S| LI CONE RESI NS AND PCROUS MATERI ALS PRODUCED THEREFROM  Abstract:
Silicone resins having the general formula (R err]SiJ err]4pprnli2006her e

R err] is an al kyl group having 8 to 24 carbon atons; x has a val ue of
0.05to0 0.7; y has a value of 0.3 to 0.95 and x+y 1. The resins are used
to formporous ceramic materials and porous thin filnms on sem conductor
devi ces (2ANARNATIORO0GPMONOEK 28 8B LD POHRUBE PATZRY B60PERASOL TKEANEPRESI NS AND
POROUS MATERI ALS PRODUCED THEREFROM DESCRI PTI ON [ 0001] Sem conduct or

devi ces often have one or nore arr, --:-:_\ patterned interconnect 5 |evels

L et M O,

an i nt egr at edinte@ptiogliBireag| C) . The &
separated by an insulating or dielre&g coating. The coatings may be
for med by43 heaviaciodal RubpariondBposi t i on or by $i9) hntegntiqualdnblicefigm Number

20 March 2003 (20.03.2003) PCT WO 03/023831 Al

Title:

0000 O

103/023831 Al

(51) International Patent Classification™

HOLL 21/00,
CG9D 183/00, 183/04 :

(2D International Application Number: PCT/US02/27755

(22) International Filing Date: 29 August 2002 (29.08.2002)

{25) Filing Language: English

{26) Publication Language: English
{30) Priority Data:

09/951,819 12 September 2001 (12.09.2001)  US

{71y Applicant (for oll designated States except US): DOW
CORNING CORPORATION [US/US); 2200 West
Salzburg Road, Midland, MI 48686-0994 (US).

(72) Inventor; and
(75) Inventer/Applicant (for US onlyj: ZHONG, Bianxiao
[US/US]; 4308 Linden Drive, Midland, M1 48640 (US).

(74) Agent: SEVERANCE, Sharon, K.; Dow Coming Corpo-
ration, Intellectual Property Dept. - Mail CO 1232, 2200
West Salzburg Road, Midland, MI 48686-0994 (US).

(81) Designated States (nationall: AE, AG, AL, AM, AT, AU,
AZ BA,BB, BG,BR, BY,BZ, CA,CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FL, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, 1V, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RY, 8D, SE, 3G,
SL 8K, SL. T1, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

i
|
i

(84) Designated States {regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, 8z, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, T1, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent {BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(11)) for all designations

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nations AE, AG, AL, AM, AT, AU, AZ, B4, BB, BG, BR, BY,
BZ CA, CH,CN, CO, CR, CU, CZ DE, DK, DM, DZ, EC,
EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN,
IS, JE KE, KG. KP, KR KZ LC, LK, LR, LS, LT LU, LV,
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, OM, PH,
PL, PT, RO, RUi, 8D, SE, SG. S1, SK, SL. TJ, TM, TN, TR,
TT, TZ, Ud, UG, UZ, VN, YU, Z4, ZM, ZW, ARIPO patent
(GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, Y, CZ, DE, DK, EE,
ES, FI FR, GB, GR, IE, IT. LU, MC, NI, PT, SE, 5K, TR), .
OAPI patent (BF, BJ, CE CG, C1, CM, GA, GN, GO, G,
ML, MR, NE, SN, TD, TG)

of irveniorship (Rule 4.17(iv}) for US only

Published:
with imternational search report
with amended claims

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbrevialions" appearing al the begin-
ning of each regular issue of the PCT Gazette.

54 'i‘itle: SILICONE RESINS AND POROUS MATERIALS PRODUCED THEREFROM

O {57) Abstract: Silicone resins having the general formula (R'$iOs), where R! is an alky? group having 8 10 24 carbon atoms; x has
avalue of 0.05 1o 0.7, y has a value of 0.3 10 0.95 and x+y = 1. The resins are.used to form porons ceramic materials and porous thin

fIms on semiconductor devices.




For exanmple, U.S. Patent No. 4,756,977 discloses the use of hydrogen

si | sesqui oxane resins to formcoatings on el ectronic devi4éptil2006[ 0002] As
the size of the circuit elenments and the spaces between such el enents
continues to decrease, there is a need for insulating materials that have
a | ower wioalseedsss ¢ constant. In  particular, material sgii@v2/gass provi de a
dielectric constant below 3 are desirable. One neans for producing :

 coati ngs gifiply %\ﬁb } W] i -Ig%]# pi n-on

mat eri al gﬁthat}rﬁg?%ﬁ}s%j |C§?%%§%@?ﬁ%§?ﬁi enéléiaf[e pr%@tlj\ge pores in the
film 15 [0003] Silicon containing spin-on materials have been described in
U S. Patent Nos. 5,010,159 t |., US. Patent No. 6,022,814 to
M koshi ba et al., and U S. Paﬁ@g&—g@gi@a& 143,855 and 6,177,199 to Hacker
et al [00p00Bmitdndiias: RROINGRA hhRWAE of Mdte drRFS HSpafavibdWicidtndpr Mul a (RL
S;%mlﬂé)ei(ﬁgtﬁl CB/%)’ mé‘g{lewgqigm%;idglékylggr]gup tg?\“ ng 8_tto é4cbcar bon at ons
c v S§Ige £ CFCHit Piemanis (uayigaB sutegrgiedart i cul ar
sem r ' A ' -nr - films having a
i ol a o GER TGS ooy REAFE Goighy SRHa0A YRS AL QuEe L 1T 10

si | i coontingr 866 peatingsnagbe feemefchryehehichlorapod dep¢dRionSir®3 sEX6 kShaGwR) y where Rl
. I's an,al kyl avi-n 4 _carpon at . The resins 25 can be used
o § ORERIOL Y RS e A e P B et BB inech SLBRiaBeRRS e resi n
ont 0 18 formeBatais dbl eleBoriedvives. and heating the resin to a tenperature
sufficient to cure the resin and produce the porous coating. These

ctht i (YL pAs dercins o dhecitguibeloments ad dhasspregs bebvsas sushelepents continigs 2. 3. [ 0006]
The s} ki i Eala! i i B12)y where
R b BLEARE A ARaPi Bl iR LA bRl oel ot T I, T2 %1 "0 08
t o 0.pArticylat) awtesials shay eargfrodidda ditlecttc edmstntbetow 3 yrededirabler €hemabhsy x has a
value,. of 0.1 to 0. 3.,and. a value of. 0.7 1o 0.9. 4 ril .2006 WO

051 03ePadtcthe ety s 3Nt  BtReofio sty Belowiads ledis? s el 48len 1 51 1

ful | yrecsilivdg baged afd thabyhdhaveed pedtcd Redsdh@e fBixOH or Si OR2 functionalities. By
e&g&b@ﬁl é ful I%Wi;o,ndensed It is neant that the_silicone resin contains

< ( BHicer cOHRIRIAg SRIp-Op EBivEals bayerbrenyfieseribad 1B -SSPkt Nii t s, where R2 is

-a - lismensedddnk 8 AUL.S P4ARONS. 61002814 &/ MAREHPERL, LR QM3lehyNod ot al  of

residual SiOH or SIOR?2 5 functionalities can be up to 15 nole% It is

pr ef éxl¥885% a6, Hel 99itp Hedwr #t@bi n contain <0.5 nole%of SiOH or SiOR2 units
be funther exenplified by, but not

| 0 il gy b APt o i o 4 BOsa HRp oy where

1. . : .
R’ is an alkyl group having 8 to 24 carbon atoms can be used to produce coatings on

20 electronic devices, in particular semiconductor devices. These resins can be used to produce

films having a dielectric constant of 1.5 to 2.3.

{0005] This invention pertains to siticone resins having the general formula
.(Ri 8103 /2)X(HSiO3/2)y where R1 is an alkyl group having § to 24 carbon atoms. The resins
25 canbe used to form porous thin films on semiconductor devices by applying the resin onto a
| semiconductor device and heating the resin to a temperature sufficient to cure the resin and

produce the porous coating. These coatings produced herein have a dielectric constant of 1.5
T : I

[0006] The silicone resins having the general formula (R’ Si03/)y(HSiO3/2), where R is

30 analkyl group having 8 to 24 carbon atoms; x has a value of 0.05 to 0.7; y has a value of 0.3
" t0095andx+ y=1. Preferably x has a value of 0.1 to 0.3 and y has a value of 0.7 to 0.9.




