- 1 - DESCRI PTI ON LOW REFRACTI VE- | NDEX FI LM METHOD OF DEPGCSI TI NG THE
SAME, AND ANTI REFLECTI ON FILM 5 Technical Field The present invention
relates to a lowrefractive-index fi I ' m deposited by a reactive sputtering
met hod, a nmethod of depositing the sane, and an antireflection film
including the lowrefractive-index film 10 Background Art In general, in
a display device such as a cathode ray tube (CRT), or a liquid crystal

di splay, an antireflection filmis provided on a surface on which an i mage
is displayed. This antireflection filmis,provided in order to reduce 15

reflection of external light to reptoduce a preferred i mage or text
information and forned by stacking thin-filmmaterials having different
refractive indices. Such an antireflection filmis constituted by

stacking, for exanple, on a tramsparentodilth base conposed of an 20
organic material, a |lowrefractive-index |ayer conposed of a

| owr ef r aéPHvRETHEEX VEREBPEAI FiSdehMaSHGY | L AEPOREEENG STHE S6MENi tri de, or
magnesi um fl uori de and a hi gh-ref rac%i ve-index | ayer conposed of a

hi gh-refractive-index mat %?Saﬁ‘“”&&@ﬁL sTt?% ‘oxie- cont ai ni ng i ndi um oxi de
(1 TO, titanium oxide, 25 tantalum oxide, or zirconiumoxide. Here, as
for the lowrefractive-index material, Japanese Unexam ned Patent

Appl iscatpmrnRPubl i eadicon No. 4- 223401 discloses a material conposed of My,
Si, 0, and F and describes, as Exanples, a nethod using a binary target of
5 MyF2 and Sihandesemst hodeconductédtby pd acilng-Sefpatiiotes iodeMgF2.
However, in this nethod, the conposition of a thin filmto be prepared
vari es int-ifh&epPaheed rasdl EFRAGETYE SRYUChEF RS Ched VBRI 684 in the
refractiye index, nseqguently, tao inprove the in-plane c osition 10

i st i1 DU T e S heetbenri i3 Go8 A Argto hdvifg A Uk Th m

conposi tiyn.; Hoveyel .- ik -the-gasg -where a MgF2-Si target is prepared, Si
and F react with each other at a stage of mxing a MgF2 powder with a Si
powder , zdwergebyingemerating a toxic gas such as Si F4, which is hazardous.
15Furt hernore, Japanese Unexam ned Patent Application Publication No.
2004- 315834 @nsednsged - ainet oo yniry hge MR 25 8i o2tiftdessayHowever, Ti 02
or Ge02 is | (,:,orForate | n,grder qtrﬁg- decrease the nelti Egﬂ*p,oi nt of the

gl ass. AC CAglyOT the 1¢odt 6T prepafdt i h B ERETTArFEt 20

| ncreases;And Lhbs: Gl el J $uelopr &l ShARLE 88 8 bargelyLan fogi ng a

| ow-refractive-index film In order to solve’t he above pr obl ens, a
MF2- Si Othitsarget rehpad«d e rprepas ety detixkAgosdablke paketd al s, such as
MyF2 and SiO2, with each other. However, even when such a target 25 is
used,> i tre¢Biaditfibhcof tetteprdeposishta Yoowepabruce | ¥ exieddexed - Guage

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

20  organlc material, a low-refractive-index layer composed of a
low-refractive-index material such-as 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 oxide (ITO), titanium oxide,

25 tantalum oxide, or zircenium oxide.



filmsuitable for an antireflection film Enbodi ments of the present
i-nventi on have been made in view of the above problens in the related art.
Enbodi nents of the present invention provide a nmethod of depositing a 5

lowrefractive-index film by which a thin filmhaving a uniform

conposition distribution in the filmand having a | ow refractive index can
be formed, and a lowrefractiveindex filmdeposited by the nethod of
depositing a lowefractive-index film Furthernore, enbodi ments of the 10
present invention provide an antireflection filmincluding the

|l ow-refractive-index film D sclosure_of Invention According to
a first aspect, there is provided a nethod of depositing a

| ow-refractive-index filmconprising 15 depositing a |owrefractive-index
fil mconposed_of F2-SiQ2 on a substrate by a reactive sputtering nethod,
characteri ze%ei‘ﬁ’ l\%at%o pﬁgfﬁeg‘i“ﬁg*edéfﬁ%ﬁ?oﬁy?e? @Sﬁaut?é’d usi ng a target
conposed;of..a 3 phetef Dody 0t M55 02 : By ?&91%&&&0&”1@@' tgrnating
voltage with a frequency in the 20 range of 20 to 90 kHz between the
substrat ezl thect asgets inataniat npspherse of mgMsxedogasn®fr amd nert gas
and 02. Here, the content of Si02 in the target is preferably in the
range of 963¢:0.186  ndF ebxpmrdgnt . @ method usifgr & Weyrorve taane92F [ ow rate
ratio of the mxed gas is 25 greferabl in the range of. 10%to 70% - 4 -

