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producing a silica zeolite filmon a sem -conductor substrate in
whi ch a z@#griale synthesis conposition is prepared froma silica
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| mport anttoécg?;r. '%Jhse‘s,gg??’%isst ]%1 d(iascﬁ)ssgsetrl]lg icﬁclsrln%clzalf:{lggiﬁg;tion of the surface of silicalite and
high silica zeolite nanoparticles permitting such particles to be dispersed in non-polar
hydrophobie solvents which can then be used to form interlayer dielectric layers.

20 US 6,573,131 B2 discloses a process for producing a silica zeolite film on a semi-conductor
substrate in which a zeolite synthesis composition is prepared from a silica source and an
organic hydroxide zeolite structure directing agent, coating the substrate with this synthesis
composition and heating the substrate and synthesis composition to produce a silica zeolite
film on the substrate. Finally, US 6,660,245 B1 discloses a process for removing structured

25  directing agents from a silicalite or zeolite crystal low dielectric constant film by using
oxidative attack with a combination of ammonia, water, and hydrogen peroxide at elevated
temperatures.

[0003]  As the above cited art shows, it is important that the zeolite be essentially free of

aluminum in order for it io have a low enough dielectric constant. Applicants have




alumnumin order for it to have a | ow enough dielectric constant.
Appl i cantwohatessst1 WO 2006/ 065591 PCT/ US2005/ 044210  dePEF/NSHEF044REY
zeolite beta would have desirable properties as a lowk dielectric
i nsul ator. However, applicants have di scovered that it is extrenely
difficult to synthesize zeolite beta in both an essentially silicon
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has a conpoSition described by the fornula: [XNa(1l.0+/-0.1-X)TEA]
ALOZ0 YShigectrigrpniad Goobtingdares Xis | ess than 1, preferably |ess than
0.75; TEA represents tetraethylamoniumion; Y is greater than 5 but

| ess than 100 and Wi Mﬂ @N%FT?—E@B@@Eﬁﬂd)ﬂn of
dehydration and on tth%{Xg?E]éa on present. The zeolite beta is

formed by 20 crystallization froma reaction m xture which contains
reacti Ve[(fl)(MEB of s sadiedyitis faventibh cxdates totagtroeass iy deponiting aipgalighbeta il onto
al kali or alkaline earth metal such as .sogi d.wat . :
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vari ous %‘% lélﬁéfr{%t ods o% prepari r?gpzeol i%e beta and include US
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tetraethylammonium ion; Y is greater than 5 but less than 100 and W is up to 4 depending on
the condition of dehydration and on the metal cation present. The zeolite beta is formed by
20 crystallization from a reaction mixture which contains reactive forms of aluminum, silicon,
tetraethy! ammonium ion, and alkali or alkaline earth metal such as sodium and water.
Crystallization is carried out at a temperature from 75°C to 200°C and atmospheric pressure.
There are a number of patents which disclose various other methods of preparing zeolite beta
and include US 4,554,145 which discloses the use of dibenzyl-1, 4-diaza-bicyclo [2.2.2}
25 octéne compound as the structure directing agent; US 4,642,226 discloses the use of dibenzyl
dimethy} ammonium ion as the templating agent; US 5,139,759 discloses the use of diethanol
amine in addition to tetraethyl ammonium ion for the synthesis of zeolite beta; US 5,256,392
discloses treating a synthesized zeolite beta with an ion exchange medivm and then calcining

at a temperature of 400° to 700°C followed by another ion exchange treatment and
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Materials, 25 (1998) pp. 59-74. The resulting zeolite beta has a
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enpi ri cal w{ﬂ?{lar}luol se}zé)cf érystallites. The synthesis of nano-crystalline zeolite beta is also reported in

20  the literature. See, 1) M.A. Camblor et al in Progress in Zeolite and Microporous Materials
Studies in Surface Science and Catalysis, Vol. 105, H. Chan, S.-K.Thm and Y.8. Uh editors.
Elsevier Science, 1997, pp. 341-348; and 2) M.A. Camblor et al, Microporous and
Mesoporous Materials, 25 (1998) pp. 59-74. The resulting zeolite beta has a composition on
an as synthesized and anhydrous basis expressed by an empirical formula of:

25 Ma"RPALSIO,
where M is at least one exchangeable cation selected from the group consisting of alkali and
alkaline earth metals, R is an organic cation selected from the group consisting of
tetraethylammonium ion, dibenzyl-dimethylammonium ion, dibenzyl-1, 4-diazo-bicyclo
[2.2.2] octane, diethanol amine and mixtures thereof, “m” is the mole fraction of M and has a

30  value from 0 to 0.125, “n” is the weighted average valence of M and has a value of 1 to 2, “r™

is the mole fraction of R and has a value of 0.1 to 0.5, “p” is the weighted average valence
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25 M +Rr P+Al xSi OQZ where Mis at |east one exchangeabl e cation
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One net hod of deal um nating the zeollte beta i nvol ves t he use .of 10
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be found in US 4, , . [ 0009] Anot her met hod of deal um nati ng
zeolite belU8 46108 6contact it with an acid (acid 15 extraction). The

i thout (Y o RevGhd Stputit Bk Rele EEhia e Wil 0d ecia
t her gof . ExaRBhE STHfacids SdfcH by dsed mubfryihg oubatidextacton incladé without
et hyl ene di am netetraacetic acid ( EDTA) citr al i.g aci
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t e rfp er at ung c@ﬁceﬁﬁéﬁdncbf&@ﬁ@vmf ca Heiuged ot Eritidahbitt ésconetdnthychetween Onié/o
reated V’Xlo t80 wt.% acid and preferably between 5 wt.% and 40 wt.% acid. Acid extraction conditions
20 include a temperature of 10°C to 100°C for a time of 10 minutes to 24 hours. Once treated with
the acid, the zeolite beta is isolated by means such as filtration, washed with deionized water
and optionally dried at ambient temperature up to 100°C.
[0010]  The dealuminated nano-beta zeolite which has a 8i/Al ratio of at least 25 is now
dispersed in a solvent in order to form a shurry. The solvents which can be used for this purpose
25  include but are not limited to polyols, water, polar organics and mixtures thereof. Examples of
polyols include but are not limited to ethylene glycol, propylene glycol and glycerol. Examples
of polar organic solvents include but are not limited to methanol, ethanol, isopropanol,
t-butanol, isopropanol, hexanol, octanol, decanol, tetrahydrofuran, dimethylformamide,
dimethylisulfoxane, acetone, methyl ethyl ketone, acetonitrile and methylene chloride.

30  Optionally, a dispersing agent compatible with the solvent composition including but not

limited to ethyltrimethylammonium bromide, anionic and cationic polyelectrolytes, non-ionic
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l'at1 ng agent
phase In the liquid phase silylation is carried out in a batch mode by admixing the zeolite and

silylating agent at a temperature of 10°C to 150°C and contacting for a time of 10 minutes to 72
hours. The silylation agent can be used neat or can de dissolved in a solvent such as toluene,
acetone or methanol. Alternatively, the silylating agent (neat or in a solvent) can be vaporized

25 and contacted with the zeolite at temperatures and times as described above. The gas phase
process is preferred when silylation is carried out on the zeolite film. When silylation is
completed, the coated zeolite (either as a powder or film) is heated at 2 temperature of 300°C to
500°C for a time sufficient to convert the silylating agent to silica and remove as much organic
material as possible. This time will vary from 30 seconds to 4 hours; and preferably from 2

30  minutesto 1 hour. Silylating agents which can be used can be described by the empirical

formula RmSiX,, where R is an organic group, X is a halogen, organoaminosilane or an organic
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silylation conditions. Silylation can be carried out on the zeolite
bet a ei t hawo pw6/0s3891depositing it onto the substrate, i .RET/HRPEY4210
preparing a slurry or after the zeolite filmhas been fornmed on the
substrate. Silylation is carried out by contacting the zeolite beta
filmwith a silylating agent at 20 silylation conditions which are
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zeolite film Wen silylation is CEM]?@,I t he coated zeolite
(either as a powder or film is hea tenperature of 300C to

