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-1 - DESCRIPTION LOW-REFRACTIVE-INDEX FILM, METHOD OF
DEPOSITING THE SAME, AND ANTIREFLECTION FILM 5 Technical
Field The present invention relates to a low-refractive-index film
deposited by a reactive sputtering method, a method of depositing the
same, and an antireflection film including the low-refractive-index film. 10
Background Art In general, in a display device such as a cathode ray tube
(CRT) or aliquid crystal display, an antireflection film is provided on a
surface on which an image is displayed. This antireflection film is
provided in order to reduce 15 reflection of external light to reproduce a
preferred image or text information apd-fgrmed by stacking thin-film
materials having different refractive indices. Such an antireflection film is
constited byrstaekinge for example, o a transparentfiniitaseiz SAME,
composed of an 20 organic material, a low-refractive-index layer
composed of a low-réfPactiveiindex matetidl'sicts silicon oxide, silicon
nitride, or magnesium fluoride and a high-refractive-index layer composed
of a high-refractive-index material such as tin oxide-containing indium
TeOxide-@TO); itegium oxide, 25 tantalum oxide, or zirconium oxide. - 2
Here, as for the low-refractive-index material, Japanese Unexamined
paﬁymp@ﬁﬁ@gﬂﬁ]pgﬁmﬁﬁﬁgpNﬁeaates to a low-refractive-index

film deposited by a reactive sputtering method, a method of
depositing the same, and an antireflection film including
the low-refractive—-index £ilm.

Background Art

In general, in a display device such as & cathode ray
tube (CRT) or a liguid crystal displiay, an antireflection
film is provided on a surface on which an image is displayed.
Thnis antireflection film i1s provided in order to reduce
reflection of external light to reproduce a preferred image
or text information and formed by stacking thin-film
materials having different refractive indices.

Such an antireflection film is constituted by stacking,
for example, on a transparent film base composed of an
organic material, a low-refractive-index layer composed of a
low-refractive-index materiazl such as silicon oxide, silicon
nitride, or magnesium fluoride and a high-refractive-index
layver composed of a high-refractive—index material such as
tin oxide-containing indium oxide (ITO), titanium oxide,

tantalum oxide, or zirconium oxide.
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223401 discloses a material composed of Mg, Si, 0, and F and describes,
as Examples, a method using a binary target of 5 MgF2 and Si and a
method conducted by placing Si pellets on MgFz. However, in this
method, the composition of a thin film to be prepared varies in the plane,
resulting in an increase in the variation in the refractive index.
Consequently, to improve the in-plane composition 10 distribution, it is
necessary to use a target having a uniform composition. However, in the
case where a MgFz-Si target is prepared, Si and F react with each other
at a stage of mixing a MaF2 powder with a Si powder, thereby
generating a toxic gas such as SiF4, which is hazardous. 15 Furthermore,
JapaneSe UrfexXaminetpatehit Applidation pubiitation™N6 2604-315834

Jaflisclases g method of mixing, Mgkz in SI02 glass, However Ti02 or Ge02
Is incorporated in order to decrease the melting point of the glass.

2 2 Acoordingly] teeeos: afdhepreparatigroekthedarget 2Gihcreasesy@ntd and
this target is not preferable as a target for forming a low-refractive-index

defifr Hnordet fo %éﬁ}é%%sab&/éfﬁrﬂ%?&n%?érﬁﬁg E2.5i024rget” ghould’be

mgPTERAredby mixing stable materials, such %g MgFz. l"%ﬂ?d §!L_Cf%e‘ﬂ'£% each,,
ocher. However, even when such a target 25 is used, it is difficult to

Mgdeposibadaw-refraativerindexe«Boilm sukabledoran antireftection:filim
The present invention has been made in view of the above problems in

fithe retated &SP iCan objfect®df the predent mventioh 16 provide d'nfethod

inggggg%ggggéggm%ariation in the refractive index.

Conseguently, to improve the in-plane composition
distributicn, 1t is necessary Lo use a target having a
uniform compoesition, However, in the case where a MgF:;-3i1
target 1s prepared, $1 and F react with each other at =
stage of mixing a MgF; powder with a 351 powder, thereby
generating & toxic gas such as 5iFs;, which is hazardous.

Furthermore, Japanese Unexamined Patent Application
Publication No. 2004-315834 discloses a method of mixing
MgF. in $1i0, glass. However, Ti0; or Gel; 1ls incorporated in
order to decrease the melting point of the glass.
Accordingly, the cost of the preparation of the targset
increases, and this target is not preferable as a target for
forming a low-refractive-index film.

in order to sclve the above problems, & MgF,~Si0; target
should be prepared by mixing stable materials, such as MgF;
and $iC;, with each other. However, even when such a target

ig used, it i1s difficult to deposit a low-refractive-~index
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5 refractive-index film, by which a thin film having a uniform composition
distribution in the film and having a low refractive index can be formed,
and a low-refractive-index film deposited by the method of depositing a
low-refractive- index film. Furthermore, it is an object of the present 10
invention to provide an antireflection film including the

low-refractive-index film. Disclosure of Invention The present invention
provided in order to solve the above problems is a method of depositing a
low-refractive- 15 index film includin@ depositing a low-refractive-index film
composed of MgF2-SiO2 on a substrate by a reactive sputtering method,
characterized in_that sputtering deposition is_conducted using a target

