gas in the ion implanter, B ions was implanted
so that the concentrations of B ions were 0/cm? and 2.0E13/cm?®. At
20 this time, the pressure in the ion implanter was set to be 1E-6 Pa, and B
ions were accelerated to, e.g., 30 keV. Thereafter, using a heat
treatment system, a heat treatment was carried out in an atmosphere
of, e.g, N, gas, at a temperature of about 425°C for about 2 hours
(Example 4). The leak currents of the CF films thus deposited were
25 examined in various electric fields by means of a mercury probe, and
the relative dielectric constants thereof were mcasurod The results
thereof are shown in FIG. 7.
From the results shown in FIG. 7, it can be seen that even if B
is added by implanting B ions into the CF film after depositing the CF
30 film using the CF containing gas and the hydrocarbon gas, the leak
current is lower than that when B is not added. At this time, although
the leak current immediately after the ion implantation is higher than
that when the ion implantation is not carried out, the leak current
decreases after the heat treatment, so that it can be seen that the
35 - advantage of heat treatment is confirmed. The same experiments were
~ carried out by changing the concentration of B ion in the range of from
2.0E13/cm? to 2.0E15/cm?. Consequently, it is found that the leak




6 o deposition gases. At the thin-filmdeposition gases, a conpound

gas. of carbon (C) and fluorine (F) ich will be hereinafter referred
to a "CF contai ning gas"), e.g., 4 gas, a hydrocarbon gas, e.g.,
Cerr]Herr] gas, and a boron containing gas, e.g., BF3 gas, are used.

These gases are supplied 5 to the vacuumvessel 2 via the thin-film
d '? Sl o h 53,
as, 0
respect vel y CEFREtases ds the conbAepiBndits RMER hECE T ndrlaflie? >
predet er m nelt mraisesfeund thatr eseniife3 isratlded)ithe mtwdﬁdéﬁﬁﬁhc?ﬁsm 1500
I d I means of the hig requency

\é\(l):/eraggpIpr %%Hbﬁén%sgoapkéﬂ%“ efe‘ﬂe}%%her hand, a hi gh-frequency wave
(a mcrowave) of Afuﬂhcsm%&ﬂed?embmhmdntmfthppmschtgivénmnumﬂbepomer

The vhcud Gtseribed BRNF" THISHTET HEHERMER: ¥ subotealiaty 4 $ess’ o

be i nt raalﬁheabawcdesnnbedmfmmilambﬁ(hmmrt exceptithat¢heatopositedssel
vacuom - OCE il S SAdite Al il bf S HREE Y T A addttdd b
chamber thewaderr 10 ie the plasmarthin-flincdepositignesyistemoshowf inrflG.He

auxiliary  Referring to FIG. 8, this preferred embodiment will be described more
10 specifically. First, Ar gas serving as a plasma producing gas, and a CF
containing gas, e.g., C,F; gas, and a hydrogen gas, e.g., C,H, gas, which
serve as thin-film deposition gases, are introduced into the plasma
thin-film deposition system shown in FIG. 1. Then, C,F; gas and C,H,
gas are activated by the electron cyclotron resonance to deposit a CF
15 film on the wafer 10.

After the CF film is thus deposited on the wafer 10, the wafer 10
is irradiated with plasma of B. That is, while the wafer 10 is mounted
on the mounting table 4, Ar gas is introduced from the gas nozzles 31 at
a predetermined flow rate, and BF; gas is introduced from the thin-film

20 deposition gas supply part 5 at a predetermined flow rate to activate the
BF; gas by the electron cyclotron resonance to produce plasma of B, so
that the CF film deposited on the wafer 10 is irradiated with the
produced plasma of B for, e.g., 30 seconds.

Thus, it is considered that B penetrates the interior of the CF

25 film since it is very minute, and B moves to the unbonded hands of C
and F to react with the unbonded hands to produce C-B bonds and F-
B bonds since it is in a high energy state. Therefore, even if the CF film
is deposited by such a method, the number of the unbonded hands of C
and F decreases, so that the CF film has a low leak current and a low

30 relative dielectric constant similar to the CF film deposited by the above
described method.

Experiments, which were carried out in order to confirm
advantages of the method of this preferred embodiment, will be
described below.