500C for a tinme sufficient to convert the sil

| ati agent .to silica
and renoii®14s mievewl sramples ofrsokitei ete ‘ét@rew%%| a@?Of%%}%f%ttﬁ?@ﬁW% vary

from 30 seconds to 4 hour.s: .and |y, f 3 i

nour . i PYPSTRg BgLnDonreh estoaB iR ek Ated BT AR lder.
enpi ri caly jyhRiHHR-HRIRH AN (O 59 s Rdie] RIMTEXNQENB $%6y métlprigofoiisstaning. To this
hal ogen, organoam nosilane or an organic -5 WD, 2006/ 065591 o TM
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broad scope of the jnvention as set forth in the a : i

EXAVPLE Drqdyetwgs gied iy g g, ‘%%‘F&WEHM%F ﬁ?@%ﬁ%&gpﬁ% "Fable 1
accopdin | MiBre, AR EBnARRINk hE@HR Sigdehélantatio of
m xt Ure %gég%%g%aé%dé%t eere?(%ﬁ? o%&%lg eﬁan%er. Al um num sec- but oxi de
(95+%) Waise RAHRMbetopbEAGH (35% with vigorous stirring. To this 10

m xture, deionized water was added, followed by the addition of funed
silica (Cabosil TM. The reaction m xtlIabk Was honogeni zed for 1 hr

with a high_spee nmechanical stirrer and-was t-hen—transferred o astal
ref fon- 1 el o avepedif kgl 2ve vas, o seed o) Al ver gt | K0
L.D. Composition* (days) (om)
Si0, | ALO; | TEAOH | H,0 | T(°C)

A 100 1 54 1500 | 140 5t 20 20-40
B 100 1 54 1500 | 140 52 20 20-40
C 100 4 60 1500 140 | 10° 10 10-15
D 100 4 60 1500 | 140 | 10 12 10-15
E 100 6.25 64.5 1500 | 140 | 30* | NA 5-10
F 100 6.25 64.5 1500 140 | 30° 8 5-10
G 100 - 40 1200 | 140 7* w | 250-500

*Mole Ratio; 1 stirred; 2 static; NA=not analyzed

EXAMPLE 2

20 [0015]  Portions of the above samples were treated to remove the aluminum. The

treatment conditions, wt.% aluminum before and after dealumination, and pore volume before

and after dealumination are presented in Table 2.
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140C and the m xture reacted for various anounts of tine_at

aut ogenousVBrAWAEPE! The solid product was col | ected byPCT"USZG{'°"0"‘4210
centrifugation, washed with water, and dried at 100C. Table 1 15
presents the make up of the react i on m xture, reaction conditions and
the Si/Al nolar ratio of the zeolite beta product. Table 1 Crystal

Sanmpl e Reaction M xture Tinme React. el /Al Size |.D
Conposition* (days) nm Si02 Al203 T HOT C A 100 1 54 1500 14
5 20 20-40 | B 100 1 %4 1500 140(5 20 20-40 C 100 # 60 150Por240 10 19
10-15 D 100_4 @0 bS()O Tréfdedt 12 A0WIB0) B ¥AOWELR5| 64. 5/@115&1@( 30
NA 5-10 F [ ebB). 6405, 4508140 BBfofe 510 Aferl00—=—49 m;u 14 )
250-500 *Mple Ratio] I stirredj 2 statid: NA=not anBeipFed EXAMETE 2
20 [0015] Pprtions off L& _ADoxe sa €S vere treated to remove the
al umi num The #reat rmntkﬁt@dl tilons2.13u . % aIQJ%lnurr b& % and bddder
deal uni nat i pr—and—pore—vortre—hefore t—after—deatummatiomare
presented ih Table 2| -6 W 2 06/06525 ’CT/ &3?005 044210 (Table 2
Pore Sanple |.B Tréatashesizedy (cclg) -
Condi ti ons*| Bef ore Aflt d6NEdN6ke After
calcined; 2
C times 4N 32 0.012 0.213 0.184
HNO;
as
D synthesized; 2.9 0.044 - -
16N HNO;
as
E synthesized; 0.0121 - -
16N HNO,
as
synthesized; 2
F times, 16N 5.08 0.079 0.177 0.170
HNO;
calcined; 2
F | times, 16N 5.08 0.0045
HNO;
*Calcination was carried out at 550°C for 4 hours. Treatment with nitric acid was carried out
at 75°C for 16 hours.