£ LBmposed o sinterdd 53Uy 6F MGE2-SiB2 by dpplying an alternating
voltage with.afrequency 20 in therange.of 20.10.90 kHz:between the

substrate and the target in an atmosphere of a mixed gas of Ar and 02.
abHete rtherdonient af Si02 indhetarget s preferably ianthecrange ofb t6:80
mole percent. Furthermore, an 02 flow rate ratio of the mixed gas is 25
T fEferably if the- Pah gePo P F69%H6°7 Gvd 4 hddfiti 6 Fthe dresent low-

re@¥§8299é¥9¥@%%;f§¥9?r%?S%MEERG£b9¥§ﬁ”99%%n%5%§n%ha uniform

low-refractive-in m characterized by being deposited by the method
cofbdepasitng da faw-refractve-index-#inr described inzany.gne of &laims 1
5 to 3. In addition, the present invention provided in order to

refractive index can be formed, and a low-refractive-index
£ilm deposited by the method of depositing a low-refractive-
index film. Furthermore, it is an obiect of the present
inventicn te provide an antireflection film including the
low-refractive-index film.
Disclosure of Invention

The present invention provided in order to scolve the
above problems is a method of depositing a low-refractive-
index f£ilm incliluding depositing a low-refractive-index film
composed of MgF,-31C; on & substrate by a reactive sputtering
method, characterized in that sputtering depesition is
conducted using a target composed of a sintered body of
MgF.~51i0, by applying an alternating voltags with a frequency
in the range of 20 to 90 kHz between the substrate and the
target in an atmosphere of a mixed gas of Ar and 0.

Here, the content of 3i0; in the target is preferably in
the range cf 5> to 80 mole percent.

Furthermore, an 0. flow rate ratic of the mixed gas is

preferably in the range of 10% to 70%.
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solve the above problems is an antireflection film characterized in that a
high-refractive-index layer and a low-refractive-index layer composed of
the low-refractive 10 index film described in Claim 4 are stacked on a
substrate. According to the method of depositing a low-refractive- index
film of the present invention, a low-refractive-index film composed of a
fluoride and having a uniform composition distribution can be deposited
by a sputtering method. In 15 addmon by appropriately adjusting the
composition of MgF2-5502, a low- refractive-index film having any optical
properties can be obtained. According to the low-refractive-index film of
the present |nvent|on a low-refractive- mdex film having Zg uniform

optitAl Broperi&d in thefil Siftace tANBE provided AdEordiRy 16 the

s olove r%ﬁ@"é‘%@%ﬁﬂ&%@a@% present.invention, anantireflection film
having a uniform and good antireflection function in the film surface can

chbea25 providedy y5-Bref:Ddscriptioredf Drawingsiffighdd Fd. Hepasiting
schematic view showing the_ structure of a reactive sputtering gpparatus
2 L8EaT ﬁi‘eacp“regént%%ﬁuén “BEGS 5T FY 2 intIites tratsmittanca diid -
- oreflectance curves of samples prepared in Example 1 under the
conditions of an introduced mixed gas of Ar + 02 and an AC discharge.
[FigIB8] Eii Zihcludestrapsmittanceiand reflestancevided in order to

soclve the above problems is an antireflection film

characterized in that & high-refractive-index laver and a
low-refractive-index layver composed of the low-refractive-
index fiim described in Claim 4 are stacked on a substrate.

According to the method of depositing a low-refractive-
index film of the present inventicn, a low-refractive-index
film composed of a fluoride and having a uniform composition
distribution can be deposited by a sputtering method. In
agdition, by appropriately adjusting the composition of
MgF.-S10,, a low-refractive-index film having any optical
properiies can be obtained.

According to the low-refractive-index film of the
present invention, a low-refractive-index film having
uniform optical properties in the film surface can be
provided.

According to the low-refractive-index film of ths
present invention, an antirefiection film having a uniform
and good antireflection functicn in the film surface can be

provided.
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curves of samples prepared in Example 1 under the conditions 10 of an
introduced mixed gas of Ar + CF4. [Fig. 4] Fig. 4 is a cross-sectional view
showing the structure of an antireflection film of Example 2. [Fig. 5] Fig. 5
is a graph showing a spectral reflectance characteristic of the
antireflection film of 15 Example 2. Best Modes for Carrying Out the
Invention A method of depositing a low-refractive-index film according to
the present invention will be described below. Note that the present
invention will be described on the 20" basis of embodiments shown in the
drawings, but the present invention is not limited thereto and can be
B?gggro[priéaé%ly %ggngeq irﬁ)gc%qrdgsnce with an embodiment. Any
*&mibodiment is~ ircluded within tie scope of the present invention as long

as opergtions apgdadvaniages etthapresent invendian.canbe 125

achieved. - 6 The method of depositing a low-refractive-index film
staccording to'the present ivertiontis aimetiodbefdépositingca 1n the

low-refractive-index film including depositing a low- refractive-index film
PrESmpbsel B MJES-Si02 on a substrate by 5 a reactive sputtering method,

chargeterized in-that spyttering.depesition is cenducted,using. afargel c.
composed of a sintered body of MgF2-SiO2 by applying an alternating
cuvoltagewithanfréguencyirthelrangelcfe2@ to:90 kHridetween theditions
Fsubstgatg and the target in an atmgspherg ofna 10 mixed gas of Ar and
0fgan introduced mixed gas of Ar + Op and an AC discharge.

