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Title of the Invention 1

A DIELECTRIC, A MANUFACTURING METHOD THEREOF, AND

SEMICONDUCTOR DEVICE
5 Background of the Invention -

The present invention relates to a dielectric, a
manufacturing method thereof, and a semiconductor device,
especially to a dielectric with a low dielectric constant

10 suitable for moderating wiring delay of signals and
improving durability of semiconductor integrated circuits
and the like.

In accordance with the conventional manufacturing
process for semiconductor devices, a trial for moderating

15 wiring delay of signals has been performed,'and is as
follows. The signals are transmitted through wiring and an
organic film with a low dielectric constant used to
insulate the wiring. However, the insulation of the wiring
by the organic film is hardly used because of a problem

20 with durability of the organic f£ilm.

Currently, to improve durability, formiﬁg-ﬁethods for
dielectric film composed of silicon, oxygen, and fluorine
(called SiOF film hereinafter) have been developed. For
instance, the method usiné silicon tetrafluoride (SiF,) and

25 -6xygen as reacting gases, as disclosed in "Preparation of
SiOF Films with Low Dielectric Constant by ECR Plasma

Chemical Vapor Deposition” pl58, Extended Abstract of the
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The present invention relates to a dielectric, a manuf act uri ng net hod

thereof, and a sem conduct or devi ce, especially to a dielectric having
a Low dielectric constant 10 suitable for noderating the wiring delay of
signal s and i nproving the durability of sem conductor integrated
circuits and the like. In accordan@e with the conventiona

manuf act uring rocess for sem conductor devices, a trial for

nmoderating 159%% rGORERMERRGE FN sFehid sSkake HRevi gesf apdeMatenials as

|1 . The sjgnals are transmtted through wiring and an
follows _ (beB). Further, another meté%d addigg gases from the

fluorine group to the gases necessary for forming a silicon
oxide film is disclosed in "Formation Mechanism of F-added

5 8i0, Films using Plasma CVD" p.133, The 16th Proceedings of
Symposium on Dry Process (1994).

In connection with the conventional SiOF films,
flucﬁuation in the dielectric constant of films is so large
that it is not possible to form a film with a low

10 dielectric constant. The humidity resistance of the film is
low.

The present invention has been developed with

consideration of the above problems.
15 Summary of the Invention

The dielectric relating to the present invention
comprises silicon oxide fluoride compounds, having covalent
bonds of fluorine atoms and silicon atoms.

20 Further, in accordance with a method for manufacturing
a dielectric'relating to the present invention, SiOF film
is formed by supplying an amount of energy which does not
dissociate the covalent bonds of fluorine atoms and the
silicon atoms of SiF)X, to a gas which contains the SiF)X,.

25 Furthermore, in accordance with the semiconductor
device relating to the present invention, dielectric bodies

comprising silicon oxide fluoride compounds, having covalent
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organic filmwith a low dielectric constant is used to insul ate the
Wi ring. However, the insulation of the w ring using an organic filmis
" hardly used in practice because of 20 a problemwth the durability of
the organic film Currently, to inprove the durability, nethods
of forming a dielectric filmconposed »f silicon, oxygen, and

fl-uori ne (cahged Si Ot fil mhereinafter) have been devel oped. For

i nstance, a nBPREE 8i AguSFireoAtoms ang sidigen adoms FRae Pravideskygen

as reacting ggigﬁeéﬁ a plurality of wiring which are located on the
substrate of the semiconductor device.
The dielectric constant of a substance is the sum of
.5 components based on orientation polarization, ionic
polarization, and electronic polarization. The main
component of a dielectric constant of hon-orientated
substance such as Si0, or SiOF film is almost the same as the
dielectric constant based on electronic polarization. The
10 dielectric constant based on the electronic polarization
can be obtained from atomic refraction of constituent
atoms, or electronic group refraction of bonds between the
atoms.
FIG. 1 illustrates a molecular structure of SiOF film
15 relating to the present invention, and FIGs. 2-8 illustrate
molecular structures of conventionaily known films of SiO,
8i0,, or SiOX (X = OF, H, OH, Cl). In said figures 2-8B,
specific dielectric constants € are shown respectively
calculated by the present inventor from their atomic
20 refraction. The atomic fraction of F is calculated by
subtracting the atomic refraction of C from the molecular
refraction of CF,. The atomic fraction of Si is calculated
by subtracting the atomic-refraction of F from the
molecular refraction of SiF,. The specific dielectric
25 constant of the SiOF film is smaller than that of SiO énd
8i0, films as shown in said figures 2-8 and the specific

dielectric constants €. Furthermore, in accordance with
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di sclosed in "Preparation of SICF Filns with Low Dielectric - Const ant
by ECR Pl asma Chem cal Vapor Deposition" pIb8, Ext ended Abstract of
-the 1993 Conference on Solid State Devices and Materials (1993).
Further, another method in 30 which gases fromthe fluorine group are
added to the gases necessary for formmryg a silicon oxide filmis

di sclosed in ) i
investigation by the present inventor, the dielectric

constant € of a molecular structure of SiOF film having the
covalent bond of Si and F is smaller than that of a
moLecular structure of SiOF film having the covalent bond

5 of Si and O.

FIG. 9 indicates dissociation energies of wvarious
bonds. O-F bond is weaker than Si-F bond by approximately
1/3. Therefore, the SiOF film having Si-F bond has smaller
€ and is chemically more stable than the SiOF film having

10 O-F bond.

In order to form a SiOF film with a holecular
structure -having Si-F bond, SiF,X, molecules are used. These
molecules have at least two Si-F bonds and another two Si-X
bonds, X is an atom or an atomic group. The Si-F bonds have

15 smaller bond energy than Si-F bond energy. As shown in FIG.
9, bond ehergies of S8i-H, 8i-Cl, Si—é bonds are smaller
than the bond energy of Si-F bond. Accordingly, molecules
of Si-X wherein X is any of H, Cl, OCH,, OC,H,, OC,H,, and
the like are preferable.

20 When using a molecule wherein the bond energy of Si-X
bond is smaller than the bond energy of Si-F bond, a
condition of SiF,X, molecules can be generated, wherein the
Si-F bond keeps bonding but the Si-X bond dissociates.

In practice, a reaction temperature of thermal CVD

25 apparatus or an input power of plasma_treatihg apparafus
are controlled so as to add 541 kJ per one mole of SiF,X,
molecule, which does not diss°CiaEfLEE:ELEBE§i—£E‘§h§ above
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2 "Formati on Mechani sm of F-added SiJerr] Filnms using Plasma

CVD' p. 133, The 16th Proceedi ngs of Synposium-on Dry Process (1994).
“In connection with conventional SiOF fil s, 5 fluctuation in the _
dielectric constant of the filnms is so | arge that it is not possible
to forma filmwith a |low di el ectrlc 2onstant. The hum dity

e boen devel B35 CHYSRD i SRANSH (TN Sk REITE G dbnerivo 1ok
Summary  of th%on@segH %1ssoc1ates X atoms. Furthermore, rgsidual
uncombined oxygen valence forms a bond with a similar Si in
another SiF,X, molecule. Accordingly, the SiOF film having a
5 molecular structure wherein F is combined with Si as shown
in FIG. 1 can be formed.
As shown in FIG. 9, the bond energy of Si-H bond is
smaller than the bond energies of Si-Cl, and Si-O bonds.
Therefore, using a molecule of Si-X wherein the X is H,

10 margins of the operating conditions can be broadened.
' Brief Description of the Drawings

FIG. 1 illustrates schematically a molecular structure
15 of SiOF film of the present invention,
FIG. 2 illustrates schematically a molecular structure
of conventional SiO (OF) film,
FIG. 3 illustrates schematically a molecular structure
of conventional S$iO, film,
20 FIG. 4 illustrates schematically a molecular structure
of conventional SiOCl film,
FIG. 5 illustrates schematically a molecular structure
of conventional Si0O film,
FIG. 6 illustrates séhematically a molecular structure
25 of conventional SiOH film,
FIG. 7 illustrﬁtes schematically a molecular structure

of conventional SiOF film,
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The dielectricrelating to the present invention 15 conprises silicon

oxi de fluoride conpounds, having coval ent ~ bonds of fluorine atons and
silicon atons. Further, in accordance with a nethod for
manufacturl ng a dielectric relating to the present invention, a SiOF
film ~ is formed by supplying an anmount 6of energy, which does not 20

di ssoci ate the coval ent bonds of fluorine atons and the silicon atons
of SiF[err]X2, to &ifas W]&P%tb‘?ﬂ%ﬁ%ss?}ﬁ“%?ﬁ%ﬂlr)@ e‘F‘P}‘?c‘ﬂ-ar structure
Furthernore, in_ accordance wth the sem conduct or device relating to

the present i RferRABientdicnad ($3Q(Yyislm,

FIG. 9 indicates dissociation energies of various
bonds,

5 FIG. 10 is a schematic cross section of an ECR-CVD
apparatus in the pfesent invention for forming SiOF film,

FIG. 11 is an infrared absorption spectrum of the SiOF
film in the present invention,

FIG. 12 is a schematic cross section of a parallel

10 plate type RF-CVD apparatus in the present invention for
forming SiOF film,

FIG. 13 is a schematic cross section of an ICP-CVD
apparatus in the present invention for forming SiOF f£ilm,

FIG. 14 schematically indicates a condition in the

15 present invention, wherein wires on a semiconductor
substrate are covered with the SiOF film,

FIG. 15 schematically indicates a condition in the
present invention, wherein wires on a semiconductor
substrate aré covered with the SiOF films, which are formed

20 by overlapped spattering,

FIG. 16 schematically indicates a condition in the
present invention, wherein wires on a semiconductor substrate
are covered with the planarized SiOF film,

FIG. 17 is a graph indicating a relationship between

25 the dielectric constant and HWHH (A Half Width at Half
Height) of the SiOF film in the present invention,

FIG. 18 is a graph indicating a relationship between
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conprising silicon oxide fluoride conpounds, having 25 coval ent bonds of
ftuorine atons and silicon atoms, are Provi ded between a plurality of
. Wirings which are |ocated on the substrate of the sem conductor device.
Tpe dielectric constant of a substance is the sum of conponent s based
oh orientation polarization, ionic 30 polafization, and electronic
pol ari zation. The main conponent of a dielectric constant of a
non- ori ent at ecthe specific dielectric constant and the density of the

SiOF film in the present invention,

FIG. 19 is a graph indicating a relationship between
the density and dielectric breakdoﬁn electric field of the

5 SiOF film in the present invention,

FIG. 20 is a graph indicating a relationship between
the specific dielectric constant and the desorption amount
in the present invention,

FIG. 21 is a schematic cross section of a SRAM in the

10 present invention, wherein the SiOF film is used,

FIG. 22 is a schematic cross section of a DRAM in the

present invention, wherein the SiOF film is used, and

FIG. 23 is a plan view of a memory cell of the DRaAM

shown in FIG. 22.

15
Description of the Preferred Embodiments
The present invention is explained in detail referring
to the figures hereinafter.
20

(Embodiment 1)
FIG. 10 is a schematic cross section of an Electron
Cyvclotron Resonance (ECR)-CVD apparatus, which is one of
CVD apparatus used for forming SiOF film. The apparatus
25 comprises a plasma generating chamber 2_having a microwave
introducing window 1, a reaction chamber 3, a magnetic field

generating coil 4, reaction gas inlets 5 and 6, a holder 8
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3 substance, such as SiJerr] or SIOF film is alnost the sane as
the dielectric constant based on el ectroni€ polarization. The

- dielectric constant based on el ectronic polarization can be obtained
fromatomc refraction of constituent 5 atons, or electronic group
refraction of bonds between the atons8 FIG 1 illustrates

a nol ecul ar structure of a Si OF filmrelating to the present
i nvention, andh@iding 2 gsubstrate| Ustandea Nl gl Uf BeTdenaYt BPESTopoUrce for

conventlonally known
supplying high frequency waves to the substrate 7.

First( a process for forming SiOF film using silicon
tetrafluoride (SiF,;) and oxygen (0,) gas in the present
5 invention is explained. From the reaction gas inlets 5 and
6, O, by 200 (ml/min) and SiF, by 40 (ml/min) are introduced
respectively into the reaction chamber 3. The'pressure in
the reaction chamber 3 is adjusted at 0.2 (Pa) by controlling
an amount of exhaﬁst gas. An exh;ust gas system is not
10 shown in FIG. 10. A magnetic field of 0.0875 (T) is
generated in the plasma genérating chamber 2 by the
magnetic field generating coil 4, and ECR plasma is
generated by introducing microwaves of 2.45 (GHz) so that
said SiOF film is formed on the surface of the substrate
15 because of reaction between O, and SiF,. In this case, a p-
type Si substrate 126 mm in diameter is used as the
substrate. The introduced microwave power (Pp) is 600 (W).
A film depositing rate (D.R.) increases in proportion
to the introduced microwave power (Pp), for instance, D.R.
20 is 0.2 (pm/min) at 600 (W) of Ppn. The specific dielectric
constant € of the formed film is approximately 3.5. Bonding
condition of the formed film is such that Si-Si bond is 10
§ of 0-Si-0 bond, and Si-O-F bond is 30 % of Si-F bond. The
specific dielectric constant € can be measured by the
25 formation of an aluminum electrode on the formed film. The
bonding condition of.the formed film can be measured by

fluorescent X ray (XPS) ahalysis or nuclear magnetic
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10 films of SIO SiJerr], or SSOX (X =0 H O4 d). In FIG. 2-

8; specific dielectric constants [err] are shown, which have been

- respectively cal cul ated by the present inventor from their atomc
refraction. The atomic fraction of Fis cal cul ated by subtracting the
atomic refraction of Cfrom 15 the nolecd ar refraction of CFlerr]. The
atomc fraction of Si is calculated by subtracting the atom c
refracti on of Fesonancér (Rheandlysisar refraction of SiF[err]. The

specific dielectric constant of the SIOF filmis smaller than that
Next, a method for forming SiOF film by introducing

silane difluoride (SiH,F,), as an embodiment of the present
invention, is explained. Conditions for forming SiOF film
5 are. the samé as those above process which uses SiF,. The
film deposition rate does not depend on the introduced
microwave power, but increases in proportion to the amount
of introduced SiH,F, gas. When fhe SiH,F, gas is introduced
at a rate of 40 (ml/min), the film deposition rate (D.R.)

10 is equal to 0.38 (pm/min), approximately twice of the rate
when SiF, is used. The reason why the_film deposition rate
increases when using SiH,F, gas is because dissociation
energy of SiH)F, is lower than that of SiF,.

FIG. 11 indicates infrared absorption spectra of SiOF

15 films formed by SiH,F, and SiF,, respectively. In a case of
SiF, (hereinafter case: B), the center of Si-O vibration is
1065 (cmd), and with said half width at half height (HWHH)
at a lower wave number side is 33 (cmd), although slight
moisture (O-H) can be observed.

20 On the other hand, in a case of SiH,F, (case:A), the
center of Si-0 vibration is 1080 (cmd), and with said half
width at half height (HWHH) at a lower wave number side is
24 (em™). A larger wave ngmber indicates a stronger bond of
S$i-0, and a smaller WHWW indicates a simplef network with

25 fewer kind of the bonds. |

When the bonding condition is measured by fluorescent

X ray (XPS) analysis and nuclear magnetic resonance (NMR)
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of SiOand SiJerr] filns, as showmn in FIGs. 2-8 and the 20 specific

diel ectric constants [err]. Furthernore, in-accordance wth
-investigation by the present inventor, the dielectric constant [err]
of a nol ecular structure of a Si OF fllnlhaV|ng a coval ent bond of Si
and F is smaller than that of a nnlecﬁpar structure of a SiOF film

havi ng a coval ent _bond 25

cat es

Si
di ssoci ati on eRBR{¥ELSof nQaF’F'oﬁé bohd’ aﬁgnﬁé’ Orfebepg E@Hd%es ‘%@fl@'req ‘han

the Si-

10

15

20

25

F n
bond b¥cordlngly, the structure of the film is mostly composed

of Si-O bond and Si-F bond as shown in FIG. 1. The reason
why O-H bond is not observed in the infrared spectrum is
because the structure does not contain weak bond of Si-O-F.

The € of the formed film is approximately 3.2. The €
is a value obtained by multiplying an estimated € (= 1.88)
of SiOF film shown in FIG. 1 by a conversion ratioc n (=
1.76) of € of §i0, film (= 2.27), estimated from atomic
refraction and € of observed glassy 8io, (= 4.0).

As explained above, when the SiOF film is formed by
introducing silane difluoride (SiH,F,), the deposition rate
of the film increases, and the dielectric film having
preferable chemical stability such as moisture-resistance
and a low dielectric constant can be formed because the
formed SiOF film is mostly composed of Si-O bonds and Si-F
bonds. |

(Embodiment 2)

When a film is formed by the.same condition as the
above embodiment 1 except introducing silicon dichloride
difluoride (SiF,Cl,) instead of SiH,F,, a SiOF film can be
formed, wherein no Cl is observed. The deposition rate of
the film is almost same as the rate when SiH,F, is used, and
wheﬁ D.R. = 0.36 kum/min). The € is approximately 3.3,
slightly higher than that of the case using SiH,F,. That
means,'when SiF,Cl, is used, an insulator film having a
lower dielectric constant than_EEEE_gf the insulator film

\‘
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approxi mately 1/3. Therefore, a SiOF filmhaving a Si-F bond has a
smaller dielectric constant [err] and is chemically 30 nore stable than
-the SIOF filmhaving a O F bond. . In order to forma SIiOF film

w,th a nol ecul ar 4

10

15

20

25

11
obtained by using SiH,F, can be formed.

Furthermore, when a film is formed under the same
condition as the embodiment 1 except ihtroducing silicon
dibromide difluoride (SiF,Br,) instead of SiH,F,, a SiOF film,
wherein no Br is observed, can be formed. The deposition
rate of the film is almost same as the rate in the case
using SiH,Cl,, and D.R. = 0.36 (pm/min). Therefore, a
dielectric film having a low dielectric constant € such as
approximately 3.3 can be formed.

(Embodiment 3)

When a film is formed under the same condition as the
embodiment 1 except introducing dimethoxy silicon
difluoride (SiF,(OCH,),) instead of SiH,F,, a SiOF film,
wherein no C is observed, can be formed. The deposition
rate of the film is approximately same as the rate in the
case using SiH,F,, and D.R. = 0.36 (um/min). The € is
slightly higher than the case using SiH,F, and is
approximately 3.3.

When a film is formed by the same condition as the
embodiment 1 except introducing diethoxy silicon difluoride
(SiF, (OC,H,),) instead of SiH,F,, a SiOF film, wherein C is
hardly observed, can be formed. The deposition rate of the
film D.R. is 0.36 (pm/min), and is slower than that in the
case using SiH,F,. The reason of the slower R.D. is because
SiF, (OC,H,), has a lower vapor pressure at room temperature
than SiHF,. Therefore, if temperature of the source vessel

and fhe priping are elevated so as to make it possible to
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structure having a Si-F bond, SiF[err]X err] nolecul es are used.
These nol ecul es have at |east two Si-F bonds and anot her two Si-X
- bands, where X is an atomor an atom c group. The Si - F bonds have a
smal | er bond energy than the Si-F bond 5 energy. As shown in FIG 9,
bond energies of the Si-H Si- C, SiL20 bonds are snaller than the
bend energy of the Si-F bond. According %y nol ecul es of Si-X, wherein
X is any of introgucel neceppary] amogpér PEHSE [9CH) er r4¢4 Er}(minhg Ehe
i ke, are preferable. Wien using a nol ecul e wherein the bond
energy of theP.R. increases to 0.36 (om/min) . The € is approximately
3.3.
When a film is formed by the same condition as the
5 embodiment 1 except introducing dipropoxy silicon
difluoride (SiF,(OC,H,),) instead of SiH,F,, a SiOF film can
also be formed. However, the temperature of the source vessel
and the piping must be elevated so as to make it possible
to introduce necessary amount of SiF,(OC,H,),, 40 (ml/min).
10 In this case, the D.R. is 0.36 (um/min), and the € is
approximately 3.3.
In accordance with the study by the present inventors,
a coating condition of substrate surface when the SiOF film
is formed on the substrate having uneven surface becomes
15 more preferable depending on using source materials in the
order of SiF,(OC;H,),, SiF,(OC,H,),, (SiF,(OCH,),), and SiH,F,.
(Embodiment 4)
FIG. 12 illustrates schematically a cross section of a
parallel plate type RF (RF: radio frequency)-CVD apparatus
20 for forming SiOF film. The apparatus comprises a reaction
chamber 11, reaction gas inlets 5 and 6, a holder 12 for
holding and heating a substrate 7., and a frequency power
source 13 for supplying high frequency waves for plasma
generation.

25 First, - a process for forming SiOF film from SiH,F, and

nitrogen monoxide (N,0) gas using the present apparatus is

explained hereinafter.
Sheet Has Been Replaced
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10 Si-X bond is snmaller than the bond energy of the Si-F bond, a

condition of the SiF2X2 nol ecul es can be generat ed, wherein the Si-F
bond keeps bondi ng, but the Si-X bond di ssoci at es. In
practice, the reaction tenperature of a thermal CVD 15 apparatus or the
I nput power of a plasma treating apparatusi13 are controlled so as to
add 541 kJ per one nole of SiFlerr]Xerr] nol ecul e, whi ch does not

di ssoci ate the Si-Fheoddlm ns [formed byaliomercdasd ngQegaiss byo®®iOned wit h
the Si atom which has
(ml/min) and SiH,F, by 200 (ml/min) through the reaction gas
inlets 5 and 6, respectively. The pressure in the reaction
chamber 3 is adjusted at 200 (Pa) by controlling the amount
5 of the exhaust gas (the exhaust gas system is not shown in
the figure). The SiOF film is formed on a substrate by
generating plasma by supplying high frequency waves 400
(W) of 13.6 (MHz) to the upper electrode 14; and reacting
N,0 with SiH,F,. The temperature of the substrate is kept at

10 350 °C.