Accordi nﬁ_g%oa&ds%h _ 51551825]{“_,’ t%}délci{"%gplli’iﬁvﬁﬂc?ecdn& BY\?%]fJTeé:‘ét P¥e-index film
char act %gﬁzﬁe.d £, R2:N0: depesl Lad By the, abgue des.erdhed efhod of
n ex frim BACCOrd

deposi ti a lowrefrfactiveln ing toathird aspect, there
i's providegdyan ant pbrefdect ivaribil o char ?qtaelei, zegsitihBatnaan

hi gh-refractivei ndex | ayer and a lowrefractive-index |ayer conposed of

t he abovéndesord hedthowaefatachi ve-thweefriakmivéAcioaiedi.ng t o an enbodi nment
of the nethod of depositing 10 a |lowrefractive-index filmof the present

i nvent i oRSPELIGRCEF r akt | VEITGekt | 1 MFdEmS0SeEP®¥ 1@ uori de and having a
uni form composi ti.on distribution can be depoiLted by a sputtering nmethod.
I'n addi t Ton, BY -appt opr iat el “adf it ihg *thé conpositi'oh®f. MF2-Si 02, a

| ow-refractiygs iRdexs{11n 15abayidg any-qptical plopeLtiy@s_gan be ,
obt ai ned. According to an enbodi ment of the lowrefractive-index film

of the ptesgni iisnyesbioss, &il awdr ef raetd wethndexn fédrmarhavi ag uni f orm
optical properties in the filmsurface can be provided. 20According to an
enbodi meatedt atheikdng refifdet pyeddmaexhf & At afoudee, pEbsesRY i nvention, an
antireflection filmhavjng a uniform and good antireflection function in

the fil nPSUFFHCE%CANTBE Prasii deah 22 521 4pr 'R CIDESC PRART OB Dr awi ngs
[Fig51] FiQpibchsnds r%%he'%?%h%ﬁé( | G, SHOWLR0pL NG, SLEUGTULE; 9f a reactive
sputtering apparatus used fn the present Invention.
Publication No. 2004-315834 discloses a method of mixing
MgF. in SiG; glass. However, Ti0: or Ge(:; is incorporated in
order t¢ decrease the melting point of the glass.
Accordingly, the cost of the preparation of the target
20 increases, and this target is not preferabls as a target for
forming a low-refractive-index £ilm.
In order to solve the above problems, a MgF,~-Si0: targel
should be prepared by mixing stable materials, such as MgF,
and $i0z, with each cther. However, even when such a target

25  is used, it is difficult teo deposit a low-refractive-index



5[Fig. 2] Fig. 2 includes transmttance and refl ectance curves of sanples
prepared in Exanple 1 under the conditions of an introduced m xed gas of
Ar + 02 and an AC di scharge. [Fig. 3] Fig. 3 includes transmttance
and refl ectance curves of sanples prepared in Exanple 1 under the
conditions 10 of an introduced m xed gas of Ar + CF4. [Fig. 41 Fig.
4 is a cross-sectional view show ng the structure of an antireflection
filmof Exanple 2. [Fig. 5] gi g. 5 is a graph showi ng a spectral
refl ectance characteristic of the antireflection filmof 15 Exanple 2.
Best Mobdes for Carrying Qut the Invention A nethod of depositing a

| ow-refractive-index filmaccording to the present invention will be
descri bed lwel=owi.tdYote fdatan henpiesehtciwentibn- wil|l be described on the
20 basis of enbodi nents shown in the drawi ngs, but the present invention
is not |imit&dbohérengsand ¢are e sappriopmivare] yore Hangedodan aeodt dance with
an enbodi nent. Any enbodinment is included within the scope of the present
i nvent i oficas diorideasiope avy Onseandl adviant agbstef @hk- prEg@ké?ﬁlfﬁie(Weﬁwti on
can be 25 achieved. - 6 - , The net hod of depositing a .

| ow r ef e ttife HTRFSH T i I Acicordi P T o€ e prelent of ndeneFohiPs @ met hod
of depositing a lowrefractive-index film.including depositin

a. | owr eFEEHESIEIGTdse TiNdRE onpdeed b IME2- & B2 3nT &+ u%@i’?%geaby 5 a
Conduct i Sy SR (b b O S5 it ered bl OPONGRS &T08 by O
Kb Dot disih "Era oot arb et ar Gt e SO nORBREr o 0r T B i wed
Jout ter g Todartt (i et Py ha R S el Ber FIATRy S olod-TeactTve

| ow. 1 ef LaGti.yg-index, 1) 1 of t he. Lesent, AV entien i, @RI ad:e 1545 shown

in Fig. reacti've sputtering apparatus 'S s a vacuum chanber a,

‘[’)‘es?@;?” ehel defy R tihat haldssad substepter fdcopomhieai thingfhdmis to

, the substrate holder 5 being di sposed on an upper part of the

i nsi de of, 4 heacuym ghamher, dox andh fri ving neans 6 for 20 rotating the
substrate hol der’ 5. Furthernore, a vacuum punp (not shown) for evacuating

t he i nsideab-dihe weuweghamer 1 is connected to the vacuum chanber 1,
and thus the vacuum chanber 1 is configured so that the degree of vacuum

in the inside of abeovacHygncehanberst aapche,adjhustedst prany deal ye. 250n
the lower part of the inside of the vacuum chanber 1, -7-. sputtering
el ect r odes hpgatfodeslo s3A iand B8lowmhrefrarteive-index film comprising
15 depositing a low-refractive-index film composed of MgF,-SiC;
on a substrate by a reactive sputtering method,
characte?ized in that sputtering deposition is conducted
using a target composed of a sintered body of MgF,-3i0; by
applying'an alternating voltage with a frequency in the
20 range of 20 toc 90 kHzrbetween-the substrate and the target
in an atﬁosphere of a mixed gas of an inert gas and 0.
Here% the content of $i0,-in the target is preferzbly in
the range of 5 to 80 mole percent. |

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

25 preferably in the range of 10% to 70%.