[ 0008] The silicon resin has a wei ght-average nol ecul ar weight in the range
of 1,500 to 400,000 and preferably in the range of 20, 0004 April2006 000 10

- [0009] In the silicone resin, RL is an alkyl group having 8 to 24 carbon
atons. The al kyl group can be linear or branched. The al kyl group may be a
substi t unah3messeinsubsti tuted al kyl group. The substi tragrussz/omst he
substituted al kyl group may be exeplified by, but not limted to, an

ar oup P " THESEEME D6 P00, oG PREPcorEn D Bl BB ol it 1 o1 02
el ectgionr WistdwT RUMIBAIRISUBS césBftallf QR clRets 50N RRaktai: B shidgnef Or Mul a - OR3
where R3 is an alkyl group”having from1 to 4 carbon atons; hydroxyl groups

(- e m@&ﬁlalﬁsafltmev(l{/o &9&25 BR \1idGhe B 0@%@&81??(@9&}] ]3% é 4 is an al kyl

group having fr carbon ato era ectron wi t hdr awi ng

B © gl AR Br? B R Gt oo Rinoftn e ? Mﬂl@ﬁ@ﬁoﬁgﬁn = contai i ng
any e'iﬁﬁ&{o itk & 95&6 b It% fgﬁ%&&%%\?‘?dﬁgr% .al kyl chai n;

nor e pre erre ranc ed a group carbon atons

~cont %abmfsld}mrsmm Qhits Rt ls%ngna@ttepsﬂdxﬂﬁ‘e prheapbe ﬂ@tﬁbftéxaﬂpmdt he al kyl
chain. [0012] Specific exanples of Rl include but are not ITmted to,

.octylby,baktlnoﬂﬁmtﬁd)tbmeﬂ;ﬁl Ethlynpfdpyl But&lopgnlq&mde:q&l oct adecyl, docosyl,
11; 15- t ramety- 3- net hoxy

tr rreth ydr.oxy- hexadec 7
hexaﬁé(%@ﬁﬁ Llﬁe Da @tweeghtw@%we% g We @tthwn%eo B#%bxy dodecyl and
m xt Ufoeob her é{ferab %ﬁl%lrar@elofg@ﬂﬁ)tl}g%m having the formilas
(R Si CBi 2)x( bére R, x and’y are defined above are produced by

Crabi[000%g (!lfﬂaeaﬂlsd;ﬂeaém; s mgalkﬁgrcfupmwh@sﬁzus‘étb}saam (B3 alayl 30 sil ane
having the formul a HSi X3, where each X is selected froma hydrol yzabl e group
or a gtoyiyai be Mﬁoﬂkﬁr@ﬁé@%ﬁ&&y@ﬁﬂﬁ@ﬁbéﬁ%ﬁim@d bynimobsyitl@dmllpd in the

br of APt 1 e REREEPY B e hyPutiro Bl PaPe) hef TR BV (0 and
t he wataarelecin witltirawiy g@hy,sa Isilopal, ah Y&l ghop, Arielkadued dreuptahe M xture. [ 0014]

In silanes (A . and (B can be a hydrol yzabl e group or a hydroxy group.
By Smﬁ’ffpﬂffs@f‘?‘i‘%}?ﬂeéﬂﬁfe@lﬁp it is meant a group that is capable of

hisdr qhy ) ”@uﬁdb%@léé&%n—%ﬂlﬂﬁ%gaér itlcfudt Aok ?%@ﬁk%vﬂ b mpab&tud Le. X groups

are rep aced th -OH groups)” under the reac conditions and which
gr OUBR Bete RY fraa i@ Bglotiphavaig ey € tEetybdninmed; hidiexys edupd d—OH)‘ or end

and carboxy groups having the formula -OC(O)R where R is an alkyl group having from 1

to 6 carbon atoms. Preferably the électron—withdrawing group is a methoxy or ethoxy group
or a hydroxy group.

20 [0011] Preferred R1 groups are branched alkyl groups having 8 to 24 carbon atoms

containing an electron-withdrawing group in a pendent position on the alkyl chain; more
‘preferred is a branched atkyl group having 8 to 24 carbon atoros éontaining a hydroxy or
alkoxy group in a pendant position on the alkyl chain.
[0012] Specific examples of R1 include but are not limited to, octyl, chlorooctyl,

25  trimethylsiloxyhexadecyl, octadecyl, docosyl, 3,7,11,1 5-tetfamethyl—3—hyd:oxy-hexadecyl,

TSI T eanethy-3-methioxy hexadecyl; 4lieptyl-4-ethoxy decyl; and 3; 7dietgl3- o

hydroxy dodecy! and mixtures thereof.

[0013] Silicone resins having the formulas (RISiO3/2)x(HSEO3/2)y where R', x and y are
defined above are producéd by combining (A) a silane having the formula R1 SiXzand (B) a

30. silane having the formula HSiX3,where each X is selected from a hydrolyzable group or a



-use of the silicone resin. Hydrol yzabl e groups can be exenplified by halide
groups such as chloride; and al koxy groups such as mnet hox4/Apnil@08¢ hoxy.
Preferably X is an al koxy group 10 and nore preferably X is an et hoxy
group. [0015] Silane (A) is typically used in an amount of 5 to 70 nol e%

based onwgwpgapunt of (A and (B), alternatively, 1@crasahml e%
alternatively 14 to 20 nol e% Silame A may be exenplified by, but not

5. 7, ey b G Rippse pEEN By LT R RO PRl 37 11, 15 15

t et r ?fé?érHM# I and expEe Qdﬂlblhéd %l € S enffT;and the water (D) and

©3,7,11, 15-t et ranet hyl - 3-nmet hoxy hexadecyl trichlorosilane,
oct yhfdfphﬁlﬁh@iﬁlygl(ﬁmaddé@i%/ﬁl?ml?étﬂlﬁoxym | ane, octadecyl trinthoxysil ane,

(502 BRAK) |l FEbURKY fual BR O AN S of AR ARG BT €0 1 ICH oo o

t Be dhwhoiyzable grgudy 1tamiez(IB)1 groab et ma:'apablal of hgtiﬁlgzmg Gothe is%oneﬂtt}r@r natively 80
8 %

OO R b e kR BRSO S AT 2 e (g

| s agyndtidrsand ®hiek \A%%ﬂ[?]scwlﬁfn }ﬁﬂlloll}@@dﬂ@o SAlaieRklytiinphct deeslubiity @matai n a
functional group may participate in the reaction and js a sufficient

sol vEso ftbfrm%qonlam@ HQ’WPIEF\‘&C €B'PP5 cPRde sEmpified py halide grops §P° 8d in an

anou mﬁﬁ%&ﬂ 0 ﬁﬁ%? f sol vent and
Sil aﬁ@sﬁ{lA) a&g x?%r%g%ﬁe] |ve g g%mfv?/e&?’ hjtétls;a)égrcen b e 25 organic
s.0l venﬂmmrtferaﬂyé&mbméﬂleﬂygyup but not limted to, saturated aI | phatics
such ent.ane, hexane,,.n- he tane Q hatics such
s oyRsheRaReALR el RsH R anarody oraf D S AR AR S ARG D e

xyl eqg) aﬂms?]taub@melycmola@ n@dlé%ratemaﬁhﬂﬁm touetnncamdsommamay pad di oxane;
ket ones suc ohexanone; hal ogen

as met hyl i sobutyl ket one (M BK ﬁ @%ﬂ
subs exempliied By bahect imited toa 3, 7eld i IoHessdivh Amgdrora P ed aromatics 30 such
as bb?é{?&?%ﬁ@% ﬁﬂqsq%@ﬁ Qzﬁ%oxﬁ%kﬁfeéyl%’éﬂﬁb)@&ah@@?llyis i sobutyrate and
y

- prop opr onate siliconée sol vents e exenpllfled by, but not
1S mm:neﬂaybﬁmbwmxy lzﬁp{admplnadﬂanellﬁnas3,bbhbﬁmtmtéxlél-l@?@w%l@w@ﬁﬁne and

decagmth@/ léﬁ nta on aqgﬁflm?'ﬁ&%'sﬁ %%c\’a%@xérlﬂﬁﬂh&?&sﬂéﬁ@d or a mxture of

sol v vent a mxturé of nethyl
i sobhtyde moﬂ;mﬂanesmmﬂewheﬂmmawa;ﬂmlxtmes\pmdof 2006 WD 03/ 023831

vt el0UIE) oSt (Phis R ure St 840 5.5 Bt ekt SR P By Fompl ot e -
hydr @hy siaspo/alteinitivel TR REM hdd%adlfmaBely80 3B6tmde% e Bll@BIBFMagbeat t hat
rZES ! le’ingIJhnﬁed bly %Ho?o%flén\éem%aegch%x%ﬂa;ee ?r(l:étﬂo?c?sﬂaz-arg a%dcxgjxltl%esttﬂerecwa ter is present
i<
[0017] Solvent (C) is any suitable organic or silicone solvent that does not contain a
functional group which may participate in the reaction and is a sufficient solvent for silanes
(A) and (B). The solvent is generally used in an amount of 40 to 98 weight percent based on
the total weight of solvent and silanes (A) and (B), alternatively 70 to 90 weight percent: The
25  organic solvent may be exemplified by, but not limited to, saturated aliphatics such as -
' pentane, hexane, n-heptane, and isooctane; cycloaliphatics such as cyclopentane and
cyclohexane; aromatics such as benzene, toluene, xylene, mesitylene; cyclic ethers such as
tetrahydrofuran, and dioxane; ketones such as methylisobutyl ketone (MIBK) and
" cyclohexanone; halogen substituted alkanes such as frichloroethane; halogenated aromatics
30 such as bromobenzene and chlorbbenzene; esters such as isobutyl isobutyrate and propyl
| propronate. Useful silicone solvents may be exemplified by, but not limited to cyclic
siloxanes such as octamethylcyclotetrasiloxane, and decamethylcyclopentasiloxane. A
' sfngle solvent may be used or a mixture of solvents may be used. Preferably the solventis a

mixture of methyl isobuty! ketone and isobutyl isobutyrate.