When SiF, is used, the film is scarcely formed.
However, when SiH,F, is used, the film can be formed with a
deposition rate D.R. of 0.20 (pm/min). When O, is used
instead of N,0 with SiH,F,, SiOF film can be formed, but

15 deposition rate D.R. is less than 0.1 (pm/min). The film is
scarcely formed when SiF, is used, because bond energy of
Si-F is large. However, SiOF film can be formed by RF
plasma using SiH,F,, because SiH,F, has Si-H bond of weak
bond energy.

20 _ As explained above, the deposition rate increases by
using N,0 instead of O,, because N,0 has lower generation
energy of active oxygen than that of O,. The dielectric
constant € of the formed SiOF film is approximately 3.2.

As described above, the SiOF film having a low

25 dielectric constant can be formed by RF plasma when SiH,F,

is used.

_—
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two:-Si-F bonds and di ssoci ates the X atons. Furthernore, 20 -t he residual

_unconbi ned oxygen val ence forns a bond wWith a simlar Si in another

- Si F2X2 nol ecul e. Accordingly, the Si OF filmhaving a nol ecul ar
structure, wherein F is conbi ned with Si, as shown in FIG 1, can be
f or med. As shown in FIG 9, the Idbnd energy of the Si-H bond 25
Is smaller than the bond energies of the Si-C and Si-0O bonds.

Therefore, using aBisiecd dlfusiratesheehematdi¢ally a cross heeqhion nef of

the operating conditions can be broadened.
an ICP (ICP: Inductively Coupled Plasma)-CVD apparatus for

forming SiOF film. The apparatus comprises a reaction
chamber 15 made of quartz, reaction gas inlets 5, 6, a |

5 holder 16 for holding a substrate 7, and a coil 17 for
supplying high frequency waves for plasma generation.

First, in order to compare with the present invention,

a process for forming SiOF film using SiF, and oxygen gas is .
explained hereinafter. From the reaction gas inlets 5 and 6,

10 O, by 200 (ml/min) and SiF, by 40 (ml/min) are respectively
introduced into the reaction chamber 15. The pressure in the
reaction chamber 15 is adjusted at 0.2 (Pa) by controlling
the amount of exhaust gas (the exhaust gas system is not
shown in the figure). Plasma is generated by supplying 1

15 (kW) high frequency waves of 13.6 (MHz) to the coil 17 so
that the SiOF film is formed on the surface of the
substrate by reacting the O, and SiF,. The film depositing
rate (D.R.) is 0.2 (pm/min), and the specific dielectric
constant € of the formed film is approximately .3.5. Bonding

20 condition of the formed film is such that Si-Si bond is 10
% of 0-8i-0 bond, and Si—O—F bond is 30 % of Si-F bond.

Next, a method for forming SiOF film by introducing

silane difluoride (SiH,F,), an embodiment of the present
invention, is explained hereinafter. Other conditions for

25 forming the film than the introducing gas are same as the
above explained process which uses SiF,. The film deposition

rate D.R. is 0.38 (pm/min), and is approximately twice of the
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Brief Description of the Drawi ngs 30 FIG 1 illustrates
scthematically a nol ecul ar structure -
.5 of a SIOF filmof the present invention;
) 15
case using SiF, The increase of the film deposition rate
is by the reason that tﬁe dissociation energy of the SiH,F, is
lower than that of the SiF,.
Regarding to the infrared absorption spectra of SiOF
5 films formed by SiH,F, and SiF,, in a case of SiF, as same as
the ECR plasma, the center of Si-O vibration is 1065 (cmd),
-and the half width at half height (HWHH) at a lower wave
number side is 33 (cm™). Although slightly, moisture (O-H)
can be observed. On the other hand, in a case of SiH,F,

10 (case:3), the center of Si-O vibration is 1080 (cmd), and
the half width at half héight (HWHH) at a lower ﬁaVe number
side is 24 (cm™).

Furthermore, any Si-Si bond and Si-O-F bond can not be
observed in the film formed by SiH,F,. Accordingly, the

15 structure of the film is mostly composed of Si-O bond and
Si-F bond. The reason why O-H bond is not observed in the
infrared spectrum is because the structure does not contain
weak bond of Si-O-F. Further, the € is approximatel& 3.2 as
same as the embodiment 4, and the film having a low |

20 dielectric constant can be formed. Furthermore, the film
formed in the present embodiment has preferable chemical
stability.

As explained above, the SiOF film having a low '
dielectric constant can be formed by ICP plasma if silane

25 difluor';de (SiH,F,) is used. |

.(Embodiment 6) |

In the above described respective embodiments, when
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FIG 2 illustrates schematically a nolecular structure of a
conventional SiO (OF) film FIG 3 illustrates schematically a
.ol ecul ar structure 5 of a conventional Sierr] film FI G
4 illustrates schematically a nolecular structure of a conventi onal
SSod film FIG 5 illustrates stgematically a nol ecul ar
structure of a conventional SiOfilm 10 FIG 6 illustrates
schemati cal | y @ipphgcuBapraisideduba the surface of the semiconductor
substrate of the semiconductor device is coated with the
Siof film 19 as shown i FIG. 14, the width of concave
portion on the surface of the formed film becomes narrower
5 than the width of the interval between the wiring.
Therefore, when a second wiring is formed on the film for
multilayers wiring, breaking fraction of wire of the second
wiring increases and accordingly, production yield of the
semiconductor device decreases. In order to prevent the
10 above decrease of the production yield, the spattering must
be overlapped in forming the SiOF film using SiH, and O,.
As a reference example for forming the film by
overlapping the spattering, a case of forming SiO, film with
SiH, in stead of SiF, by the apparatus shown in FIG. 10 is
15 explained hereinafter. However, in the above case, high
frequency waves 400 (kHz) of 400 (W) are supplied to the
substrate from a high frequency power source 9, and other
conditions are made as same as the embodiment 1.
The film deposition rate (D.R.) is 0.38 (pm/min) when
20 the spattering is not overlapped, and the film deposition
rate when the spattering are overlapped is 0.27 (pm/min) ,
30 % reduction. The reduced amount of the film deposition
is a spattering rate (S.R.), and, in the above case, the
S.R. is 0.11 (pm/min). The film forming condition in the
25 above case is shown in FIG. 15. The film forming condition

is determined by the ratio of D.R. and S.R. The D.R. can be

increased by increasing the amount of introducing SiH,, but

This Sheet Has Been Replaced
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of a conventional SIiOH film FIG 7 illustrat %s-&%ﬁ%éﬁﬁﬁ" lXed®

ol ecul ar structure of a conventional SiCOF film

illustrates schematically a nol ecul ar structure 15  of mm
SSQOoH) film FIG 9 is a table which indicate

energi es of various bonds, FIG 1%0 is a schematic cross section
of. an ECR- CVD apparatus in accordance with the present invention for

the S.R. can not be increased even if the amount of O, is
increased. The specific dielectric constant € of the formed
film is approximately 4.0.
On the other hand, when SiOF film is formed with SiH,F,
5 and O,, an embodiment of thé present invention, the film
deposition rate (D.R.) when the spattering are not
overlapped is 6.38 (pm/min) , and the D.R. when the
spattering are overlapped is 0.19 (um/min), 50 % reduction.
The reduced amount of 0.19 (pm/min) is S.R., and is larger
10 than the S.R. in the case when SiH, is used. The remarkable
increase in the spattering rate (S.R.) when the spattering
are overlapped is caused by etching of the film by F of
SiHﬂi. Therefore, D.R. can be increased by increasing the
introducing amount of SiH,F, as much as the increasing
15 amount of the S.R. In accordance with the method explained
above, wherein the amount of introducing SiH,F, is
controlled so as to obtain D.R. of 0.66 (um/min), a film is
formed on the surface of the wiring, i.e. when a film is
formed on the surface of the wiring with an effective
20 deposition rate of 0.66 (pm/min), the film is formed in a
condition as shown in FIG. 15. In the above case, the
specific dielectric constant € of the formed film is
approximately 3.2.
As explained above, if a film is formed with SiH,F, by
25 overlapping the spattering, not only a film having a low
specific dielectric constant can be formed, but also the

effective film deposition rate can be increased without



20 formng a SICF film FIG 11 is an i7hs'sRécElasBacRepladedn

spectrum of the Si OF filmin accordance with th ntion,
-.FIG 12 is a schematic cross section of a parallel ﬂmlﬁmn I!; RF- CVD
apparatus in accordance with the present 25 I nvent g a Si OF
film FIG 13 is a schematic crogg section of an |ICP-CVD
apparatus in accordance with the present invention for formng a Si OF
film increasing power source of the apparatus and others.

Furthermore, in order to decrease the breaking
fraction of wire of the second wiring and improve the
production yield, a film structure shown in FIG. 16 may be

5 formed by applying a flattening film, or eliminating extra
protrusion of the film by etching back, after forming the
film shaped as shown in FIG. 15. In stead of the etching
back, mechanical-chemical polishing (CMP) can bé used.
(Embodiment 7)

10 FIG. 17 is a graph indicating a result of the
investigation performed by the present inventor. A
relationship between dielectric constant € of SiOF film
formed under various forming conditions and the half width
at half height (HWHH) at a lower wave number side of Si-O

15 peak in infrared spectrum. The result reveals that there is
a strong correlation between the &€ and the HWHH. In order
to form a SiOF film having a low dielectric constant, a
film having the half width at half height (HWHH) at a lower
wave number side of Si~-O peak in infrared spectrum of less

20 than 30 cm™ must be formed.

(Embodiment 8)

Breakdown voltage (B.V.) of the SiOF film formed with
SiF, in embodiment 1 is approximately 5 (MV/cm). Generally,
the breakdown voltage ( B.V.) of conventional SiOF film is

25 9 (MV/cm). The breakdown voltage can be improved by forming
a film having intermediate composition between the above

described SiOF film and the conventional SiO, f£film.



FIG 14 schematically indicates a condition in 30 accoldanceipedh Hep@eed

present invention, wherein wires on a sem conduct or
.covered with the SIiOF film ﬂ' “Hl““mlmﬂl\

FIG 15 schematically indicates a condition in
19

As a reference example, there is a film forming method
using SiH,, 20 (ml/min), and SiF,, 20 {ml/min), instead of
SiF,, 40 (ml/min), in embodiment 1. In this case, film
deposition rate (D.R.) of the film is 0.19 (pm/min) .

5 If composition of the formed film is in a range between the
SiOF film and the conventional §iO, film, the specific
dielectric constant € of the-film is a value approximately
3.75. However, € of the SiOF film formed with SiF, is
approximately 3.9. That means, fluorine doping hardly be

10 achieved even if SiF, is used as doping gas of fluorine, F.
Because bond energy of Si-F bond in SiF, is significantly
larger than the bond energy of Si-H bond in SiH,, and the
energy introduced into plasma is hardly used for
dissociation of SiF,, but used for dissociation of SiH,.

15 . On the other hand, there is a film forming method
wherein SiH,, 20 (ml/min), and SiH,F,, 20 (ml/min), are used
instead of SiF,, 40 (ml/min), in embodiment 1 of the present
invention. In this case, film deposition rate (D.R.) of the
film is 0.38 (pm/min). The specific dielectric constant of

20 the formed f£ilm was approximately 3.75. That means, the
composition of the formed film is in an intermediate of the
SiOF film and the conventional SiO, film. Because, bond
energy of Si-H bond in SiH,F, is almost similar with the Si-F

- bond in SiF, and the energy introduced into plasma is used

25 evenly for dissociation of both SiH,F, and SiH,. The

specific dielectric constant € in a range of 3.2 -4.0 varies

as a primary function of flow rate ratio (SiH,F, /SiH,).



accordance with the present invention, wherein wires %sﬁeaﬂasBeenRe laced

sem conductor substrate are covered vmth the Si OF fil are
formed by overl apped spattering, 5 FIG 16 sch M‘“W cates
a condition in accordance with the present inventi _ res on

a sem conduct or substrate are covere®®ith the planarized

film FIG 17 is a graph indicating a relationship between 10 the
diel ectric cofhenefoney IWH—I%’BP—Q-’I@ﬁJfC Wiglechrig|gonstankiean )bef the Si OF
filmin accordance with th resent i nventi on, FIG 18 is a
gr aph i ndi cat iaegtraldiest Itﬁ%ﬁtlp’ et ween :

As explained above, SiH,F, is further preferable for

doping of fluorine.
5 (Embodiment 9)

FIG. 21 illustrates schematically a cross sectional
view of a SRAM using an insulator film manufactured by the
present invention. The SRAM is manufactured by the
following process.

10 After forming a field oxide film 2 on a p-type silicon
substrate 1 by a seiective oxide method (LOCOS), a first
transistor having a éate 7 and n-type diffused layer 4, 5,
and a second transistoi adjacent to the first transistor
holding the field oxide film 2 between are formed at

15 predetermined locations. Subsequently, a titanium silicide
(Tisi,) film 24 which composes local wiring is formed on the
diffused layer 4, 5. Unnecessafy portion of the titanium
silicide film 24 is eliminated by photolithography and
etching. Then, an insulat§r film such as silicon oxide film

20 (BSPG) containing phosphorus and boron is formed on whole
surface of the substrate. A step difference of the
insulator film is made gentle by re-flow at 750 °C.
Subsequently, a SiO, film is formed at 450 °C by a plasma
CVD method. A planarized passivation insulator filh 9 is

25 composed of a BPSG film on the silicon substrate and alSioz
film on the BPSG film. The insulator film 9 formed with

chemical mechanical polishing (CMP) process. Further,



the specific dielectric constant and the density of t he B'%E Kepfatddm i n
accordance with the present invention; Fl hi °t ”

-indicating a relationship between the density an eakdown
electric field of the SiOF filmin accordance Wlt
I nventi on; FIG 20 is a graph indigating a rel at [ onshl p bet ween
20 the specific dielectric constant and the desorption anount I n
accordance wi teéohtechrieskas aneefibvimed on the tifafiuBlsilieidehd@asic)
cross section of a SRAMin accordance with the present invention;

wherei n the SiffHm 24 fb¥ynphestoktthography and etching. Bit lines made of
tungsten and connecting plugs of wiring layer are formed in
the contact holes. Next, a pad for connecting lead wire and

5 a first layver of the wiring layer 11 are formed.

After forming the wiring layer 11, a SiOF film (spec@fic
dielectric constant is 3.3) is formed on the whole surface
of the substrate by a plasma CVD method using SiH,F,. The
first layer of the planarized insulator film 12 is formed

10 by treating the SiOF film with a chemical mechanical
polishing (CMP) process. The contact holes are formed on
the planarized insulator film 12, and plugs 16, 17 made of
tungsten are formed in the contact holes. Subsequently,
after forming a second layer of the wiring layer 14 is

15 formed, an insulator film 15 composed of the SiOF film is
formed using SiH,F,. Through holes and the plugs 16, 17 made
of tungsten are formed on the insulator film 15.

Consecutively, by the same process as the above, a
third layer of the wiring layer 20, a third layer of the

20 planarized insulator film 19, plugs 21, a fourth layer of
the wiring layer 22, and a fourth layer of the planarized
insulator film 23 are formed, respectively.

In accordance with an investigation by the present
inventor, a signal delay time of the above SRAM is 22 ps. On

25 the contrary, the signal delay time of the insulator film
composed of the SiQ, film which is formed with SiH, is 28

ps, and the signal delay time of the insulator film



with the present

25 FIG 22 is a schematic cross section of a DRAMriliE‘SheetHaaB&ﬁRT‘&b
-

i nvention; wherein the Si OF filmi
-FIG 23 is a plan view of a nenory cell of the DRAM 34

30 Description of the Preferred Enbodi nents

10

15

20

25

22 _
composed of the SiOF film which is formed with SiF, is 25
pPs. In an accelerated test equivalent to 100,0Q0 hours, the
signal delay time of conventional SRaM fluctuates
significantly in a range of 22-36 ps, but the signal delay
time of the SRAM of the present invention scarcely change.
Accordingly, signal delay of the SRAM can be decreased and
reliability of the SRAM can be improved by using the SiOF
film formed with SiH,F, as the insulator film among wiriné.
The above advantage becomes more significant when
integration of the SRAM increases and a distance between
wires becomes finer.

FIG. 22 jillustrates schematically a cross sectiocnal
view of .a DRAM using an insulator film manufactured by the
present invention. FIG. 23 is a plan view of a memory cell
of the DRAM. In these figures, BL and WL indicate
respectively a bit line and a word line. Furthermore, SN
cont., and BL cont. indicate respectively a connecting
portion to a storage node and a connecting portion to the
bit line. SA indicates the memory cell and its shadow area,
and X and Y indicate sizes of the memory cell. In a case of
256 Mbit DRAM, x and y are respectively 0.85 pm and 0.65
pm. The DRAM is manufactured by the following process.

After forming a field oxide film 2 on a p-type silicon
substrate 1 by a selective oxide method (LOCOS), a first
transistor having a gate 7 and n-type diffused layer 4, 5,
and a second transistor adjacent to the first transistor

holding the field oxide film 2 between are formed at



7 The present invention will be explai i ned |Th1scﬁaecmHhsBeenReplawld|

referring to the figures hereinafter. = (Enbodi men IIH“WM%I““ FI G
.10 is a schematic cross section of an El ectron

(ECR) - CVD apparatus, which is one type of CVD appara us use

formng a SIOF film The apparatus copprises a:plasnma generating

chanber 2 having a
predetermined locations. Subsequently, an insulator film

such as silicon oxide film (BSPG) containing phosphorus and
boron is formed on whole surface of the substrate. Then, a
8i0, film is formed by a plasma CVD method. A planarized

5 passivation insulator film 9 is formed by treating a
multilayer body composed of the SiO, film and the insulator
film with a chemical mechanical polishing (CMP) process.
Further, contact holes are formed on the planarized
passivation insulator film 9. A connecting plug made of

10 phosphorus doped silicon for being connected to the bit
line BL, the storage node SN, and the first layer of the
wiring layer is formed in the contact holes. Next, a pad
for being connected to the bit line BL and the storage node
SN and the wiring layer 11 are formed. Both the pad and the

15 wiring layer have a multilayer structure of TiN/Al/TiN, and
are formed simultaneously.

After forming the wiring layer 11, a SiOF film is

formed on the whole surface of the substrate by a plasma
CVD method using SiH,F,. The first layer of the planarized

20 -insulator film 12 is formed by treating the SiOF film with
a chemical mechanical polishing (CMP) process. The contact
holes are formed on the planarized insulator film 12, and
plugs 13, 14 made of tunggten are formed in the contact
holes.

25 Subsequently, a capacitor is formed. Size of projécted
area of the capacitor formea portion is 0.65 pm X 0.65 pm.

The capacitor has a cylindrical structure of 0.5 pm high in



hol ding a substrate 7, and a high frequency power
suppl yi ng hi gh frequency waves .to the substrate 7.

m crowave introduci ng wi ndow 1, a reaction chanmber 3, Fnis lpeet %'l
field generating coil 4, reaction gas inlets 5 and Iﬁiﬁﬁ ’I“ (’}or

rst,

a process for formng a SiOF filmusing siRélcon 15 tetrafluoride (SiF4)
and oxygen ((err]) gas in accordance with the present invention wll
be expl ai ned. oFgem the inezersencharge giorpgeccaracity -6 Thy earacitonds
(mM/mn) and Si F4 at 40

10

15

20

25

formed by the following process.

A lower electrode of the storage node SN ig formed
from tungsﬁen film of 0.5 pm thick, which is formed by a CVD
method, by manufacturing with photolitﬁography and dry
etching. Next, in order to form side electrode of the
storage node SN, a SiO, film of 0.3 pm thick is deposited.
The Si0, film is manufactured to a columnar block of 0.4 um
X O.h pm by photolithography and dry etching. A tungsten
film of 0.2 pm thick is formed on the columnar block by a
CVD method. The tungsten film is manufactured to side walls
of the storage node SN by etching back. Unnecessary
columnar block is eliminated by wet etching. Subsequently,
a tantalum pentaoxide (Ta,0;) film is formed by a CVD method,
and unnecessary portion of the tantalum pentaoxide film is
eliminated by photolithography and dry etching. Next, a
titanium nitride (TiN) film of 0.2 um thick is formed on
whole surface. A plate electrode PL is formed by etching
back after a plate electrode PL lead out portion of the
titanium nitride film is coated with resist by
photolithography. At this time, a capacitor of 0.5 pm X 0.5
pm is formed on the plug 14. Next, after forming a TiN
film, an Al film, and a TiN film oxderly, a wiring layer of
periphery circuit is formed by manufacturing the multilayer
body with photolithography and dry etching.

Subsequently, an insulator film is formed in order to



(mM/mn) are introduced respectively into the reacti on ThisSheet §yq‘e
pressure in the reaction chanber 3 is 20 adjusted to

-controlling the anount of exhaust gas. An exhaust i@ not
shown.in FIG 10. A magnetic field of 0.0875 (T) | the
pl asma generating chanber 2 by the na%hetlc field generatlng COI

4, and ECR plasma is generated by intrqducing m crowaves of 2.45

(GHz) so that Brefestfihe, carereihed sRdt ke ipfFrdekeothe Se°°Pﬁe1§MB§tP§ie

because of

10

15

20

25

reacti on between err] and Si F

the wiring layer. The 1nsulaLgLr¥1lm is composed of an
oxide film formed with organic silane. Next, through holes
and the plugs 16, 17 made of tungsten are formed. By a
method using selective growing of tungsten, it becomes
possible to form the plugs 16, 17 having respectively
different height as shown in FIG. 22.