35 - . Usmg the plasma treatment system shown in FIG. 1, CF films
having a thickness of 5000 angstrom were deposited on the wafer 10 by
introducing Ar gas as a plasma producing gas at a flow rate of 150 scem,



~electromagnetic coil 27, so that the intensity ofthe nmagnetic field is,

e.g., 875 gausses, in the vicinitygf the lower portion of the fII’St
-vacuum 20 chanber 21. Thus, the interaction between the
‘'magnetic field and the m cr owave produces el ectron cycl otron
resonance, by which Ar gas is activated as plasma and enriched. The

Cecond vacifHocrmer ST Hygas 5?%"%&%%‘? %ﬁ?“fﬁ%?ﬁeﬁ[e”}hém

and BF[err]6@@pm\/athﬁawem:;aesp y.edAt sume; themicrewavapowert o f or m

active spec

Thereafter, éﬁggﬁ %gﬁl(%&l‘g&%cﬁgpif%@% di‘ﬁew’h&%{"i‘eﬂr}?l S etched
with a predadd1tmmeﬂ1¢)ammmts aﬁd:ha mmm qctmrgagntucg:oﬂ T26 emdedbed in a
groove

deposi t% gﬁgw very | we%@ %Q to b% %9%’%%51?&069#’% seen
fromthe remﬁpechivelyexperl rrents V\/m ch wll be described later. It is

Containi ng gas. atn?%ﬁal?ggen o 95 e Ry 0o at AP Rbaadol 1202 T on

gases to. depesint an éwqm; respeatively, dend dhmélF filesdepesited ron ébel ar

83” ngI ?h%@l on W‘tﬁl exl s?s Fﬁ%m&a&a%w anddC and

F havi @ unthe bias poserswers setotlbeg230 i Whangd| @ Werespectively,
cun'ents of the main electromagnetic coil 26 and the auxlhary

clectromagnetic coil 27 were set to be 220 A and OA, respectively
(Example 5). With respect to the CF film thus deposited and a CF film,
- which was deposited on the same conditions and which was not

15 irradiated with plasma, the leak currents were examined in various
electric fields, and the relative diclectric constants thereof were
measured. The results thereof are shown in FIG. 9.

From the results shown in FIG. 9, it is found that even if B is
added to the CF film by irradiating the CF film with. plasma of B after

20 depositing the CF film using the CF containing gas and the
hydrocarbon gas, the leak current is lower than that when the CF film
is not irradiated with plasma of B. Itis also found that even if B is thus
added, the relative dielectric constant of the CF film does not mcrease,
or rather it decreases.

25 In the above described preferred embodiments, as the CF
containing gas serving as the thin-film deposition gas, CF, gas, C,F, gas,
C,F3 gas or CFs gasmay beused. In addition to such a gas containing
only C and F, a gas containing C, F and H, e.g., CHF; gas, may be used
as the thin-film deposition gas. In addition, CH, gas, C,H, gas, C;H,

30 gas, C;Hg gas or C,H, gas may be used as the hydrocarbon gas. In
place of the hydrocarbon gas, hydrogen gas may be used. Moreover,
as the B containing gas, B(CHg), gas, BBr; gas, B(OCH), gas, B(C,H3),
gas, BCl; gas, BF; gas or B,H, gas may be used.

In addition, according to the present invention, the step of

35 . dcp.o'sitin'g' the CF film by the chemical vapor deposition should not be
limited to the plasma CVD, but it may be carried out by the thermal
CVD. In addition, when the plasma CVD is carried out, the method for

(_) r




CF “hereinafter referred to as "unbonded hands") exist in the CF film

due to an insufficient reaction, shown in FIG 2(a). Then, it is
guessed t hat the | eakage of a current in the CF filmoccurs if the

“current flows t hrough t he unbonded hands of C and F. 5 | f
BF[err] gas is added to the conbination of the CF containing gas and

brof of red. ampIaR Bsk shalfa bl TRRERA AU ERR Bpb i precnt ¢
bonded 1o Imhee*u‘“" e b@abp“‘“‘éa‘a%“p"”hmff‘ e oo T heed
unbonded hahd® ﬁw@ﬁ@ﬂ&aﬁwﬁ gg“@i?g @%&%T?or@@%%eﬁ%‘l& FI G
2( b) Thus, and magpetie filds teta processigad fiomh ta toilfwound gratda démesgh
10 e et sches, gt ebod g el AL, S,
:get Ihgvt?m ocaseewhients enplasi a ealledtehhelicoin twawe plastba isiproducedtloy ﬂmgt ﬁ:ts
0 B S b, b, 525600, gt SBRGHERE,
const ant offigldeapplied! bydaemagnetiocoilpse, case whidrer ai plasma called a

magnetron plasma is produced by applying a magnetic field

10 substantially in parallel to two parallel cathodes, and a case where a
plasma is produced by applying a high frequency power between
electrode plates called parallel plates, which face each other in parallel.