an anount of 0.5 to 2 noles of water per nole of X in silanes (A) and (B),
alternatively 0.8 to 5 1.5 nples. [0019] Conponent (E) i s4Apiiyp006! ysis
catal yst and can be any of those hydrol oysis catalysts known in the art to
catal yze the hydrolysis of X on silanes (A) and (B) in the presence of

wat er . Kmaes/obassir ol ysi s catal ysts i nclude inorgani c baseaisexgissas ammoni um
hydr oxi de, potassi um hydroxi de and sodi um hydroxide; organic bases such as
tri a [ e, sulfuric acid
and 1008) ¢ Coltund I A0RE, 1 BRgR THE e RRSELORED SlBE ", 75

Hydr Ghﬁlslestto&ffactt)esdentﬁzﬂy cmrﬁplate hyﬁnlys:’s of Hrin almesr(h)amﬂ(ﬂa)mmmwi o catalyze the

hydr ol ysi s of the op nt .wl upon the Qhem cal
o 61T BT e freisdt & P RO L ToS 08 YRGGIBG B AL & TSR Pyl of ysi s
I eactah @fourBdN/5ab b YnoldsREwRABDLLR hlow‘ofmm%néa{ex %A)Sana @B)a bivsthatiC ety ogoW thin a

range of about 0.00001 to 0.5 nole per nole of |'anes 15 (A) and (B),
I5terr§am€319%|y 0.1 to 0.3 nole parts. [0020] In the process for making the

I th sol t
o1 THAOL €5lpobees 4 AOSRERER BB CANNAG Sl R0R R bl L1 5ol ven
sepakadwi in the azafn catabyze the rhgdrolyas bf\K ohisilates (Apdnd (8). in THegresedetof on can be

t t | t d t ' I fi t
ol | 2iesn Ko Rt ARG g SRR PE e 268 PSR BIESRRG t he. r eact i on
is C@mrassadn Bitirodtle ﬂldts@dlﬁlﬁm fciﬁe '0?%1 aBeAREG Rhcidéhfah®e, iRftelaic W th

anbi ent tenp erature sug g The tine to formthe 5|I|cone resin

i 8 déﬁém@hﬁs eg chig ﬁulﬁsmcﬁtaéﬁreﬂ@trmﬁ angl orgaic acklgpechgsure, the

spec o] ) Bjin'g ey tal yst.

Typi Igh? e r@acﬁy?ﬁy???r%al&éqaﬁ@%%%énra MU gﬁs@#g{oscei\?lé’&g hours. One
ski | Mdlydmlysts@fé{r and tREopiiinial anmembiviledependrupan ileyhasita compesitidnerft | e necessary
tocrrpl t he ct.ion 00 FI oW ng..conpl et of the reaction the
cat al E/as%elg)aﬁ%?&ﬁ'ﬁ?elr@'kf’é’ﬁﬁ‘%gﬁ& ORI LH ;@ Pf@hgk‘ﬁaﬂﬁmf% catal yst are
wel | h#ﬁelgm Bathlbﬁoaaﬁbe Riflsin Wedab€l of 2ehiu 0 800TaUb 0.3 Inhdlebdr @dble ofStlideppi Ng or wat er
was hi i nations thereof. The catalyst may negatively inpact the

dhel \(E]g’?nfiéBbfalt?rﬁg“éemq Lioile’ meleipArts- especi al iy when in solution thus its
rem)Y@bO% SMQE%&S@%IH%@JH&MCGJ]@I&EIH% 19%{36“ | éaﬁlbﬁﬁ'ks aHds ylbea.nﬁ' l'i cone

resin ter t reaction is conplete may be renoved fromthe
si | i Eaneity edvant €3I Mat@@lmdéydmbdﬁ@efdlypt@bmtk@reaﬁmalddcﬂoﬁﬁxer| es include
al co Met hods for
ooty B Sl G, FXRERA MRS i B0 lon WSl AUy 1 0T

di st tdnipetatea so I@ng\pnt Hoe2 Q0@ atse s{@ﬂﬁdﬂt gfﬁ)atlonm msaacutnlng ofnht siticdmar wei ght of

) tZ € 1S'e!s£nl yp1cal|iy & Teag 0%/150 crarrtm out trac%gn%pérgh?resirtl %re?zgl%e of 15°Ct0 100 °C,

with ambient temperature suggested. _
[0021] The time to form the silicone resin is dependent upon a mumber of factors such as
the temperature, the specific amounts of silanes (A) and (B), and the amouut of catalyst.
Typically the reaction time is from several minutes to several hours. One skilled in the art
25  will be able to readily determine the time nec_éssary to cbmplete the reaction.
| [0022] Following completion' of the reaction the catalyst may be optionally removed.
Methods for removing the catalyst are well know in the art and would include neutralization,

stripping or water washing or combinations thereof. The catalyst may negatively impact the

“ghiglf Tife of the silicons Tesin; especially when i solution thii§ its refiioval 15 sigaestad.

30 J0023] Inthe process for making the silicone resin, after the reaction is complete, volatiles
may be removed from the silicone resin solution under reduced pressure. Such volatiles
include alcohol by-products, excess water, catalyst and solvents. Methods fof removing

volatiles are known in the art and include, for example, distillation.




stability of the silicone resin the reaction may be carried out for an
extended period of tine wth heating from40 C up to the 4 &bl 2006
tenperature-of the solvent ("bodying step”). The bodying step may be
carried out subsequent to the reaction step or as part of_.the reaction
step. 5 Preferably, the bodying step s carried out for a period of tinme in
the ran a0 ref.e ly 4 t hours. [0025]
Fol | oni o he 10 AR 88 piocttar AU S LB RIEo OB e e Bbeona

bodyi ng stabdity ef thewsihidree resin theteadinn nag be pariedyut e a0 axteddedpaiod of dmebt ai n t he

silicone.resin in the desired form For anpl e, the silicg, resin may be
reCoverS’g{hl%r?a%ncﬁi?%ngﬁr(?r?% a2 %%@PT@@SM{V@tf@ﬁwﬁg? ﬁo %f sol vent
renoval boyifpiteSinby beahriclinitt HbERGANE HRIAGIS sBhor Mlat ok WAChdh dpe art |
(e.qg. distjl]ati 0{)1? under heat  and/or vacuunj. ce the silicone resin is

r ecover d&eAPIE, the bedyingrsinp s capmird opiier mperind obéime i the reaks of 30 enigutesioloved | n the

same or 1RRRLAGE %?érél‘tﬁgtl tggﬁm@s_part icular use. Alternatively, if a
di fferent sol vegt, other than the solvent used in the reaction, is desired

for the [0026h1 Fellaydug the reactim ty protivcexishsiliges reaip ahé thd opidonklybodyidy sigp a secondary
sol vent renoving the firs | vent .t hrough distil]ati.qn, for

exanpl e™ &ﬁg%{ag R @?pgfl}%%?‘éag?#oui%%ﬂ?wﬁﬂhﬁ iI?F“é’BIﬂ%Féi‘?f"e@ e adj ust ed
by r enmo¥orgasplepthe kilichie Sl MeFbe rodovadd il \@lid F6H By re@ingi®sMent. Ofhes Ol vent .
[0026] Th one resins produced herein are particularly useful in

e
f or M*ng mﬁﬁlr"a Iﬁ_géo Yeat %ﬁ%oﬁalﬁ%t‘i‘% prtigpleond samgrone metadyaamed] lowpét Bagricoat i ngs on
a -subst g ﬁisﬁﬂﬁoﬂ%&ér%ét%d/@ﬁvac&ﬂg? oREd 0 gi'li‘&or%‘f%ﬁ} i ?Jc&reréﬁn G 's@ﬁf ronic