connected to an AC power supply 2 serving as a sputtering power supply,
and targets 4A and 48 having a fl at-plate Shape and di sposed on the
sputtering el ectrodes 3A and 38, respectively, are disposed so as to face
the substrate 11. Note that the targets 4A and 48 are obtained by mxing a
MyF2 powder with a Si 02 powder, and then conducting sintering. In the
present invention, the content of Si02 of the sintered body is preferably
in the range of 5 to 80 nole 10 percent. In addition, two types of
gas introduction pipes 7 for introduci ng gases into the chanber are
connected to the vacuum chanber 1. One of the pipes is configured so that
a sputtering gas, the flewrate of which is adjusted by a nmass 15 fl ow
control | er waeiceldiigané shewsong Biseedtgurdiens jmtsiiced isntlethe vacuum
chanmber 1. Here, the sputtering gas is an_inert gas, and is preferably,

for exaifdire@ctorie omdmr & itypethafaferesr @ et R 1Y o e s1b@) e, and Kr.
Furthernore, the other pipe is configured so that 02 gas, 20 the flowrate
of whi drhg @%%ﬁ%@%%ﬂ%@%ﬁ&ﬁﬁ?%%ﬁ%ﬁ%ﬁ SHotCshEwn in t he
figure, is introduced as a reactive gas into the vacuum chanber 1.
Accorm%ﬂﬂﬁﬁ ﬁ%ﬁpainnsphere in the vacuum chanber 1 becones a m xed

at npsphere qof the.inert gas,and 02 gas, d 23 .the tar.gets 4A and 43 are
sput't er ed b@CFﬁédéﬁﬁtFQr%n%hﬁgg.aSﬁ%§%f %%erelﬁﬁe?ﬁqﬂi‘?%z¥he present

i ti ) i .k tteri J d teri ,

VSO0 U8 S PRUL ELLIG Lot sheh o, TBROELE QR oRULLET 1.
d bi tteri J f Vel fi f th

and. b1 35, SOLSLG 670 Ve - St A (elspctbupel adercthan of e

pfoced%fq%ﬁin t éﬂ%e{)ﬂ%—\/ﬁ% terd ng, gopagpis SE. (511) The substrate

11 is he e substrate holder 5, 10 and the targets 4A and 48 are

di sposed at xpredet gpmined PSR! dhe shwdieldNG elrgldpdanaA and
38, respect%Ver. %812) %he insidenbf t he vacuun1chanbé§ﬁi is eégcuated

so1 f haty the HEsSH:ad,d 1 ddis: i Siles £ het € obré S edleesht Do@, 15 low-
predeterm ned pressure or |less, and the substrate holder 5 is rotated.
(513) Thespititer-iinglgas and Q2ngased@rer i atfdaucede i M@ tei vacauum chanber
1. Inthis step, the 02 gas and the sputtering gas are introduced while
adj ust ivag fichen fdoaws d=ateso R Qioft 4 e igasescan e piedes eredneg 41 ow rate
ratio, thus controlling to the predeterm ned pressure. The 02 flow rate
rati o ispuprefraraplnstHoat. exanmpleli tilmnt, héoyr apge: aofr iEA%10 a2Q%s tamdl nmost

preferably in the range of 20%to 50% (514) Next, an electrical
power itheprownicded tient g 25Bp&tiler i aglevecefodesi3A-ande83151i1lmn this
step, an - 9 - alternating voltage is applied, and the frequency thereof

i slprefrewdlsioy any toie: irealg e 15020 e JRkHRS dpdeimcParti cul ar, nost ,
preferably 90 kHz. Consequently, plasma is generated on the targets 4A and
4E, and spuﬁ?éPFﬁ@néftPhé“t§@€@@§m$ﬂt5C&hﬁhﬁB%Qﬁ?ﬁ%ﬁq%ﬁilv?TiﬂééW%en a
sputtering state becones stable, depositjon on_the subsirate 11 attached

t o t he fsubstOfatdehdrdesr=rs ijéq‘éecrﬁsrltcé'g. al'hju‘%‘)’”%efjfﬁ\ﬁje‘f?éﬂ Ve-Thdéx film

conposed of F2-_Si 02 having a predetern ned thickness is obtained. 10A
t r anspaPEi % A 35 (P?#é%éﬁﬁﬁ%ﬁf@ d %%t?n@uﬁf?%ﬁe?a?e Tactive

i ndex than.th%; of a Si02 filmcan,be readily fornmed by this deposition
nEthOdprOVlde .

20 According to an embodiment of the low-refractive-index
film of the present inventidn, an antireflection film having
a uniform and good antirefléction function in the f£ilm

surface can be provided.



EXAMPLES Exanpl es performed for verifying the present invention
15 wll be described bel ow. (EXAMPLE 1) A description wll be nade
of an exanple in which |owefractive-index filnms were deposited by the

nmet hod of depositing a lowrefractive-index filmof the present 20
invention using the reactive sputtering apparatus SE shown in Fig. 1. Note
that, as for sputtering conditions, targets 4A and 4E. MyF2-Si 02 sintered
body (MyF2: Si 02 = 70: 30 atom c percent), sputtering gas: Ar, and reactive
gas: 02 were used as conmon conditions, and the Ar gas was introduced with
a 25 back pressure in the vacuum chagber 1 of 5 x 10-4 Pa or less, - 10 -
and pre-sputtering was perforned. Subsequently, |lowefractive-index filns
wer e prepared under the deposition conditions below. Note that (02 gas
flow rat g hati 8dsri692,9a5+ fd,Qu:kate)/ ((02 gas flowrate) -1- (Ar gas flow
rate)) x 5100 (9% . (Deposition conditions) *Substrate 11: transparent

gl ass substrat®ig.02;gmsg f l10Wsr at echabddc @%ew20%widRY:1r20% and 100%

- Frequency of AC power supply: 90 kHz 10-Supplied electrical power: 400 W
-Total prEéssarere 37 rea®tB3%: RPEUFGRt es rARrer aspat teyd ng deposi ti on was
per f or ned undeé{F,t he degosi tion conditions bel ow using a radi o-frequency
pover suppfyStRFTDGREr “Buppl y) instead of the AC power 15 supply 2 in the
react kve sputieri ng,apparat us . 0 in.EFig. 1. RQesitjon conditions)
*Subsib) rate 11§E‘?Ltg]r'a%%ph$%nfz %ﬁéggdggb%%nasﬁ éEtgnce a’%%&é?‘s'chf‘%end 4B:

MyF2- Si 02usi Bt es £ G padys (M2 r3d02n=528:/% 30,850R1 €. PHLEAL) o502 gas flow
‘rate ratio: 0% 20% and 50% *Frequency of RF power supply: 13.56 Mz
*Suppl i ed¢febrcirimatucpowerxeBRBsWETot at Pr ess uire: A0 d39cRar@5The
refractive indices_and extinction coefficients at a wavel ength of 550 nm
and the transhit-afées of 3t HECOBERT neRrSapFescneans medsarediceThe results
are shown in Table 1..ln the case. of AC gESﬁthr e (in the case where the
AC power “SUPPT vy~ was s 8)" - TH& SPef Falt "9 ndERIahd-ExqRat Fdrns

10  of an introduced mixed gas of Ar + CF..
[Fig. 41 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 Mcdes for Carrying Out the Invention
A method of depositing a low-refractive-index film
according to the present invention will be described below.
Kote that the present invention will be described on the
20 Dbasis of embodiments shown in the drawings, but the present
-invention is not limited theretoc and can be appropriately
changed in accordance with an embodiment. Any embodimént is
included within the scope of the present invention as long
as operations and advantages of the present invention can be

25 achieved.



5 coefficient of the sanple prepared at an 02 flowrate r

ot her sanples (prepared at an 02 flow rate ratio of 20%

atio of 0% could
not be neasured because of high absorption, but the refractive indices of

40% 50% and

10099 were less than 1,5 (about 1.4). Furthernore, according to the

results of 10 an XPS anal ysis of the conposition of the optical

Sanple No. 4 (Ar: 100 scorn, 02: 100 scorn, 02 flowrate
pressure: 0.38 Pa, and electrical power: 400 W, C was 3.

filmof

rati o: 50% total

69 atonic

percent, 0 was 9.99 atom c percent, F was 55.53 atom c percent, My was
27.92 atom c percent, Si was 15 2.66; atom c percent, and the concentration
ratio of Fto Mg was 1.99. In addition, in the case of RF discharge (in

t he case where the radio- frequency pomer supply was used),

the refract

i ndi ces were ¢},.5.0r &?Q%‘d%ggf &P% ??Lk vggm}gat opLLcaI filns

conmposed of MO an Si

Evaluation fesults 1

ive

~Transmi t tageedid@ ol knd. pééﬂénl7§nvﬂntéﬂ% 96 asﬁlgﬁbd[d57@ep559§§§5| 1772 76
00.1.6 Extinction coefficient k (550 rim Could riot be neasured.

I ZGLZOOQ)l@M{Iﬂﬂngﬁm@vétmndex film including depositing a low-

refractive-index film composed of MgF,-Si0; on & substrate by

5 & reactive sputtering method, characterized in that

sputtering deposition is conducted using a target composed

of a sintered body of MgF;~S5i0; by applving an alternating

voltage with a freguency in the range of 20 to 90 kHz

between the substrate and the target in apn atmosphere of &

16 mixed gas of Ar and Os.

Here, Fig. 1l shows a structural example of a reactive

sputtering apparatus to which the method of depositing a

low-refractive~index f£ilm of the present invention is

appiied.

15 As shown in ¥Fig. 1, & reactive sputtering apparatus SE

includes a vacuum chamber 1, a substrate holder & that holds

a substrate 11 on which a thin film is to be formed,

the

substrate holder 5 being disposed on an uppser part of the

-~

inside of the vacuum chamber 1, and driving means 6 for

20  rotating the substrate holder 5. Furthermors, a vacuum pump

(not shown) for evacuating the inside of the vacuum chamber

1l is connected to the vacuum chamber 1, and thus the

chamber 1 is configured sc that the degree of vacuum

vacuum

in the

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

25 On the iower part of the inside of the vacuum chamber 1,

0000



measured. Refractive index (550 rin) Could not be neasured. Cart 9W-
Il 179174 1Thl79'1. | 99't Coul d not Secured. Deposition rate
(nmmn) 9" 17E0 CET) 99.0 61/ 1. 9 or'. Filmthickness Film017.
6 CE i 969

sputtering electrcocdes {cathodes) 34 and 3B, which are
connected to an AC power supply 2 serving as a sputtering
power supply, and targets 42 and 4B having a flat~plate
shape and disposed on the sputtering electrodes 32 and 3B,

5 respeactively, are disposed so as to face the substrate 11.
Note that the targets 4A and 4B are obtained by mixing a
MgF, powder with a Si0; powder, and then conducting sintering.
In the present inventlon, the content of 81i0; of the
sintered body is preferably in the range of 5 to 80 molie

10 percent.

In addition, two types of gas introduction pipes 7 for
introducing gases into the chamber are ¢onnected to the
vacuum chamber 1. 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
intreduced into the vacuum chamber 1. Here, the sputtering
gas 1s an inert gas, and is preferably, for example, one or
more typeg ¢f gases selected from Ar, Xe, Ne, and Kr.

Furthermore, the other pipe is configured so that 0: gas,

20 the flow rate of which is adjusted by a mass flow controller
which is not shown in the figure, ils introduced as a
reactive gas into the vacuum chamber 1.

