.1 METHOD FOR PRODUCI NG LOW DI ELECTRI C COATI NG FROM HYDROGEN SI LSESQUI OXANE
"RESI N Thi's invention pertains to a nmethod of producing |ow dielectric
coatings from hydrogen sil sesqui oxane resin (Hresin). Said WEtthl|? }I -2
conprises applying a coating of H resin onto:a substrate and su Qe%
curing said coating by first heating at a tenperature of 325[err]C to
350[err]C. for a period of 15 mnutes to 1 hour and thereafter heating at a
tenmperature of 400[err]C. to 450[err]C. until the normalized SiH bond
density is 50 to 80% This curing process surprisingly produces filns
having | ower dielectric constant and excellent nmechani cal properties. The

use of Hresin t%ﬁ@%%ﬁ ﬁfg a%w @%Afﬁﬁé@wctronic

substrates is knowi 1n the zﬁgg evel oped to
cure the Hresin to produc owWn ermal processing
and cure conditions (i.e., 1 mnute hoId at each of three serial hot plates
followed by 1-hour in a furnace with a nitrogen atnosphere) dielectric
constants of 2.9-3.0 are usually achieved. Coatings having a dielectric
constant of 2.9-3.0 arhisuihebheibfrp@rfainsctonaandthadgef pkedurangc

devi ces. However, coatings having even |lower diele¢tric constants (Dk) are
required foloynéﬂﬁéﬁcﬁevpc§°§FF99§uﬁ€§m(PY§r°63§35169f§qH98F6H? TSEH8r a

et hods haV%Hbeeg185OpO§ggdfﬁetﬁgﬁlggmprlses applying a coating of H-

resin onto a substrate and subsequently curing said coating
by first heating at a temperature of 325°C. to6 350°C. for a
period of 15 minutes to 1 hour and thereafter heating at a
temperature of 400°C. to 450°C. until the normalized SiH
bond density is 50 to 80%. This curing process surprisingly
produces films having lower dielectric constanﬁ and
excellent mechanical properties.

The use of H-resin to produce ceramic or ceramic-
like coatings on electronic substrates is known in the art.
Numerous methods have been developed to cure the H-resin to
produce these coatings. Under known thermal processing and
cure conditions (i.e., 1 minute hold at each of three serial
hot plates followed by 1 hour in a furnace with a nitregen
atmosphere) dielectric constants of 2.9-3.0 are usually
achieved. |

Coatings having a dielect#ic constant of 2.9-3.0
are suitable for 0.25 micron and larger electronic devices.
However, coatings having even lower dielectric constants
(Dk) are required for smaller device structures (i.e. 0.13-
0.18 micron). Several methods have been proposed for curing
the H-resin to produce a lower dielectric constant in the

coating. However, these methods often require difficult and
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the Hresin to produce a lower dielectric constant in the coating. However,
‘these nmethods often require difficult and 2 expensive processing to
produce | ow Dk coatings. For, exanple, U S. Patent 5,441,765 discloses a

met hod for producing coatings fromHresin wherein the cured coating has a
Dk of 2.8 to 4.5. The patented process therein conprises applying the _
H-resin onto the device, heating the coated device for tinme sufficient to
produce an Si-O containing ceram c coating and thereafter exposing the Si-0O
containing ceramc coating to an anneal i ng at nosphere contai ni ng hydrogen
gas. U S. Patent 5,547,703 also teaches a nethod for g[oducing | ow Dk
coatings. TeMRPeR2iVeJICERRPPFLRE BPPPYPABCENEOM PEsFrAabaRgSt heFeFect roni ¢

substrate; Reathig 1§ &MTRLLALENS IPLS7HECa LIELEAL! ST nhERRANLN anhydr ous

anmoni a an eati’ng Th oxygen'to” annea e coafing. € Dk of the

coati ngs prpgo@edihy S8atings hpdonlB-+e8oht @Het@ihethat vaead2céatang 4. 92.
It has now unexpectedly been found that through the thermal processing of
Hresin coaa®gs BlaveRg2a8diel €cbri cThenpabanted procegs2tbexnednproduced.
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coated device for time sufficient to produce an Si-O
containing ceramic coating and thereafter exposing the Si-O
containing ceramic coating to an annealing atmosphere
containing hydrogen-gas.