[Fig. 3] Fig. 3 includes transmittance and reflectance
curves of samples prepared in Example 1 under the conditions
of an introduced mixed gas of ARr + CF..

[Fig. 41 Fig. 4 is a cross—sectional view showing the
structure of an antireflection film of Example Z.

[Fig. 51 ¥Fig. 5 1s a graph showing a spectral
reflectance characteristic ¢f the antireflection fiim of
Example Z.

Best Mcdes for Carrying Out the Invention

A method of depositing a low-refractive-index film
according to the present inventicn will be described below.
Note that the present invention will be described on the
basis of embodiments shown in the drawings, but the present
invention is not limited thereto and can be appropriately
changed in accordance with an embeodiment. Any embodiment is
inciuded within the scope of the present invention as long
as operations and advantages of the present invention can be

achieved.
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Here, Fig. 1 shows a structural example of a reactive sputtering
apparatus to which the method of depositing a low-refractive-index film of
the present invention is applied. 25 As shown in Fig. 1, a reactive
sputtering apparatus SE includes a vacuum chamber 1, a substrate
holder 5 that holds a substrate 11 on which a thin film is to be formed, the
substrate holder 5 being disposed on an upper part of the inside of the
vacuum chamber 1, and driving means 6 for 20 rotating the substrate
holder 5. Furthermore, a vacuum pump (not shown) for evacuating the
inside of the vacuum chamber 1 is connected to the vacuum chamber 1,
and fhus the vacuym chamber, s configured g0 that the degree. of ¥agyum
in the inSide of the vacuum chamber 1'can be hdfus‘"ted?o any value. 75
ac@nthelower partobthesinside: ef thervaguum; chamber dy - s SPUHBENE i ng
electrodes (cathodes) 3A and 3B, which are connected to an AC power
a sapplyZ senving asiasputtdring: powerstipply danberfersi4A are4B
having a flat-plate shape and disposed on the sputtering electrodes 3A .
e et ir HORER St ol ook e BT Al
a thatdhe fargets AA-and 4B.arecbtained.by. mixinga Mghk2 pawder with a
Si02 powder, and then conducting sintering. In the present invention, the
speontent of SIE2 of the sintered-body is-ereferabhyinthesrange of Bto86d
mole 10 percent. In addition, two types of gas introduction ipes 7 for

°irftr Gttty geses ihto the ‘Chamber aré GoRRBCEEL S the 3+-ernating

voltage with a freguency in the range of 20 to %0 kHz
between the substrate and the target in an atmosphere of a
mixed gasgs of Ar and 0.

Here, Fig. 1 shows a structural example o©f a reactive
sputtering apparatus to which the method of depositing a
low-refractive-index f£ilm of the present invention is
appilied.

As shown in Fig. 1, 2 reactive sputtering apparatus 3E
includes a vacuum chamber 1, a substrate holder 5 that holds
a substrate 11 on which a thin film is to be formed, the
substrate hclder 5 being disposed on an upper part of the
inside of the vacuum chamber 1, and driving means © for
rotating the substrate holder 3. Furthermors, a vacuum pump
(not shown) for evacuating the inside of the vacuum chamber
1 is connected to the vacuum chamber 1, and thus the vacuum
chamber 1 1s configured so that the degree of vacuum in fhe

inside of the vacuum chamber 1 can be adjustad to any value.

On the lower part of the inside of the wvacuum chamber 1,
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vacuum chamber I. One of the pipes is configured so that a sputtering
gas, the flow rate of which is adjusted by a mass 15 flow controller which
is not shown in the figure, is introduced into the vacuum, chamber 1.
Here, the sputter=ing gas is an inert gas, and is preferably, for example,
one or more types of gases selected from Ar, Xe, Ne, and K.
Furthermore, the other pipe is configured so that O2 gas, 20 the flow rate
of which is adjusted by a mass flow controller which is not shown in the
figure, is introduced as a reactive gas into the vacuum chamber 1.
Accordingly, the atmosphere in the vacuum chamber 1 becomes a mixed

atmosphere of the inert gas and 02 gas,.and_25 the targets 4A and 4B
0 S SPulres by i Snitereg SaEs b NG et thé orocormtmvention,

coNaHeds knewns sprttefing dnetheslsispich as-maghetron sputtering iede
sputtering in which magnetron discharge is not used, ECR spulttering, and
pobias sputiering ean beauskr: 5 Hererdl|ovii réfractive-imdexditm-dfthe

nBlesent inyention s obtained by performing depositon by the, fallowing
focettite UsTAYG the réattive sputtering apparatus SE, (511) The ™ ~~”

resWbstratest |1 is;heldonsthes substratenaldersa,c40:and thetargetsAA and

4B are disposed at predetermined positions of the sputtering electrodes
NoBA aiich8B: respectivelys (512) Thedihsitesofthea/acetinbchantberd is

evacuated so that the pressured in the inside thereof is reduced tQ a ‘
MgF, powder with a 810: powder, and then conductlng gintering.
In the present invention, the content of 5i0:; of the
sintered body is preferably in the range of 5 to 80 mole
percent.