Accordingly, the atmosphere in the vacuum chamber 1
becomes & mixed atmosphers of the inert gas and C; gas, and

25  the targets 4A and 4B are sputtered by the spultering gas.



tr ZL r 9'99 ntr'191. 91.94 rElectrical power (W 00171 ow 0017l
001" 0011 oo0cC | ooc 00 Total pressure (Pa) 69.0 69°'0 810 610 LE. O
BET) 6'0 ET".76C 0 i 02 flow

Nete that in the present invention, various known
sputtering methods such as magnetron sputtering, dicds
sputiering in which magnetzon dischérge is not used, ECR
sputtering, and bias sputtering can be used.

5 Here, a low-refractive-index film of the present
invention is obtained by performing deposition by the
following procedure using the reactive sputtering apparatus
SE.

{811} The substrate 11 is held on the substrate holder 5,

ot
o

and the targets 4A and 4B are disposed at predetermined
positions of the sputtering electrodes 3A and 3B,
respectively.
{312) The inside of the vacuum chamber 1 is evacuated.so
that the pressured in the inside therecf is reduced o =
15 predetermined pressure or less, and the substrate holder 5
is rotated. |
(S13) 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 fiow rateas
20  c©f the gases to a predetermined flow rate ratio, thus
controiling to the predetermined pressure. The O; fiow rate
ratio is preferably, for example, in the range of 10% to 70%,
and most preferably in the range of 20% tc 50%.
{S14) Next, an electrical power is provided to the

25 sputtering electrodes 3A and 3B. In this step, an



rate ratio %9 %9Z 1_2(9239 | %917 | %u | voo %Y%Z 99 Introduced ¢
(woos) k) O Or 001. 09 1| ogz O L 017 (woos) 00Z 091. 001, O 1-
a 00z 091.

alternating wvoltage is applied, and the freguency thereof is
preferably in the range of 20 to 90 %Hz, and in particular,
most preferably 90 kHz. Conseguently, plasma i= generated
on the targetsz 4A and 4B, and sputiering of the targets 4A
5 and 4B is started.
(815) When & sputtering state becomes stable, deposition on
the substrate 11 attached tc the substrate holder 5 is
started. Thus, a low-refractive-index film composed of MgF;-
S5iC; having a predetermined thickness is cbtained.
io L transparent thin film composed of MgE,~-3510; and having
a lower refractive index than that of a 8iQ; film can be
readily formed by this deposition method.
EXAMPLES
Exampies periormed for verifying the present invention
15 will be describad beliow.
{EXAMPLE 1)

A description will be made of an example in which low-
refractive~index films were deposited by the method of
depesiting a low-refractive-index film of the present

20 inventicn using the reactive sputiering apparatus SE shown
in Fig. 1. MNote that, as for sputtering conditions, targets
4k and 4B: MgF:-5i0; sintered body {MgF,:5iC, = 70:30 atomic
percent), sputtering gas: Ar, and reactive gas: 0, were used
as common condifions, and the Ar gas was introduced with a

25 Dback pressure in the vacuum chamber 1 of 5 x 107! Pa or less,



001.r. P-01. Discharge method 10y lov DV ov Inm | 1A 1-121-1 o Z 1.

z 91 91 L | Fig. 2 shows transmttance and refl ectance curves in
the case of the AC discharge (in which the 02 flowrate ratio was 0% 20%
40% 50% or 1009 . Al the sanples showed substantially constant
transmttance and reflectance in a wavel ength range of 400 rimor nore
((a) of Fig. 2). Furthernore, the sanples prepared at an 02 flow rate
ratio of 20% 40% 50% and 100% showed hi gher transm ttances than that of
a glass substrate ((b) of Fig. 2). Next, thin-filmsanples were prepared
under the 10 conditions bel ow using,the reactive sputtering apparatus SE
showmn in Fig. I. (1) Deposition conditions 1 (Sanple Nos. 9 to 11)
-Substrate 11: transparent glass substrate -Targets 4A and 4B:

MgF2- Si Oanéi 1511 s%%t?%%nc_ﬂ I\@asz p5e|r okmecil'S ggbggqgénoqu, Ber cent)
refractive~index films were prepared under the depcosition
conditions below. Note that (0, gas flow rate ratioc) = (G,
gas flow rate}/{{0, gas flow rate) + {(Ar gas flow rate)} x

5 100 (%}.
(Depositicon conditions)
*Substrate 11: trransparent glass substrate
*0z gas flow rate ratic: 0%, 20%, 40%, 50%, and 100%
Frequency of AC power supply: 90 kHz
10 ‘Supplied electrical power: 400 W
‘Total pressure: 0.37 to 0.39 Pa
Furthermore, sputtering deposition was performed under
the deposition conditions below using a radio-freguency

power supply (RF power supply) instead of the AC power

[}
(8]

supply 2 in the reactive sputtering apparatus SE shown in
Fig. 1.
{Deposition conditions)

*Substrate 11: transparent glass substrate

*Targets 4R and 4B: MQF;-8i0; sintered body (MgF,:8i0, =
20 70:30 atomic percent}

-0z gas flow rate ratio: 0%, 20%, and 50%

*Frequency of RF power supply: 13.56 MEz

‘Supplied electrical power: 300 W

*Total pressure: 0.3% Pa

N)
(%]