U.S. Patent 5,547,703 also teaches a method for
producing low Dk coatings. That method comprises applying
the H-resin onto the electronic substrate; heating in
ammonia and moisture; thereafter heating in anhydrous
ammonia and finally heating in oxygen to anneal the coating.
The Dk of the coatihgs produced by said method are repdrted
to be between 2.42 and 4.92.

It has now unexpectedly been found that through
the thermal processing of H-resin coatings having a
dieiéctric constant of 2.7 to 2.9 are produced[ The thermal
prgcessing comprises curing the H-resin by first heating at
a temperature of 325°C. to 350°C. and thereafter heating at
a temperature of 400°C. to 450°C. until the normalized SiH
bond density is 50 to 80%.

It is therefore an object of this invention to
introduce a method for curing H-resin to produce coatings

having a dielectric constant of 2.7 to 2.9.



a tenperature of 325[err]C to 350[err]C. and thereafter heating at a
tenperature of 400[err]C to 450[err]C. until the normalized SiH bond
density is 50 to 80% It is therefore an object of this invention to

i ntroduce a nethod for curing Hresin to produce coatings having a
dielectric constant of 2.7 to 2.9. 3 This invention pertains to a nethod
for producing insoluble ceramc-like coatings having a dielectric constant
of 2.7 to 2.9 fromHresin. The nethod conprises applying Hresin onto a
substrate and first heating the Hresin on the substrate at a tenperature
of 325[err]C. to 350[err]C  for a period of 15 mnutes to 1 hour and
further heating at a tEMErEt AN gn AEIMT te @ Mthad 1for Bredueing

normal i zed § ?ﬂﬂg qﬂ%@ . ] t % T It 9%} ngf
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useful as irg@erd ayeio d & efxdm H-CARASINYS THe RGN G i Stay | HHSLy e

H resin useful herein include hydridosil oxane resins conprising units of
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substituent period of 15 minutes to 1 hour and further heating at a
temperature of 400°C. to 450°C. until the normalized SiH
bond density is 50 to 80%. The resulting coating has a
dielectric constant of 2.9 or less, preferably 2.7 to 2.9.
The coatings are useful as interlayer dielectric coatings on
semiconductor devices.
The H-resin useful herein include hydridosiloxane

resins comprising units of the formula HSi(OH)x(OR)yOZ/z, in

which each R is independently an organic group or a
substituted organic group which, when bonded to silicon
through the oxygen atom, forms a hydrolyzable substituent; x
=0to2;, y=0¢to2; z=1¢to3; and X+ VY + 2 = 3.
Examples of R include alkyls such a methyl, ethyl, propyl,
butyl and others; aryls such as phenyl; and alkenyls such as
allyl or vinyl. These resins may be essentially fully

condensed (HSiO3/2)n where n is 8 or greater or they may be

only partially hydrolyzed (i.e., containing some Si-OR)
and/or partially condensed (i.e., containing some Si-OH) .
The structure of the resin is not specifically
limited. The structure of the H-resin may be what is
generally known as ladder-type, cage-type or mixtures

thereof. The resins may contain endgroups such as hydroxyl
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attached thereto and/or a small number of SiC groups such as

CH3SiO3/2 or HCH3Si02/2 groups.

The above H-resins and methods for their
production are known in the art. For example, U.S. Patent
3,615,272 teaches the production of an essentially fully
condensed H-resin (which may contain up to 100-300 ppm
silanol) by a process comprising hydrolyzing trichlorosilane
in a benzenesulfonic acid hydrate hydrolysis medium and then
washing the resultant resin with watér or aqueous sulfuric
acid. Similarly, U.S. Patent 5,010,159 discloses a method
comprising hydrolyzing hydridosilanes in an arylsulfonic
acid hydrate hydrolysis medium to form a resin which ié then
contacted with a neutralizing agent.

. Other'hydridosiloxane resins, such as those
described in U.S. Patent 4,999,397; those described by U.S.
Patent 5,210,160, those produced by hydrolyzing an alkoxy or
acyloxy silane in an acidic, alcoholic hydrolysis medium;
those described in Japanese Kokai Patent Publications
59-178749, 60-86017 and 63-107122; or any other equivalent
hydridosiloxane, wiil also function herein.