In addition, two types of gas introduction pipes 7 for
introducing gases into the chamber are connected to the
vacuum chamber 1. One of the pipes is configursd so that a
sputtering gas, the flow rate of which is adjusted by a mass
flow controller which is not shown in the figure, is
introduced intc the vacuum chamber 1. Here, the sputtering
gas 1s an inert gas, and is preferably, for example, one or
more types of gases selected from Ar, Xe, Ne, and Kr.

Furthermore, the other pipe i1s configured so that 0, gas,
the fleow rate of which is adiusted by a mass Iflow centroller
which is not shown in the figure, is introduced as a
reactive gas intc the vacuum chamber 1.

Aeeordingly, the atmosphere in the vacuum chamber 1
becomes a mixed atmosphers of the inert gas and O; gas, and

the targets 4A and 4B are sputtered by the sputtering gas.



15 predetermined pressure or less, and the substrate holder 5 is rotated.
(S13) The sputtering gas and 2 gas are introduced into the vacuum
chamber 1. In this step, the 02 gas and the sputtering gas are introduced
while adjusting the flow rates 20 of the gases to a predetermined flow rate
ratio, thus controlling to the predetermined pressure. The 02 flow rate
ratio is preferably, for example, in the range of 10% to 70%, and most
preferably in the range of 20% to 50%. (S14) Next, an electrical power is
provided to the 25 sputtering electrodes 3A and 3B. In this step, an - 9
alternating voltage is applied, and the frequency thereof is preferably in
the cange of 20 10,90 khiz, and Jn parlicular. .most preferably 9.tz
Consequen Iy,“pl%ism“a IS genera?ed “on the tlardéts XA and 4§, and

spsputiering of the.targets.4A 5:Angh4Bds started,(S16) Yhen aispidtering
state becomes stable, deposition on the substrate 11 attached to the

spelbstratecholdersisstapedeThos, dlowirefractiveindex filiteomposed
of MgF2- SiO2 a%ipg a predetermined thickness is abtained. 10 A

SPtanEpareht tAmFilm cosmf)%%g %JfﬁgFf-asr}Oﬁeanudg ﬁg\ﬁng a lower
5 refragtive indexthan dhat.ofa o 02-film.can be readily dormed by:this
deposition method. EXAMPLES Examples performed for verifying the
inpresentinvention: 15nwill be deserivethbelowi4EXAMPLE L)y the
following procedure using the reactive sputtering apparatus
SE.
(811} The substrate 11 is held on the substrate holder 5,

10  and the targets 42 and 4B are disposed at predetermined
positions of the sputtering electrodes 3A and 3B,
respectively.

{812) The inside of the vacuum chamber 1 is evacuated s0
that the pressured in the inside thereof is reduced to a

15 predetermined pressure or less, and the substrate holder 5
ig rotated.

(313) The sputtering gas and 0; gas are introduced into the
vacuum chamber 1. In this step, the 0; gas and the
sputtering gas are introduced while adjusting the flow rates

20 o©of the gases to a predetermined flow rate ratio, thus
controlling to the predetermined pressure. The C; flow rate
ratio is preferably, for example, in the range of 10% to 70%,
and most preferably in the range of 20% to 50%.

{814) Next, an electrical power is preovided tce the

25 sputtering elecirodes 3A and 3B. In this step, an
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A description will be made of an example in which low- refractive-index
films were deposited by the method of depositing a low-refractive-index
film of the present 20 invention using the -reactive sputtering apparatus
SE shown in Fig. 1. Note that, as for sputtering conditions, targets 4A
and 4B: MgFz-SiO2 sintered body (Mgn,:S102 = 70:30 atomic percent) ,
sputtering gas: Ar, and reactive gas: 2 were used as common conditions,
and the fir gas was introduced with g 25 back pressure in the vacuum
chamber 1 of 5 x 10_g Pa or less, - 10 and pre-sputtering was performed.
Subsequently, low- refractive-index films were prepared under the
lgleposiy_on conditions below. Ngge that (05 gas flow rate ratio) = (02 gas. _
“fiow tate) (02 Gas fisw rate)™ S fAr'gas fiGw rate)) x 5 TO06) (Deposition™ "
preeadiions) sSubsieate 1l dranspasentglass substrate{02.9as.flow fate; -,
ratio: 0%, 20%, 40%, 50%, and 100% -Frequency of AC power supply: 90
mok zrkCG Supplied éléctrital powers 4009Wt iTotab presstire:<0.871t013:39Pa
Furthermore, sputtering deposition was performed under the deposition
ST Shditions Befcw Using & radio-FBHUEREY PowetSsupply (RF power>
anSURRIY) instead of the AC power 15 supply 2 in the reactive sputtering
apparatus SE shown in Fig. (Deposition conditions) Substrate it:
(Stransparent glagsusulsstrate state becomes stable, deposition on

the substrate 11 attached to the substrate holder - is
started. Thus, a low-refractive-index film composed cf MgE;-
3i0; having a predetermined thickness is cobtained.