Next, the third layer of the wiring layer 18 and the
pad 19 are formed. Further, the third layer of the
planarized SiOF insulator film 20 is formed by the method
previously described. Subsequently, in accordance with the
above described steps, the plug 21, the fourth layer of the
wiring layer 22, and the fourth planarized insulator layer
23 are formed.

According to an investigation by the present inventor,
a fraction defective in 200 hours' pressure cooker test of
the above described DRAM relating to the present invention
is 3 %. On the contrary, when the insulator film is the
SiOF film formed with SiH4, the fraction defective is
approximately 38 %, and when the insulator film is the SiOF
film fofmed with SiF,, the fraction defective is
approximately 62 %. Accordingly, the reliability of the
DRAM can be increased by using the SiOF film formed with
SiH,F, as the insulator film.

Furthermore, the present inventor examined TFT
characteristics of a TFT using the SiOF film formed with

SiH,F, as a gate insulator film of a TFT-LCD, and of a TFT

he



- The filmdepositing rate (D.R ) increases in proporti
i ntroduced mcrowave power (P[err]), for

tSLnbs case, a p-type Si substrate 126 mmin dianmeter is usef%s | esentRheaced
strate. The introduced m crowave power (P[err]) is Hﬁﬁmﬁﬂﬁﬂl Iﬁ“
26 ‘
using the SiO, film formed with conventional SiH,. In
accordance with the result, the mobility u in the case
using SiOF film is approximately 0.6 (cm’/v.s), and the
mobility p in the case using $i0, film is approximately 0.4
5 (cm?’/v.s). The difference in p as above described is caused
by fluorine isolated in plasma when SiH,F, is used, which
flattens the surface of the formed film.

The SiOF film is preferable as a passivation film for

LSI, power transistor, and TFT, because it is hydrophobic.
10 (Embodiment 10)

The present'inventor investigated the SiOF film
manufactured by the same apparatus and method as embodiment
1 under various reaction pressure, input power, and gas
flow rate. Results of the investigation are explained

15 hereinafter.

FIG. 18 is a graph indicating a relationship between
specific dielectric constant and density of the férmed
film. The specific dielectric constant depends on the
density, and especially, the specific dielectric constant

20 can be expressed approximately by a primary function of the
density when the dénsity is in a range of 1.8-2.4 (g/cmﬁ.
That means, the dielectric constant can be decreased by
lowering the density.

FIG. 19 is a graph indicating a relationship between

25 breakdown voltage and density of the formed film. The film
has a sufficient breakdown voltage as an insulator film

between wires in a region where the density is larger than



8 instance, the depositing rate DR is 0.2 ([ert]lmnin) at 600
(W of P[err]. The specific dielectric constant [err] 'of the formed
filmis approximtely 3.5. The bondi ng condition of theThisSheet HapBerr Hegldckdn

is such that a Si-Si bond is 10 %of the OSi-O 5 :bo OF
bond is 30 % of the Si-F bond. The spezific dielecf err]
can be neasured by the formation of an al um num el ectrode on

formed film TheB (g/ﬂ-bonding condition.of the formed filmcan be neasured

by As explained above, the SiOF film having a density in a
range of 1.8-2.4 (g/°) is preferable as an insulator film of
low dielectiic constant.

5 (Embodiment 11)

A result of investigation by the present inventor on
desorption amount of the SiOF film‘in embodiment 10 is
explained hereinafter.

FIG. 20 indicates a relationship between the specific

10 dielectric constant of the formed film and the desorption
amount of the film when the film is heated at 600 °C. The
value of the desorption amount is normalized with the
specific dielectric constant of the film formed with SiH;g
in embodiment 1. As FIG. 20 indicates, when the specific

15 dielectric constant is in a range of 2.8-3.2, the
desorption amount is a constant. However, when the specific
dielectric constant is less than.2.8 or larger than 3.2,
the desorption amount incféases. When the specific
.dielectric constant is 1éss tha¥-2;8, coarsé.p§¥ti§ns of the

20 film material is generated in the formed film because of
low density, and moisture in air is taken into the coarse
portions. Consequently, the desorption amount increases.
When the specific dielectric constant is larger than 3.2,
moisture in air or hydroxide group in moisture is readily

25 taken into the film because of existing O-F bond Si—Si
bond. Consequently, the desorption amount increases.

As explained above, in order to decrease moisture



fluorescent X ray (XPS) analysis or nuclear magnetic 10. _resonanc [\II(YR)
anal ysi s. Next, a nmethod of forming SiOF fil YASg¥S
silane difluoride (SiHerr]Flerr]), as an embodi ment of l\
invention, wll be explained. Conditions for formng a S are
the sane as those of above process which u28 SiF[err]. 15 The film
deposition rate does not depend on the introduced ©mcrowave power,
but i ncreases contendpoft ithe tfd lmhe uaefi the filgd hawimgifhel specific
SiHerr]Flerr] gas. Wien the SiHerr]F[err] gas is introduced
dielectric constant in a range of 2.8-3.2 is preferable. By
using such a film as described above, reliability of
semiconductor devices such as LSI and the like can be
5 improved.
SiNF film can be formed by using nitration gas such
as N,, or NH, instead of oxidation gas. When a SiN film formed
with SiH,F, and nitration gas such as N,, or NH, is used as a
TFT gate film, more preferable characteristics can be
10 obtained than a TFT using a SiN film formed with SiH, as a
gate film. As explained above, SiH,F, is preferable for
forming a gate insulator f£film of semiconductor.
In accordance with the present invention, a dielectric
film having a low dielectric constant and high reliability
15 can be formed, and consequently, a semiconductor device of
less wiring delay of signal and a semiconductor device
having preferable characteristics can be manufactured.
Because the dielectric film having a low dielectric
constant and high reliability can be formed effectively,

20 such an advantage as reducing manufacturing cost of the

semiconductor devices can be realized.



at a rate of 40 (mM/mn), the fitnmdeposition rate (D.R) I s equal to
0.38 ([err]n m n)rhis SREVIBX BERREMed Wi Ce thé rate 20 \M'Imuﬂls“m ]“! ﬂ ‘
used. The reason position rate i ncr [
'SiH2F2 gas is bec%ﬂhmyumm i ation energy of SIH err[Flerr] is
. lower than that of . - FI@9 11 indicates the infrared
absorption spectra of SiOF films formed by SiHerr]F[lerr] and

Si Flerr], respaat ial ylalimethes;25 case of SiF[err] (hereinafter case:

B), the center of the Si-0O vibration is 1065 (cnferr]), and said half
width at the half

1. A dielectric comprising a silicon oxide fluoride

compound having a covalent bond between a fluorine atom and

5 a silicon atom.

2, A dielectric as claimed in claim 1, wherein
said silicon oxide fluoride compound has an additional

covalent bond between a silicon atom and an oxygen atom.

10
3. A dielectric comprising a silicon oxide fluoride
compound, which hés a half width at half height of equal to
or less than 30 cm™ at a region in the infrared spectrum
with low frequency waves.

15

4. A dielectric comprising a silicon oxide fluoride

compound, which has a density in a range of 1.8-2.4 g/°.

5. A dielectric comprising a silicon oxide fluoride
20 compound, which has a specific dielectric constant in a

range of 2.8-3.2.

6. A method for manufacturing a dielectric comprising the
steps of;
25 introducing a gas containing SiF,X, gas onto a

substrate, and
supplying an energy which does not dissociate the

covalent bond between a fluorine atom and a silicon atom in



hei ght (HWHH) at a | ower wave nunber side is 33 (cn{ err although

sl'ight noisture (0-H) can be observed. the 0
-case of SiHerr]Flerr] (case:A), the 30 center of m n |s
1080 (cnferr]), and said half wi dth at the haI |&N\H—Q) "at a

| ower wave nunber side 30

said SiF,X, gas to said gas containing SiF,X, gas.

7. A method for manufacturing a dielectric as claimed in
claim 6, wherein
5 said X is any one selected from a group consisting of

H, Cl, Br, OCH,, OC,H,, and OC,H,.

8. A method for manufacturing a dielectric as claimed in

claim 6, wherein

10 said energy is less than 541 kJ per 1 mol of SiF,X,.

S. A method for manufacturing a dielectric as claimed in
claim 6, wherein
said energy is supplied by a CVD apparatus.

15

10. A method for manufactufing a dielectric as claimed in
claim 6, wherein

said energy is supplied by a plasma treating apparatus.

20 11. A method for manufacturing a dielectric as claimed in
claim 9, wherein

spattering processes are overlapped.

12. A method for manufacturing a dielectric as claimed in
25 claim. 10, wherein

said plasma is generated by radio waves.

13. A semiconductor device comprising This Sheet Has Been Repla

I i




9 Is 24 (cnerr]). Alarger wave nunber indicates a stronger bond
of Si-O and a smaller -WHWVindi cates a simpl er network wit'n a—f ewer

- kind of bonds. When t he bondi ng condltlo
fl'uor escent 5 X ray (XPS) analysis and nucl ear !I”Imrma !I( NVR)
cc

analysis, no Si-Si bond and Si-OF bond camBle observe di ngly
the structure of the filmis nostly conposed of the Si-0O bond andthe
Si - F bond, of tshelugadddty i9fmwiring located on the surface of a

semiconductor substrate, and
a dielectrig comprising a silicon oxide fluoride
compound having a covalent bond between a fluorine atom and
5 a silicon atom located at intervals between said plurality

of wiring.

14. A semiconductor device_comprising
a plurality of wiring located on the surface of a
10 semiconductor substrate, and
a dielectric comprising a silicon oxide fluoride
compound, which has a half width at half height of equal to
or less than 30 cm™® at a region in the infrared spectrum
with low frequency waves.

15

15. A semiconductor device comprising

a plurality of wiring located on the surface of a
semiconductor substrate, and

a dielectric comprising é silicon oxide fluoride

20 compound, which has a density in a range of 1.8-2.4 g/°.

16. A semiconductor device comprising
a plurality of wiring located on the surface of a
semiconductor substrate, and
25 a dielectric comprising a silicon oxide fluoride -

compound, which has a specific dielectric constant in a

range of 2.8-3.2,.
his Sheet Has Been Replaced




reason why the O-H bond is not observed in the infrared 10 spectrumis
because the structure does not contain a weak bond of Si-OF.

The [err] [err] of is approximately 3.2. The specific dielectric
constant [err] is a val ue obtained by multiplying an estimted
dielectric 15 constant [err] (= 1.88) of the SiIOF filmshowm in FIG 1
by a coas 1712 showmn in FIG 1. The
the SiJerr] film (= 2.27), estinmated fromthe atom c refraction




and the dielectric constant e of the observed glassy SiJerr] (=

4.0). 20 As expl ai ned above, when the SIOF filmis fornmed by
introducing silane difluoride (SiHerr]Ferr]), the deposition rate .
of "the filmincreases, and a dielectric filmhaving a pref erabl e
chem cal stability, such as a noisture- resi stance and a | ow :
dielectric constant, can be fornmed 2%/41%ecause the formed SIOF filmis
nostly conposed of Si-O bonds and Si-F bonds.

FIG. 3

£=2127

£=290



(Enmbodi nent 2) When a filmis fornmed under the same conditions
as’ t he above enbodi nent 1, except for introducing silicon 30
dichloride difluoride (SiF[err]Cl[err]) instead of SiH err]F[err], a Si OF
fifmcan be fornmed, wherein no O is observed. The

10
3/12

FIG. 5

€=219



deposition rate of the filmis alnost the sanme as the rate when

S Herr]F[err] is used, and is DR = 0.36 ([err]mimn). The

dielectric constant [err] is approximtely 3.3, slightly higher t han
that of the case using SiHerr]Ferr]. That neans, when SiF[err]d[err] 5
is used, an insulator filmhaving a |ower dielectric constant than

. that of the insulator film obtained by » Ng - SiHerr]F[err] can be

f or ned. “Furthernore, when a filmis forned under the sane
conditions as used in enbodi ment 1, except for introducing

FIG. 7




10 silicon dibromde difluoride (SiF[err]Br[err]) instead.of

S Herr]Flerr], a
fornmed. The

(Enmbodi nent 3)
as

Ther ef or e,
such as a
When a fi

Ees

SiOF film wherein no Br is observed,
‘deposition rate of the filmis alnbst the sane as the
rate in the case of using SiHerr]dJ[err],
DR = 0.36 ([err]m min).
: 15 dielectric constant e,

FlG. 9

and the deposition rate

a dielectric filmhaving a | ow
mately 3.3,
formed under the sane conditions

can be

BOKD Ki/mol) ow | ey
Si—F 541.0 Si—H 294.6
C-H 413.4 0-F 184.9
Si—0 369.0 Si—Si 176.6
Si—Cl 358. 6 F—-F 153.0
C-0 351.5 0-0 1386
0.—0* 361.5 - N20—0* 305. 4

can be




enbodi nent 1, except for introducing dinmethoxy silicon 20  difluoride
(SiF[err](CCH err])[err]) instead of SiHerr]Ferr], a SiOF film

wherein no Cis observed, can be formed. The deposition rate of the
fifmis approximately the sanme as the rate in t he case of using
SiHerr]F[err], and the deposition rate DR = 0.36 ([err]mMmn). The
dielectric constant [err] is slightly }g@er 25 than in the case of
using SiH err]F[err] and is approxi mately 3. 3. When a filmis
formed under the sanme conditions as in enbodi nent 1, except for

i ntroduci ng di ethoxy silicon

FIG. 10

L]




difluoride (SiF[err](OJerr]Herr])[err]) instead of SiHerr]F[err], a Si OF

fifrm wherein Cis hardly observed, can be fornmed. The deposition 30
rate DR of the filmis 0.36 ([err]mnmin), and is slower than t hat
in‘the case using SiHerr]F[err]. The reason of the slower

7/12

FIG. 11
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deposition rate is because SiF[err] (O err]Herr])[err] has a | ower vapor
pressure at roomtenperature than SiHerr]Ferr]. Therefore, if the

tenperature of the source vessel and the tenperature of the pi pi ng
are elevated so as to nake it possible to introduce 5 a necessary anount
of SiF[err](Oerr]Herr])[err], 40 (mM/mn), the deposition rate
D.R increases to 0.36 ([err]mmn). §12err] dielectric constant is
approxi mately 3. 3. When a filmis formed under the sane
conditions as in enbodi nent 1, except for introducing di propoxy
silicon

FIG. 12
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10 difluoride (SiF[err](OCerr]Herr])[err]) instead of SiHerr]Ferr],

a

STOF filmcan al so be forned. However, the tenperature of the source
vessel and the piping nmust be elevated so as to nake it - possible to

i ptroduce a necessary anmount of SiF[err](OCerr]Herr])[err], 40

(mM/mn). In this case, the deposition rate DDR is 0.36 15

([err]mmn), and the dielectric constquz[err] I s approxi mately 3. 3.

I n accordance with a study by the preséent inventors, t he coating
condition of the substrate surface when an Si OF

FIG. 14
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filmis fornmed on a substrate having an uneven surface 20 beconmes nore
pr-ef erabl e, dependi ng on the source materials bei ng used, in the
erder of SiF[err](OCerr]Herr])[err], SiF[err](OJerr]Herr])[err],
(SiF[err](CCH err])[err]), and SiHerr]F[err]. (Enmbodi nent 4)

FIG 12 illustrates schematically a cross section of a 25 paral l el plate
type RF (RF: radio frequency)-CVvD appqratés for formng a SIOF film
The apparatus conprises a reaction 0/12hanber 11, reaction gas inlets 5
and 6, a holder 12 for -

FIG. 17
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hol di ng and heating a substrate 7, and a frequency power source 13 -
for supplying high frequency waves for plasma 30 generati on.

First, a process for forming a SICF filmfromSiHerr]F[err]

12 and nitrogen nonoxide (Nerr]O gas using the present apparatus

11712

FIG. 19
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wi || be explained hereinafter.
kAtroducing N err] O gas at 800
¢m /mn) through the reaction gas 5

pressure in the reaction
Eontrol ling the anount

not shown in
generating plasma by supplying high frequency waves 400 10
(MHz) to the upper el ectrode 14, '
SiHerr]F[err].

The tenperature o

The filmis forned by

(mM/mn) and SiHerr]Flerr] at 200

inlets 5 and 6,
chanber 3 is adjusted to 200 (Pa) by

of the exhaust gas (the exhaust gas systemis
the figure).

respectively. The

The JZHZiImis formed on a substrate by

Fha:.21

(W of 13.6

Nlerr]Owth
ate is kept at
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350 When SiFlerr] is used, the filmis scarcely formned.
However, when SiH2F2 is used, the filmcanDe forned with a 15
.deposition rate DR of 0.20 ([err]mnin). Wen (err] is used
instead of Nerr]Owith SiHerr]Flerr], a SIOF filmcan be forned, but

~ the deposition rate DR is less than 0.1 ([err]mmn). The filmis

- scarcely fornmed when Si Flerr] is used, because the bond energy of Si-F
is |arge. Home@@is,trﬂ‘lg: §%§1§“]ﬁ PhSEAPHES0  formed by RF plasma using
SiHerr]F[err], because SiHerr]F[err] has a Si-H bond with a weak
bond energy. As expl ai ned above, the deposition rate increases by

using N err] O insteadg3f iQe@ Ichei def TR ML THi10 asrithd WEIF AHIA D
energy of active oxygen than that of O[err]. The dielectric
5 Si-O bonds is used for insulator wiring of a semiconductor
device, and a dielectric film is formed using SiF,X, gas (X
= H, Cl, Br, OCH,, OC,H,, and OC,H,) as a reactant.
A semiconductor device having a small wiring delay and
high reliability can be manufactured, because the silicon
10 oxide fluoride film having Si-F bonds and Si-O bonds has a

smaller dielectric constant than a silicon oxide fluoride.

film having S8i-Si bonds and O-F bonds.



25 ' constant [err] of the formed SIOF filmis appr 9‘0&
As described above, the SiOF filmhaving a | ow qj €88l MOFB gedt"é:'.ﬁ;g pggg """
be formed with a RF plasma when Si H2F2 is usqdgp, ng B Hé'ﬁ—i—-tOS azed
30 FIG 13 illustrates schematically a crosg LOn: 0 4_ang q
(1 CP: Inductively Coupl ed Pl asma)-CVD apparjat us fon S : pagea ..... ged ..
Title of the Invention pate oF recewr ..} 2 NOV 199
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A DIELECTRIC, A MANUFACTURING METHOD THEREOF, AND

SEMICONDUCTOR DEVICE REPLACED SHEETS
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>

E’ﬁescription : paged ..... { to paged 27...

. O Claim(s) : paged ....7. to paged .7..... '
Background of the Invention [ Drawing(s) : paged .....7 %o paged ....... |

bstract : paged ....... {o paged ....

The present invention relates to a dielectric, a
manufacturing method thereof, and a semiconductor device, -
especially to a dielectric with a low dielectric constant
suitable for moderating wiring delay of signals and

improving durability of semiconductor integrated circuits

_and the like.

In accordance with the conventlonal manufacturing

. _process for semlconductor dev1ces,-a trial for moderating

wiring delay of signals has been performed, and is as

follows. The signals are transmitted through wiring and an
organic film with a low dielectric constant used to
insulate the wiring. However, the insulation of the wiring
by the organic film is hardly used because of a problem
with durability of the organic film.

Currently, to improve durability, forming‘methods-for
dielectric film composed of silicon, oxygen, and fluorine
(called SiOF film hereihafter) have been developed. For
instance, the méthod usiné silicon tetrafluoride (SiF,;) and
oxygen as reacting gases, as dlsclosed 1n_"Preparatlon of
SiOF Fllms with Low Dlelectrlc Constan& by ECR Pi;;ma

Chemical Vapor Deposition" pl58, Extended Abstract of the
. : _
] Sheet Has Been Replaced
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13 ° formng a SIOF film The apparatus conprises a reaction

chanber 15 nade of quartz, reaction gas inlets 5 and 6, a hol der 16
for holding a substrate 7, and a coil 17 for suppl yi ng hi gh frequency
waves for plasma generation. 5 First, in order to provide a
conmparison with the present inventiorZ a process for formng Si OF
filmusing Si F[err] and oxygen gas wi |l be explained hereinafter.
From t he 1992 aconfHargasei oheSolsdaftiate Dpwicesamn2babayial®d and

Si Flerr] atby 40 (mM/mn) are respectively introduced into the 10

‘reaction chanbe$93p. Huactherssanetherthethedceddinghgfses from the
fluorine group to the gases necessary for forﬁing a silicon
oxide film is disclosed in "Formation Mechanism of F-added

5 Si0, Films using Plasma CVD" p.133; The 16th Proceedings of
Symposium on Dry Process (1994).

In connection with the conventional SiOF films,
fluctuation in the dielectric constant of films is so large
that it is not possible to form a film with a low

10 dielectric cdnstapt. The humidity resistance of the film is
low.

The present invention has been developed with

R_EPLACEMENT SHEET

t
1

consideratiop of the above problems.

£
H

12 NOV 199.

15 Summary of the Invention

The dielectric relating to the present invention
comprises silicon oxide fluoride compounds, having covalent
bonds of fluorine atoms and silicon atoms.

20 Further, in accordance with a method for manufacturing
a dielectric relating to the present invention, SiOF film
is formed by supplying an amount of energy which does not
dissociate the covalent bonds of fluorine atoms and the
silicon afoms of SiF,X, to a gas which contains the SiF/X,.