In a preferred embodiment of the invention,

specific molecular weight fractions of the above H-resins may

The

nofhehart. For



.silanol) by a process conprising hydrolyzing trichlorosilane in a
“benzenesul fonic acid hydrate hydrolysis nmedi um and then washing the
resultant resin with water or aqueous sulfuric acid. Simlarly, U S. Patent
5, 010, 159 di scl oses a nethod conpri sing hydrol yzi ng hydri dosilanes in an
aryl sul fonic acid hydrate hydrolysis nedisumto forma resin which is then
contacted with a neutralizing agent. O her hydridosil oxane resins, such as
t hose described in U S. Patent 4,999,397; those described by U S. Patent
5,210, 160, those produced by hydrol yzing an al koxy or acyloxy silane in an
acidic, alcoholic hydrolysis medium those described in Japanese Kok
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above H ressns16py90. A prsefderatddradtiidn sompardess mnitelriklavhepasnand
nmet hods for their preparation are taught in U S. Patents 5,063, 267 and
5,416, 190. atpleask e fehdthePAomanie Snanies Mavighar Brdesulpgaweighty of
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speci es havgh@r8¥AbLE least 75% of the polymeric species have a number

average molecular weight between 1200 and 100,000.

The H-resin may contain other components so long
as these components do not interfere with the integrity of
the coating or increase the dielectric constant of the
coating. Known additives include catalysts such as platinum,
rhodium or copper.catalyst which increase the rate and/or
extent of cure of the H-resin as described in U.S. Patent
4,822,697.

Ceramic oxide precursors may also be used in
combination with the H-resin. The ceramic oxide precursors
useful hérein include compounds.of various metals such as
aluminum, titanium, zirconium, tantalum, niobium and/or
vanadium as well as various non-metallic compounds such as
those of boron or phosphorous which may be dissolved in
solution, hydrolyzed and subsequently pyrolyzed at relatively
low temperature to form ceramic oxides. Ceramic oxide
precursors useful herein are described in U.S. Patents
4,808,653, 5,008,320 and 5,290,394.

The H-resin is typically applied to the substrate
as a solvent dispersion. Solvents which may be used include

any agent or mixture of agents which will dissolve the H-



average nol ecul ar wei ght between 1200 and 100, 000. The Hresin may contain
ot her conponents so |ong as these conponents do not interfere with the
integrity of the coating or increase the dielectric constant of the
coating. Known additives include catalysts such as platinum rhodium or
copper catalyst which increase the rate gnd/or extent of cure of the
Hresin as described in U S. Patent 4,822,697. Ceram c oxi de precursors nay
al so be used in conbination with the Hresin. The ceram c oxide precursors
useful herein include conmpounds of various netals such as al um num
titanium zirconium_tantalum niobium.,and/.or vanadium.as well as various
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The Hresin is typically applied to the substrate as a sol vent dispersion.
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esters; glycol ethers; or siloxanes such as linear (e.g.
hexamethyldisiloxane, octamethyldisilokane and mixtures
thereof) and cyclic dimethylpolysiloxanes. The solvent is
present in an amount sufficient to dissolve the H-resin to
the concentration desired for application. Typically the
solvent is present in an amount of 20 to 99.9 wt%, preferably
from 70 to 95 wt% based on the weight of H-resin and solvent.

Specific methods for application of the H-resin to
the substrate include, but are not.limited to spin coatihg,
dip coating, spray coating, flow coating, screen printing or
others. The preferred method for application is spin
coating. When a solvent is used, the solvent is allowed to
evaporate from the coated substrate resulting in the
deposition of a H-resin film on the substrate. Any suitable
means for evaporation may be used such as simple air drying
by exposure to an ambient environment, by the application of
a vacuum or mild heat (<50°C.) or during the early stages of
the curing pfocess. It should be noted that when spin
coating is used, the additional drying method is minimized
as the spinning drives off the solvent.
Following application to the substrate, the H-

resin film is cured to an insoluble ceramic-like coating



‘the resulting coating. These sol vents include al cohols such as ethyl

“al cohol or isopropyl alcohol; aromatic hydrocarbons such as benzene or

t ol uene; al kanes such as n-heptane, dodecane or nonane; ketones such as
met hyl isobutyl ketone; esters; glycol ethers; or siloxanes such as |inear
(e.g. hexanethyl disil oxane, octanethyl di sl oxane and m xtures thereof) and
cyclic dinethyl polysil oxanes. The solvent is present in an anount
sufficient to dissolve the Hresin to the concentration desired for
application. Typically the solvent is present in an amount of 20 to 99.9
w% preferably from70 to,95 W % based %n t he wei ght of Hresin and
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resin THim e ehgdeblclile! NS BL YR, 8 2T LBTLC el 51 2931k coating”, it is
meant a coating that is éssentially not soluble in the
solvent from which the H-resin is deposited onto the
substrate or any solvent delineated above as being useful
for the application of the H-resin. The insoluble ceramic-
like coatings contain amorphous silica (Si0Q,) materials as
well as amorphous silica-like materials that are not fully
free of carbon, silanél (SiOH) and/or hydrogen.