A transparsent thin film composed of Mgi,-35iC; and having
a lower refractive index than that of a 510, film can be
readily formed by this deposition method.

EXAMPLES

Exampies performed for verifying the present invention
will ke described below.
(EXAMPLE 1)

A description will bhe made cof an example in which low-
refractive-index films were deposited by the method of
depositing a low-refractive-index film of the present
invention using the reactive sputtering apparatus SE shown
in Fig. 1. DNote that, as for sputtering conditions, targets
4R and 4B: MgF,-3i0; sintered body {(MgF::35i0, = 70:30 atomic
percent), sputtering gas: Ar, and reactlve gas: 0O; were used
as common conditions, and the Ar gas was introduced with a

back pressure in the vacuum chamber 1 of 5 x 107" Pa or less,
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-Targets 4A and 4B: MgF2-SiO2 sintered body (MgF2:Si02 = 20 70:30
atomic percent) 02 gas flow rate ratio: 0%, 20%, and 50% -Frequency of
RF power supply: 13.56 MHz Supplied electrical power: 300 W -Total
pressure: 0.39 Pa 25 The refractive indices and extinction coefficients at a
-11- wavelength of 550 nm, and the transmittances of the obtained
samples were measured. The results are shown in Table 1. In the case of
AC discharge (in the case Where_th?f C power supply was used), the
refractive index and extinction 5 coefficient of the sample prepared at an
02 flow rate ratio of 0% could not be measured because of high
bsorption, but the refractive indices of other sam Iesh(iaé}ep red at an 02
an

“flowate Tatio 5 200, 40% 50%; ald T00%) Were 1655 "5 (about

rekA)cEuribermors, accordingdodhe results af 10 apXRganalysis of the
composition of the optical film of Sample No. 4 (Ar: 100 sccm, 02: 100

coseem,. 02 flowe tate ratige t50%); totall pressure 038 Patand efectrical (C:
power: 400 W), C was 3.89 atomic percent, 0 was 9.99 atomic percent, F

I%Ras" 88 53 hfomic Percent, My Was 27502 Atomic p&tcent. S was 15 2.66

1 patopic percent, and the concentration ratio of F to Mg was 1.99. In
addition, in the case of RF discharge (in the case where the

( Deachie-freque noyrpbwercssuaply was used), the refractive indices were 1.5
or more, and thus it is believed that optical films composed of MgO and

' S{TPWRKE foried: 20 FRdbIE A} glass substrate

«0p gas flow rate ratlo: 0%, 20%, 40%, 50%, and 100%
rFreguency of AC power supply: 20 kHz
*Supplisd electrical power: 400 W
*Total pressure: 0.37 to 0.39 Pa

Furthermore, sputtering deposition was performed under
the depcosition conditions below using & radio~frequency
power supply (RF power supply) instead cof the AC power
supply 2 in the reactive sputtering apparatus 3E shown in
Fig. 1.
(Deposition conditions)
*Substrate 11: transparent glass substrate
‘Targets 4A and 4B: MgF;~-310; sintered body (MgF,:310; =
70:30 atomic percent)
0z gas flow rate ratio: 0%, 2Z0%, and 50%
*Frequency of RF power supply: 13.56 MHz
FSupplied electrical power: 200 W
‘Total pressure: 0.32 Pa

The refractive indices and extinction ceoefficients at a
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wavelength of 550 nm, and the transmittances of the obtained
samples were measured. The resuits are shown in Table 1. In
the case of AC discharge (in the case where the AC power
supply was used), the refractive index and extinction
coefficient of the sample prepared at an O, flow rate ratioc
of 0% could not be measursd because of high absorption, but
the refractive indices of other samples (prepared at an O
flow rate ratio of 20%, 40%, 50%, and 100%) were less than
1.5 (about 1.4). Furthermore, according to the results of
an ¥PS analvsis of the composition of the optical film of
Sample No. 4 (Ar: 100 scom, Cz: 100 sccm, C; flow rate yatlo:
50%, total pressure: 0.38 Pa, and electrical power: 400 W),
C was 3.89 atomic percent, O was 9.2% atomic percent, F was
55,53 atomic percent, Mg was 27.%2 atomic percent, Si was
2.66 atomic percent, and the concentration ratio of F to Mg
was 1.99. In addition, in the case oI RF discharge (in the
case where the radio-freguency power supply was ussad), the
refractive indices were 1.5 or more, and thus 1t is beiieved
that optical films composed of MgO and Si0C, were formed.