[0016]  Table 2 shows that nitric acid treatment can remove a substantial amount of
5  aluminum while maintaining crystallinity as shown by the retention of pore volume. The
results also indicate that calcination prior to contact with the acid resulis in a greater removal

of aluminum.

EXAMPLE 3

[0017] A portion of dealuminated sample A was formed into a film as follows. Sample A
10 was dispersed in ethanol to provide a slurry containing 0.77 wt.% solids. A 1.5l portion of

this zeolite beta slurry was spin coated onto a 200 mum diameter silicon wafer at 700 rpm.

The wafer was then baked at 350°C for 1 minute under nitrogen. Next the wafer was spin

coated with hexamethyldisilazane (IMDS) using the same procedure. A second wafer with a

T




A cal cined; 16N 6N 2.12 0,011 0.260 0.224 as B synthesized; 2.16
0.11 - - WENuEOBSeRI cined; 2 Ctines 4N 3.2 0.012 0. 213pPQL/USU05/¢4MNDB
as D synthesized; 2.9 0.044 - - 16N HNO3 as E synthesized; 0.0121 -
- 16N HNO3 as synthesized; 2 F 16N 5.08 0.079 0.177 0.170 tinmnes,
HNO3 calcined; 2 F times, 16N 5.08 0.0045 HNG3 *Cal ci nati on was

carried out, at 550C for. 4 hours. Treatpenf with nityric .aci )
carri ed &pitebetyeemplerA)Blogre pre PEPEFADHPENDPIOR e-tﬂlé? ghlil\,\?l]l?lgless for

aci d tregl fele. GaN q’e?eg}ﬁp?edatosb%Q%b%ﬁ%iﬁhﬁl ! iefRbtrie cBhtARAME MBshRd and
mai ntai nfng crystallinity as shown by t retention of pore vol une.
The res@ibsniatdn berlds amd 2. 1trbgiecidadlyi nati on prior to contact with the
acid results in a greater renoval of alum num EXAMPLE 3 [0017] A
portion of dealum nated sanple A was forned into a filmas foll ows.
Sample A 10 was dispersed in ethanol to provide a slurry containing
0.77 wt.% solids. A 1.5 m portion of



T T T T TO 8R458923994485 e SRR
2018 ‘tapg rarr'ayg/uk;\r/absjﬁ%EpiT%i{_'_':,_;_,f i 0 a 200 mm di anet er US gﬂ?%
at 700 rpm The wafer was then baked at 350C for 1

m nute under nitrogen. Next the wafer was spin coated with
hexanet hyl di si | azane (HVDS) usi-ng the sane procedure. A second wafer
with a -7 WO 2006/ 065591 PCT/ US2005/ 044210 zeolite beta (sanple A
fil mwas prepared using the same procedure. The filmthickness for
each wafer was determned to be 100 ma. Finally, the dielectric

const ant wagraegsyred and determined to be 1.6 and 2.1 respectively.
-8 CLAIMS: 1. A process for depositing a zeolite beta dielectric

| ayer onto a substrate conprising dealum nating' a starting 5

o0l i (o bot 5 AV RG A 8 FRE SSFAr AT ) 2> T Eo P P b e tayer

zeolite beta havifng a ratio of greater

slurrying the coes i suzbetraesi cenpriaing deaduydneddnc & edttad-Imgm
‘the gro consj st f_.pol organics, .water, .nol.yol s and m xtures
Lher eof T o f oHELAIEE SreirT y2© cORRPRILOERECBUBEIFIEE T (1 IRE BT LRT 12
and "heating theomietsdbsésni et Batsaparate bh@iyallveriland-doid aF
zeolite beta filmon the substrate -treating the zeolite beta with a

silylating agéfteakesthaniten eLHEryiBe £5° Sepdiarerdiad zaidhe dosta
the term nal hxpraw%:;v QUDS1 Q8¢ a\?vf%émzéﬂé' F{%g%ﬁ“édﬁﬁrﬁitﬂbedof polaxr