The H-resin is first heated at a temperature of
325°C. to 350°C. for a time sufficient to stabilize the cure
environment and to ensure that the environment is inert. It
is theorized that the presence of oxygen at a level of
greater than 10 ppm during the ramp up to and heating at a
temperature of 400 to 450°C will result in oxidation and the
formation of polar groups in the insoluble ceramic-like
coating thus resulting in elevated dielectric constants.
Although some networking of the resin occurs during this
first heating phase, it is not sufficient to produce an

insoluble ceramic-like coating with the desired dielectric

constant and”mechanical_properties. Preferably the hydrogen



7 having a normalized SiH bond density of 50 to 80t, preferably 50 to 70%
by first heating at a tenperature of 325[err]C. to 350[err]C and thereafter
heating at a tenperature of 400[err]C to 450[err]C By "nornalized SiH bond
density", it is nmeant the anobunt of SiH in the insoluble ceramc-1like
coating based on the SiHin the uncured lgresin filmon the substrate after
the renoval of any solvent but prior to heating to cure. By "insol uble
ceram c-like coating”, it is meant a coating that is essentially not
soluble in the solvent fromwhich the Hresin is deposited onto the
substrate or, any so|vent delineated above as being useful for the __
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materials that are h ree car bon, Sil ano or
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350[err]C. for a tine sufficient to stabilize the cure environnent and to
ensure thatHtyesimvEibrerent is inert. It is theorized that the presence of
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of polar gregpeci n the +amoérRter&eiantsmbiéCup to 400°C to 450°C.,
preferably 425°C to 450°C. The H-resin is held at this
temperature for a time sufficient to produce an insoluble
ceramic-like film having a SiH bond density of 50 to 80%,
typically 15 minutes to 1 hour. Higher amounts of S8iH in
the insoluble ceramic-like coating produces films having
inadequate mechanical properties. Any method of heating
such as the use of convection oven, répid thermal
processing, hot plate or radiant may be used herein,
preferably convection oven.

The environment in which the H-resin coated
substrate is heated at 325°C. to 350°C. can be any
environment such as nitrogen, argon, helium or an
environment containing oxygen such as air, peroxides and
ozone. However, an inert environment must be established
before ramping up to 400°C to 450°C. By “inert environment”
is meant an environment that contains less than 10 ppm
oxygen. -

Lower amounts of SiH in the insoluble ceramic-like
coatings are typically associated with improved mechanical
properties and improved integration of the coatings in the

devices. However, the conditions (i.e. high heating



coating thus resulting in elevated dielectric constants. Although sone

‘networking of the resin occurs during this first heating phase, it is not
sufficient to produce an insoluble ceramc-like coating with the desired

di el ectric constant and nechani cal properties. Preferably the hydrogen
si | sesqui oxane coating is heated at a temperature of 325[err]C to

350[err] C
depend on the neans being used to heat the Hresin filns. After
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herein have a Dk of 2.9 or less, preferably 2.7 to 2.9.

By the above methods a thin (less than 2.5 um)
insoluble ceramic-like coating is produced on the substrate.
Preferably the coatings have a thickness of 0.5 to 1.2 um.
The coating smoothes the irregular surfaces of the various -
substrates and has excellent adhesion properties.

The insoluble ceramic-like coatings produced
herein are particularly useful on electrQnic substrates. By
velectronic substrate” it is meant to include silicon based
devices and gallium arsenide based devices intended for use
in the manufacture of a semiconductor component including
focal plane arrays, opto-electronic devices, photovoltaic
cells, optical devices, transistor-like devices, 3-D
devices, silicon-on-insulator devices and super lattice
devices.