I | ase e galTi

substrate it is meant to’i.nclude ['i con- VI Ces an um
ar seni déorgabe testheoan be sptionalisrrd dissdlond in dhe same bhaothensolwattfor epavficudar

sen congéé(_:t ﬂrtem&fﬁ%&?%gﬁ}fferénﬂ?on%é% (IP ufgtﬁé%tfl% gﬁ}le'[snigll'lsieg-ﬁ@ﬁ%ﬁtc%q ins are useful in

form ng porous coatings i1n Brid resins can be
used t odgiredifor éhetfitblprodiat, aRelSedt axtchirpeaniteldesd by Ldwe A sdcaidary Sb¥dae I ange of

1: 51%0 2.2 ther e%/ﬁ_{rmki ng the silicone resins particularly 25 useful in
t he *f or At FBAVIBE e %FOIV‘%?&IO distligtionfof eyample. Plditiopallytbresissi'n nay be
used t oc@cai@ | r ) ting the

c fi6n @ sBRER ¢ BORMSRE by Pen?ovﬁ%é%gﬂxfe e P%ve(lg)rl aglﬁi%g

substrate with a silicone resin having th or mu [2)x(11Si GBl2)y
wher e Radditionalameurtgiof salvanp having 8 to 24 carbon atons; x has a 30 val ue of

0.5 o, Yo Aol & 0uB A0 ey o, L eTmEr at ure

sufficient to cure t _ I cone resin "P®Si i coati ng,
and; (| ¢cradiic mateeinls)epmiometthenaior pekoteSatings@ataistightrak, in parti@ifenat ur e

sufficient to repove. R . groups. fromthe cured resin coating thereby fornmn
- %(:! Ouéec&rB s lgggﬁq By gﬁ?ﬁrqn?cpf@b@'aterg is meant to include silicon-based de\gices and Y J

ap
gallium arsenide-based devices intended for use in the manufacture of a semiconductor

‘component. In particular, the silicone resins are useful in forming porous coatings in
infegrated circuits. The silicone resins can be used to produce thin coatings having a
dielectric constant in the range of 1.5 to 2.2 thereby making the silicone resins particulatly
25 useful in the formation of inter layer dielectric films. _ '
The silicon resin may be used to prepare a porous coating on a substrate by

() coating the substrate with a silicone resin baving the formula

g . | 38
(R'8i03/2)x(HSiO372)y where R is an alkyl group having § to 24 carbon atoms; x hasa

3 0” '\}éli;e;f 0.0_5 to 0_7, y hasavalue 0f 0.3 to 0.95 and x+y=1, ata térﬁperature |
sufficient to cure the silicone resin and produce a cured resin coating, and;

(II) further heating the cured resin coating at a temperature sufficient to

.‘ remove R' groups from the cured resin coating thereby formihg a porous coating on




5a the substrate. The object of the present invention is to provide a

met hod for producing a porous coating on a substrate conptAgil2606 (1)

coating the substrate with a silicone resin having a fornula (Rl

Si/2),(HSiC)3/2)y where Rl is a braached al kyl group having 8 to 24

carbon atons containing a hydroxy or al koxy group in a pendant position on

the al kyl chain; x has a value of 0.05to 0.7; y has a value of 0.3 to

0. 95 and ke supdtratel; (1) heating the coated substrate in an inert

atnosphere at a tenperature sufficient to cure the silicone resin; (I11)

further heati nhetdbiectof the prasentrinention isgo provide 4 methed fersediKinea at a

tenperature sufficient .RlL_groups fromthe cured resin coating

t her eby fpcf)F?HSr%aatén%%]r%ﬂ}sbggétgg&é 1"(g)ﬂllg't he substrate. 4 April 2006 WO

03/023831 PCT/ W02, 814 A sulsk R0 4T a¥ifoodl kisiPRRiAEE etmia Lypical | y applied
as a n

to the substra sol'ven dhsper5|on. Sol vents that may be used
i ncl ude anyl n X WiGer® BlasichdaatikyMghdupthaied & @ ¥ carbbrsgemse t he
silicon rggﬁ%aﬁgiﬁorﬁ1 ﬁgessénFiggfy h%nogenegﬁslﬁ?quid m xture. The
sol vent i gonihdBicCihddtoRy SPAINEERY pidtp Thxipendand bositiby entle dlkyltchainex beed in the
reaction to produce the silicone 5 resin _described above. Preferred

sol vent s ivaluk 088.05yte Dok &tes erveluciof 8 fo) 93 &t yrale and mesityl ene.

[0028] The ano : ' 1eRA b brfet Afb¥piokdht Lempeiatire siffolennl | y
present in an %Qigg%Pﬁﬁkgggg?%§g§£%6by wel ght, p?eferabl§@70 to 90 % based
- on the weigbire @fe sliddne@edny esin  and sol vent. 10 [0029] Specific nethods
for application of the silicqne resin to the subst i , but are
not-Iinited'toﬁﬂgd?ﬂh@ﬂ%?ﬂﬁ@ﬁdeHgéﬁﬂ?PWGFQEBQQ}%%Q§$nS#mﬁ%gﬁfcoating,
screen-printing and_..qthers. The,prefe SRR tEAEH PR rint

spi n- coat {%FgPe 1 oéerg?)ﬁef%ngmlugg ﬁgggﬁgh{é%gg%s@%ﬁt | g r erm}\?fébd from the
coated substrate fol | ow ication. Any suitable neans for renoval nmay
be used s&&ﬁ“ﬁ?cawyﬁ%%rﬁ%%%b%%%%ication of a 15 vacuum and/or the
application of heat (i.e. such as passing a coated wafer over hot plates).

When spin coating is used, the additional drying nethod is mnimzed since
t he spinning drives of f nost of the solvent.




[0031] Foll ow ng application to the substrate, the coated substrate is

- heated at a tenperature to cure the silicone resin ("curifépat2d6). A
“cured silicone resin is essentially 20 insoluble in a solvent which may be-
used for it application to the substrate. Typically the coated substrate is
heat ed t woastmspler ature in the range of 20 C to 350 Crra/uswys7sshe silicone
~resin. [0032] The cured silicone resin on the substrate is then further

heat gg@&{q%?% L Ciel : s fromthe cured
resi ﬁ[@g% t?ﬁ% there eby géﬁn&%h@ h?oﬁoo%gs%g@%gﬁ%%g\’egﬂn&%%%ﬁgimst rate

(" r enfinlghts $hag pray be Tsediinckideyany sgentoymeéxtureaiageritsthiterilldissdlee @ t enperature in

the r f U o the t erature at .whi.ch the. backbone of resin
decoraes fe bt fiw' B rsinny hPodBe F JiaraS (B SR, cper at ur e

I Nt hepicaling@olwtnt D thixtlietod s@GéhitsGhat ateh@ediatthe/@hitiofd @prodice tha 3fkicbne

aléternativel_ 425 C to 4753 $ Eiqsfﬁntially all of the R groups are cleaved
dar i Ag R dpssribedabov ged sqlvegtsnpfude exelphexpnape, isgbytybisotniesie 84d 30 net hyl or
et hylmgsﬁﬁhﬁet_ ed fromRl groups may rermain in the coating The wei ght
percentage of Rl groups renoved will affect the dielectric constant of the
fil m[ﬁ@?fi%eﬂ“he amowtit of grdvensismyt patticuiady bmifgdbutdsitypioallygmesefitan am peri od of tine

fficient t of. 1 h 4 il 2006 WO
031 02T oSl BTSN Sliweh e & GBS SR wER b PE R The amount
of Rianlbdtent.s renoved can be deternined by FTIR for exanple [0033] The
oM RGBSt e o et it Scewe o i BB YA B Doing.
heat aft kfitddn8, SpRPRALAS Wifcdalh ,sp‘ayrc@m\ggﬂowic%gj sclebn-bintRG@her red that the

curing step and renoval step be carried in an rnert “environnent. |nert
at moFser dbe peedded npeshash far applicatioeis spintcoating. not |inmited to nitrogen, and

oivkdt i | in . han 50
ar gooosy SRELSpivbde d Sl RARbERALhAGAI GRITROL  SORIA Anliges [ han SO ppm

e at Whi ch the
- cur i- ragplaatbn: efmysaltatdt spamsdoraeanaval inaylbd Gsed wiichi 28 dryirig, theiapplieation ofhe curing and

renoval ste re typi.cal carried out, at atnpspheric essure however,
S Scuulieson e o Blin R o NeaEE, b os DieiE oL ot o5t PR et hod of
heat i Wikn¥pi cB&ingSeaked Uhé AATHJAG! Eyihs MSthod & IV sifck @RSpinfi@s exanpl e, the

substrate may be placed in a quartz tube furnace, convection oven or
al | ovleigestolf mast ghthe 8olvet pl ates. 15 [0036] By this method it is possible to

Pr 0dyg® 1 P OF Wik A pIELA RIS the sRAL R &atelsRIBHRY Noated at a
* temperature to cure the silicone resin (“curing step™). A cured silicone resin is essentially
20  insoluble in a solvent which may be used for it application to the subsirate. Typically the
coated substrate is heated to a temperature in the range of 20 °C to 350 °C to cure the silicone
Tesin.