. decreases, and thé bond energies of CGB bonds and F-B bonds are

rel.atively low, so that the unbonded hayygls of C?Irrd”f—arr‘e—earsy—t—o—react 20

wth B. ' Experinments, which were carr Immwumnmm

‘exam ne the leak currents of CF films deposi of this
preferred enbodi nent, wll be descrl bed bel ow! 5 *Using the
pl asma treatnent system shown in FIG films 25 havi ng a thickness of
5000 angstrom were deposited on the warer 10 by i ntroduci ng Ar gas as

a plasma prdduci ngAgfiuosinea cohiaining ecarbors dilsy; amhich coataing] earhon.er r |

gas, (err] 4 BF3 gas as thin-filmdeposition gases at flow
rates of 60&1&1;%(%%6?88 oqﬁﬁand 0~30 sccm respectively. At this tine,

the m crowave power (the high-frequency power supply part 24) and 30 the

2700 Wand £500 Wﬂ?%{s%ﬁgﬁ?@éydgﬁﬁﬁﬁ%% &ﬁﬁw moHIng SAbGR MR,

el ect r omagnahichceontabas aatbong fmorin saidy macthod: @ommsmg wer e
set to be ZQ@ﬁ %éﬁ respectlvely (Exarrpl e 1) The | eak
currents of Ims t hus deposited were exam ned 35 i n various
electric fields byleeomposing, deposition gas, whigh gentams a

dielectric ﬂ@tﬁi’ﬁ ﬁ%} H’Ifé?lfsﬂ , the flow rates
of BF3 gas wer setal%gg& scc g@cm sccm éoﬂsccma d 30
aﬂuormeoontammgcar on on a substrate to
be U'cated, by a chemical vapor deposition.

3. A method for depositing a fluorine containing carbon film,
which contains carbon, fluorine and boron, said method comprising
the steps of:

decomposing a thin-film deposition gas, which contains a
compound gas of carbon and fluorine, and depositing a fluorine
containing carbon film on a substrate to be treated, by a chemical vapor
deposition;

implanting boron ions into said fluorine containing carbon film
deposited on said substrate; and

heating said substrate, mto which said boron ions have been
implanted.

4. A method for depositing a fluorine containing carbon film,
which contains carbon, fluorine and boron, said method comprising
the steps of:

decomposing a thin-film deposition gas, which contains a.
compound gas of carbon and fluorine, and depositing a fluorine
containing carbon film on a substrate to be treated, by a chemical vapor
deposition; and

activating a boron containing gas to form a plasma, and
irradiating said fluorine containing carbon film, which has been
deposited on said substrate, with said plasma.
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.8 sccm The results of the neasured | eak currents are shown in FIG
3.. In the nmeasurenents of the |eakygurrents and relative dielectric
constants of the CF filns, each of the films was provided on an Si
‘substrate, and a voltage was applied between an Al el ectrode, which 5 was
provided on the CF film and the reverse surface of the Si substrate.
The sane experinments were carried out Clerr]Flerr] gas, Cerr]Herr]
gas, Ar gas and BF3 gas were introdu flowrates of 50 sccm 30
sccm 150 sccm andSinge ghere laye saumscasespwhcmayCFt ftmniusedwase an

t

Pg\gﬁ;cﬁp\?elt ;E}%em%he curreﬁnﬁs{a’( e mal n mgngé%o%?\%%é&g%m

auxi | i ar y |15 too hight tﬂeobtamtreqourmi eharactemsticspitAjs reqguireditoel y
(Exarrpl ()f;dli%ﬁ Mr r] gas, Ar gas and BF3 gas were
i nt roduced ow rat €S 0 SEcm sccm 150 sccm and vari ous

fl ow rat es, respeclc\rgas;susndaaa:plamamodnmrg@s rendagompogndgase 15

mai N ‘r’mgﬁef?’? CHRT el %‘i%e?tl%’?@dr‘%gaﬁ“ﬂ EE LGl s e
200 A and 1boren cantpining gas, cB.ali:egay arehasedas thinofilmhdeposition
: gases. These gases are activated as plasma to deposit a CF film on a

10 semiconductor wafer 10 using active species thereof. By adding the
boron containing gas, boron is added to unreacted C and F and
unbonded hands thereof which exist in the CF film, so that the number
of the unbonded hands decreases. Therefore, it is difficult to form a
current flowing path, so that the leak current decreases.