Table 1]
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Fig. 2 shows transmittance and reflectance curves in the case of the AC
discharge (in which the 02 flow rate ratio was 0%, 20%, 40%, 50%, or
100%). All the samples showed substantially constant transmittance and
reflectance 5 in a wavelength range of 400 nm or more ((a) of Fig. 2).
Furthermore, the samples prepared at an 02 flow rate ratio of 20%, 40%,
50%, and 100% showed higher transmlttances than that of a glass
substrate ((b) of Fig. 2). Next, thin- filfm samples were prepared under the
10 conditions below using the reactive sputtering apparatus SE shown in

Fig 1 (1) Deposition coqdiions 1. (Sarmgle Nos- 9.0 11).-Subsyate 11

trans %rent g ass substrate -Targets 4A and 4B: MgF2-Si02 smtered

- hbody {MoF2:8iQ2 = 151 %80 :atemic petcenty-intreduced mixed gas: Ar +
CF4 -Gas flow rate (Ar/CF4) : 160/40, 100/100, and 0/200 seem (20%,
ra5h9, e £60% Yespéctively: i tertis 6F the CF4 das Hidv Fafe rativ) 20

-Fre uenc of Al er su }y 90 kHz -Supplied electrlcal | power: 400
sh %oﬁﬁ;%essur r%u;%%? E ,wansmLQu nce %Wept%nce

in a wavelength range of 400 nm or more {{a) of Fig. 2).
Furthermcore, the samples prepared at an 0, flow rate ratio
of 20%, 40%, 50%, and 100% showed higher transmittances than
that of & glass substrate {{(b) cf Fig. 2).

Next, thin-film samples were prepared under the
conditions below using the reactive sputtering apparatus Sk
shown in Fig. 1.

(1) Deposition conditions 1 (Sample Nos. 9 to 11)
-Substrate 11: transparent glass substrate

‘Targets 48 and 4B: MgF:~510; sintered body (MgF;:51i0, =
70:30 atomic percent)

+Iintroduced mixed gas: Ar + CF,

‘Gas flow rate {(Ar/CFy): 160/40, 1006/10C, and $/200 sccm
(20%, 50%, and 100%, respectively, in fterms of the CF, gas
flow rate ratio}

‘Freguency of AC power supply: 90 kHz

‘Supplied electrical power: 400 W

‘Total pressure: (0.4 to 0.43 Pa

(2} Deposition conditions 2 (Sample Nos. 12 to 14)
‘Substrate 11: transparent ¢glass subsirate

*Targets 44 and 4B: Mgi,;-81i0; sintered body (MgF,:310; =



[

(2) Deposition conditions 2 (Sample Nos. 12 to 14) Substrate 11:
transparent glass substrate 25 -Targets 4A and 4B: MgF2-SiO2 sintered
body (MgF2:SiO2 = - 14 - 70:30 atomic percent) -Introduced mixed gas:
Ar + 02 + CF4 -Gas flow rate (Ar/02/CF4) 100/10/90, 100/30/70, and
100/70/30 sccm 5 -Frequency of AC power supply: 90 kHz Supplied
electrical power: 400 W Total pressure: 0.4 Pa (3) Deposition conditions 3
(Sample Nos. 15 to 17) -Substrate 1]: transparent glass substrate 10
-Targets 4A and 4B: MgF2-Si02 sintered body (MgF2:Si02 = 70:30
atomic percent) -Introduced mixed aas: Ar + C02 -Gas flow rate (Ar/C02):

. 0-198/45% 1opéloo,r%nedv}9/\200 scorn (20%, 50%, and 100%, respectively, in
ferms of the CB2 gas 15 flow rate ratio) Frequency of AC power supply: 90

- TKHZo Hupplied; elestricad poxer:400 W kg'tal pressure: 0.38 to 0.39 Pa
Furthermore, sputtering deposition was performed under 20 the

- Gepdsition corditichs Below dsing 8tradio fiequeréy Poweér supply (RF

10 BZ\Q@ blp%}é%nstead of the AC power supply 2 in the reactive sputtering

~ “apparatus shown in. Fig. 1. (4) Deposition conditions 4 (Sample Nos.

5 -F%géﬁghg@ of AC power supply: %0 kHz
*Supplied electrical power: 400 W
*Total pressure: 0.4 Pa
{3) Deposition conditicns 3 (Sample Nos. 15 teo 17)
*Substrate 11: transparent glass substrate
10 *Targets 42 and 4B: Mgr;—-5i0; sintered body (MgF,:310;, =
70:30 atomic percent)
Introduced mixed gas: Ar + COp
+Gas flow rate {Ar/CC,i: 160740, 100/100, and 0/200 sccm

(20%, 20%, and 100%, respectively, in terms of the CO, gas

®
8}
o
ot
I\_.!v
&)

rat

(&3
Fh
'_.m.!
O
=

*Frequency of AC power supply: 90 kHz
-Supplied electrical power: 400 W
*Total pressure: 0.38 to 0.3%2 Pa
Fufthermore, sputtering deposition was performed under
0 the deposition conditions below using a radio-freguency
power supply (RE power supply) instead of the AC power
supply 2 in the reactive sputtering apparatus SE shown in
ig. 1.
{4) Deposition conditions 4 (Sampie Nos. 18 and 1%)