The elgctronic substrates can be bare (i.e. no
passivation), can have primary passivation or can contain
one or more layers of metallization which may be bare or
covered with one or more liner layers. Such primary
passivation and liners can be ceramic coatings such as
silica, silicon nitride, silicon carbide, silicon

oxynitride, silicon oxycarbide, PSG, BPSG and chers.



envi ronment such as nitrogen, argon, heliumor an environnment containing
‘oxygen such as air, peroxides and ozone. However, an inert environnment nust
be established before ranmping up to 400[err]C to 450[err]C. By "inert
environment” is nmeant an environnent that contains |ess than 10 ppm oxygen.
Lower anounts of SiH in the insoluble cefgmc-like coatings are typically
associated with inproved nechani cal properties and i nproved integration of
the coatings in the devices. However, the conditions (i.e. high heating

"9 tenperatures) required to reduce the SiHto the desired ranges results in
increased dielectric properties in the coatings. The two step heating of
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dielectric or the coatings may be applied as a top
passivation coating to complete the formation of the device.
Additional coatingé may be applied over the
insoluble coating if desired. These can include, for example
Si0, coatings, silicon containing coatings, silicon carbon
containing coatings, silicon nitrogen containing coatings,
silicon oxygen nitrogen containing coatings, silicon
nitrogen carbon containing coatings and/or diamond like
coatings produced from deposition (i.e. CVD, PECVD, etc.) of
amorphous SiC:H, diamond, silicon nitride. Methods for the
application of such coatings are known in the art.
The method of applying an additional coating is
not critical and such coatings are typically applied by
chemical vapor deposition techniques such as thermal chemical
vapor deposition (TCVD), photochemical vapor deposition,
plasma enhanced chemical vapor deposition (PECVD), electron
cyclotron resonance (ECR) and jet vapor deposition. The
additional coatings can also be applied by physical vapor
deposition techniques such as sputtering or electron beam

evaporation. These processes involve either the addition of

energy in the form of heat or plasma to a vaporized species



herein are particularly useful on electronic substrates. By "electronic
'substrate" it is meant to include silicon based devices and gallium
arseni de based devices intended for use in the manufacture of a

sem conduct or conponent including focal plane arrays, opto-electronic

devi ces, photovoltaic cells, optical devitkes, transistor-1like devices, 3-D
devi ces, silicon-on-insul ator devices and super lattice devices. The

el ectroni c substrates can be bare (i.e. no passivation), can have prinmary
passivation or can contain one or nore |layers of netallization which my be
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conplete the formation o evli ce.
Dielectric Constant of the converted coating was

determined by performing dielectric constant measurements on
metal-insulator-semiconductor (MIS) capacitors. MIS
capacitors were formed by depositing aluminum electrodes of
approximately 0.15 um onto low resistivity (p < 0.025Qcm)
silicon wafers coated with a thin £ilm of the insoluble
coating. A shadow mask was utilized to form-aluminum
electrode dots of.diameter ranging from 3 to 10 mm.
Impedance measurements were made across electrode dots of
same diameter 6ver frequency range of 0.1 - 1000 kHz using a
 Hewlett-Packard® 4194A Impedance Analyzer. The impedance
data was fit to a series RLC model from which the equivalent
parallel capacitance and dielectric constant were
calculated. Since impedance was characterized across the
surfgce dot electrodes, twice the dielectric thickness was
used for dielectric constant measurements.
%SiH remaining after cure was determined by FTIR.

This FTIR method comprised using a Nicolet® 5SXB Fourier
Transform Infrared Spectrometer. A transmission sampling
mode 6f operation was utilized.' Prior to the spin coating
of the wafer with the coating composition, a background

spectra was collected on bare silicon wafers. The



Addi ti onal coatings may be applied over the insoluble coating if desired.
These can include, for exanple Si 2 coatings, silicon containing coatings,
silicon carbon containing coatings, silicon nitrogen containing coatings,
silicon oxygen nitrogen containing coatings, silicon nitrogen carbon
cont ai ni ng coatings and/or dianond |ike gpatings produced from deposition
(i.e. CVD, PECVD, etc.) of anorphous SiC H, dianond, silicon nitride.