15



measured | eak currents in Exanples 2 and 3 are shown in FIGS. 4 and 5,

respectively. 20 Fromthe results showmn in FIG 3, it can be seen
t hat al t hough the |l eak current of the CF filmincreases as the
~electric field increases, the | eak current decreases by addi ng BF3 gas
as the thin-filmdeposition gas ~and the Ieak current decreases as the
anount of the added BF[err] gas ?veases Wth respect
to the relationship between the fIOM/ra e of the added CrF[err] and the
relative dielectric constant of the CF film the results of the
measurenents in Exanples 1 through 3 are shown in FIG 12. The

flowates (sccn) of BF[err] were settobe 0, 5, 10, 15 and 30 sccm and
the relative dielectric constants of the CF filnms were neasured. It can 30
be seen fromFIG 12 that even if BF3 gas is added, the relative dielectric
constant of the CF filmdoes not increase, or rather it decreases.
Since the leak current is decreased by the addition of,

rrihrery Hgﬂnﬁﬂﬁ ENCY

even if the CF filns are depositeg cond

Exanples 2 and 3, it is confirmed r eUBRLY | eak
35 current of the CF filmusing H ' '
deposi ted by changing the kifid o
thin-filmdeposition .
hydr ocar bon gas.
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-9 Thus, according to this preferred enbodi nent, the |eak

current of the CF filmis very low, so that it is possible to obtain a
predet erm ned transistor effect when an elenment is formed using the CF
filmas an interlayer dielectric film and it is possible to enhance
the yield of the 5 elenent in nmass gﬁgﬂaition. Anot her
preferred enbodi nent of the present 4 ion wll be descri bed bel ow.
This preferred enbodi nent is substantially the sane as the above
descri bed preferred enbodi ment, except that B ions are i npl anted into
the deposited CF filmafter the CF filmis deposited on 10 the wafer 10 in
the plasma thin-filmdeposition systemshown in FIG 1. Referring to
FIG 6, this preferred enbodinent will be described nore specifically.

First, Ar gas serving as a plasma_producing gas, and a CF cont ai ni ng
gas, e.g., (err]Flerr] gas, an¢gZa hyyrogeq gas, Clerr]H err] gas,
whi ch serve as thin-filn1d-po§iti-‘¢3> pduced into the
pl asma 15 thin-filmdeposition , W 2 fhen, Clerr]Flerr]
gas and Cferr]Herr] ‘ -
resonance to deposit a CF




Then, the wafer 10, on which the CF fil mhas been deposited, is
transported to an ion inplanter (not shown), by which B ions are 20
inplanted into the CF fil mdeposited on the wafer 10. This process for
“inplanting Bions will be briefly described. An ion source, e.g., BF[err]

gas, is introduced into the ion inplanter at a flowrate of, e.g., 15
sccm . Then, ions are drawn outfp%/ybe i on source by, e.g., plasng,
under a pressure of 1E-6 (1 X I0[err]) in the ion inplanter. Then, B
ions serving as 25 required ion species are taken out of the ions
contai ni ng vari ous conmponents, such as atom c ions and nol ecul ar ions,
by causing the i ons containing the various conponents to pass through
a nmass spectrograph utilizing a nagnetic field. Thereafter, the B ions
are accel erated to, e.g., about 30 keV, to be intro@kadb$ekro the CF

film At 30 thi®BPRne. the concentration of the B ions ifhjected into the
CFfilmis G~ prefefably in the pyange of from about -