The refractive indices and extinction coefficients at =



-Introduced m xed gas: Ar + CF4 -Gas flowrate (Ar/CF4): 160/40, 100/ 100,
and 0/ 200 sccm (20% 50% and 100% respectively, in terns of the CF4 gas
flowrate ratio) 20 -Frequency of AC power supply: 90 kHz - Supplied

el ectrical power: 400 W-Total pressure: 0.4 to 0.43 Pa (2) Deposition
conditions 2 (Sanple Nos. 12 to 14) -Substrate 11: transparent gl ass
substrate 25-Targets 4A and 4B: MyF2-5i 02 sintered body (MF2:5i102 = - 14
- 70:30 atom c percent) -Introduced M xed gas: Ar + D2CF4 -Gas flow rate
(Ar/ 02/ CF4): 100/10/90, 100/30/70, and 100/70/30 scorn 5 -Frequency of AC
power supply: -90 kHz -Supplied electrical power: 400 W-Total pressure:
0.4 Pa (3) Deposition conditions 3 (Sanple Nos. 15 to 17) -Substrate 11:
transparent glass substrate 10 -Targets 4A and 45: MgF2-Si 02 sintered body
(MIF2: Si Q2ve FQ:B0- At ermbetagntye -dahkeduced -4 xed «ga8soh #1002 - Gas
flowrate (Ar/COZ) 160/ 40, 100/100, and 0/200 scorn (20% 50% and 100%
respecti vehylesd metermmafr=idhe TR gaslts osvrs adtewnat hoYakla equency of AC
power supply: 90 kHz -Supplied electrical power: 400 W-Total pressure:
0.38 to B28%#P& Plrkhetmsiherosplit etiengageposett orands perdorned under 20

t he dep05|t| on conditions _bel ow using a_radio-frequenc ower supply (RF
power suppry) wﬁlgt‘é%ﬁii)df%‘fhr? rﬁcrﬁ%@e‘% dUppry 3% w thj‘r]?é‘t Sgcti ve sputtering

apparat us, S& ghawn 1 g ;,ln de) JPeppshtiqn,copditiQng 4 (Sanple
Nos. 18 a%%lb) 25 -'Su strsgt g pr?r?aanspgrent g asswsugg%réate - 15 -

- Tar get sc A andudB: ndp &e@%u&bﬂt}@é@dzsléO@}f LMIE 2515 32 t=od 080 atomi ¢
percent) 'introduced m xed gas: ArCF4
the refractive indices o¢f other samples (prepared at an O
£low rate ratic of 20%, 40%, 50%, and 100%) were less than
1.5 (about 1.4). Furthermore, acccrding to the results of
10 an ¥PS analysis of the composition of the coptical £ilm of
Samplie Nc, 4 (Ar: 100 sccm, Oz: 100 sceom, O, flow rate ratio:

50%, total pressure: .38 Pa, and electrical power: 400 W),

C was 3.89 atomic percent, 0 was 92.9% atemic percent, F was

%))

5.53 atomic percent, Mg was 27.92 atomic percent, Si was

15 2.6¢ atomic percent, and the concentration ratio cf F to Mg
was 1.99. In addition, in the case of RF discharge {in the
case where the radio-freguency power supply was used), the
refractive indices were 1.5 or moze, and thus 1t is believed
that optical films compcsed of MgD and 510; were Iormed.

20 [Table 1]



-Gas flowrate (Ar/CF4): 100/ 100 and 0/200 so= (50% and 5 100%
respectively, in terns of the CF4 gas flow rate ratio) 'Frequency of

RF. power supply: 13.56 MHz ' Supplied electrical power: 300 W-Tot al
pressure: 0.42 to 0.45 Pa The refractive indices and extinction
coefficients at a 10 wavel ength of 550 um and the transm ttances of the
obt ai ned sanpl es were neasured. The results are shown in Table 2. [Table
2] Eval uation results | Transmttance.' (% |1WS8 19618 LZ' 88 6E178 6178
L pL.68 194'1.6 106'06 lza 61169 99'08 Extinction coefficient k (550
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neasured. Could not be neasured. Could not be neasured. Could not be
measur ed. Coul d not be neasured. Coul d not be | neasured. 961.1700'0 O

Coul d not be | measured. Could not be | mneasured. Refractive index (550
nun) Coul d not be neasured. Could not be neasured, roOrild-riotE 1 1
measured, : Could not be neasured. | Could not be 1 I neasured. Could
not be

_13...

Fig. 2 shows transmittance and reflectance curves in
the case of the AC discharge {in which the ©; flow rate
ratio was 0%, 20%, 40%, 50%, or 100%). 2all the samples

showed substantially constant transmittance and reflectance

8]

in & wavelength range of 400 nm or more {{a) of Fig. 2).
Furthermore, the samples prepared at an O, flow rate ratio

of 20%, 40%, 50%, and 100% showed higher transmittances than

rr)

that of a glass substrate ({b) of ig. 2},
Next, thin-film samples were prepared under the
10 conditions below using the reactive sputtering apparatus &E
shown in Fig. 1.
(1) Deposition conditions 1 (Sample Nos. 2 to 11)

*Bubstrate 1l: transparent glass substrate

-Targets 424 and 4B: MgF:~3510; sintered body (MgF.:5i0; =

15 70:30 atomic percent)
‘Introduced mixed gas: Ar + CF.
-Gas flow rate {Axr/CF,): 160/40, 1006/100, and 0/200 sccm
(20%, 50%, and 100%, respectively, in terms of the CF; gas
flow rate ratio)

20 *Frequency of AC power supply: 20 kHz
*Supplied electrical power: 400 W
*Total pressure: 0.4 to 0.43 Pa
{2} Deposition ceonditions 2 (Sample Nos. 12 to 14)
+Substrate 11: trensparant glass substrate

25 *Targets 4A and 4B: Mgi:-S510; sintered body (MgF,:5i0; =



nmeasured. 8691- r L' 1, evyt. Could not be neasured. Could not be
neasured. [-Dep rate (nmmn) r we 4'0 6171) 1.171) I 'O [ 82 act
Z& Filmthickness (rim F82. LL 88