Met hods for the application of such coatings are known in the art. The

met hod of applying an additional coating is not critical and such coatings

are typically applied by chem cal vapor deposition techni gues,suc

Chermal cheiRPErEoD R O AEST U™ BrEtbeh SR ELRS\ ey 1B8R0EPLRon,
pl asma enhafichl CACFSR! td AR a fePgSedt L0 PERND) i ngbeabians¢yh! Shign
resonance (ECR) and jet vapor deposition. The additional coatings can al so
be appli ed HypgHiy satc abavaporbeale 2260 | an 't £shhhdieatiwehodis thpusisir bogdor

el ectron beam evaporation. These processes involve either the addition of
energy in tHPFHrM R HhReCHRVYrERGeL e VApERtiedoEpkkigsPeakt a¥eduse t he

cause |15 dpbart i RO EIRE e o 00k SPOR BB eL0R, 12t “Those
skilled in thbtclidss avas ngedrst Bhlednto oR@t €ehihe €he normalized SiH
bond density. '
EXAMPLE 1
| Two sample wafers were coated with a coating

composition comprising 22 wt% H-resin (HSiO3/2)n prepared

according to U.S. Patent 3,615,272 in methyl isbbutyl ketone
to a pre-cured thickness of approximateiy 5000 A on a SEMIX®
6132U.spin coater followed by sequential bakes on three open
ended nitrogen purged hot plates at 150°C., 200°C. and
350°C. for one minute each. The wafers were then heated to
350°C in a quartz tube furnace under a nitrogen atmosphere.
The wafers were held at 350°C. for 30 minutes and then
further heated to 450°C. under a nitrogen- atmosphere. The
wafers were held at 450°C. for 30 minutes and then cooled to
room temperature under nitrogen. The first wafer had a Dk
of 2.81. The second wafer had a Dk of 2.83. The third
wafer had a normalized SiH of 58%.
EXAMPLE 2

Using the procedure described in Example 1 sample
wafers were coated with H-resin. The wafers wefe heated to
350°C. and held for 30 minutes in the environment in Tablel.

The temperature was then ramped up to the cure temperature



Jnvention taught herein. Dielectric Constant of the converted coating was
determ ned by performng dielectric constant neasurenents on

nmet al -i nsul at or-sem conductor (MS) capacitors. MS capacitors were fornmed
by depositing al um num el ectrodes of approxinmately 0.15 [err]monto | ow
resistivity (p[err]0.025[err] cm silicod3wafers coated with a thin film of
the insol uble coating. A shadow nask was utilized to form al um num

el ectrode dots of dianeter ranging from3 to 10 mm | npedance neasurenents
were made across el ectrode dots of sane dianmeter over frequency range of
0.1 - 1000 h RO 2 dLgr 4194A | gpedance_Anal yzer. The

i npedance dé?g &%gafF?rrgﬂggéé%ggéhgécﬁﬁn@%?u%?8n1mggﬁﬁigﬁeag uP%QFEﬁF
paral | el capendfianonsaadedygi-efit ihcTgpnstant were cal cul ated. Since

i npedance was characterized across the surface dot el ectrodes, tw ce the
dielectric thickness was used for dielectric constant neasurenents. %5 H
remai ning after cure was determned by FTIR This FTIR nethod conpri sed
using a Nicolet[err] 5SXB Fourier Transform lInfrared Spectroneter. A
transm ssi on sanpling node of operation was utilized. Prior to the spin
coating of the wafer with the coating conposition, a background spectra was
coll ected on bare silicon wafers. The



12 background was subtracted froma wafer having the insoluble filmthereon
‘to obtain spectra of the insoluble filmonly. A peak at wavenunber 2260
cnferr] is indicative of the SiH bond density in the converted film A
ratio of this peak area per filmthickness to an as spun peak area per film
t hi ckness was quantified to determ ne the normalized SiH bond density.
EXAVPLE 1 Two sanple wafers were coated with a coating comnposition
conprising 22 w% Hresin (HSierr]/[err])n prepared according to U. S
Patent 3,615,272 in nmethyl isobutyl ketone to a pre-cured thickness of
approximately 5000 A on a SEM X[ err] §132U spin coater followed by
sequenti al bakes on three open ended n|trogen purged hot plates at
150[err] C., 200[err]C. and 350[err]C. for one mnute each. The wafers were
t hen heated to 3500C in a quartz tubsbld Lirnace under a nitrogen atnosphere.