25 Furthermore,?in accordance with the semiconductor

wr *

- ks LA s e .
device relating to the present invention, dielectric bodies

comprising silicon oxide fluoride compounds, having covalent
-

This Sheet Has Been Reilaced
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EPLACEMENT onttl
gas

15 i's adjusted to 0.2 (Pa) by controlling the anount of

(the exhaust gas systemis not shown in the figure).

generated by supplying 1 (kW high frequency waves at Y

the coil 17 so that the 15 SIOF filmis formed on the suffl

substrate by reacting of Jerr] and3SiF[err]. The fil depositin
rate (D.LR) is 0.2 ([err]mmn), and the specific diel ' nst ant

e of the borids nefl fllorise appbowsi andebyl3cbn Thomsondireg Perovddedon of
the formed filmis such that Si-Si bond is 10 %of the O 20 Si-O bond,
and the Si- Gdétyeen a PBIradbtviof ®irfngowhich are locafegdt ong thet hod f or
formng SiOF film by introducing
substrate of the semiconductor device.
The dielectric constant of a substance is the sum of
. 5 components based on orientation polarization, ionic
polarization, and electronic polarization. The main
component of a dielectric constant of non-orientated
substance such as Si0, or SiOF film is almost the same as the
dielectric constant based on electronic polarization. The
10 dielectric constant based on the electronic polarization
can be obtained from atomic refraction of constituent
. atoms, or electronic group refraction of bonds between the
atoms.
FIG. 1 illustrates a molecular structure of SiOF film
15 relating to the present invention, and FIGs. 2-8 illustrate
molecular structures of conventionally known films of SiO,
§i0,, or SiOX (X = OF, H, OH, Cl). In said figures 2-8,
specific dielectric constants € are shown respectively
calculated by the present inventor from their atomic
20 refraction. The atomic fraction of F is calculated by
subtracting the atomic refraction of C from the molecular
refraction of CF,. The atomic fraction of Si is calculated
by subtracting the atomic.refraction of F fromlthe
molecular refraction of SiF,. The specific dielectric
25 constant of the SiOF film i; smaller than that of SiO'and
8i0, films as shown in said figures 2-8 and the specific

dielectric constants €. Furthermore, in accordance with

Been Replaced
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silane difluoride (SiH2F2), according to an enbodi nent of REPDA?C Gﬁp.-i;"""
ENTS e

i.nvention, will be explained hereinafter. O her condi tijon

the film except for the introducing 25 gas, are the sang 4gs i e above
expl ai ned process which uses SiF[err]. The fil m deposi §i tNOV).1996
s 0.38 ([err]mMmn), and is approxi gately tw ce that jo he case
using SiF[err]. The reason for the increase of the fifm dep05|t|on T
rate i s that inkestigatdicss @t atHeopmmsgy ivéntdrey rihdedigls @es..t.han
that of SiF[err]. 30 Regarding the infrared absorption spectra of

Si CJ_:| t fi loomstaned B S eXedd] e r§ tondt S & of r §io0FnfalmakevihgSkhé
e covalent bond of Si and F is smaller than that of a
molecular stfucture of SiOF film having the covalent bond
5 of Si and O.
FIG. 9 indicates dissociation energies of wvarious
bonds. O-F bond is weaker than Si-F bond by approximately
1/3. Therefore, the SiOF film having Si-F bond has smaller
€ and is chemically'more stable than the SiOF film having
10 O-F bond.
In order to form a SiOF film with a molecular
- structure having Si-F bond, SiF,X, molecules are used. These
molecules have at least two Si-F bonds and another two Si-X
bonds, X is an atom or an atomic groﬁp. The Si-F bonds have

15 smaller bond energy than Si-F bond energy. As shown in FIG.
9, bond energies of Si-H, Si-Cl, Si-O bonds are smaller
than the bond energy éf Si-F bond. Accordingly, molecules
of 8i-X wherein X is any of H, Cl, OCH,, OCH,, OC,H,, and
the like are preferable.

20 When using a molecule wherein the bond energy of Si-X
bond is smaller than the bond energy of Si-F bond, a
condition of SiF,X, molecules can be generated, wherein the
Si~F bond keeps bonding but the Si-X bond dissociates.

In practice, a reaction temperature of thermal CVD

25 apparatus or an input power of plasma treating apparafus
are controlled so as to add 541 kJ per one mole of SiF)X,
molecule, which does not dissociate Si-F béfi;j&ijﬁ&ijﬁzﬁﬁi_

heet Has Been Replaced
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14 ' the ECR plasma, the center of the Si-O vibration is 1065

(cnmferr]), and the half width at half height (HMH) at a | ower wave
nunber side is 33 (cnferr]). Although only slightly, sone noi sture
(O-H can be observed. On the other hand, ina 5 case of wusing
SiHerr]F[efr] (case:A), the center of the3Si-0O vibration is 1080

(cnferr]), and the half width at half hei ght _ o
case, oxygen is combined with Si atom which has two Si-F

bonds and dissociates X atoms. Furthermore, residual
uncombined oxygen valence forms a bond with a similar Si in
another SiF,X, molecule. Accordingly, the SiOF film having a
5 molecular structure wherein F is combined with Si as shown

in FIG. 1 can be formed.

As shown in FIG. 9, the bond energy of Si-H bond is
smaller than the bond energies of Si-Cl, and Si-O bonds.
Therefore, using a molecule 6f.si—x wherein the X is H,

10 margins of the operating conditions can be broadened.

~Brief Description of the Drawings

FIG. 1 illustrates schematically a molecular structure
15 of SiOF film of the present invenﬁion,
FIG. 2 illustrates schematically a molecular structure
of conventional Si0O (OF) £ilm,
FIG. 3 illustrates schematically a molecular structure
of conventional Si0, film,
20 FIG. 4 illustrates schematically a molecular structure
of conventional S$iOCl film,
FIG. 5 illustrates schematically a molecular structure
oflconventional Sio film,
FIG. 6 illustrates séhematically a molecular structure
25 of conventional SiOH film,

~ FIG. 7 illustrates schematically a molecular structure

of conventional SiOF film, _________—_—*———‘—’

Has Been Replaced

REPLACEMENT SHEET \\ii\‘\i\“‘““\‘m \“\

12 NOV 1996




(HWHH) at a | ower wave nunber side is 24 (cnferr]). Furt her nore,
no Si-Si bond or Si-OF bond can be observed in the filmfornmed by
SiHerr]F[err]. Accordingly, the 10 structure of the filmis nostly
conposed of a Si-O bond and a Si-F bond. The reason why the O H bond
i's not observed in the infrared spegtrumis because the structure
does not contain a weak bond of Si-OF. Further, the dielectric
constant [err] i®IGppBoxiimséknteds? schemsdiraddy a ewictiviant stifictuke and
so a filmhaving a low dielectric constant can be

of conventional SiO(OH) film,

FIG. 9 indicates_dissociation energies of wvarious
bonds,

5 FIG. 10 is a schematic cross section of an ECR-CVD
apparatus in the present invention for forming SiOF film,

FIG. 11 is an infrared absorption spectrum of the SiOF
film in the present invention,

FIG. 12 is a schematic cross section of a parallel

10 plate type RF-CVD apparatus in the present invention for
forming SiOF film,

FIG. 13 is a schematic cross section of an ICP-CVD
apparatus in the present invention for forming SiOF film,

FIG. 14 schematically indicates a condition in the

15 present invention, wherein wires on a semiconductor
substrate are covered with the SiOF £film,

FIG. 15 schematically indicates a condition in the
present invention, wherein wires on a semiconductor
substrate are covered with the SiOF films, which are formed

20 by overlapped spattering,

FIG. 16 schematically indicates a condition in the
preseht invention, wherein wires on a semiconductor substrate
are covered with the planarized SiOF film,

FIG. 17 is a graph indicating a relationship between

25 the dielectric constant and HWHH (A Half Width at Half

Height) of the SiOF film in the present invention,

FIG. 18 is a graph indicating a relationship between

REPLACEMENT SHEET o Has Been Replaced
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forned. Furthernore, the filmformed in the present enbodi nent has a
preferabl e chem cal stability. As expl ai ned above, a SIOF film
having a | ow di el ectric constant can be formed by ICP plasma if
silane 20 difluoride (SiHerr]Ferr]) is used. (Enmbodi nent 6)

In the above described enbodi nents, when wiring 18 provi ded on the
surface of the sem conductor substrate of t he sem conductor device is

coated with gnhsl &heéifFit18ieBEctric constant and the density of the
SiOF film in the present invention,

FIG. 19 is a graph indicating a relationship between

the density and dielectric breakdown electric field of the
5 SiOF film in the present invention,

FIG. 20 is a graph indicating a relationship between
the specific dielectric constant and the desorption amount
in the present invention,

FIG. 21 is a schematic cross section of a SRAM in the

10 present invention, wherein the SiOF film is used,
FIG. 22 is a schematic cross section of a DRAM in the

present invention, wherein the SiOF film is used, and

shown in FIG. 22.

15
Description of the Preferred Embodiments
The present invention is explained in detail referring
to the figures hereinafter.
20
(Embodiment 1)
FIG. 10 is a schematic cross section of an Electron
Cyclotron Resonance (ECR)-CVD apparatus, which is one of
CVD apparatus used for forming SiOF film. The apparatus
25 comprises a plasma generating chamber 2 having a microwave

introducing window 1, a reaction chamber 3, a magnetic field

generating coil 4, reaction gas inlets 5 and 6, a holder 8
-
This Sheet Has Been Replaced
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25 " shown in FIG 14, the width of the concave portion o
surface of the fornmed fil mbecones narrower than the w dt gﬁﬁg
between the wiring. Therefore, when a second {wi 12 Y

i nt erval

REPLACEMENT SHEE

ET
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formed on the filmfor nmultilayer wring, the breakiind fraction of

the wire of the second wiring 30 I ncreagses and accordi

gy, the

production yield of the sem conduct or devi ce decr easleS—-hR—orter
prevent suchhalding a substrate 7, and a high frequency power source for

10

15

20

25

supplying high frequency waves to the substrate 7.

First, a process for forming SiOF film using silicon
tetrafluoride (SiF,) and oxygen (O,) gas.in the present
invention is explained. From the reaction gas inlets 5 and
6, O, by 200 (ml/min) and SiF, by 40 (ml/min) are introduced
respectively ipto the reaction chamber 3. The pressure in
the reaction chamber 3 is adjusted at 0.2 (Pa) by controlling
an amount of exhaust gas. An exhaust gas system is not
shown in FIG. 10. A magnetic field of 0.0875 (T) is

generated in the plasma generating chamber 2 by the

. magnetic field generating coil 4, and ECR plasma is

generated by introducing microwaves of 2.45 (GHz) so that
said SiOF film is formed on the surface of the substrate
because of reaction between O, and SiF,. In this case, a p-
type Si substrate 126 mm in diameter is used as the
substrate. The introduced microwave power (Pp) is 600 (W).
A film depositing rate (D.R.) increases in proportion
to the introduced microwave power (Pp), for instance, D.R.
is 0.2 (pm/min) at 600 (W) of Pp. The specific dielectric
constant € of the formed film is approximately 3.5. Bonding
condition of the formed film is such that Si-Si bond is 10
% of 0-Si-0 bond, and Si-O-F bond is 30 % of Si-F bond. The
specific dielectric constant € can be measured by the
formation of an aluminum electrode on the formed film. The
bonding condition of the formed film can be measured by

fluorescent X ray (XPS) analysis or nuclear magESEiE;___#___
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15 decrease of the proddction yield, the spatterlng nmust
overlapped in formng the SIOF filmusing SiHerr] and

As a reference exanple for formng a filmby ovel
spattering, a case of a SiJerr] filmwith SiHerr] b nsteﬁg$g
usi ng the apparatus shown in FIG 10 will §e explai\neti2 inafte

In this case, high frequency waves
resonance (NMR) analysis.

Next, a method for forming SiOF film by'introducing
silane difluoride (SiH,F,), as an embodiment of the present
invention, is explained. Conditions for forming SiOF film

5 are the same as those above process which uses SiF,. The
film deposition rate does not depend on the intfoduced
microwave power, but increases in proportion to the ambuﬁf
of introduced SiH,F, gas. When the SiH,F, gas is introduced
at a rate of 40 (ml/min), the film deposition rate (D.R.)

10 is equai to O.38I(um/min), approximately twice of the rate
when SiF, is used. The reason why the film deposition rate

.iﬁcreases when using SiH,F, gas is because dissociation
energy of SiH,F, is lower than that of SiF,.

FIG. 11 indicates infrared absorption spectra of SiOF

15 films formed by SiH,F, and SiF,, respectively. In a case of
SiF, (hereinafter case: B), the center of Si-O vibration is
1065 (cmd), and with said half widtﬁ at half height (HWHH)
at a lower wave number side is 33 (cmq), although slight
moisture (O-H) can be observed.

20 On thé other hand, in a case of SiH,F, (case:A), the
center of Si-0O vibration is 1080 (cmd); and with said half
width at half height (HWHH) at a lower wave number side is
24 (em™). A larger wave nqmber indicates a stronger bond of
8i-0, and a smaller WHWW indicates a simpler network with

25 fewer kind of the bonds.

When the bonding condition is measured by fluorescent

X ray (XPS) analysis and ﬁuclear magnetic resonance (NMR)

This Sheet Has Been Replaced




AL

400 (kHz) of 400 (W are supplied to the substrate froma \ » high~
t

frequency power source 9, the other conditions are set ) be .t SPUE

as the enbodinment 1. 10 The fil m deposition rate (D. .ﬂ igdeég ' i
([err]m mn) when the spattering is not overl apped, and tihe film .
deposition rate when the spatterind0s overlapped is 0.7

([err]m mn), . resulting in a 30 %reduction. The reducet—ameunt—of"

t he f ENRIYEASai t"ﬁ%r$1i'§gla hond tand iy 1t Rk gan gy, obseryred. 15

above case, spattering rate S R is 0.11 ([err]mmn). The film
Accordingly, the structure of the film is mostly composed

of Si-0 bond and Si-~F bond as shown in FIG. 1. The réason
why O-H bond is not observed in the infrared spectrum is
5 because the structure does not contain weak bond of Si-O-F.
The € of the formed film is approximately 3.2. The €
is a value obtained by multiplying an estimated € (= 1.88)
of SiOF film shown in FIG. 1 by a conversion ratio n (=
1.76) of € of Si0, film (= 2.27), estimated from atomic
10 refraction and € of observed glassy SiO, (= 4.0).
As explained above, ﬁhen the SiOF film is formed by
- introducing silane difluoride (Sngﬁ), the deposition rate
of the film increases, and the dielectric film having
preferable chemical stability such aé moisture-resistance
15 and a low dielectric constant can be formed because the
formed SiOF film is mostly composed of Si-O bonds and Si~F
bonds.

(Embodiment 2)

When a film is formed by the same condition as the

20 above embodiment 1 except introducing silicon dichloride
difluoride (SiF,Cl,) instead of SiH,F,, a SiOF film can be
formed, wherein no Cl is observed. The deposition rate of
the film is almost same as the rate when SiH,F, is used, and
when D.R. = 0.36 (um/min). The € is approximately 3.3,

25 slightly higher than that of the case using SiH,F,. That
means, when SiF,Cl, is used, an insulator film having a

lower dielectric constant than that of ;EE~i§§gl§§gg_ﬁilm

This Sheet Has Been Replaced
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formng condition in the above case is shown in FIG 15.
f.ormng condition is determ ned by the ratio the d
and the spattering rate S.R The deposition rate D. R
i ncreased by increasing the 20 anount of SiHerr] bein

the spattering rate S.R can not be jijncreased even i
Jerr] is increased. The specific dielectric constan
formed film bptained %Qpbgih SAlyF4. @an be formed.On the 0 :

SIOF filmis formed with SiH err] [err]

Furthermore, when a film is formed under the same
condition as the embodiment 1 except introducing silicon
dibromide difluoride (SiF,Br,) instead of SiH,F,, a SiOF film,

5 wherein no Br is obsérved, can be formed. The deposition
rate of the film is almost same as the rate in the case
using SiH,Cl,, and D.R. = 0.36 (um/min). Therefore, a
dielgctric film having a low dielectric constant € such as
approximately 3.3 can be formed.

10 (Embodiment 3) |
When a film is formed under the same condition as the
embodiment 1 except introducing dimethoxy silicon
difluoride (SiF,(OCH,},) instead of SiH,F,, a SiOF film,
wherein no C is observed, can be formed. The deposition
15 rate of the film is approximately same as the rate in the
case using SiH,F,, and D.R. = 0.36 (pm/min). The € is
slightly higher than the case using SiH,F, and is
approximately 3.3.
When a film is formed by the same condition as the
20 embodiment 1 except introducing diethoxy silicon difluoride
(SiF, (OC,H,),) instead of SiH,F,, a SiOF film, wherein C is
hardly observed, can be formed. The deposition rate of the
film D.R. is 0.36 (pm/min), and is slower than that in the
case using SiH,F,. The reason of the slower R.D. is because
25 SiF, (OC,H,), has a lower vapor pressure at room temperature
than SiH,F,. Therefore, if temperature of the source vessel

and the piping are elevated so as to make it poséible to
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25 " and (Jerr] according to, an enbodinent of the present

the filmdeposition rate (D.R ) when the spattering is not I e
is 0.38 ([err]mMmn), and the deposition rate D. R n tﬂgi@{lme

Spattering is overlapped is 0.19 ([err]mmn), result - ‘
reduction. The reduced anount 0.19 30 (herrlmmn) is the spatterl ng rate
S.R, and is larger than the spattering rate S.R in the.case

SiHerr] is unedtodble necessary amount of SiF,(OC,H.),, 40 (ml/min), the
D.R. increases to 0.36 (um/min). The € is approximately
3.3.
When a film is formed by the same condition as the
5 embodiment 1 except introducing dipropoxy silicon
difluoride (SiF,(OC,H,),) instead of SiH,F,, a SiOF film can
also be formea. However, the temperétﬁre of thé source vessel
and the piping must be elevated so as to make it possible
to introduce necessary amount of SiF,(OC,H,),, 40 (ml/min).
10 In this case, the D.R. is 0.36 (um/min), and the € is
approximately 3.3.
In accordance with the study by the present inventors,
a coating condition of substrate surface when the SiOF film
is formed on the substrate having uneven surface becomes
15 more preferable depending on using source materials in the
order of SiF,(OC.H,),, SiF,(OC,H.),, (SiF,(OCH,),), and SiH,F,.
(Embodiment 4)
FIG. 12 illustrates schematically a cross section of a
parallel plate type RF (RF: radio frequency)-CVD apparatus
20 for forming SiOF film. The apparatus comprises a reaction
chamber 11, reaction gas inlets 5 and 6, a holder 12 for
holding and heating a substrate 7., and a frequency power
source 13 for supplying h;gh frequency waveé for plasma
generation. |
25 First, a process for forming SiOF film from SiH,F, and

nitrogen monoxide (N,O) gas using the present apparatus is

explained hereinafter.
This Sheet Has Been Replaced
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16 remar kabl e increase in the spattering rate (S.R) ke
spattering is overlapped is caused by etching of the film qiﬁkﬂé of
SiH err]Flerr]. Therefore, the deposition rate DR can bel d -
by increasing the amount of SiH err]F[err] being 5 i ntrpdyiced as _much

as the anount the SR is increased. In 33 accordance with the
spattering rate nethod expl ai ned above, wherein the aﬁn

[« o Y melal
Lt nf >z

being introduced mhec@iliwlilsedormed by introducing N,0 gas by 800

10

15

20

25

(ml/min) and SiH,F, by 200 (ml/min) through the reaction gas
inlets 5 and 6, respectively. The pressure in the reaction
chamber 3 is adjusted at 200 (Pa) by controlling the amount
of the exhaust gas (the exhaust gas system is not shown in
the figure). The SiOF film is formed on a substrate by
generating plasma by supplying ﬁigh frequency waves 400
(W) of 13.6 (MHz) to the upper electrode 14, and reacting
N,0 with SiH,F,. The temperature of the substrate is kept at

350 °C.

When SiF, is used, the film is scarcely formed.

. However, when SiH,F, is used, the film can be formed with a

.deposition rate D.R. of 0.20 (pm/min). When O, is used

instead of N,0 with SiH,F,, SiOF film can be formed, but
deposition rate D.R. is less than 0.1 (um/min). The £film is
scarcely formed when SiF, is used, because bond energy of
Si-F is large. However, SiOF film can be formed by RF
plasma using SiH,F,, because SiH,F, has Si-H bond of weak
bond energy.

As explained above, the deposition rate increases by
using N,0 instead of O,, because N,0 has lower generation
energy of active oxygen than that of O,. The dielectric
constant € qf the formed SiOF film is approximately 3.2.