- 14 -

70:30 atcomic percent)
‘Intrcduced mixed gas: Ar + 0» + CEy
-Gas flow rate (Ar/0,/CFe): 100/10/90, 100/30/70, and
100/76/30 sccm
5 'Frequency of AC power supply: %0 kHz

-Supplied electrical power: 400 W
*Teotal pressure: 0.4 Pa
(3) Deposition conditions 3 (Sample Nes. 15 to 17)
*Substrate 11: transparent glass substrate

16 -Targets 4B and 4B: MgF;~Si0; sintered body (MgF::Si0; =
70:30 atomic percent)
*Introduced mixed gasgs: Ar + CO»
+Gas flow rate {Ar/C0z)y: 160740, 100/100, and 4/200 scem

(20%, 50%, and 100%, respectively, in terms of the CO, gas

[
n
Fh
F_....
Q
£

rate ratio)
-Frequency of AC power supply: 90 kHz
‘Supplied electrical power: 400 W
*Total pressure: 0.38 to 0.3% Pa
Fufthermore, sputtering depoesition was performed under
26 the deposition conditions below using a radio-freguency
power supply (RF power supply) instead of the AC power
supply 2 in the reactive sputtering apparatus SE shown in
Fig. 1.
{4) Deposition conditions 4 (Sample Wos, 18 and 19)

25 rSubstrate 131: transparsnt glass substrate



899179 Z.99 lin nl46 n976 8' 147Z El ectrical power I (W 0017 0017
00k 0017 OOk 0017 loat [ of oav 00 OOE Total pressure (Pa) | P.O1.17'0
|/ One

-Targets 42 and 4B: MgF;~8i0; sintered body (MgF,:3i0, =
70:30 atomic percent)

‘Introduced mixed gas: BAr + CFy

GY

as flow rafe (Ar/CF,): 100/100 and 0/200 scom (50% and
5 100%, respectively, in terms of the CF, gas flow rate ratio)
‘Frequency cof RF power supply: 13.56 MHz
‘Supplied electrical power: 300 W
-Total pressure: $.42 to (0.45 Pa
The refractive indices and extinction coefficients at a
10 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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2In all the

was introduced, namely, Sample

mixed gas: Ar +

to 14 {introduced mizxed gas: Ar + 0, +

samples), and Sample Nos.

.
gy

Ar +

(woos) zOO O[O OFOOLOO 000

CFy, AC-discharge samples),

18 and 18&

(woos) Pcf

samples obtained in the case where CF, gas

Nos. 8 to 11 (introduced

Sample Nos. 12
Cry, AC-discharge

{introduced mixed gas:

RF-discharge samples), since absorption was large,

the refractive index and the extinction coefficient could

not be measured. Furthermore,

and reflectance
introduced mixed gas of Ar
transmittance and reflectance
using an introduced mixzed gas
2, in

Fig. it was found that,

3}, films that absorbed light
were cbtained. In addition,
3),

that, in Tabie 2,

in the RF discharge
£ilms that further absorbed

the refracti

Fig. 3 shows transmittance

curves of the samples prepared using an

+ CFs. As compared with the

curveg of the sampies prepared

of Ar + Os, which is shown 1n

the AC discharge {{a) of Fig.
at the short-wavelength side
({p) of Fig.
iight were obtained. Note

ve indices of the samples

prepared using an introduced mixed gas of Ar + CO:; (Sample

15 and 1¢€)

Nos.

According to the above results,

were high; about 1.6.

it is believed that, in

order to prepare a thin film that has a lower refractive

index than that of 3iC; and that does not have absorption

the visible light range using

percent)

target,

atmosphere using AC discharge.

a MgF.=-%10. (70:30 atomic

it is necessary to deposit in an Ar + 0O

It is believed that an

091.



001. O 001 O Discharge nethod , OV OV Dvr Dv DVVv Dv Dv _ del
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appropriate 0, fiow rate ratio in this case is in the ﬁange
of 10% to 70%.
{(EXAMPLE 2}
A description wiil be made of an example of a
S5  deposition of an antireflection film using the reactive
sputtering apparatus SE shown in Fig. 1.

Here, an antireflection film having the structurs shown

I_J.

n 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: Si04
*Sputtering target: B-doped polycrystalline Si
*Sputtering gas: Ar ‘
-Reactive gas: Os
15 {3) High-refractive-index laver a: Nb,0s
*Sputtering target: Metal Nb
*Sputtering gas: Arx
*Reactive gas: CO.

"

bz

iim thickness: 25 nm

20 (4) Low-refractive-index laver a: MgF,-Si0;
"Sputtering targets 4R and 4B: MgF;-SiC; sintered body
{MgF;:510; = 70:30 atomic percent)
*Sputtering gas: Azr
Reactive gas: O:

25 ‘Deposition conditions: The same as those used in Sample No.

dli



6!- - 17 - _In all the sanples obtained-in the case where CF4 gas was

i ntroduced, nanely, Sanple Nos. 9 to 11 (introduced m xed gas: Ar + CF4,
AC- di scharge sanples), Sanple Nos. 12 to 14 (introduced m xed gas: Ar + 02
CF4, AC-discharge 5 sanples), and Sanple Nos. 18 and 19 (introduced m xed
gas: Ar + CF4, RF-discharge sanples), since absorption was |arge, the
refractive index and the extinction coefficient could not be neasured.
Furthernore, Fig. 3 shows transmttance and refl ectance curves of the
sanpl es prepared using an 10 i ntroduced m xed gas of Ar + CF4. As conpared
with the transmttance and refl ectange.curves of the sanples prepared
using an introduced m xed gas of Ar 4, 02, which is shown in Fig. 2, it .
was found that, in the AC discharge ((a) of Fig. 3), filnms that absorbed
light at,thg shorkhwavel ength side 15 were obtained. In addition, in the
RF di scharge ((b) of F 3), films that further absorbed |ight were