10[err])/cnigr] to apout 2. @E15/cnferr]. After
injected int@the CF film the BEEOSEMs tr
treat nent syeg ehOEdt] shown) , i
in an at nosptrere of, p.g.,
425[err] C fok 2 hours} If s
consi dered t{pat1.0B=6 B |
unbonded han%s of C a
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10 unbonded hands to produce C C bonds and F-B bonds. Therefore,
since the CF fil mdeposited by such a nmethod has a smaller nunber of
unbonded hands, it has a low | eak current and a |low relative dielectric
‘constant simlar to the CF filmdeposited by the above described 5 nethod.
Experinments, which were carried out in order-to confirm advant ages of
the method of this preferred enbodi et/ mill be descri bed bel ow.
Using the plasma treatnent systemshown in FIG 1, CF filns 10 having a

t hi ckness of 5000 angstrom were deposited on the wafer 10 by

introducing Ar gas as a plasnma producing gas at a flowrate of 150 sccm
and Cerr]F[err] gas and CJerr]H err] gas as thin-fil mdeposition gases at

flow rates of 60 sccm and 30 sccm respectively. At this tine, the
m crowave power and the bias power were set to be 2700 Wand 1500 W
respectively. In 15 addition, the currents of the main el ectromagnetic coil
26 and the auxiliary electromagnetic coil 27 were set to be 200A and
160A,

EXAMPLE 3

( CF CONTAINING GAS +H,GAS +B CONTAINING GAS )
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respectively. Then, using BF[err] gas in the ion inplanter, B
ions was inplanted so that the concentrations of B ions were O/cnjerr]
and 2.0E, 13/cnferr]. At 20 this tinme, the pressure in the ion inplanter
-was set to be 1E-6 Pa, and B ions were accelerated to, e.g., 30 keVW.
Thereafter, using a heat treatment system a heat treatnent was
carried out in an atnosphere o6./¢.p., Nerr] gas, at a tenperature of
about 425[err]C for about 2 hours (Exanmpl e 4). The leak currents of
the CF filns thus deposited were 25 examned in various electric fields by
means of a nmercury probe, and the relative dielectric constants

t hereof were neasured. The results t hereof are shown-in FIG 7.
Fromthe results showmmn in FIG 7, it can be seen that even if B is
added by inplanting Bions into the CF filmafter depositing the CF 30
filmusing the CF containing gas and the hydrocarbon gas, the |eak

current is |lower than that when B is not added. At this tinme, although

the leak current imediately after the ion inplantation is higher than

that when the ion inplantation is not carried out, the |eak current
decreases after the heat treatnent [t _campegaseen that the 35
advant age of heat treatnentoq sane experinents were
carried out by changing the conce tion of |Bion in the range of from
2.0E13/cnferr] to 2.0E15/cnferr]. |JConsequentljy, it is found that the |eak

~<———+ C4F'8 GAS
CF FiLM ? . =T CzH4GAS
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IMPLANTATION
HEAT
TREATMENT
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. current decreases as the concentration of Bion in the CF filmincreases.
It is also found that even if B is added, the relative dielectric constant

does not increase, or rather it decreases. A further _
-preferred enbodi nent of the present invention will be 5 descri bed bel ow.
This preferred enbodi nent is substantially the sane as the above
descri bed preferred enbodi nent, exc@t/ihat the deposited CF filmis
irradiated with plasna of B after the CF filmis deposited-on t he

wafer 10 in the plasma thin-filmdeposition systemshown in FIG 1.
Referring to FIG 8, this preferred enbodinent will be described nore 10
specifically. First, Ar gas serving as a plasma producing gas, and a CF
containing gas, eg., (Cerr]Ferr] gas, and a hydrogen gas, e.g.,

Cerr]H err] gas, which serve as thin-filmdeposition gases, are
i ntroduced into the plasma thin-filmdeposition systemshown in FIG
1. Then, Cerr]F[err] gas and CJerr]H err] gas are activated by the

el ectron cyclotron resonance to deposit a CF 15 filmon the wafer 10.