As described above, the SiOF film having a low
dielectric_constant can be formed by RF plasma when SiH,F,

is used. ' .
amRﬂmmﬁ
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so as to obtain a deposition rate DR of 0.66 ([err]m mn

i.s fornmed on the surface of the wiring, i.e. when a 10

the surface of the wiring with an ef fective depositi ate of 0.66.— }
([err]mMmn), the filmis formed in a condition as sh i
In the above case, the specific diehactric constant |

formed film Is approximtely 3.2. 15 As expl ai above, if a

filmis fornmed w FIIGSI HBedl]lBsetralely schematdwalllapp rrdde sqsttiar i), not
only can a filmhaving a
an ICP (ICP: Inductively Coupled Plasma)-CVD apparatus for
forming SiOF film. The apparatus comprises a reaction
chamber 15 made of quartz, reaction gas inlets 5, 6, a
5 holder 16 for holding a substrate 7, and a coil 17 for
supplying high frequency waves for plasma generation.
First, in order to compare with the present invention,
a process for forming SiOF film using SiE} and oxygen gas is
éxplained hereinafter. From the reaction gas inlets 5 and 6,
10 O, by 200 (ml/min) and SiF, by 40 (ml/min) are respectively
introduced into the reaction chamber 15. The ﬁressure in the
. reaction chamber 15 is adjusted at 0.2 (Pa) by controlling
the amount of exhaust gas (the exhaust gas system is not
shown in the figure). Plasma is generated by supplying 1
15 (kW) high frequency waves of 13.6 (MHz) to the coil 17 so
that the SiOF film is formed on the surface of the
substrate by reacting the O, and SiF,. The film depositing
rate (D.R.) is 0.2 (pm/min), and the specific dielectric
constant € of the formed film is approximately 3.5. Bonding
20 condition of the formed film is such that Si-Si bond is 10
% of 0~8i-0 bond, and Si-O-F bond is 30 % of Si-F bond.
Next, a method for forming SiOF £ilm by introducing
silane difluoride (SiH,F,), an embodiment of the present
invention, is explained hereinafter. Other conditions for
25 forming the film than the introducing gas are same as the

above explained process which uses SiF,. The film deposition

rate D.R. is 0.38 (pm/min), and is approximately twice of the

CoTT T
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effective

Iow.specific dielectric constant be fornmed, but also the

f-il m deposition rate can be increased w thout i ncreasijnd t ke ROVERI6

supply of the apparatus and other 20 factors. urthernore, ing

order to decrease the breaking fraction of wire of thels :

and i nprove the production yield, alfilmstructure as ghown in FIG
trm nating 25

16 may be fornmed by appl
an extra proCP8& Y5188 CR&ES i I

is by the reason that the dissociation energy of the SiH/F, is

ing a flattenirclt% film or by ef
%ﬁbynéﬁ‘éﬁﬁﬁgoﬁa e gfiday deposition rate

lower than that of the SiF,.
Regarding to the infrared absorptioﬁ spectra of SiOF
5 films formed by SiH,F, and SiF,, in a case of SiF, as éame as
the ECR plasma, the center of Si-O vibration is 1065 (cm™),
and the half width at half height (HWHH) at a lower wave
number side is 33 (cm™). Although slightly, moisture (O-H)
can be observed. On the other hand, in a case of SiH,F,
10 (case:A), the center of Si-0O vibration is 1080 (cmd), and
the half width at half height (HWHH) at a lower wave number
. side is 24 (am™).
Furthermore, any Si-Si bond and Si-O-F bond can not be
observed in the film formed by SiH,F,. Accordingly, fhe
15 structure of the film is mostly composed of Si-0O bond and
Si~F bond. The reason why O-H bond is not observed in the
infrared spectrum is because the structure does not contain
.weak bond of Si-O-F. Further, the € is approximately 3.2 as
same as the embodiment 4, and the fiim having a low
20 dielectric constant can be formed. Furthermore, the film
formed in the present embodiment has preferabie chemical
stability. |
As explained above, ;he SiOF film having a low
dielectric constant can be formed by ICP plasma if silane
25 difluoride (SiH,F,) is used.
(Embodiment 6)

In the above described respective embodiments, when
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forﬁing the fil mshaped as shown in FIG 15. Instead of fh ~ etching i
back, mechani cal -chem cal polishing (CW) al so can bd u$adOy 196
(Enbodi nent 7) 30 FIG 17 is a graph indicating ajrdsult of an

i nvestigation perforned by the present inventor. A

10

15

20

25

16

wiring 18 provided on the surface of the semiconductor
substrate of the semiconductor device is coated with the
SiOF film 19 as shown i FIG. 14, the width of concave
portion on thé surface of the formed film becomes narrower
than the width of the interval between the wiring.
Therefore, when a second wiring is formed on the film for
multilayers wiring, bfeaking fraction of wire of the second
wiring increases and accordingly, production vield of the
semiconductor device decreases. In order to prevent the
above decrease of the production yield, the spattering must
be overlapped in forming the SiOF film using SiH, and 0,.

As a reference example for forming the film by
overlapping the spattering, a case of forming Si0, film with
SiH, in stead of SiF, by the apparatus shown in FIG. 10 is
explained hereinafter. However, in the above case, high
frequency waves 400 (kHz) of 400 (W) are supplied tb the
substrate from a high frequency power source 9, and other
conditions are made as same as the embodiment 1.

The film deposition rate (D.R.) is 0.38 (um/min) when
the spattering is not overlapped, and the film deposition
rate when the spattering are overlapped is 0.27 (pm/min),
30 % reduction. The reduced amount of the film deposition
is a spattering rate (S.R.), and, in the above case, the
S.R. is 0.11 (pm/min). The film forming condition in the
above case is shown in FIG. 15. The film forming condition
is determined by the ratio of D.R. and S.R. The D.R. can be

increased by increasing the amount of introducing SiH,, but
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17 rel ati onshi ctric constant [err] of a SiCOF

filmformed under varj ‘tions and the haImesﬁwaPma&n
hal f hei ght (HWHH) at ier side of Tﬁﬂ‘
the infrared spectru erle 5is a strong c

between the dielectri 17 and the half w t at half

hei ght HWHH. | n order SiOF filmhaving a low dielectric
constant, a fthkemsh&vi ’2n not Heh&nhﬁ:lefasucdtéire’ﬁ il ghdeighin € RHH, dis a
| ower wave number

increased. The specific dielectric constant € of the formed

film is approximately 4.0.
On the other hand, when SiOF film is formed with SiH,F,
5 and_Oz, an embodiment of the present invention, ﬁhe film
deposition rate (D.R.) when the spattering are not
overlapped is 0.38 (pm/min), and the D.R. when the
spattering are overlapped is 0.19 (pm/min), 50 % reduction.
The reduced amount of 0.19 (pm/min) is S.R., and is larger
10 than the S.R. in the case when SiH, is used. The.remarkable
increase in the spattering rate (S.R.) when the spattering
- are overlapped is caused by etching of the film by F of
SiH,F,. Therefore, D.R. can be increased by increasing the
introducing amount of SiH,F, as much as the increasing
15 amount of the S.R. In accordance with the method explained
above, wherein the amount of introducing SiH,F, is
controlled so as to obtain D.R. of 0.66 (um/min), a film is
formed on the surface of ﬁhe wiring, i.e. when a film is
formed on the surface of the wiring with an effective |
20 deposition rate of 0.66 (pm/min), the film is formed in a
condition as shown in FIG. 15. In the above case, the
specific dielectric constant € of the formed film is
approximately 3.2.
As explained above, if a film is formed with SiH,F, by
25 overlapping the spattering, not only a film having a low
specific dielectric constant can be formed, but also the

effective film deposition rate can be increased without



side of the Si-O peak in the infrared spectrumof |ess than § HEFT
The r@g je

cnferr] nust be forned. (Enbodi nent 8)
(B.V.) of the SIiOF film forned with SiF4 in enbodinent |1 is
approximately 5 (M/cm. General |y, the breakdown vol tlage §2BNGV)1986 a

conventi onal
I nproved by formng a filmhaving an interhedi ate

co
t he above de Ihed ;S | sacﬂﬁ ' | g{:g] film
As a refer en?‘g{dexanﬁﬁﬁ%deérﬁen 'S aéé]ie?fm %‘? mi%g %%Lh%g%%% using SiH4, 20

15 SSOFfilmis 9 (M/cn). e breakdown vollt age can be .
OSTtTON Dhet ween -

(m/mn), and Si Fpidthe r#fbAdT /iH WrddAStSatb Hease the breaking

10

15

20

25

fraction of wire of the second wiring and improve the

production yield, a film structure shown in FIG. 16 may be

formed by applying a flattening film, or eliminating extra

protrusion of the film by etching back, after forming the
film shaped as shown in FIG. 15. In stead of the etching
back, mechanical-chemical polishing (CMP) can be used.
(Embodiment 7)

FIG. 17 is a graph indicating a result of the
investigation performed by the present inventor. A
relationship between dielectric constant € of SiOF film
formed under various forming conditions and the half width
at half height (HWHH) at a lower wave number side of Si-0O
peak in infrared spectrum. The result reveals that there is
a strong correlation between the & énd the HWHH. In order
to form a SiOF film having a low dielectric éonstant, a
film having the half width at half height (HWHH) at a lower
wave number side of Si-O peak in infrared spectrum of less
than 30 cm™ must be formed.

(Embodiment 8)

Breakdown voltage (B.V.) of the SiOF film formed with
SiF, in embodiment 1 is approximately 5 (MV/cm). Generally,
the breakdown voltage ( B.V.) of conventional SiOF film is
9 (MV/cm). The breakdown voltage can be improved by forming

a film having intermediate composition between the above
_
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described SiOF film and the conventional SiO, film.



1. In this case, the film

& s 0.19 ([err]m mi n) ThisSheet eplaced
h a range between m Illl
1t he specific 25 die nt

[err] of the filn appyoxi mately 3.75. However, the
di el ectric constants S the Si filmformed with SlF[err] S
approxi mately 3. Qg waéeferené@aébsamﬁiélprtmréws ng haidl yoemingemaehbaved
even if SiF[err] is used as the doping gas of fluorine F. Because the
bond 30  ensany $iut heoSi(mz/ARard | and Higr ] 20s (RLYREh) Gadhlstebadr @@ than
t he bond energy of tHe Si-H bond in Si H[err] t he energy

SiF,, 40 (ml/min), in embodiment 1. In this case, film

My

E

SiF[err], 40 (mkiii
deposition rate {3k
conmposi tion of tik

deposition rate (D.R.) of the film is 0.19 (pm/min).
5 If composition of the formed film is in a range between the
.Si.OF film and the conventional 8SiO, film, the specific
dielectric constant € of the film is a value approximately
3.75. However, € of the SiOF film formed with SiF, is
approximately 3.9. That means, fluorine doping hardly be

10 achieved even if SiF, is used as doping gas of fluorine, F.
Because bond energy of Si-F bond in SiF, is significantly

" larger than the bond energy of Si-H bond in SiH,, and the
energy introduced inﬁo plasma is hardly used for
dissociation of SiF,, but used for dissociation of SiH@.

15 .On-the other hand, there is a film forming method
wherein SiH,, 20 (ml/min), and SiH,F,, 20 (ml/min), are used
instead of SiF,, 40 (ml/min), in embodiment 1 of the present
invention. In this case, film deposition rate (D.R.) of the
film is 0.38 (pm/min). The specific dielectric constant of

20 the-formed film was approximately 3.75. That means, the
composition of the formed filxﬁ is in an intermediate of the
SiOF film and the conventional SiO, film. Because, bond
energy of Si-H bond in SiH,F, is almost similar with the Si-F
bond in SiF, and the energy introduced into plasma is used

25 evenly for dissociation of both SiH,F, | and SiH,. The
specific dielectric constant € in a range of 3.2 -4.0 varies

as a primary function of flow rate ratio (SiH,F, /SiH,).
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18" I ntrod c@@rp S hardly used for di ssoci at |on\
of SiF4, but is luskd for djgssocilation of SiH4 -~ This Sheet b

hand, there is ajf sz met hpd wherein Si m,m”

and SiH err]F[erk]y 20 (m/mn),+afe used 5 I nst ea

(mM/mn), in enbodi*fment 1 of the plesent 20 invention. In t

fil mdeposition rate_ (D.-R-}—of-
Therefore, the specific dielectric constant can be

controlled readily.

As explained above, SiH,F, is further preferable for

doping of fluorine.
5 (Embodiment 9)

FIG. 21 illustrates schematically a cross sectional
view of a SRAM using an insulator film manufactured by thé
present invention. The SRaM is manufactured by the
following process.

10 After forming a field oxide film 2 on a p-type silicon
substrate 1 by a selective oxide method (LOCOS), a first

. transistor having a gate 7 and n-type diffused layer 4, 5,

and a second transistor adjacent to the first transistor
holding the field oxide film 2 between are formed at

15 predetermined locations. Subsequently, a titanium silicide
(Tisi,) f£ilm 24 which composes local wiring is formed on the
diffused layer 4, 5. Unnecessafy portion of the titanium
silicide film 24 is eliminated by photolithography and
etching. Then, an insulator film such as silicon oxide film

20 (BSPG) containing phosphorus and boron is formed on whole
surface of the substrate. A step difference of the
insulator film is made gentle by re-flow at 750 °C.
Subsequently, a SiO, film is formed at 450 °C by a plasma
CVD method. A planarized passivation insulator film 9 is

25 composed of a BPSG film on the silicon substrate and a SioQ,
film on the BPSG film. The insulator film 8 formed with

chemical mechanical polishing (CMP) process. Further,



the filmis 0.38 ([err]mmn). The specific diel ect tl’lc const ant

the fornmed fil mwas approxi mtely 3.75. That neans, Weet as Bee; |t|0n
of the forn‘ed filmis in internmediate the SiOF 10 mmm W
conventional Siderr] film Because the bond energy ond in
SiH2F2 is alnost simlar with the Si-F bondq in SiF[err] the ener gy
I ntroduced into the plasma is used evenly for dissociation of both
Si Herr] Flerr koandc8 Hoges] aréh€ormed cipastd it el @etdi i snast prisi §rr]
in arange of 3.2 -4.0 15 varies as a primary function of the flow rate
rati o (S!H[erfhEheeﬂ]by photolithography and etching. Bit lines made of
tungsten and connecting plugs of wiring layer are formed in
fhe contact holes. Next, a pad for connecting lead wire and
5 a first layer of the wiring layer 11 are formed.

After forming the wiring layer 11, a SiOF film (specific .
dielectric constant is 3.3) is formed on the whole surface
of the substrate by a plasma CVD method using SiHJ?. The
first layer of the planarized insulator-film 12 is formed

10 by treating the SiOF film with a chemical mechanical
polishing (CMP) process. The contact holes are formed on

. the planarized insulator film 12, and plugs 16, 17 made of

tungsten.are formed in the contact holes. Subséquently,
after forming a second layer of the wiring layer 14 is

15 formed, an insulator film 15 composed of the SiOF film is
formed using SiH,F,. Through holes and the plugs 16, 17 made
of tungsfen are formed on the insulator film 15.

Consecutively; by the same process as the above, a

third layer of the wiring layer 20, a third layer of the

20 planarized insulator film 19, plugs 21, a fourth layer of
the wiring layer 22, and a fourth layer of the planarized
insulator film 23 are formed, respectively.

In accordance with an investigation by the present
inventor, a signal delay time of the above SRAM is 22 pPs. On

25 the contrary, the signal delay time of the insulator film

composed of the Si0, film which is formed with SiH, is 28

ps, and the signal delay time of the 1nsulator film




/SiH[err]). Therefore, the specific dielectric constant can be
Bedn Replaced

controll ed readily. As expl ai ned above, Si HhisShge

preferable for the doping - of fluorine. 20 (Enbﬁ m l

FIG 21 illustrates schematically a cross sectional [ RAM

using an insulator film manufactured pgaccording to the present

I nvention. The SRAM i s manuf act ur ed gy the foltlow ng process.
composed of the SiOF film which is formed with SiF, is 25

ps. In an accelerated test equivalent to 100,000 hours, the
signal delay time of conventional SRAM fluctuates
significantly in a range of 22-36 ps, but the signal delay

5 time of the SRAM of the present invention scarcely change.
mAccordingly, signal delay of the SRAM can be decreased and
reliabilitj of the SRAM can be improved by using the SiOF
film formed with SiH,F, as the insulator film among wiring.
The above advantage becomes more significant when

10 integration of the SRAM increases and a distance betweén
wires becomes finer.

FIG. 22 illustrates schematically a cross sectional
view of a DRAM using an insulator film manufactured by the
present invention. FIG. 23 is a plan view of a memory cell

15 of the DRAM. In. these figures, BL_and WL indicate
respectively a bit line and a word line. Furthermore, SN
cont., and BL cont. indicate respectively a connecting
portion to a storage node and a connecting portion to the
bit line. SA indicates the memory cell and its shadow area,

20 and X and Y indicate sizes of the memory cell. In a case of
256 Mbit DRAM, x and y are respectively 0.85 pm and 0.65.
pm. The DRAM is manufactured by the following process.

After forming a field oxide film 2 on a p-type silicon
substrate 1 by a selective oxide method (LOCOS), a first

25 transistor having a gate 7 and n-type diffused layer 4, 5,
and a second transistor adjacent to the first transistor

holding the field oxide film 2 between are formed at




25 After formng a field oxide film2 on a p-t e silicon

substrate 1 using a sel ective oxide nethod (LOCOS), tfhsBﬂmf“pbam
transi stor having a gate 7 and n-type diffused | ayer 4 IH

second transistor adjacent to the first transistor, fleld
oxide film2 therebetween are forned at 3@ predetern1ned | ocati ons.
Subsequently, a titaniumsilicide (TirSifJerr]) film 24, which cenposes
| ocal W ringprigecterfBthed 1ocations. Subsequently, an insulator film

such as silicon oxide film (BSPG) containing phosphorus and
boron is formed on whole surface of the substrate. Then, a
Sio, film is formed by a plasma CVD method. A planarized
5 passivation insulator film 9 is formed by treating a

multilayer body composed of the-Si0, film and the insulator
film with a chemical mechanical polishing (CMP) process.
Further, contact holes are formed on the planarized
passivation insulator film 9. A connecting plug made of

10 phosphorus doped silicon for being connected to the bit
line BL, the storage node SN, and the first layer of the
wiring layer is formed in the contact holes. Next, a pad
for being connected to the bit line BL and the storage node
SN and the wiring layer 11 are formed. Both the pad and the

15 wiring layer have a multilayer structure of TiN/Al/TiN,.gnd
are formed simultaneously. ’

After forming the wiring layer 11, a SiOF film is

formed on the whole surface of the substrate by a plasma
CVD method using SiH,F,. The first layer of the planarized

20 insulator film 12 is formed by treating the SiOF film with
a chemical mechanical polishing (CMP) process. The contact
holes are formed on the planarized insulator film 12, and
plugs 13, 14 made of tung;ten are formed in the contact
holes.

25 Subsequently, a capacitor is formed. Size of projécted

area of the capacitor formed portion is 0.65 pm X 0.65 pm,

The capacitor has a cylindrical structure of 0.5 pum high




19 the diffused layer 4, 5. Unnecessary portion of t he
titaniumsilicide film24 are elimnated by .phot

etching. Then, an insulator film such as silico PG)
cont ai ni ng phosphorus and 5 boron, is formed on th

t he substrate. A step difference of a4e insulator f|In1|s made gentle
by re-

order to increase charge storage capacity. The capacitor is
formed by the following process.
A lower electrode of the storage node SN is formed
from tungsten film of 0.5 pm thick, which is formed by a CVD
5 method, by manufacturing with photolitﬂography and dry
etching. Next, in ofder to form side electrode of the
storage node SN, a SiO, film of 0.3 pm thick is deposited.
The SiO, film is manufactured to a columnar block of 0.4 um
X O.A pm by photolithography and dry etching. A tungsten
10 film of 0.2 pm thick is formed on the columnar block by a
CVD method. The tuﬁgsten film is manufactured to side walls
"of the stérage node SN by etching back. Unnecessary
columnar block is eliminated by wet etching. Subsequently,
2 tantalum pentaoxide (Ta,0;) £ilm is formed by a CVD method,
15 and unnecessary portion of the tantalum pentaoxide £film is
eliminated by photolithography and dry etching. Next, a
titanium nitride (TiN) film of 0.2 um thick is formed on
whole surface. A plate electrode PL is formed by etching
back after a plate electrode PL lead out portion of the
20 titanium nltrlde film is coated with resist by
photolithography. At this time, a capacitor of 0.5 pm X 0.5
pm is formed on the plug 14. Next, after forming a TiN
film, an Al film, ana a TiN film orderly, a wiring layer of .
periphery circuit is formed by manufactﬁring the multilayer
25 body with photolithography and dry etching.

Subsequently, an insulator film is formed in order to




flow at 750 . Subsequently, a Siderr] filmis forned at quuam
pl asma CVD net hod. A planarized passivation |nsulatorThlSSheBt &n

conposed of a BPSG fil mon the silicon substrate fllm
on the BPSG film The insulator film9 is forrred

mechani cal polishing (CVMP) process. Faurt her, contact holes are forned
on the titaniumsilicide (TiSi[err]) fiIm24 by phot ol it hography and

et chi ng. Bit priotesct the aapdeidion wngbtten iamblsotmethe ngepbndslayen of ring
| ayer are 15 formed in the contact holes. Next, a pad for connecting the
the wiring layer. The insulator film is composed of an
oxide film formed with organic silane. Next, through hqles
and the plugs 16, 17 made of tungsten are formed. By a
5 method using selective growing of tungsten, it becomes
possible to form the plugs 16, 17 having respectively
different height as shown in FIG. 22. )
Next, the third layer of the.wiring layer 18 and the
prad 19 are formed. Fufther, the third layer of the

10 prlanarized SiOF insulator film 20 is formed by the method
previously described. Subsequently, in acgordance with the

. above described steps, the plug 21, the fourth layer of the
wiring layer 22, and the fourth planarized insulator layer
23 are formed.

15 According to an investigation by the present inventor,
a fraction defective in 200 hours' pressure cooker test of
the above described DRAM relating to the present invention
is 3 %. On the contrary, when the insulator film is the
SiOF film formed with SiH,, the fraction defective is

.20 approximately 38 %, and when the insulator film is the SiOF
film formed with SiF,, the fraction defective is
approximately 62 %. Accordingly, the reliability of the
DRAM can be increased by using the SiOF film formed with
SiH,F, as the insulator £ilm.