[0032] The cured silicone resin on the substrate is then further heated to a temperature
sufficient to remove the _R1 groups from the cured resin coating thereby forming a porous

25 cosating on the substrate (“removal step™). Typically the cured resin is heated to a
* temperature in the range of 350 °C up to the temperature at which the backbone of resin
decomposes. Typically the cured silicone resin is heated to a temperature in the range of 350
°C 10 600 °C, alternatively 400 °C to 550 °C, alternatively 425 °C to 475 "C Essentially all of
the R groups are cleaved during this step. However, residul small allyl groups suchas
30  methyl or ethyl resulted from R’ groups may remain in the coating The weight percentage of

R groups removed will affect the dielectric constant of the film as well as the porosity. Itis

snggested to heat for a period of time sufficient to remove most of the R1 groups, such as




t he porous coatings have a thickness of 0.3 to 2.5 m nore preferably 0.5
to 1.2 pm The porous coatings have a dielectric constant4Anprit2086r ange of
1.5 to 2.3. The amount of porosity in the filns is dependent upon the
anount of Rl groups in the starting resin and the degree to which they are

‘renmoved. wiygioemsbl y t he porous coatings will have a porrgaiusyz/ofss20 to 60%
20 [0037] Porous ceram cs or ceramtT nenbranes may be produced by heating
the silicone resin at a tenperature sufificient to cure the silicone resin
and f 2% REeIgBLEOM drecred sepin dlheamopt o/ B et 16 rgmovedicamprdeiarminedsuf fi cient to
reanF Ebﬁg oups Hron1the cured resin coating thereby form ng a porous
cerantt ’%’6?‘ ©erani ¢ nenbrane. The process conditions are simlar to
t hose[odesicrThetrinese) hdbayRl §t6y mBF RAGidadbut 55%@&[}0&_5:1 gSiadle Rgp ON a
substrate absent 25 coating the substrate with the silicone resin. However,
i n t hwherelp heguripg tekes miase Ry thg corigisubsigte i beipeheatqdvta thedemmeaatwa &% hi gher such
ass 80Q,deq. C, and oxi dative atnosphere can be used to minimze residual
aliyl group. [0038] The followi ng non-limting exanples re provided so that
one sKiOB4]edt is preféresddhat theepringraiepeand eqrddvay stepbkecastiadid at erti nventi on. 30 4
April 2006 3/.023831 PCT/1US02/.27755 .8 EXANVPLE ample 1.. [ 0039]
Sanpl EYTREe ‘h]%(%a CPPOFIRET eé%’r“@ﬁ%;?“&%ﬁﬂ?ﬂmgﬂi%m D8unt s descri bed

in Tapbhe By “iferfAis tﬂehﬁ&lﬁh@ﬂﬁé&hﬁﬁﬁlﬁwnt(@htaﬁﬂeﬁrmg hbdnl Qxe¥satlpne, It Si(OR
)3, and (C). m xture of nethyl isobutyl ketone (M E) and isohuty
i sobutessrthand Ompmyotgeygm: The piessae at whish dhe qusingandremqual sispvanearaed on of t he
regul L f 4 i ] : xture of (D) water
o (‘SE%JE E%‘fg‘%?g}’gl h%|°%%%d%hf%ﬂ?‘rﬁ£§@f%}% Eﬁ?@%’e@%ﬁ?ﬁéﬁ“ﬁ@gm e 1. The

- 1 esul pressure howeter,gb pr ogactmoegpherstprésppevimay workl adoi | es under  r educed

press at, 60 untd. | the sqglid ntept bheca 22 -.20% .| sobutyl
P obol T et oot Frek b aTRBAT S BT ERe50% SHLTES 1§ on was t hen
heat egkatnpley ié kubstritomai bl pliteddn d quarattebie Mifnack) catlenivs ovenralieweabidt i nuousl y.

The resul ti ntg resin solutions were spin-coated onto silicon wafers
suita%?‘é“Pé‘F’ R#'ef-ectric constant neasurenents, and cured in a nitrogen 15

fT iag}fv @236}7(33%'%%63‘[}99(1@{3 pdim1eth G Joforfs RBAEREbS 2 Wik RalBBSHF8H, and shown in
able 1.
the porous coatings have a thickness of 0.3 to 2.5 um, more preferably 0.5 to 1.2 um. The

porous coatings have a dielectric constant in the range of 1.5 to 2.3. The amount of porosity
in the films is dependent upon the amount of R.1 groups in the starting resin and the degree to

which they are removed. Typically the porous coatings will havea porosity of 20 to 60%.
20 [0037] Porous ceramics or ceramic membranes may be produced by heating the silicone

resin at a temperature sufficient to cure the silicone resin and further heating the cured
- . . 1 . .
silicone rein at a temperature sufficient to remove R~ groups from the cured resin coating

thereby forming a porous ceramic or porous ceramic membrane. - The process conditions are

similar to those described herein above for producing the porous coating on a substrate absent
25 coating the substrate with the silicone resin. However, in the step of removing R1 groups, the

temperature can be much.higher such as 800 deg.C, and oxidative atmosphere can be used to
minimize residual alkyl group. T
[0038] The following non-limiting examiples re provided so that one skilled in the art may

more readily understand the invention.

30




Table 1. Sanpl eRRW. PartsMl arDielectric ratioconstant A B

No. (A) (B) (O (D) (E)(A) (13) 1-13,7,11, 15-Et 10. 898. 650. 480. 04/ 64 200G
tetramethy 1-3- hydroxy- hexadecyl 1-23,7,11, 15- Me10. 838. 990. 480.0476241. 85
tetramethy 1-3- methoxy- hexadecyl 1-3dodecyl Et 10. 646. 160. 480.0476242.0 1
4oct adecwovBhisgz7. 880. 480. 047624. 1. 97 20 Conpar ative EBxamsbxe7as [ 0041]
Conparative sanples C2-1 through C3 3 were prepared by conbining in the
amounts described in Table 2: ' ¢2006 WO 03/023831 PCT/ US02/ 27755 9
(A) triethoxysilane, (B) an organotri al koxysilane, RS Si(OR2)3, and (C

m xt ufxample Inet hyl i sobutyl ketone (M RK) and isobutyl isobutyrate (6:4

wei g atj o ough .t o make the concentratign of the resul.ting resin 9%
5 1 o0R%91 T Sahies Tttt e Carmstr by FoEP I 1 e (B HAAEFIOMEE (B hydr ogen
chl ortge §-n the anounts described in Table 2. The resulting reaction
product was stripped of volatiles under reduced pressure at 600C until the
scl i d conféhricthesysitanep? - 20% |sobutyl isobutyrate was added to make the
solid content 2090, . The resultjng zesin solutions were spin-coated onto
silicon HAEOTEROH éYSFIB’i‘@hi%‘m((g%t)ﬁ’iaEdconstant measurenents, and cured in

a ni trogenclL o 8t 101470, [ st BB Kb SORSkRR S vere
' fatio), enough to make the concentration of the resulting resin 9%.

[0040] To this mixture was added a mixture of (D) water and (E) hydrogen chloride in the

10 amounts described in Table 1. The resulting reaction product was siripped of volatiles under

reduced pressure at 600C until ’:hé solid content became 22 — 20%. Isobutyl isobutyrate was
-added to make the solid content 20%. The solution was then heated to reflux for 1 hour and
water produced was removed continuously. The resulting resin solutions were spin-coated
onto silicon wafers suitable for dielectric constant measurements, and cured in a nifrogen

15 flow at 470 °C for 1 hr. The dielectric constants were measured and shown:in Table 1.