SUbSt rate conpri ses siitircon w I's Dar an I nt egrat e
circuit 2. Thenygmyess, ofzitdni npelwhéeeabfemdesiomsion dhcoreadripy | Segn a

pontackig {0 LA 10 2eclL et Lo dSELURSAl L oR050) ) Lsting

m xtures thereife adosbed substrate to evaporate the solvent and form a

zaclite beta £ilm on the substrate; treating the zeolite
beta witl;m & silylating agent at silylation pi?nﬁition to
substantiailf—iaduca tha'terminal hydroxyl groups on the
-15 ) zéélite{ and where the sﬁbstréte c0mpiiaes a silicon
S . wafer whick is part of an lntagrated cifcuit.
| 2. The progess of claim 1 where the dealumination qomprfées
contacting the starting zeolite with a dealuminating
ageani selected from the group consisting of acids,
20 flurosilicate couwpounds and mixtures thereof at a
temperature of 10°C to 100°C¢ and a time of 10 mimites to
24 hours. . ‘
3. The process of claim 1 further comprising calcining the
starting zeolite prior to dealuminating the zeolite and
25 whezre the ¢alcination ig carried out at a temperature of
350°C to 680°C-and for a time of 30 minutes to 10 hours,
4. The procvess of claim 1 or 2 or 3 where the slurry further
comprises a dispersing agent'selacted from the group
consisting of non-~iondc surfactants, polyols, anionic and
30 cationic polyelectrolytes, ethyltrimethylammonium bromide
and mixtures thereof.




%’cla|n11 further conpr|5|ng caIC|n|ng the starting
zeolite prlor to dealum nating the zeolite and 25 where the
calcination is carried out at a tenperature of 350*C to 650' C-and for
atinme of 30 mnutes to 10 hours. 4._.Tha process of claim1l or 2 or
3 where the slurry further conprises a dispersing agent sel ected
fromthe group consisti'ng of non-ionic surfactants, polyols, anionic
and 30 cationic polyelectrolytes, ethyltrinethyl anmoni um bronide and
m xtures thereof. - - 1.0 5. The process of claim1 or 2.or 3 or 4
where the siurflye. wr:ﬁuesheafcc&aimsaso& fi ﬂadeB s ectwitda athd hﬂurry

rou consi sti.ng.of tetraethyl orthosjlicate,
%Eth5|trlnEth gpﬁﬁh@ mﬁﬁﬁﬁﬁlaﬂ'Qﬁq ?ﬁi%ﬁ&ﬁ?ﬁﬁﬁuﬁﬁgm ChReHEEHP S.

The process Of:zc:ﬁla@s@:.hgobﬁ Rl S coses ext b silylating
agent is selected fromthe group consisting o

trimet hyl chl oFBEHAYARE L g R BRI ﬁlwalwllwa and mixtures’

" hexamet hyl di si.hazapg, and nixtures thereof, 7. The process of claim1l
or 2 or 3or 4o0r 5 o0r 6 where the S|Iylat|on step is carried out
after the ZeolTh® Pidteess ofepdsited om Rhersdbstr dt er .5 whexe the

silylating agent is selected from the group consisting of

trimethylchlorosilans, dimethyiﬁhlarosilaue,
{ 10 - hexamethyldiszilazane, and mixtures therecf,
7. The process of Qlaim 1 or 2 or 2 o 4 or 5 or & whera the
silylatlon step is carrisd out after the zeolite £ilm is

~ deposited on tha substrate,
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