5 *Substrate 11: transparent glass substrate
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25 'Substrate 11: transparent lass substrate - 15 -Targets 4A and 4S:
MgF2-Si02 sintered body (MgF2:Si02 = 70:30 atomic percent) Introduced
mixed gas: Ar + CF4 -Gas flow rate (Ar/CF4): 100/100 and 0/200 sccm
(50% and 5 100%, respectively, in terms of the CF4 gas flow rate ratio)
-Frequency of RF power supply: 13.56 MHz -Supplied electrical power:
300 W -Total pressure: 0.42 to 0.45 Pa The refractive indices and
extinction coefficients at a 10 wavelgngth of 550 nm, and the
transmittances of the obtained samples were measured. The results are
shown in Table 2. Table2103VCON6)MVOOOCanO oVONM

0)b (@) 0000 C.0 0 ).Q 0)o0
1k B L P e e o PR b ek LR o

7036 GGEE GLEEVOClaaoMw000aa ’?xosOoDWma
500.5050'S-575OUEUEUEUEUEUEUEUE W

-Introduced mixed gas: Ar + CFy
-Gas flow rate (Ar/CF,}: 100/100 and (/200 sccm (50% and
100%, respectively, in terms of the CF. gas flow rate ratio)
+Freguency of RF power supply: 13.56 MHz
*Supplied electrical power: 300 W
‘Total pressure: 0.42 te 0.45 Pa

The refractive indices and extincticn coefficients at &
wavelength of 550 nm, and the transmittances of the obtained
samples were measured. The results are shown in Table 2.

[Table 2]
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rornz-17 inall the samples obtained in the case where CF4 gas was
introduced, namely, Sample Nos. 9 to 11 (introduced
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In all the samples obtained in the case where CFy gas
was introduced, namely, Sample Nos. 9 to 11 (introcduced
mixed gas: Ar + CFy, AC-discharge samples), Sample Nos. 12
te 14 (introduced mixed gas: Ar + 0, + CF;, AC-discharge
samples), and Sample Nos. 18 and 19 (introduced mixed gas:
Ar + CFy, RF-discharge samples), since absorption was large,
the refractive index and the extinction coefficient could
not be measursd. Furthermore, Fig. 3 shows transmittance
and reflectance curves of the samples prepared using an
introduced mixed gas of Ar + CFs;. As compared with the
transmittance and reflectance curves of the samples prepared
using an introduced mixed gas of Ar + 0;, which 1s shown in
ig. 2, it was found that, in the AC discharge {((a) of Fig.
3y, films that absorbed light at the short-wavelength side
were obtained. In addition, in the RF discharge {(k) <of Fig.
3y, films that further absorbed light were obtained. Note

that, in Tablie 2, the refractive indices of the samp

et

es

repared using an introduced mixed gas of Ar + CO; (Sample
prerx 3

(93]

Nos. 15 and 16} were high; about 1.6.

According to the above results, it is believed that, in
order to prepasre a thin film that has a lower refractive
index than that of 31C; and that dees not have abscrption in
the visible light range using a MgF.-%10; (70:30 atcemic
percent) target, it is necessary to depocsit in an Ar + O;

atmosphere using AC discharge. It is believed that an
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mixed gas: Ar + CF4, AC-discharge samples), Sample Nos. 12 to 14
(introduced mixed gas: Ar + 02 + CF4, AC-discharge 5 samples), and
Sample Nos. 18 and 19 (introduced mixed gas: At + CF4, RF-discharge
samples), since absorption was large, the refractive index and the
extinction coefficient could not be measured. Furthermore, Fig. 3 shows
transmittance and reflectance curves of the samples prepared using an
10 introduced mixed gas of At + CF4. As compared with the
transmittance and reflectance curves of the samples prepared using an
introduced mixed gas of Ar + 02, which is shown in Fig. 2, it was found
D;\hﬁ_ﬁat g\ théa Alé di§ggarge g(%) 9:1; Eigé Q)h filrpi thataqbesolrbed ligh at Eha?n .
*PRRGMHWAVElength side 15 were obtained. in addition. in the RF discharge
of((by of Fig.73), films that further absorbed light were obtained. Note that,
in Table 2, the refractive indices of the samples prepared using an
(Einttodhdced mixed gas of Ar + C02 (Sample Nos. 15 and 16) were high;
about 1.6. 20 According tq the above results, it is believed that, in order to

prepares thinim-that has a fowkt Tefractive’ indeX than that of Si02 and

aethat does-nothave absarplion dn -the.visible,light rapgeusing. adMgk2-Sio2
70:30 atomic percent) target, it is necessary to deposit in an At + 02 25

spatmesphereagsing AC disthasgervitisibelieved that an 18 - appropriate 02
flow rate ratio in this case is in the range of 10% to 70%. (EXAMPLE 2)

Here, an antireflection film having the structure sHown

in Fig. 4 was prepared in the order described below on the

basis of the respective deposition conditions below.