25 Furthermore, the present inventor examined TFT

characteristics of a TFT using the SiOF film formed with

SiH,F, as a gate insulator film of a TFT-LCD, and of a TFT
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using a chem cal chani-cal—petrstimng (CVMP) process. The cont act

holes are  usinigortied sio,t Helil B82Mmbaediiths Wonhh thidn®@11%imndIpl ugs 16,
| accordance with the result, the mobility p in the case
- using SiOF film is approximately 0.6 (cm?’/v.s), and the
mobility p in the case using Si0, film is approximately 0.4
5' (cm®’/v.s). The difference in 1B as above described is caused
by fluorine isolated in plasma when SiH,F, is used, which
flattens the surface of the formed film.

The SiOF film is preferable as a passivation film for

LSI, power transistor, and TFT, because it is hydrophobic.
10 (Embodiment 10)
The present inventor investigated the SiOF film
- manufactured by the same apparatus and method as embodiment
1 under various reaction pressure, input power, and gas
flow rate. Results of the investigation are explained
15 hereinafter.

FIG. 18 is a graph indicating a relationship between
specific dielectric constant end density of the formed
film. The specific dielecfric constant depends on the
density, and especially, the specific dielectric constant

20 can be expressed approximately by a primary function of the
density when the density is in a range of 1.8-2.4 (g/cm’) .
That means, the dielectric constant can be decreased by
lowering the density.

FIG. 19 is a graph indicating a relationship between

25 breakdown voltage and density of the formedlfilm. The film
has a sufficient breakdown voltage as an insulator film

between wires in a region where the density is larger than



25 17 made of tungsten are forned in the contact ‘holes.

Subsequently, after a second |ayer of the wiring Iayer 14 |s forned,
an insulator film 15 conposed of the SiOF film Tm &ka

SiHerr]F[err]. Through holes and the plugs 16, 17 H gsten
are formed on the insulator film15. 30 27 Conse t he
sane process as descri bed above, a third |l ayer o e wring |layer

20, a third 1.8/efg/°).

As explalned above, the SiOF film having a density in a
range of 1.8-2.4 (g/°) is preferable as an insulator film of
low dielectric constant.

5 {Embodiment 11)

A result of investigation by the present inventor on
desorption amount of the SiOF film in embodiment 10 is
explained hereinafter.

FIG. 20 indicates a relationéhip between the specific

10 dielectric constant of the formed film and the desorption
amount of the film when the film is heated at 600 °C. The
. value of the desorption amount is normalized with the
specific dielectric constant of the film formed with SiH?Q
in embodiment 1; As FIG. 20 indicates, when the specific
15 dielectric constant is in a range of 2.8-3.2, the
desorption amount is a constant. However, when the specific
dielectric constant is less than 2.8 or larger than 3.2,
the desorption amount increases. When the specific
dielectric constant is less than 2.8, coarse portions of the
20 film material is generated in the formed film because of
low density, and moisture in air is taken into the coarse
portions. Consequently, the desorption amount increases.
When the specific dielectric constant is larger than 3.2,
moisture in air or hydroxide group in moisture is readily
25 taken into the film because of existing O-F bond Si-Si
bond. Consequently, the desorption amount increases.

As explained above, in order to decrease moisture




20 ~ of the planarized insulator film 19, plugs 21, fourth 9
of the wiring layer 22, and a fourth layer of the Thlss e place
insulator film23 are formed, respectively. W|th

an investigation by the present 5 i nventor, the SI
t he above SRAM was found to be 22 psoghn the contrary, the Si gnal
delay tine of the I nsulator filmconposed of the Siderr] filmwhich

i's formed content of the film, use of the film having the specific
dielectric constant in a range of 2.8-3.2 is preferable. By
using such a film as described above, reliability of
semiconductor devices such as LSI and the like can be

5 improved.

SiNF film can be formed by using nitration gas such
as N,, or NH, instead of oxidation gas. Whén a SiN film forﬁed
with SiH,F, and nitration gas such as N,, or NH; is used as a
TFT gate film, more preferable characteristics can be

10 obtained than a TFT using a SiN film formed with SiH, as a
gate film. As explained above, SiH,F, is preferable for
.forming a gate insulator film of semiconductor.

In accordance with the present invention, a dielectric

film having a low dielectric constant and high reliability:

15 can be formed, and consequently, a semiconductor device_of
less wiring delay of signal and a éemiconductor device
having preferable characteristics can be manufactured.
Because.the dielectric film having a low dielectric
constant and high reliability can be formed effectively,

20 such an advantage as reducing manufacturing cost of the

semiconductor devices can be realized.
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28 ps, and the signal delay tinme of the i nsulator film
the SIOF filmwhich is formed 10 with SiF4 is 25 ps. In an
test equivalent to 100, 000 hours, the signal delay tinme of

ﬂﬂwcm%ﬂ %u e&ﬁﬁ nlflclgnrp. )‘/;IB @ Ear}gﬁ?lgzt i2§;136 ps,

mcmmmmmmme signal delay of the SRAM 15 can be
d—theTetrabrttyof—

t he SRAM can be i mproved by using an
rmed with SiH err]F[err] as the insulator filmfor the
ABstratbvefathanbhgelbgapges nore significant when

of the SRAM i ncreases and the di stance between

A silicon oxide fluoride film having Si-F bonds and
Si-0 bonds is used fof insulator wiring of a semiconductor
device, and a dielectric film is formed using SiF,X, gas (X
= H, Cl, Br, OCH,, OC,H,, and OC,H,) as a reactant.

A semiconductor device having a small wiring delay and
high reliability can be manufactured, because the silicon
oxide fluoride film having Si-F bonds and Si-O bonds has a

smaller dielectric constant than a silicon oxide fluoride

~ film having Si-Si bonds and O-F bonds.

NO FIGURE SUGGESTED
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Background of the Invention

The present invention relates to a d;electr;c, a
manufacturing method thereof, and a semiconductor device,
especially to a dielectric having a low dielectric constant
suitable for moderating the wiring delay of signals and
improving the durability of semiconductor integrated
circuits and the like.

In accordance with the conventional manufacturing.
process for' semiconductor devices, a trial for moderating
wiring delay of signals has been performed, and is as
follows. The signals are transmitted through wiring and an
organic film with a low dielectric constant is used to
insulate the wiring. However, the insulation of the wiring
using an organic film is hardly used in practice because of
a problem with the durability of the organic f£ilm.

Currehtly, to improve the durability, methods of
forming a dielectric film composed of silicon, oxygen, and
fluorine (called SiOF £film hereinafter) have been
developed. For instance, a method using silicon
tetrafluoride (SiF,) and oxygen as reacting gases is
disclosed in "Preparation of SiOF Films with Low Dielectric
Constant by ECR élasma Chemical Vapor Deposition" pl58,
Extended Abstract of the 1993 Conference on Solid State
Devices and Materials (1993). Further, another method in
which gases from the fluorine group are added to the gases

necessary for forming a silicon oxide £ilm is disclosed in

-+

-



21 by the foll ow ng process. After formng a field oxide film

2 on a p-type silicon substrate 1 using a selective oxide nethod
(LOCOS), a first transi stor having a gate 7 and n-type diffused | ayer
4, 5, 5 and a second transistor adjacent to the first transistor,

' 2

< Um"Formation Mechanism of F-added SiO, Films using Plasma
CVD" p.133, The 16th Proceedings of Symposium on Dry
Process (1994). |
In connection with conventional SiOF films,

5 fluctuation in the dielectric constant of the films is so
large that it is not possible to form a film with a low
dielectric constant. The humidity resistance of the £ilm
also is low.

The present invention hﬁs been developed in

10 consideration of the above problems.
Summary of the Invention

The dielectricrelating to the present invention
15 comprises silicon oxide fluoride compounds, having covalent
bonds of fluorine atoms and silicon atoms.
Further, in accordance with a method for manufacturing
a dielectric relating to the present invention, a SiOF film
is formed by supplying an amount of energy, which does not
20 dissociate the covalent bonds of fluorine atoms and the
gilicon atoms of SiF,X, to a gas which contains the SiF,X,.
Furthermore, in accordance with the semiconductor
device relating to the present invention, dielectric bodies
comprising silicon oxide fluoride compounds, having
25 covalent bonds of fluorine atoms and silicon atoms, are
provided between a plurality of wirings which are located
on the substrate of the semiconductor device.
The dielectric constant of a substance is the sum of
components based on orientation polarization, ioniec
30 polarization, and electronic polarization. The main

component of a dielectric constant of a non-orientated
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holding the field oxide film2 therebetween are forned at
predeterm ned | ocations. Subsequently, an insulator film such as a
si'licon oxide film (BSPG containi ng phosphorus and boron, is forned
on the whole surface of the substrate. 10 Then, a SiJerr] filmis
formed by a plasma CVD nethod. A pl anard zed passivation insul ator
film9 is formed by treating a nultilayer body conposed of the
‘Sigerr] film asubsltance, suchsalsasSdO, ot nSiPF hf:hlmhe-’m cﬂlm%t:hm ceame as

pol i shi ng (CNP) proce . Further, contact h are d,on.the 15
pl anari zed passitht i&t&P“PFPHFg baged, fRe Fﬁ TORS F 20181234083,

The dielectric constant based on electronic polarization
can be obtained from atomic refraction of constituent
5 atoms, or electronic group refraction of bonds between the
atoms.
FIG. 1 illustrates a molecular structure of a SiOF
film relating to the present invention, and FIGs. 2-8
illustrate molecular structures of conventionally known
10 £ilms of 8i0, 8i0,, or SiOX (X = OF, H, OH, Cl). In FIGs. 2-
8, specific dielectric constants € are shown, which have
been respectively calculated by the present inventor from
their atomic refraction. The atomic fraction of F is
.calculated by subtracting the atomic refraction of C from
15 the molecular refraction of CF,. The atomic fraction of Si
is calculated by subtracting the atomic refraction of F
from the molecular refraction of SiF,. The specific
dielectric constant of the SiOF film is smaller than that
of 8i0 and 8io, films, as shown in FIGs. 2-8 and the
20 specific dielectric constants €. Furthermore, in accordance
with investigation by the present inventor, the dielectric
constant ¢ of a molecular strﬁcture of a SiOF £film having a
covalent bond éf Si and F is smaller than that of a
molecular structure of a SiOF film having a covalent bond
25 of Si and O. '
FIG. 9 indicates dissociation energies of various
‘bonds. The O-F bond is weaker than the Si-F bond by
approximately 1/3. Therefore, a SiOF film having a Si-F
bond has a smaller dielectric constant € and is chemically
30 more stable than the SiOF £ilm having a O-F bond.

In order to form a SiOF film with a molecular

REPLACEMENT SHEET
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2.
made of phosphorus doped silicon, to be connected to the bit line BL,

the storage node SN, and the first |ayer of the wring |ayer, is
formed in the contact holes. Next, a pad to be connected to the bit
line BL and the storage node 20 SN and the wiring |ayer 11 are forned.
Both the pad and the wiring layer haveta nmultilayer 'structure of
TINA/TIN, and - are formed sinultaneously. After form ng

the wiring |ayestrugtureshaving w i8d-F bondsr SaF, %0 malecisi= ane fusssd.of t he
Substrate by Ay aeM Rl Bour SOHTR"2E 12dt Bl BLbThekiah Bl ksl V"
two Si-X bonds, where X is an atom or an atomic group. The
Si-F bonds have a smaller bond energy than the Si-F bond
5 energy. As shown in FIG. 9, bond energies of the Si-H, Si-~
Cl, S8i-0 bonds are smaller than the bond energy of the Si-F
bond. Accordingly, molecules of Si-X, wherein X is any of
H, Cl, OCH,, OC,H,, OC,H,, and the like, are preferable.
When using a molecule wherein the bond energy of the

i0 Si-X bond is smaller than the bond energy of the Si-F bond,
a condition of the SiF,X, molecules can be generated,
wherein the Si-F bond keeps bonding, but the Si-X bond
dissociates.

In practice, the reaction temperature of a thermal CVD

15 apparatus or the input power of a plasma treating apparatus
are controlled so as to add 541 kJ per one mole of SiF,X,
molecule, which does not dissociate the Si-F bond. In the
above case, oxygen is combined with the Si atom which has
two Si-F bonds and dissociates the X atoms. Furthermore,

20 the residual uncombined oxygen valence forms a bond with a
similar Si in another SiF,X, molecule. Accordingly, the SiOF
film having a molecular structure, wherein F is combined
with Si, as shown in FIG. 1, can be formed.

As shown in FIG. 9, the bond energy of the Si-H bond

25 | ig smaller than the bond energies of the Si-Cl and Si-0O
bonds. Therefore, using a molecule of 8i-X, wherein X is H,

the margins of the operating conditions can be broadened.

Brief Description of the Drawings
30

FIG. 1 illustrates schematically a molecular structure
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inéulator film12 is fornmed by treating the SIOF filmw th

a chenica
hol es are fornmed on

nmechani cal polishing (CWP) process. The contact
the planarized insulator film 12, and plugs 13, 14 made of tungsten
are formed in the contact 30 hol es. Subsequent | y;

is fornmed. The size of the ' 5

s

* of a SiOF film of the present invention;

a capacitor

FIG. 2 illustrates schematically a molecular structure
of a conventional SiO (OF) £ilm;

FIG. 3 illustrates schematically a molecular structure

5 of a conventional SiO, f£ilm;

FIG. 4 illustrates schematically a molecular structure
of a conventional SiOCl £ilm;

FIG. 5 illustrates schematically a molecular structure
of a conventional SiO £ilm;

10 FIG. 6 illustrates schematically a molecular structure
of a conventional SiOH £ilm;

FIG. 7 illustrates schematically a molecular structure
of a conventional SiOF film;

FIG. 8 illustrates schematically a molecular structure

15 of a conventionai Sio(0H) film,

FIG. 9 is a table which indicates dissociation
energies of various bonds,

FIG. 10 is a schematic cross section of an ECR-CVD
apparatus in accordance with the present invention for

20 forming a SiOF film,

FIG. 11 is an infrared absorption spectrum of the SiOF
£ilm in accordance with the present invention,

FIG. 12 is a schematic cross section of a parallel
plate type RF-CVD apparatus in accordance with the present

25 invention for forming a SiOF £ilm,

FIG. 13 is a schematic cross section of an ICP-CVD
apparatus in accordance with the present invention for
forming a SiOF £film,

FIG. 14 schematically indicates a condition in -

30 accordance with the present invention, wherein wires on a

semiconductor substrate are covered with the SiOF

£film,



. el ectrode of the

.

22 projected area of the capacitor formed portion is 0.65 [err]m X

0.65 [err]m The capacitor has a cylindrical structure which is 0.5
[érr]mhigh in order to increase the charge storage capacity. The
capacitor is formed by the follow ng process. 5 A |l ower el ectrode
of the storage node SN is forned from& tungsten film which is 0.5
[err]mthick, -and is forned by a CVD nethod, by manufacturing with

" phot ol i t hogr aphy andFIG. 15dsghemahinglliecindicatesdercendibionaini de

accordance with the present invention, wherein wires on a
semiconductor substrate are covered with the SiOF films,
which are formed by overlapped spattering,

'5 FIG. 16 schematically indicates a condition in
accordance with the present invention, wherein wires on a
semiconductor substrate are covered with the planarized
SiOF £ilm,

FIG. 17 is a graph indicating a relationship between

10 the dielectric constant and HWHH (A Half Width at Half
Height)'of the SiOF film in accordance with the present
invention,

FIG. 18 is a graph indicating a relationship between
the specific dielectric constant and the density of the

15 SiOF £film in accordance with the present invention;

FIG. 19 is a graph indicating a relationship between
the density and dielectric breakdown electric field of the
SiOF film in accordance with the present invention;

FIG. 20 is a graph indicating a relationship between

20 the specific dielectric constant and the desorption amount
in accordance with the present invention;

FIG. 21 is a schematic cross section of a SRAM in
accordance with the present invention; wherein the SiOF
£film is used,

25 FIG. 22 is a schematic cross section of a DRAM in
accordance with the present invention; wherein the SiOF
£ilm is used, and

FIG. 23 is a plan view of a memory cell of the DRAM
shown in FIG. 22.

30

Description of the Preferred Embodiments
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storage node SN, a SiJerr] filmO0.3 [errImthick is deposited. The 10

SiJerr] filmis manufactured to a columar block of 0.4 [err]m X 0.4
[err] m by photolithography and dry etching. A tungsten film 0.2
[err]mthick is formed on the columar block by a CvD nmet hod. The
tungsten filmis manufactured to side walls of t he storage node SN by

et chi ng back. -Any unnecessary 15 columar block is.elimnated by wet

- etching. Subsequent| {The preseat: dmivenirhope widdx bee ekpdpdnedOior detafiill mi s
formed by a CVvD _ | nmet hod, and any unnecessar ortion of the tantal um
while referring to..the figures hereinafter.

(Embodiment 1)

5 FIG. 10 is a schematic cross section of an Electron
Cyclotron Resonance (ECR)-CVD apparatus, which is one type
of CVD apparatus used for forming a SiOF film. The
apparatus comprises a plasma generating chamber 2 having a
microwave introducing window 1, é reaction chamber 3, a

10 magnetic field generating coil 4, reaction gas inlets 5 and
6, a holder 8 for holding a substrate 7, and a high -
frequency power source for supplying high frequéncy waves
to the substrate 7.

First, a process for forming a SiOF film usihg silicon

15 tetrafluoride (SiF,) and oxygen (0,) Qas in accordance with
the present invention will be explained. From the reaction
gas inlets 5 and 6, 0, at 200 (ml/min) and SiF, at 40
(ml/min) are introduced respectively into the reaction |
chamber 3. The pressure in the reaction chamber 3 is

20 adjusted to 0.2 (Pa) by controlling the amount of exhaust
gas. An exhaust gas system is not shown in FIG. 10. A
maghetic field of 0.0875 (T) is generated in the plasma
generating chamber 2 by the magnetic field generating coil
4, and ECR piasma is generated by introducing microwaves of

25 2.45 (GHz) so that a SiOF film is formed on the surface of
the substrate because of reaction between O, and SiF,. In
this case, a p-type Si substrate 126 mm in diameter is used
as the substrate. The introduced microwave power (Pp) is
600 (W).

30 The £ilm depositing rate (D.R.) increases in

proportion to the introduced microwave power (Pu), for




pentaoxide filmis elimnated by photolithogfaphy and dry et chi ng.
Next, a titaniumnitride (TiN) filmO0.2 [errlmthick 20 is forned on the

whol e surface. A plate electrode PL is formed by etching back after a
pl ate el ectrode PL | ead out portion of the titaniumnitride filmis
coated with resi st by photolithography.8 At this tine, a capacitor of
0.5 [errlmX -~ 0.5 [err]mis forned on the plug 14. Next, after formng

aTiN 25 fil| dns&ande,f the depésitiny frate DaRer der 0.3 Wum/mgn) apsr 600

_ of the peri pher%w | E:c:;EUiPtu.i 'Sl'hfeorsln%%:'}%%.cn%gg %%tt%r:.i.icngo;ig?:ant € of the formed

film is approximately 3.5. The bonding condition of the

formed film is such that a Si-Si bond is 10 % of the 0-8i-0

5 bond, and the Si-O-F bond is 30 % of the Si-F bond. The

specific dielectric constant € can be measured by the
formation of an aluminum electrode on the formed film. The
bonding condition of the formed film can be measured by
fluorescent X ray (XPS) analysis or nuclear magnetic

10 resonance (NMR) analysis.

Next, a method of forming SiOF film by introducing
silane difluoride (SiH,F,), as an embodiment of the present
invention, will be explained. Conditions for forming a SiOF
film are the same as those of above process which uses SiF,.

15 The £film deposition rate does not depend on the introduced
microwave power, but increases in proportion to the amount
of introduced SiH,F, gas. When the SiH,F, gas is introduced
at a rate of 40 (ml/min), the £film deposition rate (D.R.)
is equal to 0.38 (um/min), approximately twice the rate

20 when SiF, is used. The reason why the film deposition rate
increases when using SiH,F, gas is because the dissociation
energy of SiH,F, is lower than that of SiF,. _

FIG. 11 indicates the infrared absorption spectra of
SiOF films formed by SiH,F, and SiF,, respectively. In the

25 case of SiF, (hereinafter case: B), the center of the Si-0
vibration is 1065 (cm™), and said half width at the half
height (HWHH) at a lower wave number side is 33 (em™),
although slight moisture (0-H) can be observed.

On the other hand, in a case of SiH,F, (case:A), the

30 center of the 8i-0 vibration is 1080 (cm™), and said half
width at the half height (HWHH) at a lower wave number side
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mul tilayer body using photolithography and dry etching.

Subsequently, an insulator filmis formed in order to protect the
capacitor and to insulate the second |ayer of 30 the wiring layer. The
insulator filmis conposed of an oxide filmformed with organic
silane. Next, through hol es 9 23

* is 24 (em™). A larger wave number indicates a stronger bond
of Si-0, and a smaller WHWW indicates a simpler network
with a fewer kind of bonds.