{0 450] or[ U8 | Cor | Gtk ¢ [ OG0 Ch PEsHFor o. | Afébdne ook ™
ﬁ?ﬂgrr] C.]}II%O"fr&Qp nl Bk es agpa’méhe rn,ﬁ;ﬁmsgd t|rhickAess t € e under
gen. elfirstlwafer of 2.81. had @ Dk jof

2.83. Thel t hi [§Q\af r had|a norneléked Si H|dP) 58% EXAMPLE 34 Using the
pr ocedur e[ fESTEHITET| AP TP e T ISggpt © Waf e WeT € CPER R0 Wirgm HHTesTh.
The waferp_wele heated to :

2 400 JAr 7 . 14930 14970 1.371 275

3 400 [N, |30 4970 4820 1381 |58

4 400 [Ny 50 4920 4740 1.389 3.16

5 400 N2 3 4970 4940 1.375 76

16 400 Nj 3 4920 4940 1.374 - 1281

7 | 425 Ar 1.6 5000 - 14920 1.374 71

8 425 Ar 1.6 4900 4900 1.375 2,75

9 425 Ny 3 5010 4920 1.374 69

10 | 425 Ny 3 4900 4890 1.375 2.72

11 | 425 N2 52 4990 4710 1.383 43

12 | 425 Ny 52 4910 4660 1.384 3.47

13 | 450 Ar 03 5010. 4760 1.386 59

14 (450 |Ar |03 4500 |4740 1.386 2.88

15 1450 Ny 53 5010 4610 1.388 35

16 | 450 N, 53 4880 - | 4540 1.391 3.56

17 | 450 N2 4 4990 . 4780 1.382 58

18 | 450 N, 4 4910 4750 1.383 2.94

19 | 475 Ar 1 5130 4690 1.400 48

20 475 Ar 1 5020 4590 1.410 2.96

21 475 Ny 5 5020 4610 - 1.409 44




350[err]C. and held for 30 mnutes in the environment in Tablel. The

tenperature was then ranped up to the cure tenperature 13 and held for
an additional 30 m nutes. Results and process conditions are given in Table
1. 14 Table | Run Cure Cure Actual O Pre-cure Cur ed
RI SiH Dk No. Tenp. Env. 2 (ppm Thi ckness Thi ckness
([err] O (A (A 1 400 Ar 7
5000 4970 - 1.372 76 2 400 Ar 7 4930
4970 1.371 2.75 3 400 N2 50 4970
4820 1.381 58 4 400 * N2 50 4920 4740
1.389 3.16 5 400 N2 3 4970 4940 -
1.375 76 6 400 N2 3 4920 4940
1.374 2.81 7 - 425 Ar 15 1.6 5000 4920
1.374 71 8 425 Ar 1.6 4900 4900
1.375 275 25 N2 3 5010 4920
Tara od%0|Ta0n |2 |’ 45030 58P 1409,59p 3.12
1.375 23 |45 Z|N2 54 5110 4620 1390 |29

24 | 475 Ny 54 5010 | 4550 1.399 3.65

25 |500 Ar 1 5100 4560 1.407 39

26 | 500 |Ar 1 4970 4470 1.410 320

27 | 500 N, 5 5100 4450 1417 37

28 | 500 Ny 5 5020 4490 1.407 3.20

29 |.500 N2 55 5110 4480 1.408 25

30 |500 Ny 55 5040 4440 1412 3.58 .

A=0.1




11 425 N2 52 4990 4710 1.383 43

12
*425 N2 52 4910 ' 4660 1.384 3. 47
13 450 Ar 0.3 5010. 4760 1. 386 59 14
450 Ar 0.3 4900 4740 1. 386 2.88
15 450 N2 53 5010 16 4610 1. 388 35 16
450 N2 53 4880 4540 1391 3.56
17 450 N2 4 4990 4780 .——173872 ~ 58 18
450 N2 4 4910 4750 |“ 2. 94
19 475 __ Ar 1 5130 | 469 \\“\‘Nﬂj“““““\ 48
475 Ar Claims:q 5020 96
21 475 N err] 5 5020 4610 1. 409 44
22 475 N2 5 5030 4580 1. 409
3.12 23 475 N2 54 5110 4620 1.390
29 24 475 N2 5010 4550 1.399
3.65 25 500 Al - A mgthod of fopming an insqijdyple coating omygy
3_923627 50%616>stra%ﬁ2 wherej:l.n5 said me‘%:%bo%od:omprlse 441250 1 11.1217
37 28 500 N2 (&) c_@atlng thedMbstrate witd#t¥ coating 1.407
320 29 .500 N2 55 5110 . 4480 1.40 S 25