EXAMPLE 4
(CF FILM DEPOSITION-ION IMPLANTATION-HEAT TREATMENT)
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. After the CF filmisthus deposited on the wafer 10, the wafer 10 IS
irradiated with plasma of B. That is, while the wafer 10 i s nounted on
the nounting table 4, Ar gas is introduced fromthe gas nozzles 31 at
a predeternmined flowrate, and BF3 gas is introduced fromthe thin-film 20
deposition gas supply part 5 at a predetermned flowrate to activate the
BF[err] gas by the electron cyclotrof pesgnance to produce plasma of B, so
that the.CF fil mdeposited on the wafer 10 is irradiated with the

produced plasma of B for, e.g., 30 seconds. Thus, it is
considered that B penetrates the interior of the CF 25 filmsince it is
very mnute, and B noves to the unbonded hands of C and F to react

wi th the unbonded hands to produce C-B bonds and F- B bonds since it
isin a high energy state. Therefore, even if the CF film i s deposited
by such a nethod, the nunber of the unbonded hands of C and F

decreases, so that the CF filmhas a |ow | eak current and a | ow 30
relative dielectric constant simlar tothe CF filmdeposited by the above

descri bed net hod. Experiments, which were carried out in order
to conform advant ages of the method of this preferred enbodi nent, wl|
be descri bed bel ow. 35 Usi ng the plasnma treatnent system
shown in FIG 1, CF filns havi ng a thickness of 5000 angstrom were
deposited on the wafer 10 by Tt oduc g Ar %&?Gii a plasma produci ng
gas at a flow rate of 150 Sff -~

/m'\\_ |
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12 and Clerr]F[err] gas and CJerr]H err] gas as thin-filmdeposition

gases at flow rates of 60 sccm and 30 sccm respectively. At this
time, the m crowave ‘power and the bias power were set to be 2700 W and
-1500 W respectively. In addition, the currents of the main '
el ectromagnetic coil 26 and the 5 auxiliary. electromagnetic coil 27 were
" set to be 200A and 160A, respe@ iXglly. - Then, Ar gas and
BF[err] gas were introduced at flow rates of 150 sccm and 100 sccm
respectively, and the CF fil m deposited on the wafer 10 was irradi ated
with plasma of B. The m crowave power and 10 the bias power were set to be
2500 Wand 0 W respectively, and the currents of the main
el ectromagnetic coil 26 and the auxiliary el ectromagnetic coil 27 were
set to be 220 A and OA, respectively (Exanmple 5). Wth respect to the
CF filmthus deposited and a CF film whi ch was deposited on the sane

condi tions and which was not. 15 irradiated with plasma, the |eak currents
were exam ned in various

EXAMPLE 5
( CF FILM DEPOSITION- IRRADIATION WITH B PLASMA)
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_electric fields, and the relative dielectric constants thereof were

measured. The results thereof are shown in FIG 9. From t he
results shown in FIG 9, it is found that even if Bis added to the CF
filmby irradiating the CF filmwith plasma of B after 20 depositing the
CF film using the CF containing gas and the. hydr ocar bon gas, the |eak
current is lower than that when the @ {ifl m is not irradiated with
plasma of B. It is also found that even if B isthus added, the
relative dielectric constant of the CF film does not increase, or
rather it decreases. 25 In the above described preferred

enbodi nents, as the CF containing gas serving as the thin-film
deposition gas, CF[err] gas, (err]Ferr] gas, Clerr]F[err] gas or

Clerr]F[err] gas may be used. I'n addition to such a gas containing .

only Cand F, a gas containing C, Fand H, e.g., CHF[err] gas, may be used
as the thin-filmdeposition gas. In addition, CHerr] gas, (Jerr]JHerr]

gas, Cerr]Herr] 30 gas, Cerr]Herr] gas or (Jerr]Herr] gas nmay be used

as the hydrocarbon gas. In pl ace of the hydrocarbon gas, hydrogen gas
may be used. Moreover, as the B containing gas, B(CHerr])[err] gas,

BBr[err] gas, B(OCH err])[err] gas, B((err]JHerr])[err] gas, Bd [err]
gas, BF[err] gas or Blerr]H err] gas may be used. I n addition,

according to the present inventionf, The step of 35 d%§35|t|ng the CF film
by the chem cal vapor depokiThgn_ghoul d not A¥E to the plasm
CVvD, but it may be carried out by |the nerna CVD. In addition, when
the plasna CVD is carried out, thgmetfjod for '
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. 13 ... produci ng plasma should not be limted to the ECR but the

pr esent i nvention may be applied to a case where a plasma i s produced
by, e.g., a nmethod called I CP (Inductive Coupled Plasma) for applying
el ectric and magnetic fields to a process gas froma coil wound onto a
donme- 5 shaped container. Mreover, the present invention may be applied
to a case where a plasma call g@)o/ gl i con wave plasma i s produced by