When the bonding condition is measured by fluorescent
5 X ray (XPS) analysis and nuclear magnetic resonance (NMR)
analysis, no Si-Si bond and Si-O-F bond can be observed.
Accordingly, the structure of the f£ilm is mostly composed
of the Si-O0 bond and the Si-F bond, of the formed film
reason why the O0-H bond is not cbserved in the infrared
10 spectrum is because the structure does not contain a weak
‘bond of Si-O-F.
The spesifiocndieliéciflicofohbeardieienteirsionnstant € of
is approximately 3.2. The specific dielectric constant ¢ is
a value obtained by multiplying an estimated dielectric
15 constant ¢ (= 1.88) of the SiOF £ilm shown in FIG. 1 by a
coas shown in FIG. 1. The
the 8iO, film (= 2.27), estimated from the atomic refraction
and the dielectric constant € of the observed glassy SiO, (=
4.0).
20 As explained above, when the SiOF film is formed by
introducing silane difluoride (SiH,F,), the deposition rate
of the film increases, and a dielectric £ilm having a
preferable chemical stability, such as a moisture-
resistance and a low dielectric constant, can be formed
25 because the formed SiOF film is mostly composed of Si-0
bonds and Si-F bonds.
(Embodiment 2)
When a film is formed under the same conditions as
the above embodiment 1, except for introducing silicon
30 dichloride difluoride (SiF,Cl,) instead of SiH,F,, a SiOF

film can be formed, wherein no Cl is observed. The
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and the plugs 16, 17 nade of tungsten are forned. By a met hod usi ng

sel ective growi ng of tungsten, it becones possible to formthe pl ugs
16, 17 having respectively di fferent heights, as shown in FIG 22. 5
Next, the third layer of the wiring layer 18 and the pad 19 are

formed. Further, the third layer of the 10 planarized Si OF insul ator
film20 is formed by the nethod previously descrijbed. Subsequentl in:

accordance Wit Aepreition rage,efyEber f-aé& ifep mosﬁetbﬁugalzs agnhtheogp g

| ayer of the WBen %hlélg i@)(gec@&ar%%oérgfﬂ ourtn 3rg ag&yt 65 . onLébat or

| ayer - 23 are’forngd Mng to an y the
present 1nventg@hielectric constant ¢ is approximately 3.3, slightly higher

than that of the case using SiH,F,. That means, when SiF,Cl,
5 is used, an insulator film having a lower dielectric
constant than that of the insulator film obtained by using
SiH,F, can be formed.
Furthermore, when a f£ilm is .formed under the same
conditions aé used in embodiment 1, except for introducing
10 silicon dibromide difluoride (SiF,Br,) instead of SiH,F,, a
SiOF film, wherein no Br is observed, can be formed. The
deposition rate of the film is almost the same as the rate
in the case of using 8iH,Cl,, and the deposition rate D.R. =
0.36 (um/min). Therefore, a dielectric film having a low
15 dielectric constant ¢, such as approximately 3.3, can be
formed.
(Embodiment 3)
When a film is formed under the same conditions as
embodiment 1, except for introducing dimethoxy silicon
20 difluoride (SiF,(OCH;),) instead of SiH,F,, a SiOF £ilm,
wherein no C is observed, can be formed. The deposition
rate of the film is approximately the same as the rate in
the case of using SiH,F,, and the deposition rate D.R. =
0.36 (um/min). The dielectric constant ¢ is slightly higher
25 than in the case of using SiH,F, and is approximately 3.3.
When a film is formed under the same conditions as in
embodiment 1, except for introducing diethoxy silicon
difluoride (SiF,(OC,H;),) instead of SiH,F,, a SiOF film,
wherein C is hardly observed, can be formed. The deposition
30 rate D.R. of the film is 0.36 (pm/min), and is slower than

that in the case using SiH,F,. The reason of the slower




a fraction defective a 200 hours' pressure cooker test of t he above
described DRAM relating to the present invention 15 was found to be 3 %
On the contrary, when the insulator filmis a SIOF filmfornmed with
SiH4, the fraction defective is approximately 38 % and when the
insulator filmis a SIOF filmformed wih SiFlerr], the fraction

- defective is - approximately 62 % Accordingly, the reliability of the
20 DRAM canm bdepasitiendrbeuisnhecates&FSLiF| (00, Uchrdhas 8h lower vahdRF2 as
" the insulator film Fur t her nor e, thesgre$ent I nvent or exani_ned

the TFT ChBFSEFEFPSRFCTOBP LeMPETRLRAg EDap iR FheredoRpy 1t the
- SiHerr]Flerr] gamBefatfrkNsk! 2h8r sbkBbOledsdl Tah& tna EeherdElre of the

piping are elevated so as to make it possible to introduce

5 a necessary amount of SiF,(OC,H;),, 40 (ml/min), the
deposition rate D.R. increases to 0.36 (um/min) . The ¢
dielectric constant is approximately 3.3.

When a film is formed under the same conditions as in

embodiment 1, except for introducing dipropoxy silicon

10 difluoride (SiF,(OC,H,),) instead of SiH,F,, a SiOF film can
also be formed. However, the tempei:'at:ure of the source
vessel and the piping must be elevated so as to make it
poésible to introduce a necessary amount of SiF,(OC,H,),, 40
(ml/min) . In this case, the deposition rate D.R. is 0.36

15 (yum/min), and the dielectric constant ¢ is approximately
3.3.

In accordance with a study by the present inventors,
the coating condition of the substrate surface when an SiOF
film is formed on a substrate lhaving an uneven surface

20 becomes more preferable, depending on the source materials
being used, in the order of SiF,(OC,H,),, SiF,(OC,H,),,
(siF, (OCH;),), and SiH,F,.
(Embodiment 4)
FIG. 12 illustrates schematically a cross section of a
25 parallel pléte type RF (RF: radio frequency)-CVD apparatus
for forming a SiOF film. The apparatus comprises a reaction
chamber 11, reaction gas inlets 5 and 6, a holder 12 for
holding and heating a substrate 7, and a frequency power
source 13 for supplying high frequency waves :E_or piasma
30 generation.

First, a process for forming a SiOF £ilm from SiH,F,




25. characteristics of a TFT using a SiJerr] filmformed wth

conventional SiH4. In accordance with the result, the ~ nmobility [err]
ih the case using a SIOF filmis approxi mately 0.6 (cnferr]/v.s), and
the mobility [err] in the case using a Sigerr] filmis approxi mtely
0.4 (cnferr]/v.s). The difference in [err] asz 30 above described is
caused by fluorine isolated in the pl asma when SiH err]F[err] is used,

which flattens and sitregenfronoxide (N,0) gas using the present apparatus
will be explained hereinafter.

The film is formed by introducing N,0 gas at 800
(ml/min) and SiH,F, at 200 (ml/min) through the reaction gas

-5 inlets 5 and 6, respectively. The pressure in the reaction
chamber 3 is adjusted to 200 (Pa) by controlling the amount
of the exhaust gas (the exhaust gas system is not shown in
the figure). The SiOF film is formed on a substrate by
generating plasma by supplying high frequency waves 400

10 (W) of 13.6 (MHz) to the upper electrode 14, and reacting
N,0 with SiH,F,. The temperature of the substrate is kept at
350 .
| When SiF, is used, the f£ilm is scarcely formed.
However, when SiH,F, is used, the film can be formed with a

15 deposition rate D.R. of 0.20 (um/min). When O, is used
instead of N0 with SiH,F,, a SiOF film can be formed, but
the deposition rate D.R. is less than 0.1 (um/min). The
film is scarcely formed when SiF, is used, becauée the bond
energy of Si-F ié large. However, the SiOF film can be

20 formed by RF plasma using SiH,F,, because SiH,F, has a Si-H
bond with a weak bond énergy.

As explained above, the deposition rate increases by
using EQO instead of 0,, because N,0 has a lower generation
energy of active oxygen than that of 0,. The dielectric

25 constant € of the férmed SiOF £ilm is approximately 3.2.

As described above, the SiOF £ilm having a_low
dielectric constant can be formed with a RF plasma when
SiH,F, is used.

(Embodiment 5)
30 FIG. 13 illustrates schematically a cross section of

an ICP (ICP: Inductively Coupled Plasma)-CVD apparatus for




2:1"= thé formed film The SIOF filmis preferable as a

passivation filmfor a LSI, a power transistor, and a TFT, because it
s hydr ophobic. .5 (Enbodi nent 10) The present inventor
i nvestigated the SIOF film _ manuf actured by the sane apparatus and
met hod as enbodi nent 1 under various vaBues of reaction pressure,

| nput power, -
« forming a SiOF film. The apparatus comprises a reaction

chamber 15 made of .quartz, reaction gas inlets 5 and 6, a
holder 16 for holding a substrate 7, and a coil 17 for
supplying high frequency waves for plasma generation.

i5 First, in order to provide a comparison with the
present invention, a process for forming SiOF film using
SiF, and oxygen gas will be explained hereinafter. From the
reaction gas inlets 5 and 6, 0, at 200 (ml/min) and SiF,
atﬁy 40 (ml/min) are respectively introduced into the

10 reaction chamber 15. The pressure in the reaction chamber
15 is adjusted to 0.2 (Pa) by controlling the amount of
exhaust gas (the exhaust gas system is not shown in the
figure). Plasma is generaﬁed by supplying 1 (kW) high
frequency waves at 13.6 (MHz) to the coil 17 so that the

15 SiOF £film is formed on the surface of the substrate by
reacting of O, and SiF,. The film depositing rate (D.R.) is
0.2 (um/min), and the specific dielectric constant ¢ of the
formed film is approximately 3.5. The bonding condition of
the formed film is such that Si-Si bond is 10 % of the O-

20 Si-0 bond, and the Si-O-F bond is 30 % of the Si-F bond.

Next, a method for forming SiOF film by introducing

silane difluoride (SiH,F,), according to an embodiment of
the present invention, will be explained hereinafter. Other
conditions for forming the film, except for the introducing

25 . gas, are the same as the above explained process which uses
SiF,. The film deposition rate D.R..is 0.38 (um/min), and is
approximately twice that of the case using SiF, The reason
for the increase of the film deposition rate is that the
dissociation energy of SiH,F, is lower than that of SiF,.

50 Regarding the infrared absorption spectra of SiOF

films formed by SiH,F, and SiF,, in a case of SiF, similar to
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and gas flowrate. The results of the investigation will be 10 expl ai ned

herei nafter. FIG 18 is a graph indicating a relationship

bét ween the specific dielectric constant and the density of the
formed film The specific dielectric constant depends on t he density,
and especially, the specific.dielectric 15 14constant can be expressed
approxi mately by a primary function of the density when the density

is in a range ofthe ECR plashal (thec nfemtien) ofTitkie 186205 vibratdion dat 1065
constant can be(cmd), and the half width at half height (HWHH) at a lower
wave number side is 33 (cm™). Although only slightly, some
moisture (0O-H) can be observed. On the other hand, in a
5 case of using SiH.,F, (case:A), the center of the Si-0
vibration is 1080 (cm™), and the half width at half height
(HWHH) at a lower wave number side is 24 (cm™).

Furthermore, no Si-Si bond or Si-O-F bond can be

observed in the film formed by SiH,F,. Accordingly, the

10 structure of the f£film is mostly composed of a Si-0 bond and
a Si-F bond. The reason.why the O-H bond is not observed in
the infrared spectrum ié because the structure does not
contain a weak bond of Si-O-F. Further, the dielectric
constant ¢ is approximately 3.2 the same as in embodiment

15 4, aﬁd so a film having a low dielectric constant can be
formed. Furthermore, the film formed in the present
embodiment has a preferable chemical stability.

As explained above, a SiOF £ilm having a low
dielectric constant can be formed by ICP plasma if silane

20 difluoride (SiH,F,) is used.
' (Embodiment 6)

In the above described embodiments, when wiring 18
provided on the surface of the semicoﬁductor substrate of
the semiconductor device is coated with a SiOF f£ilm 19, as

25 shown in FIG. 14, the width of the concave portion on the
surface of the formed film becomes narrower than the width
of the interval between the wiring. Therefore, when a
second wiring is formed on the f£ilm for multilayer wiring,
the breaking fraction of the wire of the second wiring

30 increases and accordingly, the production yield of the

semiconductor device decreases. In order to prevent such a
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decreased by |lowering the density. FIG 19 is a graph indicating
a relationship between 20 t he breakdown vol tage and the density of the
formed film The filmhas a sufficient breakdown voltage as an

i nsul ator . filmbetween wires in a region where the density is |arger
than 1.8 (g/[err]). , As expl ai ned above, the SICF filmhaving a
~density in 25 a range of 1.8-2.4 (g/[err]) is preferable as an insulator
film of* | decdiealsec bifi theopsbdaction yielBybttenspattéring must be

overlapped in forming the SiOF film using SiH, and O,.
As a reference example for forming a £ilm by

overlapping the spattering, a case of a Si0, £ilm with SiH,
5 instead of SiF, using the apparatus shown in FIG. 10 will be

explained hereinafter. In this case, high frequency waves

400 (kHz) of 400 (W) are supplied to the substrate from a

high frequency power source 9, the other conditions are set

to be the same as the embodimenﬁ 1.

10 The £ilm deposition rate (D.R.) is 0.38 (um/min) when
the spattering is not overlapped, and the film deposition
rate when the spattering is overlapped is 0.27 (um/min),
resulting in a 30 % reduction. The reduced amount of the
£film depositibn is a spattering rate (S.R.), and, in the

15 above case, spattering rate S.R. is 0.11 (um/miﬁ). The film

" forming condition in the above case is shown in FIG. 15.
The film forming condition is determined by the ratio the
deposition rate D.R. and the spattering rate S.R. The
deposition rate D.R. can be increased by incréasing the

20 amount of SiH, ,,i.g introaucear Put the spattering rate S.R. can
not be increased even if the amount of O, is increased. The
specific dielectric constant ¢ of the formed film is
approximately 4.0.

On the other hand, when SiOF film is formed with SiH,F,

25 and O, according to, an embodiment of the present invention,
the £ilm deposition rate (D.R.) when the spattering ié not
overlapped is 0.38 (um/min), and the deposition rate D.R.
when the spattering is'overlapped is 0.19 (um/min),
resulting in a 50 % reduction. The reduced amount 0.19

30 (pm/min) is the spattering rate S.R., and is larger than

the spattering rate S.R. in the case when SiH, is used. The




Y

A result of investigation by the present inventor concerning the

desorption anount of the SIOF filmin 30 enbodi nent 10 will be expl ai ned
hérei nafter.

specific

10

15

20

25

30

FIG 20 indicates a rel-ationship between the
25
16

remarkable increase in the spattering rate (S.R.) when the
spattering is overlapped is caused by etching of the f£film
by the F of SiH,F,. Therefore, the deposition rate D.R. can
be increased by increasing the amount of SiH,F, being
introduced as much as the amount the S.R. is increased. In
accordance with the spattering rate method explained above,
wherein the amount of SiH,F, being introduced is controlled
so as to obtain a deposition rate D.R. of 0.66 (um/min), a
film is formed on the surface of thé wiring, i.e. ﬁhen a
film is formed on the surface of the wiring with an
effective deposition rate of 0.66 (um/min), the film is
formed in a condition as shown in FIG. 15. In the above
case, the specific dielectric constant ¢ of the formed film
is approximately 3.2.

As explained above, if a film is formed with SiH,F, by
overlapping the spattering, not only can a film having a
low specific dielectric constant be formed, but also the
effective film deposition rate can be increased without
increasing the power supply of the apparatus and other
factors.

Furthermore, in order to decrease the breaking
fraction of wire of the second wiring and improve the
production yield, a f£ilm structure as shown in FIG. 16 may
be formed by applying a flattening film, or by eliminating
an extra protrusion of the film by etching back, after
forming the film shaped as shown in FIG. 15. Instead of the
etching back, mechanical-chemical polishing (CMP) also can
be used.

(Embodiment 7)
FIG. 17 is a graph indicating a result of an

investigation performed by the present inventor. A
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dielectric constant of the fornmed filmand the desorption amount of
the filmwhen the filmis heated at 600 . The val ue of the desorption
anount is normalized with the specific dielectric constant of the
filmformed with SiH err]Flerr] 5 in enbodinent 1. As FIG 20 indicates,
when the specific dielectric constant 43 in a range of 2.8-3.2, the
desorption anunt is a constant. However, when the specific
di el ectric constrelatisniship bleiwe2ndthe dieldectribancon8tant e¢ ofha SiOF
desorption-annugglgh%ggggg§hngggnvgggoagegggggng conditions and the half
width at half height (HWHH) at a lower wave number side of
‘the Si-O0 peak in the infrared spectrum reveals that there
5 is a strong correlation between the dielectric constant ¢
and the half width at half height HWHH. In order to form a
SiOF film having a low dielectric constant, a film having
the half width at half height (HWHH) at a lower wave number
side of the Si-0 peak in.the infrared spectrum of less than
10 30 cm™ must be formed.
(Embodiment 8)
The breakdown voltage (B.V.) of the SiOF film formed
with SiF, in embodiment 1 is approximately 5 (MV/cm).
Generally, the breakdown voltage ( B.V.) of a conventional
15 SiOF film is 9 (MV/cm). The breakdown voltage can be
improved by forming a film having an intermediate
composition between the above described SiOF f£ilm and the
- conventional S8iO0, £ilm.
As a reference example, there is a film forming method
20 using SiH,, 20 (ml/min), and SiF,, 20 (ml/min), instead of
S8iF,, 40 (ml/min), in embodiment 1. In this case, the £film
deposition rate (D.R.) of the £film is 0.19 (pm/min).
If the composition of the formed f£ilm is in a range between
the SiOF film and the conventional SiO, film, the specific
25 dielectric constant € of the film has a value of
approximately 3.75. However, the dielectric constant ¢ of
the SiOF film fbfmed with SiF, is approximately 3.9. That
means, fluorine doping hardly can be achieved even'if SiF,
is used as the doping gas of fluorine F. Because the bond

30 energy of the Si-F bond in SiF, is significantly larger than

the bond energy of the Si-H bond in SiH,, the energy
eyt QUEET
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10 dielectric constant is less than 2.8, coarse portions of t he
filmmaterial are generated in the forned fil mbecause of the | ow
density, and noisture in the air is taken into t he coarse portions.
Consequently, the desorption anount I ncreases. Wen the specific
dielectric constant is larger 15 than 3.23gnpisture in the air or a
hydr oxi de group in the . noi sture is readily taken into the film
because of the introdanbdtﬁnGOOtﬁebpﬂdsﬁh-Sb bardlyCasedqfiert dissbbéation

desorption ofa§?¥ff i&grfgsgged for dissociation of SiH,.
On the other hand, there is a film forming method
wherein SiH,, 20 (ml/min), and SiH,F,, 20 (ml/min), are used
5 instead of SiF,, 40 (ml/min), in embodiment 1 of the present
invention. In this case, the film deposition rate (D.R.) of
the film is 0.38 (pm/min). The specific dielectric constant
of the formed film was approximately 3.75. That means, the
composition of the formed film is in intermediate the SiOF
10 film and the conventional 8i0, film. Because the bond energy
of Si-H bond in SiH,F, is almost similar with the Si-F bond
in SiF, the energy introduced into the plasma is used
evenly for dissociation of both SiH,F, and SiH,. The
specific dielectric constant ¢ in a range of 3.2 -4.0
15 varies as a primary function of the flow rate ratio (SiH,F,

/8iH,) . Thefefore, the specific dielectric constant can be

controlled readily.

As explained above, SiH,F, is preferable for the doping '

of fluorine.

20 (Embodiment 9)

FIG. 21 illustrates schematically a cross sectional
view of a SRAM using an insulator film manufactured
according to the present invention. The SRAM is
manufactured by the following process.

25 After forming a field oxide film 2 on a p-type silicon
substrate 1 using a selective oxide method (LOCOS), a first
transistor having a gate 7 and n-typé diffused layer 4, 5,
and a second transistor adjacent to the first transistor,
holding the field oxide film 2 therebe;ween are formed at

30 predetermined locations. Subsequently, a titanium silicide

(Tisi,) film 24, which composes local wiring, is formed on
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As expl ai ned above, in order to reduce the noisture 20 content of the .

film use of a filmhaving a specific dielectric constant in a range
of 2.8-3.2.is preferable. By usi ng such a filmas descri bed above,
the reliability of sem conduct or devices, such as an LSI and the like,
can be | mproved. 25 SiNF filmean be fornmed by using a
nitration gas -such as Nerr] or NH err] instead of an oxidation gas.

When a Si N'fi« mthe dififusedd haiytelr 3i,HER2 Uame@cassaryaportigas odcithes N2 or
NHS 1 - titanium silicide £ilm 24 are eliminated by
photolithography and etching. Then, an insulator £ilm, such
as silicon oxide f£ilm (BSPG) containing phosphorus and
5 boron, is formed on the whole surface of-the.substrate. A
ste§ difference of the insulétor film is made gentle by re-
flow at 750 . Subsequently, a SiO, film is formed at 450
by a plasma CVD method. A planarized passivation insulator
film 9 is composed of a BPSG film on the silicon substrate |
10 and a sio,-film.on the BPSG film. The insulator film 9 is
formed using a chemical mechanical polishing (CMP) process.
Further, contact holes are formed on the titanium silicide
(Tisi,) film 24 by photolithography and etching. Bit lines
made of tungsten and connecting plugs of a wiring layer are
15 formed in the contact holes. Next, a pad for connecting the
lead wire and a first layer of the wiring layer 1l are
formed. _
After forming the wiring layer 11, a SiOF film
(specific dielectric constant is 3.3) is formed on the
20 whole surface of the substrate by a plasma CVD method using
SiH,F,. The first layer of the planarized insulator film 12
is formed by treating the SiOF film using a chemical
mechanical polishing (CMP) process. The contact holes are
formed on the planarized insulator £ilm 12, and plugs 16,
25 17 made of tungsten are formed in the contact holes.
Subsequently, after a second layer of the wiring layer 14
is formed, an insulator £ilm 15 composed of the SiOF £ilm
is formed using SiH,F,. Through holes and the plugs 16, 17
made of tungsten are formed on the insulator £ilm 15.
30 Consecutively, using the same process as described

above, a third layer of the wiring layer 20, a third layer




uséd as a TFT gate film nore preferable characteristics can be
obt ai ned than provided by a TFT using a SiN film 30 formed wwth SiH4 as

argate film As explained above, SiHerr]F[err] is preferable for
formng a gate insulator filmof a

26 sem conduct or . 20

- of the planarized insulator film 19, plugs 21, a fourth
layer of the wiring layer 22, and a fourth layer of the
planarized insulator f£ilm 23 are formed, respectively.