30 500 comgpsition s®mprisings@Mbrydrogen siflggequioxane yeginmp (H-

3.58 A:O'ZI'riesin) to form a soluble H-resin coating on the substrate;

(B) first heating the H-resin coating at a
temperature of 325°C to 350°C for a period of 15 minutes to
1 hour;

(C) thereafter heating at a temperature of 400°C.
to 450°C. in an inert environment for a time sufficient to
produce an insoluble ceramic-like coating having a

normalized SiH bond density of 50 to 80%.

2. The method of claim 1 wherein the coating

composition additionally comprises a solvent and the solvent

is evaporated to form the H-resin coating on the substrate.



16 1. A method of form ng an insoluble coating on a substrate wherein said

“met hod conprises (A) coating the substrate with a coat+ng—conposition

conprising a hydrogen sil sesqui oxane resin (H resin) e
Hresin coating on the substrate; (B) first heating tmﬂ‘gmﬁﬁm\mmmg at
a tenperature of 325[err]C to 350[err]C fpr a period 0% nmes to 1
hour; (C) thereafter heating at a tenperature of 400[err]C to 450[err]C.
in an inert environment for a time sufficient to produce an insoluble

ceram c-1li ke coating having a normalized SiH bond density of 50 to 80% 2.
The met hod of claim 1 _wherein the coati conposj tion additjonally .
conprises a sol vent and t heesBf %§ ?é gﬁ%ﬂB?ﬁt%ﬁeF%l?ogh?t ér?5+%s?ﬁ a
coating on fhe; sURSLYAbeunits Sof THRe NESARE O usi & €6&i N PG HIdrESI N
is aresin %%VJIJ?]Q unil?% of the ?orrrul a HH%?](O—I)?e?(?IF’(%%mer/?] &err] [err],

i n whi ch easécR R sis nidedepeieder tyl yamno ogaeind og gerwppobraas shbsttititeddor gani ¢

group whi ch, when bonded to, silicon thr%ﬂ%P t he oxygen atom forns a
hydr ol yzabl @rS¥PLE | JXRWR  Which o whem bopded te silicon through the 4+ ; = 3.

oxygen atom, forms a hydrolyzable substituent, x = 0 to 2, y

=0 to 2, z =1 to 3, x+Yy + 2 = 3.

4. The method of claim 1 wherein the H-resin is a
resin having the formula (HSiO,,,), wherein n has a value of

at least 8.

5. The method of claim 1 wherein the substrate is

coated by spin coating.

6. The method of claim 2 wherein the coating
composition contains from 20 to 99.9 wt% solvent based on the

weight of the coating composition.

7. The method of claim 2 wherein the solvent is
selected from the group consistiﬁg of alcohols, aromatic
hydrocarbons, alkanes, ketones, esters, glycol ethers and

dimethylpolysiloxanes.



4. The nmethod of claim 1l wherein the Hresin is a resin having the formul a
"(HSierr][err][err])[err] wherein n has a value of at |least 8. 5. The
met hod of claim 1 wherein the substrate is coated—by spim coating. 6. The
met hod of claim2 wherein the coating conposition to 99.9
w % sol vent based on the weight of the déating conﬁﬂmﬂ“mq“lﬂmwml met hod
of claim2 wherein the solvent is seléected fromthesgroup censéstfng o

al cohol s, aromatic hydrocarbons, al kanes, ketones, esters, glycol ethers
and di met hyl pol ysi | oxanes. 8. The nethod of clain11 mherein t he

substrate is an el ecty onig# s t feglal e the
heating in step (O F% aF%h #gnpe?a Srglg 5g?é$??t8 % 4%%% ?? é i@
i nert envi @gn@@ricthronia subetgdté&l ci ent to produce an insol uble

ceram c-1li ke coating having a nornmalized SiH bond density of 50 to 70% and
a dielectric constant of 2.7 to 2.9

9. The method of claim 1 wherein the heating in
step (C) is at a temperature of 425°C. to 450°C. in an inert
environment for a time sufficient to produce an insocluble
ceramic-like coating having a normalized SiH bond density of

50 to 70% and a dielectric constant of 2.7 to 2.9