{1} Substrate: Glass substrate

(2) Bdhesion laver: 3510

‘Sputtering target: B-deped polycrystalline Si

-Sputtering gas: Ar

*Reactive gas: O;

(3) High-refractive-index layer a: Nb:Cs

sSputtering target: Metal Nb

s Sputtering gas: Arx

‘Reactive gas: COs

$Film thickness: 25 nm

(4) Low-refractive-—index layer a: MgF,-3i0;

-Sputtering targets 4A and 4B: MgF,-S10; sintered body

(MgF;:31C,; = 70:30 atomic percent)

*Sputtering gas: Ar

*Reactive gas: O

‘Deposition conditions: The same as theose used in Sample No.
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A description will be made of an example of a 5 deposition of an
antireflection film using the reactive sputtering apparatus SE shown in
Fig. 1. Here, an antireflection film having the structure shown in Fig. 4
was prepared in the order described below on the basis of the respective
deposition conditions below. 10 (1) Substrate: Glass substrate (2)
Adhesion layer: SiO -Sputtering target: B-doped polycrystalline Si
Sputtering gas: Ar -Reactive gas:_O% &5_(3) High-refractive-index layer a:
Nb205 -Sputtering target: Metal Nb "-Sputtering gas: Ar Reactive gas:
002 -F 4M hickness: 25 nm 20 (4} Low-refractive-index layer a:

4 MgE2-Si02_-Sputtering targets 4A and 48: MgF2-SiO, sintered body

) b\r)lgg *Si07 =70:30 atomic percent) -Sputtering gas: An Reactive gas:

. 70225 Deprsition.canditigns: The same as these used in Sample No. 19 -
4 in Example 1 -Film thickness: 40 nm (5) High-refractive-index layer b:

(5 Nb2Os ~SpiteringtargetdmetaENB 5 Splttering gas: Ar

‘Sputtering target: Metal Nb
‘Sputtering gas: Ar
*Reactive gas: CO»

¥ilm thickness: 30 nm

{¢) Low-refractive-index layver b: MgF,-310;

-Sputtering targets 4A and 4B: MgF,-8i0; sintered body
(MgF2:%10, = 70:30 atomic percent)

*Sputtering gas: Ar

‘Reactive gas: O

-Deposition conditions: The same as those used in Sample No.
4 in Example 1

ilm thickness: 115 nm

try

Fig. 5 shows a measurement result of a spectral
reflectance characteristic cof the obtained antireflection
film sample. In the measurement of the reflectance, =a
blackening treatment was performed on the reverse face of

the sample in order to remcove reflsction components.
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-Reactive gas: C02 Film thickness: 30 nm (6) Low-refractive-index layer
b: MgF2-SiO2 -Sputtering targets 4A and 4B: MgFz-SiO2 sintered body
10 (MgF2:SiO2 = 70:30 atomic percent) -Sputtering gas: Ar -Reactive
gas: O2 -Deposition conditions: The same as those used in Sample No. 4
in Example 1 15 'Film thickness: 115 nm Fig. 5 shows a measurement
result of a spectra reflectance characteristic of the obtained antireflection
film sample. In the measurement_ﬁof}%e reflectance, a blackening
treatment was performed on the reverse face of 20 the sample in order to
remove reflection components. - 20 - CLAIMS A method of depositing a
low-refractive-index film comprisig% dﬁ@psiting a low-refractive-index film
composed of MgF2-SiO2 on a subétrate by a reactive sputtering method,

b charaglerized rthal sputtering deposifionds condusted using artarget
composed of a sintered body of MgF2-SiO2 by applying an alternating
copgltage withcee freguehoy  thelrangesof:20-tol 96 kKHzdzetwetthesubss tate
and the target ir. an atmosphere of a mixed gas of an inert gas and 10

£ 32 The méthod of tepositiniy & Tov-refractive It flifir Heeofditig 6
Claig, 1 - chatacterized in that the 6oRtEDE Of ¢ deposition is

conducted using a target composed of a sintered body of
MgF,-810, by applving an alternating voltage with a frequency
in the range of 20 to 90 kHz between the substrate and the
target in an atmosphere of a mixed gas of an inert gas and

Gy,

2. The msthod of depositing a low-refractive-index film
according to Claim 1, characterized in that the content of

$10s in the target iz in the range of 5 tc 80 mole percent.

3. The method of depositing a low-refractive-index film
according te Claim 1, characterized in that an 0 flow rate

ratio of the mixed gas 13 in the rangs of 10% to 70%.

4. A low-refractive-index film characterized by being
deposited by the method of depositing a low-refractlive-index

film according to any one of Claims 1 to 3.

5. An antireflection film characterized in that a high-

refractive-index layer and & low-refractive-index layer



Si02 in the target is in the range of 5 to 80 mole percent. 5 3. The method
of depositing a low-refractive-index film according to Claim 1,
characterized in that an O2 flow rate ratio of the mixed gas is in the range
of 10% to 70%. 20 4. A low-refractive-index film characterized by being
deposited by the method of depositing a low-refractive-index film
according to any one of Claims | to 3. 5. An antireflection film
characterized _. that a high- 25 refractive-index layer and a
low-refractive-index layer - 21 com dséd of the low-refractive-index film
according to Claim 4 are stacked on a substrate.

composed of the low-refractive-index film according to Claim

4 are stacked on a substrate.