t he - interaction between a helicon wave of, e.g., 13.56 MHz, and a
magneti c field applied by a nagnetic coil, a case where a plasma
called a magnetron plasma i s produced by applying a magnetic field 10

substantially in parallel to two parallel cathodes, and a case where a
pl asma i s produced by applying a high frequency power between
el ectrode plates called parallel plates, which face each other in parallel
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‘Arendmentesunder PCT Article 34 14
No. 117841 Clains 1. (Anended) A fluorine

containing carbon filmserving as an interlayer dielectric film which is
formed when producing a sem conductor device having a nultilevel ' '
i nterconnection structure, said fluorine containing carbon film containing
carbon, fluorine and boron. 2. (Ahgpdgq) A method for formng a fluorine
containing carbon filmserving as an interlayer dielectric film which is
formed when producing a sem conductor device having a multileve

i nterconnection structure, said nmethod conprising the steps of:

deconposing a thin-filmdeposition gas, which contains a conpound gas of

carbon and fluorine, and boron; and
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dep03|t| ng a fluorine containing carbon filmon a substrate to be treated,
hy a chen ca@metaeniiapaier iFCT Artitld Awended) A _nethed—for—deposiiing a

fluorine containing carbon filmserving as an i nterg l\g\m[“mﬂ | m
which is formed when producing a sem coqguctor devi m ‘“—ﬂ | evel
i nterconnection structure, said nethod conprising thesstepst of*

deconposi ng ' i4l m deposition gas, which contains a conpound gas of

carbon and fluorrne, and depositing a fluorine containing carbon filmon a
substrate to be treated, by a chem caI Claipsr deposition; I npl anti ng

boron i ons i nf o éﬂd&d@ﬁi%'fﬁo‘i‘ﬁ A BhER1 A Whrtioh] P1IRPESIY oy Of S d

substrate; and ati ng sal St rate, sal d ron i1ons

have been i nprtenlayer dlﬂ%%d@dﬂ)ﬂ AWhéFhoﬁsffﬁﬂﬂﬁbG&epl pyodueingra ne
cont ai ni ng Caiapibondubfbre’ dévikeS ha 91h<gt & | ?tbﬁ%ﬁ:lﬂé@éfm*dt%rﬁbhﬁécﬂ‘m&h s

formed when producing a sem conductor device havin | evel
i nt er connect i Serugturey ursaid flnoringo Fonsaining ngarkensfipy gentaining

carbon, fluorine and boron.

2. (Amehded) A method for forming a fluorine containing carbon
film serving as an interlayer dielectric film, which is formed
when producing a semiconductor device having a multilevel
interconnection structure, said method comprising the steps of:

decomposing a thin-film deposition gas, which contains a
compound gas of carbon and fluorine, and boron; and

depositing a fluorine containing carbon filmon a substrate
to be treated, by a chemical vapor deposition.

3. (Amended) Amethod for depositing a fluorine containing carbon
film serving as an interlayer dielectric £ilm, which is formed
when producing a semiconductor device having a multilevel
interconnection structure, said method comprising the steps of:

decomposing a thin-film deposition gas, which contains a
compound gas of carbon and fluorine, and depositing a fluorine
containing carbon film on a substrate to be treated, by a chemical
vapor deposition;

implanting boron ions into said fluorine containing carbon
film deposited on said substrate; and

heating said substrate, into which said boron ions have
been implanted.

4. (Amended) Amethod for depositing a fluorine containing carbon
film serving as an interlayer dielectric £ilm, which is formed
when producing a semiconductor device having a multilevél
interconnection structure, said method comprising the steps of:

decomposing a thin-film deposition gas, which contains a
compound gas of carbon and fluorine, and depositing a fluorine
containing carbon f£ilm on a substrate to be treated, by a chemical



- de€ohposing a thin-filmdeposition gas, which contains a conpound gas of
carbon and fluorine, and depositing a fluorine contarnmng—ecarbor—m on a
"substrate to be treated, by a chemi cal vapo m

activating a boron containing gas to for®m a pl asnma, H Wmmal" gHgmal d

fluorine containing carbon film which has been deposttetl on @al

substrate, wdipors adiepopliast®; and

activating a boron containing gas to form a plasma, and
irradiating said fluorine containing carbon film, which has been
deposited on said substrate, with said plasma.