Table 1.
Sample R R Wt. Parts Molar | Dielectric
‘ ratio constant
AB
No. A1 ® 6 | M| E GG
- 1-1 37,,15- | Bt | 1 | 0.89 ) 865 | 048 | 0.04 | 76 | 24 1.77
tetramethy ' -
I-3-
hydroxy-
hexadecyl
1-2 3,711,15- {Me | 1 10831899048 |0.04]| 76 | 24 1.85
tetramethy . |
1-3-
methoxy-
hexadecyl .
1-3 dodecyl | Bt | 1 | 064616048 [004) 76 | 24 2.0
o ded L octadecyl Med .1 | 092} 788 1.048 } 0.04) 76124 | 197 . o

20 Comparative Example 2.

[0041] Comparative samples C2-1 through C2-3 were prepared by combining in the

amounts described in Table 2:




. Table 2. Molar Dielectric Sanpl eRRW Partsratio constant A B

No. (A) (B) (C(D) (E) (A) (B) C2-1lso-butyl Et 10. 423. 980. 480. 04762 ABrilZ006
C2- 21 so-butyl Et 12. 0110. 670. 900. 0840602. 82 C2-3tri fl uor opropy
Mell. 9914. 750. 900. 0840603. 03 1 15 Exanple 3 [0043] Sanples from Exanple 1
wer e spi wemabsdi onto silicon wafers. Half of the waf ancg/usesrresssui t abl e for
di el ectric constant nmeasurenents amd the other half was suitable for FTIR
neasurenerthztriejfm% s%iPn rates were selected in the range of 1200 to 1800 RPM
to achi eve’as- Xﬁli] %i ckness in the range of 7500 - 9100 angstroms. The

coat ed Mfﬁﬁ%%%%%%?&ahé‘ @Sﬁ@R@é‘, jz tube furnace in a nitrogen

at nosphere at erent “t enper at'ur or one hour. After 24 hours, all

cured filne)ihge bﬂﬁx@ﬁ?ﬁ%bu%ﬂ ket6AAMIBRY m@i@@ou@j}l%oﬁﬁt?faié‘@@%@@m S,
refractive. indexes and FTIR spectra were neasured for crack-free fil ns.
Tabl erao)s provieh tornaake thecdorerntratiopof diedesultingiresit & constants of crack-free

fitms bl S fr | % -Ix i M8 and
asﬁsp[?rql?]i Iﬁsﬁsﬁgﬁ% ‘g&saﬁgévitfsd%‘ﬁg&%ercﬁvfl%gé%ﬂgbh g%"?‘&&‘ﬁﬁ&o‘%#ﬂ “after the

fi | neamemés d&cribett imdlabler2. Arbe rdsolting rehéton\paddueiswasatrippedibvolatiles dndec om t he FTIR
C-H peak intensities per unit of thickness before and after curing. 4

Apr i | redued piagurst 6043 sutil pieoliSomteny rwame 22ROV Bpbutyldsabyiyeets WesTabl e 3
denon t ya¥ i A i | ched organic
gr oup et R0l oGRAFIONY The ATt A St Sl bl BuelibB0S ™Y 05

t et r asibitonyrtafeds suithitle foyr-divdocattemyttad areamrenteatkarfdroaedfin h ritropén flowdit r a- | ow

di el ectri c. constant. .equal to or smaller, than 2..0 t.a lower cure

U per il Gt RS RS Bl G Rtants e ar S 2 Sogminsa@6en e oot adecyl or
dodecyl. [0045] As shown in Table 4 all crack-free filnms cured at | ower
tenperatures (395 C for

Table 2.
{ Sample R’ R? Wt Paris Molar | Dielectric
ratio constant
AB
No. AWIB 1O O E A G

C2-1 Iso-buiyl Et

C2-2 | Iso-butyl Et

C2-3 | trifluoropropy | Me
i

0421 398 | 048 | 0.04 | 76 | 24 3.05
2.01 |1 10.67 ) 0.90 | 0.08 | 40 { 60 2.82
1.99 1 1475 1 0.90 | 0.08 | 40 | 60 3.03

St { ek | ek

15  Example 3
[0043] Samples from Example 1 were spin-coated onto silicon wafers. Half of the wafers
were suitable for dielectric constant measurements and the other half was suitable for FTIR
measurements. The spin rates were selected in the range of 1200 to 1800 RPM to achieve as-
spun thickness in the range of 7500 —- 9100 angstroms. The coated wafers were heated ina
' '_ 20  quariz tube furnace in a nitrogen atmosphere at different temperatures for one hour. Adfter 24
hours, all cured films were inspected for cracking, and dielectric constants, refractive indexes

and FTIR spectra were measured for crack-free films. Table 3 shows the cracked films and

* ielectiic constants of crack-frée filnis. Table 4 shows fefractive indexes for all crack-fres 7 T 7T

films and as-spun films. Table 5 shows the percentages of R1 group lost after the films were

25  cured for one hour. The values were calculated from the FTIR C-H peak intensities per unit
~ of thickness before and after curing.



sanple 1-2, 395 and 410 C for
refractive indexes to the as-spun filns,
no porosity; all crack-free filns cured at higher tenperatures had
significantly | ower refractive indexes than the as-spun filnms, 10
-~ i ndi cati mgp ssiogyssf i cant porosity in these cured fil ns. pCrasagd7zssi n Table 4
i ndi cated that an organohydri dosi ltexane resin with a branched organic
gr oup h |- 3 ecy]-aQr
3 - DIOHE BB iy bt SabELEBIR! Qo Sl ANDRIEIBERRIGENAY 0 s i
i | nsbmabchad brgwee goup euchesPFrlafl Gteratiathgl-3-hpdrexwhdxadaryl erdeiarl,6F gani ¢ gr oup
such

or gan PR GTPa e PR ARk 5T Aenaa: BRaan UelPaepmstien s
3, 7, 1eqldid GshAIRR i 2. B b X MrbRAHRN thist Bbicshtl DRSS OF i Ly of it

1-3 and 1-4) had virtually identical
i ndi cating thesed Aprle®06i | ns had

RI group at, arelatively |ow tenperature (410 C) conpared to those a
1 i heagrowp Hhpeodadsed osdadecds  oct adecyl or dodecyl. 20 Table 3.
Sanpl

BN chaat s e Ui A s dpdfudnte S Ral Kl ss o

1- 42, gpiplel22, 1386 kedl¢1 etk fotd ranidd al) hod viftaddlye dehticBaefpdcave iidexes to3B50C4100C4250C

] 440C455C47Q0C .1-11. 45 kedl. 251. 201. 201. .
o R Bl BB 557 S 198 n Parpis il pckEs Mm@ ckeder acked L. 28
1- 41. HibHer ARGEARKES 2 S@x&t@dswa@&m&veaﬁd&eméﬁ the 209mMEH3/ 023831 11
; anp

Tabl e, 5. PCT/ USQ02/ 27755 | e395CA410C425C440CA55CA70C
10 indicating significant porosity in these cured films. The data in Table 4 indicated that an

1-22.

organohydridosiloxane resin with'a branched organic group such as 3,7,11,15-tetramethyl-3-
hydroxy-hexadecyl or 3,7,11,15-tetramethyl-3-methoxy-hexadecyl forms crack-free porous

thin films at a Jower cure temperature than those with a linear organic group such as

octadecyl or dodecyl.

15 [0046] Asshown in Table 5, an organohydridosiloxane resin with a branched organic group
such as 3,7,11,15-tetramethyl-3-hydroxy-hexadecy! started to lose majority of its Rl group at
arelatively low temperature (410 °C ) compared to those a linear organic group such as
octadecyl or dodecyl.

20 Table 3.

Sample | 3950C 4100C 4250C 4400C 4550C 4700C
1-1 cracked 1.97 1.75 1.78 1.73 7
12 2.61 cracked 1.96 1.88 1.85 1.85
1-3 2.52 2.51 cracked cracked cracked 2.0
14 2.43 243 | oracked | cracked | cracked |  1.97

Table 4.

.-{Sample | As- [ 3950C. | 4100C- | -4250€ .+ -4400C - | -4550C: |--4TOOCf- = i e ‘;
1-1 S}P::gl cracked | 1.25 1.20 1.20 1.20 1.20
1-2 1 145 145 | cracked | 1.30 1.27 1.26 1.26
i-3 1.45 1.44 1.44 cracked | cracked | cracked 1.28

14 1.45 1.45 145 | cracked cracked | cracked 1.28




1- 1cracked76%B85%89%92%93% 1- 28%r acked65%84%87%Y89%

1- 38¥8%r ackedcr ackedcracked88% 1- 48%8%r ackedcr ackedcr ackedpi@0B&anpl e 4 5
[ 0047] An organohydri dosil oxane resin with

3,7,11, 15-t et ranet hyl - 3- hydr oxy- hexadecyl group was forned by the nethod
of descr waesbobsmsExanple 1 for sanple 1-1, except that Adrasomariso of AB was
84 to 16- A sanple of this resin sahution was heated to nake porous and
porosity and pore size was deterriﬁia §I Anot her sanple was coated on a
silicon_wafer and physical characteristics of the coating on the substrate

det er m rRahplel ) [396e48] |A faopl € ofpdope [ egigocsol ulgsesr was gheeed in a
cruci blre =y d “I'?M%&, T I"S§504 O 'r_egya/ge 501 %1%[, dr1g3%_fler at 425C in

nitrog*n grone gour "'r ST T Spri¢gghvasite O[T Olggdart1ogen

adsor ptri ;i“.,.d.at 77}8£%i rgjc,?fé.d;r"rre.f’w&s ASAR>-2690 g\z%“% 'ra+89‘,§9 Syrface Area
d I nc:l- nt v/ g\lgf (aVa ( th O tqr"itqlkg | cqranKﬁin Prfqp al’ "[_tl ;8 o Na GA

and Por-es{+retiy Qipte-CheoroRpEr Lo I pst Fitenr—SorporatLghy Ngr cr oss, ) .