obt ai ned.. rhot ecH:hathestsn Zkable 2, the refractive indices of the sanples
prepared using an introduced m xed gas of Ar CO2 (Sanple Nos. 15 and 16)
wer e hi ghy) aboiit-rkfezcROACcorc@ingayer tthe Nehoyve results, it is believed
that, in grder to prepare a thin filmthat has a’'l ower refractive index

t han t hat SBFtSE02%ah8 et Me5éd N6t have absorption in the visible |ight
range: Usi, F2-51 02 (70:30 atomi c percent) target, it is necessary to
depos?t i%ﬁgﬁﬁ%ﬁiﬂ% 622 “at nosphere using AC discharge. It is believed
that an .Reggthma%ggpgﬁhate 02 flowrate ratio in this case is in the
range of 10%to 70% (EXAMPLE 2) A description will be nade of an exanple
of a 3 deposmntilgrmckoksan Fntdsr ef | ection fil musing the reactive sputtering
apparatus SE shown in Fig. 1. Here, an antireflection film having

t he strudfureosHewdaral B gndexnwasyYpr eparttfzrfi®he order described bel ow on
the basis of the respective deposition conditions bel ow 10(1) Substrate:
d ass subSPYRI® (%) tg‘d‘ﬁeéfssi ot p%c}elﬁ_a: B~ SPutterragi tiYet :  B- doped

pol ycgys L. i.- SpHtLerl . Ar -Reactive gas: 02 15(3)
High?éef5%%%??%9?ndg§'?gy%F&%ggﬁ%%%fnf%puttering target: Metal Nb

- Sput t er i- BgugESE 1A gaReagt i ve gas: 002 -Fil mthickness: 25 nm

*Reactive gas: 0
*Deposition conditions: The same as those used in Sample No.
4 in Example 1

15  -Film thickaness: 115 nm

Fig. 5 shows a measurement result of a spectral

reflectance characteristic of the cbtained antireflection
film sample. In the measuremsnt of the reflectance, a
blackening treatment was performed on the raverss face of

20 the sample in order to remove reflection components.



20(4) Lowrefractive-index |ayer a: MyF2-Si 02 -Sputtering targets 4A and
4B: MyF2-Si O sintered body (MgF2: Si O, = 70:80 atom c percent) -Sputtering
gas: Ar -Reactive gas: 02 25 -Deposition conditions: The same as those
used in Sanmple No. - 19 - 4 in Exanple 1 -Filmthickness: 40 nm (5)

Hi gh-refractive-index |ayer b: Nh205 . Sputtering target: Metal Nh

5. Sputtering gas: Ar -Reactive gas: 002 'Filmthickness: 30 nm (6)
Lowrefractive-index |ayer b: MyF2- S102 .Sputtering targets 4A and
4B: MyF2-Si 02 sintered body 10(MgF2:5i 02 = 70: 30 atomi c percent)
-Sputtering gas: Ar .Reactive gas:. Q2 Deposition conditions: The same as
those used in Sanple No. 4 in Exanple 1 15-Filmthickness: 115 am

Fig. 5 shows a neasurenent result of a spectral reflectance characteristic
of the obtained antireflection fith%E le. In the nmeasurenent of the

refl ectance, a bl ackening treatnment performed on the reverse face of
20 the sanpl el fe LMLl £t QLEOPYE,J &f '1%%?&89:&%1%%@& £i1,f0 - CLAIMG

. A nethod of depositing a lowrefractive-index filmconprising

deposi ti ngmaci@vry ekpast t Mgy index-Hikmeonposed-9f s M3F2-31,02-9n a
substrate by a reactive sputtering nethod, 5characterized in that
sputteri f§ HePosifr om Esseopdrrtedusi Agaatter getittenposetktafda sint ered
body of MyE2-5102 by applying an alternating voltage with a frequency in

t he rgnge of ZF6-8H* Jﬁbgﬁéens??EF%ﬁﬂ&gt P dndP™ hé target in an

atnDSpheESnQ&Cé%éﬁﬁéﬁggggstéggé%1JOESEEE@%&E%p%i%ggg%d body of
MgF,-810; by applying an alternating voltage with a frequency
in the range of 20 to 90 kH=z beiween the substrate and the
target in an atmosphere of a mixed gas of an inert gas and

10 Oo.

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

310z in the target is in the range of 5 tc 80 mole percent.

|...|
[SH

3. The method of depositing & low-refractive-index film

according to Claim 1, characterized in that an O, flow rate

P

to 70

e

ratio of the mixed gas is in the range of 1¢

20 £. A low-refractive-index film characterized by being
deposited by the method of depositing a low-refractive-index

Zilm according fto any one of Claims 1 to 3.

5. An antireflection film characterized in.that a high-

25 refractive-index layer and a low-refractive-index layer



2. The nethod of depositing a lowrefractive-index filmaccording to Caim
|, characterized in that the content of Si02 in the target is in the range
of 5 to 80 nole percent. 3. The method of depositing a

| ow-refractive-index filmaccording to Claim1, characterized in that an
02 flowrate ratio of the mxed gas is in the range of I1C%to 70% 204. A
| ow-refractive-index filmcharacterized by being deposited by the nethod
of depositing a lowrefractive-index filmaccording to any one of Cains |
to 3. 5. An antireflection filmcharacterized in that a 25
refractive-index |ayer and a | owrefsgsactive-index layer - 21 - conposed
of the lowrefractive-index filmaccording to Claim4 are stacked on a
substrate.

composed ©f the low-refractive-index film according teo Claim

4 are stacked on a substrate.