In accordance with an investigation by the present
5 inventor, the signal delay time of the above SRAM was found
to be 22 ps. On the contrary, the signal delay time of the
insulator film composed of the SiO, f£film which is formed
with SiH, is 28 ps, and the signél delay time of the
insulator film composed of the SiOF film which is formed
10 with SiF, is 25 ps. In an accelerated test equivalent to
100,000 hours, the signal delay time of a conventional SRAM
fluctuates significantly in a range of 22-36 ps, but the
signal delay time of the SRAM of the present invention
scarcely changes. Accordingly, the signal delay of the SRAM
15 can be decreased and the reliability of the SRAM can be
improved by using an SiOF £film formed with SiH,F, as the
insulator film for the wiring.
The above advantage becomes more significant when
integration of the SRAM increases and the distance between
20 wires becomes finer.

FIG. 22 illustrates schematically a cross sectional
view of a DRAM using an insulator film manufactured
according to the present invention. FIG. 23 is a plan view
of a memory cell of the DRAM. In these figures, BL and WL

25 indicate respectively a bit line and a word line.
.Furthermore, SN cont., and BL cont. indicate respectively a
connecting portion to a storage node and a connecting
portion to the bit line. SA indicates the memory cell and
its shadow area, and X and Y indicate the sizes of the

30 memofy cell. In a case of a 256 Mbit DRAM, x and y are
respectively 0.85 um and 0.65 pm. The DRAM is manufactured




I n accordance with the present invention, a dielectric filmhaving a
| ow dielectric constant and high reliability - can be forned, and
consequently, a sem conductor device of 5 having less signal wiring delay
and a sem conduct or device havi ng preferable characteristics can be
manuf act ur ed. Because a dielectric fil2zh having a |ow dielectric

const ant ~ and high reliability can be fornmed effectively, such an
advant age as* r &udihey faddevanqmneressst of the 10  seniconductor devices

can be realized. After forming a field oxide film 2 on a p-type silicon

substrate 1 using a selective oxide method (LOCOS), a first
transistor having a gate 7 and n-type diffﬁsed layer 4, 5,

5 and a second transistor adjacent to the first transistor,
holding the field oxide film 2 therebetween are formed at
predetermined locations. Subsequently, an insulator £ilm,
"such as a silicon oxide film (BSPG) containing phosphorus
and boron, is formed on the whole surface of the substrate.

10 Then, a 8i0, film is formed by a plasma CVD method. A
planarized passivation insulator film 9 is formed by
treating a multilayer body composed of the Si0O, film and the
insulator film with a chemical mechanical polishing (CMP)
process. Further, contact holes are formed on the

15 planarized passivation insulator f£ilm 9. A connecting plug
made of phosphorus doped silicon, to be connected to the
bit line BL, the storage node SN, and the first layer of
the wiring layer, is formed in the contact holes. Next, a
pad to be comnected to the bit line BL and the storage node

20 SN and the wiring layer 11 are férmed. Both the pad and the
wiring layer have a multilayer structure of TiN/Al/TiN, and
are formed simultaneocusly.

After forming the wiring layer 11, a SiOF film is

formed on the whole surface of the substrate by a plasma

25 CVD method using SiH,F,. The first layex_: of the planarized
insulator film 12 is formed by treating the SiOF f£ilm with
a chemical mechanical polishing (CMP) process. The contact
holes are formed on the planarized insulator f£ilm 12, and
plugé 13, 14 made of tungsten are formed in the contact

30 holes.

Subgequently, a capacitor is formed. The size of the
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VWhat is clainmed is; 1. A dielectric conprising a silicon oxide
fluoride conpound having a coval ent bond between a fluorine atomand a
stlicon atom wherein the dielectric hardly has carbon and a specific
dielectric constant of the dielectric is 3.3 or |ess.

—~

10

15

20

25

30

22

projected area of the capacitor formed portion is 0.65 um X
0.65 um. The éapacitor has a cylindrical structure which is
0.5 um high in order to increase the cha:ge storage
capacity. The capacitor is formed by the following process.
A lower electrode of the storage node SN is formed
from a tungsten film, which is 0.5 um thick, and is formed
by a CVD method,'by manufacturing with photolithography and
dry etching. Next, in order to form a side electrode of the
storage node SN, a 8i0, film 0.3 um thick is deposited. The
Si0, film is manufactured to a columnar block of 0.4 um X
0.4 pum by photolithography and dry etching. A tungsten f£ilm
0.2 pym thick is formed on the columnar block by a CVD
method. The tungsten film is manufactured to side walls of
the storage node SN by etching back. Any unnecessary
columnar block is eliminated by wet etching. Subsequently;
a tantalum pentaoxide (Ta,0;) film is formed by a CVD
method, and any unnecessary portion of the tantalum
pentaoxide film is eliminated by photolithography and dry
etching. Next, a titanium nitride (TiN) £ilm 0.2 pgm thick

-is formed on the whole surface. A plate electrode PL is

formed by etching back after a plaﬁe electrode PL lead out
portion of the titanium nitride film is coated with resist
by photolithography. At this time, a capacitor of 0.5 um X
0.5 um is formed on the plug 14. Next, after forming a TiN
film, an Al film, and a TiN £ilm in order, a wiring layer
of the periphery circuit is formed by manufacturing the
multilayer body using photolithography and dry etching.

Subsequently, an insulator £film is formed in order to
protect the capacitor and to insulate the second layer of
the wiring layer. The insulator f£ilm is composed of an

oxide £film formed with organic silane. Next, through holes




S

2. Adielectric as clained in claim1, wherein said silicon oxide
fluoride conpound has an additional coval ent bond between a silicon atom
and an oxygen atom 3. A dielectric conprising a silicon oxide
fluoride conpound, which has a half width at half height of equal to or
| ess than 30cnierr] at a region in the infragad spectrumw th | ow frequency
waves. 4. -A dielectric as clainmed in Caim1, wherein said silicon
oxi de fluoride andpdthedpluysa 16gnli7t yaide @fr&mggsmbnla&e-fbrmeg/cBy ab. A
dielectric_ conprisin a silicon_ oxide fluorjde
method using selective growing of tungsten, it becomes
possible to form ;he plugs 16, 17 having respectively
different heights, as shown in FIG. 22.

5 Next, the third layer of the wiring layer 18 and the
pad 19 are formed. Further, the third layer of the
planarized SiOF insulator film 20 is formed by the method
previously described. Subsequently, in accordance with the
above described steps, the plug 21, the fourth layer of the

10 wiring layer 22, and the fourth planarized insulator layer
23 are formed.

According to an investigation by the present inventor,

a fraction defective a 200 hours’ pressure cooker test of

) the above described DRAM relating to the present invention

15 was found to be 3 %. On the contrary, when the insulator
film is a SiOF £ilm formed with SiH,, the fraction defective
is approximately 38 %, and when the insulator film is a
SiOF film formed with SiF,, the fractiom defective is
approximately 62 %. Accordingly, the reliability of the

20 DRAM can be increased by using a SiOF film formed with
SiH,F, as the insulator film.

Furthermore, the present inventor examined the TFT
characteristics of a TFT using a SiOF film formed with
SiH,F, as a gate insulator film of a TFT-LCD, and the TFT

25 characteristics of a TFT using a SiO, film formed with
conventional SiH,. In accordance with the result, the
mobility g in the case using a SiOF film is approximately
0.6 (cm®*/v.s), and the mobility u in the case using a 8iO,
film is approximately 0.4 (cm®*/v.s). The difference in p as
30 above described is caused by fluorine isolated in the

plasma when SiH,F, is used, which flattens the surface of




K.

conpound, which has a specific dielectric constant in a range of 2.8-3.2.

6. A net hod of manufacturing a dielectric by plasma chem cal vapor
deposition conprising the steps of : i ntroduci ng a gas contai ni ng

SiFlerr] X[ err]

gas onto a substrate, and suppl ying an energy which

does not dissociate the coval ent bond betweer4a fluorine atomand a silicon
atomin said SiF[err]X[err] gas to said gas containing SiF[err] X[err] gas.
7. A net hod ofthearfidraeidirfiddgm.a diel ectric as clained in

10

15

20
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The SiOF film.is preferable as a passivation £film for
a LSI, a power transistor, and a TFT, because it is
hydrophobic.

(Embodiment 10)

The present inventor investigated the SiOF film
manufactured by the same apparatus and method as embodiment
1 under various values of reaction pressure, input power,
and gas flow rate. The results of the investigation will be
explained hereinafter.

FIG. 18 is a graph indicating a relationship between
the specific dielectric constant and the density of the
formed film. The specific dielectric constant depends on
the density, and especially, the specific dielectric
constant can be expressed approximately by a primary
function of the density when the density is in a range of
1.8-2.4 (g/dn?). That means, the dielectric constant can be
decreased by lowering the density. |

FIG. 19 is a graph indicating a relationship between
the breakdown voltage and the density of the formed £ilm.
The film has a sufficient breakdown voltage as an insulator
£ilm between wires in a region where the density is larger
than 1.8 (g/°).

As explained above, the SiOF film having a density in
a range of 1.8-2.4 (g/°) is preferable as an insulator film
of low dielectric constant.

(Embodiment 11)

A result of investigation by the present inventor
concerning the desorption amount of the SiOF £ilm in
embodiment 10 will be explainéd hereinafter.

FIG. 20 indicates a relationship between the specific
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28 claim6, wherein said X is any one selected froma group
consisting of H O, Br, OCHerr], OCerr]Herr], and CJerr]Herr]. 8.
A met hod of manufacturing a dielectric as clainmed in claim®6, wherein
said energy is less than 541 kJ per 1 nol of SiF[err]Xerr].

25

rd

« dielectric coﬁétant of the formed filﬁ and the desorption
amount of the film .when the £ilm is heated at 600 . The
value of the desorption amount is normalized with the
specific dielectric constant of the film formed with SiH,F,

5 in embodiment 1. As FIG. 20 indicates, when the specific
dielectric constant is in a range of 2.8-3.2, the
desorption amount is a constant. However, when the specific
dielectric constant is less than 2.8 or larger than 3.2,
the desorption amount increases. When the specific

10 dielectric constant is less than 2.8, coarse portions of

the film material are generated in the formed film because
of the low density, and moisture in the air is taken into
the coarse portions. Consequently, the desorption amount

increases. When the specific dielectric constant is larger

15 than 3.2, moisture in the air or a hydroxide group in the

moisture is readily taken into the film because of the
existing O-F bond Si-Si bond. Consequently, the desorption
amount increases.

As explained above, in order to reduce the moisture

20 content of the f£ilm, use of a £ilm having a specific

dielectric constant in a range of 2.8-3.2 is preferable. By
using such a film as described above, the reliability of
semiconductor devices, such as an LSI and the like, can be
improved. | -

25 SiNF £film can be formed by using a nitration gas such

as N, or NH, instead of an oxidation gas. When a SiN film
formed with SiH,F, and a nitration gas such as N, or NH, is
used as a TFT gate film, more preferable characteristics
can be obtained than provided by a TFT using a SiN film
30. formed with SiH, as a gate film. As explained above, SiH,F,

is preferable for forming a gate insulator £ilm of a
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9. A nmethod of nanufacturing a dielectric as claimed in claim®6, wherein
said energy is supplied by an electron cyclotron resonance-CVD appar at us.
10. A nethod of manufacturing a dielectric as claimed in claim6, wherein

said energy is supplied by a plasma treating appar at us. 11. A method of
manuf acturing a dielectric as clainmed in clagen 9, wherein Spattering
processes are -overl apped. 12. A method of manufacturing a dielectric as

clained in =+ semiconductor.
In accordance with the present invention, a dielectric .
£film having a low dielectric constant and high reliability
can be formed, and consequentiy, a semiconductor device of
5 having less signal wiring delay and a semiconductor device
having preferable characteristics can be manufactured.
Because a dielectric film having a low dielectric constant
and high reliability can be formed effectively, such an
advantage as reducing manufacturing cost of the

10 semiconductor devices can be realized.
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clai m 10, wherein said plasma i s generated by radi o waves. 13. A

sem conduct or devi ce conprising : a plurality of wiring Iocated on the
surface of a sem conductor substrate, and - a dielectric co

silicon oxide fluoride conpound having a coval ent bond

atomand a silicon atom | ocated at interval s2ffetween-s m&w

W ring, wherei-n the dielectric hardly has carbon and a SpeC|L|Cn ric

const ant of tshe whatl da rdlmiineed3.iB;0r | ess.

1. A dielectric comprising a silicon oxide fluoride
compound having a covalent bond between a fluorine atom and

5 a silicon atom.

2. A dielectric as claimed in claim 1, wherein
said silicon oxide fluoride compound has an additional

covalent bond between a silicon atom and an oxygen atom.

10
3. A dielectric comprising a silicon oxide fluoride
compound, which has a half width at half height of equal to
or less than 30 em™® at a region in the infrared spectrum
with low frequency waves.

15

4. A dielectric comprising a silicon oxide fluoride

compound, which has a density in a range of 1.8-2.4 g/°.

5. A dielectric comprising a silicon oxide fluoride
20 compound, which has a specific dielectric constant in a

range of 2.8-3.2.

6. A method of manufacturing a dielectric comprising the
- steps of :
25 introducing a gas conﬁaining SiF,X, gas onto a
.substrate, and
| "supplying an energy which does not dissociate the
covalent bond between a fluorine atom and a silicon atom in
said SiF,X, gas to said gas containing SiF,X, gac.
30

7. A method of manufacturing a dielectric as claimed in
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29 14. A sem conductor device conprising : a plurality of wiring
~located on the surface of a sem conductor substrate; dﬂd a dielectric

. cenprising a silicon oxide fluoride conpound, which
i [ equal to or less than 30 cnferr] at a u@ l““\“lmmlFrared

- spectrumw th

hal f hei ght of

10

15
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P

ow frequency waves. 15. A sggi conductor eW|cé cban|S|ng

claim 6, wherein
said X is any .one selected from a group consisting of

H, Cl, Br, OCH,, OCH;, and OC;H,.

8. A method of manufacturing a dielectric as claimed in
claim 6, wherein

said energy is. less than 541 kJ per 1 mol of SiF.X,.

9. A method of manufacturing a dielectric as claimed in
claim 6, wherein

said energy is supplied by a CVD apparatus.

10. A method of manufacturing a dielectric as claimed in
claim 6, wherein
said energy is supplied by a plasma treating

apparatus.

11. A method of manufacturing a dielectric as claimed in
claim 9, wherein |

spattering processes are overlapped.

12. A method of manufacturing a dielectric as claimed in
claim 10, wherein

said plasma is generated by radio waves.

13. A semiconductor device comprising :

a plurality of wiring located on the surface of a
semiconductor substrate, and

a dielectric comprising a silicon oxide fluoride
compound having a covalent bond between a fluorine atom and

a silicon atom located at intervals between said plurality
-
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a plurality of wiring located on the surface of a sem conductor substrate,
and a dielectric conprising a silicon oxide fluoride conpound, which

has a density in a range of 1.8 - 2.4 g/c and hardly has—txuinuliﬂui______

specific dielectric constant of the dielectric is 3.3 A
sem conduct or device conprising : a plupality of }hﬂhﬁﬂu ﬂﬁm u the
surface of- a'sem conductor substrate, and a dielec
silicon oxide flofowiddnganpound, which has a specific dlelectrlc constant
in a range of 2.8-3.2.
14. A semiconductor device comprising :
a plurality of wiring located on the surface of a
5 semiconductor substrate, and
a dielectric comprising a silicon oxide £fluoride
compound, which has a half width at half height of equal to
or less than 30 cm™ at a region in the infrared spectrum
with low frequency waves.
io
15. A semiconductor device comprising :
a plurality of wiring located on the surface of a
semiconductor substrate, and
a dielectric comprising a silicon oxide fluoride

15 compound, which has a density in a range of 1.8-2.4 g/°.

16. A semiconductor device comprising : '
a plurality of wiring located on the surface of a
semiconductor substrate, and
20 a dielectric comprising a silicon oxide fluoride
compound, which has a specific dielectric constant in a

range of 2.8-3.2.
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SB 17. A sem conductor nenory device conprising: a plurarity of
~menory cells disposed over the main surface of a Sw a
plurarity of wiring | ayers di sposed over said mem)r} cells;

insulator filmincluding a silicon oxide ¥ uorine c ‘wmmmmumw'moval ent

bond between a fluorine atomand a silicon atom fo
t layers; and .~ a plurarity of upper wri ng | ayers- formed on "sai®d ¥nsul at or
film 18. A-sem conductor nenory device as clained in claim17, wherein
- eace of said nenory cells consists of an insulated gate field effect
transi stor andl7a sgmm;\duchor memory device comprising :

a plurarity of memory cells disposed over the main surface of a
semiconductor body;

a plurarity of wirihg layers disposed over said memory cells;

an insulator film including a silicon oxide fluorine compond having a
covalent bond between a fluorine atom and a silicon atom, formed on said
wiring layers; and

a plurarity of upper wiring layers formed on said insulator film.

18. A semiconductor memory device as claimed in claim 17, wherein
- eace of said memory cells consists of an insulated gate field effect transistor
and a capacitor.

19. A semiconductor memory device as claimed in claim 18, wherein
said capacitor has a cylindrical structure.

20. A semiconductor memory device as claimed in claim 17, wherein
the surface of said insulator film is planarized by treating a chemical
mechianical polishing process.

21, A semiconductor memory device as claimed in claim 17, wherein
the insulator film has a specific dielectric constant in a renge of 2.8 - 3.2,
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19. A sem conductor nenory device as clained in claim18, wherein said
capacitor has a cylindrical structure. 20. A sem conductor nenory device

as clained in claim17, wherein the surface of said insulator filmis
pl anari zed by treating a chemical nechani3dal polishing process. 21. A
sem conductor nenory device as clainmed in claim17, wherein t he

i nsulator filmhas a specific dielectric constant in a range of 2.8 - 3.2
* « Abstract of the Disclosure

A DIELECTRIC, A MANUFACTURING METHOD THEREOF, AND
5 SEMICONDUCTOR DEVICE

A silicon oxide fluoride film having Si-F bonds and
Si-0 bonds is used for insulator wiring of a semiconductor
device, and a dielectric film is formed using SiF,X, gas (X

10 = I-I., Cl, Br, OCH;, OC,H,, and OC,H;,) as a reactant.

A semiconductor device having a small wiring delay and
high reliability can be manufactured, because the silicon
oxide fluoride film having Si-F bonds and Si-O bonds has a
smaller dielectric constant than a silicon oxide fluoride

15 film having Si-Si bonds and O-F bonds.
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What is claimed is; )

1. A dielectric comprising a silicon oxide fluoride

compound having a covalent bond between a fluorine atom and
a silicon atom, wherein the dielectric hardly has carbon and

a specific dielectric constant of the dielectric is 3.3 or

less.

2 A dielectric as claimed in claim 1, wherein said silicon
oxide fluoride compound has an additional covalent bond

between a silicon atom and an oxygen atom.

~ 3. A dielectric comprising a silicon oxide £fluoride
compound, which has a half width at half height of equal to
or less than 30(_:1:1‘1 at a region in the infrared spectrum with
low frequency waves.
4, A dielectric as claimed in Claim 1, wherein said silicon
oxide fluoride compound has a density in a range of 1.8 - 2.4
g/e. '
5. A dielectric comprising a silicon oxide £fluoride
compound, which has a specific dielectric constant in a range
of 2.8-3.2.

6. A method of manufacturing a dielectric _by plasma

chemical vapor deposition comprising the steps of :

introducing a gas containing SiF,X, gas onto a substrate,

and
- supplying an energy which does not dissociate the
covalent bond between a fluorine atom and a silicon atom in

said SiF,X, gas to. said gas containing SiF.,X, gas.

7. A method of manufacturing a dielectric as claimed in
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claim 6, wherein
said X is any one selected from a group consisting of H,
Cl, Br, OCH,, OC,H;, and OC,H.. ' '

8. A method of manufacturing a dielectric as claimed in
claim 6, wherein
said energy is less than 541 kJ per 1 mol of SiF)X,.

9. A method of manufacturing a dielectric as claimed in
claim 6, wherein
sald energy is supplied by an electron cyclotron

resonance-CVD apparatus.

10. A method of manufacturing a dielectric as claimed in
claim 6, wherein ,
said energy is supplied by a plasma treating apparatus.

11. A method of manufacturing a dielectric as claimed in
claim 9, wherein '
spattering processes are overlapped.

12. A method of manufacturing a dielectric as claimed in
claim 10, wherein .
said plasma is generated by radio waves.

13. A semiconductor device comp:rf:i.sing :

a plurality of wiring located on the surface of a
semiconductor substrate, and

a dielectric comprising a silicon oxide fluoride
compound having a covalent bond between a fluorine atom and
a silicon atom located at intervals between said plurality of
wiring, wherein the dielectric hardly has carbon and a

specific dielectric constant of the dielectric is 3.3 or

(o
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14. A semiconductor device comprising :

a plurality of wiring located on the surface of a
semiconductor substrate, and

a dielectric comprising a silicon oxide fluoride
compound, which has a half width at half height of equal to
or less than 30 cm™ at a region in the infrared spectrum with

low frequency waves.

15. A semiconductor device comprising :

a plurality of wiring located on the surface of a
semiconductor substrate, and _

a dielectric comprising a silicon oxide £fluoride
compound, which has a density in a range of 1.8 - 2.4 g/c and

hardly has carbon and a specific dielectric constant of the

dielectric is 3.3 or leszs.

16. A semiconductor device comprising :

a plurality of wiring located on the surface of a
semiconductor substrate, and

a dielectric comprising a silicon oxide £fluoride
compound, which has a specific dielectric constant in a range
of 2.8-3.2.
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