The BE Ly § a \I\ngépf_pl’ racked 1 1) @acked g n@'ﬁ%keaJ—l- K Red ysi s (Horvath,

J. Chem Eng. Jpn., 15 1983, Vol. 16, p. 476) of the adsorption data

i ndicated that the solid had a micropore volunme of 0.402 cc/g, a narrow
. pore size distribution, and a nedian pore size of 0.94 nm [0049] Anot her
sanpl Exahplede resin solution was used to spin coat a silicon wafer. The

. coate Ll i con wafer. . heat ed i. j 1y ogen at ere at, 425C for |
osr SToepizl A8 GretRing g eRRS T wilh 1L LR R RS heR et s 1 hi ckness
vari agiop wok fmddby e hRfhod OF HakerihedGEExMiple Lr dantd® 1-108&em it gkectric

constant of 1.95. [0050] Exanple 4 denpnstrates that an

or ganEHPAf AdS ¥ps iads. Acampleaihingpsia solpgion washeatnd lyraakaPBIONS #idoup conpri si ng
about . I . ' . conprising a
hydr oggrP %g(ni%gﬁgﬁ%rﬁgggv\??ﬁggg%g%if %@%ﬁ%ﬁgﬁgﬁﬁggﬁg IP%?%Q%%por ous solids
wi t h ghysixd] charagierissics pibe soating en thelsebstrdte determriedder upon heating. 25

C1ATe148, LTRSS WaP SR RAGRAL RCBT 79 e
tri et ROXHR k18R and tHBR bl 42588 PN A Otd Bddr. 4L tddBAS &l R tebed

for nitrogen adsorption at 77°K using a Micrometrics ASAP 2000 Accelerated Surface Area
and Porosimetry System (Micrometrics Instrument Corporation, Norcross, GA). The BET

surface area was determined to be 875 m_2/ g. H-K analysis (Horvath, J. Chem. Eng. Jpn., -
15 1983, Vol. 16, p. 476) of the adsorption data indicated that the solid had a micropore volume
of 0.402 cc/g, a narrow pore size distribution, and a median pore size of 0.94 nm.

[0049] Another sample of the resin solution was used to spin coat a silicon wafer. The

coated silicon wafer was heated in a nitrogen atrnoéphere at 4259C for 1 hour. The resulting
film had a thickness of 0.44 microns with a thickness variation of 0.7%, a refractive index of
- 20 1.225, and a dielectric constant of 1.95.

[0050] Example 4 demonstrates that an organohydridosiloxane resin having an R1 isa

hydrocarbon group comprising about 8§ to 24 carbon atoms or a substituted hydrocarbon
group comprising a hydrocarbon chain having about 8§ to 24 carbon atoms forms nanoporous

._.._solids with a median pore size smaller than 1 nanometer upon heating,

25

Example 5
[0051] Samples 5-1 through 5-7 were prepared by combining in the amounts described in

-Table 1 (weight parts per weight part of A):
(A) triethoxysilane, '




(B) 3,7,11, 15-tetranet hyl - 3- hydr oxy- hexadecyl triethoxysilane, and (C

- m xture of nethyl isobutyl ketone (M BK) and isobutyl isobuApnla0es(6: 4
wei ght ~ratio), enough to nake the concentration of the resulting resin 9%
[0052] To this mxture was added a m xture of (D) water and (E) hydrogen
chl ori dewionizhdyes1 5 anmounts described in Table 1 (wei ghcTpsers7per wei ght
part of A). The resulting reactioni2zproduct was stripped of volatiles under

reduced pr 4715{31531{ ngg?[hylnﬁ :lgtdﬁ)%g So{iécgltﬁg_ﬂ& an?g/oama 22 - 20% |sobutyl

I sobut yr at cont The solution was then
heated to (tf:)aiﬂxure 6bnetmylhmbutyahdonw(lvﬂiBKh)mfddsrdmtﬂ webutyete(¢4dveighht i nuousl y

vmtha arkt p. 10 [.005 A's | e. of,,each resin solution was

fil té’f’l fpake GO’OMSB?%}}P“QC& Sluﬁ’glgfes Pl/nge filter and a 0.2 micron
Tef | qoo .’§§2§{r Imctﬁs Edn&ﬁx@ﬁwasﬁmeﬂamﬁ@@oﬂm @ater &id (Eypriroehehlorieid ipur ed at 425
C for one hour in nltro% The spin rate was selected so that the

t i clamoygtsgpscribad ie Jprklg 1 llghkpﬂﬁﬁﬁeﬁwlmﬁﬁﬁ‘afr@e e @@Bmgr@e@nnm Dielectric
const ants. and_ pod th ns. wer e r he val ues are shown
in T3BP CBWWF%Q&HA%I ’Efrré opd PSS @ ﬂmﬁ? e S CEIR & per cent age of
penetyeadshdr damt, hsc%tym%u & wWitaddddio RXRIMRE Solfd donkhezWaIhE hat  diel ectric
constants and nodulus of the thin filmmde from3,7, 11, 15tetrarrethy|-3-

hy dr owlptine wasibenybeatpdde refigs fq’rdmaqdé@thr%iaﬁpdbfé%\r@ﬂp@d PRI anges of 1.7
7 DR R | T3R0S oy hexadecyl aroup.in the range of 24 - 10%

21D ToP0I5]6.A Gamid of ebith reddd soliton wAts.filtetsd shromihel @ tidron Eassrfibklosypinget Part Par t

Part filter and a 0.2 micron Teflon syringe filter, spin-coated onto a silicon wafer, and cured at

425 °C for one hour in nitrogen. The spin rate was selected so that the thickness of the cured

films was in the range of 600 — 800 nm. Dielectric constants and modulus of the films were

measured and the values are shown in Table 6. Modulus was measured by nanoindentation

15 witha .percentage of penetration depth of 10%. The data in Example 5 indicates that

o  djelectric constants and modulus of the thin film made from 3,7,11,15-tetramethyl-3-
“hydroxy-hexadecyl hydridosiloxane resins can be varied in the ranges of 1.7—-2.1 and 2.6 7.0
respectively by varying a molar percentage of 3,7,11,15-tetramethyl-3-hydroxy-hexadecyl
group in the range of 24 — 10%.

20 Table 6.

Sample | Wt. Wt Wit. Wit Molar | Dielectric Film
No. | part Part | Part Part | percentof | constant | modulus
®lolo| e B GPa
51 1031 447 [ 004 | 040 10 2.12 7.0
52 (038 498 | 0.04 | 041 12 2.07 6.8
53 10461 552 | 004 | 042 14 2.04 59
5-44 1053 ] 609 | 004 | 043 16 1.95 - 47
55 10621 668 | 004 | 044 18 1.90 34
56 {070 | 731 | 0.04 | 045 20 1.85 31
57 10891 865 | 004 | 048 24 1.73 2.6

Example 6 _
25 [0054] Samples 6-1 and 6-2 were prepared identically to sample 5-4, and sample 6-3 and 6-

4 were prepared prepared identically to sample 5-7. To sample 6-1 and 6-3, a
NaOH/ethanof solution with a NaOH concentration of 2% was added to make the amount of

" Na in the solution 1 ppm. A sample of each resin solution was filtered through 0.2 micron




percent of constantnodul us (B)(C) (D) (E)BGPa 5-10. 314. 470. 040. 40102. 127.0
5-20. 384. 980. 040. 41122. 076. 8 5-30. 465. 520. 040. 42142. 045. 9 4 April 2006

5-40. 536. 090. 040. 43161. 954. 7 5-50. 626. 680. 040. 44181. 903. 4 5-6

0. 707. 310. 040. 45201. 853. 1 a 5-70.898. 650. 040. 48241. 732. 6 Exanple 6 25

[ 0054] Saopbessf- 1 and 6-2 were prepared identically trorssspss5-4, and
sanple 6-3 and 6- 4 were prepared prepared identically to sanple 5-7. To
sanmple6- 1 and.f8-3, .2 ] |k i i 4ol o entration of
206 vl 0 e e eon R T R L e R e A sarpl © of
each nitagien Fied spinirate viea selédtdd sorthad therthicngss of il W@rﬂmSMaAp?‘ﬁg¢ 122g06 WO

03/ 023 / U 7755 13. Tefl on ,syrd filte i:N- onto a
sili @%%&\%@gﬁ-ﬂmjﬁé{eé&f’ &S tsﬁémeg?lggo%ﬂ%ﬁﬁg#&f neasﬁ%fi %%@%&E%e spin rate
vas sl 86t ld hatviddiRrs Wak flenefed by hatdhelenttiatwith b parcetapeion. t he range  of
600 - 800 rim Dielectric constants_and nodul us f%ég&ﬁljgl wer e neasured
afd (Hhectpipndeh oY dwatadn Famrle ¥ et kmodln ity

i i i Ak 10% The data i
ROl R P91 Y4 WS SS01A5 0l PRRHIG bR RRRE b 10% The date i

Exanple "5 ndi’c thin film nmade from3,7,11, 15-
t et r dnceédssd byldiiygla basy ettalysidiowss fotmddhat Glisiiorootakeresie solptipndpugbdie | ncreased by

hr oughite B pepE RS roveny NRH P iibirbn, AR st a0 20 "

sol Utrh&ilus 3k Bken@ll). | ncreased the film nodulus (see Exanple 5). Table 7.
Sampl e ‘
10

Table 7.

Sample | Wt. | Wi | Wt Wi. Molar Add | Dielectric | Film
No. |pat | Part | Part | Part | percent | NaOH | constant | modulus

® [ © | ® | &) of B GPa
61 053] 609 | 004 | 043 | 16 Yes 1.93 438
62 | 053] 609 | 0.04 | 043 16 No 1.96 2.0
63 1089 865 | 0.04 | 048 24 Yes 1.75 2.5

6-4 {089| 865 | 0.04 | 0438 24 | No 1.73 1.5




W W. W. W. Mlar Add Dielectric FilmNo.part Part Part Part percent
NaOHconst ant nodul us (B) (C) (D) (E) of BGPa 6-10. 536. 090. 040. 48A6e906 934. 8

6- 20. 536. 090. 040. 4316Nol. 962. 0 6- 30. 898. 650. 040. 4824Yes1. 752. 5

6- 40. 898. 650. 040. 4824Nol. 731.5 4 April 2006 14 Substitute Sheets (DC4949)
CLAIMS:: 1. A silicone resin having tilze fornmula (RLSi 03/2)x(HSi G3/2)y where
Rl is a branched alkyl group having 8 to 24 carbon atons containing a
hydroxy or al koxy group in a penfabstitgteSheé¢ton on t he al kyl chain; x has a
value of 0.05 to 0.7; y has a val ueiﬁf g.éto 0.95 and x+y=1. 2. The
silicone resin as clained in claim \gﬁf ?’ n Rl is chosen from3,7, 11, 15-

t et ramet hyl - 3- hydr oxy- hexadecyl, 3,7, 11, 15-tetranet hy- 3- met hoxy- hexadecyl
4- heptyl - 4-ethoxy decyl, and 3, 7-diethyl-3-hydroxy-dodecyl and m xtures
t her eof . GLAMMBet hod for producing a silicone resin conprising (1)

conbi nin A) a silane having the forimul a i X3 and.(B).Hh, si,l an avin
the for n?ﬂ.(aﬁ)silicone resin having thg formula (R %?03/2%81)63/2 y Where' R ~is abran&leg 9

alkyl group having 8 to 24 carbon atoms containing a hydroxy or alkoxy group ina
- pendant position (_fm the alkyl chain; x has a value of 0.05 to 0.7; y has a value of 0.3 to

0.95and x+y=1.

2. The silicone resin as claimed in claim 1 wherein ;R1 is chosen from 3,’7,1 1,15-
tetramethyl-3-hydroxy-hexadecyl, 3,7,11,15-tetramethy-3-methoxy-hexadecyl, 4-heptyl-
4-ethoxy decyl, and 3, 7-diethyl-3-hydroxy-dodecyl and mixtures thereof.

3. A method for producing a silicone resin comprising

(1) combining (A) a silane having the formula R} SiX3 and (B) a silane baving the formula
" HSiXj3 in the presence of (C) solvent (D) water and (E) a hydrolysis catalyst;
wherein R,1 is a branched alkyl group having 8 to 24 carbon atoms containing a

hydroxy or alkoxy group in a pendant position on the alky! chain and each X is selected
from a hydrolyzable group or a hydroxy group .

- (TD) reacting the chmbination (T) at a temperature and for a time sufficient to form a
silicone resin having a formula (R1 Si03/2)x(I-ISi03/2)y where R1 is an alkyl group having
8 to 24 carbon atQms; x has a value of 0.05 to 0.7; y has a value 0f 0.3 to 0.95 and x +y = |
1. ‘

4. A method for producing a porous ceramic comprising
O heatiiga slicone resn having a formula (R'Si032)(HS O3y vhere R s
a branched alkyl group having 8 to 24 carbon atoms containing a hydroxy or alkoxy
~groupina pendar;t position on the alkyl chain; x has a value of 0.05 to 0.7; y has a value
of 0.3 to 0.95 and x +y =1 at a temperature sufficient to cure the silicone resin;

'




HSIi X3 in the presence of (C) solvent (D) water and (E) a hydrolysis

‘catal yst; wherein Rl is a branched al kyl group having 8 tot2ail@@P®on atons
containing a hydroxy or al koxy group in a pendant position on the alkyl
chain and each X is selected froma hydrolyzable group or a hydroxy group
, (I'l) reacting the conbination (1) at a tenperature and for a tine
sufficient to forma silicone resin having a formula (RL

511037 2) x(HS! ORgrd Rl B3 ﬂ}& S 18 o GRRERABR Y icnBio @méde Relrghipsat Ons;

x has a valu as a va 0.31to0 0.95 and x +y = 1.
4. A et iy B cupE PRI RSB Rt Sloft&a@enpri sing (1) heating. a
silicone resinchavi ng a fgr}r[mIa ( ﬁSi B/ 2)x(HSIiB/2)y where Rl is a
branched al kyl group having 8 to 24 carbon atons containing a hydroxy or

al koxy group ip_a idant posi ti 3 J D X a val ue of
0.05 to 0U7; ﬁﬂ?ﬁo : 5?’6?3%0185 ad:’%gm%o% Oéd.ﬁg%g%%ﬁ?(gﬁ?@y&rzn%??a tenperature
suf ficient to @ueeatingdhé sdbsterevites sitivoderefih bavingrtfhemulaeat i ng the cured
resin at a. tenperature sufficient to remove RL groups fromthe cured resin
thereby f@' SiOng)HBICY, wheraiR Gs abranthed:alkpirbup haviogl8és A carbpp pioms
coating on a substrate conprising: (l) coating the substrate with a

si | i cone comfiningahydgxs of atony grquRling BRWaybaosionnihe aligloshainzyx hag ag

branched _al kyl upshavi ng 8.t o QnE_ jcont ai ni ng a hydroxy or
al koxy gr¥ qfrwtﬁg)nﬂgntﬁas%o‘éaib%ﬁ%ﬁ&%ﬁoﬁ'ﬁg%ﬁy{?cﬁéi n; x has a value of
0.05 to 0.7, YIhaseatny HeuRarll stbsiratinGnIherasithosphery ata femperdtiirelsafiidieny t he

coated substrate in an inert atnosphere at a tenperature sufficient to
cure the teicnjedbpliceun 5535, 1 1) further heating the cured resin coating in

an inert at mis(n%?gg&hg%%@dtﬁﬁg?g%?&?d&gﬁ&%' ﬁfﬁ]heﬂguﬁ%ﬁ&g akk groups from

the cured res ormng a porous coating on the substrate.

6. The gﬁ%ﬁ?&aﬁﬁe f,_lﬁhféﬁfjto! Bl @R e Rips 4roRt B CHREY 1@kiA cbitingRheicBy Etrasiag from

octyl, otooctyl, trinmejthylsiloxyhexadecyl, octadecyl, docosyl,

3,7, 11, 15 etbhseiiny bn She fupsaxy - hexadecyl |
3,7,11, 15-t et ranet hy- 3- net hoxy- hexadecyl , 4-heptyl -4-ethoxy decyl, and 3,
7-di et hyl - 3- hydr oxy- dodecyl and m xtures thereof.

6. The methad as claimed in claims 3, 4 or 5 wherein the R1 is chosen from octyl,

chlorooctyl, trimefthylsiloxyhexadecyl, octadecyl, docosyl, 3,7,11,15-tetramethyl-3-
hydroxy-hexadecyl, 3,7,11,15-tetramethy-3-methoxy-hexadecyl, 4-heptyl-4-ethoxy
decyl, and 3, 7-diethyl-3-hydroxy-dodecyl and mixtures thereof.




